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Abstract

Little is known about the elastic properties of human arteries. Intravascular ultrasound (IVUS) can
measure the instantaneous circumference or diameter of the arteries during a cardiac cycle, and so inves-
tigate human arterial elasticity in vivo.

We studied 36 patients aged from 35 to 72 years classified into the ischemic heart disease (IHD) group
(21 patients aged 39 to 71 years) and the non-ischemic heart disease (NIHD) group (15 patients aged 35 to
76 years) who had no atherogenic factors. The stiffness and wall morphology of six portions from the
thoracic descending aorta to common iliac artery were measured by 8F, 15 MHz IVUS. The stiffness
parameter, B, was calculated as 17 (Pmav/Pmin)/(Cma/Cmin— 1), where P is arterial pressure, and C is the
circumference of the artery. The thickness of the intima-media complex echo (Th) was used as a substitute
for the wall thickness, and Th/D was calculated as an index of relative wall thickness, where D is the
minimum luminal diameter. The pulse wave velocity (PWV) was measured with a conventional method.

B increased after branching of the renal artery and increased much more toward the periphery in com-
parison with the thoracic descending aorta in both groups. At all portions except the abdominal aorta after
branching of the renal artery and the common iliac artery, B was significantly larger in the IHD than the
NIHD group. Th/D increased as well as f in both groups. At all portions except after branching of the
renal artery, Th/D was significantly larger in the IHD than the NIHD group. The PWV showed a good
positive correlation with B of the thoracic descending aorta and the diaphragma portion.

Arterial stiffness increases after branching of the renal artery and increases greatly toward the periph-
ery. This finding is presumably related to an increase of wall thickness/luminal diameter ratio, which may
reflect a morphological change in the artery associated with the progression of arteriosclerosis. The PWV
is determined predominantly by the stiffness of the thoracic descending aorta.
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RAEHEI L €, KEIMREEORE S & BRI M
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RN RITF L EEE CHE T 2RERAEBFREDHEH
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MBI, DS T — T VIRERICIEN L I - RE
EHEAT L7 EB S0 B0 ) B, KEMROIEATIC & D
fEFASRREE TEAS o7 B, BAFKRETE
T—HOFHHML T ELEEERBTE L, o722
B, BEERKEINR MR % atheroma plaque % F88 72
20, BEBULTEEORIKILIZL 2BEBRLZDD
mEBREDOFHUIZIZER IO ) AT TH o722
B, BEEMEKRBIIRED 1 FIOFE 14 Bl % BR 72 36 51
Thb. Iho2EHRELELE ST, »oERKRE
FrRl2WIETEIRE B 15 B (Fifh 35-76 &%, F
WEEKS43 %, B 106, K56) L EEREELA
L, »2UToERBREF% 1 2L EROEEIREE
B 21 B (FEHG 39-71 iR, PHYERIS93 K, B 176K
4P I, MBEOERICIAEEELRO Do
7-.
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Brinkman’s index (BZfEA$y H X BLEEH) 55400 L b

Dy O, BIEFNFEHES 160 mmHg DL b, 725
& MLfE % Friedewald D3

LDL-Cho=T-Cho —HDL-Cho —0.2TG

T-Cho=total cholesterol ; TG =triglyceride
5K LDL I L AF T — VA 130 mg/dl D ED
Bl zhFhOKRETFEAEL TS EHELL.
B, INL2BOBRKRBEIZLUTOIELLTHo
7z. FEEBIIRIE BEE CIIRBIRAIRESE 1 B, KB
FRASRAGIE 2 B, ISP SSE 3 61, FERELL
FHIE 2 B, IRELLEREE 3 61, LB R FRRIESE 1 61,
EERENE 26, BRE1HTSH Y, TEIRESDEE
TR OCHEE 126, FIEEROE 76, T8
FMRE 2B TH o 7.
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L — bid 15 frames/sec TH 5. T FIIRBEREEEK
15MHz, ¥ — A% 75 =7 ) 8 F D{EMAIRE) FmEER
DODEFHL.

