G MRA : #HRkBEBS IRty 7
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&R 23
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i S S

TWEAT 4 VY AT LARK &4 MRIFF 3R MR BAZEHR
TRET AN AT 4 VY AT KA ST

T L &I

MRI @ % # B % )& A L 7z TOF (time-
of-flight) #, PC (phase contrast, Xi%, PS:
phase shift) #E233E#&E MRA Fik & L CEH
SNTHLHALL, BHE - ST MWRInE %
FOIICIESBEERICHONTWA. —, HRiC
ARRET R P 5\ T, #Eﬁﬁmﬁkk
375 - C, Al gradient echo ¥ % H 7z &
B CHRR RG22 e 7a & MRA B E O
HESEPOIF L ZOFRAEPHELIN T
%. i, <IVF AT A ACT OB THELO
MRA #ENOKIHZ O S DIF P ENICH 5 -

JT4E FBI (fresh blood imaging) #:AM§(CPd
B I A DICERIRIS 23 £ 4, TOF < PS
FE & LICIEEE MRA Fiko—o & L CHifF
DEEDLETICHESERE TS, L HERN
IR 5 UIEEEFIE OB AR, FE4ERFDA
CkEEmMEESR) »6G6d (HFUZT L)
GHEEH & B e AERE (NSF) /B
ML R EAE (NFD) & OB#EMICHEER
ERHIN/C L EOERLIB - T, FEY
MRA IZFE LN HBLAEE > TV 5D

AR Tl A IR MRA Hfgid o KAl
FRIC FBI OISR 9 5. S BT, arteri-
al spin labeling (ASL) &E&JISHL72H LW
MRA #1{%: T% % Time-SLIP (time-spatial
labeling inversion pulse) = IZ OWTHEER T 5.

JE&ERZ MR angiography

SHEHA SN TV AIEER MRA Gk r =
DOFFEIC L > TRAI % &, mKHA (inflow)
REFIHT 5 TOF &, Mkd ALY/ ALHZE
TEEICNEE S PCHE, BIULERPZ
ff H L 7= 3D half-Fourier FSE #:12 L 0 I &
BRI T A FBIER ERZOHHE L
TET LN AD.

TOF (time-of-flight) %

TOF 3G A5 A ABWNICIRA T % MK
BEiE AR TMAZR (inflow effect) %I
HLEFETHA2. HTRICK BHEH
RF (radio frequency) /S)U AAS, B WrmE
DHME T AMIE L0/ LT, AF5( A
Wi D442 IR A L T L Al e g5 5135
BEERT. —HaICEET MRA Ci 3D GRE
(gradient echo) HERHWHNTED, ES
N TEHER D% AT A AW O &5 513 5 KAl
¥ E (maximum intensity projection : MIP)
PRI & - T3 RILDIME R & L CTHEER
xn% (Fig. 1).

EER EOTREL T, BHIHEREODHH
R, BRET LR ANMEHBOET% T 5L
% ®) (magnetization transfer : MT) /N A%
PS5 C L%\ 2B GEIFE O MK O

*+—J— K non-contrast MRA, FBI, Time-SLIP
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Fig. 1. Example of whole-head MR angiography MIP images with the
time-of-flight technique. By employing the multislab technique, peripher-
al blood vessels can be clearly depicted with no reduction of inflow, even
when imaging with a wide FOV.

WMAMTT7 ) TT V7N (FA) /hSL, il
HEMPTIEFAZKREL 5LV RF /UL
AZDHNIFNC & - TRMIME R H % & D 5 i
R, IRWIRGHEIFH AR ODD AT TI5E]
452 &T, BIBICET 5 inflow effect K F
Bz, FATTORBHRICEAT TDT—X
DO T 5 < IV F AT THRERE
EBD 5.

