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flight =AW SN TN~ Zhicxs L,
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KEFZMEROBHEIBEONDL LDk
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—HAEREEA RS20, BRERHEN
EW EEFIRARICRE SN, BIEFZEIIRRE
BPELNEV. Fox dRHESFEICEN /- 3D
BEMRA Y —r VAERWT, BEAED
dynamic study #47\, Bk & Bk 2 RIRIC
i 5 7c DI LB BRI O S DWW T
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HOBEGBIBONEZEEFIBLT Y75
79 VI K BEEIRO S BERTR S REDP ¥ D
PIZOWTHEF L, HETFOHMRZ//I-OTH
EH95.

HREBE

IDEDS I 3
x4iE, 1996 £ 5 Br 5 7 A ORICEBHE

BiZ MRA BiEfTahizc22 61 (BHE56, %«
P17 B, 22 %~82 7%, FHFEE45.2%) T
B5. TONFIT, IPEEER L OINRER
8B, FEMEG G, FEMANES3 G, BizEE
5ITHA. WTFNOIES b, BHEEREERY
DIMEREBOEOHEIL .
2)H B

(FF%:E I3 PHILIPS #-84#8(58 MRI, GY-
ROSCAN ACS-NT (¥uZwE15T) Th
%.
x5 22 FEGIIC L, MRI &R L BT HHE
H &l 7ORE R BT 5 BT, RIS
WAERMIL23D OFES 7YV T/ FIa—
# (3D-T1TFE) I & % dynamic study % 1T
sl TOBELN/ T —X & HWT3D &#
MRA %{ERL L7z,

BGy— Vv ARMNHEI VI FER low &
high (centric view ordering) & L, 6 shot 1k
L7z 4 shot DFEFHD A RERFIE/ L A % £
ML/ DTHAHYD. ZOHEICED, Er
ICIBBREI SR 3 5720 C, BRI
OEBRZES Z ERAETH 5.

®|BN5 A —x—i%, TR/TE/flip A : 7.7
ms/2.5ms/20°, EEFK 1E, FOV 40cm
(RFOV 80%), A5 7B 84mm, A5 74HEl
14, EHAS5 A4 AE12mm, HE matrix

* —TJ— K MR angiography, Gd-DTPA, fat saturation, 3D imaging, subtraction
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13 179% 256 TH 5. BGEIEIIERE T, o
AWV body coll A L. TOV—r V2R
OHTGERFREIT 14 B TH 5.
EEHER, BEEAR (BAAGHE MR-
S) ERWT, FE#I) 5 Gd-DTPA 20 ml
ZERH 1ml OEE CTR—5 ABEL (FEHR
#C0.12~0.22 mmol/kg), #EEILA 10 Bk
DOBRBET-7. Ik, BRI TS vy
2T TV, BFAOEATORE &4
b T, &5 9 EHD dynamic study % 1T L
7= (Fig. 1). BIE®IFAT-> TWizL.
INHOHEIC L VB LNIEGRERHWT
a) MEDREBHME DRRWZEL, b) FAEIR
DHHBORBE, o V7 F5 7 v s VERICK
HEEIRDEERROBRE, O3 HICD 2R
L7z,
a) MEDREEHREOHEE
ERFHHOKEIR - TREHIR - £ AR BB
AR & B OS5 HE # JLEER ECRIE L.
wBEEIk, BEEHIRICOVWTE, ThZh
EEDFHELREEREL L. S6ICELA
e T — R0, KIMEORE—(F B iR %
ERL L7z,

b) FABEIROHHORE
FIKFMHEIPOEIRMHEHOLETIIB VT,
MIP (Maximum intensity projection) & &
TEBOWMELZ A, DTFTOLSIC4EBET

Gd-DTPA
injection

phase 1

(prior to injection)

0 10 24 38

A L 7.
A tEg, MIP BRI T AEIRAHHE S
AQN
B: THEE TIIEIMCHEE I 525, MIP Eig
THEHMH SN,
C: tEB CIIfEIh 52, MIP @ Tl
PIZOABEHINS.
D: tiEfg, MIP EEICEICHHE S h 5.
HIEL 2 B OBSHEEIES I LT - /2.
2HROBRBEL S 125BEE, FELAWVICLED
ERRICHRE L.
o VT NIy e VERIC &k HEEIRS R
ROBE
B 57— % ACR-NEMA i ZF# L, Med-
Vision EIZE=E L7z, 7 +F573v 5 Vi,
original [ & % slice-by-slice T T \», Macin-
tosh £ T Photoshop Z WY T F5 7V g
VEGEER L. fi, ARERETSHILT
ENRIR O 5 BEE B O ERL b A 7.

