R=E

Gd-#EH 7 7/ bz Tr @i a Y b5 A P ORI #RE

FRIE T, EHRHET?
HE B &I EL
R &’ AL,

BRI, HE &Y
Y HE I, R AR
W 3 2

BB RREE R VX — 2RISR

FL®BIC

JESHEIRIC o1 A &A= W - BElT,
SOREHE L/cERAlOB - ERHTHO 2 %
%% MR angiographyD~® % dynamic MRI% &
BEOBEHBICERTHIEEMRI VS5, X
£ BRIC & D BEFE VA RBITEN R
D, BANCIG U TRl SVAY = VAT &
RTHEBMHETH%. Dynamic MRI i,
BT EYEGE CIIBAZ LOTERWVRE &
EHEBOMERHEOBWC L 2EBIV S
AFOECWEFIAL, Ml &% mkE
BowmHCREEL CORBREOZE Y BV L
LTWBDiIcx L, ## MR angiography C
TER - PR COMEORHMAHME L, %
72, BE O MRI IZEBERE OEFIEHEE)
BERET20ZANEL TS, —F, AV
ENBENVAY—7AETR - TE - FA 7x
YOBBNS A= > TCTilHAa vV 5
A FBREEBINLRZS TR, WVAY—TrV
A TEEAICH T A RERE AR D, EE
OERERC Sz -Tid, B2 D/ VA~
VAZ LB T ERERAELNS LD
TR -TE - FA K OBBIINT A — X &
L, EEANCHT 5 RREREAIE L Tk<
CEREETHH. T I THAIT G EEH %

BELCLEBONALEZONAFR X
CHERME RO MFAREZEBEL, 0.1206 40
mmol/l DAKERE 2 & E R E £ T Gd-DTPA
KEBEZIER L, Thuxd &icTR- TE -
FA #R#EL LAYV IZa—, F—KRAL YV
Ia—, GRASE, &7 +—J)VF1ao—, X
—R T 4= FLa—lr EO/SNWAY— VR
D Gd-EEHICH T HEBRERELTHRE L
7z,

;] &

1. FRA%EE

MRI & 118 mER 1.5T (Philips #8L Gyro-
scan ACS-NT, fEfEMEE 15 mT/m) T,
ZEIANVIEHRR I VAV
2. BINWAY—r VADEBEEHE - IV 5
Z I - SNRIZBS ¥ A 85
1) Gd-E#ARERER 7 7/ Fok LUK
B

Gadopentetate dimeglumine (Gd-DTPA) &
# (500 mmol/l) A EAMEKTHNRL,
0.1~40 mmol/1 IZ 5% L 7= GA-DTPA KHK
EANT16 KDY VT IVF 2 —T (BEFE=25
mm, &I =50mm) % Gd-&EFIREHER
YT E LTHW:. ThbD > bR_RERKR

F—"J— K Ti-weighted images, Gd-DTPA, fast field echo, turbo field echo
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Gd-DTPA
0.1 mmolfl
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0.8 mmol/l
1.0 mmolfl

®
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>

1.2 mmolf
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40 mmolf
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<

~
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Fig. 1. A phantom model used in this study

The phantom model made of acryl-resin has 7 holes (25 mm¢ X 50 mm)
surrounded by 10 mmol/l of NiClz solution. A sample tube including
Gd-DTPA solution ranging from 0.1 to 40.0 mmol/1 is placed in each of

7 holes.

BEOTIERLIUO T2 A VI a—EC
L ORD, FOWEA Table LIZ7R3. K, IE
BFOE#EY TV & U CEBREK, U7
WMETnNTNAWE. £2OY VIV Fa—7
%, Fig. LITR$T X2 IS BAEIL=y 7 VK

BTl SN /ERE 220 mm, & 150 mm
OHERDOT 7/ & (FEREE) AICHEAL
7o 77V P AORLEBSFOICEE, BIC
YVINTF o =T ORMB ETHRICES LD
ICEE L7, \BE&EmEiE, 7 7 v b AOEKm

19994 B 2 B 1999 48 10 A 23 HIGT

BIRIFERSE  T710-8602 FIILRETMEM 1-1-1 BB FRBEHSHER EgthT
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Table 1. Ti-values and Tz-values of Gd-DTPA Solutions

Gd-DTPA T1 value (ms) T2 value (ms)
0 mmol/l 4092 1965
0.1 mmol/1 1294 1222
0.4 mmol/1 473 417
0.8 mmol/1 255 222
2.0 mmol/1 100 90

