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Abstract

Intimal-medial thickness (IMT) of the extracranial carotid arteries measured by B-mode
ultrasonography has been used as a marker of systemic and coronary atherosclerosis. Previous studies
have indicated that maximum and mean carotid IMT are significantly correlated with the extent and sever-
ity of coronary artery disease (CAD), but the clinical usefulness of these markers is limited because they
are neither specific nor sensitive enough to identify patients with or without significant CAD. The correla-
tion of a new IMT marker, variance of IMT, with coronary risk factors and coronary atherosclerosis was
investigated in 200 patients who underwent carotid ultrasonography and coronary angiography. IMT was
measured in 16 sites of the extracranial carotid arteries for the calculation of mean, maximum and vari-
ance of IMT.

Univariate analysis showed that these three indexes were significantly correlated with age, serum li-
poprotein (a) and hypertension. However, age was correlated weakly with variance of IMT. There were
significant gender differences in the mean and maximum IMT but not in the variance. There were also
significant correlations of mean IMT with smoking, and maximum and variance of IMT with high-density
lipoprotein. Multiple logistic regression analysis in 100 age and sex matched patients indicated that the
only significant predictor for CAD in this subgroup was variance of IMT (odds ratio=1.6).

These results indicated that each risk factor causes different morphologic manifestations in the carotid
atherosclerotic lesion. Variance of IMT, which represents the irregularity of carotid IMT, was correlated
well with CAD and appears to be useful for assessing systemic and coronary atherosclerosis.
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Selected abbreviations and acronyms

IMT =intimal-medial thickness

2. BRBEBITEREMFORREICLD, Pignoli 52 2%
PIRE 48 A B2 (intimal-medial thickness : IMT) ? il
ENTRETH S Z L2 |E L TUR, IMTIE250F)
IREEILEDIIZ L L THW LA, ERERET L O/
BRIZBWTIE, EOBESIQ®IERIFEDO LY MR
A PELTHIRHEN TSSO, LA LEIRTEILA
BEORELERIEIERIEY—L2DDOTH), 2T
BRETFHRA—DOBEFENENE 72T LIRS 2w
O, ESOATHRBILOEREREKREF 2~ b
O— ) VICLBHR LT 2 DOICIEHENH B LE X
bNhB., FZTHEFKAI, EEREILHREDAY—
MR EBRELOIIEL L TR AL, BRBRETFSB
X OTERBIARTEALAE & DBFE I DV TRRET L 72,

Xt &

1995 4£ 2 A-1996 4F 2 A ICEBIRE F K & BB
&5 % BRI AT L 72 200 B0 (B4 151 B, & 49
B, FHE#H 6011 ) 23R e Lz, EOEREIR
B OE 74 B, OFRAEZE 77 B, GOBERREIE 1161, O
BB 9B, KEMRER 146, ERELEE 16,
B EAETAHPEERICHS PRRELRDO VLD
196ITH 5. BENTEMRFEMETE, N1 /32F
ik, KEIRFAEBEEESIR A SR L 72,

Vil &
1. BEMREBERE
BB EEIL AL GRR) # EUB-555, 7.5 MHz

Vo TR ER L. BEEUEMLE LT, £A
DHRZEENIR A > NEENIRELLRE X TOREE, Hhz
RHH L, REEIROIKEBFA 15mm BLUPEIZED
15 mmiEfz, EKER, PEBIIREN 10 mm D 4 FEIZH
&L, EACBE, EABED 8 27T, EAEET16 2FFOD
IMT®, FRIE LTEAEH CTHROIEEL TV LI %
BlE L7, AURESBREOSHICERT HHEIC
i, BIELVBA L. ChSofIEEE D & ICTFY
i, BAEZEH L2 (Fig. 1). BICFA—EFRAANTO
IMTHIZEDIEL D& 2 RTREL L THEMER &IE
BllcoEEH L, Th% IMT$ 7% b b EEIREERLE D

AH—HOREL L THW ., SHETROX TR
5.

SEiE= };(x; —x(n—1)

n: PIETTEETD - 7= IMT DI DE (8<n<16)
X BERALTO IMT HIEE
xm: i DFH)E
BEIL 1 ZOBERRERME 1 BOEMAHEY L
7z.

