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Abstract Objective: To discuss the capability of 3.0 T high resolution MRI
to differentiate carotid atherosclerotic plaque composition and to predict plaque
stability. Materials and Methods: Thirty-three consecutive patients with carotid
atherosclerotic plaques were scanned using GE 3.0 T MRI. MRI protocols include
three-dimensional time-of-flight (3D-TOF), double-inversion recovery T1 weighted
image, T2 weighted image, proton density weighted image and carotid artery
MRA. Plaque composition and its type were collected and analysed. Results:
Total 63 carotid atherosclerotic plaques were found in 33 patients. According to
American Heart Association classification, type I -1 plaques accounts for 12.7%
of total plaques, type Il accounts for 27% of total, type IV-V together occupies
19% of them, type VI with number of 31.8% is the biggest in the group, and type
VIl accounts for 9.5%. There was no statistically significant difference for plaque
location (Fisher’s exact test: P=0.016). Thirty one stable plaques and 32 unstable
plaques were detected of all 63 plaques. There was statistically significant difference
between stable plaque group and unstable plaque group in terms of the occurrence
rate of lipid rich necrotic core, hemorrhage, thrombosis and integrity of fibrous cap
(P<<0.05). No significant differences were found for the number of calcification
(P>0.05) between the two groups. Conclusion: 3.0 T high resolution MRI has the
capability to differentiate and identify plaque compositions between table plaque group
and unstable plague group. It can be an important guidance for treatment option and
outcome evaluation.
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Tab.1 Scanning parameters of different sequences

AX-2D-  AX-3D- FSE- DIR-

Sequences e TOF  Towi Tiwi oW
TR (ms) 6.4 25 2000 800 2000
TE (ms) 2.4 3.9 89 15.3 15.8

FOV (cm) 21x56 14x14 14x14 14x14 14x14

Slice
thickness 3.6 2.0 4.0 4.0 4.0
(mm)

Scan matrix 256 x 160 320 x 256 320 x 256 288 x 192 320 x 256
NEX 1 1 6 2 6

1 244 230 IS AR I 23 531 DA 350 8 Ik B
Yo, FIWrBES N 155 2, IFAR I IE
Ji I AHASE R AL BEH MR B bR E I 7405
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[l P4 231 5. 80 ik (common carotid artery, CCA). 43
M b (carotid artery bifurcation, CA bifurcation) .
Nk (internal artery, ICA)3 A BES Py 45
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Tab.2 MRI signal of different plaque composions

Plague components 3D-TOF TiwI T2WI PDWI
Lipid component Iso-intensity 1s0 to hyper-intensity Iso to hyper-intensity 1s0 to hypo-intensity
Lipid rich necrotic core Iso-intensity Slightly hyper-intensity Slightly hyper-intensity Slightly hyper-intensity

Fibrous component Iso to hypo-intensity

hyper-intensity

Fresh hemorrhage Hyper-intensity

Chronic hemorrhage Hypo-intensity Hypo-intensity

Thrombus Hypo-intensity Hypo-intensity

Calcification Hypo-intensity Hypo-intensity

Integrated fibrous cap Hypo-intensity

Slightly hyper to

Iso to hyper-intensity

1so to hyper-intensity

Slightly hyper to

hyper-intensity Iso to hyper-intensity

Hyper-intensity Hyper-intensity

Hypo-intensity Hypo-intensity
Hypo-intensity Hypo-intensity
Hypo-intensity Hypo-intensity

Iso to hyper-intensity Iso to hyper-intensity
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Tab. 3 Plaque type distribution at three different locations of
carotid artery

Locations P’_pﬁa Type I 11\—/yp\6/{ Type VI Type VIl Total
CCA 6 10 3 5 2 26
CA bifurcation 0 2 3 2 2 9
ICA 2 5 6 13 2 28
Total 8 17 12 20 6 63