PEREIC B0 T, REBEE S S 512K <
725728 3D TRIGRHIRS LA LD
HY, —rC 2D TOF BHVWHNA. D
B, WRERNOMEICEHE T, Fl 2 EBIRR
(LB IR AR T O BOHA 2> S A 5 # R
IZ 22 A1 pre-saturation pulse EIjnZ ffH L
TERE S ZHASE LFEC, LERPEZO
95 & THBOREIC L5 IMEDOB) I &
LERACEEI T L5 FERERD5H.
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PC (phase contrast) &

PC &3, M i Is U7z il o A D
(LAEZE A BRSO3 A IR(GETH 5. MiE
IZ & b+ T velocity encoding (VENC) &5
it % AR RS O I R 5 5. /N A TR—
TIVA—L/A=T 4 /T T TVIV LIRS
Rt % P S THEBEPEE L 7o 7 — 2 v
T, TNOODOEGT— 2 LR L BT
%Y. TOF & L OFE WL, VENC OFEITIG
C7-MiE OIMAE D APBRLETE, MKDOTTH
RIRENEBENCHEONL I LICH B, 27
L, BEEIOT — X R D HE T 72 DI iR G
FIIRLS RSV RET L.
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FBI (fresh blood imaging) ;% & flow-spoiled
FBI (FS-FBI) 3%

&R MRA Rk Ca» % FBL ki3, ECG-
gating §fH @ 3D half-Fourier FSE i L D,
i % “bright blood” (FEfE%E) I+ 55
ffiTdBY. FSE v —r v A0 L a—[HkE
(echo train spacing : ETS) Z4fid 5 &1C
XV, motion-freezing ZhHE & Mk © T2 Blur
EIRZY RO DT HN, E/o, WAOEWME
1, MNOBRPITRALRHATH YT AT
L CEEFICHET A LA TE%. 3D half-
Fourier FSE 57— %, [ UBERO 2D O
VTNV ay P AT VR, ATA ALY
O—FERERFEED GIEICE 2 P BV RT
TETHTVA. CHICED, £A54 A%xF
FRHOEBR & L THRAZ ENTES. WIEH
EOWRNOBENBIIRIMAE T, BAEHO R U AT
{%, “black blood” XiZ 7 H—iRA FIZHiH S
N, SRR IR B DN ZEE U 7 iRaRI O - U 77
T, &5 “bright blood” XN 5.

TR A B & FIR & WD E N0,
FBI i TR R5R I & A & &1, “bright
blood” IZHlit SN, ByEIRAE DEES S & A
WEETH-7-. 22T, @il (RO) ERHE
B OFi#IC flow-spoil 7V AxREINT AT & T

RF & Echoes

flow-dephasing Zh &8 L, BEELICH T 2
KT 57 —%RA FEL TS 5. C
NI X D B#EIRE X 54 5 DA flow-spoiled
FBI (FS-FBI) T& 5%7. Fig. 2 | flow-spoiled
FBI DY =V AX AT 75 AE LR
9. KD aid@FEOFH LEMES T, bid
flow-spoiler /N)V A% Mz 72 DTH5BH. AT
AATV/a—F ey a—Fid, £hzth
WD 3D T — 2R L AR 5 b DY
TV T DIDEML T 5.

Flow-spoiler /)L ZOHIJIT, RO FEICAE
T45METEFTFO7E2—T3 LD dephase
INTE—RA FIZhhed<, BREL TR
M OBIROESHMEIIEK TS 5. —T7,
flow-spoiler /S)U AL, HERE) & DD,
Nid, &1L L MBI L s, I
WO#NR, IERWIOBINK - FIRICIIZE S D%
W L7edi 5 T, IRaRITENG > O U e G A
2T HC ETHIREBEHELZLNTES.

FBI #& &

FBIEIC X A1 HRG Tid, ORAMAOFHT
I3 75 FEES IR 2 70 ClE W RFHI T O 7 — Z I
ERHE L\, LERERICHELIL /27—
SWEEAAT, BGOSR U TR 2 5

4?/\f/\zf/\[f/\[f--t-"-ne>

Read-Out Gradient

[ [ ]

a: original

[ e s OO

b: Flow-Spoiler

I N R

Fig. 2. Outline of the Flow-Spoiled FBI sequence
a: Read-out gradient magnetic field (original).
b: After the addition of a Flow-Spoiler pulse to “a”.

