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Extracranial Carotid Artery Disease Assessed BUBIC

by Contrast Enhanced Three-Dimensional T ————_—— = vk
MR Angiography: Correlation with carotid BE*, &ﬁ_"ﬂ%ﬁmﬁ&ﬂﬂﬁgmﬁﬁﬁ Hiia a. FERA
ultrasonography I & ZIMEEF (DSA), WBIIREEH (CUS), FIltime-of-
flight (TOF) 12 & AMRA® 3 RICCT 1M 1% % (3D-CTA)

Syouichi Arai', Hidetsuna Utsunomiya’,

Tadashi Tashiro?, Taizo Kuroiwa', PATONTETC. fall, MREBEOURMLIZLY, &A
and Masatoshi Okazaki" DTHEHMER R ZFIH L7285 3 RIC MR Angiography (CE

Purpose: To evaluate the imaging features of extracranial carotid 3D-MRA) 2RO MAE W{EBHEL L UL ¥R, B
stenosis and to compare the findings with contrast enhanced Sep e ded A -4 s 3=
three-dimensional MR angiography (CE 3D-MRA ) with those .;]SJIIL_Q T‘Ej‘j’?k’ bHASNT b_)% - CE3D-MRAITOFATH
of carotid ultrasonography (CUS). MR{EF2ME T3 5 MAERATHOME L TEETH Y, DSA
Materials and Methods: Both studies were performed in 24 pa- IZE DIEWEE 4182 2 L AR TH B
tients (48 carotid arteries) with extracranial carotid arterioscle- B e ’ B
rotic stenosis. Based on the CUS findings, the degree of stenosis —7, CUSIZIFREEN:, BWHEDR &5 & SHERSHENAR
was classified into four grades: normal, mild; 1-39%, moderate; GEMIRED A Y ) — = v PR E LT, 70, EHR
40-69%, severe; and 70-99%, occlusion. The presence or ab- - P - ’ T ;.
sence of ulceration, as well as high-grade turbulence (HGT) PIBRIBERT (CEA) DRI ORAEY-1V & LT ERAM
at the stenotic portion, was also assessed by CUS. Furthermore, EiZHh A, 4O, HblICE 3D-MRA DL SHE R ene
according to the findings of CE 3D-MRA, stenosis was again - = - . .
classified into four types: normal (n=4), narrow (n=26), sig- PP & CUSHTIR & et L, CE 3D-MRAD SHERSmMIR
nal void (n=10), and occlusion (n=8). ezt BRI BT A E IO WTEE L7,

Results: Both studies correctly identified occlusion in § ar-
teries. Of 19 arteries that were classified as having mild or
moderate stenosis on CUS, 16 (84 %) were narrow on CE 3D- %

MRA. On the other hand, of 20 arteries classified as showing t &
severe stenosis on CUS, 10(50% )and 10 (50% ) were classi-

fied as the narrow type and signal-void type, respectively, on * BT L ERR I T19994F 8 H %> 520004 5 A DI,
CE 3D-MRA. Signal void was only seen in the severe steno- | CUS B X U°CE 3D-MRA D % #ifT L 722461 (4811 T
sis group. Ulceration was detected more frequently in the signal-

void type than in the narrow type (7/10 vs. 5/10). In addition, b5,

the incidence of HGT in the signal-void type was significantly SEGIOPIFITEME17H, k7 B, ElsIT60~835 (F

higher than that in the narrow type (9/10 vs. 3/10: p<0.02).

Conclusion: CE 3D-MRA shows the features of extracranial #169.35%) Tdh - 7. CUSIZFAZEMR M EHEEDEAD 5

carotid stenosis more reliably than CUS. In addition, signal ), Ol EA RO fRA & L C1ofliciifr s, &

void detected on CE 3D-MRA may reflect severe carotid steno- B, SEESSEBIIR L 2 7 TR 70% L oRess 2o B e
y  ER AP - — .

sis with HGT.
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P BRI GBI BLOGIQ700T, 6~13MHzDE T
T819-8511 fEEMAEEAA3-2-1 ) = 7 RIEf T2 W TiT =72, MEOHET & HEIZ 1
B PR R =~ 7SI FLRTHY BREDHET & HE I 1 %
# d— DR L 72 BURREDL T 2 72,
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1) RE