2. TREAREELDESHT
TERBIREHRAEIL 35mm ¥ & 7 1V AIZECEL,
BRRBIR, LRITATHR, bR EESHIT 50%
DEDREmEt*ETHb02THRERL L.

3. BERRATF

fEBREAT & L TRET R MA Z-DIL, Fih, %, &
MF, ¥R, BRE, MERIVATO—)VE b
7% F{E, HDL 2L A5 0 —)L{, LDL I L X
TU—VE, VEEH ) ETH5H. BILELEZIHE
HAIE 160 mmHg ¥ 72 (3 PLFRIAE 100 mmHg 2482 5 b
D, HDVIIHIE F 72135 R TRRIZH MLEE D BT &
NTWabbnE Lz, BRFBIZOVWTE, RIEE AR
NRTEICHERB L RSN T2 b0, BIAZEER
A% AT 120 mg/dl, HbAlc #$6.0% %#BXHbDL L
7o, MiEHILVAFO—E, M) ZY+E) FiE,
HDL I L A7 0 —){E, ) REH (a) EiX, TIRER
EERAE Y A O REAZEIERE RN L -k S 8l%E L
7:=.LDLI L AF O — L fEId# I L A5 2 —)b, HDL
aLVAFu—), BIXOFM) 7)) FE»IL
Friedewald D12 & ) B L 7.

4. TRETRRAT
HERMETE LTI, EREKTHLERETL
IMT B181E L DRAfR % #8513 % 728 (T Pearson DAHE
RE, BELEETHZERETOHEE, IMT &8
EBrhRET2HEIITT 2REERTo .
TEEDHEL ERRFOMBERFTS-012,
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BREBTH A ERATFOHE T P REICL ) MR 2
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BT 24T o 72,
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Fig. 1 Diagram showing the eight sites (arrows) of the extracranial carotid artery, and the 16 sites identified to measure

intimal-medial thickening on both sides

CCA =common carotid artery; ECA =external carotid artery; ICA=internal carotid artery.

SEEBITE LTRAEICL 2OV XF 4 v 7R
SGHERAVE., QYT 14y JERBHHTEIT)CH
7zo T, EHREKTH 5 KERETF B L U IMT £
ISR EIC L ) 4 BERED A 7 T —{bxfT o 72,
HEERT CREREOFEICEE+RO-aRAT L
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EBOFEGERY. A 1 (Fig. 2-L) RERBOL
WD 47K, BHT, EBRETIK L, IMT ([ZIZHE
EBLUARBITIIBOON o7, fEH 2
(Fig. 2-P) 13 55 %, B, AR TATBGERIERIC 90%
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Hotz. FEGNIBITZEHHIESL X OFHE, &KKME,
SEUME% Table1 (2R .

2. IMT BRIERADRHES L CAERE

BSEBNAR |3 ALBE T 96.4% (771/800 ERAL), RALEET
99.5% (796/800 FRHL) & BV IRIFE R IR L7z, FikEh
TR BE T 65.8% (263/400 FPAL), HALEET 84.0%
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Table 1 Intimal-medial thickness in three patients measured by B-

mode ultrasonography
Sites Case 1 Case 2 Case 3
Left 1 0.6 13 13
2 0.6 13 1.5
3 0.6 1.3 1.5
4 0.6 1.3
5 0.5 ] 1.3 14
6 05 1.3 1.5
7 0.7 1.4 1.8
8 0.5 1.4
Right 1 0.5 1.0 1.5
2 0.7 1.2 1.3
3 0.6 1.2 1.7
4 0.6 1.5
5 0.6 1.0 1.7
6 0.6 1.2 2.8
7 0.7 1.6 4.3
8 0.5 1.3 1.7
Mean 0.59 1.26 1.77
Maximum 0.7 1.6 4.3
Variance 0.0052 0.024 0.59

Figures of each case are presented in mm.

