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Fast MR Imaging of Liver Metastasis using FLASH and FISP
—Optimal Sequences for T1- and T2*Weighted Images—

Shoichiro Otake, Michimasa Matsuo*, Tsuneo Tamaki**, Akira Sano, Sadahiko Nishizawa,
Masao Murakami, Yukio Miki, Kouichi Kawakami, Fumitoshi Mimura,
Tomoya Masada, Masashi Koyama, Shinichi Miyamoto,
Sumiaki Matsumoto, Yoshio Kojima
and Yasumasa Kuroda
Department of Radiology, Tenri Hospital
*MR Center, Tenri Hospital
**Department of Radiology, Nagoya City University Medical School

Research Code No. : 514.9
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FLASH, FISP

This paper deals with a study to obtain the optimal sequence of gradient echo (GE) for T1- and
T2*-weighted images similar to T1- and T2-weighted images of spin echo (SE). Two GE sequences, fast
low angle shot (FLASH) and fast imaging with steady-state precession (FISP), were performed in 15
cases of liver metastasis in various combination of flip angle (FA), repetition time (TR), and echo time
(TE). The optimal combinations were summarized as follows: 1) T1-weighted FLASH image with FA
of 40°, TR of 22 msec and TE of 10 msec, 2) T1-weighted FISP image with FA of 70°, TR of 100 msec,
TE of 10 msec, 3) both T2*-weighted FLASH and FISP images with FA of 10°, TR of 100 msec and TE
of 30 msec.

Not only to provide the adequate T1- and T2*-weighted images but also to enable breath-holding
MR imaging, GE sequences can optionally take place SE in cases of deteriorated images caused by
moving artifacts. Other applications support the re-examination and further detailing when required,
conveniently rather in short time.
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B 7E, magnetic resonance (MR) ##& Tiidh
{ ¥ T spin echo (SE) iz X 2@ nEALATH
5. L2 LIRERFRED R\ 1o I R T
WEsh, My, BE OB CERTS7 —F
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HTH, TR MPELEEFRYE S DIZSE
BRI LIRS RERYEE, o
T258F8ER OBINTERERS L,

FO—XERE LT, @mERBRETH S gradient
echo (GE) ENERA ST WA, Lal, K
Ex SE¥HOfH, W LREEMHHEELTH
WA Tz, SE o T1585, T2 SR
Wwav b A REREHT S X5 eflip angle(FA),
repetition time (TR), echo time (TE) ®5%E
PEE LV, £0lked, HaXEBEFES
LT, 2fHHo GE, FLASH (Fast Low
Angle Shot) & FISP (Fast Imaging with Steady-
state Precession)!"Diz &8\~ T, BEEATHEDE
iz 3 o0 5 4 -2 BB LIOTHET S,

WERE L UFE

& ERIRAY ¥ 7o (ARSI 2 S hickER
PERFEESF 1561, &40 SE 0 T13ERE & CERE
%, T2HAEGR CEHESYELEANTH S, K
RBLIKE 461, FAR3GI, B24, F260&
MEZE, BRAE, FURAR, ESERMEZ 16ICh 5, #5
X BAREB 86, & 76, FEdi229~T68ECF
BEEW53RE) TH 5, MRERE (XSiemens Magne-
tom M-10 (1.0Tesla) O#BEBE & L1,

&I H\v-7z FLASH & FISP @ -2 v 2 /7%
Fig. 173, FLASH & FISP i\ Tix &6l
THRIE LT TRERT- 7o, FEFICH -8
B85 2 —2% Table IwirR$. FAIX10°5 590°
OMEATEIEEL, TROTFRIBERACAE
BICTRETRERBEAD2msec TH 5, EEI
PERAE IR 2 R TH30W & T 570w, BHIX
100msec & L7z, UdL—EDEEFTiE150msec
R, TOBRICTESE < b Y o 2 2% 128X 256,
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Fig. 1 Tllustration of FLASH and FISP GE
sequence. Spoiler gradient pulse is designed to
destroy residual transverse magnetization prior
to next RF pulse. Rewinder gradient pulse
enables steady state magnetization to develop.
Gss: slice-selection gradient. Gpe: phase-
encoding gradient. Gro: read-out gradient.

