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Dynamic MR Imaging of the Upper Abdomen:
Timing Optimization
and Pulse Sequence Selection

Kengo Yoshimitsu, and Hiroshi Honda

Since breath-hold gradient-echo MR imaging was intro-
duced, dynamic MR study has played an important role in
the MR investigation of the upper abdomen. In this article,
the importance of tailoring imaging delay in each individual
patient is stressed, with special attention given to a logical
aspect of setting delay time based upon the bolus transfer
time obtained by test injection. Also discussed is the impor-
tance of selecting types and parameters of pulse sequence
to maximize the enhancement effect. It should be noted that
alteration of gadolinium concentration in vivo following in-
travenous injection could result in a large change in signal
intensity change on one sequence but little change on an-
other. Double-dose 3DFISP with tailored delay time utiliz-
ing the test injection method, which is currently used for dy-
namic MR imaging in our insititute, is presented.
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1. test injectioni®
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mR L%\, #HTEY—2 2 A, turboFLASH (TR/
TE/TI/FA = 5.4/2.8/300/10°, 128x256 matrix) TZ L5
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R ET 4.
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EDOREIERE — 7 #H#ET B2, ICE2HOMEDD 5.
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213, MRAIZBIT B2 T, bolusEEREH] 12 HA] D
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delay timeld,
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Table 11ZBEES 1 I > 7L 54761, test injection
AL B50BI0M(% % 4 2 > 7OREA 7T, renal vein?®
BIVCH DT NI LAMERES WA WS £ I 7 7 #too eraly,
IR SRS SN2 4 3 2 F%too latek L, FOM]
ZELIZ3HFGLCHMY A I 7 RFHEL7:. too eraly
Etoo late T ANiEY), OO 3 BEZMLIE L CEMEL7-.
TableD Z& CHES 4 I > 7 HTIRAEYIER 1238 % A3
TAHDIZH L, test injectionih Tl EFIMEIEE L Sl S h
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Table 1 Timing evaluation of the arterial-phase images of
3D FISP dynamic MR study
A: fixed delay time method (30sec image)
LC(+) LC(-)
too early 0 7
slightly early 1 5
~ good
good 11 10
good 4 1
~ slightly late
too late 5 6
- B: test injection method
LC (+) Lc(-)
too early 0 0
slightly early 5 10
~ good
good 16 13
good
~ slightly late L g
too late 0 0

LC = liver cirrhosis
< criteria of the timing evaluation>

- too early: Renal veins, inferior vena cava (IVC) and peripheral he-
patic arteries are poorly opacified.

- slightly early — good: Renal veins, IVC and peripheral hepatic ar-
teries are well opacified. Superior mesenteric and splenic veins (SMV
and SV) are not yet enhanced.

+ good SV is slightly opacified, resulting in faint deliniation of in-
trahepatic portal venous system (PV). SMV is not opacified yet.

- good ~slightly late: SV, SMV and intrahepatic PV are opacified, but
there is no opacification of hepatic venous (HV) branches.

* too late: Intrahepatic PV and HV branches are opacified. Hepatic
parenchymal signal is elevated.

LT ULSEL BRWITEEED S 20, W14y 13 > 7ol
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2. bolus trackingi#
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HORE) & & EMHER TV B T, &kOGd%E ML,
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AR O L/ FIRZDOES LAF VI EHF S E LT
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TEOMRFERLIE SN T 3995, HH HRZE T 7213k noise ratio: SNR), Fig. 1B TIEA I8 A 15 5l b
ORI Y — 7O 5 BEiO Y 4 3 ¥ 7 nhIZ Z Othresh- (contrast-enhancement ratio: CER) & Fh¥. ThblZL 3
o]dt JLW S5 P22V T OEHWEMF T IR 5 TH &, Seak L7z RPIGd O i BERT A O | RS EE RIS T,

, Al CE DB TIE, bbbt Z @bolus tracking 3DFISPiEMD (19 A2DFLASHEE L D ESNREE L, »2
:I% ¥4+ 3y ZMRIOI(EY 4 3 7 Vgt lvaZ L ARG D i BE i 0 253K T3DFISPE DT ) b
123 L CTIXHBITH 5. CER, HIB5dHRshRERFoI LAREEhE, F 72,

