/—h

SHENR T S5 — 27 TiWILIZ34F B cartesian 5 L U
radial FEHE P D Heigg

o F L mBOEEL MTHEFERERS,

ASFH S

Uk BRAR R AW IR G2 )| RS2 e Rt At
AR AT B A A 2RI FORBE SRR
SIMS (£ AA) 7V —"7 RSB i g e SR B i R 22 BT
S I AR VS 200 S RSB R
SIBAIA 1 25 E R BE R =

FA K 4,
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PITIC B IC IR E 7 & SEHBIIR 7 5 — 7 13
BETF— 7 LI, BRI & OHE 2 &R
IO SRIITERTV AT T 7 7 X —D—
DTHHYVY. ZD7-& magnetic resonance
imaging (MRD) (2335 5588k~ 5 — 27 KA T
IHRFM AT D C ENEETH S, B@EOR
Tl Ti-weighted image (TiWI) IZB W5
BBEERTIS—V I RETS—7 ThhH &
Z26NThHVY. EEIRT T — 7 13T BIR
TS5—0 LRI DTS5 — 7 NO IO E B
WC EDE T, S —rAOHMIE TS — 2
OAERICE G L T Ba[EESE LN TR D,
RO L OBREOREIE L AN AL TH
LEEZLNTWEY, F£7z, FRICHEICH M
EGU TS — VIR RERE T EOHFHERA L S
NTEH, RICMWFFE[ERILLTVEN
IOWMELDHHENLOD, TS—I IO
A% C 3RO TEETH 5.

Saito & DO#F T3, LEXFRMZEHH L
7\ PROPELLER |2 X % SE iE3fhod v —4
VALK LTI =7 OMRE LD ERICHET

[l

x5 st L T\Ww5h. PROPELLER (% TSE
factor 23 D% & - 7= blade 7548 0 X LB T
LICEEE L e 28 6 k-space I T 5728, k-
space DFRLTET—ZDOEEPDD, O
T—XDOEHE T L THRBIIE SR8 & 7
D, AREIE 25 R 7 5 1 35\ T cartesi-
anscan LD A FAE LI BV EREINTY
9. LirL, EEIRT S —7BRECH LN
% TiWI i3, double inversion recovery (IR)ff
H 2-dimensional (2D) turbo spin echo (TSE)
#, IR PfH 3-dimensional (3D) gradient echo
(GRE) i, 3D TSE 7% & O cartesian scan
WK EDBBABEICHNON T LORHIRTH
DO~1D - TYWI O G EIC K 3 % £ 81T E
T o TWiEWd, &/, SHRT 57— 7 Otk
P I VT M FLE T & DB EREDLTH 5
signal intensity ratio (SIR) % f\>, JHH &%t
L T BIRE DL\ 38),10~13),19),20) - & fsn
DEBEICHEHAL TWL2EHIRT 7 — 7 H&D
—F VBRBNT & 5 HECTIE, Bl H A
WE, A LOENC XD RS SIR 2
BoNThWb VoMt dd 52,

Z ZCE NS M A & S B RN E T T —

*—")— K carotid plaque, TiWI, SIR, cartesian scan, PROPELLER
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Z1Z%F L C, TSE #1351 % cartesian scan
¢ PROPELLER ;&\ 7 SIR 12 J2 1T ¢ 42
E L 72O THRET 5.

Vi *

1. (RS & B St

{5 FH %2512 Philips £ %L Ingenia 1.5T, i H
a1 )it ds Head Neck Spine 2 A V%W
7o Y —47 v AZ 2D TSE gk & L, repe-
tition time (TR) Z &1Z TSE factor 1D A7
TV a—F % k-space IZFATICFTIEL TV
cartesian scan &, TSE factor O % —DODH
L L7z blade # TR C & (T [Elix & & T k-space
% J5 3 4 % radial scan & — fE ¢ PROPEL-
LER2 Ot#%E L. TNENORIBEME%
Table 1 12/~

Shots per blade & (3—>® blade % FEIE §
% shot MaHET H/INTG A=A —=THV, —
D@ blade # FIET 5T a— FHiT TSE