WAEZ, AABREIR % Seldinger (ECTERI L, ZHIHY
HTF—FVBREETIENC, T 6Fpigtail ¥ 57— 7
VBV KBIRERZIC & ) KEIROEITC OB %
FL, AEMENSRE Lz X, P—RAA5F—F
VICEBL-FEMFE2ER T COEANLI -2 €=
¥ — LoOWE TITREIR L3 THAL, RWTH
K5 &I THER TATHRE (S1), BMEBRE(S2), B
ERREIARE BIAR 54 EEB 2 cm (S3) - T#B 2 cm (S4), f&
RIS B BRI B E L (S5), #55 B EIR (S6)
DEFMIHEMTEEE, ZhEhOWAICBIT S0
BEATI—BzETARmGE L. 20K, 7272HIZ6F
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Fig.1 Measurements on arterial echograms recorded by intravascular ultrasound

The maximum and minimum circumference of the artery (Cmax, Cmin), the minimum luminal diameter (D), and the
thickness of the intima-media complex (Th), which usually consists of the intimal leading edge with high
echogenicity and the outer sonolucent zone with low echogenicity, were measured simultaneously.

B/NIEWNEE (D) B & L& AR/ MER R B O 1L
BEEL I —BORNEIOEMERE — I —4f (intimal lead-
ing edge) & £ DAMEl DEMEFE T = — 75 (sonolucent zone)
% 4+ 72 intima-media complex DI (Th)''9 % FHll L
7z (Fig.1). FE—EBALTO 1N DI KB & Ui/ il
ENEEETAHIa—1B% 5 LSERL, Thidi/d
MENEZEH L - EE2 5 1 %280, £z HE
FHIZ5%5 L, Ko TORMBZE Th Z5HIL T
ZOFHEE KD, MOFHUMEL 5 LHADTFIEZ K
7.

PLEDFHANZHD\WT, Hayashi 56712 & > TESE
ENHWEDIRIETH 5 stiffness parameter, & K3
L YRDI.

B=1n (Pmax/ Pmin)/(Cmax/ Cmin—1)
Pmax=1c KIMLE, Pmin=f/MILE

F7- Th 2 ML MEREE L A% LT, MENE
239 AREETH A Th/D ZHE L 7.

MM T I — 1B OFHIE D interobserver 3 & UF intra-
observer variability DFETE, EEISEIRL 7210 #F7 T
DETAEEFEND 2 NOM L 7-8I%E, BLUF—
BZEE DR 22 2 CRHll L 72/ KB & UR/h L E
HE, R/IERAERBLT Th ZHW T2/, 22
OFHAME X EREF THAT L, € DRAZEIIRAOFHA
BICHS 52 oOFHIMEDZDILTER L.

2) FBARIERE DEHE

KENIREER 2> & KEREIIR £ T OIREIEIERE (pulse
wave velocity: PWV) 2 7 7 ¥ ET8AR) 75 7
MCMS8000 % iV CEHEI L 72, 3 7% b b, SEBIIRIE, B8)
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Femoral Pulse Wave

Carotid Pulse Wave

Phonocardiogram

‘_“_N/\ Electrocardiogram

Fig. 2 Calculation of pulse wave velocity (PWV)

PWYV was calculated by the equation of Yoshimura et al, PWV
=1.3XL/(t+1c), where L is the length between the second
right sternal border and left femoral artery, ¢ is time delay be-
tween the feet of the carotid pulse and femoral pulse waves,
and 7c is the time delay between the second sound of the
phonocardiogram and the dicrotic notch of the carotid pulse
wave.

IR %2 05, LERE & D ICFEEARICE ) HE
100 mm/sec TEEgEL, M X\ BRI & IREIIRIE D
b B ORI (), LB E & EEIREVIRO
B (o) 23Rk 72, I L ENEMELAZRE L
BN ARFABIEB O EAREERE (L) £ 0, FH S5V OK
PWV=13L /(t+1c)

ZFED W TIRIEIEIEHE = & H L 72 (Fig. 2). S 51,
B/NILE % FEBGESR? (2 & ) —F# 80 mmHg (ZEIEL T
BONEZREEHREE L Lz, 28, AFHIEL
g 7 — 7 VIRAED 24-36 BERIRTICAT - 72
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Table1 Minimum circumference (Cmin), increase in circumference (AC) and pulse pressure (AP) at each site