[f] L3DFISPT b, flip anglex b3+ 5 & 2 OFFMERRARIZ
\ . 21b¥ 5 (Fig. 2). SNRIZAEMFPNIGAHREEHEPH T id15~35°
_ =VACARREER o EbOTS TEIWES & ), —J5CERI3flip angle DS & 2T EEG v E]
bV IUILL], AR TOGAIRBEFEPE % 1% 72012, AR E NIz, LA L, FA>25" TIREBROERRIETIZ
I— FEEAIZHWCTIZTY I ab—Ya r&fthot. W% (specific absorption rate) ASHLEL FIZKE (2 )
F ORI L IUE, 20cc Gd# 2cc/sec THHE L728E, K FTELLOAMITHY, FA=25" PRELHIEENS,
Bk TOGARKIEIE TR SmM, IFIEE DR KIEEIZH INLOZERDL, bUDbhORKTIZY A F 3 v 2 MRI
0.6mMEHEESNDY, ¥4 F 3y s MREHEICFIH S I21X, 3DFISP (TR/TE/FA=5/2/25" , matrix 144x256,
2DFLASH, 3DFISP&D ¥ — 7 . AT, ZOGADESE slab13~15 cm, partition 24, $R{IFHE 19~21F) € T
fEpHIZ BT, f@iﬁi‘iﬁ?_‘#h MIETRWESEETH I AT VWA, DY — 7Ly ATIE3D acquisitionTH 5 Z & D—
77 ¥ P LAEBRTRENLZO Fig. 1), YRTIIARBREIC MEFES 0Nz, B O & b GdiREZ L E
WTHBH20cck FRET ARG ZHEAE LT XY GBS HER L LTHBTAIEDTESE D5
- ’C WA, Thb., INIRET DL, £ENTCID S 2 REFEHT

Kz, gy — 7 ARKRICLBEROSMSH SH. b B\, HbHY— I Ty ATIRKE L EFTIEILTS
W ATERHEE & Wbl il b, GAiEEZ bz 58 B, O —2 T ATIRITEAEEFIZEE W, &
BIEDBEDS, F¥4F3I v ZMRUSELIZHDLF) Th Vol ENBHN BT LELRLTASL, TOI LI,
WHOLERYT A LATRETH S, Fig. 11 £ ¥4+ 3y IMRIZR T 59 2 THET, Rk HHETMHE,
2DFLASHiE &, LB THFAF I v ZJMRICHVTWS By Iy ATIbRIZT AT 3 v 27 MRUIBRHE &
3DFISPIED, GAiEii7 7 > b A2y A Heki 2R 37, FRTREBTE RV L E2RET 5, MY — 7 KR
Rl IGdiLEE, #EhEFig. 1A TIHE T /M5 I (signal-to- L, Ry —UEFORBLRELRH T ) MEHIZE S v

o o ~
300 L Ao Y L Ao /’*""'
250 ‘[.//p\\. 22 }r/ \"'
o 200 o 20
& 150 | \ k—*,% S 15 Y //'/
100 | B - m L N 18 e = K — e
1 R ?_;i : Tég-wvvdr—'*m*f“hﬁ’&q
0 L L ! ! ! 1 il “-‘ \I ! ! 1 L L
2] = = = = = = = = = = = = = = = =
E - £E & § & & E & § & & § § § &
s o - & ® s o - & ®
Gd conc. Gd conc.
— - — - 2DFLASH 1 — — - 2DFLASH 1
- -m-- 2DFLASH 2 - - -~ 2DFLASH 2
—-4+— 2DFLASH 3 ——d—- 2DFLASH 3
— X—-2DFLASH 4 -- 3t— - 2DFLASH 4
—o— 3DFISP -—a— 3DFISP
Fig. 1 Signal-to-noise ratio (SNR) (A) and contrast-enhancement ratio (CER) (B) of four 2DFLASH and 3DFISP with a 25-degree flip

angle as a function of gadolinium (Gd) concentration. Parameters of 2DFLASH 1, 2, 3, and 4 are 50/10/40, 100/4/€5, 150/4.8/70, and
100/5/80 (TR/TE/flip angle), respectively. Ao and L indicate, respectively, the calculated maximum concentration in the abdominal aorta
and liver parenchyma at double-dose Gd injection. 3DFISP shows better SNR than 2DFLASH at high concentrations of double-dose
Gd. CER of 3DFISP is higher than 2DFLASH at any Gd concentration.
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b LIRS, 5 h DGR LB 27 5 #5E, REMFEE LTETONTWA. bhAlZ, BELHESRT
RBBV—T LY ATREBEHNTERWEEZ 1T MR MRAIZHvi 6T\ A3DFLASHE: & 3DFISPI: DR 4: il %
W, Wiy 2 &, MEic—R A& #3755, 3DFLASHEDIE
BAETIIMRAD Y — 7 LY A% ZFDFF 44 F 3 v ZMRI I, GAD IR CIDFISPE: & ) b EE 5%, Rl
I T 2 53 IE ST BY, BV ZefiMEEED (% FHETRHEEFERETHI DDA 5 (Fig.3). O ki,
PROENLIE, MEECDOHERIELZENTELI L, MENDGAIEES, /Ny 27T 9 v F(EHPEEOME)
(A) (B)
450 120
400 | i .
350 | 100 //’
300 | 80 | L Ag P
L 250 5 eol S/
o 200+ 3] Y e X
150 f 40 | # Pl el
100 f | . —
20 | = -
50 t e =l -
w s - - B B . .
£ E E = = £ E E
o o w — (8] e o (=] o
o o o L ™ 0
Gd conc. Gd conc.
-~ 4—-FA=5 — - FA=5
--m--FA=15° --®-- FA= 15’
—a— FA=25° —&— FA= 25"
---X— - FA=35" — -X—- FA= 35’
—e— FA=45 —o— FA=45°

Fig. 2 Signal-to-noise ratio (SNR) (A) and contrast-enhancement ratio (CER) (B) of 3DFISP with various flip angles as a function of
gadolinium(Gd) corncentration. Ao and L indicate, respectively, the calculated maximum concentration in the abdominal aorta and liver
parenchyma at double dose Gd injection. 3DFISP with flip angles of 15degree, 25degree, and 35degree providad good SNR at the in-
vivo range of Gd concentration. CER was higher with larger flip angles at any Gd concentration of Gd.