Table 1. Imaging parameters of each imaging tech-
nique

Cartesian PROPELLER

Imaging parameter scan

TR/TE (ms) 420/11.0 420/11.0
FOV (cm) 24 X 24 24 X 24
N cyxphase) | 212x212 212212
Slice thickness (mm) 4 4
TSE factor 4 4
NEX 5 2
SENSE + -
Band width (Hz) 274.2 867.1
Flow compensation + (AP) + (AP)
Shots per blade — 15
Multi Vane percentage - 300
Pre saturation pulse + +
Uniformity PURE PURE
Scan time 3min 13's 4min 15s

factor & shots per blade @ % & 7 %5 . Multi
Vane percentage |1 cartesian scan TH 5 — X
WEE%x 100% & LIRS %6 D7 — & % U
TAEDPEBRETANTA—R—ThHA.
PROPELLER T BAHIRIC T — 2 & FIH T %
728 k-space DAFF TIE T —Z BPFEE I N7\
FMARET S, 20720, MEAZHORL T
IO T— R EFTETLUERDY, T—AF
K3 cartesian LV n/2 (157%) %< 5%
WEND 52223 Multi Vane percentage D1
i, BHEHRT—F7 727 FOEL, SNR O
M b, WREGREOER, L ad/bd. ko
T, INbOZaBEL, EEOHKTOZ
WricZfEoL VWEHBEAHER T SHEMH4 LT
Multi Vane percentage (3 in %5 [51%¢ 2 [E1C 524
45 300%, NEX 32 LEEL . ZOfl,
AREZROVE —ORGEEEL 2P,
PROPELLER T3 SENSE OffHA T& 7z
7231C cartesian  scan L O & HREIEAE <
7t T\ 5. Pre saturation pulse i3 #{%iE
E QIR GHEEOEM S L O RBAA S 6 mm O
IEICEEREL, 60mm OFE X THIINL 7-.
2. 7 7/ M4

HFH7 7V AT TIEORLSLHER
gadolinium (Gd) KEWEH /. &7 7
N A THEZBIYE TS —27, BHREEEL
7210.18).2D0.24) - R Gd KIBIRD Tl L O
TefE% Table 2 {2777

7272 L, ABEHT TossdiiRus o v icii
HThBIZD, 77V LD THEICOWTIE
HMEL T2, INHOMM Gd KERITM
BIEAHICHALLLOERY TF U VEHN

Table 2. T1 value and T2 value of each phantom

T1 value T2 value

Component (ms) (ms)
Hemorrhagic plaque phantom 406 161
Muscle phantom 819 434

20154F 1 7 13 A5z 201545 H 26 HE]
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Fig. 1. Phantom used in this study. A and B
correspond to the Muscle and Hemorrhagic
plaque, respectively.

CEE L, &S TR < —TCREEL -
(Fig. 1).
3. BIE7 7 v b AIC X 5 SIR O 1

TWI & L CHEYAHE &2 5h b TR,
TE ©Z4t & LT, TR % 400, 500, 600 ms,
TSE factor % 3, 4,5 &% L, cartesian scan
& PROPELLER IZ XA HIEY 7 F AOHBE
5MEFOfTw, BoN/ET vV FADE
FEREABIE L. 7 7V LSRRI E IR
BLTHDL 10 5k L DRGET, SR 24
BICERE L. BB EBMEOMIT 1 5EO A
VaA—=)N)b & L.

ks, WMWY S —r BB L/CT 7V A
EFAEBEELZ.T 7V FALDSIRIE, &
K{ﬁﬁj Lﬁ:S)le)’m-

SIR=Sp/Sm

ZCT, Wit S— el 7 b
LD region of interest (ROI) KO FHE Sl
% Sp, WiAZBEEL 727 7 F AD ROI HD
F¥ESMEA Sm b Lz, £/, FhEnD
77V FAICEREL RO OXE X939
pixel, #J408mm? L[F—& L, T HIT5[ED

W9 N CCH—METOH &7 5 L DITh
‘L7,
4. [RIRENC X % SIR O i

SRIIAMIEEDOEF & THICHEL, 57k
B L AEIMEON, 2041 A2BH3 %
TOMNC MRIIC & 2HBIRT 5 — 7 #ifk % fi
frafn/oaie 15 i\ (B 12 Fl, 2ok 3 f,
PR 70.2 5%) OO BT 5 —7 &%
W7o 1ILEEFN (B4 10 61, Zotk 161, F
B 7143 7%) ThAH. AMRTIREAMEER
BEOEBICE DN THATL, EHRT —X O
FHCBIL T M4BEDO M AERIAEDHIE & BF
L, HfEWEREA T OBENICEKEICRE L
FHHLEIESE L. BERICE W THREERD
BofnEs L7,

Cartesian scan & PROPELLER 2 L 0 55
NI 5B E D CHBIR Y 5 — 7 L gEFLIEH;
& D SIR (pm) %k MK L /2. SIR
(pm) (FRATHHL 7.