(336/400 ERAL) TdH o7z, NEHBIR TOREFTIZEN
WKHLARRT, BOBD 20.8% (83/400 ZBAL), 35.3%
(141/400 TAL) TH o7z, SEIDOFRIIEPIELEE
T8 AP EDPETTEETH Y, Fig. 3IIRT LI
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Jugular vein

Common carotid artery

Fig.2 Examples of B-mode ultrasonography
of the carotid artery

Upper: Case 1. A 47-year-old man
without significant stenosis in the coro-
nary artery. Mean=0.59 mm, maxi-
mum=0.7 mm, variance =0.0052.
Middle : Case 2. A 55-year-old man
with 90% stenosis in the left anterior
descending artery. Mean=1.26 mm,
maximum= 1.6 mm, variance =0.024.
Lower: Case 3. A 54-year-old man
with severe coronary atherosclerosis
(three-vessel disease). Mean=1.77
mm, maximum=4.3 mm, variance=
0.59.

Upper and middle figures do not show
the parts of the maximum thickness.
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Fig. 3 Scatterplot indicating the number of detectable sites had no relationship with intimal-medial thickening (IMT)

indexes

Table 2 Univariate correlations between risk factors and carotid IMT

Mean Maximum Variance
Pearson’s correlation coefficiency
Age (yr) 0.40%* 0.35%* 0.22%*
Total cholesterol —0.02 0.02 0.00
Triglyceride 0.002 —0.04 0.01
HDL-C —0.11 —0.15* —0.15*
LDL-C 0.02 0.05 0.05
Lipoprotein (a) 0.21** 0.25%* 0.25%*
x* test (odds ratio)
Hypertension 3.17** 2.69** 3.30%*
Diabetes mellitus 1.39 0.91 1.35
Sex 2.24% 2.03* 1.67
Smoking 2.32%* 1.54 1.20

*p<0.05, **p<0.01.
H(L)DL-C=high(low)-density lipoprotein cholesterol.

B E IMT DBISE L ORICIZEEII AL Do
7-.

IMT flERERE 1L, MEEB L RENOLEHREC
EDRET L7, 2 BOREDEREIC 5 FEF OREENR
EEE 47, BEH40 #F7D IMT %2 HlE L 7R T
3, REBMOLENMREUT 4.67% ThHo7:. T/-ETF
T IR SN-EERE RO ET G TS,
KIEBIRZEED IMT % 2 ZOREVBOBODRE—IE
BUCOWTI0EBIET A I EICE VER LAKRENAN
EEIREIE, 2.82% B LU 6.52% TH -7z,
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3. BREREFE IMT

HEEMATCTIZIMT O 31818, $4bbTHE, &
B, FHEVTLE D EELRENFEDOLNI DR
£, ) REH (@), BETHo7:. £D) b
#1d IMT 5B E DM BRE r=0.22 ICHE L T, 39
040, TAMO0.35 & L) BIF R %R L. BE
13 IMT FHEICBNTOAEEL RS, HDL I L X
70— VEIZRKME L FEEIC BT, MR TEE
EBRKMEIZBNWTOABEED D 57z (Table 2).

4. TBREBAREL & BRERREF

Table3 |ZR T & ) ICEREH EEREZF S L VE
EOMTHEENALNZOWE, W, £#, mER
IV A5 0— ), HDL 2 L A5 O—)Lff, LDL I
LAFu— )\, &IE, BRFEOEEFTHo7:.

