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Contrast-enhanced magnetic resonance angiography (CE-MRA) is frequently performed in body and
extremity studies because of its superior ability to detect the vascular stenosis. However, nephrotoxicity of
the contrast medium has been emphasized in recent years. Non-contrast MRA using the three-dimensional
electrocardiogram-synchronized fast spin echo method (FBI, NATIVE and TRANCE) is recommended as a
substitute for CE-MRA. There are a few reports in the literature that evaluate the detectability of vascular
stenosis using non-contrast MRA on 3.0 T MRI. The purpose of this study was to evaluate the detectability of
vascular stenosis using non-contrast MRA at 3.0 T with an original vascular phantom. The vascular phantom
consisted of silicon tubes. 30% and 70% stenosis of luminal diameter were made. Each silicon tube connected
a pump producing a pulsatile flow. A flowing material to was used in this study to show the similarity of the
intensity to blood on MRI. MRA without a contrast medium (NATIVE sequence) were performed in the
vascular phantom by changing the image matrix, static magnetic field strength and flow velocity. In addition,
the NATIVE sequence was used with or without flow compensation. Vascular stenosis was quantitatively
estimated by measurement of the signal intensities in non-contrast MRA images. MRA with NATIVE
sequence demonstrated an accurate estimation of 30% vascular stenosis at slow flow velocity. However, 30%
stenosis was overestimated in cases of high flow velocity. Estimation was improved by using a flow compen-
sation sequence. 70% stenosis was overestimated on MRA with NATIVE sequence. Estimation of 70% steno-
sis was improved by using a flow compensation sequence. Accurate estimation of vascular stenosis in MRA
with a NATIVE sequence is improved by using the flow compensation technique. MRA with NATIVE
sequence is considered to be a promising method for the evaluation of patients with severe renal dysfunction
as a substitute for CT angiography or CE-MRA.

Key words: 3.0 T MRI, non-contrast-enhanced MRA, NATIVE

RIRIERIEEKSE © T 860-8556 REARWI A 1-1-1

2010 4 8 A

RRAS R R 2 R o e R R BT SR B bt B8 = ifiE 58



8641 BAHUHRI T 2 5

80% T0%  S50% 0% 20% 10%

out

15cm

=
- &
=

in
-'—h._._.'—-_.l—»..'_-_.
Bmm
Fig. 1 Vascular stenosis phantom. a b
(a) Picture of vascular stenosis phantom.
(b) lllustration of vascular stenosis phantom (side view).
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BE 7% gadlinium(Gd) # 52 MRA : contrast enhanced-
MRA (CE-MRA)IZ X % 7T L 7> T b,
—77, "tk o.LEKIE ] 3D-FSE 745k % Hv 729
15 MRA A CoOMAE 2 EEOF D £ <
HEENTWBEY7,

JEiE ¥ MRA S EHEN TV B ERE LT, KE
A EESE SR D ULS. Food and Drug Administration
(FDA) S Sz, B4 S B HEE | nephro-
genic systemic fibrosis(NSF) DEAH 5. Gd i
KIOBEWEHDO—>TH %, NSFIIEDGHRMEY %%
LT, BHEEE TIER N DIER MRA O 51X K
Lo TETWD, BREVSIEEZEGETD, A7
== KA L LT MRA (G IERBENY 7 T8
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F72, 2005 4F 4 BICEHKE SN LK, &5
3.0 Tesla(T)MR &\ S F S F sk THEH ST
ETV5., B EEOR RIFEBRIZS TSI 4R
A M IF919, Signal to noise ratio(SNR) D[f] 45
(2 &) BEE I TR S VAR E 2 T B s,
HREEFRFHI Tl radio frequency (RF) AN — D [H] %
TYAFAMMMPELTLEHI, ZHEHET30T
MR EE TOEPIT LI TV 5ED5, LEEIE
3D-FSE Z57% 72 JE1E 52 MRA OFEERT— 5 D
G ENI A, 2 TEE, bivbh UL E Y
f£ 3.0 T MR & T, (LEXFEY 3D-FSE 7245k 00—
D TH 5 NATIVE % H\ 72354 o MLk 72 3 HfE
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HIp D re R A OIS 7 7~ b A, B AR v
T AT AEOBEIIR MG N FHAE R 2 i L, 3.0
T MR 3EE T4 %25 2 THf% L7z NATIVE H{% o
MHBEOMET 21T 9.
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MR ¥ A7 A&, SIEMENS Ft# MAGNETOM Trio,
A Tim System 3.0 T, MAGNETOM Symphony 1.5
T, 8ch multi array body coil ZfHHL7z. 77> A&
&, 7Ty 7Bl o D) g L BOARRIZ 22 TR
BN 2V L 72 k22 7 7 >~ b 4 (Fig. la, b) &
A= ATAAN A RX=T T T uY—1t
B T H - T, SRS LT 2 FV 72, a8t R >
TNE, OB X AR LA LR & Rk OB o &
LIEERZATH &AW Re e, /N—/N— N O
IR > 7" Model1400 Z Fv> 7z,

