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[Abstract]

Objective To investigate the relationship between internal carotid artery angle (ICAA) and internal
carotid artery (ICA) plaque morphology in patients with acute anterior circulation infarction using
high resolution magnetic resonance imaging (HR-MRI).

Methods Patients with acute anterior circulation infarction admitted to Beijing Tian Tan Hospital
from November 2011 to June 2012 were enrolled in this study. All patients underwent HR-MRI
examination to obtain ICAA and plaque morphology data. According to the median of ICAA,
all patients were divided into ICAA >35° and <35° groups, and the amounts and characteristics
of carotid atherosclerotic plaques between the two groups were compared. Multi-factor logistic

regression analysis was performed to analyze the influencing factors of bilateral ICA plaques
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morphology.

Results A total of 162 ICA images from 86 patients were included in the final analysis, with 78
vessels in ICAA >35° group and 84 vessels in ICAA <35° group. The detection rate of ICA plaques
[92.3% (72/78) vs 56.0% (47/84), P<0.01] and vulnerable plaques [43.6% (34/78) vs 15.5% (13/84),
P=0.03] in ICAA >35° group were both higher than that in ICAA <35° group, with statistical
difference. The detection rate of lipid-rich necrotic core plaques [75.6% (59/78) vs 36.9% (31/84),
P<0.01] and intraplaque hemorrhage [26.9% (21/78) vs 11.9% (10/84), P=0.02] were higher in
ICAA >35° group than that in ICAA <35° group. Linear regression analysis showed that age was
an independent risk factor of plaque calcification volume on the left side (B 0.35, 95%CI 0.21-
1.65, P=0.01) and intra-plaque hemorrhage volume on the right side (B 0.34, 95%CI 0.30-2.32,
P=0.01), and the non-plane angle of ICAA was an independent risk factor of lipid-rich necrotic core
volume in the plaques on the left side (B 0.37, 95%CT 1.23-7.33, P=0.01), and the non-plane angle
of external carotid artery was a risk factor of plaque calcification volume on the right side (B 0.33,
95%CI 0.20-2.07, P=0.02).

Conclusions With the increasing of ICA angle, the amount of plaques as well as vulnerable plaques
increased. ICAA was associated with the components and amount of carotid plaques, while it was

not an independent risk factor for carotid atherosclerosis.

[Key Words] Cerebral infarction; High resolution magnetic resonance imaging; Carotid artery

angle

B R RE 2 A PE A £, B
FEE WA, TSRS SR B0 Bk ot A R Ak B 5
KATHE 5 HALE R, IR LIRS KR
ZR I R 12 S R A D ARk, A
B PR IESE (high resolution MRI,
HR-MRI) $AR3 B S ik LA 22 4 Ak 2 5 |
EAMTH X, HR-MRI$ A G 0% 75 B #b 4>
PR E S5 1, o B DB Bk I B RE I
Sl LA TR AR, THE Tl 3R 2 i ks A 1 A TR B 1Y

EASSHFAED ™, 3DAHE] KK (time-of-flight,
TOF) MR ARE®S /R SUS kL iAR &h 1, i
A Tt b 0 5 3 O LA 2 A Fm N 43 SUAR L 3R
FHEASER . AR A HR-MRIS AN
AT A (internal carotid artery,
ICA) RS it L & TN Bk A (internal
carotid artery angle, ICAA) FIFiAshkIE
(external carotid artery angle, ECAA) , %
BB AL TURI 248 hR 5 Sk FERE AL B
PR £,

1 RS 5HE
1.1 BF9ExtE E4e AZH20114E11H—20124F6H
P THR-MRIF & ICA 2R G0 il F 58 %,

NAFRE: OFH¥18~80%; @ F W IiE
B OFF ICARG M ILIZ W @Ak A4
IR EE B2 TE (T£3) AN © BRI
PR R BB kNI ZJEE (inteima-media
thickness, IMT) =1.5 mm; ®H] it & 52 A%,
MRIf A QFF (BN, BRER) &
AR A,

HEBRARIE : ©PTEE LI AR ZE B0 R A B
s OB EA B REHAM SIS AIRITRITEIE;
O TLAERPENGREIE, FA Jo kB e AR A IE
i ML/ 5 L5 12 W S AR 25 @R T
A1 R N VTN o e R 113 B s e 0
KR TE RIS s O RREFATMR IS A3,
WA A PAEARAE , /O AR B A AR B 2 B 4
JEM BT S s © RS RN IR R B A 3
IR A TG R 7T