B-E— FIiE#: (BMI) THREEBIR (CCA) & NEBIIR (ICA)
OE#l{g & FaheE B L7 KI2H T — 7 F5:(CDFI)
E87— K75 (PDD) I & 0 Bl & @fg 2 gL, ~
75 ML EHAE: (PD) % IV TCCA B & UNICA D UUHERA i 1t:5
B, PRAREAMLGEEE (ED), e RT3 0 i sk i % e L 7-.
2) BRIERDHIE L RAERRE DIE

T FBMID Rl A 5 CCAB X UICA D H P fE AL
(IMT) ZI5E L, 1.1mm2l %3 & g3 L 729, KIZPDI
DEW A S EEDORIRAT & RE L, [ FE 75 )
OEIRKTEREIL Y SR EHEY Lz, ThonfEic
DWW, PRZAEEE % IEH (Normal) @ IMTA1.0mmbBLF, BEREE
$ezg (Mild) @ 1~39%, PEERERRAE (Moderate) : 40~69%,
SRR %2 (Severe) © 70~99%, F1ZE(Occlusion) (27358 L
7z. PDITHASBO M AR &M L, PRI MWETE %
WA, O FAE R O UHERD M HTERE A5200cm/s P LT i3
BEkse, THRIPEREREL L712912,

PIZEDH|EIX, PDITIMFASEEEHE L, HomilFeSE)
BRYLAEEA M AT 14 L& & LY. FOF5E,
% 1M, B 5 M4, PEEEAEI4NE, SEEk
722014, PASE S METHo.

3) BB OE

WRRIEEN BT B EB R OA O H EIIBMIE & T
PDICHIEMNICHAMA S D556, H5HVIIAEE T — 5
BE % TSR ASEIEN 120 5 LA Y4 (Fig. 4A) & [
P0as) b FORE, 18I BT % 5072,

4) B EELIE O E K & MR

$ezEER O ML F 1EE B A —E L TR vl L, &
LREE—ELTVAIREASHY, I OmWiidE ¥Rz R
FTHEDFE VW EVDNRTWB T Lizhio> T, ZOFELH
&R B B i & FEEELIT (HGT: high-grade turbulence)
LEHF L. Thbb, CDFITHAERZ DmhERIzHLT
RTEW A 784 — 2 (Fig. 4B) # 2 LYW, »DOPD T
BH & 7 72 Wi % 528 B A (Fig. 4C) & 8 ﬁéw‘tlﬁ%ﬁ &L
7o, ZOFER, 13ME RS % 2D

2. CE 3D-MRA

MRIFEFE (3 Philips#t BT 10-NT (FH5 0 EE1.0T), E5EH]
EEEAER IBARHERR Y =y 723 v FS0REH
L7z,
1)7ANR—=F A

BINWEIIRIIE D720 F A M Y P27 a VIZEDE
MY A I 7EPE L. WISk BAREIRIC20GE
B T 2 fEfR L7z, E2A| B BNHEAZE T ImlDiE
oA E A KO 7T v ¥ 2% iidT L, 2D-single slice
T1 weighted FFE (fast field echo) #: DA i £ © 14/2/2 (TR/
TE/excitations), FOV 250mm, < 1) v 7 A256x128,
A 5 4 AIE10mm, Flipf40°, #{GrM0. 7814 L L
72, B, WGP O E T (Zpresaturation pulse % FIiN L
7. CCAFZBE-LHIK (ROI) Z B Y time intensity curve

24

2VER L, &K Dtime of arrival %2 & UFlZtime to peak
wEL.
2)CE 3D-MRA (T1-weighted FFE{Z:)

Wie4ME, 9.5/2.9/2, FOV 250mm, i~ b v 7 A
114x256, A J 7TE60mm, EZHA T A A& 2mm (ZIPAH
), Flipf30°, AJ 4 A¥30, HERm2nMe L.
k-space™~? 7" — ¥ FeliEsequential phase-encoding order %
B,

Wf§ )5k d F 3 HAT1-weighted FFEILTEIRIT % JE4T. K
127 A bR =7 AETH L N72EEH Dtime to peakﬁ
space DHMI R D K ) ICHRES A I v 7V RREL, ELH
(0.1mmol/kg) # sSmI/BSTiEAL, HildT I‘Jm—@@_ﬁiﬁiﬂn‘i
T79yvall, FOBIGEFRE T, HEESEEINK
DOFHIZ 3R | HE OmifgzEH L.