BELND LS ITHKFICERE L, A,
ERCERE L THREYT- 7. VI LofRk
PR LB OE SR Y RS, £V IINVF 2
—T7DEBHRELZHE L. Ny r7 75TV F
JARX (SD) X7 7 v FARBILOMADZES
iz 30 mme DAF ROL #FEEL, ThHD
HEMBORERZDOEHMEE L. &k, 77
VEFLARICEATESY VIV F 2 =737
RKCHBIzD, ANEx2 THREB LS, Gd-
DTPA K% # 0.1, 1.0 8 X U 2.0 mmol/l F 2
—7D3RFIEICHEL, BEBREDOT—X
FIE & L TRV .
2) a3V F5 AN - SNR OB
BOoN/cEB LD ET 2 — T DEFHE LN
ELZObav S A MR (C) LU SNR
RN Z D RDT-.

C=S:/So  SNR=S./SD

7272 L, SoldZE# b 70 5 GAd-DTPA KB K
(0.1 mmol/l 8 X 0.4 mmol/l) DEEwREE,
Sc X EE D Gd-DTPA KB DOE5E, SD
FZEK Ny 7 7590 F)OBERETH 5.
3) By —r VAR XUKFIER

T BFAB /O 588 IV ZARF 255
A A T-> 7. $7xbb, A¥vIa—
RElLTAEvITa— (SE), ¥—RAL VL
a— (TSE), 75542/ -7V F - ALY
vIa— (GRASE), /'S5 4LV FLa—
F & LTARSL S—7OVZADAINE Nin\ W S
7 4 =)V Fra— (FFE), ARA 55—V A&
DI N/EmE7 + —) FLa— (Ti1FFE)
BLUARS S—V RO ImE iz —=R
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74— FIa— (TiTFE) ZHWTLTO
Rt A 4T - 7z,
a. 0.1 mmol/l Gd-DTPA K& WKIZx 45 a3/
FSA i

MEICIFTFE L T % F9 % 0.1 mmol/l
GA-DTPA KEHRICH T 53 5 A FHaH
SET 57201, Table 2 1IT7R L-#i&&th% B
Wiz, 272 L, T2 TREERE (NS) &9
NTILIZ®RE LD T, B W/ TFFE
ETWTFE X 2D % 4 7 (2D-TWFFE 6 & U
2D-TiTFE) ©O&DTH%. k72, BTFIRT
NG A= F &Y —r VAMTEBOMEE L
7. FOV=400 mm, rectangular FOV=55%,
matrix =205 x 256, slice thickness=10 mm,
JnEEE (NSA)=2 (Table 2).
b. BREBEGELHEZH VW EERER LU 04
mmol/l GA-DTPA KERICH T AV F 5 X
ke

BEREAFEBCIIE LV T O %2E
$ % 0.4 mmol/l GA-DTPA K¥&ERICK T 5 3
VPSS A MERRET A7-0IC, Table 3 iZm
U 7-ERRIR R &t & VW 7.
c. BxDY VTV ITEICLBSNR Eav/
T A T D Mg

Half-Fourier # % partial echo i3 /3 A3/
— 7V ADKRISREER [ I W5 T & 8 FTHE
T, dynamic MRI &% MRA [T, R
—SARE LI-ERHOBRZHO 2 5DICE
HAThsh. 2T, 3D-TIFFEic>WT, £
I a— {55 % % ¢ % standard type & half-
Fourier # & partial echo % @ SNR & 2/
SAFEREE L. TP b, half-Fourier ¥
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Table 2. Pulse Sequence Parameters for Phantom Study

Pulse sequence TR(ms) TE(ms) FA(deg) NS TF/EF BW(kHz) ST(s)
SE 500 15 90 1 —/— 28.7 114
TSE 500 15 90 1 3/— 24.0 38
GRASE 500 15 90 1 3/3 20.9 15
TiFFE/PE 10 2.3 35 1 —/— 52.3 2
Ti«TFE/PE 10 2.3 20 1 —/— 52.3 3

FOV =400 mm, RFOV=55%, Matrix=205 X 256, Slice thickness/gap=10 mm/1 mm, NSA=2
TR: Repition time, TE: Echo time, FA: Flip angle, TF: Turbo factor, EF: EPI factor , PE: Par-
tial echo, NS: Number of slices, BW: Band width, ST: Scan time

