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Er AW (fEky —7 v A L D% Table
IR9), PUAT—EIRERE (77 L%
BRI 60 DX I —/NVA) ZFERHL .
B 4F1%, TR/TE=8.4/42ms, FA =120
deg, matrix size =256 x 256, Mg =on,
A5 A ZF =30 [FEE L L, FOV=128~180
mm, A5 AE=1~3mm, L7 AV =
2~8 HMHHBICLOEE L. 2T
AV FEn ORE L3, 1[EO tag pulse 247
D, (zva—F#/n) EOF—2HEL,
nEOEYRLTLATA ALV aA—F5D
T—RuXHZHNAEIET. SEETECT
B BRMBTER TS DD, —EYD
DI 2 B s S 1, signal-to-noise ratio
(SNR) O Eav 5 A OSFEDOR)REN
B5.

#H7 7 o, KREeHEALA 100ml &~
Yy e DSA 7 7 v o FREEE) 7RV,
WMHEEBRHOA vV 27 #— &L TANGIO-
MAT6000 i L 7.
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T BRR L B 1R ETT o 7.

1. ARG 2 A 2 v 7 OGS

Adamkiewicz BiJRIZHFH RN ZETL T
D, FHEOGSIH AW LR OV F5 A
M EICIERICEETH AH. Time-SLIP kid,
BBTILIC XV iR AME ORI R L FRE S DR
BERPREINSD, BBTI LA v 2 —/N)LD
BAth (Fig. D) I k- TLERE 5 OMBIE R
R b, xIT, FEIH LA IV IR ES
720, BHEORDDICKEZHALZ2EAKD
100ml VU VY EERICAEN, FHIKDOAR
Tag FIKZ % E L TU FOEREFT - 7-.

1) WARFE & L T4 & Bbh 5 800, 1000,
1200, 1400, 1600 ms @ BBTI iz 1 Z I xF
L T 3000~8000ms & 1000ms [ CTA v/
2=\ )V LS, Tag & Tag SO KE

Trigger Trigger
L Interval |

Peripheral
Gating Data acquisition Data acauisition
BBTI BBTI

Selective IR Pulse Selective IR Pulse
(Tag Pulse) (Tag Pulse)

Fig. 1. Relation between the trigger delay time
BBTI and the parameter Interval (Imaging tim-
ing chart with peripheral gating)

FE%E R, Tag SOKEZETIEHLT S
ZET, ZTOEBEOEERDI. T,
BBTI fii 1400 ms IZX L CTDA, 7 AV M
4 &8I OWTRROFER 1T - /2.
2) AR5 vF 4 71k ) BBTIff 1400 ms &+
T AV 2 REEL TRERO A v Z—3)b
TG ZTV, BRHEONHELY 7 7 FLSE
B & Mg L 7z,
2. SHX—=RR7 7 b LRI REEOBGET
MAENEED 9 E A 0.7~1.3mm!® & B
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Table. Comparison of Standard Sequence and High
Resolution Sequence

Standard  High resolution
Sequence Name FFE3D2.6ssfp FFE3D4.2ssfp
TR 5.2 ms 8.4 ms
TE 2.6 ms 4.2 ms
Slice Thickness 1.5 mm 1 mm
Pixel Size 1.1 mm 0.5 mm

(256 x 256 matrix)

D FOVICE VRS VT 4 TORBET D
FORE LR L. ST, —EICHAFR
%l 2 A BN I i QR A R T A 720,
Adamkiewicz BIRO KT 5 BRATH EF D
% THI~L1® O R S % %> MRI THi (4
wAT o TW2H L 72 fil2 AL, SFfE &
RRELKROEEME L.

