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ZEEDOWHIRE, NE#iRE 7 A —F1cDnT
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1) HHEES L UEREE

{50 PR R 13488 A0 MR 3558 Signa Advan-
tage (GE tH&, BHHME 1.5T) TH %, M
EETNVE L TIMEERE & A 4mm DY
S=NVDF a—=TERWT, KEKE LT
KD F 22— 7% EE L body coil % FwT
W7o, MEIRERGONTHRICTHIEL,
HROHRENESN TWAERERL /2. FE
WHELZF 2 —7OMERETRL TEsN5E
B & Uz, MEE T IVIE 2 R,
B ME T 7V IZERRICTEI TN S T
W, BRRELE €TV FREEK2%,
50%) ThH 5,
2) WBITE

#5213 3D spoiled GRASS (SPGR), 2D
SPGR ZFHWTIT-> 72,

3D SPGR TiZ TR 22ms, TE 5.0ms, flip
angle 40 , matrix256 X128, slice thickness
2mm, 32 partition ([ & F R 1328 parti-
tion), acquisition 1, FOV 28cm & L 7z,

2D SPGR T, TR 46ms, TE 8.0ms, flip
angle 45 &, matrix 256128, slice thick-
ness 2mm, acquisition 1, FOV 28cm & U 7z,

F+—7— F MR angiography, Gd&-DTPA, fat suppression
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Body coil 2T, ZOMOEEIZOWTI,
EZETA Y RUFOLEBEROBREED &F0—
EBWZLTiTo 7.

3) [E5HME

EE5EE IBLEE 2 1 IR DEE®RE S
Bk Loy 7 750 F (KEKT 7> hA)
DIEERE OEEREIC L > THRLUE (signal
istensity/background SD) % SNR & & L7z,

mEtIE B

1) 3D slab 2B 2 AEDE=EELRL

3D SPGR 1 THIADSEARRIC TN S ME £ T
Wi flow &EATIZ slab 288 7E L CIRIEDOHEE %
10cm/s 7 & 70cm/s ¥ T 10cm/s Z L 12&1b &
¥ CHGBETo 7/, MR ARG K E G-
DTPA A ¥ ¥ (0.1, 05, 1, 2mmol/l) % H
Wiz, HIEIRAZ 7HRA S LD lem, 5cm,
10cm, 15cm, 20cm OFF5 & (EICKRA >+ 1
M55 E L) BWTTY, Bk MIP JE
27 SNR 2HIE L 72,

2) PRAEMEE T & B REHEEORES

Gd 1% 3D SPGR #:idyifsiexd LT slab %
SEATICERE T 2 B CILEF ORGSR 21T 5 BH
ARETH 5. S F TILHAOHKE BRI, TOF %)
Bz X3 2D SPGR BRI TH - 72,

7 2 CTHHREIEOPAEEROREHIRE & FhifaT L
2. #REFEIZ 2D SPGR Tiddifkicst U CFET
WG EAT S T, fEfNC X A ESE T
55 A, WAL TEEICERERE{To /2.

PRAEMEE T MCHE L L THREKRERNT
AR DOMEE % 10cm/s, 30cm/s, 60cm/s =25
{t&+T 2D SPGR 12T flow 12X L CEE I H
BETV», FA—F T VIR E LT GA-DTPA
1mmol/1 B %2 A > 3D SPGR 12 T flow &
ST slab I TR R T 2. BoncEKR%E
MIP LR L THRAEER ORI 217 - 7z,

3) Gd-DTPA #&# 3D MRA 2B 2 #EH~

T A —F OMES

FERCERICAZHN E LIciR{R/ ST A —2
WZOWTHE L7, GAd-DTPA OoIFEE &L
T4BEOBE OKER (01, 05, 1,
2mmol/l) ZERLL, FREFELTA ) —7F AL
Wz,

3D SPGR 1z T ZFE OGS THRMER L /2.
Fat suppression Z8fH L & WiE& (TR 24ms,
TE 69ms) LA L7354 (TR 43ms, TE 5.0
ms) &Y, #FH LT TE % opposed phase (2 2%
EL72HE (TR 46ms, TE6.9ms) T, Iho
WBWT flipangle # 10 25 90 BT 10 &
HEALL TG RIT-> 1. EBROBK T, B
GREFH OREREAIE N O GA-DTPA DEE 2
BT 2HEEETILEDNHDY, 5E TR 28
WORRET L7z, BEFTIREZ A TR 1% fat sup-
pression DHFA, TE OFEICLDEBICL D]
R A7z, 2 OO DWW T, matrix
256 X128, slice thickness 2mm, 28 partition,
FOV 44cm, acquisition 1, 1 NEX & L flow
compensation Ex Ve, X, EKZFESA K
CHOLEBEBOREF D ED—EC L TTo e,