Table 3. Pulse Sequence Parameters for Clinical Use

Pulse sequence TR(ms) TE(ms) FA(deg) TF/EF NS BW(kHz) ST(s)
SE 500 18 90 — 15 20.2 72
TSE 431 13 90 3 13 371 45
GRASE 500 18 90 3/3 11 17.1 19
2D-FFE 111 2.3 70 — 13 55.6 16
3D-T1FFE 14 6.9 35 — 30 55.6 35
3D-TZTFE/PE 7.6 2.5 20 — 30 55.6 22

FOV=400 mm, RFOV=70%, Matrix=205x256, NSA=1, Slice thickness/gap=10 mm/1
mm (3D: 10 mm/—5 mm), NSA=1, TR: Repition time, TE: Echo time, FA: Flip angle, TF:
Turbo factor, EF: EPI factor, PE: Partial echo, NS: Number of slices, BW: Band width, ST:

Scan time

EALHF IR LT 62.5% DIREHRIT - /oD
bk EEERBERHICI VR L (EEESE,
partial echo I £ T a—fFH5 D> BLEFD
62.5% %Y V7V L7cOHIFBRFRIC X 0 B
85, BEIN/-EE LD SNR LU 0.4
mmol/l Gd-DTPA KBKICH T AV T A
FEZEFNTNEH L, standard type & L
L 7z . Table 312 7= 3 3D-T1FFE % standard
type & L, THiIC TR, TE 7z ¥ DD &%
A 2 TxFNZ N half-Fourier £ & U par-
tial echo ¥ % fFH L7-. Half-Fourier =% Bt
L 7= & 1 e R T 23 # & 75 5 7=, Partial
echo %Ot L7cBA1E, TR 2Ot
BZ Dz 1T, HgRE standard type &
A LB Ch - 7228, NV FIEA 33% L& L
741kHz b7z 7.
CCTHRHAEADD ek TiE, BF

WCRTING A =R &y — 2/ AH CHRBOE
& L7z. FOV=400 mm, rectangular FOV=
709% , matrix=205 x 256, 2D IX4£{3 slice thick-
ness=10 mm, 3D W& iZ A5 7 E 150 mm &
L, slice thickness=10 mm/overlap=>5 mm,
InEEIH =1 (Table 3). Flow compensation
(FC) 13 XU presaturation pulse (3K Cid6f
RAT2BEBBAD, 77/ bAERGE LT
WA Lk o 7.

& R

1. &3 —4 v ZAD 0.1 mmol/l GAd-DTPA K&
RICHTHaV PS5 AL

£ZEE O GAd-DTPA KBEK D 0.1 mmol/1 1
st4Hav A ME Fig. 21”7, A
VI a—%Tit, 1.0mmol/l £ TIXIFITHE
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9 Fig. 2. Contrast-ratio to 0.1 mmol/l of Gd-
DTPA solution as a function of Gd-DTPA con-
s k centration shown on various pulse sequences in-
cluding SE, TSE, GRASE, T1FFE and T:TFE.
Contrast shown by SE, TSE and GRASE in-
7F creases with Gd-DTPA concentration and
! reaches a peak at 2 mmol/l. Note a hook phe-
nomenon in the range of Gd-DTPA concentra-
61 tion over the 2 mmol/l. In contrast, T:FFE
and TiTFE shows increase of contrast in the
S5} range from 0.1 to 40.0 mmol/l.
©
g4r
8
3 -
L
2 -
‘] -
0 szl i o aasaal A i aaaal n
0.05 0.1 1 10 50

Concentration(mmol/I) [log scale]

BRI M AZ R LA, 1.0mmol/l & 3
mmol/l £ TRHIFE S Z +—7flixr & o7cD
b, TN EOSBRERTEaV FSA MR
BBIET LA (7y278K). ThicwL,
554 LV FLa—RTH, 2mmol/l »5
10 mmol/l DEBEEFIRICEVW TV F5 A
FHIMET T 5T &7 < L7z, 0.6 mmol/l
DToREBEHBRICENTHE, SEXRDLE
Wa Y S A MERL, TiTFE 285 HEW
aV S A MEESR L. TWFFE & TiTFE
O Tk, TiFFE OF R EBERICHS W T
BVWaVFSAMRERLE. ¥/, TITFE
g2z A E#R T/ 4 mmol/l T75 F—
ICEZELTWwWAOIHR L, TWFFE T # 10
mmol/1 & TERLIEMZ R L7z,
2. lRKICBWAHBEY — 7 VADRE B HRER
t