AR 2 EHERCAME LR IR BE B
2 Rt
1.2 @3RG A E G fERER
i (7+3) dNFE B IkHR-MR 434, HR-
MRIK#ERH3.0 T SIMENSHHH#{L (Trio-
Tim, SIEMENS, Erlangen, Germany) , &
RUJHF200 T/ (m-ms) , 55 K65 AL



A Zed 20194E7TH 145 $TH

45 mT/m ., A S8l bk % 4:8 18 2% i 2
(Machnet BV, Eelde, Netherlands) . 34
HLOE T8k S, B T IS TR A 4,
HRF I EET WL, T,WI, 572 B Ag
(proton density weighted image, PDWI) .
3D TOF MRA, G FORMUSERTE SR T
)CASCADE#R{F: b 124 A 25 i U RHEE I
(G 34ELA_E BBk EG o- P 25 FEAHIE
R SN R 2 17 DL X G AL [ A 0
ST, SRR AR ED,

B PPAil: MR I M8 BE(F e LL (signal-to-
noise ratio, SNR) NHAERIEMIAEL, Hish
FKMRIE % i (image quality, 1Q) #-7rM1
ARSI RSH (1=2, S=1REF) ", M
B E <2), WHFHZEIG MABEFE 5,

ICA A& ff FvH VLR S AL BT ¥4
PEATTE MR = HE 5N ik o X 2 A L% 35 LART
FRIEEAR IR, FTHICCA, ECAA, ICA
P f, FiAMEhk (external carotid artery,
ECA) e AT, M= 4ES ko X IETH W
F, ICAELSECAELI AN NA, ICA
A RICAE L 53 25k (common carotid
artery, CCA) HAM MR LM, ECA
ANECAB L5 CCAB LI R MK 2 e s
MBS ST VL, ICATEF-TH A AICAR
ZHCCAHARRINE K LRI, ECATEP
T A NECA B 255 CCAB £ AR E K 22 g e
o RIE R SME TCA AR AHRIICAZY
SHICAA =35 5ICAA<35° PR b7, 3
P2 LB XoF B A S Sh K SR A RS A R e A 30
ANBEH AL HEAT LA AT

B Ik o8 A 48 A BiE ke Bl o3 1 20T SR )
) AR A S ) S, AR B A B T 20
B TR -M R T 5 311 fik 58 A B8 Ak ESR 1823 119
B e, B 28 A [ 2l kot A B Ak BREBR 1 43 ©
BB R IRIEAZ L (lipid-rich necrotic
core, LRNC) ; @By H I (intraplaque
hemorrhage, IPH) ; @454k ; @EEIAA G ®

HUm A e 4107, HE DT EE 4707 51 R L
(3D TOF, T,WI, T,WI, PDWI) 45/, 5
JEARYEAH AN, WsE S g, fn—
SCIMAE R R E 0 2 BB AE, W% 52
MG G BPERNA G,

2y ok o B BE AL BEH N R AR AR E: ©
BREEEH AN (maximum wall thickness,
MaxWT) s @& — 2 EAF B 5
(LRNC, 54t IPH) (R, It BAE% 2 1E
KR RE A PR B A BE T AR Y
B, e LA — A S ks Bl ko R
P BEHR A3 R BT A E A R K
W —Fh kA TCA B CCAPHZEHIE B, TKF
R IBIKHERS o P30 KR A RE A RE B A A i 23
FRAE )2 800 e S B0 e & S50, et
o S AR B FELRNC, F4ERARAS,
IPH, RS 55 & A UaYs o8 B A 4
LRNC, #54k, IPH 5 S BE AR A B KA 53 o
1.4 GEiteEnth Seite#RAISPSS 23.0 (SPSS
Inc., Chicago, USA) GEit#iff, MR IELHE
FHE, FFAESHTITTEFEA (Xx+s) £
TRy AP EIERS 11 B o B B o3
s VPR B3R R . IHEHIRILLER, THECPER)
MR iR SR, BRI R
PR RS, A AIESMA IR AR
SRIBC X Ao H B Ao A P I Bl ki 22 57 4
U LAZE A (S5 80 Bk A BB AL BRI ok 43 Ay ()
An g, DU AES, TR, L s BRI
W 5 B 2 2 i 2 I P B 4% 35
Bk B AR &, FE T 2o &b mIE
SIAT, BT Sk A R Ak R B 23 ok ST B
MR 2R PR T LA, SR Bonferroni
KIE, P<0.05K 2R HA G #E L,