i ES

1) 3D slab i BT 3 RAEOESHELL

TR & U TkE W4 1 slab OFRAZRIC
BV, HEBSHOTESNR ZE L, Buboid
oz, LT, slab AERICEIDPWIFRAED
BEEEIIERIE T L, R4 361
ETORHEWBWTHREENY 7757 FOKR
HIHT &% (Figl), Gd-DTPA 0.1lmmol/1
KW A TRV IGEE L, R4 > b 3 DIk
THREDEE 2B L2ENTE L, £ TOMEK
BV, FRICKERHWIZEEICHART SNR X
R L7 (Fig2).

0.5mmol/1 7K ¥& ¥ T 1% 0.1mmol/1 1z Bt~
SNR iz EH UL, B4 b1 K2 TlE, FeE

19954F 1 B 5 HAZ8 19954 2 H28HKGET

ARIEERSE  T270-16 TIEREVEEHIBREEN1716  AARERKFETERREERSHEMRREE ML
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Gd-DTPA 3&E# 3D MR angiography O#ET
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Fig.1. In tests using water as the fluid, we measured variantions in SNR levels
caused by changes in flow velocity in the 3-D slab at a total of 5 points ; lcm
from inlet point (as point 1) and at 5cm intervals (points 2 through 5) starting
from the inlet point. At all flow velocities, from point 3 on we were unable to
distinguish the fluid from the background.
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Fig.2. When a Gd-DTPA water solution of 0.1mmol/l was used as the fluid :
Measurenent became possible even from point 3 on signal strength was quite
low, however.
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Fig.3. When a Gd-DTPA water solution of 0.5mmol/l was used as the fluid :
SNR value increased when using a Gd-DTPA water solution of 0.1mmol/1
greater. The faster the fluid flowed at points 1 and 2, the higher SNR values
tended to become from point 3 on we obtained stable signal strengths on the
whole.
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Fig.4. When a Gd-DTPA water solution of lmmol/l was used as the fluid.
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Fig.5. When a Gd-DTPA water solution of 2mmol/l was used as the fluid :
SNR was the highest value. It described a straight line overall on the graph,
and there was little variation in SNR caused by changes in flow velocity. We
obtained high signal strength at every point. Within the range of concentra-
tion used this time, the relationship between SNR and the concentration of the

Gd-DTPA water solution was proportional.

PHOFE SNR IFEWEL 50D KA >~ b 3 LIREIE
A S RELUIEE -7 (Figd), 1Kk
U 2mmol/1 VAR T3 & 512 SNR 1ZE R
EHL, H#EOBEWICLS SNR 02 hidd il
%0, 77 713X VERY L x5 (Figd)
(Fig.5).
2) BREEIME T 72 & 2 HEHEEOET

2D SPGR IZBWTIZ, AELRS0%ET LT
W, FHEASE < 7% B D LTI DS B
AR L, BRESPPAZE L it s n
(Fig6. A. (b, C, d)). 20%EFT L TIZ, W
HWOZANIC X A REHBEDZ L1372 (Fig.6.
B. (h, i, }). #fEIC GA&-DTPA Immol/1 7k
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BOLL T E e (Figb, A, (e, f, 2),
B. (k, 1, m)].
3) Gd-DTPA #% 3D MRA 2B} % g
T A —5 OfES

Fat suppression Z#ff L 2 WIHHITBWT,
Gd-DTPA 2mmol/1 /K T i flip angle 30
Ep s 50 BERE CEEME ITRREE R L.
Gd-DTPA 0.5, lmmol/l K ¥& % T &, flip
angle 20 &, Gd-DTPA 0.lmmol/1 K& Tl
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Gd-DTPA 3% 3D MR angiography O#iaf

Fig.6. Investigation of delineation per-
fomance for models of constricted blood
vessels : we studied delineation perfoman-
ce by imaging with 2D SPGR and 3D
SPGR using tubes with an inside diameter
of 4mm having constriction rates of 20%
and 509%. 3D SPGR using Gd-DTPA as
the fluid excelled at delineating constric-
tion. In delineations for 2D SPGR, it
seemed as thought constrictions became
obstructed when the constriction rate or
flow velocity increased.