R THWTWAHE LM (Table 3) T
% L7z Gd-DTPA 7K¥# 0.1 mmol/l & 5 mmol

532

1 DEZE % Fig. 312777. SE, TSE &
U GRASE i 0.8 mmol/l Ll FiZ 38\ CE\ WM E
BHMEYR LA, #H2mmol/l#VY—7I1T L
TENHUEOBEEFRBR CTRET L (Ty o
B&). chicwl, /5574 FTa—%
OEEFMEL, $0.8mmol/lTTIIAL YV
I a—RICHAENS, $ 1.0 mmol/l B Eic
BOWTHAEVII-REDSENVEETHREY
L7z, #iC 3D-T'FFE ClIEHN TE
BEMEOMER L.
3. BRIRICAWV 288 —5 v AD 0.4 mmol/l
Gd-DTPA ABRKICHT 53 FS5A MR
BR THWTW ARG (Table 3) <HF
DN EBMELH LICEKE L7 G-DTPA
KBEWKOAmMMIZN T HaV PS5 A F%
Fig. 4 IR, /554 L/ FLa—RiIELE
B Cal» SEEACHEm L. —J, A
VIa—REFELHICHEML, H2.0mM T
V—JZICHE L TN EOBBER CIXET L
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Fig. 3. Signal intensity as a function of Gd-
DTPA concentration shown on various pulse se-
quences including SE, TSE, GRASE, T:FFE
and TiTFE. 3D-T1FFE shows the highest sig-
nal intensity in the range over 1 mmol/l Gd-
DTPA concentration, followed by 3D-T1TFE,
2D-FFE and other spin echo pulse sequences in
the order of signal intensity. In contrast, spin
echo pulse sequences including GRASE, TSE
and SE, shows higher signal intensity than
gradient echo sequences including 3D-T1FFE,
3D-T1TFE and 2D-FFE in the range from 0.1
to 1 mmol/1.

Fig. 4. Contrast-ratio to 0.4 mmol/1 Gd-DTPA
solution as a function of Gd-DTPA concentra-
tion shown on various pulse sequences includ-
ing SE, TSE, GRASE, T:+FFE and T:TFE. 3D-
T1FFE shows the highest contrast throughout
the range over 0.4 mmol/1 of Gd-DTPA concen-
tration, rivaled by 3D-T1TFE and followed by
2D-FFE. Other spin echo pulse sequences in-
cluding SE, TSE and GRASE shows minimal
increase with Gd-DTPA concentration in-
crease.
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Fig. 5. Effect of half-Fourier and partial echo
acquisitions on the signal-to-noise ratios

The SNR is reduced by a use of half-Fourier
and partial echo acquisitions. The decrease of
SNR is smaller on 3D-T1FFE with half-Fourier
acquisitions than on that with partial echo ac-
quisitions.

Fig. 6. Effect of half-Fourier and partial echo
acquisitions on the contrast-ratio to 0.4 mmol/1
Gd-DTPA concentration

Half-Fourier and partial echo acquisitions show
no effect on the contrastratio to 0.4 mmol/1 Gd-
DTPA concentration.



Ty 8F8 T F T A D OEEBEIRE

T (Do Z7BK). FSTF 4LV FIO—RD
5%, ARA F =0V AD & hjz 3D-
TWFFE £ X O 3D-TWTFE (3 ICER AR O
WERERL, 0.4mM 26 5mM D4 EER
TAEVIa—RICENALPCEVIVES
A RHER L. AR F—7OVAOM IS h
Tz 2D-FFE & ERHICHE M L7228, 3D-
TWFFE 5 LU 3D-TZWTFE itV FS5 A b
W EE 2 L.
4. 3D-T1FFE |Z ¥ iJ % standard type IZ half-
Fourier ¥ L U partial echo % 6F8 L7354
DSNR BLUaV PS5 A MRICRIZTEE
Fig. 5 1Z SNR %, Fig. 6 iZ GAd-DTPA k&%
04mmol/lIZRd5avV FSAMEEFNE
7UrR$. SNR I, standard type (3D-T:FFE),
half-Fourier (3D-Ti:FFE/HF) ¥ #5 X O par-
tial echo (3D-TiFFE/PE) IO\ h & EEE
OEFITHECVZITERN I LR 2R Lich,
3D-T1FFE/HF {1 3D-T:FFE iZ H ~N #30%
SNR 2M&F L, 3D-T:FFE/PE X 3D-T:FFE/
HF 12 kX #5 40% (3D-T1FFE 12 N # 60%)
SNRBIET L7z, —F, GA-DTPA KB K
0.4 mmol/1{ZHRd 52 +5 A b, partial
echo #£° half-Fourier ¥ % 6ff L C % standard
type & N TERRED N h - 7.