B IMRIAEICHAA TNV 7 Py T 2 W

THFAOT — ¥ 2 EHHBOT— b7 77V a
YL, MIPEZ{ER L7z, MIPI&IZ % $° &A% (EEE % P
LNCERARE T°TO%R, B2V ) —X) EBEHRL, KICH
EREABIR I LD 7 — 4y FMIPE & VERL L 72,

3) BeAe T R4

55 NG H & HEHREHE 3 BOGHICL Y, FHHE
EHR Pzt R % IE% (Normal) B!, 4%/ (Narrow) %! (Fig.
3B), #F4r /%18 (Signal Void) & (Fig. 4D), PHZER
(Occlusion) B2 43483 L 7z,

CUS D#EAEFEEE & CE 3D-MRA DFEAEVERT R 7% 6 UFIZCUS

DS O, BEEELITOA & CE 3D-MRA D%
PERT R & O BEE IS oW T HBURET L7z, Mat iR IR

% (SPSS 6.1) TIT\», p<0.05EFEE L7,

s R

1. CUSD3kFEFRE & CE 3D-MRAD B2 B O LL#

CUS DR ~ i pEpezeht (191%) 12, CE3D-MRATI
16105 (84 %) A3/l 2 B L7z, —F, wEEPezes (20100
)L, PN L RS RIERIDSE L ER0IE (50%) 20T
#H-o7:. CE3D-MRATHERGRIEEZZE L= DIF, CUSDH
BN DATH o2, T/, CUSTHIERREZRL
B0 O 8 M%I1XCE 3D-MRATH X THERR AR L
(Table. 1).

CUSOEEEzElED 5 H11M%E |IZDSA 7213 3D-CTAT
NASCETH#WI|Z & A5Hli 24Ty, 11M%E & $70%LL LDk
g2k, 7225 O11IE OCE 3D-MRAIZ & % &FHifl
IPNEIAS 6 M4, o RIBELATS METH -7 b,
BAZERE (8 M%) I BV T HDSAIC TT R TEEHED MR
ahi-,

2. CUSOEEREFORE, SEIRNEHELECE 3D-
MRADFRFEMERT R & DESE

CUSDE FERRAERE (2017 O THEBEHIEAR b & HE S

N7 MBI 21200%8 Tdh - 72, CE 3D-MRA TOFHI T3

HAERSHE 62k H125
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Table 1 Comparison of the degree of stenosis on CUS and the stenotic findings on CE 3D-MRA in the
evaluation of extracranial carotid arteries
CE 3D-MRA
Ccus Normal Narrow Signal void Occlusion Total
Normal 1 0 0 1
Mild (1~39% stenosis) 1 4 0 5
Moderate (40~69% stenosis) 2 12 0 0 14
Severe (70~99% stenosis) 0 10 10 0 20
Occlusion 0 0 0 8 8
Total 4 26 10 8 48
CE 3D-MRA; Contrast-enhanced three-dimensional MR angiography
CUS; Carotid ultrasonography
10 p<0.02
g B Ulceration(+) 10 - )
B +
[ Ulceration(-) 9
8r [ HGT(-)
8 L
7 L
7 =
6 L
6 .
5 =
5 .
4 -
4 -
3r 7
3 =
2 -
3 2r
1k
1 b=
0 1
Narrow Signal void 0
Narrow Signal void
Fig. 1 Incidence of plaque with ulceration in the severe steno- - - -
sis group on CUS (n=20): Comparison of the results in the group Fig. 2 Incidence of high-grade turbulence (HGT)in the severe

with narrow type with those in the group with signal-void type
on 3D CE-MRA.