f& R

a) MEDRESHREORRHZEAL
Bon/RHE—FESREmG % Fig. 2 1058
. BRI S RIEFICHH S 7R, 58
SEEETh AREFIL 18 61, 25 4 WefHA 2 4,
HEORMEN2HTH - 7. Fiz, £EFIDF

phase 2 phase 3 phase4 phase S phase 6 phase7 phase 8 phase9

66 80 94 108 122
second

Fig. 1. Schematic diagram of dynamic study protocol. After a precontrast scanning (phase 1),
eight consucuitive gadolinium-enhanced MRA are performed.
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SNR ]
50
45
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35
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25 “:
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L _,— Aorta
15 —x CIA
ve

—/-i//l// L Tz

1 2 3 4 6 7 8 9 Phase
precontrast (10-24) (24-38) (38-52) (52-66) (66-80) (80-94) (94-108) (108-122) Time (second)

Fig. 2. SNR ; intravascular signal-to-noise ratios (signal intensity (ves-
sels) /background noise) CIA ; common iliac artery CIV ; common il-
iac vein

Curves of signal-to-noise ratios (SNR) of aorta, common iliac artery,
IVC and common iliac vein as a function of time after a bolus injection of
Gd-DTPA.

phase 1] AQ22) ]

(precontrast)

phase 2| AQ22) |
(10-24s)

phase 3| A1) L

phased | A(2)
(38-52s)
phase 5 | A(6)
(52-665s)

phase 6 [ A@) |

(66-80s)
phase 7
(80-949) (1)

phase 8
(94-1089) (1)

phase 9
(108-1225) (T)

D(7)

DB

Fig. 3. A ; no visualization on original or MIP images B ; faint visualization only on original im-
ages C; faint visualization on MIP images D ; clear visualization on original and MIP images
Assessment for IVC visualization. In seven cases, IVC is clearly visualized in the MIP images
from phase 6 (52-66 seconds after a bolus injection of Gd-DTPA).
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BETIE KBRS XUCBBEBIROESHRE
X, FINHE (SEASHER24P~388)
TE—=Z7ICEL, TOEBECHTETF L. &
i L, TAEIR & BBESIROBSHEET
45 REMOBINEIS SRAT, 59K
(R 108 #~122 #) & CHEFICHM L7-

b) TFRENROWHORE

HARA (F38#~52%) Tk, SHHD

(FAR#AR A MIP B EBBEICHE XN S)
322010161 45%) THo7. Thick
LT, #5K (F528~66%) <Tit 74
(31.8%) NFHHED TH D, FE6HAE (F66
B~80) TIHEBILH < DRESITEIROE
EVICED, BROWBBARER & ko 2
(Fig. 3, 4).

c) U7 bS5y a VERIC X AEEIRS R

Fig. 4. Dynamic MR angiography (MIP images) obtained before(a) and after a bolus injection of Gd-
DTPA (b)-(i). IVCis faintly demonstrated on phase 5 (38-52 seconds after a bolus injection of Gd-DTPA) (ar-
row). Signal intensity of IVC increases gradually from phase 6 (52-66 seconds).

Fig. 5. (a) MIP image obtained phase 3 (24-38 seconds after a bolus injection of Gd-DTPA).
Pelvic arteries are clearly visualized without signal contamination from veins.

(b) MR venography obtained by subtracting phase 3 (24-38 seconds) from phase 9 (108-122 se-
conds). (c) Subtracted image with (a) and (b). Arteries are demonstrated as white and

veins black.
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3D &R MRA % i\ /o BIREIR, #RIRRE

mOBE (Fig. b)
BEIROTV PSS A PR E TR HE IR
HOBEG» L, KEREUCBEEEIRORE 5HE
EikbEVEIHHOBEGEY T 57 v
a VT AIEILES T, BRATR EHH I NG
n - 7z 3 Bl % Bk < 19 6l T venography % {EB
F52 &P TE (Fig. 5b).

¥ 7=, 85 417- venography % [ & K X
¥}, BROABHEIN T EE IBHEOBE S
EERT AT ET, BEIROSBERRPFRET
& - 7= (Fig. 5c).

e =

EE, EEATBWER, BRERO
MRA BRA LN TV HY~0I - R i)

% IERHITEICERFIC L A T BRI
ko TnBY., Lichs TELDOYBD LI
FEL L IIFEIRD SEFFEATT - 1235
&, BBRFBCE VTR ETHRARES L&
D, BICEIRLEREE LE 59089, 5%
AIEIC B\ A EIIR O FIRAUHE SRR L
TWABEE LS. —F, W 2hDmXITEW
THLUELIIBIRICE x> TRIRL#EHINS
FABHFEINTE VO = b OEIRE
BAREHTHS. Thid, BBy —7 VAR
RIS EW-OIC, BlROSEHIN/IZEEZ BN
B, BIREEOZA I V7OV TEWL Oh
DHRLTONLNT NSBB8, IR O %
A IVIZIROWTHICER L, #ELci
V. D7D, SEEER LICHREGRHE
D%\ 3D EE MRA % A\ CEEIROKREGE
BEICOWTAN, BIRZZRICHELE LS
BEMERDT .