z £

B MREBEEICHCONE/ UV Ay —4r
VARERRICE > THRATH Y, F/UN
WAY =4V ATH TR TE - FA O\ 2
0 GdEBFANCHTARERRELSZ LT L
<EBLNTWA. BEWCIG Uiz VA
— VA RWS7-®ICiE, TR - TE - FA %
FHE LI ECEhEND/ VA — 2V AD
Gd BFANCH T HAREZEE L T &
HETHA. 50, RxIEEEEIC GI-E¥
Hakb LI5e, BRTHOonsEEZ2ON
LHFE 2 DOBEOGI-DTPAXKBR B\
T 7V PARIER L, &SWVAY—TVADRE

BRERLUIVIFSAMERE L. BUNS
WA=/ AT« DINT A — R DFEIC
D BBEECEBE LR A0, FRELE
RS BEEEEEER L, /S5 A—X BEEIK
RO THRE LT\ AEICERE LR L.
Gd-DTPA k% ¥ D T1fElE, 0.1 mmol/l 2
¥ (1200 ms)V212, 0.4 mmol/l AFFEEE
(490 ms) 1942, 0.8 mmol/l 28R (260 ms)10
IIFIFHY 5 (Tablel). Thbozdd &g,
0.1 mmol/1 7» & 0.4 mmol/l % KEE B, 0.6
mmol/1 225 0.8 mmol/l Z=EEE, 1 mmol/l
UErzEREROZNZNIEEL L. BE
DEE MRI TREINAEERED T EIL
ERER 2 &R REBRICH A L, dynamic
MRI TEE I N 5L MHERELEE MR an-
giography CE LW A MERED T: EHIXPEE
B ORmBEERICOMT A LEZLNS.
SEIOBFICE W TREREDL, KREHER
TAYVILa—R_OGHT 55 4 T PLa—
RICHREERESHOLDICEDL - 2B, B
BB TR AY Y T a—RINCi3 7 v 7 BEH
Bbh/z. $+7xbb, 2mmol/l B2 5 &k
B GI-EFATRESMERLUa VTR
FE GA-DTPABEOHEMICHR L TET L
7o ZhiE, InHSEROV—r VAW
TRTERZST 4+ LV PLa—ROV—r v/
AEDHEVWOT, BEEEFH O T: Gk
B (TEmR) PESREICEE LD
TH5. —FH, 7954 T/ PLa—RICEBWV
TR7 v 7BERIRALNT, ARL 5—/UVA
ML 55 0 v rTa—% (TiFFE,
TTFE) OFBHER, SREFRBICE VT
bBEZE L. i, ARAS 5—UVAIC
0 TEMHREPNFI SN 72D EEZ DN
7. #iz, 3D-T'FFE %, 0.1mmol/l/ 55
mmol/l T TCOLEERTEEREITIEHRIE
DEVEMNERL, BOTEVWIV AR
217, TOEHIL GIDTPA RKRZR—5
ZEEL, EEHO first pass D 2 HEE
MR angiography I W THRGEELE 2 bh
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7z,