SIR (pm) =SIp/SIm

C 2T, SER~Y 5 — 27 O ROI HOFHME
SfEia Slp, MgHFLZEH; O ROI WO FHE &
% SIm & L7z, SH#IRT 5 —27 O ROL 34
TI—=7 DOREIICHEDY, WRELRY 7T —
etk gib k&L, WHEAEH O ROI
% 90 pixel, #39mm? & L 7-.

% /2, TSE #£ & Multi Vane @ black blood
ZhR A LT 72010, MSAL B & refer-
ence & LIMEANEL O SIR (bm) %RD7-.
SIR (bm) (FXKATHHL 7.

SIR (bm) = SIb/SIm

2T, IEAEED ROI NOSEHESE%E
SIb, Ma$&FL 22/ @ ROI N O F 15 5 fE &
SIm & L 7z. I Ak ROI iE 30 pixel, #
13mm? & L, MgEF 2R ROI id 90 pixel,
#739mm? & L 7.

735, Fig. 210m 3 L5 ICHiRBIiEk e bic
FagEFLZE T 5 7e 5 3 Wi 3 » FriC ROI %
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Fig. 2. ROI setting method of sternocleidomas-
toid muscle

HWEL, TOVPHESMHEEL .

77V F A K BEE B L UERKONC X A8
A OMATHIREIL/ T A ) v 7 BRELED—
DT 5 paired-t test TIT- 72, FHEHULFITI
I IUHEE 2012 AL /2.

& R

L Hff7 7 v FAIC & % SIR O i

Figs. 3,4 X » TR, TSE factor ® &\ T
#XN5LHT &7 < cartesian scan & PROPEL-
LER O SIR IZ#iat £ A EE R D 5Nk
Polz. TR #EE L 72D SIR OXEIHR AT
5%, F#HT44% TdH - 7-. TSE factor %
ZEH L 72BED SIR OZEIT IR K T58%, F¥
T4.7%ThH -7z
2. FRIRHNZ X % SIR D Lt#s

Fig. 5 LD WHER Y 5 — 7 L BagHFLZEf & O
S5 SIR (pm) (4, cartesian scan Tl 1.729,
PROPELLER T 1.799 &7V, Z® SIR O
£IIRAT8LY, FHTLRN TH-7=. 77
VAT K B RE & A ERIC cartesian scan &
PROPELLER O SIR IZ#izt#MIE B ZEILZRD
biieip o7z,

%7z, Fig. 6 L0 MEMEE L SRR & O
SIR (bm) (%, cartesian scan T {Z 0.302,
PROPELLER i3 0.245 &7z v, Zd SIR O
EFRAT23%, FHTHI9% TH-72. 5
% DB EKRETITFEAINT, black blood %
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TR400

Fig. 3. Comparison of SIR of the hemorrhagic
plaque and muscle in each TR

TSE factor 3 TSE factor 4 TSE factor 5

O cartsian scan B PROPELLER

Fig. 4. Comparison of SIR of the hemorrhagic
plaque and muscle in each TSE factor

NS
2 T
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<
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0
cartesian scan

Fig. 5. SIR of the hemorrhagic plaque and
muscle in each sequence in clinical cases

05 NS
04
03
14
a3
02
0.1
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cartesian scan PROPELLER

Fig. 6. SIR of the blood and muscle in each se-
quence in clinical cases
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rt-vulnerable plaque

Cartesian scan PROPELLER

Fig. 7. Clinical images of each imaging tech-
nique

RICBWTLHEIFNAEEAEITZEO N r» -
7-.

EEEOFEKE B % Fig. 7127~ 7 5. carte-
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z £
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Baedhe Lie/5—7OFHSIR 13 1.27 &
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L. ZNICR L, 4EOKE Tid cartesian
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B CTHo7rz. ks, TSE HEIZKIF 5 car-
tesian scan & PROPELLER ®a v F 5 A M i
M&EThHD, YL\ eEZ2 LS. 4E
DOBEFNZ B W T Table 1 IR X S 1T carte-
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MfRGER TG EREED W Tiav
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T — 7w R R L LI WRGEO I b 1T 5 S E
Nd5b.
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BT B TR LI AR A L 29 < fZH 5k
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RO LM, 972 B OIEMANIC pre satura-
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Wil % &35 75— 712k 9 % cartesian scan
L PROPELLER 6B ons Tiav k5 A
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HEITWEE 2 5.