255



AL 28275 4 5 (2007)

DBICRFH % B IR E T HUNEN D SH. KB
IR7: &, PE OB\ MK OFE S 7 7 i % 2
T4 7201CiE, #Y)7x ECG B AL Rf b % il 4

LILBEDRDH. £ T, W—AFA ATIIVF
e AH D 7= — 2 U4k 75 7] BE 7 ECG preparation
(ECG-Prep) AF v vuEHWSEZ LT, WM
DIRILDHY VT IVY gy FEBRERDZ LIAT
% %. Fig. 312 ECG-Prep A+ VDX AT
S A, Fig. 4 12JF3 D ECG-Prep Eiff 7 7Rk .
TIAKRBRICERT5 &, MAOBECIFHLT
T —RA F, JRIATE “bright blood” I
s ns. COXSICMADE WM %E
ECG-Prep AF v /T b2 U O H T HE/x R
HAaREL Tk, 0O ECG EZLRFH % 3D
FBI fRf@RRICH A L TR 3 5.

Fig. 513, ECG BIERFH % INRIIC & D+
THH L /-3 FBI g (MIP E{) Th
. MMM A ETFICT A ET, ENR
ICET T A MEORHENM EL, £

Triggering

WR7: & O OENIME &, WEPLEL
EERMICERG T A L CHLTES. F—X%
PEEDEE, vay FEAEHCL TRBT LS
T, 1vay br—2IEFRZE L TH
HEEA M ETE5. LarLasb, Yavy b
2T 5L, ERORBRE L 2 f£1C
HERET5. TOETE, NSV A A=V VT
(SPEEDER) Z# M\ % C & C, WG OIL
£ UIC T Blur B S 4, EEOM LR
»HND.

FBI &OR K Ti1%, ECG R0t HIC
L0, HEENBEOHHEARIFTHLHT &%, I
R PHEE O KB IR R 35 kL OVRBIIREZIC 5\ C
i, AP IR R0 BEFE IR DMEIRIC D\ CRE
ICETHTRAE LN L OHE 45 5.

FS-FBI (flow-spoiled FBI) #&{&

FS-FBI I\ Td, HWME Bk

L

ool bt b

=1

Acq] «—[Acq]
D1 D2y T R3 D4 D5
§ delay2 % half-Fourier FSE =~ ..
— 180 80 180 180 180 180 e,
go /80 180 80 180 180 180 ] .
RF

STIR pulse

Echo |__*_*_4_‘_*_H_9_>

Fig. 3. Sequence diagram of ECG preparation (ECG-Prep) scan. Multiphase data can be ac-
quired in the same slice, and single-shot images of different phases can be obtained.
Measure the phases of fast-flowing blood and set the most suitable delay time from the cor-

responding waveform.
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R-R

\ 0 ms 100 ms

300ms _ 500ms 600 ms>

delay time

Fig. 4. Abdominal images of each phase depicted by ECG-Prep
The aorta is seen as a flow void during fast-flowing systole and shows high signal during diastole.

Fig. 5. MIP of chest FBI imaging with the
ECG delay time set to match diastole. The
depiction of blood vessels that run vertically is
improved by moving the phase up and down.
Even for blood vessels with fast flow, such as
the pulmonary arteries, depiction is possible
during diastole with a stable flow rate.

A d “bright blood” IZHiH S AILARME &,
“black blood” IZH#iH = h 2 fFEIE D ECG &
RERF[R 7, ECG-Prep A+ Vg CTHIE ¢
L. RICIRFE# O ECG B fH T, RO Hh D
spoiler RS BE # AL H B by VT
Wyay HEBRIEE AT D Flow-Prep A5 %
ATk, HmE @R kb 7 m—iRA
it S % #Y) 7% dephasing ARSI
RE S L. KRED 3D #HB Tid, Flow-
Prep T 72 H 1Y 1L %& O It 1 ¥ 7% flow-
spoiler fHAMEE I E % ECG-Prep TE LN/
AR & IR O BIAERF R O R 5 =D D
ECG MU W&t L <, HEES (JREk
BA-IE), MIP LB & CTHHEICITH 2 &
HTES. Fig. 612, TFEEFIRS BtO—6i%
AL IR U TR, BiiRA T o —iR A
FIZ, BlREZ&SEZICHE 5. Lah-T

IR G E 2555 2 & T, BikDA
THHT A EMTESL. 2, BonicEs
(RE) B&% PENER» bHEES T 5 &
T, BIROALWMBT L ENTES.
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Diastole —
(Artery&Vein)

(Vein)

Systole

H2TE& 45 (2007)

(Artery)

Fig. 6. Example of arteriovenous disjunction with the FS-FBI technique. During diastole, both
the arteries and veins show high signal. During systole, the arteries are seen as flow voids while

the veins show high signal.