5. IMT &1&81% & BIREAREE1L

BIZRIFESH T IMT S8R &L S RBIIRIR I DR
RERE LR TIE, 31EEL b RERFEERE
LV AEE R IEAHM % 525 72 (Fig. 4). HBIFRELIZFE
¥l r=045, ®&KME0.45, 5HUE 036 T, FHES
JUBRKEPKTHo72. RECEEBEOFELBME
¥el, BREODHEEIIEELGZ TWAKERET
CEW, BIME, FER®KE, mMERILVATFO—IV1E,
HDL 2L A5 a—)Vff, LDL I L A5 10— )V{H) %
BLICOTVATA vy 7B EAVAILIZLD
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Fig.4 Scatterplot showing a positive correlation between IMT indexes and the number of vessels with significant stenosis in
200 patients
Table 5 Risk factors in 100 age- and sex-matched patients
Table 3 Risk factors of 200 study patients CAD (+) CAD (=)
CAD (+) CAD (—) (n=50) (n=50)
=147 =53 Sex (M/F) 32/18 32/18
Sex (M/F) 118/29%* 33/20 Age (yr) 57.9+9.9 57.9+9.9
Age (yr) 60.91+10.4%* 56.0+12.3 Total cholesterol (mg/dl) 202.2+£44.2% 188.6+33.2
Total cholesterol (mg/d!) 200.8+43.3% 186.2+35.4 Triglyceride (mg/d!) 145.8+64.1 132.1£101.2
Tryglyceride (mg/dl) 147.41+74.2 135.7£106.9 HDL-C (mg/dl) 41.6E11.1%* 50.0+18.1
HDL-C (mg/dl) 42.3+12.3** 49.2+18.5 LDL-C (mg/d]) 131.1£41.2%* 112.2+28.1
LDL-C (mg/dl) 129.2+£40.2** 109.9£29.0 Lipoprotein (a) (mg/d/) 42.4+31.8* 29.7+£22.5
Lipoprotein (a) (mg/dl) 35.8+28.1 29.0+22.3 - Hypertension (%) 52.0 40.0
Hypertension (%) 55.1% 39.6 Diabetes mellitus (%) 40.0%* 16.0
Diabetes mellitus (%) 39.5% 13.2 Smoking (%) 61.2 55.3
Smoking (%) 70.1 58.5

*p<0.05, **p<0.01. Mean £ SD.

M=male;

F=female. Other abbreviations as in Table 2.

Table 4 Multivariate adjusted logistic correlations between coronary
atherosclerosis and carotid IMT

Mean Maximum Variance
B 0.58 0.53 0.53
Standard errors  0.19 0.18 1.88
p value <0.01 <0.01 <0.01
Odds ratio 1.79 1.69 1.69

Adjusted risk factors : age, hypertension, diabetes mellitus, total cho-

lesterol, HDL-C, LDL-C.

B=regression coefficiency. Abbreviations as in Table 2.

*p<0.05, *¥p<0.01. Mean+SD.
Abbreviations as in Tables 2, 3.

IMT £481E L EIRERBEILOBBRERET L2 2 5,
Table 4 IZRT &I 124y AHIBZFHETRIE» -
7-.

WHIE, EFERBREELHBITL TS EVHE
AOYEEE, 200 Bid, TEREZA L BVEIL S0 810
AT, —REKRELENDHDH. 22T, TEEH
150 BlA & Z D 50 Bl & ZNZFIER, WIS —B LT
WZEEBI R T ¥ AITEIRL, &8 5060, & 10051
DT TN =T IZBWTHERICKRET L. 202 8#E
TOERBOFE L EEBEET &£ OB{R% Table 5 I
RY. AEENALN-DIIERKE, MERIL T
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O—J)VfE, HDL 2V A5 0— )L {ff, LDLa LV A 7F
O—ViE, VREH @ ETHo7/. TOYT IV —
TTEBREDEEHWERE L, SREDHFEIIE
BEE 2 TWAERFICIMT BEZ M CTEEER
BOUI ATy MRS ETo1ERTIE, FEEDN
FOOLNTDIZIMT S EIEDO A TH o7z, 2F D5k
fEAS r=0.007 5 0.02, 0.07 &, WAALED 1 EAL
ERTR2TLICEREEXEFTHA v XHid 1.6 510
L 7z (Table 6).
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INFEFTOIMT ¥ BW7-BRIFETIE, EBRES
BIEEELISE , BEREDORVWIERER 2 EIIRTEL
EOFHEETH S Z LR INT WD, FHER

FRETHRE SNBIRE(LOERRFE LT, #
B, BIME, #ERHF?Y, MERILV AT O )L,
miEY) REH (2)', Z0OME0 OFEHDH Y, TIKE)
REE(L L D EELHBEIRBD LN TWSH22, IMT O
fliicid, FRMELZL 0P RRADESB L UZD
MEANTVELDOHE LD, FLDBRFFIZBWT
b ERBIARTE(L & IMT OF¥fE, RAMEIIHEEZRL
Twa. L LIMT QRIED S EIRBIREILOF 2
AL BPEPICOVTIIERE, BEELLTHT
BWEDHEDDH DD, IMTHAIENERTHL IS
5 ERBERMICOEELRETH LY. FiIZ45E
4D IMT OARE—HICEE LD, EIREIRER
KBV TOREEISHETH S L 512, BREELE
AEAH—%LDENPLTHA.