(A) (B)
100 60
50 | i
80 ! L Ao r d‘- SN
& 40 + ‘ - .’ N
I g v /"-—_-‘\\
[and o 30 1y 4
& 40t S : ‘V
20 | \/ AT T
20 | =~ w0l _ —-,:'f
c Sl =
0 = ! y . . : 0 .—.—'.’:1 ol ) ; . ;
] = = = = = = = = w = = = = = = = =
E E E E £ E E = = = = E 1S E E [5
o w — o w (=] (=] (o] (4] [T9] - (2] (To] [=] (=] (=]
o o - N " o o = ™~ 0
Gd conc. Gid conc.
— -¢— - 3DFlash 15° — - - 3DFlash 15
- - @-- 3DFlash 30° - - m=- = 3DFlash 30°
~—=— 3DFisp 25° —4—— 3DFisp 25

Fig. 3 Signal-to-noise ratio (3SNR) (A) and contrast-enhancement ratio (CER) (B) of 3DFISP (TR/TE/FA=5/2/25) and two 3DFLASH as
a function of gadolinium (Gd) concentration. Parameters of 3DFLASH 15 and 30 are 5/2/15 and 5/2/30, respectively. Ao and L indicate,
respectively, the calculated rmaximum concentration in the abdominal aorta and liver parenchyma at double-dose Gd injection. Note
the lower SNR of 3DFLASH 30 at a low Gd concentration compared with that of 3DFISP. CER of 3DFLASH 30 was lower at low Gd
concentrations, and higher at high Gd conccentrations than that of 3DFISP.
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IYAELTIEHBOTEHNNTH A, L, ¥4 +3
Y VMRID Y — 2 L. A & L CIFEEBEEN TOGAEEZ
b (FKRERB) TR T 5 LB ROEND -0,
3DFLASHEDREIZ S IZE A v MIhB ETELZLNE
W, L7zd5o T, iRk TERIS 1 F 3 v ZMRIIZD W
TIIBHETHIDFISPA A LT A, 2B iaEIcBI LT
IXinterpolation¥#i 2. % 43 ADFLASH® /7 A3DFISP & 1) §
AR TESHZ0T, B E LT 2546 (IRERER
% E/NFZE) \ZIE3DFLASH%Z % 4 3 v ZMRIC V5 Z
EbdhH. L, MEBEERE LT Z 5 R HZ
(MRA) &2 B7-008fg 5 4 I ¥ 7k, BIRE223EYE
DHEFEN ELLVEOWRE L 25D THYT LIRE, F/2
LR OWBE — 7 I be Ry 4 IV FEZRL
5. =T, HHigkTI, #lz A U3DFLASHE% VT
b, ¥4F3I v /MRIEMRATIIR L AES A I 7T
BEEZMTL TS, MEE, FoZ)XBILTEZLR
i n 6w,

W12, T O3DFISPEEZ F 72 IR O R 2 R

1 % 413

$ 5 (Table 2). ZHIEEFIFAEAPSRTHY, EES
A 3 ¥ 7EIZ K B3DFISPTORI A TH 5 (£ Ftest injec-
tioniLIZEHE LT 6 HA5 L, FAHEFIOHERMA 4T
HHIZD), F¥A4F 3 v FMRIOWTNWAOHTE F /213K
FEICH sh Tl s LTih-727— % T
L, EES A I 7HETH, 9%6%EHomeiiistd
D, CTHA I X BHHICOH LR VIERTH o 72910, i
1% 4 3 2 7O T test injectioniBElZEZTY, ¥4 43
v ZMRIZHRTOMEFREEKEZAD BT SIZE EdS
BWZ EDTEENLA, BRI %203 iR+
L OBREICHIE T A 2 Sid T ifETE S, B, WED
ez LVHRICELCRBERTEL LAY, Bk
confidence level S 595 Z L A8fif & 5.

¥ & B

Vi, Bl S Co RIS TO Y 153 v 2 MRIOE
BT, B4 I roREOHl Ry — 7 =
Y ADOBUTIZE S F BT L7,

Table 2 Detection rate of surgically proven hepatocellular carcinomas (n=79)

sequence detection rate sequence detection rate
3DFISP pre 80 %
T1WI 86 %
° 30 sec 86 %
T2WI 77 % 60 sec 86 %
fat saturated 81 o 90 sec 86 %
TiWI e
360 sec 85 %
h |
M e 1% overall 96 %
X
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