By subtracting the systolic image from the diastolic image, an image showing only the arteries

can be obtained.

Fig. 7 ICHIR - 8k MIP %7579, —ED
B CEIR & FREIG A B L2 LN TES
o, BIRZERZT Tl < EIRE B OERIKIEAIC
H FS-FBIIFIHCTE 5. COr—2ADEA,
IR — =<V TH B2, EIRIERICH R
FEABEEICHE ST\ 5. Fig. 812 FS-FBI
Hi & 16 Gl < )V F A5 4 A CTA H§ % R
4. TOREFIE, 2006 4 ISMRM % <,
Cardiovascular [ C First Prize & 7% - 723t
FRFMINIRRE, PO TH L GE
#HiE, http://www.ismrm.org/06/posterawards.
htm % £7).

Time-SLIP (time-spatial labeling inversion

pulse) EZDERE

Arterial spin labeling (ASL) &% H\/7-HF
7e1%, 1980 FRH‘E¥- LD 2D 74—V F T
a— (FE) X3 segmented FE v —/7 v A%
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8 - 7-BHEATRIAE 2> A £ D, 2D half-Fourier
FSE = i\ 7z FAIR % FAIRER k7 &, i
BAOLHABPED LN/, LarLERLING
DBHFIIPRERE L XL DL DT, ZOHRER
ERE L, HAHEKE DALY BTSN
VITE, TRETOLEERELE #EET 5
Z E7e KT E AR FEL - OERLIGFHO
(Time-SLIP) /) A ft & 2D/3D half-Fourier
FSE (FBI)?, & 5{C(3 Time-SLIP ff & 2D/
3D trueSSFP0 r L, ERIRIGH & L TRk
Ot 7x L OME & B 5. Time-SLIP # 0D
FERIL, ZERIICIEEIR L IR /L A & 22T
ICEIR SN tag NIV AR AGDE S S
LT, tag NIV AT L 7 IO K &
“bright blood”, “black blood” 3§ 1T &
BITHIENTE, ZNOHOMAEOE THF
MRDBELATRE L 72 5. F/z, DLBREOHRER
LOMELX~—7 L, ZOVPHHREERDS
L TEL. EBHIT, tag NIV AN S 90 R
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Fig. 7. Example of lower limb angiography with the
FS-FBI technique. Because images of the arteries
and veins can be acquired in the same scan, this
method is useful for evaluating not only arterial dis-
ease but also venous disease. Varices are clearly
depicted in the vein image.

/UL A E T inversion Kjfd] (TI) %24k X
# 5T & T, FEIEE perfusion BB AEHZ &
LTE5.

Fig. 91 Time-SLIP ED Y — 7V AF % —
b AR 9. A OZEHIEER IR /S A
T, TRTCOALE V% -Mz AL, it
W CZEREEER tag /LA B T, Z DOFIED A
VVOARB+Mz HRICESINA. Lich-
T, Z2[EEIRM tag 7OV A B & HINA L 72 fHIK
DOIFRIE, “bright blood” IZHiH S, ZhLA
SO L, A=Y 5 VIR (TD #2
CLTRESESnull RAV FIZEL, “black
blood” IZfitE SN 5. ZDHOT— 2 IWEIL,
Zhzhn 3D half-Fourier FSE (FBI) Xi%,
3D trueSSFP THh 4.

3D Time-SLIP “CiI PR & 05 R % Of
FAL, Z2RI0YEIN tag 7V A B %% HIZ on/

Fig. 8. Example of comparison study of FS-FBI and
CTA. This study won the First Prize in the
Cardiovascular Division at ISMRM 2006.