FTR= MY v 7 RITL56 X256 TIT\, HRERFR S
X OERE-RE Y G E L. FhlofkE
TS~ M) v 7 A%256X256, Fx< Vv
7 A 256 X512T T -7z, TE iX10msec 7 587
msec DEHIFCTEILE® L, FHMETZTROHE
WEHER2EH, RV 1EE Lk, FREE
2 1E SR 2 8% 4 4 TR 322msec T 2 [B D SEH N
Hux LB So12» s, & TR 23100
msec T 1 BDFHME > T - B & O #2680 T
H5 . FREIE ORI HEOEERZIT - 72D b,
BURSMCERAPELR ST L, 251
A EZ8mm TIT - 7.

SE & fEGI© T1585, T258 3 & 2 15 L
7z, T158EE# 1 TR=600msec, TE=15msec,
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Table Patients with liver metastasis examined by fast imaging with various parameters
) FLASH FISP
Case Age/Sex P'—:_?::W
Gt FA TR TE Contrast FA TR TE Contrast
1 6/M  Lung  J2N405 g 10 T1-w  10.30,40.50. 109 10 TI-W
22°,40*,60%, , ¥ 24,40,60,80t, =
40 80*,100* 10 T1-W 70 100* 10 T1-W
10°,20,30,40, oy 10,20,30°,40, ey
40 100 S é30a TI-w 70 100 %:00 To-W
2 45/M Colon 10,40* 22 10 TI-W 40,7090 22 10 T1-W
10 27,30,50,100° 30 T2e-W 10 100 16,30°,40  T2*-W
10 L T
3 6/M  Colon AAMM g 10 TI-W  10,40,70° 100 10 TI-W
10 100 30 T2 -W 10 100 30 T2*-W
4 56/M  Stomach  10,40° 22 10 T1-W w ZALE0EL TI-W
10 100 30°.40t  T2-W 70 w0 107.2040.60.
10 100 10,20,30*,40 T2*-W
5 55/F  Gallbladder  10,40° 28 16 TI-W o 2.40,80.8, 1 TI-W
22° 40*,60%, y
40 o 160 10 TI-W 10 100 30 Te*-W
10 100 30 T2*-W
6 65/F  Pancreas égét?;ﬁ}é‘bogo 22 10 TI-W 10,40 22 10 IS
10 100 10,30°,40  T2*-W
7 T6/M Lung 193040 2 10 T1-W 10 100 10,30° 40 T2*-W
! ! w 10,20,30,40,50, iy
8 52/F Breast 40 22 10 T1-W 6o¥,70* 80,90 100 10 T1-W
10 100 30 T2*-W 10 100 30 T2*-W
9  29/F Breast 70 100 10 =) “’-”gﬁ?""“" 100 10 T1W
70 22,100*, 150t 10 T1-W
70 100 30 T2*-W
10 4/M  Stomach  10,40%,70 2 10 TI-W
10* .205.{?0 40, 100 30 T2*-W
10 wo 203004050, Toew
11 49/F  Thyroid 10,40° 22 10 TI-W 10,40 2 10 -
' 10 100 10,30* 40t T2*-W 10 100 10,30° 40t T2*-W
12 3/F Breast 10,30,40* 27 16 TI-W 10,40° 2 10 T1-W
10 100 10,30°,40  T2*-W 10 100 10,30°,40  T2*-W
13 48/M  Maxillary 40 22 10°,15f  T1-W 0 100 100,16  TI-W
sinus 10 100 30 T2*-W 10 100 30 T2*-W
4 45/F Colon 10,40%,70 22 10 TI-W
, 20,30°,40f, oy
10 100 i T2*-W
15 68/M Colon 10,4070 2 10 TI-W
16,20%,30F, o
1 100 40.50,60,70 12"W
Note. — (") : Optimal parameter of all tested.

$p)
()

: The second optimal parameter,
* Unsuitable tissue-contrast for T1- or T2*-W.

ER 3E 1 A258 (21)
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c)

Fig. 2 (Case 8). A 52-year-old female with metastases from the breast. a)
T1-weighted SE image obtained with TR of 600 msec and TE of 15 msec. b)
FLASH sagittal image obtained with FA of 40°, TR of 22 msec, and TE of 10
msec. ¢) FISP image obtained with FA of 70°, TR of 100 msec, and TE of 10
msec. Both GE images show similar tissue-contrast to SE image.