SEIOFEERTIE, 30%DEEFEFRAE & 70% 0 i FEHR
R FFOE O 2 M WG L7z, WOREI L 15 1
WU A, SRR IS OWEAT 0 122 2 5
E OB 2 Feme L ODUREH © %9 50 cm/s, FEGRIY
10 cm/s), NEDIMGEZ L L CTHEERE 1T - 72 (Fig.
2). W DOWPEIZIE PCEE HVy, GLitFE o %
WEVT 2 720 | AR I O AT THE L T .
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Fig. 2 Diagram of phantom and pulsatile flow
pump.

AR L, BONTZHEDOT T NT 7 2 a P LEE
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PLaRHH, WU DOMRIGIZH A7/ SV Ay — 7 2 A
1%, sampling perfection with application-optimized
contrast using different flip angle evolutions (SPACE)
T 4. SPACE &, FSE#E&E N—AL LT, #IK
INNVANZTTAET ) v 77 2 7OV & V72 3D #f%
ETHA. FEIZEHVWIZI—FL A HTORBZTD
T TR EIMRAONDLZENTE, 5612,
JE3K NATIVE THIV> 54TV 72 half Fourier acquisi-
tion single-shot turbo spin echo(HASTE) (2 It X,
specific absorption rate (SAR) # ik 32 Z & A3 TX %
) B R FEo.

1-3  FHM S5 E

SN OSRIERZFrDOT7 7 b Az AL T
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Table 1 Scan parameters

30T 15T
TR (ms) 2000 2000
TE (ms) 56-63 65
flip angle (degree) 90 120
FOV (mm) 350 350
slice thickness (mm) 3 3
i PAT 2 2
band width (Hz/pixel) 780 780
slice per slab 32 32
scan time (min) 1:30-2:13 1:24

NATIVE # AWTHELN/ZH T T 72 a DR,
BN &8 TN LR S CINE M % % /Ek
L, BREFHOF.LEEDL LD ICEI A LT
27077 ANV =720, w/MEE A, LIS
DDV I ATOTEEE B LEFK L7, &
mNE, CoOFEHLEEREIRELIFY, BEofks
HOMEIZE AT ERBREDS L EWnH T LIzl 7z,

PeZEFBIE = (1-A/B) x 100 (%)

F7z, MAEHAE 7 22k LT center alignment
127 % 7> shifted alignment (272 % 22 £ A HiHEE~D
R ZEIIVIL, Hi§T DRI field of view (FOV)
BT T NIE T wVED L, BRiGHEEE A2 R
T3 MG EATo 72, FEHTH 3 EEREL T2
728, EmEFHMOLEICIE 3 O EEOF-IGHE %
Wiz B, A RN BTN AL S IO v
TOME =11 o 72,

1-4 %2511 E
1-4-1 3.0 T NATIVE O EBERVA&ET
()= Y w7 25 A XD#AL

FDHIZ, 30 THEETORBM~ M) v 7 A A XD
Wi a24To7. M) v AY 4 X% 166%x256,
192x192, 256x256, 384x384 M 4 FHFA|Z AL & 4,
HOEFIZHR DA TE/2L D% 5RO K #E
< )2 A A XEL, LFOBEHIHAWS Z &2
L7
(2) FH S R OB RIZ X B Rl HRRE~ DR

