R=E

XA F I v 7 MRIIZIYT 5 FiliiR{f 3 OWat
—7 A MEABI XU SmartPrep :OF HM:—

w3 T
RBBE RIS B R 7 2

FL&®IC

JFF N 988 O K #2112 13 4 dynamic study 3 2%
BRI RIEBETH 5. B I O FFRE
Ofith ks LUVERZ ﬂiéi@jﬂﬁifﬁ{i*ﬁf@@ﬁi’
OWEGe b, FHH CORGDOE T % IEFEIC
25BN HAHY. CT ClHHEIEAS % ﬁﬁ\/\
T, TEAME R delay time DR ELABH I N
Tb‘%fﬂ MRIZBIL TiT EEEAREE H W

DEFAED O ERZITHEALL T O TRk D
1‘%&“(%5. B, &2 1433y 27 MRIIC
LTI, AFEA S CT b FEEIC BEE AR
I© X BIEARTHI TS, Delay time 0%
EHEE LT, SEAOREZRML CHE)
HJIC A% — 4 % SmartPrep 5 (GE Medical
Systems)2~Y 0, F 2 FEAEIC XD EEH
DOBNER % JE % Sk P B %5 ~®. Smart-
Prep 513 CT IC 510 5 A BB AEZ FIA L
TR FRE, % OLBBRICIE U 7o 2 A
IV DOFREPIRETH 5. IHICMRIT
i3, YT VT T2 OREELERTNE
RIS 5.

KPR, BREA2 D, BEIEABOMEH
O M, {EAKEE, SmartPrep % & 5 A ME
ABEORR, 7OVAY =5 ADE NI X B
BIRECHOE DR L, XA
R v 7 MRIIC 351 % % MR 58510 O\ Tl

L.

MRELVHE

i 35 E 13 GE #:%4 Signa Horizon 1.5T,
Ver. 55 5 LU'5.6 ThH. I AV torso coil
Wz,
x5

B ORETE D 5 VITHEED R T B &
L T4l 473y 7 MRI # {7 L 7= 100 #1
TH5 (Tablel). F#: 686, ik 32 i,
SRS 62.4+10.2 5% (22~85 %) T, FEIK
WA 61 B, A NE 7 7, BT
5 7 #l, Zoft 16 B, ANBH 9 FITd - 7.

Table 1. Material Characteristics for Manual
and Automatic Injection

clinical diagnosis

. manual  power
beforeltv[cglnamm injection injector total
HCC 5 56 61
hemangioma 3 4 7
metastasis 3 4 7
others 3 13 16
unknown 1 8 9
total 15 85 100

*—rJ)— kK liver MR imaging, MR angiography, contrast enhancement, dynamic study
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15 Gl FFIIC, 85 Fli BBITE AR (A
AR LS MRS-50) % VGl A2 A
L7z, BEDOMTE L IERiBEIRIC 20~22 G

EE AR L, LRI EAT € Tl T

HEIHThE, BT EEEABRKRICERR
EK20mlTY7 Sy vall SEEFARSER
Gd-DTPA 0.1 mmol/kg & L 7-. HFHFEARC
FH3ml/BO—EO®EE THEA LK. HENE
ABE WG, BAEES 3ml/# (77
F) ik 4ml/# @) &L
INIVAY = A

43 {5 |T fast spoiled GRASS # (FSPGR)
T, TR/TE=100/4.2ms, A5 {4 A5 8mm
F v 7 2mm, FOV 40 % 30 cm, matrix 256 X
192, HfRrEfE) 16~20 B, #REH&E 16 B, 57
%1% enhanced 3D fast gradient echo &
(efgre3d) <, TR/TE=6.2/1.4ms, A5 A
ZJE 8 mm, FOV 40x30cm, matrix 256X
192, HGEFRH18~22 ), HMEGKE 18K T
}7)“) 7=
7 A FHEA & SmartPrep i