Ba/RL7210ME H 5 MEIC, o5 KER %R L2100
H 7 M BT 2 R, ERaRIEENIC S WEAATE &
n72(p=0.33) (Fig. 1). —7%, ®WEEMEMEX, MO 3
M, #M7FRIBED 9 MEICRD L NIMYRERTEL R
57z (p<0.02) (Fig. 2). LA EO#S A5 CE 3D-MRA TH}
SRIERI 2 R TIMEIL, CUSTIZT0% LA LBk %
O, SLICHERRYEHLHEIIE DT ENHLME
o7,

3. KFROIOER
1) EEREZE I (Fe/NEY)
HICADRIEER IZCUS DPDI T ASER 14§ 5 BT %
i 5 (Fig. 3A). ICADYUHEHIA M FTEEE A 230ecm/FTd b
70% UL E O EERZE L ZIT. S H 2 IR BRI
13728 572\, CE 3D-MRA TR IS N o fese iy
RE%H 7 (Fig. 3B).
3D-CTAT b [k DIRAEIRAAHEHG S, NASCETH:T

R 144E10H 25 H

stenosis group on CUS (n=20): Comparison of the results in the
group narrow type with those in the group with signal-void type
on 3D CE-MRA.

86% DE A Y 2 L T\ (Fig. 3C).
2) EBEAR 72 (BB 3K HR A

CUSOBMIIZ TEICAIZS S BN+ BT 5l %207
(Fig. 4A). CDFITIZZDKRMMIZEY A 738 — Y DfEH
%2 L (Fig. 4B), PDT b it % 32® (Fig. 4C), BEEELH
Bt & HIWF S 417z, CE3D-MRATIE, FEMTILERSRFEHE
(Fig. 4D) % 2L T/, AFIICEARRATLTBY, #itk
DCE 3D-MRATIX, AEOMRATHBI i ShTwi
(Fig. 4E).

z =

1. CE 3D-MRAIC & 2SS SABIRIRARIR L D
SIS AR P A R 1L, BAFOFCKILIZEVEART
LML TETWA. FESEBIAR O BE A L P ZE R 21
MATHFWREARE LR L, FomERAERE s« i
) WBRE BRI EREEOERD 1 o TH S Z LIZFEMD

25
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Fig. 3 Nustrative case 1: PDIA)shews a partial flow defect in the
ICA(arrows). This lesion is defined as severe stenosis because
peak systolic flow is 230 em/s. 3D CE-MRA (B)shows stenocsis at
the initial portion of the ICA (arrow), which is classified as the narrow
type. 30-CTA(C)also shows 86% stenosis of the ICA (arrow) us-
ing the NASCET method.

WhThs, LMo TEOEMIIEEL, EHTRET Phan & 19 (3 5 12 B SRt i i ko i 3 e e 8 & LT 4224
hih, HTCE 3AD-MRA T 1T L, Z@MO1964EH TCUS & Pk
Weit, SHETEAMhIR Sl R 4 HW%HHIﬁll"FF +uiuhd~$m.W$ﬂMﬂ”u1tw%; halfzk
ID-MRADIEITENTETED, DSAELE LD WL TWa, ¥HLOERIBEWTH, CUSTIRENR
Hifhth b, ﬂﬁjHﬁ‘%wu”W CE 3D-MRATIZ, 3 I % E < 361
Kollias & " (3 30ERST R A 5922 1 200 S CE AD-MRAD T (o2%) P Bl ardiB e m L, HIZER M) i<
BB T DSA L HEEIL, POEIREDSHEEIE87.5% (2124 LTiemnEc—-BLTwi Z0L9(2, CEID-MRAIZ
M) T -z Lifi~<Tuva, Remonda B E70%EL O HiMER R ET R { #LTHED, BEMNIZGHE
EEflesagi (- o T [ OBH 2Ty, FOSTEEIT4% LEEHTED | 2 Thbd EEFELLNLL,
(17A8IME) THh-Fk LTwE, E6I1I, Leclere&YIZ Lk
FLLTEAEE SRR S A PERT SR 12 81T % 3D CE-MRA Dsensitiv- 2. CE 3D-MRAIZE 1T 284 kRS OKE & ERFRIVE
iy i 100%, HlPLLlfJLil\fii*JH GEHUSLTEN, HuvBkTE E-Al iz BT, CEID-MRATEUHCHIRI R LA
dea:waw_L"Ld.-H.umﬂlamMﬁi mwwuv?ﬂhﬂﬂfm%urmme%m 15T,
BhiR St o T SR S AL, TOREEN A b P HERE RS L T AL T L L LT A
HBEERT T LTS, '_?'le k6, CUSECE ﬂ HhOWEL M AT F QWIS B Z EAREE STz,
ID-MRA % Hiehidd L Aot id Ak ik L7-Z & £ CE 3D-MRA X EHOT I H M0 £ F)