RRE B HIRIC BT, KBk, BBEEIR
DESHEL, FINE (GEABHEE 214D
~38F) ETRRICHEML, ZOKRDP <D
EWA L. —T5, TAEIR BBEEIROE
BHEITh I DBRTHEML, #5EHE (R
52 #~66 &) DIAREICIZFHI D OMEBIAFRICHE

mi7 (Fig.3). #£-C, Tho®EikRz R
RPICHRE T L4803, BB —7r v/ ADa

S A MRERZIR 2 BHEBZITNTE, &
EZzbn7c. FlziE, mMERK1IEOY —47
VATEEOMMI YV 3— FE (linear enc-
ord) IZH T, HEKFHE O AR T k-space
LOEBERS DT — 2 BRESIND /2D,
ORZHED 7 — 2 PEREEO IV PS5 A b
TR S EE 2 HNAMRD, T ORI b2
BEBZTWESICTHEIEBNELEZON
5.

MFEOTERIFHENE, &8, S, O %
B, LIMEHREEOF R SICEE SN, BEA
ERKEVWELEINAE. L LSERD
S, AP TRS E L2264 21 4
(95.5%) THEE 7. Ei-—RICERED,
KERE, PAEMEIRIE(LESO MEEREE T
I OTEREFE SR, BEEATEEL T
O EBRMOBEIRAHE L SN 5 £ TORREITEE
BT 59. ABROFMRE—HEmwmEL S E
NTW5AH, FH45.2 5 &L HERIEETH D,
FLMEREBEEZEISEN TRV, o
T, TOS2HUAE VS EFEH5EBTH
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HEIRGRBOLNSLDEEZLNA.

Prince 5 DHETIEY, TABIROBBHE
OWINTEERBERN 2 S LUBEICER &k
> TEY, SEOH~DOFEREITMEELD 5.
CORRA, BEAOEANE, FICEARE
DEVCH L EBHNS.

I DO MRA OFHFIC KT HEEFOEA
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T %D ~6.8 (LT slow infusion ¥£) 12 K5l
TEAHEEDPNS.

Bolus injection D&, B EFEICLEORE
ERRBEING. ZOD, FEREY ER

¥ LD 5 7 DICTEG T OB A SRR
TRKEIRICET L2 DB 5B, —7,
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slow infusion & CiT B REHIYS D OB 5 B2
iz nie®d, TREIRCOBEHRORE EFIC
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4 75 i\ 7z bolus injection ¥ T3, Prince &
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Selective Delineation of Pelvic Arteries and Veins Using
Three-dimensional Gadolinium-enhanced Dynamic MR Angiography
with Fat-suppression
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Tohru ISHIKAWA?!, Ryoichi TANAKAZ, Marc Van CAUTEREN?

LDepartment of Radiology, St. Marianna University School of Medicine
2-16-1 Sugao, Miyamae-ku, Kawasaki City, Kanagawa 216
2Philips Medical System

A T1-TFE sequence with a spectral selective fat saturation pulse was used for three-dimensional
gadolinium enhanced dynamic MR angiography of the pelvis. MIP postprocessing was used to
obtain MR angiographic images.

The pulse sequence parameters were: TR/TE/flip angle=7.7 ms/2.5 ms/20°, matrix of
179 x 256, 40 cmFOV (RFOV 80%), slab thickness of 84 mm, slab partition of 14, and slice thick-
ness of 12 mm. The scan time per sequence was 14 seconds. After the Gd-DTPA bolus injection,
eight consecutive scans were performed,

The signal-to-noise ratio (SNR) of the aorta, the common iliac artery and vein, and the IVC were
plotted as a function of time. The signal enhancement of the aorta and the common iliac artery was
its maximum in the third scan (24-38 seconds after the Gd-DTPA injection). The SNR of the IVC
and the common iliac vein increased gradually after 52 seconds. In seven cases the IVC was already
clearly visualized in the MIP images from the fifth scan (52-66 seconds after the Gd-DTPA inject-
ion).

Preliminary results suggest that the central lines of the k-space should be acquired within 52 se-
conds after the Gd-DTPA injection to obtain MR angiograms without signal contribution from the
vein. In addition, our methods allowed to image arteries and veins separately in all but three cases.
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