A. stenosis 509.

a: X-P,

b : 2D SPGR (60cm/s, water as the fluid),
c: 2D SPGR (30cm/s, water),

d: 2D SPGR (10cm/s,water),

e : 3D SPGR (60cm/s, Gd-DTPAImol/1),
f:3D SPGR (30cm/s, GA-DTPAImol/1),
g : 3D SPGR (10cm/s, GAd-DTPAImol/1).
B
h
i

j

k
I
m

. stenosis 20%. B
: 2D SPGR (60cm/s,water as the fluid),
: 2D SPGR (30cm/s, water),
: 2D SPGR (10cm/s, water),
: 3D SPGR (60cm/s, Gd-DTPAImol/1),
: 3D SPGR (30cm/s, Gd-DTPAImol/l),
: 3D SPGR (10cm/s, GA-DTPAloml/1).
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Fig.7. Changes in the SNR of Gd-DTPA and FA for
each concentration (without FATSAT) : On the
Whole, fat signal strength was quite hight ; this made
it difficult to achieve a contrast between Gd-DTPA
and fat. TR 24ms, TE 6.9ms, matrix 256 X128, FOV
32cm, flow compensation.
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Fig.9. Changes in the SNR of GA-DTPA and FA for
each concentration (with FATSAT and opposed
phase) : By setting TE to opposed, we were able to
further reduce fat signal strength. For this parame-
ter, a flip angle of 40 degrees made it possible to
achieve the greatest variationin Gd-DTPA and fat
signal strengths. TR 45ms, TE 6.9ms, matrix 256 x
128, FOV 32cm, flow compensation.
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Fig.8. Changes in the SNR of Gd-DTPA and FA for
each concentration (with FATSAT) : Fat suppres-
sion greatly reduced the fat signal ; it became pos-
sible to attain a contrast between Gd-DTPA and fat.
TR 43ms, TE 5.0ms, matrix 256x128, FOV 32cm,
flow compensation.

<, BER5® SNR »8 Gd-DTPA 0.1mmol/] A&
WL bEWEE 27 (FigT).

Fat suppression = L 72354, BIHFOE
E0MZ 51 GAd-DTPA KW & gl O SNR
DEMOWIz (Fig8). 0.1, 0.5, 1lmmol/l TiZ
flip angle 30 T SNR R&EEE%2 L7, Flip
angle 30 LI ETlE flip angle 2 K &< T 31
L 72285 T SNR 124 L7z, Fat suppression
PO L WIBA TN SNR 2B E
Ek oz,

Fat suppression % ff H L, » D TE %
opposed phase (6.9ms) KL HREL I2E&
(Fig.9). Flip angle 40 FEf2& T Gd-DTPA &
BB Oa > PR N EBRRICDOTIENTE,
Fat suppression ffH D& IR E S1ZiEF D
SNR 2MEWE & & - 7z,

Z =

3D TOF 31z & 3 MR angiography 134558
BBEE O ELI RO O BRI EIFH 1 B 1 B ERIRIG A 23
TN T3, HRGEHFHOERNILNANECB
U TUE 2D time-of-flight IR F IR &> T3,



Gd-DTPA &% 3D MR angiography O#s}

Z OREZEEIC1E 3D TOF MR angiography i
B % slab WTOWHAEF O 70 b > ORI
SFEHERTVET SNDE, T DWW TIHRER
N A—% OE#EM, slice volume O gD,
multi slab acquisition I & % # &, TONE
(tilted optimized nonsaturating excitation)
REDLTRBTONTWBEYY UL, slice
volume %/N& T 2 H LRI ER A
JRNEFIC B 1) 2 RS 205, X, multi
slab & slab D EINZ < 72 2 B iRREF R DAE
BRI L% 5T %, TONEHIZHHED &
ZARAND L EBb S,

KEBROFER, WAICHEEKEHweHBET
1& slab TERICBWTEFETAB O MEET
WAZER U123, GAd-DTPA KiEH % Fv 7238
FRIRECG U TRWESRE G, &
DR’z slab BEC B 2 & {EH 1L TOF #hE T
B ond, GA&-DTPA @ T EHEIE X 3
LEzond, EBCEENIZ GAd-DTPA »&
ELOO®EEITO %A, BRIME B %Gd-
DTPA O RE 3B E A ORI~ O5
MO, FEREIC LD EBRET VORI —EE
Eridkon, LrLEHZTI2H00, H
BIMFFEE &2 D slab WTOMKEOEIFIC L 5
FEETZ2HE, MEOESHRERHEET 2 &
Ezonb,

PNCSS = ik N Tl | R 2= RN B e 3P
WORE 21T o 1oy, MK EZKEARD T [EHE
BHBRIZDOVWTERET ZLEND - 2, SEHE
A U7:2588 KD T, {E1% 3000ms, MED T {Eix
1200ms TH 2%, TELORX %2 AW T, Gd-
DTPA /KEWR & EB I MM 1= GA-DTPA %%
G L7BO T EIZDWTRD /2,

1/T,=1/T+RX[Gd]

T : relaxation time of the sample without

the addition paramagnetic compounds.