3 B MR angiography % dynamic MRI TiZ
MTBREERD 2 5BERD 572D, HBEX
A IV7EEBICHRERHMOEMRIEETS
B. ¥, BEBEBOEMRIT, "FRIE LR
TEREOBRBICINEATHH. BEREEE
fEd AdICY, BxOFESEEINTY
59~8 . ZhbH0OS L, half-Fourier ¥kiX TR
BLUTE #ZFEHFICHRBRHAH 1/21C
ERETHZ &N TES. Partial echo #513 TE
BEMBTAHAZENTESLDT, AKFICTR =
L CREBHRHEAYELS TA I ENTRETH
%5. &EE, MUTR, TEBXUFAZHYV,
half-Fourier ¥, partial echo¥k%Z fffH L 7=%
&DSNR OV bS5 A MTOWTHRE L7
iz 4t standard type I T SNR 2ME T L,
Z @ 5 partial echo ¥ 238 b &K\ SNR 7R
L7-. Z#id half-Fourier i i3I a—
ROAT v TR ERHEBICT HDOITH L, par-
tial echo E Tl ¢ X TCOMEITV/a—FA
Fy 7B ORINES, Ta—OEEFDOA
Er—ANEL, BEORVETEREENT S
e, EEOEEMETTHLDEHEESN
7. LL, a3V EFAMCHTAFEICOV
T, M—DO TR, TELB LU FAZRHW/H
4113 half-Fourier # & partial echo ¥ & D[
WD NP - 2. —, partial echo
BRTE ZEBHETAZ LR TEALDT, RAKHT
TR & EMETE, BERHAERT A LNT
5. COHESNR BEIETFT5 L#HEES
N %75, partial echo $:13 TE # 8+ 5 &
<, MEOMMAREILICHED 55 O dephasing
2, BbRT—F 757 v, NHET—FT 77
FEREIT S LB TESD.

EEOHBEKOB TOHBRIL, BH, HRIC
E o LB & SN LRS- RE, Z2RI51ReE,
BEHH, BB ICT—F 777 M d
HER LB OBY R IV Ay —r /A 2R
FTHRERDSL. RN—5 AFE LIEFFHOY
— 7 %S 2 518 MR angiography T,
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BREBCEVWTL 7 vy 7EEARONT, &
BEEEHICRN T 2RENEICRBIFL 3D
TIFFEA @B L T\W5 % 2 b 5. partial
echo ¥ < half-Fourier #: O 0 F 23 K5 il 45 18 B
B EXREDOICERDLD EE 2 LN5 B,
SNR DIETF#RT DT, BEHOBREHEEL
TkL, SEFAOMFREOY —7 E@md 50
ERH L. AV VIIa—RIES5Fo VT
I—RICHANTRERHSE S, L b
WM& low vold BB D 72D 5 BET
L, #&% MR angiography IZ I3RS TH 5.
Dynamic MRI Cid, REDEEMBROBEIC
koT, BBL/ WAV~ VARRIL L L&
2 bNn5. Gz, gL & oL mitEE
Ti, BREBFHICKT 5REDRIFZ 3D-
T FFE BB L TCWA EEZLNAN, ThiE
&It Tl WEEOKEICIXL LA TSE 4
EDE~FREBOEED BV IVAY —r Y/
ABET B EEZONS. EEEFREDOATH
B &3 AEHEOEE MR IR~ REER T
DEFHEICEN TS TSE R SE BAEH &
EZzbNh5.

] i

3D-T'FFE 3B EE O GA-&&FIT LEy
BEEHRENEBONADT, FEH dynamic MRI
PEEMRAKELTCWS. —F, AV VI
I—RITE - FRE DO GAd-&FANICH UsRE
ThbH7-D, B sy Remt+s0IC#
LTW5.
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In order to select the optimal pulse sequence in an abdominal contrast-enhanced MR examination,
we have investigated signal intensity characteristics of various Ti-weighted pulse sequences by us-
ing sample tubes containing a variety of concentration of Gd-DTPA solution ranging from 0.1 to 40
mmol/l. Ti-weighted pulse sequences including spin echo (SE), turbo spin echo (TSE), gradient
and spin echo (GRASE), non-spoiled fast field echo (FFE), spoiled fast field echo (T1FFE) and
spoiled turbo field echo (T1TFE) were included in this study. All images were obtained with a 1.5T
superconductive MR unit. Signal intensity for each Gd-DTPA solution was measured. Contrast ra-
tios and signal-to-noise ratios were calculated and compared among those pulse sequences. 3D-
T1FFE showed the highest contrast ratio and signal intensity at the high concentrations of Gd-
DTPA solution over 1 mmol/l, which suggested that 3D-T1FFE could be best suited for contrast-en-
hanced MR angiography. SE and TSE sequences were superior to gradient echo sequences such as
TiFFE and T1TFE in signal intensity at the low concentrations of Gd-DTPA solution ranging be-
tween 0.1 mmol/l and 0.8 mmol/l, which suggested that SE and TSE could be better used in detec-
tion of lesions with subtle contrast enhancement.

In conclusion, knowledge of signal intensity characteristics of various pulse sequences is im-
portant to select a pulse sequence suitable for an abdominal contrast-enhanced MR examination in a
variety of clinical settings.
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