R=E

WP 3D-FT ik GRE S & B P T1 AR O it

TR B
ARV A RO O R

F L &I

B O MRIEBOB &, LERO T
PG LT spin echo (SE) &% 7%1T 5
&, W%IZ X A motion artifact A BT, &
OV FSAMRETFTIRELT ERLVD.
F 2T, AT R T O gradient echo
(GRE) ERBWHNAT BB AHBV, 1M
B D ghost artifact, FFREIEREFITOEE
O Y ORBERD 5.

HBxizTiav oA MCENSE#EGRE
BD—>2T%H 5% Ti-TFE (preparation pulse %
ENfn L 7= turbo field echo) ¥ 1Z ME Wk [R) #A 73 HF
ATELILIER L, BICINIC zero-fill in-
terpolation A=k 7 — U TZ# (DT 3D-
FT) H\B%4T> T LI X ¥ signal-to-noise ra-
tio (SNR) O E&#X 5k (LT, HRE
HE® GRE &) @A, £ T, TOFR
FIEAEE GRE i L R AW BN T B RS
IFF GRE #:86 L UEHEMRT SE B2 < D
FESREBREERIUEERS VT 0 TITHL
THATL, TO=20 TiFABEEO LA 1T
W, IR EHEIEE GRE A RIS oW
L7

O EE T2

"R T GRE #:ds & ORI T SE #: & O Mol —

WrEAT? BRI

REAR RS BAHREBE

WRE S VFHE

PO

Bt ot SiE BV FE AR 12 61 (18 /%),
fEMmAaE 36 GRE), FnEE3 4
R, FHERSH (14F%), BEBEFEES
18 (LRE), FEEREH 16 (EBH Bk
CEERS VT 4 7 56O 3061 (B2l
B, 29 Bl, 30~76 %%, FH53.3%) TH
5. ek, BAERESTER FRSEIEREICD
WTEWIN A EEREBR A D 5 W3 CT BRI
TEDREDFEPEHSN TN 5.
WG

fif B L 7= MRI 4£ & i1 Philips #! Gyroscan
ACS-NT (1.5 T) version 4.5-2 TH 1V, LI
[ A7 — % 335 LT body coil I T
L7-. Philips #f MRI #£& NT > J —R13 ver-
sion 4.5 LA, turbo spin echo (TSE) D4
77 53 EHE GRE ¥R & MR RO B F 28 Al BE
Elpodz. WREAAT GRS 5 LRt Y —
XD ELNFEROBHNZESD D bR
OFHEZ R L Cscan AT 5. TSEWL, &
HGRE BE\WTFN TH—FER Z & D scan ]
TR ORARIZ 27 B 70\ CHRERD A DR
KB ED XL DICHRETNE, FIESHOEE
RPROEBBEOLNAZ LT/ s, TSE

% —TJ— K respiratory triggering, fast GRE, T1-weighted image, liver
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BOBAIER Z L O scan B 83 E TR O
ARIZEELTEBD, Che—EOMNE ORI
MICERETNIT X, B%, 1.5~258 L7
D, HREWIG LU THERET 5. &% GRE 0
BE&113RE TR 72217 T/ <, 180° preparation
pulse #FIIN LT HAAT Y a— KB 017
% & TORIERFE T B 5 prepulse delay time
R k-space ® & 7 A v b+ ¥, rectangular
FOVY% ((ZMTmOBEREHEEOEE),
scan® (FZHF A O matrix OEIE) 7z & O
BORFICIVHAEINTED, ThHOEHK
ODRFEEASIRLIEICEIVPRT & D
scan FREfE 2 203 0 R EC IS U T 1.5~2.5 #
BEICRET T L.