Courtesy of Dr. Katsumi Nakamura of Tobata
Kyouritsu Hospital.

off SRENET —XPWEST B ENTES.
Tag-on 5 — X & tag-off 77— X3, ThZhll
AN, L 7o, A—A 5 1 ADEIB:
BT B A 4TS . B4 E{E % MIP ALEE 4
5T, BMIMENBE L 72552 “bright
blood” & L CHitHa 5. ZOHEOF &L,
tag FHIL LI D5 % tag-on/off 04 5 &
THHETE%0T, TINHZHHICKRETE
HT EIZHAH. LHrL7ENG, tag-on/off O 2
BT — X PEPLETH H7-0, HRGRHEIE
R 5.

Time-SLIP J£Dix&

Tag 75U A & ZERIMFEEIR IR 7L A% FH v
7= Time-SLIP FBI % {# - 7= Jfi¥F f6 18 T DI
% Fig. 10 Ic739. FBI 2T OB ST I30
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non-selective IR pulse selective Tag pulse
HH I
RF

T '
Echo W J“"w""unu"

half-Fourier FSE or True SSFP

Fig. 9. Outline of the Time-SLIP sequence
By combining a non-selective IR pulse (A) and a space-selective tag pulse (B), both ‘“bright
blood”” and ‘“‘black blood” can be set for the blood in the area excited by the tag pulse.

After the inversion time (TI) has elapsed, start data acquisition with 3D half-Fourier FSE (FBI)
or 3D TrueSSFP.

)
TI=800ms

non-selective IR pulse (A)

Fig. 10. Example of pulmonary artery images with the Time-SLIP tech-
nique, a technique employing both a a non-selective IR pulse (A) and
space-selective IR pulse (B)

When TI= 800 ms, an ejected blood signal is seen up to the bifurcation of
the pulmonary artery. When TI=1700 ms, peripheral blood vessels in
the lungs can be visualized for perfusion imaging.

oK - FIRAHHE IS (Fig. 5 &2R) O EINES S ENTES. Fig. 10 1ITR L /2%
{Z%F L, Time-SLIP FBI ¥ T3 i O 458 M IR 7OV Z A &, ZERREN tag 7L A B
WU tag A HIMNEE, TIKpEIZZE LS4 THEE DWW Jj % i - 7= tag-on - tag-off | D AV »
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Fig. 11. Example of comparison of FBI and Time-SLIP images
Components with long T2 values such as the bile are depicted by FBI.
Only blood within the area labeled by a tag pulse is depicted after the inversion time in Time-

SLIP FBIL

Fig. 12. Example of renal artery images with Time-SLIP. In renal artery imaging, blood flow in
many directions must be observed. TrueSSFP is more suitable than FBI because TrueSSFP
imaging is not dependent on the direction of blood flow.

FE, WIThOBETLIEEEEE $ 570,
EHTHIETEREFIIEHEIN, tag /ML
AT =7 IN/IMKD A TI K £ THH
T%. ZO%E, 3D OBRGEImILEIRE T,
DE S S Nz s %1%, TI=800ms
T, MBROSIE ECREIL, TI=1700 ms

Tid, W% ORMIME £ THE)L 7= perfusion
HEREABON TS,

Wiz, FBIE & & Time-SLIP FBI %k
HHICIGHE L 724 @ Fig. 11 12779, FBI Ei{%
TR E DRV T OS A X T
%75, Time-SLIP FBI #: T, tag /NI AT
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<X — 7 INIMIKD AM tag FHIE D S TI KFE
BB LEBIL SN TV A0, 5ERE S35
N5

%12 Time-SLIP 3D TrueSSFP o & &) i
~OIGH % Fig. 12 1074 . BEHIRKG O
&, KEIIR, BFEINRZ: & {7 1512 M4 O AT 25
» 572, FBI £ & D TrueSSFP # & D)
25, I OELT I AN L 2\ 7 sb i L -
BTHHES2H. Tag IV ATAHIR - B
BRnE~—2r L, Uy FUVATKE
RO KIS 5 & & T, KBk & BEIkO
MNP S hTw 5.

