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Low Flip-Angle Spin-Echo Imaging of the Liver
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Dependence on T, contrast can be reduced by changing the excitation flip angle. Low flip-angle
spin-echo imaging can reduce imaging time because repitition time (TR) is reduced. The authors
assessed the efficacy of low flip-angle spin-echo images in phantoms and in liver. MR phantoms made
from polyvinyl alcohol gel to model the properties of normal liver, HCC, and hemangioma were
scanned with various flip angles at TR 2400 and 1200 msec. Measured signal intensities fitted well
with theoretical values. The T, contrast of signal intensity decreased as the flip angle was reduced,
accompanied by a decrease in signal-to-noise ratio (S/N).

Thirty patients with hepatic space-occupying lesions (23 with HCC, three with metastases and
four with hemangioma) were studied by conventional SE (CSE) at 2400/60/2 (TR/TE/NEX [number of
excitations]) (10 min 46 sec imaging time) and low flip-angle SE (LFSE) at 1200/60/30°/2 (TR/TE/
FA/NEX) (5:20) and/or 1200/60/30°/4 (10:18). The sensitivity of CSE in detecting lesions was 93%
(44/47). Tt was 92% (35/38) for LFSE with two NEX and 94% (34/36) for LFSE with four NEX pulse
sequences. The contrast-to-noise ratio (C/N) for images (HCC/liver, hemangioma/liver) obtained by
LFSE with four NEX was significantly higher than that for those obtained by CSE (4.8 vs 3.5, p<<0.01;
13.4 vs 9.7, p<0.01, respectively). Although the C/N (lesion/liver) for LFSE with two NEX sequences
was lower than that of CSE for any type of lesion (3.0 vs 3.5 for HCC; 5.1 vs 6.3 for metastases; 8.3 vs
9.7 for hemangioma), the difference was not significant. Although reducing the flip angle from 90° to
30° with two NEX resulted in a decrease in S/N (10.7 to 8.9 for HCC; 15.3 to 11.9 for metastases; 20.0 to
18.1 for hemangioma; 7.4 to 6.3 for normal liver; 10.7 to 10.1 for spleen), the difference was not
significant.

For hepatic space-occupying lesions, low flip-angle spin-echo imaging is useful to obtain T,
weighted images in a shorter imaging time without sacrificing lesion detectability.
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Fig. 1 Predicted signal intensities as a function of
T, for various flip angles at r=10msec, TE=60
msec, TR=1,200ms (solid lines) and TR=2,400
ms (broken lines). T, was taken to be 60msec. As
flip angle is reduced, signal intensity comes to
depend less on T,.
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Fig. 2 256X128 coronal single section of 15mm
thick liver phantom images with low flip-angle
SE 1,200/60/90°, The round structures are glass
bottles filled with polyiynyl alcohol gel modeling
normal liver, HCC and hemangiom a properties
(T, and T, relaxation times).
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#), L T TR/TE/FA/NEX & £ & T %) &
LFSE 1 [Elpn% & & LT1,200/10, 60/30°, 60°/1
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US, & X CMESH & BREER» GRET L,
eSS & LR BB FA AN HEEAR A 3--5
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Fig. 3 Measured (data points) and predicted
(lines) signal intensities as a function of flip
angle for phantoms modeling normal liver, HCC
and hemangioma properties at TE=20, 60msec
and TR==1,200msec. The maximum signal inten-
sity is tbtained around at 90° flip angle for any
phantom at TR=1,200msec.
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Hemangioma

Liver HCC

Fig. 5 S5/N for various phantoms modeling nor-
mal liver, HCC and hemangioma properties.CSE :
conventional SE 2,400/60, LFSE : low flip-angle
SE1,200/60/30°.
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Fig. 4 Measured (data points) and predicted (lines) intensity ratio of phantoms
simulating HCC and hemangioma to phantom shmulating normal liver as a
function of flip angle at TE=20, 60msec and TR=2,400msec (a) and TR=
1,200msec (b). Although HCC/liver and hemangioma/liver intensity ratios do
not change much for pulse sequences with TR==2,400msec, they increase large-
ly as flip angle is reduced for pulse sequences with TR:=1,200msec.
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Table 1 The sensitivity in detection of the lesions in each pulse sequence : 93%
(44/47) for CSE, 92% 35/38) for LFSE with two NEX, and 94% (34/36) for
LFSE with four NEX pulse sequences

Fraction of Lesions Detected

- No. of
Tissue Type . ,
Patients o 5 400/60/2  SE 1,200/60/30/2 SE 1,200/60/30'/4
HCC 23 26,29 18/20 20,22
Metastases 3 7/7 7/7 4/4
Hemangioma 4 11/11 10/11 10/10
Total 30 44/47 35/38 34/36