B L7z 3D Ty HEGEOBmE /NS A —
Z % Table 1 IKRT. Fx DAWIER RIS
& GRE #:11 T1-TFE #: (180° preparation pulse
% EI AN L 7= turbo field echo ) I/ [RIEH %
BEA L, ¥ IT slice 5 A IT zero-fill interpola-
tion #fFHA L, 3D-FTHEICTHRE L/ DT
B 5. IBWREEE GRE I3 B OS5
&, Y @l (A11%) TR OMERIC & A motion arti-

fact [IFFRFENC L DB CE A0, ZH (B
B) HEOERIC X 5 artifact 12FREEATIE
WIETE S, slab ERAEWE Y Z #iJEO mo-
tion artifact 23 & 7x 5 7= %, single slab T
1372 <, multi-slabs iCHEITAH5Z LITLD &
slab Bz < L, ZEHFROFRIC X 5 mo-
tion artifact DB % K - 7=. S ENTHEGREHE
DOEFE S EE L T3slabs & L7=. TE IR E
Lo AREMTHY, LD inphase iITH7-
5 45ms wHAW/z. F7 TR I X U prepulse
delay time & FREF /L KEMEZ H 7.

Flip angle (% 15°, matrix (% 230x256, &
@2, 254 AE25~6mm (5~12 mm O
zero-fill interpolation), 30 A 5 4 A& E &K &
L, #ELOBEBREHILI 15408 THD, £
BBEFHEIZOW2BED3I~4 5 iz - 7.

k-space Dt 7 A FMEIZ Xk U prepulse delay
time OEMEAE & 7x 0 EEHO T mRE 5
ELTARBENZTiaV S AN bD%EE
5728, BEITHREEE OFERED 729 k-space
DT A Muidfrb e p - 72, F/c phase-
encoding ordering % centric order & ¥ 7 se-

Table 1. Pulse Sequence Parameters of Three Ti—weighted Sequences

Parameter SE BH-GRE RT-fast GRE
Repetition time (ms) 400-666 115 9.5
Echo time (ms) 15-20 4.6 4.5
Prepulse delay time (ms) — — 824
Flip angle () 90 90 15
Matrix (phase x frequency) 230 x 256 192 x 256 230 x 256
Field of view (mm) 252 % 360 252 % 360 252 % 360
Number of signals averaged 2 1 2
Slice thickness (mm) 5-10 5-10 2.5-6*
Number of slices 16 4x4 30
Scan mode multi-slice multi-slice 3D(3 slabs)
Scan time (min) 2:19-3: 46 0:16%x4 34

BH: breath-hold, RT: respiratory triggering
* zero-fill interpolation

1998 457 A 30 A%E 199849 A 17 AHET
BIRIFER T
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R A= TG RE GRE B2 OfF Th SRFRE R

quential order & L7z @ &, 18 ¥ 7x prepulse
delay time QfEfEZEBEL, Tt a3V PS5 A b
DOE#EILER BT OTHS.

%=1 T GRE #:1C 13 spoiler pulse (34 A
Lizipolz. A TIE 1 E 16 B OMER{E
T4 RT4 2%15, BFE, 4BIOFREEIC
FOEFDOATA A% Gz,

o EHTE R TSEEL OB &, PEAR
(phase encoded artifact reduction) & M:EN 5
phase-reordering ¥:1C & A MW FHIE # 03 5
Z EiC k0 ERICEE 3 % motion artifact D
B AN - 7.

BT

£ T1EFABEBOEBENRMEE L THB LU
o> SNR, HF & 82 CNR (contrast-to-noise
ratio), FRRE LD CNR kD LS ICE
H L7z,

& 502D SNR=FFH 5 W iBOEE
MR /background noise OEEHE(FE

FFEBD 5 W EFARZE EFFO CNR=F &
PR B NI PRZE & FFOE S RE D ZE DR
{iE /background noise OIEEHE(FZE

ir¥s, HRICEROREL B 55513 KK
EIORE A L.

EEREHE & LCid, REDI VPS5 AR,
WREOHMRE, 7—F 757 F (HECERIC
X % ghost, susceptibility artifact, chemical
shift artifact %), FFAME ORI X UHKRE
RIBEEO S BRIZOWT, 2 A0SR
BRIC K DEEAICEHE L, 4 35\ M3 5 BRFEIC
(poor=1, fair=2, good=3, excellent=4, 7 —

F7 577 FOEBIT2 WL FEIC not pre-
sent=>5) Aa7{kLL7-.

ERMFHE, EXEAREE L 3N b Wilcoxon
OBEEXAWTEREERERIT- /2.