T A EAET SmartPrep ¥E% 72 37 6

10 FICAT - 7=, KBk, BF, e &ds LI
&3 L, HAMIC presaturation pulse % A

B HEH G

o, REERR TG SEA R FRCEMG L
7o ERICITHBEAMAE M, Gd-DTPA 2
ml % 3ml/HOMETEAL, EFHEIEK 20
mlT75vval7. #ES&MHIITR/TE=
16/1.8ms, A5 A A8 8 mm, K 60~
00, IMmE2BH ETh-7-. BN/
BORKEIRPNE LA E L, time-inten-
sity curve &V, #EHAEARGEEZ > HES
s b5 UG HKER] (start-up time), U —
Wb E TORER (triggering time), K&
JIR 7S e R P FE 2 4 % & COOERT (peak time)
PIEL 2. ZOEG|IERNTHXA T I v
MRI % #%{% | 7=. SmartPrep & Tid, Zfklr
R CHR G E o T KBIIRMIC 10 cm X 10
mm O tracking volume ZFZEL /2. F U H—
D % BMENE [base line OO SR E
+IBEEFEEDOIRE | THHE—OBIMHEL,

[SFHDIE S5O 15% EA | OB ORfED
W% BERICEML TWAHYD. MU T—527p
Do TH LEBICIRG AT 5 £ TORHE
(image acquisition delay time) {3 7 # (17 )
EL 108 (2041) & L7-. SmartPrep %
W EDRT — X DINE% k-space D
L7 B FEIE ¢ 5 centric view ordering & L,

Z N LLA S sequential view ordering T L

Table 2. Parameters of Injection Method, Sequence and with or without SmartPrep

injection method sequence SmartPrep/delay time***  group
manual injection (n=15) —FSPGR* (n=15) A
power injector (n=85) FSPGR* 3 ml/s(n=20) B
FSPGR* 4 ml/s(n= 8) C
efgre3d™ 3 ml/s(n=20) D
efgre3d** 3 ml/s(n:37)—[5martPrep/ 7sn=17)**** E
SmartPrep/10 s (n=20) F

* FSPGR : fast spoiled GRASS

** efgre3d : enhanced 3 D fast gradient echo

**% SmartPrep/delay time : with SmartPrep/image acquisition delay time
*E SmartPrep/7 s(n=17) : include 10 cases of test injection

20014 1 5 31 A&ZF 20014E 3 A 19 AT
Gl

T569-8686 KB EMm K0T 2-7  KREREEFHERS RAHREE T HE  MET
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7=.

Dynamic study I 35 1 % W [H] #& 8 % Fig. 1
127”9 . SmartPrep #% i\ i\ & ST ER
K ARG B 25 BERICIRIG A BA L 7.
BT

kA & SmartPrep 5D HlgiL, T

A TOKRBEIROBSLEIEK O peak time
& SmartPrep % TO® A #EA LIHD T
DEBICIRE A E S £ TORM ; delay time
(=triggering time+image acquisition delay
time) & DA LT - 7.

Dynamic study IZ 30 A8aH3, 525
27 Table 2 IR XD ICA DB FRIC
SHEL., EAREREICOWTIEIBHELCH
T, HMAHTEOENIZOWTITAR L B
T, JSNIVAY = ADENCTOWTIE BE
¢ D#E#A, SmartPrep £ T delay time D&
WIZOWTIF ERE L F %A, SmartPrep 5D
HIICHOWTIT DAL F A Hlcias L 7.
DN xR 3SHOBHBRIEICED, Bbh
72 T B WIR B8 2FE D [ 11T D\ TR AU RTAG %
To7c. HWEIIR2 KSR & D REAHES
N, PROBHITIEE ETOL D% RIFH