R : relaxivity.
[Gd] : concentration of Gd-DTPA.

relaxivity 13 4.5 & UCEF&E L 7.

I BEBIZAEIZ GA-DTPA 285 L1z L&D
BIRA DI DEE I,

[Gd] arterial=Gd infusion rate/cardiac out-
put

TRIIENTERY, EFHKEROIZEETIR
(0.1mmol/1=1280ms, 0.5mmol/1=387ms,
1mmol/1=207ms, 2mmol/1=107ms), [M¥&%
Hw %4 i (0.lmmol/1=779ms, 0.5
mmol/1=324ms, 1mmol/1=188ms, 2mmol/
1=102ms) &7 5,

SE#ER L7z GA&-DTPA 0.1lmmol/l 7K ¥ %
DR D T EWGEWETH -7z, FREAK & M
T3, LEokk TEICEEZESE UL, BE
DE LR BIHES TEDERD R RoTz, Gd-
DTPA&E # 3D MRA T, BEE O Gd-
DTPA BIMENCFET L EEZ 6N A, T
DEBRROEEDHER W EEZ BN,

WRAEME € 7 M & BREHEEEOMET T, %
EOREPTEOEEIC LY 2D TOF =TIk
EEIEARICHH SN ERDS D - 72, B
& Z OHIBTIRMEDOE, WIS IIETRED
ERPSEHICERL Bl &R sns £z 5
na, EERICIAEANOIME, #icmErExEE
ZHT % b OIXME OB ZATR P MAEEE D
R, REZICLYVMPBOT7 0—8 — > 138
B0 2D in-flow FhHE I Xk % 2D
SPGR Tl Zh 6 DEMZFEH IIR#ETH 2 &
Bbhiz, L»L, GAd-DTPA 2HAEKICH W
3D SPGR T, 2D SPGR Iz lh S22 DHEH
REIZIEREZESE o NI, ThidARED in-
flow IR DEFEL D7, LEEOBREM
MFEBDOHEZZ I WDAZ ST, flow 12
177 slab OREDHEETH 2728, B4
REENBOND EEZO6ND. > TRENE
WIREE O ERTH 2 L Bbhik.

SlEl, AEBRIZBWTHOIINEE T VIEA
B dmm Th 5., EBEOAEROBIRTIE, WE
dmm DM AR WCEIIRICOFES 510,
FEBRICENOEIIRIE, P 2mm 25 6mm DIl
B CIXIMR O FEL 20cm/s > & 50cm/s TH
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v, (MEREE% 3.5¢cp £ LT) Reynolds num-
ber 1Z 110 725 850 TH B L Wb LT3, =
DEBICHEH L M€ 70T, Wil 50cm/
s T Reynolds number & 2000 &7 b, 4[H
AueiiElclx, EBRcEBEONEE2ET S
M % F 5 My ELe £ 2 82 L D
G ZTLEEERTLHEND L, X, E
ETNVOWHEINY -V BAEER LD 2 EDF
BIZOVWTHEERTE R, Lrl, BERE
HOMETTIEAR D TOF R OFEEIIH 5 DD
D, FiZ GAd-DTPA @ T JE@HEzhRIckFET %
EhoHk T 7 bARRWTICEIL LT 7
VN AERBWTRE Uk, EEROBRICH I
LT TEOEWEFEDa > b7 2 M HHE
Lnn, 2T, RFENHEE (CHESS) OffH
WHERTH B & #E 2 J2, Fat suppression
(CHESS) 137k & B O 05 E # % D 7 % H)
Hd42hHEThHs, 15T ORGSO &£ TiXE
B 70 b v OSBRI T35
ppm (220Hz) /NS WHEEEFIF L CHRIE R
DA BRI S 5 b DTH S, Fat
suppression OFFFIC X ) MERH O T L5
T AEFIRFR OB BRAE 5 2 HIHI L ¢, FEsy
EIE D GAd-DTPA AEHKICEWTH > b7
AN 2 RIFIZOT 2B HRE L 2o 7o, AR
B 2MEOEEREIX GAd-DTPA DBEICK
FY 5, 0k, HWIMEND G-DTPA O
EREL T3 I IRGREOFEMFNEE LV,
COBED»S 1T TR BRENHEETH 5,

L L, fatsuppression Z#fH LA WESED
&% TR ® 24ms Tid GAd-DTPA KBERDE=
EE IS ITENE L ko T, Z BRI TR &
IR WML 135G, iRsEcy, 5
BEOERTICORNLEHERT ILEND -
7.