Table 2 The contrast-to-noise ratio (C/N) for images (HCC/liver,
metastases/liver hemangioma/liver and spleen/liver). C/N obtained
with LFSE with four NEX was significantly higher than for those
obtained with CSE. The C/N (lesion/liver) for LFSE with two NEX
sequence was lowen than CSE for any type of lesions, however there

was no significant difference

SE 2,400/60/2 SE 1,200/60/307/2 SE 1,200/60,/30"/4
HCC 3.52+2.75 3.06+2.65 4.85+3.56*
(n=26) (n=18) (n=20)
Metastases 6.32+3.97 5.14+1.59 5.48+3.41
=7 =7 (n=4)
Hemangioma 9.73+3.58 8.31£3.00 13.494:3.78*
(n=11) (n=10) (n=10)
Spleen 4.21+3.91 3.76+1.71 5.51+1.78*
(n=24) (n=17) (n=16)

*Contrast-noise ratio higher (p<0.01) than CSE

Table 3 The signal-to-noise ratio (S/N) for images (HCC, metastases,
hemangioma, liver and spleen). Although reducing the flip angle from
90" to 30" with two NEX resulted in a decrese of S/N, there was no

significant difference

SE 2,400/60/2

SE 1,200/60/30°/2  SE 1,200/60/30°/4

HCC 10.71+3.83
(n=26)
Metastases 15.36+5.05
(n=7)
Hemangioma 20.06+5.84
(n=11)
Liver 7.47+3.09
n=27)
Spleen 10.75+4.61
(n=24)

8.09+3.24 17.02+4.24*
(n=18) (n=20)
11.96+3.41 13.28+1.98
=7 (n=4)
18.14+4.05 28.76+4.22%
(n=10) (n=10)
6.37+2.16 11.24+3.21*
(n=19) (n=19)
10.16+2.82 16.28+3.69*
(n=17 (n=16)

*Signal-to-noise ratio higher (p<0.01) than CSE

R LD C/N %, FFiEs X &k
WTCSE Lt IB3IERUC A%+ vEEITH 5 4 @0
BHoOLFSE 03 5 BEWER R L (S, p<
0.01 ; m%fE, p<0.51) (Table 2). \TFhoil
MBI\ T H LFSE 2 @i & o C/N i CSE

(12)

& O ESEED 5 TS, I EE R
Mmote, EEICHRB E C/N OFEHMED IEL
CSE, LFSE 2 Bl X 04 EimEO-Th
MERE, BEBEE FRTHE L RN X
5C/NOZ£RIRDIdote, ThBEBEEC
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DUTUEY v 7 B T T b R R I
fFoTu i, R LFSE T4 CSE R
I vy EEFICHE & h, LFSE @& CSE #Hi%
LRAU T 4f D=2+ 7 2 F2ET5ER
THHZ EHRERT,

S/N iz 2T 4 [BInE LFSE #% CSE izt~
CHRE, MmEE, KFiEs X OB »T1 %0
fEEER CHETFERNICAH B ICE N - 7 (Table 3).

2 [@EME LFSE i\ Fhois, HEcksvTb
SE X W {Ed o ohS, HHFHCEEOERR
Hichai,

c) fEH

fEPI 1 (Fig. 6) : f#E. CSE, 4B LFSE

EBIFREEsEETEE L THHE IR TV 5,
AEIMELFSE DR die— sV 7T —F77
7 bodinl, FHROBERVHEBTHS, BEEO

'—..----
j! LR
“?77‘"‘-‘"_.1 '
I‘!liliﬂlu 4

Fig. 6 Conventional SE: TR 2,400/TE 60/2 NEX (10min 46s acquisition time (a) and low
flip-angle SE 1,200/60/30°/4 (10:18) (b) in a patient with small hepatoma. The conventional
and the low flip-angle images share the same contrast charachteristics. The low flip-angle
spin echo image displays less motion artifact than the conventional image.

——

i

a

]
Fig. 7 Conventional SE 2,400/60/2 (10:46) (a) and low flip-angle SE 1,200,/60/30°/2 (5:20)
(b) in a patient with multiple hepatic matastases from colonic cancer. Althouth the low
flip-angle SE image appears to have a higher noise level, it remains diagnostic and reveals

central necrosis as a higher signal intensity (arrow) just as in the conventional SE image
(arrow).