& e

W% [ #A R GRE #iC & 5 T AE & o
— B & Fig 1IcRd. FEHASA XEH3
mm & thinslice THEI bbb, 2
MIC T4 72 SNRAB LN, EHESEBIFTH
5. HAOMEZT X CHH I TR, FR
KEIR D 5 D ghost artifact 14 < BD SN 7%
ol FRICERE Bbn s/ NREBMEES
RE L LTHEBICHE SN, RELN, FFem
DIV FT AT LW T Th - 7.

Table 2 IZEEMFMOFBER RS, O
SNR B FEAEE GRE A BEBEICE <,
LR T SE ¥ & PR LT GRE koI
BEEERAON L 57, BOSNR ZTHOW
THEZFMICEEEZRRD N7, £
7o, FEBOCNRS KUFARE EHFO
CNRIZOoOWTHEHEF, FTRADEE
GREWEDREP -7z, Tak, THYRT SE
EMRAZIET GRE iOMICITBEEZEIIA DN
oo,

FREDIV FSA MR IUBHE T, MFERE
#iEE GRE &R b| OB AE b, &
TR IET GRE &, Z#HPRT SEEOIR
ThHY, ZEBCENTNHRETERIBEEZEN 5
Sh7c (Table 3). ZEEWE T SE ¥ & NFR(F

Table 2. Quantitative Analysis of Three Ti~weighted Sequences

SE BH-GRE RT-fast GRE
SNR of Liver 28.4+6.8* 25.1+6.7* 37.9+75
SNR of Spleen 23.1+6.1 19.8+5.7 21.9+4.6
CNR of Liver-Spleen 5.7+3.6* 5.4+2.8* 16.6+4.5
CNR of Lesion-Liver 8.4+6.3* 8.6+5.8* 18.6+12.6

Data are mean +standard deviation.

* Difference with fast GRE is significant (p<0.0001).
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Fig. 1. A 52-year-old man with multiple liver cysts.

Respiratory triggered fast GRE imaging. SNR of the liver is satisfactory in spite of thin slice

thickness (3 mm).

Hepatic vessels are well visualized and the degree of artifacts such as respiratory motion artifact

and aortic pulsatile artifact is slight.

Small liver cysts are visualized as low signal intensity lesions (arrows). Lesion-liver contrast

and liver-spleen contrast are excellent.

Table 3. Qualitive Anaiysis of Three Ti~weighted Sequences

SE BH-GRE RT-fast GRE
Lesion Contrast 3.1+£0.8*8% 2.7+0.7* 3.7+0.6
Lesion Conspicuity 2.6+0.7%8 3.0+0.6* 3.8+0.5
Artifacts 2.4+0.6%8 3.1+0.8* 3.9+0.7
Visualization
of Intra-hepatic vessels 3.3+0.6%% 2.4+0.5* 3.8+0.4
Overall Image Quality 2.6+0.5% 2.8+0.5* 3.8+0.5

Data are mean=+standard deviation.

* Difference with fast GRE is significant (p<0.0001).

$ Difference with GRE is significant (p<0.001).

1T GRE L CIEEZICHE S ARE, FEDOPITREE & PR FHiEE GRE 3 TR b

wRME®E GRE E TR L VEESIC, ®mES

Bicii sz (Figs. 2,3). REFRT

DREF LV EEFICHME SN TED, H/E SE %, WRELTF GRE (T n, BK
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Fig. 2. A 74-year-old woman with hepatic hemangioma.

(A) Conventional SE image, (B) Breath-hold GRE image, (C) Respira-
tory triggered fast GRE image

Hepatic hemangioma is seen in the S6 segment of the liver (arrow). Le-
sion-liver contrast is significantly higher on respiratory triggered fast
GRE image than on conventional SE or breath-hold GRE image.

Fig. 3. A 70-year-old man with hepatocellular carcinomas previously-
treated with embolization therapy (arrow) and ethanol injection therapy
(arrowhead).