(22) HARBMEEE #5158 $£1%5



KHIE—ER fihld4 23

SEEE L 4 [0, T25EFE 1 TR=2,000msec, iR Th-oTAERFEHL, PECH-12FHL
TE=70msec, SF¥MEIZ 1@ L Lic, A7 4 A& WEE L,

L& H1I28mm TR 7 4 ARRIES.2mm TH 5, & £

B~V v 7 AI256X256TRR< LY v 7 A SE ¥ T15858HE &, T25&FEBITEV = v +
13256 X 51212 TiT - 7=, SAMERELILEGEED 45 4 —42% Table H

B 3 AORERBIEN =T b, KiE Wiy, 150 OFER, BETH 5 & DI
Bz Lo SE o TISRAE S, T25@HE ‘s EROZ T A4 — 2 RDTIRRT.
BaEEE EFEFHEELOEH v 9 A MR FLASH iz X 5 T1H#AEE O FA 340°53 4,
Va2V TR ERETSEGEED T A -2 L7, TRIHSHEHATIGENcEB = v+
PWE LN, FHEL 3 ADOERVXER -84 FAMCHA LI FEYTIE o1, TE &

c)

Fig. 3 (Case 11). A 49-year-old female with metastasis from the thyroid. a)
T2-weighted SE image obtained with TR of 2000 msec and TE of 70 msec. b)
FLASH coronal image obtained with FA of 10°, TR of 100 msec and TE of 30
msec. ¢) FISP image obtained with FA of 10°, TR of 100 msec and TE of 30
msec. Both GE images provide more detailed structures of the lesion than SE
image,

FRE 341 A25H (23)
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10msec 23 L 7=, FISP T T13#:EE & o FA
137023858 L 7z, TR 12100msec #» »150msec
TTI#FADO = v + 5 2 BB R, TEIXI0
msec 73 b L7z (Fig. 2), FLASH & FISP ©
o T2*EFAEEILFE & b FA x10°, TR (X100
msec, TE 330msec 73 8 L T\ 7= (Fig. 3),
LA Fiz FLASH, FISP i\, £-45 4 — 4
OFLFEB = P 5 A P RIETEECOWT

B,
(I) FLASH
1, FAOE(ic X 2E  FAZ10H 590 %
TEALX B L, FA R0 TRIESIETEFER
LOEEEEREL, T2*H il X i, FA 730"
B4 T E OB RITME L CEENE EIFE
B hESSHE I, TIZHEFAL A 8ka v
b5 R b &Moo, FA MO ETIE T1DEM
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Fig. 4 (Case 7). A T6-year-old male with metastases from the lung. Coronal
FLASH images obtained with TR of 22 msec, TE of 10 msec, and FA of a) 10",
bl 30%,¢) 40°,d) 50°,e) 70°and ) 90°. g) Signal intensity curves of FLASH as

a function of FA.

(24)
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XA IS, FAolERizohTLeEED B T1OFER O i\ 10048 L,
EEBERRACETLT/ A ANHEL-k 2. TROZEALIZ & %2 %% . TR %2100msec L)
(Fig. 4). FLASH o TLi#fBE G324 sh 5 Tre#Emies A0S REOHEMIR LA
BEBVESHREI S OH, Lad TIHEED = fohs, BB L EWHRELO= Y P 7 A MITRE
YV FAMIELRBA40H I LB LI, T2*545 FENTE b Te Bl - 1o (Fig. 5),

600

’_‘____..e-""
500
= —
E 400 --"/. —-o—  Liver
E u/ —-m—  Tumor
= 300
2 ‘/ FA: 40°
& 200 TE: 10 msec

100

o T ™ T u T T
20 40 60 B0 100 msec

e)

Fig. 5 (Case 1). A 67-year-old male with metastasis from the lung. Sagittal
FLLASH images obtained with FA of 40°, TE of 10 msec, and TR of a) 22, b)
40, ¢) 60, d) 80 msec. Tumor shows more decreased intensity than normal liver
parenchyma in each TR. e) Signal intensity curves of FLASH as a function of
TR. Signal intensities of both tumor and normal liver parenchyma are in-

creased at longer TR.

FH 34 1 A25H (25)
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3. TEO#E ic X 5%  FLASH iz T TE 1. FAOZE iz L 2% . FA #10°% 590° %
#EL&E% &, TE »10msec CILEBILESE THEAIRE L, 107520 CREEIEESY
#21L, TE #30msec 7> 540msec 12T EEILE EL, 01 bEFIMEFEEE L, 5100 %
BEEELL, TEXXLERE IR LIEER TFA ##nxes & T].%ﬁaﬁ@%ﬁ%m%jc L