E 33

KFFROERICREL T, KA THHELC
W% M0 £ L oAb B KRB s i, %=
BYRRIC O LD EL e L EF £

X ik

1) Murphy RE, Moody AR, Morgan PS, et al.:
Prevalence of complicated carotid atheroma as

89



2

3

4

5

)

)

)

)

6)

7

8

9

10

90

)

g

=

N

HEEERE #35% 4 5 (2015)

detected by magnetic resonance direct thrombus
imaging in patients with suspected carotid artery
stenosis and previous acute cerebral ischemis.
Circulation 2003 ; 107 : 3053-3058

Cai JM, Hatsukami TS, Ferguson MS, Small R,
Polissar NL, Yuan C: Classification of human
carotid atherosclerotic lesions with i vivo mul-
ticontrast magnetic resonance imaging. Circula-
tion 2002 ; 106 : 1368-1373

Takaya N, Yuan C, Chu B, et al. : Presence of in-
traplaque hemorrhage stimulates progression of
carotid atherosclerotic plaques: a high-resolution
magnetic resonance imaging study. Circulation
2005 ; 111 : 2768-2775

Yuan C, Mitsumori LM, Ferguson MS, et al. : In
vivo accuracy of multispectral magnetic reso-
nance imaging for identifying lipid rich necrotic
cores and intraplaque hemorrhage in advanced
human carotid plaque. Circulation 2001 ;104 :
2051-2056

Hao H, Hirota S, Matsuda I, et al. : Histopatholo-
gy of Carotid Atherosclerosis. NICHIDOKU-
THO 2008 ;53 : 8-17

Park JS, Kwak HS, Lee JM, et al. : Association of
carotid intraplaque hemorrhage and territorial
acute infarction in patients with acute neurologi-
cal symptoms using carotid magnetization-pre-
pared rapid acquisition with gradient-echo. J
Korean Neurosurg Soc 2015 ; 57 : 94-99
Kolodgie FD, Cold HK, Burke AP, et al. : Intra-
plaque hemorrhage and progression of coronary
atheroma. N Engl J Med 2003 ; 349 : 2316-2325
Saito A, Sasaki M, Ogasawara K, et al. : Carotid
plaque signal differences among four kinds of T1-
weighted magnetic resonance imaging tech-
niques : a histopathological correlation study.
Neuroradiology 2012 ; 54 : 1187-1194
Bansmann PM, Priest AN, Muellerleile K, et al. :
MRI of the coronary vessel wall at 3T : compari-
son of radial and cartesian k-space sampling.
AJR Am ] Roentgenol 2007 ; 188 : 70-74
Narumi S, Sasaki M, Ohba H, et al.: Altered
carotid plaque signal among different repetition
times on T1-weighted magnetic resonance plaque
imaging with self-navigated radial scan tech-
nique. Neuroradiology 2010 ; 52 : 285-290

11) Yamada K, Yoshimura S, Kawasaki M, et al. :
Embolic complications after carotid artery stent-
ing or carotid endarterectomy are associated
with tissue characteristics of carotid plaques
evaluated by magnetic resonance imaging.
Atherosclerosis 2011 ; 215 : 399-404

Moody AR, Murphy RE, Morgan PS, et al.:
Characterization of complicated carotid plaque

12

~—

with magnetic resonance direct thrombus imag-
ing in patients with cerebral ischemia. Circula-
tion 2003 ; 107 : 3047-3052

Yamada N, Higashi M, Otsubo R, et al. : Associ-
ation between signal hyperintensity on Ti-

13

Z

weighted MR imaging of carotid plaque and ip-
silateral ischemic events. AJNR Am] Neuro-
radiol 2007 ; 28 : 287-292

Fan Z, Zhang Z, Chung YC, et al. : Carotid arteri-
al wall MRI at 3T using 3D variable-flip-angle
turbo spin-echo (TSE) with flow-sensitive
dephasing (FSD). J Magn Reson Imaging 2010 ;
31:645-654

Mihai G, Chung YC, Merchant A, Simonetti OP,
Rajagopalan S : Ti-weighted-SPACE dark blood
whole body magnetic resonance angiography
(DB-WBMRA) : initial experience. ] Magn Res-
on Imaging 2010 ; 31 : 502-509.