(A) Conventional SE image, (B) Breath-hold GRE image, (C) Respira-
tory triggered fast GRE image

Lesion-liver contrast of these lesions are higher on respiratory triggered
fast GRE image than on conventional SE and breath-hold GRE image. A
lesion in the S7-8 segment is visible as a low signal intensity nodule on
only respiratory triggered fast GRE image (open arrow).
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FEHAE®E GRE kTR SN iz - 7R EEEER
DONTTho 7o, FFMIEE2 REDLE
M- T SE kil X UK EIET GRE 3 CHiH
9, WRFAER GRE S THEINTE
D, BEFER LU CT HETHZDOREDELE
MBI E N/ (Fig. 3).

ZEIER T SE 1 phase-reordering ¥51C &
AERHELFER L TSI hhb b,
1= & % ghost artifact 23 E B 7R REGI /A % ) -
7o, MEE T GRE #TEHFFRIC X 5 ghost
artifact (TIE L A ERD LN - 72, D -
KA OB I &L 5 ghost artifact 784 %> -
7o, W R EE GRE ¥ Cll i J UM
12 & % ghost artifact [TV I HiF LA ERD
b7 d o 7o, F 7o susceptibility artifact (3

THERTSEE TR, BRIEET
GRE¥.TCTHYH, WREME®E GRE i3 %
DOFHERBETH-72. b artifacts OH
B 4l% Fig. 4 12F L7-. &8I artifacts IT
BA L CH MR RIEE GRE BT b RIFGHE
BB LN/ (Table 3).

FFPS A8 OfE H Gl R IR GRE ¥ T
LIRETHY, PFREE®E GRE AR E
nTky, FRMEEEAHERICHE I TW
7= (Table 3, Fig. 4).

BEREE T LR FAEE GRE 2K S
BN, KEHPRT SE & & R LT GRE &
EOBICIIEREEZIIRD Shizh - 7 (Table
3).

Fig. 4. A 65-year-old man with cholecystolithiasis.
(A) Conventional SE image, (B) Breath-hold GRE image, (C) Respira-

tory triggered fast GRE image

Susceptibility artifact due to metal clip is seen (arrow). This artifact is
most severely recognized on breath-hold GRE image. Respiratory mo-
tion artifact is most severely seen on SE image (arrowhead), and aortic
pusatile artifact is seen on breath-hold GRE image (open arrow).
Respiratory motion and aortic pusatile artifacts are least severely seen
on respiratory triggered fast GRE image.
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MR RIEI= R TTRE GRE O T FHE £

z 2

o MRI BRIZEBWT, FlziTREOEs
(L EU BT B IR IE AR R i T WA &
TEESEETHIENEVSE, ZOLSITHE
BEOFHZWIZT Tl BRZET & WO EKRT
LR TiERERSROLNS. LaL,
€3 SE BT phase-reordering ¥EI1Z X A M
MIEZ DA LT dHRIC & % motion artifact
HEEICRETH I LITRETH D, FHIZ15
T OE% MRI&EB OB S, O artifact 1
K DFEETHSH. RO artifact IZ L D RED
OV R T A RIS LY, BWREZT Tk
<, FEZEEDET LRI 4. Rilf CIIER
21T GRE &% X < &+, phased ar-
ray coll DFERIC LV, HEREF: Tk
BEEAEONE LD Ho720, L Lk
A6, BKEET GRE - T, BRICL S
motion artifact [IBREINSH DD, KEHIRH
5 @ ghost artifact DREAIN X % £ ZENMAX
DREOHBEARE, MREIEREOBEOEED
Hit, BIC3LFLSSEELALL> AT
OV EFIAMBRELNEWEEORMBESARD
5.

% CCH A TR EENICHE R 3 % motion ar-
tifact #PRFETHFE L LT, HBRELTIEAR
SHEEREBICER Lz, LALBEDSE T
IR RRBEHERAT S E TRBEET S0
TiavFSAEPMETT%5. BEGREET
B3 R OREIC X VIEFICE VY T,
IVEFSRAMPEBELNAEILPHALNTVS
BAOD T OEE GRE BTk, R R
BERATEL LS k-7, 2T TET, 2D-
FT & % % @ # & & GRE 5 (TR9.5,
TE4.5, prepulse delay time 822.5, FA15) %3
AIzE T H, KEPRD G720 TS FERIC L 5
artifact 23EFICHIH S N/-EE LB HNh Th
IVEFFAPAEDL S, —RLTSNR A
RNETH - 72720, FIER—OHEGLHED 3D-
FTETHEB L/ & T A SNR O & /rdeE

MAEGNTz. F£723D-FT EOBRICEEZEICHEN
B AGA AFRDOERIZ L % artifact 13 multi-
slab ki & D BRI & 7.