2 #R

2.1 —RBTRE AEOBIRE RT3 A 1R
H, 2RI FRIQ=22 1 HERR, Fi4h, H8K
IV PR PR AE A P2 L 0 AR, 50X



Chin J Stroke, Jul 2019, Vol 14, No.7

TR B MR R, N REMERR I 0 XA
THER, B4 3L 16237 A A GEi T,

Z 5531623 4 Bl g, ZEMIICCA

SEYIME K (34.89+12.15) °, A MICCAFH
4 (33.25+11.19) °, BMICCATV-HIE K
(34.07+11.67) © , ICCA>35° #1783, ICCA
<35° 8477,
2.2 BHNBHEKIE A -5 BBk ot AE AL BEH Y
FE WS R16237 1A LA 11937 1
BRI BES, ICAA>35" H3)
FK A R B A BREHRAG) 1 5457232 (92.3%) vs
473% (56.0%) , P<0.01] } ZRBEHLAS H 2R [34
37 (43.6%) vs 1337 (15.5%) , P=0.03) @& T
ICAA<35° 4,

RNIFTICAFBELH, S80Ik o A R AL B H 25
WA R R et 2 R, ICAA>35" 4
LRNCKIPHI Kt m, ZRAGITFE XL
(#1),

2.3 ZEAMBEIKSEIREE R WAL

R TREFABBAETIBRER L HR M S HES

S5 ICAA>35° 48 ICCA<35° 4 P&
n 78 84
LRNC, 1 (%) 59 (75.6) 31 (36.9) <0.01
LANCE & (mm’) 9.32 (0~34.95) 30.53 (4.19~149.69)  0.02
IPH, n (%) 21 (26.9) 10 (11.9) 0.02
IPHEE (mm°) 0 (0~0) 0 (0~7.41) 0.26
51k, n (%) 29 (37.2) 41 (48.8) 0.16
SEAY BB (mm’) 0 (0~7.28) 4.84 (0~14.47) 0.14
721 ICAA: FANARA ; LRNC: A MG RIF AT ; IPH: sz
F2 EAENSFBREEUIIR SR FERAEER
ZMIEREH Bk FESEmIlia PlE
MEXEH (%) 81 81
B EE (mm’) 0 (0~11.78) 0 (0~17.03) 0.29
LANCE & (mm’) 10.50 (0~58.77) 6.28 (0—81.47) 0.91
IPHEE (mm’) 0 (0~0) 0 (0~0.87) 0.16
ICAA () 3279 (22.86—41.08) 31.00 (22.91—41.73)  0.76
ECAA (°) 24.53 (16.569~35.03) 28.30 (18.49~35.13)  0.69
ICAJEEEA (°) —3.72 (—11.84~0.84) —2.64 (-7.62~1.65)  0.18
ECAIESEE S (°) —0.95 (—4.09~3.59) —4.62 (—9.02~—1.06) <0.01

i ICAA. AN FIKA ;

ECAA: FiShaIMk A ICA: SN BBk ECA: FsLallk; LRNC:

EARS IR TALS, IPH: Bede ) fe

M (%-8132) FBH KR AERE b BEL AL LICAA
ECAA, ICAIEFHI A MECAIEFHE AT L
5, gE R R, (NECATETFH A A MK T4,
ERAFGITFENL (P=0.02) , Ha&Hi5)
ik ey S Bh Bk SRAERE AL BESR o020 A P I 2 573
Tgeit R L (R2),

2.4 ZHRFMTEER ZICLAERIH AR
SR, A ISR e () 39050 ik o AE R 10 B 5 Ak
BArsaE (B 0.35, 95%CI 0.21~1.65, P=0.01)
T A ) 350 50 ik o3 A B A B TP H OB 43 L &
(B 0.34, 95%CI 0.30~2.32, P=0.01) ff@k A
%, ICAAIEFiHEf (B 0.37, 95%CI 1.23~7.33,
P=0.01) 2700 S8 ks #E AL FERLRNC
By BRI EREE, ECAIRFmHM (B 0.33,
95%CI 0.20~2.07, P=0.02) 24 MRSk R
BTG B B R R R R,