fEBRETF L IMT OBGRICOWT, S EORE TIZTE
WiE, mAlE, SEEBOBOTHENA LN S ER
HFHRELZ-oTWw. ThbbER, VREH@), &
MERVTRE SFELERZRD, Wb TFHEL
BARMETHENS 72, BEIITHETOHEEHL A
57, HDL I L A7 0 — VIR AEE SBETEER
HEMNRO LN, TDHH, IMTARSFEEZZIT
LARFO—DTH5HERIL, FHME, HKRMEIZHN,
SEMEIC BV TR OBEENTH, FTHREIZERICLS
FELPHEPRERMEL D DZITIT Vb 0 LFRH
k5. B, FRHIEIBTREOFELOMEELTEY,
TEARBIIR R BB & FEIRTEIL & DAHBIZDOWT, F
BiE, RAEFSEEL D D RWEEZRT O, £
WCEBERE LB KRBT 2720 TH LMD
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Table 6 Age- and sex-matched multivariate logistic correlations be-
tween coronary atherosclerosis and carotid IMT

Mean Maximum Variance
B 0.32 0.47 0.45
Standard errors  0.20 0.24 0.22
p value NS NS <0.05
Odds ratio 1.38 1.60 1.60

Adjusted risk factors : diabetes mellitus, total cholesterol, HDL-C,
LDL-C, Lipoprotein (a).
Abbreviation as in Table 2.

5. FlS, HUOEEBLYRWIETILVT, BEEDE
ELROBEELRD-DIIFTEBETH - 7205, TOH
He L TREBOEEIFRD/NEIP o722 L DI,
HDL I L A5 0 — )VIZHEED I E 2 SR 72 & & A%
Fohs, BAMEIRFMEIC, HDLILVATFO—LEd
BE L TV AP EROTEN L VELo72b DL ED
ha, ZOZers, RKELFBIEIREESEELH
HEAEWE EAHER S NS, WEIC T IR AT
£, BEICEAL TSI — 7 ERISREID, PHFTARL
BT T — 7 IIHET B & o LEIRIEILRE DT RE
B, HEZTH, RESRBRITYH—HICEELS 2
LAHRFTHDHILHNFRING. BRWELIZTEL DR
FHAEEERALTELAERETIED LY, TNHDHE
Bhbi, BEBRETFICE > THRBLREICRIZT
FREZMEALICERIE U AW RESNRIB S NG,
INFTICIMT DE ST TldZe { REEDEAL % 5F
I AN, FREDEERZALRAANLZINT
V5. Salonen 5® X, 1,257 BlICEHEIIRBFikE%1T
W, 173 FEOKEBBERTo4. BEERRE,
1) FEBIARFEALBI, 2) IMT DRE (1.0 mm), 3) FEFk
BUETT—, 4) BT -7 IHEL, BIREL
HEERFOEFVS B LHEELRET S A7
FEENRTEALEBI D 3 5 & 2 B 2 &, EBIIRTELAERE
THAHIIEVAZ7bE L AT %KL, Belcaro
5 IFEOBEFHESEE HY:, 2,000 5% 6 F£HEEH
2, FEERWLER & SNz 1,835 Fl i LMEER
BEREHETE L 2d oz, Ldto TEBIRB S
WKL LMEEFRERITRIRDO 2V 0% &R 1k
ALLTwWA, L2L, Z0MOBERKREFOFEL
HigL OBEIRIREF SN TB ST, EERBELEED
Lol 7 V— T IIMOBEI B L TRYEHIE N
LW EMIDIH o 7.
TERERBIEDOEBREFIIE—TIER L, #HUNZ
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&, FRANTEICATGE, BCEETIRTIEBD
BODOHTRELZ LML SH S, IMTIZEGIC L )AL
EL, DNz & eEIREIIRTEILAE 3N+ % 2 &L 128
L ThHAHH, ERERER L, WS4 EIREIIREE
LB SR VEED, IMTIIINERC L ) AR 2 EE
FHELTWA, L7z25> TIMT &EREIIRAEIL, Lo
EEROBBRERS 2T 5 OIS NERIC £ 5 IMT
DEALZBRNTH I EDPLETHD. BICLHEDOE
&, ISR T, REROBEICHTRMmAES
RBEORBEMEL, BRETLOBEIIOVWTHEH
WL RZETII R, 0045 EIIHEE), EE~y
FIEEHREH, TRETASLVEO 2 BB TR
FEATV, EEIRTELO SRR & EIREIIRTE L o> B
WDOWTHRET L7z, BRBOFEIINT H4 v XL
HETEMICEE TH o 72 IMT DIRIEIX, EEIIREOR
B2 RTTEMEOATH 7. IMTFHE, KK
EIZBWCERBEOFEIINT 54 v AHASHEETFER
WEBIL LD ozDIE, THOIERBPHERIC L