¥ & ®

I MRA Hifffic >\ FBI gk % Fhul i
BRBEEZMHE L. B rOHELINT
TOF #, PC#&Eicinx, 4% FBLik, Time-
SLIP &7z K L WRIGEOF AW A S HICHE
VENTWL Z LIk T, &% MRABG -
f ¢ TN LE R ERA1T 5 72 O I Rl e iR
HEOBRIRFEA S C L REIN 5.

LRIs HHEE, 3 JUBEGREE L T
RERLIBAY Y P ZIVREE A SRR
&, WAESKEAREE HHEGRLE, MEES
e, (RIS, o237 PR b
N CIEE, AR, ROMHREE &
FEIR L AR~ 72 L R .

X ik

1) EEMG © £ 5 O MR angiography. HREEEzE
2003;23:191-199

262

2) Bradly WG, Waluch V :Blood flow : magnetic
resonance imaging. Radiology 1985 ; 154 : 443—
450

3) FiK Ji. MR M&HE ; MRI [H] AP
WRp & A7z FEARFEE—. FiLE, 1995;238-
256

4) Wedeen VJ, Meuli RA, Edelman RR, Geller SC,
Frank LR, Brady TJ, Rosen BR :Projective
imaging of pulsatile flow with magnetic reso-
nance. Science 1985 ; 230 : 946-948

5) Miyazaki M, Sugiura S, Tateishi F, et al. : Non-
contrast-enhanced MR angiography using 3D
ECG synchronized half-Fourier fast spin echo. J
Magn Reson Imaging 2000 ; 12 : 776-783

6) Miyazaki M, Ichinose N, Sugiura S, et al.: A
novel MR angiography technique : SPEED ac-
quisition using half-Fourier RARE. ] Magn
Reson Imaging 1998 ; 8 : 505-507

7) Miyazaki M, Takai H, Sugiura S, et al. : Peri-
pheral MR angiography : separation of arteries
from veins with flow-spoiled gradient pulse in
electrocardiography-triggered three-dimensional
half-Fourier fast spin-echo imaging. Radiology
2003 ; 227 : 890-896

8) Urata J, Miyazaki M, Wada H, et al. : Clinical
evaluation of aortic diseases using non-enhanced
MRA with ECG-triggered 3D half-Fourier FSE.
J Magn Reson Imaging 2001 ; 14 : 113-119

9) Kanazawa H, et al. : Time-spatial labeling inver-
sion tag (t-SLIT) using a selective IR-tag on/off
pulse in 2D and 3D half-Fourier FSE as arterial
spin labeling. ISMRM 2002 ; 140

10) Yui M, et al.:Aortic arch to intracranial 3D
MRA with t-SLIT 3D-SSFP using a neurovas-
cular-attached QD head SPEEDER coil. ISMRM
2004 ;2121

11) Ito K, Koike S, Jo C, et al. : Intraportal venous
flow distribution : evaluation with single breath-
hold ECG-triggered three-dimensional half-
Fourier fast spin-echo MR imaging and a selec-
tive inversion—recovery tagging pulse. AJR Am ]
Roentgenol 2002 ; 178 : 343-348



IR MRA « FHERGES KURHT MYy 7

Non-contrast MR Angiography : Imaging Methods and Current Topics

Tkuo Aok1!, Mitsue MIYAZAKI?, Satoru SUGIURAS,
Nobuyasu ICHINOSE3, Yoshio MACHIDA3, Yoshimori KASSAL,
Hitoshi KANAZAWAS, Masao YU

IMRI Systems Division, Toshiba Medical Systems Corporation
26-5, Hongo 3-Chome, Bunkyo-ku, Tokyo 113-8456
2Toshiba America Medical Systems
SMRI Development and Research Division, Toshiba Medical Systems Corporation

The time-of-flight (TOF) and phase-contrast (PC) methods are typically known techniques for
non-contrast magnetic resonance angiographic (MRA) imaging. Recently, the fresh blood imaging
(FBI) method has become available, allowing separation of arteries from veins by applying flow-
spoiled pulses.

We outline non-contrast MR angiography imaging techniques, especially the principle underlying
the FBI method, and clinical applications. In addition, we present current advances of the Time
Spatial Labeling Inversion Pulse (Time-SLIP) technique in non-contrast MRA.
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