o L - A e (=]
26 Bl ik 9 a2 125
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RO RN iy MY ) 1)

Fig. 4 Iustrative case 2: Transverse section obtained with B-mode
imaging [A)shows ulcerative plague with multiple cavities at the stenotic
portion of the left ICA (arrows]. Golor (Bland pulse Doppler images (C)
also show a mosaic and backward flow, indicating high-grade turbulence
in the stenotic portion of the ICA, 3D CE-MRA (D) shows a signal void
in the left ICA (arrow). 3D CE-MRA after carotid endarterectomy (E)shows
na significant residual stenosis in the left ICA (armow).

HLAHETSHY, HENCRFEEOEE IO T 2w
E¥z6NH, LirL, CE3D-MRALFLIELT L N
FRTId% €, Mitsuzaki & (3ELH TR Z A #EE 2O Muc-
tuation®? 7 = A X7 FiZ £ - T4 L Sspin dephasingdtd
T ARRTETIEHRHRIEEI@METE RV E

kZEM 0 7 — ¥ FElik (sequential phase-encoding order) T
iE, WRMEOET ZZEMO PGB D 202, 7A b
H—F AT HLENFHLY. LHLLHE, 7R
b= 2O EERORITEROMEIZHERT L&
RO L ERE (REL00, FRFNLOHme o peak st

EE LTV, T4bt, SEOXE HOFEILCE 3D-
MRA EFLOMR T CUSIZ TR Lz wy Z EHTE S
E[EWELD, BBl Wl L T il eI T R A
fETE 2VEEOEVELRI Bt L Twa 2 E
ERLTWA, LA ST, CEAD-MRA TR&RLIS
KRULTOFE TA LM A MEEON L 5 BIIFE" L 118
wh, BERMIEEI<ARELsmEAETHAas s LEILA
5.

iy, ERAracHiiTiRi@ i dn 2 v iRk R v
LT—F772FTHAE3ZELPETHL, SEEHL:

Tk 148100 25 H

S LS —F L Twdewn, F, SAENEWHR ORI % ik
IR S0, | HOBREEME 2B EEEEL
fo. SO ENEMMEOKTEBE, Hohlmigic
e Ry La—HiZhafbDEBbhas, 0O
fls, /— Fox7 ETER M OB HRAEH - /- A2 MR
RO L SEEREOEE LS AN IS L, B
EHOIEESmIRS L a0, BoREeE LN, M2
3METHEHTET S —HEehobdEI LN,
ik, MEEEON—=FZT, Y7 T oMRIC
L0, TTETCEID-MRAGEEILM E+ 54 m LS
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na, Lz o T, CE3D-MRAIZSEIRGABINRIASIRZED A
)= THRELLTOALLY, CEARAT V ME
7 & D E P TFAH O EFEID O PRE R EHREOBIFRE &
LTOEABERETA2bOLBbNE.

/&

2], b NAHEAT L 72CE 3D-MRAIE, FEHISEEIIRD

e b2 CUS L IFIFFA%I2FK L7z, CE3D-MRATAL
MBS FIEOERICITEEYAE LEHKAIKECHELT
By, BERE BOTEELRTATH S LRI,

A OEFIZEE300 H AMERERSES (200142 A 9 H,
KB, #2600 HARMZERF &S (2001483 A15H, KBODIZT
& L7,
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