I EEB TR &R, FEFEE0ER T 5, E5HEEREEIIET Lz (Fig. 7). FISP »
ZEL KT L=(Fig. 6). T13858HE {12 1%10msec FA @70 T T1SEFA ORI R &+ 7nfE 5 5B EE 2118
A3 L, T2*#RE &1 i30msec 755 8 L7, bhde, T2*5#EREERICIE10°2558 L7,

(II) FISP 2, TROZEIZL 5%  FISPicE\-T TR

l"!’*‘g I |

600
a,
500 1
-
2
? 400 4 —=0— Liver
k] —®—  Tumor
c
= 300+ N
3 \'1\ ~ | raw0°
= L= 'R: v
i 200 -~-.,.‘__|:| TR: 100 msec
100 4
Q T T T T
a 10 20 30 40 50 60 msec

-3

Fig. 6 (Case 1). A 67-year-old male with metastasis from the lung. Sagittal
FLASH images obtained with FA of 40°, TR of 100 msec, and TE of a) 10, b)
20,¢) 30,d) 40,e) 50 and f) 60 msec. Tumor shows slightly decreased intensity
at TE of 10 msec. According to the increasing TE, tumor shows gradually
increased intensity. However image noise is also increased. g) Signal intensity
curves of FLASH as a function of TE. Relationship between tumor and normal
liver parenchyma is inverted at TE of 20 msec.

(26) BABERSE #51% #1585
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STORE>S7

1200

1000 Q‘m—.
F-l 1 ..‘__\3\9
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2 8004 \.\ —&—  Liver
E 4 -—a—  Tumar
= 5007} / TR: 100 msec
4 TE: 10 msec
] 400

200 4

0 T T T T T T T T
o 10 20 30 40 & 60 70 80 90°
FA
i

Fig. 7 (Case 8). A 52-year-old female with metastases from the breast. Sagittal

SR 341 A25H

FISP images obtained with TR of 100 msec, TE of 10 msec, and FA of a) 107,
b) 200, ¢) 300, d) 40°,e) 507, ) 60°,g) 70°, h) 80" andi) 90°. Tumors show more
increased intensity than normal liver parenchyma at FA of 10" and 20", Accord-
ing to the increasing FA, tumors show decreased intensity. j) Signal intensity
curves of FISP as a function of FA.

(27)
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1600
1400 -3
L /
2 1200 4 —
L
c .
2 1000 - /-l —— Liver
[
= g0 ..'-‘/ —=—  Tumor
g / Fa:70°
5 i A
@ e ﬂ/ TE: 10 msec
400
200
0 T T T
o 50 100 150 msec

TR

d)

Fig. 8 (Case 9). A 29-year-old female with metastases from the breast. FISP
images obtained with FA of 70°, TE of 10 msec, and TR of a) 22 mszc, b) 100
msec and ¢) 150 msec. The lesions in the entire left lobe and the right lobe show
decreased intensity at FA of 100 msec and 150 msec. d) Signal intensity curves

of FISP as a function of TR.

EREREIRD L, EFLEFRFEEOESHRED
FiclmL, FEHRESSHERE LTlBE
MTTIXERAEh, MEO= v 7 2 MLk
L7, TR #150msec ¥ CHEET 5 & X 51z T1H
5838 otz (Fig. 8)., LA»L150msec @ TR I
BEETERCTRET 0~ Y » 7 2%
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LTRBELRSHD, MREEMETT 57D FISP D
T158 12tk 100msec 235 b8 Lfz, T2*3hEE &
Witz b B 7 TE T & - 7230msec OB &S TD
EEOESHE X H o & AT X 5100msec 3
& L,
3. TEOZick %% FISP T TE %%
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700

600 \
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)} FA:70°
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T . T
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8
o

1009

e)

Fig. 9 (Case 4). A 56-year-old male with metastasis from the stomach. FISP
images obtained with FA of 70°, TR of 100 msec, and TE of a) 10 msec, b) 20
msec, ¢) 40 msec and d) 60 msec. Sufficient image quality is obtained at TE of
10 msec. Signal level is much reduced at TE of 40 msec. e) Signal intensity
curves of FISP as a function of TE between 10 msec and 80 msec.

fb&e% &, TE »l0msec Cix TIHMEFA I h T msec, T2*IHFEEIZE30msec 23508 L 7,
BFEES cHitiahi, TEXEEX®S & E
T15EROEHRELWA L, 30msec T T2*H 587 X GEEILSEH®D X 5118074 v 2 % A7 s
fiz(Fig. 9), FISF @ TE i T1s&fEE & 310 ToD IR A+ » v A AEE T, WR{EETFTo

FRL 341 A25H (29)
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