3) Adamkiewicz BIJRICE A3 5 WiH T 5 B
WHRRIZ B\ T, A5 A ABIC X AR HEE A T
RT LM, A5 4 ABE% 1mm, 1.5mm, 2
mm, 2.5mm, 3mm & 2% L FOV % 128 mm
I E LTS % T\, maximum intensity
projection (MIP) ALPR L 7= 5K W i C 53 il B
O " T>72. 77 FAABEL, Adam-
Kiewicz BIIRONT Y 1 —7 1 1 Hufhs Tk
AL/ EICTAEZREL, 20 E & L.
3. Wik 7 v b AT X DR

DSA 7 7/ F AFPBEAERL TED, K
AT H T ETHD & - IcNEE KB H T
HICHNARET 7/ FAEeh. £IT, K
WHERB D EETKEEAL, BIER &
FREORE T, Bifi2 OKE®EELL -
FOV 154 mm D&KW X 0 LT OF %
ﬁf,) f:.

1) Ty a—FHRZRAUSK LR TR
(HF) r#Ezd5Hm (RL) THRIEGEL, NE
VAR X BEFELTEGRE T 7 )L
H—TIE OB L7, 7, ERROESE
5ROV — IV FEBEOFE L HNCE\\ /2 3
KOT T 7 A H—T OFEE DTN LD
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R, NEE1.5mm OFESECIEHELL 757
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26, WMHT Y a—FHRT, EAREZ
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AT H O\ % B R T A 17 - 7.
2) BIEERIC LD 5 RDOWIED BT & 7o
DN, N TH -7z 0.8 mm O3 D A Tag
TIMAREL, HEARE A 0.05ml/s, 0.1 ml/
s, 0.15ml/s &+ 2k x4, Tag fHIEKHN DT AR
BER R 707 7 ANV H—TIC L OfERL7-
BBTIfE & A v &=L, FB1OEREMS
1400 ms & 6000 ms % f\>, fifHT Y 3—F
FEE HE & L7-.
4. RSV F 4 712 &k A Adamkiewicz By H
DA
FRTHEONIHERE L LIT, 5 AOETR
SV 4 7LD, Adamkiewicz By O H
%3 A&7z, Fig. 21 Time-SLIP 1T & 5 fij 3t
TR (a) & SR W B (5 s D ¥R (R AR &
Tag HERE (b) #7Rd. Tag MBI HFHEIC
RBL, TATREINR &8 L 72 W RBZRIR T,
BEWmIc L 59 —E & Lz, &k, BBTI
=1400ms, A X —/NL=6000ms (k¥R
), (LS =HF, A5 4 ABE=1mm, &
TJAVEFE=2 4,1, £ FOV=180mm O
SERMT TR AT - 7. KIS, HEARIFT
HolehF 7 47 1 A% FOV =128 mm,
frFEJim =AP, A5 A4 AFE=15mmiZ LV
BEWHRE 21T -7-. £/, BRS VT 7ICk
D FOV=154mm, &7 AV F$=2,4,8 &
L7-EESEY B & L7k ORG 517 -
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ﬁ/)t.

] R

1. AEBEIE 2 4 2 v 7 O
1) Fig. 3a il RO 75 7 %R+, ThZzho
BBTI C s iib AKpH NS 4 v & —3 0

Fig. 2. (a) Schematic for Time-SLIP based
Adamkiewicz arteriography by using a selec-
tive tagged pulse. (b) Scan planning for coronal
imaging. The dotted line is tag area and the
solid line is imaging area.
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Tag-nonTag water signal intensity ratio
o
>

interval (msec)

B0, BBTI W EEE WA VX —/NUT
KAIE XN/, F 72, BBTI{E 1200 ms LA |-
TKOMEN DI &7 0 ZE L 7z, BBTI{EA
FELts A v I X A2k (Fig.
3b), BT AVFEAETIEE, KAHAHII N
HA VA=V Ie A EA D RSN,

2) RS VF 4TI L BERER% Fig. 3c I
Y. KT 7V P LAEBROME 2 A IV LT
ERIBED A V% — 7L CTHEEATIIHE S e,
2. SA—=IRT 7V b AT EEEIC DWW
TOMRS

1) feky —47 v A & O % Fig. 4 10R
3. HANS#EEIZ 1.2mm 25 0.6 mm IZ[[
L (Fig.4a), A5 A4 AF M T3 1 mm D5 fig
PAJRE & 7n 5 7= (Fig. 4b).

