JR=E

=RILiE R MRA ICEU % k Z2[HGHIINE P O R

b & 2, JEHE W

W EAZ A T ¢ aEdrFERT

FL&®IC

Jibd 2 110 A ZE DR ZAE e M & LT, KBk
5B, BRKMAE, BHZEAIE O %
BT 5 LIFEETH L. FHEIRG B O
FEICOWTE 2, BEREE TOZMIATHE
THAHD, [EHERRZERDOBMNITREN IR
BIREOIMFEEC DSA BN E L5, Th
IR LT, kD REEOK MR angiography
(LLF, MRA) #H\WC, FAEZOZM AT
g, @SR E AV MRA (TOF) (iR
BUARAE L /B & 7 A7, IEMEPZE
FEORHE I EE L V. &R MRA X, ORI
fRRG 258 & L THife s, AR C LA PR
(KBRS © Willis Byficla (130 £ ) Oifn
B & REED IRV 852120 5 IERE 7 pR7E 0
DO PEEN TN LY.

& MRA O HEAIC ST, BiEks
BN b 7 B, B B (G Rs R R A
TIEZER e S/N OH LA fES 728, 3D
k 225 IIER  (ordering) DTi B 234 H»
WREINTWADI, T3 L7 ordering DI FL
BED—>TdH 5 centric % ordering TlE, RIF
TREEIR D BEBREO K, X A 2 V7 OF NI K
LEEEL T —F 7 v 7 FORE L BY. £
THx 3, BIREZOMHDBHDY, »o24
VT TNOEED LI “sequential (LIF,
SEQ) DA ¥ % ky-kz O KILHY order-

ing " & L T offset slice-phase centric (LL'F,
OSPC) #BAZEL, stHEY I 2V —v a3V
WK 7 7 F AFERZIT, T OHFME % TR
L.

OSPC ZD[R1E

Fig. 112 OSPCEOME R RT. KEDE
Wi, Ok (kykz) %IERFICH 7
V7T %, QSEQ K & kR Eik KK
Ik &\ D ketrajectory T %, QbR AIEE
V=7 HOFHHE A WS SICh b, D
£, HWWETLBIRAOEFANREE Y — 7
B 5 LI a2 BtA L, Bk Ok
FRIBIE 5 8 & A Rl ISR SRR 7 — &
DOFHAZATV, BRI O3 BRI 25 3\ R
WEERT — 2 #5345 X512, k2EH
(ky-kz) 7YV T RITCICHET S
EC, HET2BROomMEIV F S AL &5
DAHEEBIT, BIROMEIDTEE LS. F
72, FRQOEEN D, RGEXA IV ITHTRN
7B ETTh, kZERPOEEE (KIK) A&
V— 7 Btk OGS & 7x D A REE B\ 72,
A IVIFNIC R HHEREMTES.

Fig. 2 12 & ff ordering IZ 33 \» Tt HIBALE
LT ETORT Y T IVED k ZBRhL» D
O OR A L % 7~ 9. Elliptical centric?®
(LAF, EC) 13 k Z2HE S0 Hatill & Bita L,

*—rJ)— K MR angiography, 3D acquisition, contrast enhancement, k-space ordering, fast MR imaging

316



745 MRA IZ 350 % I k ZEfEl5 HER
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Fig. 1. Schematic diagram of OSPC
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Fig. 2. Changes of radii in ky-kz space in data
acquisition by each method ((a) SEQ, (b) EC,
(c) OSPC). Imaging matrix is 160 (y) x 16(z)
with isotopic resolution.

VERFERLIZ. £z, RT— 2 OIE 4 mm
(RZFETT1A) « 2 pixel #HY4, A5 A ATjH 1 1 A
FA ZJEHY) &L
2. WK 7 v b LI K HFEBR

Fig. 4 [CEBRICH /AT 7 v F AORER
Kamd. K77/ FAIC K AERTEETA
ORH VI, BEEREEAS v 7 VKRS A
Voo Wk 7 v v P AOEBEIMENE Y 11
mm® » L, 40cm/s OyiE TR D Th
fili (#7900 ms : 0.3T)> DOl = v 7 VKB
RIS, BEAEAD D SELIEEA 13
ml % 2ml/s THEAT ST & T, HEEMEN

318

THEAERKICHEVEIC b L D21Icay Fa—
WL7z &7, BRI 751075 &
I F a—TORSEMHEL/. KT 7V A
% SRR 4 0 4> ordering & FH\ T F N F Nk
%L, BoNn/cEg) LML 72, AEBROH
G4y, FOV=320mm, TR=10ms, TE=
3.3ms, FA=40°, thickness=3 mm, A5 A A
Tva—FE=16, AEET / a—-FH=
192, (‘M a2 — F# =140, BW =50 kHz
L, ARGETICFHAIL 72 TIC 2 & e E) ik
W{§%§§FE—7B%€ IZ k 2P LA DY

L HAEEII I AT o 2Bl ATRIS-TT (0.3

7?(%62261@) ThHh.