Portion S1 S2 S3 S4 S5 S6
Cmin NIHD 717189 674178 62.7%£7.1% 53.2+6.3% 45.716.9% 31.2k7.4%
(mm) IHD 72.3£8.3 68.7+7.8 58.9%11.1*2 53.4+8.6%2 45.017.5% 30.4+5.2%2
AC NIHD 511+ 1.44]* 5.26:*:1.38:"r 4.00£1.15 2.38+0.71 1.63i0.921* 0.96£0.56
(mm) IHD 4.09t1.21 3.96+1.25 3.10+1.29 1.92+0.61 1.11+0.44 0.77£0.35
AP NIHD 57.1+19.3 57.7£19.0 58.3+19.3 59.1£22.0 58.5+19.4 58.5+19.4
(mmHg) IHD 63.9£18.3 64.0£18.2 64.81£19.2 59.5+16.3 65.61+19.0 64.6118.1

*1 p<0.01, *2 p<0.001 vs S1, t p<0.05.

Data are indicated as mean value * standard deviation (SD).
IHD =ischemic heart disease group;
S3=2 cm above the renal artery;

* %
404
@:NIHD %: pc 0.01 ) vs *
¢:IHD *%: pc 0.001' S1
301

Q20 i & 4

Frad b

0 NHD [tHD INHD[IHD [NHD [HD |NIHDIHD [NHD[HD [NHD [IHD
Mean| 7.8 |11.8] 7.2[11.9 [9.1 13.0 fi2.9 [17.6 }19.5 8.1 |22.3]28 5
sD | 16| 44] 15|63 24 [44]32] 71878899123

S1 S2 | 83 S4 | S5 | s6

Fig.3 Regional changes in stiffness parameter, B

10

B increased after branching of the renal artery and increased
much more toward the periphery in comparison with the tho-
racic descending aorta in both groups. At all portions except S4
and S6, B was significantly larger in the IHD than the NITHD

group.
Abbreviations as in Table 1.

3. #Etanig

B3 X U T/D 1B L Tl Ftest 12 & ) 58O
ZiTo R, 2HEDEDTHFFE LW EHM SN
b D13 unpaired Student’s t-test %, FL { VW L HRT S
N7z b DI Welch’s t-test 4T\, B L RIEIEHEEED
AHBICBI L TR/ TREICE 2 EREFEITo 72
p<005 % b o THEEZDHEL L7

& g
1. IJ—{&sHRIDBERM%E

Interobserver variability, intraobserver variability iZ, Ifil

EFEEICE LTI, FPRLEFNEZRBIET r=095,

NIHD =non-ischemic heart disease group;
S4=2 cm below the renal artery; S5=just above the bifurcation;

S1=thoracic descending aorta; S2=diaphragma portion;
S6=common iliac artery

097 T h,fA%E (FHLEERFZE) 1T £3.9%, £33%
Thol:. MERNZFICHLTRZENZFRERERFT
r=0.93,096 Th 1, #AEIL £4.1%, £33% THo
7-. ThiCBAL T, #hENEREIFTr=0.94,095
Thh, BEIT £42%, +3.8% THo/-.

2. BARBAREMY
ZHTCOR/NLEEFEE (Can), 1-LEABHADMER
FREMS (AC) B L UIRIE (AP) iX Table1 D& B Y
THolz. Cun IITEHL D S3 LY KHETEEICRY
L, AC i S4, S6 LN\ DI TEBMMREBFEICHL,
FEEEMEEROEMT VS o7z, i, WMEICE
WTHETATER (S1) 2> 5 BERS 1R L& (S3) F Tik
AELZEZZL, BERSETE (S & ) KETH
BT RERICHLERICHEML. 4, S
B HEEHRELE, SEREEMEFOLEKTIX, &
Bk SH EEB (S3) & 1) HAX Ml & MR B BIR A E
(S5) CHBIRE B IIFTEREBH L VARICHHE
ZRL, ZTOMDOEA TS EERE ER IIEEBIRE
BRI )V HWERAZ R L7 (Fig. 3).