(good), JFEHNRAS 2 KoK & T Sz

injection
start scanl

without ¥ ¥

SmattPrep 0 25
injectior

i start trigger scanl

with } N

SmartPrep™ o o e
‘Pt > (sec)

baseline tracking image

acquisition

phase phase N
delay tire

b delay time -

Fig. 1. Protocols of dynamic MRI with or
without SmartPrep

Dynamic scan was performed after administra-
tion of gadolinium-DTPA. Without SmartPrep
technique, 25 s delay was determined empiri-
cally. With SmartPrep technique, both trigger-
ing and start-up were demonstrated automati-
cally. Delay time was either 7 s or 10 s.
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O FEHRE (early), MIIRASERH S NIF
BIRAHIFIL D bW OaEiLH (late) &
EL7. BROR—FDEUIHE, BRIk
DEBEXHRLL. AREERTCICELELRE
(Fisher’'s PLSD 1) % A\ p<0.05 #F & &
L7z

& R

F A FEAE & SmartPrep 5 & O Hilig

T A FEAEIC X V185N 7o KBRS I 5

K%ﬁéﬁ%(mwﬁm@ 13 20.5+2.38 F
TdH -7z (Table 3). F—XDELO>E I
»o7z. Fig. 213 Table 31281 % No. 3 D—
o time-intensity curve Th 5. KEIRDOH
THIFRIIO TN T, FEBROESOLERIIRS
Nieh -7z 10 PlOKE T, KEIPRO peak
time & ¥V % 2.8 £ 2.3 % § < [T trigger 73 7
7 - 7=. Start-up time & peak time & O 73
¥ 5.8WTHY, triggering time [T KEIIRDE
SR — 7RO 50%1Z LA L - Refd] & 13E
—H L7z, HRATIDIFNOBEITHEWTh
2ml DT AP FEAZBIICEEY RT3k
no 7z, 37 BNT i % SmartPrep 5 TOE R
FIEABL O trigger 320 5 £ TORRE O
Wit 17.0+4.71 8 (RE10R, &KX 298)
THo- 7. BEFITIIFEROMWET, Fig, FEE
IZ & BETEDm» -7
Dynamic study (2 31 % #ad

e % Table 4 \Z/R"9 . HEABRE
ml/# (B#E) 24ml/# (CH) ICHLEHN
Tz (p<0.05). HEAFHEDEWTI i)ﬂ%’iﬁ
(A% LEBEAR BE) CHFEEIRD
Terolz (p=0.06). /NIVAY—4 2 A6 T
FSPGR (B #f) & efgre3d (D) ICAEEIT
Do 7o (p=0.47). SmartPrep i TD
delay time (3 7% (EF) L0 108 (FEH)
DFRENTEY (p<0.01), SmartPrep k%
Ao/l (FR) OFPHVWEWDRLIDE
NTWe (p<0.05).
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Table 3. Results of Test Bolus Injection

case No. tsiﬁzt-a% pealéiglme tiilrgnge;?sn)g A-B
1 14 22 24 -2
2 19 23 22 1
3 13 17 14 3
4 16 20 17 3
5 12 18 14 4
6 10 17 15 2
7 17 23 21 2
8 15 23 18 5
9 16 22 16 6

10 15 21 17 4

H
N
w

mean+=SD  14.7+£2.45 20.5+2.38 17.8+3.46 2.8

250

€ aorta
& liver

A spleen

relative mean pixel value
= @
8 e

o
=3

50 L

time (sec)

Fig. 2. A case of test bolus injection. It is a time-intensity curve from
data derived from the abdominal aorta adjacent to the celiac trunk of one
patient. The Y-axis is a numerical value by which the change in signal in-
tensity is relatively shown. Note the base line signal intensity to reach dy-
namic equilibrium within the first 10-15 s, after a steep signal intensity
increase caused by the arrival of 2 ml of gadolinium-DTPA, based con-
trast material injection as a test bolus, and signal intensity decrease to
base line level. On the second circulation, broad signal intensity change is
observed. The enhancement of the liver parenchyma was not seen.