& £

1 GHEBY S 2 U — 5 VIC K B0 AR

Fig. 5 \Zwp 24 I v 7 H TICEY—271C—
HLIEBEDY I 2 V—y 3 ViE#R%, Fig. 6
IZTIC Y — 276 4s BTICEHAZFALE L 7= 5
HFDOVI 2 b—v g VEERART. Fig. 5 »b,
TIC VY —7iIc—&K L 728 A1CiE, OPSC 2k
L EEIR D BERE S B 0 - /2. E /-, Fig. 6 »
5, B A IV rnIns L, EC TldHs
BFIRICY V7 ROT —F7 7 7 FHAAEL T
HDIZHR LT, SEQ 5 XU OPSC Tk 7 —F
777 Uo7z, Table 1ICHR{EZ A
IVITHTIC V=271 —F L /o8& OBE Ik
fﬁﬁ?ﬁfi—ﬂzﬁ:m@“. Table 1 7» 5, OSPC (%

ICHANT, B5HRERNAAT A AW T

1.9 %, (AT 43 f5m EL
2. Witk 7 7 v P AT X B FER

W7 7V b LIC X5 FEBREER % Figs. 7, 8
129 . Fig. 71 3ERICEBWTEHERP L /= TIC,
Fig. 8 I3 & ffi ordering IZ 35 A {&fkE 2 - =
DT T 75 ANVERTHDOTHSH. Fig. 7,
Fig. 8 » 5, (a)® SEQ Tid# k735> Tk
D, +5MHTEChizw. k72, SEQIIfL
HrIva—FXEdASA AL a—FO—Fp»
R RIS & B 2B T A OISR L,



5 MRA IC I % i k Z2fEEHER

Step 1

(T

Step 2

(—

Step 3

Step 4

o]

Fig. 3. Process flow of simulation
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Fig. 4. Phantom experiment set up
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mimicking vein
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Fig. 5. Simulation results for the optimal timing. OPSC image shows the highest contrast be-

tween artery and vein.

(a) SEQ, (b) EC, (c) OPSC
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mimicking artery

a b c

Fig. 6. Simulation results for acquisition beginning 4 s before the optimal timing

(a) SEQ, (b) EC, (¢c) OSPC

Table 1. Signal Ratio of Artery and Vein in Simulation

Item SEQ EC OSPC
Average artery signal 0.74 0.78 0.88
Slice encode direction  Average vein signal 0.26 0.38 0.22
Signal ratio between artery and vein 0.24 2.05 4
Average artery signal 0.99 0.81 0.98
Phase encode direction Average vein signal 0.04 0.14 0.04
Signal ratio between artery and vein 24.75 5.78 24.5
Dependency on vessel direction 1.34(34%) 1.04(4%) 1.06(6%)
Average signal ratio between artery and vein 5.8 3 6.5
X TV 5. " "

Fig. 2 12" L 72X 512, OSPC, EC 3£ k 22
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Elliptical centric

Peak time

Fig. 7. Time intensity curve of the vessels in
each ordering method. Curves were measured
using the same conditions as those in the esti-
mation. These curves show that the time of en-
hancement between artery and vein is seven
seconds.
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Fig. 8. Phantom images and line profiles of
vessels in by flow phantom experiment

Fig. 9. CE-MRA of neck using OSPC (TR/TE/
FA=10ms/3.3 ms/40°, voxel size=1.25~1.5
x1.7%x1.8~2.2) shows accurate delineation of
carotid arteries.

Table 2. Signal to Noise Ratio of Vessels and Signal
Ratio between Artery and Vein

SEQ EC OSPC

Artery(a) 94 85 115

Vein (b) 23 29 9

Signal ratio (=a/b) 4.1 2.9 12.8
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Optimization of k-Space Ordering in Three-Dimensional
Contrast-Enhanced MR Angiography

Takayuki ABE, Shigeru WATANABE

Research and Development Center, Hitachi Medical Corporation
2-1 Shintoyofuta, Kashiwa, Chiba 277-0804

A new method for k-space ordering is described. This new method improves three-dimensional
contrast enhanced MR angiography of the carotid artery. The k-space ordering method samples the
data from the asymmetric two dimensional k-space in a fade in/fade out process. This method begins
k-space sampling at a point midway between the away k-center and a ky-edge. It then samples the k-
center when the density of the contrast agent reaches its peak.

By using simulation, phantom experiments, and clinical evaluations, we found that our ordering
method is superior to conventional methods. Our method generates higher contrast between arteries
and veins and enables better venous suppression. This results in fewer artifacts. When compared to
conventional ordering methods, the advantages of our method are easily demonstrated.
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