23

02T HEENTEEIC TR LRSS,
SEMEIITFHERLRAMEE b EE LB £330 5 15E
THHH, FHERFAMEZ T TIERBLH R % W EIR
BLRE BT, RNY—HOFEIEBIRFILOER
BE % L H SR 2 WTREMEASRIB S 7z, S ENE S EE %
AY—HDIREE L, UEDOKEREHBLDS, SHKEIC
FREx ZERIC AN BE R IMT G-l 12DV T OREDS
¥ihs.

& ]

SHRBFEFREOAY -2 E2ILL, EEKRE
F, EIRBIIRFE(L & ORBIE L RET L7z, SERRET
DEHRBILOFREICRIZTHEE, BOBORLS
TEMEZETH I EARBREI N, F-EERBE{ LD
A —H IS RBIRTE(L & BE %2 329, IMT D5 EUE
A, TNFTHVOLNTE - FHERRAMEICMZ T,
#LWEIRBIRELDIEE L 2 ) ) B Z e RS
7.

#

B & — FBHERIIEEIC & 2 EHRAEPEESER IMT) 13& 5 B X OERENRBELAE O
BRELLTHYOLNR TS, IMT DFHEREAEL AV E CTOBKRMRICBVL T, &
REVRFE(LIE & ORMICHE L MBI D 5N TWAEDS, IMT A 5 EIRBIIRELAE D EfEE & #E
BT 20 ATIHERE, BEELLTSTERY. 4EF~ 13, EERB{CHREORY —
T EBREIL DI L LT AN, EEBRET B L EREIRBELAE & OBS:EIC DV THRET
L7z, W RISEBIRE T Kk & TRk = R /1T L7z 200 1T, TEENGESIRE 4
SEIL, EALBE, EABED 8 #T, EAEEN16 #FTD IMT OFH4E, RAME, BICHEIRFEL
DAY —MDRFEL L CEAUEROTEELXEL L. ZO3BELHVTEBERETFB LD
TFERBYIRFE(LAE & DREZ R L 7.

HEBBITOFKER, IMT © 315E L BENRD b h - EfaRE I Ed, V) AREH (a) 18,
EBMETH-72. 0 LERIIVHEICBOTRLHEEITE» - 72, HHITTFYE, RAHE
WCBWTHBEZ RO 72, SEETIIED 20 o7, BREI IMT FHEICBVTOAEE LR
%, HDL 2 L A7 0 — W EIZRKE L HEIC BV THENRO SN, BICER, Hilx—
BSE72100 BlZOWT, ERERBILEOFELX BHEHKE LT, SREBREILICEELS
ACVABERTFERAELAOI AT 4 v JEKBHFIICL D, IMT EHIEOTIRBIRIELICS 2
LHBERFLILEZA, FEENZDONLDIX IMT FTEENATH -7z (F v X1 1.6).

IMT OFHliICIE, FHLL 2D DRRROESBLVZDOMEHNT WS b DHEWD, 4
BIOKERN» G, RedHEBEFICL > TEIRBILAEICRIZTREFWEICERIELS
WA H B 2 &, SFEHIR IMT DAY —4 & TIRBIIRFE(C 1B E %325 2 &, FIZ IMT O
SHEEDS, FHERLRKRMEICMR, FHPUHNOEELZITIZ WH LWwaek B L USEIRENIR
BLDIIZEL 2 1) ) B Z LR S NI,
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