3.0 T £, 1.5 T2EE & X THEFH LSV SNR
X2 E R REO N LSRR T X 525, RIEEC
WEDOHBILIZHF G T HLELOFREIE-TLEH®.
ZFZT, 30T & 1.5 T ® MR & T NATIVE % #zf%
L, MR ss e ORI X 2 i BEN D B O MRS
HiTo7z.
(B) T DIE NI L B FHHHRE~ DO FEEE

NATIVE % F\ 5 xf G iEIIZ X 2 i BE D& W %
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M3 5720, Ho@EWIZX it Lk %
1To7z. PREEERD FEEEIIR 2 AR L 723w i (Ui
B 0 %9 50 cm/s, HEERH] 0 A9 0 cm/s) DA &, KAE
A 2 A8 L 7232 i s (DGHEE T - 59 25 em/s, $RER
B 290 em/s) DI E TG AT 72, ERLOWEIE
PC % W T AE IEFECHIE L72fETH 5.
1-4-2 3.0 T NATIVE DitigEsm ELE € 3 /-8
DIRET — FIRHIE/ IV X DFIEE—
NATIVE (4 spin echo(SE)RD > —4 > A% w5
7289, OB ILRM T, RIS EDOZAL
DL VERZEERTT7 O —KR A FEEIL, E52MK
TLTLEYYENLDED L. KXo T, 7L (flow
compensation) DMEFEHE & FIIN9 5 2 & THiHEEDS
ZAL T B 0 ET L7z, S, i O LR
IEII 2 11 E 4T flow compensation % {3 ] L 723
A (on) EfEH L 722 WA (off) DR DM A A b %
BRTHT T 7 a Y EVER L GE — DGHE
off—off, on—on, on—off ® 3 flfH), ItfaiT-7-.

2. &% B

B TIRIE L 2B 0 E 2RO H %, Fig.
3~6IZRT. 7T THNDEMRIIEDIRIERDOMHETH
5.

2-1 3.0 T NATIVE O EREAYARET

2-1-1 ¥ hY v XY 1 XDOEREL

Fig. 3 % @5 L, &RMEBKFEMOMENTH 5.
BFIZ, R 70% 13T R CEEHBITIE VISR & 2
D, ¥ ) w7 AH A X 2B bS8 THEMIC k& %
BEWIIR SN o7z, FRZEEE 30% DFE AT 192x192
Db BRI VVEEZ R L. XoT, 4
DI M) w7 ZAF A4 X132 192x192 £ L, LLF Ok
FHZHWAZ EIZL 7.
2-1-2 FARIGEREDEKRICLZEHENDEE

1.5 T 21 C NATIVE Z #RfE L 723546 TH @\ KEE
fli Td %A%, HREEMENIOTERSLI LT,
30%, 70% & I KFFAL DS \ADIEIL T 5
(Fig. 4). 30% K72 DOBEHEIMNE %+ 3.0 T HiE TR L
2R OFEMiAE I, 1.5 TEBEOFKRIZILEN10%
PLED#RKEETE 72> THBY, 70% 5% Ok HIL,
[IEZR R ) & I NS URAY [ R s oY/l
2-1-3 FORDEWICSL BEHEANDEE

FRAEER 309% O FEAMAS R ILFREDE TR E DT
o, FRZEER 70% DA XIS & 5 37l EH
&7 572 (Fig. 5). TEASEVEGA O 30% 542 OFF
FEEIL, HEOMERIZEVVEL 2o TV 5D, 70%5k
%2 DY A LTI DS TR B A OfE F & [ERR 2 38 K EEA
Lot
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Fig. 3 The result of quantitative estimation: change in
matrix size.

100
o0
20
70
60
50

m easured stenosis{ %4)

30 1
20 1

30% T0%

known stenoas
m] 5T @30T

Fig. 4 The result of quantitative estimation: change in
static magnetic field strength.
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Fig. 5 The result of quantitative estimation: change in flow
velocity.
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2-2 3.0 TNATIVE DfstHiREZm LS 5726 D
FRET — TR IE/ NI X DEE —

YEoR, WGHERA & $ 12 flow compensation % FV> 7z
Y56 (on—on) L, k722 70% D E EFFI O EATE D
SRAEHR| VT D AR & 7 5 72 (Fig. 6). LERIAIZ D A
flow compensation % JV>, PHEINIIMFERH L 220>
72354 (on—off) 1X, 30% & 70% D} TEDIRAE=
WA R E o7z

3. & B
3-1 3.0 T NATIVE O AR
3-1-1 ¥ by I XY 1 XDOEEL

Fig. 3 % l2 L, $R7A23 30% OEEIMNE X~ M) v
7 A A XHT256%256 L) K E L 7B & R EHM O
AR 2 0, SRR 70% DB EIE< M) v 7 A A
AuBEZTHEHENEAB RSN WIERE L oTW
5.