3. MmEERE

FEBREEFHED) B, HOEFED IS5 KL 36 KD
2Bl % B < 13 5T, intimal leading edge & sonolucent
zone, BLUBRNMINOEEEL I —F D 3 BHENE
B, b LIMAaMICHBICBRES . EED
2BICBVTid, BI5 A% sonolucent zone % FR® %
Moz, EAMIOEHEE L I —% & intima-media
complex (Z¥|FITEETH ), FDEIDOFHHIITEET
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Echograms of the abdominal aorta in a 35-year-old woman with NIHD (left), a patient over 40 years old with NIHD

Fig. 4
(middle), and a patient with IHD (right)
The sonolucent zone was clearly observed in all patients except for the two patients under 40 years old with NIHD.
The intima-media complex was thickened in the IHD patient.
Abbreviations as in Table 1.
Table 2 Mean value of wall thickness (Th) and luminal diameter (D) at each site
Portion S1 S2 S3 S4 S5 S6
NIHD 0.85 i0.22]n 0.79£0. 26} 0.71%£0.24 ] 0.86i0.11}‘ 0.86"_-0.34—|n 0.67%0. 25*'}
iy THD 1.19+0.28 12940500 097402747 1174037 12140320 091+031%
- NIHD 22.8+2.8 21.5£25 20.0£2.3*! 16.9£2.0%? 14.5+2.2%2 9.942.3%2
() IHD 23.13+2.6 22.0%£2.4 19.0£3.5%2 17.2=52.6%* 14.5+2.2% 9.81+1.6%*
*1 p<0.05, *2 p<0.01 vs S1, 7' p<0.05, ? p<0.01.
Abbreviations as in Table 1.
Table 3 Correlation between f and PWV
B ;
0.12 4 @:NIHD 4: 5005 [j-_'* Portion r p value
‘IHD - pe 0.01
— * S1 0.65 <0.01
’ Fj;’ S2 0.71 <0.01
0.08 S3 0.59 <0.01
@]
= Fin i s4 0.60 <001
£0.06 -
= S5 0.49 <0.01
0.04 ¥ S6 0.33 NS
0.02 4 * 50! 01 B of the thoracic descending aorta and diaphragma portion correlated
%3%: pe 0. om} with PWYV better than 3 of the abdominal aorta. f3 of the common iliac
0 artery was independent of PWV.
NHDUHD {NHDIHD INHDIHD INIHDUHD {NIHD IHD INIHD}IHD NS =not significant. Other abbreviations as in Fig. 2, Table 1
Mean|.038].052].037].060].035].053].051].071].062].087] 069]. 094 ’ 74 i
sD |.o11[.012].013[.024].012].016|.008[.028].031].028].025] 032

S1 S2 | S3 S4 | S5 | S6

Fig. 5 Regional changes in wall thickness/luminal diameter ratio (Th/
D)
Th/D increased after branching of the renal artery and in-
creased much more toward the periphery in comparison with
the thoracic descending aorta in both groups. At all portions
except S4, Th/D was significantly larger in the ITHD than the
NIHD.
Abbreviations as in Table 1.

o7z, TEERE B TIE2H) T sonolucent zone HYHH
BEICEIZE S N, IPEBINREEERE & X intimal leading
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edgeDHE/E & sonolucent zone DL K % 728 7= (Fig. 4).
Intima-media complex DIE (Th), F/MILE AL (D) &
Table2 D& B Y TH o7z, ThiETXTOHAM TIERE
BREERICH LEHIREBHF CAERIIE, o7, £
72, DIFTEEE S S3 LY K THEICHA L. T/
DX, T#EIZHB W THREBTAT (S1) 2 5 BFER DA EEB
(S3) T TRAE LT LIZZ L, BEIRS L THE (S4) &
0 SRR CHIES TAT REIIRICH LARE IS L 72, &6
BLIC BT B FHEO BT B BINR AL TEB (S4) % B <
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TRTOFEMN T, THIREBRIIFETHREBRELY
BEIIHEL R L (Fig. 5).