Takaya N, Yuan C, Chu B, et al. : Association
between carotid plaque characteristics and sub-

14

N

15

Z

16

\/

sequent ischemic cerebrovascular events : a pro-
spective assessment with MRI-initial results.
Stroke 2006 ; 37 : 818-823

WLE, WMh~3, i & S% %, K
HEfR, E2F=5, kTH5 : PSIR-3D IR-
TiTFE %1 & % SAH) IR = #ih black blood imag-
ing O E. HMH ek 2011; 67 : 888~
894

18) WHHEMIR, LAY, AHMP, TEIFA
SEEHAR = —~ MRI IZ%54) % 3D-TSE (SPACE
B OB, BiEEEE 2012 ;68 1 871-879
Akutsu N, Hosoda K, Fujita A, Kohmura E: A
preliminary prediction model with MR plaque

17

~—

19

=

imaging to estimate risk for new ischemic brain
lesions on diffusion-weighted imaging after
endsrterectomy or stenting in patients with
carotid stenosis. AJNR Am J Neuroradiol 2012 ;
33:1557-1564



k-space FEHEEDE T X 5 SIR O M

20) HRTERASE, EEERE], FHEFE, =G,
W, AT, WHTE : S8R5 —
7 MR BRI 35 1> B k-space ¢ 1 5 (Radial
Scan) #x R 4 OFEE. B Ak 2013569
(4) : 407-412

21) W FEX, @EEE, & O EEERAS:
T A ER % W/ SHBIIR 5 — 7 37l « i3
HE - S E 2 LEETHRELNORE. HE
BRik 2014 ;34 :86-91

22) Pipe JG: Motion correction with PROPELLER
MRI : application to head motion and free-
breathing cardiac imaging. Magn Reson Med
1999 ; 42 : 963-969

23) K TRl : Multivane |Z 3513 % B (g4 14 o JL R

24

25

)

g

FOMEES. HBESEEE 2011 ;67 0 1298-1303

Zhu DC, Ferguson MS, DeMarco JK:An op-
timized 3D inversion recovery prepared fast
spoiled gradient recalled sequence for carotid
plaque hemorrhage imaging at 3.0T. Magn Res-
on Imaging 2008 ; 26 : 1360-1366

Yoneyama M, Nakamura M, Tabuchi T, et al. :
Optimization of 3D-variable refocusing flip angle
RARE imaging for high-resolution volumetric
black-blood angiography. Radiol Phys Technol
2012 ;5:270-276

91



HIgEREE 5535%& 4 5 (2015)

Comparing Cartesian and Radial k-space Trajectories in Ti-weighted Imaging
of Carotid Plaque
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Tarou IGARASHIY, Tetsukazu HONDERA®
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31-27 Ohmiya-cho, Saiwai-ku, Kawasaki, Kanagawa 212-0014
2Department of Radiology, Yokohama Sakae Kyosai Hospital
3Department of Radiology, Yokohama Shintoshi Neurosurgical Hospital
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5Department of Radiology, Showa University Fujigaoka Hospital

Carotid artery plaques with high signal intensity on Ti-weighted images (T1WI) are known to
cause cerebral ischemic disease. Intra-plaque hemorrhage is a common feature of atherosclerotic
plaques, and is considered as one of the identifying features of the complex lesions preceding acute
ischemic events. PROPELLER (periodically rotated overlapping parallel lines with enhanced recon-
struction) has been reported to be useful for the evaluation of the characteristics of carotid plaques.
However, Cartesian scans such as the ECG-gated 2D turbo spin echo (TSE) are generally used for
this purpose. We investigated the influence of the k-space trajectory in the TSE on carotid plaque
imaging. We imaged a phantom using a 1.5-tesla magnetic resonance (MR) scanner, by using both
Cartesian and Radial scanning. We then manually measured the signal intensity of each phantom, and
calculated the signal intensity ratio (SIR) of the hemorrhagic plaque and muscle, and found differ-
ences in the SIR. We also investigated the influence of the k-space trajectory in clinical cases, where
we measured not only the SIR of the hemorrhagic plaque and muscle, but also that of blood and mus-
cle. There was no difference in SIR of the hemorrhagic plaque and muscle between the Cartesian and
Radial scans. There was no statistically significant difference in the SIR of blood and muscle either.
Thus, the difference in the k-space trajectory in the TSE does not have an influence on the diagnosis
of hemorrhagic plaques.
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