(5)]

SERC 34E 9 H25H (13)



1024

S/N 1% CSE #316.8, 4 [@inE LFSE #326.5, [&
BLEWFELOC/NIZCSE»6.4, 4EME
LFSE 239.7TH - 7.

fEF 2 (Fig. 7) © KIBERES. ThofREi
% CSE, 2 BIin% LFSE & ic@tgn=v + 3 2+
TIXRTHE IR T3, FEERORLMEE
FEORHIE ST LA LERRED IR, S/N BT
C/N % SRR\ TRl L7z, S/N 12 4&9RE
T L CSE (LFSE 2 Bl »12.4 (12.2),
14.3(14.5), 17.8(17.9), 10.4(14.1), 11.3(7.6)
Thote, [EFEIEFFEO C/N ixFE#k CSE
(LFSE 2 B fnE &) #5.1 (5.0), 7.0 (7.3),
10.5 (10.7), 3.1 (6.9), 4.0 (0.4) JETH -7,

5 % =

MRI i3 %  OBEELD 50, BRFE T
spin echo EE#EEK L E LTAE I AT W5,
e T8 E SR OREENE L $iEuc & 5 2
BrlbkBEEHATHS, LEHLERLEL
TR B X NE L T 57D BEREIAEL kbR
BB B, BT fast scan ¥ & L T gradient-echo
EO %L L &3 51~ D fast scan technique
DERIBERT VLAY, WERALY V=2~ T,
AERIC & - THbAHEEIHEAL TV, &
E#E LA LFSE¥ ALY v 2 —@EHEA X D
ARETERE LY S T3 HETH S,

AW vz a—KE— I FA 290°0 RF -2

N AEWS, LFSE 390 LI Fo FA #HT -

HRTEOHEMEOHREL LTWw5, FA%90°L
TEd 35 LEK (SEOKRNTE2E) @
180DV 74+ —hAALATREL-SES, EE
R 5 T\ oRENVI{itbd, F T TR 8
LT T, R0 o Td, FARNELT
HEC X h M TR r T HE s, =
ahdEV TR T4 LFSE &% B hiE T8 8=
BrBONABEHTHS EHEIh T3, &
721 Mills 61X FA #90° LA T LT180° ¢ v 2 ¢
refocus L7cB6&, A5 4 AHMCEAATFAOE
SHEOEH—WIEL RBHDT, RREERE
E—ELEDh s BELTWED, bhbho
KRIER TRERE L FRBEIEF R —K
L, FA#/)EL{FTAE L hfE TR ©Hx

(14)

R T.34#E & 2 Lt o Low Flip-Angle Spin-Echo k&

) T REE R I8 5 - N TE L, ZoERIE>
W LTIV, BEEOENMES kX
FHRTHBEEZ TS,

WI®E FA TH BN, EEHMEIIVT5 T,
DEELFA RMEV 2 ED 2L kBT, T,
EREEYEBY 5 ETH5E5RFARNI VR L WE
Wisd, LaLindbESMEIMED T, B
A5 2—2 TR, TETCHELHHFAZ ©—7
b b, ZTOMEKEL T, ORF L LTEXP (—
TE/T)THEAT S, @D 7 v v + A LR T,
HCC-FlE®@ C/N X FA 5365 T, ¥ fo % E—F
D C/N 3500 crhFhlikKEY & o7z, L
o THEBEER EI, Bl FA 1250° 565712 5
BEHEINS, LHLEMSS/NBLOC/N
L FA ©oZis 54 TR, TE RU#EEED T,, T,,
LB T B 7o, EEREYICIT FA 3 H B9k
BILEEBTHLNEND D, £ THOEOEER
BT S/NBZFRETH D0 T80 & v 5 &
BEHE LT, FARICT-7,

77 v+ AEBRTE, TR=1,200msec, FA=
30°> LFSE @ S/N 1% CSE © S/N ©31% (fFi
77V bFA)BE3%(MEEZ 7 F &) Tho
fo. BEIRBIBRET T S/N &, FF, FRES, e
%, CSE L3 URERMTHZ 4EMED
LFSEWX CSE X h 3 B FEHEX R L. —F
CSEn#¥ o oRERETHH 2B MED
LFSE (2 F5(EED » 7o b D OF A B2
Hbonihot, TOBEREBCEVCTRLER
C/NIZ2\WT b, 4 BMEDOLFSERFFE, me
fEiz 3\ T CSE X b b #sH#ac BB ICE
R Licht 2 ENE O LFSE 13 FEH{E L& -
Tod OOMHPEEEZ LT » 1o, BRI ©
LR E RIS \WTCSF, 2 EINBLFSE,
4 [EnE LFSE o ExZEDininot, DED
BRI 3\ T 2 B NE LFSE (3% & BRI 2
201 THBITL b LT, EEREROEE
E CSE, 4[EIMELLFSE 4T\t ZEaih
ot 1TEIOAF » vEESRL D L, BFE
DET, FEHNREIC X b RE R Rk EhH
BmLT %, £ocdiruwRERE T 2E
B o LFSE 013 5 ARERE O E - CSE 12kt