4. PREGIBEE & RATEMORR

IR B (EHEEEE 1T 5.2 m/sec 2*5 11.4 m/sec (20 L,
B & DAHEABRIZ S1-S6 TEFNZh 0.65, 0.71, 0.59,
0.60, 0.49, 0.33 (S1-S5 Tl p<0.01,S6 TIXHZE% L)
T& o 7> (Table 3).

% ES

IM%E OREEHESEE, VbW 5 “BE S IZBIIRTEL 2 37l
THEERHLRIEED—DOTH L. INEEZENIEH
T57:90121F, IERNE-IERARESD 5\ IZEHR
21852 EPUET, invitro TIIHEHREIRA 0BT
IS T 2 EREEEIT 5 &) FET, BREE
OEMFEIFHH SR TRES, L Ledss, b
I invivo TIIBERMEMERELBE L CFHIIL S 5
FEPFRED L 25, BRAKBERERLEEDORH
BEIHLET 23— 7 v 30 VR EOBERE
PAHZIZIZ LA LR, #6128 5 MEBEOFHI
bRERWT 70— F TIEBIRY, KBRS 5\ i3
[EERKBIRD—E™ 12, $EEET Su—F Tl
FaER KENARS® ICRRO N TV 5.,

B E CORREHD W& IOV TORKET, A
X invitro T3 - BEERABIAR ICH L KBRBYAR THaEMELR
B LR L, & binvitro TIZZEBINRIC I L KBRBIAR
THBEEMET LY, b invivo TIXSEEINR, BEEHA
BIRICI U RBREDAR CTHEMAMET 5 LHRES T
BHw, KB FHEIR IZH LR O KBREIR T &
PN EFRENTWS, T/, BIREILIEERTF
2L BEIRMPEBENDOZBIZOW TS, ME KBRS,
b LS IEBRERORF L 725022 TOWRETHMTH
NTW5BH, ¥ b invivo TREINRESER DM % FE411C
L, 2oENICRIZTHRELRERFOLEL
BRetLzd ki3 ALabniv., 8RO ME
LEEE L OREIX, MEEEE % invivo THEE L < &HAl
L) BFEMIIEAE R o772, REIhTWwi
vy,

AEFFE T, b MERTITRERY 5 RBEBIIR X
TOEMICBIF WS %, MBEATI—REZHNT
BROSHONERMRELFHITAZLICLY, IE
KDL 72 VIR & DISHE stiffness parameter, f % K

DT L7, ZOfFEE, KEMRMEEME A IC
X, BRELRERTFEZAETH290EPICP2HLLT,
FER KEIAR 1t LR ER K EIAR B EIAR -8R & ) RAH T
BEFL, EHICKBIIWCIELETOREIRKE
bhIepmaEni. 7, BRBIVBRERTEET S
BTEAESIRVEICHESR, MEOERICEEEZNL
Po bbb, TRTOMLTHEEIIET
BWUERTEMEZRLZ. 28, MEEVEIIRATE
BB EDPFRENTVBYMD, ZOEICEALTIE
SEONRDERBRIRY B3 o 727280, MEsIHE
W B TIEMIZERD b DOHL P TE Lo
7z,

&2 AT, 4EEAV/: stiffness parameter, B (ZME
BEOMEL LTOBIZDDbDTIE R L, MERHTE
HTOMERESKL LTO“APITOWE” ¥ FTHIE
Thb. WRIEEHERE D £ 72 Moens-Korteweg DX,

PWV=(E/p X Th/D)""