3 it

KRIFFREEFFEB, ICAA>35° HB kR
FERE AL PR 1 Zh 45 BEHAG R I B ICA A<35°
HEER, ZRYARITFEL, ICAA>35°
BRI R RE (L BEH LR N C I IPH A H 5%
1510 P SB35 25 B KR AR RE AL RESR B 4 E
PP AT IR, 4082 2o S8l ik ks R R AL,
PR A R e B A Sl ik st A R AL e B
IPH BB HERER, ICAAIEFHAZA
3533 ik o8 A Fif A BE SR LR N C i 43 B ) s
R, ECATEF-T 24 M S Bk A8 1 3
PSRRI BRI E,

SRR LI Eh ) R R AE SR RE AL Y
AL R E BRI A, BTk
Qb IR A3 A5 SR VR, AR JOT BE T B TR
TR S )R RS0 {8 % R AL ) T L ok R T
AL BR335SR 57 2 A BN kA3 LI A
PSS JRER S VIR JyAH %, 785 43 XAk 1L i
SR ML A 4 A 5, BRAERE ST R B 5
P At ik i 1) 43 B GE Ry SR L 3t 3 2%
S B, BN KA XA R R, 4 SUAL I



sHEASRAGE 201945 7H 144 BT

T 25 L I A, R O30 R DX S R I
ST 3 DA R A, ks B R AL T B
R AR, AR R BoR, BEICAARIK,
FhRKIRFERE LB 2 2 E TS,

AT AERO M 3 rh A H 119 32 ik ks
FEREAL BT SZh ik, ICAA>35 41 i ik
SFERE AL BEER -FLRNCRYKE H %, ICAA<35°
HEFH SRR R R, ICAA<3S A
LRNC & ETICAA>35" 4, FHHIMizh 1
AP 2 S KA I A AR ) — 0 K B 2R,
A& N SRR B 727 IR S ) 5735 W] DA A 45
Pl i B e ml (B2 5 | Bl kB 2 R 25 B sl
AOASAES 20 [RIRERT DAKELRT, ICA AR/,
IS BRI ML 4 RS ORI, B
PAA SIS Sh KRR R AL BB A e M Ay B 5
[F)7G 22 51, A BBk LA TS S Sl ik s
e RERE K RIS R, Hishhkor XA 5%
PR ZE R BE T IO K, (A1 4R 7R 80 ik 43S
A S PSR T TCARRAR S, 5 AT T 45
—8, AFFRLERERY, [CAAIER PR
DN FEN BRI RERE AL BEERLRNCI - B
R, ECAIEF-1H 2 T S50 ik ot FEAE Ak 3t
PSR BRI ERH R, BRift R 2 %%
Fe s Bk S B kA 5 R, AR A BF 5T %
WARPH A, BN S 5 Sish ke fi
JURDEAS R L T 5%,

Bk o A RE AL S 4 B B K o R R AL
— 4, KRB RS2 5 s KL
fEE R E . AR FEMEICAAX—H
FRG GRS FERE L K A
SESR R, ICAAIFIE R F 30 ik ohs 1 A Ak f) e
SLEREE, BEHAREE—REFEERSET
Sk REREALI K A

A FEATE B DR A R, B
RN, B R TE—E BB s 7341,
AT & — TR T T 2, B R RIR] i)
Fka AL 0 6 B S Sl KR AR R AL RERR A
ZIRHEAE R AR R BT, TEZ R

WHyerh, SRR I T I AR BN A]
HOVREE, DA RE— 25 A S5l ik o SAL T L2
TSI SR BER M St — R A il A A
TS B2

SE 3k

[1] TIAN D, YANG Q, DONG Q, et al. Trends in stroke
subtypes and vascular risk factors in a stroke center
in China over 10 years[J]. Scientific reports, 2018, 8
(1) : 5037.

[2] GALLO D, STEINMAN D A, MORBIDUCCI U.
An insight into the mechanistic role of the common
carotid artery on the hemodynamics at the carotid
bifurcation[J]. Ann Biomed Eng, 2015, 43 (1) : 68-
81.

[3] ZHU XJ, WANG W, LIU Z J. High-resolution
magnetic resonance vessel wall imaging for
intracranial arterial stenosis[J]. Chinese medical
journal, 2016, 129 (11) : 1363-1370.

[4] CHOIYJ, JUNG S C, LEE D H. Vessel wall
imaging of the intracranial and cervical carotid
arteries[J]. J Stroke, 2015, 17 (3) ; 238-255.