Fat suppression fff CldRD %/ OV AL D
HHARELRE TR 3EET %2, TR OERE
Gd-DTPA OIREDE T D00 v A F AHE
LB, ZORM, fEMMEEE S £
Blar»ro 377 28R RS &2 505, TE
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DOEFFETIE, fat suppression ZHFH L 7EEIC
BOITKREEFETH>N 5 HKETE bms &
opposed phase &7 5% 6.9ms TEE#T % &, TR
ThbbRERMIZIZEAEEDL ST, EBE
R o lgEESOMHEIC X DEIROEWTE 69
ms BEWERbiie.,

Flip angle M E X GAd-DTPA {EARFICEB W
TMEDIY T AMNE2DITEHNTEETH
rEZ o, 10 BEREEO flip angle TIX T,
BHOBERRME I WE, FEEE K
¢, GAd-DTPA OREEDE LI L 2EET07%
molz, LaL, flipangle DK E L BHIZZFD
= HEMEIC s > 72, Fat suppression 26 LT
TE % opposed phase & U 7z35& D FA 137 40
ERET, GA-DTPAKBR LR D>~
FANBRKICTAENTER, Lrl, £
MU EDFA O¥RE, FE5RECETEZLS
L7z, ZHISEIRIBIREOREN R E b R b BE
INnb.

BR KRBl

DL OFERD SERICB W TREEIT- 2.
Fig.10 13 ASO Ot DEERI T LR Bk
5 K EREINR £ T bypass graft BNEMNT V1S,
2D SPGR ¥ (axial plane) TiXslice H & [RF
AN ST % bypass B3 3K TS 5. L
L, GAd-DTPA & # 3D SPGR #% (Fat
suppession # ff f§, TR 46ms, TE 6.9ms,
flip angle 40 ) TRIMEDEITICHEI NI
L BRI SN TWwA, HRICIE GAd-DTPA
20ml & 1/2 W&HERL T, 40ml & LTEELDD
coronal plane I THG 21T - /2.

Figll i3 B8 EEREk ¢, mMEER (DSA)
2B W TERIE B BIIREAE R O S B BTk
IsE e Sz, GAd-DTPA &7 3D
SPGR ¥ TIFIRAES O H, NEOBIRE T
DSA L B —&L Twie,



Gd-DTPA %% 3D MR angiography O#&at

Fig.10. (a) 2D Time of flight SPGR and (b) 3D SPGR with continuous Gd-
DTPA injection were obtained in a patient with an occluded left iliac artery
bypassed with a left common iliac artery-to-femoral artery graft. The bypass
graft is not seen in 2D SPGR because of in plane saturation. The continuous
Gd-DTPA injection method (During continuous infusion of Gd-DTPA over a
2 minute 20 second.) yielded superior delineation perfomance results for
bypass graft sections.

Fig.11. A patient with ASO.

(a) Conventional angiography (DSA).
(b) 3D SPGR with continuous Gd-
DTPA injection.

(c) 2D time of flight SPGR.

The continuous Gd-DTPA injection
method yielded superior delineation per-
fomance results for constricted sections.
We obtained an image similar to a DSA
image. The 2D SPGR method excessive-
ly delineated an obstruction in the con-
stricted part.
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Though MR angiography can provide images of blood vessels without using a contrast
medium, this method involves a number of problems. Using flow phantoms and similar models,
we investigated delineation perfomance and imaging conditions obtained by continuously inject-
ing Gd-DTPA within the 3D MRA imaging time ; 2D and 3D TOF were used for comparison.
The results of evperiments showed that the compaction effect of T, for Gd-DTPA in the fluid
prevented drops in signal strength caused by saturation in the 3D slab a problem up to now and
that wide range (coronal plane, etc.) imaging is now possible. Also, superior results were
achieved for delineation performance for constricted parts in tests using models of constricted
blood vessels. With regard to the imaging conditions, we applied fat suppression techniques and
obtained a maximum contrast between the Gd-DTPA water solution and fat by setting FA at
40 degrees and TE to opposed phase. Based on the above results, we carried out clinical imaging,
obtaining significant results for delineating constricted portions. The results obtained suggest
this method is useful in supplementing existing techniques.

125