E=Y ¥ J3ME, p=MWHE
THEZONALZEDLEBEIND X H I, BIIRERA
DEBERFED AL LY, BIROFBIIN T HEEEKICD
HESND “BNTOWE” 2 RTIHETHS. Ti4b
L CHRPTOREE” 1%, BIIREE B A OEMERFEDFE
T b MEAMH AR RTINS 5 & L 25E#%
ENb., EZTMERNETHEELERELL
25, MMMICIIBRBICORERF2ET 505D
bbby, BEIIIWHTITRERICEL, B8
RSB L DR THML, LT L OB TIE, &
1 B B AR IR E b % B < 3R C O TEMREE{ LD
RERFE2FT 5 EEIRESRHT, IEEIREERIC
WUMMMICAEIZREZ LR EN, LizdEo
T, BAAICIZEHREIREERSHEE8E LTE
DX T BHERL, BB TIIEEIREBIETB
MBHEALTWAZ LI, 0k 2MENERECE
bR ELBEE LTS L EZ bz MEREIIEIR
WAL S MEREBENEND—D L LTREL T
AeahTBhm, SEOKRETHEERKEBHT
IEIEEEIRAR BRI LR R L Tz Z L idfe
KOHE L —HKT 5. 7, TEHRERRES I TId%
FEBENRE BB IC B VT D TEIRSHLER & Y KRGS
BOWIBELMEARLEZ LI, 20X ZHENE
fLE s DREBRIZHLPICTETWEREVRLOD, 3
SANEZ EHETHHLIADD, MKICX 58
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LTWAHEESEDZEZ LN,

MENHEESEHRETSDI)—2ORFTHLEEREF
OEBEEICOVWTIE, MEEOMBGERIES T
5. KEIRIZZ OFIRICER LT Vg £ %
CEAMBREICECLE GEENE) TH 5, KK
L IRV EERMEIZRD L, EREICZ LVBER
Me L FEREAHEI L 72D, B &8 LME @tk
BYNEBTTA. L oT, KEROTEHLSEK
WTIREZODOPWL 2, ZhOKBIROMBERME
BTx2b725 LTWAHEEMNEND S, BEEAOHME
BHIISBOMERETHS.

BIIREE LM O B RBIIRTE 13 B BIIR ST SABIAR
CERTHIEBMONT W ARAES, ZOMEFEL LT
i, BEIR & KB THREME (vasovasorum) D534
PRI LTWE® Z LR, MERNEOBRIICLNEE
TAHMFDEN2D L VoL A O T A VEREFT,
ZOEAMICEIIRBEILAERE LR TV Tidkwnhl
ENTVADS, SEOKE TERICEEHRSHEEL Y
K CEMBENMETLTVWA I LRI L
i, EMBIIREORAE & BIIRTE(L & DR ICER YV BEED
HHILERBEL TR LEEZLNS,

MR T 2 — I & 5 MEREEEDOR I ICDOWT
i3, BET CHEBIROEII3BIEEL LTHESL
5 H%-30 fRfEZ high echoic 72 BEMAEHMRAED B E %k
M%<, MEBED 3BIHE ST e LHE
ERhTWwa, LML, bhbhoffzE i, S
ETHLERBRICBNTDH, FEEHREEROERHD
B 26lzkE, 3BHEESERME, b L
CEHEBRICEREE S N, FOEA, IS ) FIRD
EERMEORE, EUNFEI LD, HED
echogenicity 2K T L T sonolucent (ZfiH S5 & 2

B
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MEANTI-RETHVWTE MNIREIMBOF/ATHEE L BB L L IZFHAIIL, S 5ICRT#
& KERESEDBNRFELDFAETH 5 IRIECIEEE &L OBEZRET L7,

Ed, TEIIRESE 21 6 CEYER 59.3 %) & ETEIREREE 15 61 (PYER 543 %) O
F36 BITH . MR T A7 RE (S1), BEFRIEER (S2), BEER RBIAR B BIAR 3-8 L &K (S3) - THK (S4),
B EEIRSIEERE L (S5), %5 B Bk (S6) T, 8F, 15MHz DHEMTF %A L CIEWEER L
SR L, FETOERK - B/PMEEFR (Cnax, Cmin), T/MILEMNFE (D), intima-media complex
DR (Th) Z5HAIL 7. Zh o L DEILIRIETH 5 stiffness parameter, B [ B=1n (Pma/Pmin)/(Crmax/
Crin—1), Prax, min : A + B/NILE] & MEFICHTHBEELD ThD 28 H L7z, IRESEEE

MEA T I —FEIZ L 5 EIREE DO 195

Lz, B0V, SERVZIERATI-EEOS
REEDSKERDDI DL VENTVWE-D, DT PLREE
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