[5] KERWIN W, XU D, LIUF, et al. Magnetic
resonance imaging of carotid atherosclerosis: plaque
analysis[J]. Top Magn Reson Imaging, 2007, 18 (5) :
371-378.

[6] SAAMT, CAlJ, MA L, etal. Comparison of
symptomatic and asymptomatic atherosclerotic
carotid plaque features with in vivo MR imaging[J].
Radiology, 2006, 240 (2) : 464-472.

[7] THOMASIJB, ANTIGAL, CHESL, etal.
Variation in the carotid bifurcation geometry of
young versus older adults. implications for geometric
risk of atherosclerosis[J]. Stroke, 2005, 36 (11) ;
2450-2456.

[8] LEES W, ANTIGA L, SPENCE I D, etal.
Geometry of the carotid bifurcation predicts its
exposure to disturbed flow[J]. Stroke, 2008, 39 (8) :
2341-2347.

[91 VAN DEN BOUWHUIJSEN Q J, VERNOOIJ M

W, HOFMAN A, et al. Determinants of magnetic

resonance imaging detected carotid plaque

components: the Rotterdam Study[J]. Eur Heart J,

2012, 33 (2) : 221-229.

KERWIN W S, MILLER Z, YUAN C. Imaging of

the high-risk carotid plaque: magnetic resonance

imaging[J]. Semin Vasc Surg, 2017, 30 (1) : 54-61.

CORTIR, FUSTER V, FAYAD Z A, et al. Lipid

lowering by simvastatin induces regression of

[10]

[1

[}



676

Chin J Stroke, Jul 2019, Vol 14, No.7

[12]

[13

[}

(14]

[15]

[16]

human atherosclerotic lesions: two years' follow-up

by high-resolution noninvasive magnetic resonance

imaging(J]. Circulation, 2002, 106 (23) : 2884-2887.

BIJARI P B, WASSERMAN B A, STEINMAN D
A. Carotid bifurcation geometry is an independent
predictor of early wall thickening at the carotid
bulb[J]. Stroke, 2014, 45 (2) . 473-478.

GARCIA J H, KHANG-LOON H. Carotid
atherosclerosis. Definition, pathogenesis, and
clinical significance[J]. Neuroimaging Clin N Am,
1996, 6 (4) . 801-810.

SPANOS K, PETROCHEILOU G, KARATHANOS
C, et al. Carotid bifurcation geometry and
atherosclerosis[J]. Angiology, 2017, 68 (9) : 757-
764.

ZHANG Q, STEINMAN D A, FRIEDMAN

M H. Use of factor analysis to characterize

arterial geometry and predict hemodynamic risk:
application to the human carotid bifurcation[J/OL]. J
Biomech Eng, 2010, 132 (11) : 114 505. https: //doi.
org/10.1115/1.4002538.

MEYER P, PELZ J O. Blood flow reversal from the

[17]

(18]

[19]

[20]

external into the internal carotid artery-new insights
into the hemodynamics at the carotid bifurcation[J/
OL]. Brain Behav, 2018, 8 (11) ; ¢01139. https; //doi.
org/10.1002/brb3.1139.
VAN OOIJ P, CIBISM, ROWLAND E M, et al.
Spatial correlations between MRI-derived wall
shear stress and vessel wall thickness in the carotid
bifurcation[J]. Eur Radiol Exp, 2018, 2 (1) : 27.
SITZER M, PUAC D, BUEHLER A, et al. Internal
carotid artery angle of origin. a novel risk factor for
early carotid atherosclerosis[J]. Stroke, 2003, 34 (4) :
950-955.
GREGG S, LITY, HETU M F, et al. Relationship
between carotid artery atherosclerosis and bulb
geometry[J]. Int J Cardiovasc Imaging, 2018, 34 (7) .
1081-1090.
DENG F, HAO X, TANG Z, et al. Carotid plaque
magnetic resonance imaging and recurrent stroke risk:
a protocol for systematic review and meta-analysis[J/
OL]. Medicine (Baltimore) , 2019, 98 (18) ; e15410.
https: //doi.org/10.1097/MD.0000000000015410.
(e E 9 2018-11-26)

[ErE] A 508 B H AR 3 IR T AUUTE TS B AR AN HE AR & Ao B K R RATT
AT, 4R RPN B K& R K A B BARACHE S, A2 5 TR R o 09 8- F A s Sy B B

s 5ERAFIRAR X,