YN T AN A X EEZ I, EUEWE Y
A AR T 2 — ATy a— FELZELL, Ak
HEOWEIHEE 5 25, RETEXLIMEREDOR
FUIE 7 e A X CTHRE SN L. S RMEHL 721
BT 7 baid, EEHOZEN6mm THLHLD
T, SRAEFE30% OB EEILE OBk 22 5 O £ I1E 4.2
mm, FEREFT0%DFIZ 18 mm &> TW5E, Fi
WZRFL, SRIOFEBRTT M) vy A9 A4 X2 L&
ALY A4 XL, 09 ~#21 mm T
5. MUREEDOFOV ThILE, v M) v o A%
Mgz ¥y 4 X3/NEL b7, IEMER
AR AT 5 LN TELIETTHS. LarL,
e A XPNE|ELE, /A A2 LT L
XD IERERIREFEOWENTE 2 VI REEDH
L. Fl M)y AEEWERP I IEICLST
T r—ALra— FENPML, 7—%% 7)) 7
FEIASIER 35 2 L TR A I 0 722 52
LW 2 2. ZOMR, FRICIEOE LD L
WIRZEERCIE T DK T2 E L5 EE 2 b5,

309% R Z2 M 12 FE T 70% Sk 22 145 | 0 728 2
W, ZoMEEEET 5701213 L/hsnE
TN A XPUETHLH, L, €72V AX
/ST B EREOE TR TOEE VD IEL,
~ M)y AFEEe L ChHiBREom LR S
W F e, BRZEEREDPRELCRDE, LDERFEICE S
B TOIRELRZEEZLN, ZNHLOREICL
DI RTUIIBWTHEKEHlE o728 F R 5.

3-1-2 BFRISTREDHEKRIC L D HENDEE

TARIC BT 2EF 5 HELOFERIZ, K7 IV HNOAL
438 (intra-voxel dephasing) 2SH T 5L 5. [MFEAS
JEHRDIRFETH D ET DL, WIFHMNIZH DR T v

2010 4 8 A

100
90
80
70
60
5009
40+
30 4
20 4

m easuredstenosis(%6)

0% T0%

known stenods

moff-off Mon-on Bon-off

Fig. 6 The result of quantitative estimation: with or without
flow compensation.

DO TN L, —FETHRVWHETBEIL T\ 5
D, ZORER, FEnEhoTa RS
FAFPEE o TREER TV, TNENORL LA
HPEEINL DB ZORTEIZLT. 5D
TODIEKIEMS 1 FU720 Ao 72T EHERSE R S
L3 ABRBICKRATEGZONLMAHDO TR
(AD)ZH L 5.

AD=A®" At
=Y Bo

TR o \&, B TR EE Bo (2B % 7280,
WS REDP R E VI ENMAHDO T O ARV RE LR
b B, yidmARERkTchbH /o, Ta e
AN — T W R ME RS D T D BB L 72
WAL DR LB O R S HE DY, b HEd 3
n, BEEOmENELSL OO —ED
B RE S T E AV IREL 2 S, ko
Z &5, Fig. 4 DFRAEEE 30% OFFiAE R TIE, 3.0
T CHRGEL72GEITRETH TIVESTRTAIAL,
R i =y/ A 2 s VAR <N

FRAEERDS T0% D E maHliOFE R & W5 &, B
FREEIZ X S TR BTV RE L oTR D
(Fig. 4). JRZBFCIIMTASHE SN 5720, 7u—
RAFICEVEFETZAELTLE). TOEAWVIE
AP EL R BIEEREL LR D720, FRAEFET0%
DHERTIIIRZELTDOE TRV EF IZH SNz ik
Wi DB CEHMC Z DS e Do 72 DT ZE D720
Thb.