2.2 B B R A HIMRIE 5 £ I

A 20 35 0 Jik s B B AL BE B E MR 3 R 3R
IS O PR RERS ., PEBUAS A R  iBr H
Wik G S RN, RS RUBEH T 5 1l o3
AN, BB A Z R85, SMRIZRIAT Br
XSt BEHIR R N/ 7E3D-TOFE | %5 5,
TIWI, PDWI L Z R4S SRR, T2wI
LFEMIGES, RAEMRBKILE T&)F5E 51
& BRI ARG S, A4 RCTH
5T RS (F11) 5 REH P i 76 Bir A 751
PINE RS, AT S R I PR 5 72
B (F2); 2L 4EME/E3D-TOF | 5470k
{55, 7ETIWI, PDWI, T2WI | 24504 mls
5, RAF YRR, W] R 3D-TOFR 5 4
AF T =, LRENEnE 0 S48 A, B5m
5 T R A2 iE A Ak (E13) s LASF kRS
FHBEHAE3D-TOFE I A S s i 5 5, TIWI,
PDWILL W45 KR B 5, T2WILE AT {55 (E14).

http://www.cjmri.cn



AR A% 20154E55 642561 Chin J Magn Reson Imaging, 2015, Vol 6, No 6 |

GERFFZE | Clinical Articles

@© @®
) ) @ @
% %)

B ORISR A SUE SRS MEERY S, 3D-TOFR(A) K T2WI(B) IR IR(E 5, TIWI(C) Wi {55, PDWI(D) A, SR REN UL 5
WRARIRZE S, 20 S LF AR BUR AT 10 S A BER (IV - V 2Y) SRR BE N 4% )5 9 A RARAR Sk, TR J28 M CT L B2t 25 2 BE T S A 54K (E)
B2 A3 P ShkBESR o e il I AR I (V) o AR 758 6 1 72 3D-TOFR(A) . T2WI(B). TIWI(C). PDWI(D)H &M i
M P A E NG SR, BIBIIAMRAE) R A SN SIIKGE LG EE A28 B3 M /R A MBUN ST 4E iR 2. 3D-TOFR(A)R
WAL LU 5 5 7S, T2WI(B). TIWI(C) . PDWI(D)/REBISHEF A e i il e N 28 11, AR a5 P e g ) s Ab(E) B4 M2
B KN SO M BELT 4 BEBR (IR, 3D-TOF(A) LRI N E(ES, T2WI(B) L AR {ES, TIWI(C). PDWI(D) I RBL N4 f &5 %, CE-
TIWI(E) /R ] i 32 )5 4k

Fig. 1 Thick arrow shows complex plaque which contains fibrous and lipid component in right ICA (Type IV-V Plaque). Lesion appears slightly hypo-
intensity on 3D-TOF (A) and T2W!I images (B), slightly hyper-intensity on TIWI images (C), iso-intensity on PDWI images (D), dot and strip like mixed
signals inside the thick wall represent fibrous and lipid rich components plaque. The thin arrow shows strip like hypo-intensity calcification in all sequences
which proved by CT scan (E). Fig. 2 Plaque which contains fresh hemorrhage and thombus in right ICA(Type VI plaque). The fresh hemorrhage
component(thick arrow) appears hyper-intensity on all 3D-TOF images (A), T2WI images (B), TIWI images (C), PDWI images (D). Thombus (thin arrow)
appears filling defect in all sequences, aproved by carotid MRA (E). Fig. 3 Rupture of fibrous cap in left ICA(Thick arrow). Hyper-intensity blood flow
fills the fissure of ruptured fibrous cap on 3D-TOF images (A). Ruptured fibrous cap extends into carotid lumen on T2WI images (B), TIWI images (C),
and PDWI images (D). The fibrous cap enhancement is significant (E). Fig. 4 Fibrous component plaques(Type VIl plaque) in the left CA bifurcation
demonstrates iso-intensity on 3D-TOF images (A), slightly hyper-intensity on T2WI images (B), iso to hyper-intensity on TIWI images (C) and PDWI

images (D).Homogeneous enhancement of fibrous component plaque was showed on CE-T1WI images (E).
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Tab.4 Comparison of plaque compositions between stable
plague group and unstable plaque group

Plague compositions

Group Lipid rich Ruptured
necrotic Hemorrhag Thrombosis Calcification fibrous
core cap
Stable
plaque 5 4 0 7 2
group
Unstable
plaque 26 11 8 3 12
group
P 0.000 0.043 0.003 0.138 0.003

BE5  BEYeA I 53 FEROC T Zk 3 # ]
Fig.5 ROC curve analysis diagram of intraplaque hemorrhage percent
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