2) % FOV TOE#% Fig. 5 ICRT. 77V
I A (Fig. 5a) Tid, 0.6 mm D5 R4
8% DI/ FOV 128 mm ANLETH - 7=
7, 0.8mm A AHM & T Nid 178 mm O

o
@

S
N
L

Tag-non Tag water signal intensity ratio
o 2 o
- a N

. o, A

0
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Fig. 3. Change of the water signal in the tagged region : dependence on several parameters
(a) Phantom experiments : dependence on BBTI and interval.
(b) Phantom experiments : dependence on interval and number of segments with the fixed BBTI

of 1400 ms.

(c) Normal volunteer experiments : dependence on interval with the fixed BBTI of 1400 ms.
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FOV CLHETH - 7. BTV 7« THER
(Fig. 5b) Ti%, FOV (pixel size) 2/N&< 7%
HICHEWEESMED R EL /228, FOV 128 mm
TIREBROPRET, 7—F 7727 FOI DK
L8N BEANGRGHEOS%E & L TR

standard

. reee ="y PR

high resalution

s 12 1.0 0.8 0.6 0.5
inside diameter (mn)

standard = slice direction

high resolution

b 1.0 0.8 0.8
inside diameter (mm)

Fig. 4. Comparison of standard and high-reso-
lution TrueSSFP sequence using a ladder phan-
tom : standard sequence (pixel size 1.1x1.1
mm, slice thickness 1.5 mm) and high-resolu-
tion sequence (pixel size 0.5x0.5 mm, slice
thickness 1.0 mm).

(a) In-plane spatial resolution, (b) spatial reso-
lution in the slice direction (coronal MIP image
from axial source images is used).

inside diameter (mm)

1.0 0.8 0.6 0.5 1.0 0.9 0.6 0.5 1.0 0.9 0.6 0.5

178 nm (0.7X0.7)

FOY 128 mm (pixel size 0.5X%0.5) 154 mm (0.6X0.6)

7z 5 MEAOFHIERL, DT 134.1
mm, FEHEOFEHA 149.5mm THY, ThE
NOFAMEI 145.6 mm & 169.5 mm Th - 7=

3) AT A AR X B REEDOZEL% Fig. 6 12
T, 0.6 mm O REEA MR T AICIE AT A
ZBE 15mm U FAMNETHY, 0.8mm %7

inside diameter (mm)
1.0 0.8 0.6

slice thickness(mm)

2.5

Fig. 6. Comparison of spatial resolution : de-
pendence on slice-thickness (coronal MIP im-
age from axial source images is used).

Fig. 5. Comparison of spatial resolution : dependence on FOV
(a) Phantom experiments (coronal MIP image is used).
(b) Normal volunteer experiments (coronal sectional image is used).

72



Time-SLIP J£IC & 5 Adamkiewicz BfJRiili i DA

BHIFA LTI AT A AE 2mm T CHRET

12 —a— PE=HF(fow +)
&7 9 g a —&— PE=RL(fow+)
3. TH =T 7/t LT OR HRE go.e iﬁ.ﬁﬁﬁli
1) (MDY a— R RA R HEE L2 O £o6
RERD T T 7 A ) h—T % Fig. 7T IR . %0_4 \\m_
mhicEs: (Fig. 7c) L L7c86E, SFES Ho2 \
SV I ARBETL, Fig. 8a 02 5708 o Litonrate =01as ™~
TEROCHEY A A NEL LB - TES a 15 etenmy 00
DIEFRKE Do 72 Fiz, FEICOWTHHE
W TORFEFIE FHAKE < (Fig. 8b), RS 12
VT 4 TEHT S WA L EA A CORH AR 21 |—a e
RTH- 7 (Fig. 9). g.o,a N-.____.
2) 0.8mm (Tag v ) 4 & 0.6 mm (Tag g 06 \
L) #WHowEBOEBRE T T 7 A VT — EO.‘I \
7% Fig. 101039 SN TR, iEici3E .g;oo,z \\‘_ﬂ
FL@I L TR 2R L, Tag SR O PR o linside diameter =0.8 mm |,

0.6 mm D5 TIR, BHERGESLETHHH, T T
Tag #HA LA EEBL L 2 KDWE b i;;e;;mm“dm
i OYL KD ER T E 7.