3-1-3 FEDEWIC L ZHHEENDEE

T D E N K B A2 FE 30% OFFlAS R & R S
&, TIEDSHEAY AL KEH T B AS, AR
WIS IIEORAERLFEFE L &> T (Fig. 5). 2
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diastole image  systole image subtraction image diastole image  systole image subtraction image

Fig. 7 The image of NATIVE sequence used with or without flow compensation.

(a) 30% stenosis.
(b) 70% stenosis.

W, PUEI O R RS E T E, SRR T LA
FEDIZLLLZY, WlA0 & LR E RS2
EMBERNEEZ L. TORF, R TR DIE N
IRFEZ D TR DI ENTEY, 7u0—KA Fzid
CLTHRAESDOESETAELTLES. LArL, I
Ml O AR WIS AE, IERI ok OE S
BETOEAVAI/NI N0, BEORIERDMEIZITL
olzlEZ D, FIRDTEWVIT ESRAELROE S HIX
Bl 2578, SEOFHEI D IEV 20 cm/s LT Ot
T, PRI T D M 2RO EFT - TLEHY.
ILHE I C A EBOE FANER L 2T UE, Z=5Hko
EROFHMIZ 5B E L 572 DFEBENLETH 5.

BRZEFE T0% DOYE1E, I X ST KFHMECH
% (Fig. 5). COJEKIE, BRI ENIIE, Fai
DOFLHEDEALS LN WL L 2D, FEoBEICKDE
SO T AZE L WD THIHEERD.

3-2 3.0 T NATIVE OffitHEZm ES €3 72D
FRET— MERAHIE/ NIV R DRE —

TAUS Ko THEA L 72O, FIPURS &
HZEIZE S TEFRTZIHEIT L7201 HENS
D7* flow compensation TdH 5.

Fig. 6 # "% &, on—off MFHIREFIL, 30%, 70%
ELIZHDBRERIEVEZRLTWD. Ll
on-on &, FRAZEZ XV EHMAT R IEVDSHI TR S,
ERIZEON-WER T b &, FRZ23 30% TILHEI
IZ flow compensation & V72856, Ak 51X ME
BRIZTHEL 2T IE RO 2w Ds, &FRIZE 5D
o T\ b 2 EW5h % (Fig. Ta). TOHREE, 7k
Z 7 a YR OE S HREEDRT L@ KEH L 7o
TLE-72. —, flow compensation &\ 7-3;4
DIRFEERT0% DOWHKE A E § 2 /WA &, IEHEHOES
135> TV 2708, AL TIHMETDOHEEE RSN S

(Fig. 7b). ZD7z%0, ¥ 7727 2 a Y HROKAES
DEFETAEL Y, BRI WEE 2 >72
LERD.

NATIVE W[ {§ C5E i Ol & B OFRAE I D
V% 720021, RERITER O 22 TR OS5l % 5D
HWEN B L. I TN DZEALDIHE R 5 72 BEAH &
BHoTRNIF—F A LERETHDIED, HiABDEB
D WGEI O L AS A A%, PEIR BT 5T b Az
OB FERTAEL L. XoT, ERBIZOA flow
compensation & V2% Z & T, FRAETOE T T A
Il S, NATIVE B OH RO M FIZEA35 &
W25,

4. & 5B

3.0 T &\ ) B\ g5 5 2 0 magnetic resonance
imaging(MRD 2 2 fEH 3 2 2 £12 XD, 4 alEHif
L 720X A 3D-FSE %13, HLISE Oz L5
W R ZITR IR, RAEHOE F T 28 HE 2
BRI E o7z, 2Dz, BT x2H)
fill L E oz R EZ i 5 120%, TS IE
WY M IS B 3 % 20, AN W IS
YEERIIC flow compensation & H\ 2 LEEiASH 5.

F72, SO TIZIME T O A O e L 08
LT, FEMHE&E DT> M T X NOBRZ
E, SRELR AP LETHEEERDL. =T
AR 5 Z & TYRERE - DURHHE T D NATIVE
RO H DS E L SRS 5.

E

FEBRICHT I T2 &3 F L7, REARRPE TR
& 995 5 [ SRR AT 0 72 R A AR B AT B8P 0 MRT 2 0D
HWSTISHALFE L L £
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