EW % 2779 5. Fig. 3l ABEOS BLOR EBECHE SN TS, Fig. 5 EHOSH
HAREC, HEIIRIZIZEA EHH I Tz, DBIFRET, triggering time 16 #, image ac-
Fig. 4 3 BHO S bLORBERT, BEICMRRS quisition delay time 7 #OEFITH 5. FFER
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Table 4. Visual Inspection for Hepatic Arterial Phase of Dynamic MRI

dynamic result

group
good p<0.05 early late
7(47%) 6 2
15( 75%) ]
3( 38%)
13( 65%)
1]

8(47%)
20(100%)

O E 00w
S N~ oW
oMo Ul W

Fig. 3. A case of dynamic MRI with manual injection. A : pre-contrast B : arterial-phase
Gadolinium-enhanced SPGR images were obtained in a 76-year-old man with HCC. The arterial
phase image is early data acquisition.

Fig. 4. A case of dynamic MRI with power injector used SPGR 3 ml/s. A : pre-contrast B : ar-
terial-phase. 64-year-old man with HCC was demonstrated with power injector. The portal vein
was already enhanced on the arterial-phase, thus this is late data acquisition.
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Fig. 5. A case of dynamic MRI with power injector used efgre3d 3 ml/s. A : pre-contrast B : ar-
terial-phase. 3d gadolinium-enhanced MR angiography images were performed in a 63-year-old
male with liver tumor (histology was unknown). Triggering point was 16 s and image acquisition
delay time was 7 s. This case obtained optimal timing on the arterial phase.

2 KB THIRICHI S T %

% £

L2 A4 F 3 v 7 MRIBREIZ RS\ THEFE 7%
AA IV TEBEBHITIIZED L Dk EIcE
JETNEp, LD I HFO MRI#HEAIC
BOWOEHICEETH L. WEXA IV 7O
12 MR angiography (MRA) O F &% H W
727, MRA O¥& L Rk, delay time D%
E, SEROZEIEA, EER%E, k-space
DOFIEENE 72 5.

% MM IS O MR O R & LT, E O A

DRI, BFEERIFEAEE SN WS
EERIED X A IV ERE L. d LA
Nk I BIRECAR TR S, BiiiER S0z
Mt SR & O & PR TH D, 1
WREERLAR 2> & P HE O\ 43 ) TIEAE 5 I i
INb. RBHERFEEEEMEO %\ R
DEIBIIHE CHigIC S S h s, 2hdz
Z MY DA OB I R & 0 b RIEIIR
HTOBRHBRPE 251012, T hidkbkE
RO A Tid7 <, bErIcMRb s n
LLENBH L. T THEAITHENIR 2 Kok
EDFTPITPIIRS T = N S BRINEIIRIE 2 RIF
FEEREL .

FSPGR 3ml/F 3+ L& & HEHEARE &
ORNCHEBELERDIT P12, FHLEED
T=RITIREHOEHH Y, FMFOEEGRL
<, TNERBITEOEAEEN3ml/M LD B
BWIEDRERREEZ N/, —T, 4ml/B
TRE—7ICET 5T TORMBPRL 257
O, WRGHBRREEFDOL0E N H 5. Bicx
WF A A A CT OB & IRHPHOWR B
G TOWRBIT 3~5ml/BEARNTHNT
WA, LA L Yamashita 5133 T #l fafE O
ZWERICOWTHX A+ Iy 7 CT &E MR %[t
L, IV T ANGREE & T — X INEED
THENRAETO MRIOF KA #REL T 5.
{8 2 OFN g2 Az 0 U 7o St O L EE T
BHHEEZD.