. S Fig. 8.

4RIV T 4TI k% Adamkiewicz Bikiiit (a) Signal intensity (SI) dependence on inside
Dl A diameter of flow phantom. (flow rate=0.1 ml/

RS VT 4 THREOR R % Fig. 11 IT/R7. s.) Phase-encoding direction and flow ON/OFF

" . oL RS were also changed.

SHH AT a~c OLSHEAT EVHROH (b) Signal intensity (SI) dependence on flow
iz, a s Th9~Thl0, b 78 Th12~L1, c rate and phase-encode direction. (inside diam-
A Th10~Thll ICMANMBE ZHER L /2. TF eter=8 mm.)

VT4 T i X ARMREG (Fig. 11d) T3,

inside diameter (mm) phase encode phase encode

|1||i 0.8 0.6 0.5 Ilm
@ flow - () flow + (c) flow +

Fig. 7. Comparison of flow depiction using a flow phantom : dependence
on the phase encoding direction.

(a) No flow (Reference image).

(b) With flow : phase encoding direction is parallel to the flow direction.
Flow depiction is almost same as no-flow case.

(c) With flow : phase encoding direction is perpendicular to the flow
direction. Flow depiction is degraded compared with no-flow case.
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HBBRRE

phase encode

H-F R-L
I@IQ;D
a b

Fig. 9. ““Hairpin-turn”’ vessel images of a nor-
mal volunteer obtained with different phase en-
coding (PE) directions : (a) Head-Foot (HF)
which is parallel to the blood flow direction, (b)
Right-Left (RL) perpendicular to the flow
direction, depictability of a vessel in (a) is
much higher than that of (b).

0.8 0.8

$29% 25 (2009)

MPRICE DT EVHRAHER TE 2R, T
EBICRHO LS 7% MEDOT LT — A FIIE
NREGN, MPR BEICIZRIECTRLAZED &
BFHENH O — b Aoz, 7 AV M
IZ L ABEBEEA Fig. 12 D a~clicxd. &
7 A PR L 7R R R ORE R A £ S 3
127 A b OREEREEEMEIC & D blurring 2%
WO, TN —T OMERIRO S A
EL7 &/, WA TREaV/FSAFOLR
L HERON, B AV BITOWTIE, MEE
fIk & T OB TR T E 5 £ TITHEHBEDA A
EL 7. Fig, 12(d)Ic, 3 &IGAMEIC LV FER
L 7eBlZ~d.

% £

TrueSSFP ¢ Time-SLIP &% W JE3& & C
Adamkiewicz BIIR O H A 17 5 72 diciE,

0.8

inside diameter fmm)

Fig. 10. Signalintensity (SI) change around the tagged region : depend-
ence of in-flow and out-flow effect on flow rates

(a) No flow. (b) ~(d) Injection rate is 0.05, 0.10, 0.50 ml/s, and average
flow velocity is about 10, 20, 30 cm/s, respectively.



Time-SLIP #:1C & % Adamkiewicz BfJriflitE O A

scan time (segment) 5 57" (2 5 51" (2

Fig. 11. Experiments to depict the Adamkiewicz arteries (‘‘hairpin-
turn) of normal volunteers. (a) ~ (c) Large FOV coronal images of three
volunteers are obtained to search the ‘‘hairpin turn’’ and the level where
the vessel originates. (d) Axial images were obtained for the volunteer
(c), and the coronal MPR image was also generated. Incomplete sup-
pression of the spinal fluid in the MPR image (arrow head) and blurring
of the vein on the axial section images (arrows) were observed.