M GRE Tl T Vv a—FA 01275
FCTOBERMIC X - TEEBEI YV FS A FBIE
IFH®E XN 57, phase encoding % reorder
L C centric order & L7z V%8, k-space &tz
TAVMELTT — 2 % INET 2 HEO DI L
" prepulse delay time OEHELPAIBE L 72D,
FVwTiav S A ABLENS. L LR
CTiOEWHO T EMFAE/RIC & - Tore-
pulse delay time O v 7z G LT EE N ERE
FAT B LT DB 23V P A TR
WTLES. B k-space Dt 7 A Muidh
GREMOERICA 2B S, £ THRAIE
phase encoding @ reorder {2174 ¢ W O se-
quential order & L, k-space ®t 7 X/ L
LITHBENT, TOLETHERELD APRED
prepulse delay time & L T #& ¥ 7% prepulse
delay time OEMEEM L2 A, EHick
5 T EFEES & L TRENICGEREO 2 \»
Bz Tiav S A MOEGEERDZ ERT
&, L dERORHTRT SE B RIFIE
TGRE & LN, FEFRFRERS LUH LB
@O CNR BREEILED - 72

A TH VW /- overcontiguous slice & FE[E
% zero-fill interpolation {%50% overlap scan
XD RBEROFSD AT 4 AEICHERER L,
A5 A AR OIS L U R EOZERS iR
OREZRBEDTHY, BEEASTA AEH
Fl—T® 584, zero-fill interpolation % ff F
LCWaWEE L RS L E ESNR V2
fEmETAZ &Ik, SNROR EICEHFS L
T5. FRREIIIGFAOBICERE S h 5%
BRI ORI DT b T D zero-fill interpola-
tion Z# 45 Z &1Z &k DRGSR
SN s 2 sick s, FE, 30 254 X%
3~4 TEREOEBERHTEAL I LA S
o7z,

KEFTTiavV P A FCER, BxoO arti-
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facts B 7@, HoxE EERICES T,
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AEAZFRHLTCEY, RFrEBEZE NS,

& B

3D-FT H % RIAE®E GRE 5O Fic 1 5
T1@FREG - LCOR AR L.

CDOHBGIEIC L D RERO TR T SE B2
HREETGREE ]S, TiaV PS5 A b
IZB 1, artifacts 28427 <, thin slice TH 5
BHEO T MAERIEONS. Lich-> TK
EIPEED T BEREGRICE - TRH D 5 58
N\BBETHH L Bbhi.
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Ti-weighted Liver Imaging with Respiratory Triggering Using 3D-FT
Fast Gradient Echo Sequence : Comparison with Breath-hold
Gradient Echo and Conventional Spin Echo Sequences

Osamu SHIMOMURA!, Yoshiko HAYASHIDAZ Yasuyuki YAMASHITAZ,
Mutsumasa TAKAHASHI2

Department of Radiology, Kumamoto Orthopedic Hospital
1-15-7 Kuhonji, Kumamoto-shi, Kumamoto 862—-0976
2Department of Radiology, Kumamoto University School of Medicine

Ti-weighted liver imaging using respiratory-triggered 3-dimensional Fourier transformation (3D-
FT) fast gradient echo sequence at 1.5 T was compared with breath-hold gradient echo (GRE) and
conventional spin echo (SE) sequences in 25 patients with focal liver lesions and 5 normal volun-
teers.

Signal-to-noise ratio (SNR) of the liver, contrast-to-noise ratio (CNR) of the liver to spleen, and
CNR of the lesion to liver were significantly higher with respiratory-triggered fast GRE than with
breath-hold GRE and conventional SE. The degree of artifacts including respiratory motion and pul-
sation artifact was less severe on the respiratory-triggered fast GRE sequence. With this sequence,
hepatic vascular anatomy was clearly visualized. We believe this new Ti-weighted imaging tech-
nique can replace previous Ti-weighted imaging sequences.
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