4 & TICR—HEGI T A FE A & Smart-
Prep #:% i L 7o 5137z 19, 4[a) 10 )
OBFZICHWE TS5 Z & THZED LR AT
X /2. SmartPrep % T3 KB Ik O peak time
F DL 2.8 FL trigger o7z, Th
125 A F & AFE T time-intensity curve O
& ERE2 LY — 7R E TOR 50% EAK &
FIF—F L CT\7-. Centric view ordering @
Y&, trigger A pip - T 6 10 B delay 23
75728, 7 A FEAETO 3ml/BIEAD
B&, KENRO peak time Lk v 10—3=7 f#%
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CHRGE ARG I NER W L bk h. L THD
sequential view ordering D&, &k LD 25
BB RBE OO 35 BRItk & 72D,
FHH £ delay time (27 BAFIH) LD b2
T DEBILL TW5. Zhids I efgre3d 3ml/
WO TEEMRN L P72l L E—KL T
b AFFFEIRIC tracker 3% E TENITR
WA, MAE D < R EREE L 72 O KBYRO Y —
TP DES S b LA SEIOFHE Tl
image acquisition delay time 7 #-Cl3 &G
DRBEI/ D COUER I0BICEFE T 5

FICXORIFEZA I VI BRELN-. T8
FHANOWRIZ (EOFR O IERITIEZ B Z LRT
&7z,

W% % 9% ETHEREITNERICEAED
BELMEE AT ERD L. SEITEFHO
75y 21— 20 ml D4R A K A L
7oy, REMICD ORGEETANEATO 2
ml O 5T, 7AMEAEOSLHPE =71
#T 5 E TORREIDEBILT SRS 5. 3
THhHEEAZEDPEKEITE, FHE(kg) x0.2
+20ml THAHDICH L, 7 AMEAETE2
+20ml TH Y, FAFEAEDOTH# 10 ml
Vi BEICIZCORICLEE T HNETH
L0, MAREP—ETHNEIRGTREOET

—ZICET 5 E TORHI L D T L A ke
IR 5 L1, K& KRR DZEIC7% 5l EEMEIC
ZLWEEZ, BEORED DI 7.

T A MEAED, FEEOKL OO dy-
namic study %17 5 BIZBYIRIH O REICFIH &
NTWLRDY, HE%&E@E%&%%@@
TOIRREA R A 7= DI i3V B v 2 8 & ilss
BEpBeaIN5S. L2l Kim 692555
A FEAKRED 0.5ml OFEFA TIIFEEDOE
WO T\, £EO2mlEATD time-
intensity curve 7» (3B TOFFEEORF S
HEDO EAITRONT, F/s|EkEEiTL
dynamic study iIZ W TLZROTIFIC/ 5 &
ST EHBORFEERHR L k-7, 2%
F x> data & Kim 50 0O8E %I 5H D
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Optimal Scan Techniques for Dynamic Gadolinium-enhanced MR Imaging
of the Liver : Usefulness of Test Injection Method
and Automated Bolus Tracking Technique

Masako YUKI

Department of Radiology, Osaka Medical College
2-7 Daigaku-machi, Takatsuki, Osaka 569-8686

This study was performed to determine optimal scan techniques and important factors in dynamic
gadolinium-enhanced MR imaging of the liver. Comparing the influence of test bolus injection to that
of the automatic trigger was done in the same cases. One hundred patients were enrolled in the whole
liver dynamic study using a 1.5T MR system. MR imaging using a power injector was performed in
85 cases, while manual injection was performed in the other 15 cases.

Fast spoiled GRASS (FSPGR) or enhanced 3D fast gradient echo (efgre3d) pulse sequence was
used for the study. MR SmartPrep, which is a computer assisted bolus tracking technique, was per-
formed in 37 of the 57 cases with efgre3d. Both test bolus and MR SmartPrep were used in 10 of the
57 cases. Hepatic arterial phase images were designated to 3 grades of scan timing. Optimal timing
was determined when a faint depiction of portal vein in addition to a description of second branches of
the hepatic artery were present. The best timing was found in efgre3d 3 ml/s with a SmartPrep in
which the acquisition delay time was 10 s. The mean delay time from the initiation of contrast agent
administration to the beginning of arterial phase scanning was 17.0+4.71 s (mean + SD, range 10-29
s). Although similar effects might be achieved when the test injection method is used, it requires
complicated steps. These results indicate that we can perform optimal timing for the hepatic arterial
phase of dynamic MR imaging. We can also set the delay time for individual cases with the power in-
jector.
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