5" 57"

11" 53" (4 17" 26" {
scan tlme (segment) segment (8)

Fig. 12. Depictability dependence of ‘“‘hairpin turn” vessel on the num-
ber of segments for a volunteer (Fig. 11c). (a) Number of segment =2.
(b) Number of segment=4. (c) Number of segment=8. (d) The three-
dimensional (3D) images which was created from the image of segment

8).

RE5 THLBEHROIE, 5MEE, WAOH HAEFEREL, FEBEOREBIC W TRIFREHR
HEEPEELHA L L CHEFLNS. 4E, O OMENZFT > T &N TE/. fE7x BBTI
NOEOEHIZOWT T vV F AERZ HLICHK IZ oW TiE, Adamkiewicz Bk O 37 3 75 R BH
AT VEEOR#E AR, £, THK R ERBAEND DT LD, TR OWHE
WA~ BRE LoKRIFIER T, FREL HRIFC, BIRMOWBALTS RiADSH 10D
BBTIHIZ & » CTHRMAIHE A v 27—V OFF LA E D 1200~1400 ms &L % &[5l D7 %)%
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EEL7. Lal, EFRERO7Z 706, &
\ BBTI f#ii & i A v 2 — 7NV OFaffE 55 w]
Al mhoTkD, SPIBIEMETL
THMAREICRES i nid, RGO
B b BE9IC & 0 v BBTIE OB & &
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SLIP % fv /=854, Tag sk & 3%7E L 7=t
HROFHERI O L5 L 51, Tag B
(3 BBTI BFEIICTRA L 22 FifR L i S h
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76

ThH LA ReEPED TEV. F/z, Tag sf»
HOWA DI WFIRA O MBI ERES &b 7z
OEMRLHH I e T 5 &, Adamkie-
wicz IR Th 5 Z L DHEICHmDO THFHATH
LHEEZOBNI. TOZ ki, Tag HEZIA
oo v T 7wGE G (Fig. 13) 256 %
HeERITx % BN,
S5HDEFERT VT 4 TICOWTE, 341
NT EVROH I ZFR D, SGHOIHEH TO
BOMACHELL CHRRECTH-72. Ly
L, Bk & W@ <& X IEER & Ok
WEHERELIZ1 ADATHY, Skid, &EF¥
Bt A & O T REIE IR o L,
Bk Ch LM T h ISR 2D T & 72
W BRRITE IS O T, AR AN S i
DBIA <, MPR OB E{THOIAT EVIRR%E
MR TE RS ERTHY, 7—F 77
7 b RGO B 2 MR O,
HEETIELVFE 25, B AV MR
RL 7T, MEOM ENPBEETH - /-
2, BRRFE S BISEN Clde < ERFREME A K &
TS E 2 L. ficdh, R, IRE), iR

Fig. 13 Depictability dependence of ‘‘hairpin
turn” vessel on the tag position. (a) Oblique tag
narrowed down to the spinal cord cavity area
avoiding the aorta, and (b) Relatively wide tag
including the aorta. Aortic blood is saturated in
the case of (b).
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Recently, technical advances and concerns about the safety of gadolinium-based contrast agents
have rekindled serious interest in non-contrast-enhanced magnetic resonance angiography (MRA).
The time-spatial labeling inversion pulse (Time-SLIP) method, which employs free-hand inversion
tags to depict vessels of interest, is expected to spread angiographic applications.

We performed a basic optimization study and employed the Time-SLIP method with high-resolu-
tion, 3-dimensional true steady-state free precession (TrueSSFP) sequence to depict the very thin
Adamkiewicz artery. To suppress spinal fluid and depict the artery simultaneously, we optimized
several parameters, including inversion time, spatial resolution, imaging volume, and phase encoding
direction, with phantoms. We then applied the optimized parameters to healthy volunteers and suc-
cessfully depicted the Adamkiewicz arteries in several volunteers. Although further clinical evalua-

tion is required, our results suggest that non-contrast-enhanced MRA is useful in depicting the Adam-
kiewicz artery.
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