BAERSE 518 H9%5



#HE W14

~NT, ThboE—vav7—F7727 b
STt BmAREEELZBRS,

A ¥ v = a2 — T O multislice # (X TR/
(TE+constant) T#E & h 522,
stant |2 7 7 @ sampling time, RF 120
ik, gradient coil ® A £ » F v ZHEHEIC
B5:# L 7z pulse sequence timing parameter T 5
H, ChbREBILL-THERBH, 1r2FK
Fhe X » CHE(LT 5, SEHE L7 Signa 0
SHmEHIIA T A AESmMm, 27 1 ABF+ v
7 2mm, TE=60msec THhi¥, TR=2,400ms T
1%26¥, TR=1,200msec TX13 &7 n, ZDi&
EHHcReFrAs+ v TERVWELRSS,
DORIBEREBIRTHITELELT, RF74 AEX10
mm 7z L, 12mm IZEETHEICL - THAL
TWwb, L ZAWNERKREZBRIOHE D 5.
Z DHFEL TR %#1,600msec BECEREL T, A
5 4 AE#%8mm O ¥ ¥ THREKB L HENT S Z
EREIDVBRLTAS, BEZO LS RIEBHF
BTG LTW50, BRI O0FEFED TR
THREHBOBEMITETHH DT, KEOHR
XY HROMESIERILD IDEEZLR
B,

Z & T con-

6. #& &

FrEfE S Bz o\~ % Low flip-angle spin-
echo ¥ (LFSE) o AMEZEFT s, 77
v b AERE X UBERIGE 2T OROEREZ G
7o,

HRHMR

1) polyvinyl alcohol gel & MR 7 7 v/ b+ & 7»
LELCESFEEREREAAOTFHIhBEE X<
—¥ L, LFSE BiwA 0o Z YR TE L,

2) TR=1,200msec TDE HHE © — 7 {HIZ,
T2 E\VIZ E low flip-angle fllic> 7 + Lz,

D FET7rvrAEFE T v P ADESH
E ik, TR=1,200msec Tk FA»/phEL 25
FERE e hEREDD T,

4) TR=1,200msec, FA=30"T%7- S/N i3,
TR=2,400msec, FA=90"T#7 S/N ikt~ T,
FFig7 7 v b 2 T31%, BFHE7 7 v b 2T,
MAE/E> v v b A T53%IC{ETF L.

SERL 34E 9 A 25H

(15)

1025

ffE RO 58

1) FFAEE e B304 (R ReHERTHE236], R
friE 3 6, FFim%EfE 4 #1) < conventional SE
2,400/60/90°(CSE), & low flip-angle SE 1,200/
60/30° (LFSE) @ pulse sequence T MRI #717 »
7=,

2) A F+ v KR CSE : 105468 (2 B
H), LFSE : 5420% (2 [EMmME), 10718% (4
EInE) Thoiz,

3) FREMKEHEFIR, 4 EHME LFSE : 94% (34/
36). CSE:93%(44/47), 2[E1fnE LFSE : 92%
(35/38) TH i,

4) 4[EMMETELFSE ¢k C/N, S/N £ b
CSE X h@mfEx L7z, 2EMMETIXCSE Lt
~TC/N, S/NMETTHb00EFROERKR
sz,

5) 2 [EIjn#E LFSE &%, CSE &~ TEEKY
iz kA EREEO IR TR ERME TES
haERckEECcHZ, TcA—RRETS/N
DR T EfREGR Y BE L T5HE12, 4EME
LFSE ik mE A ETHh 5,

FE#rnchic ) M LMY VW mEE
REECREOBELYRL T, BB EHBEI G
fefE H e HH Bk X IDEFMEMMCE < 3B L B
7.

ZORIOEGEHFEAIE B EEZRSHEESMF), &
90[a] American Roentgen Ray Society (19904, ARRS
#B&, 7w ivDC, TA)HERE) TRELL.

35 fik

1) Stark DD: Liver. (In) Stark DD, Bradley WG
ed: Magnetic resonance imaging p934-—1059,
1988, Mosby, St Louis

2) Rummeny E, Weissleder R, Stark DD, et al:
Priamry liver tumors : Diagnosis by MR imag-
ing. AJR 152: 63—72, 1989

3) Itai Y, Ohtomo K, Furui 3, et al: MR imaging
of hepatocellular carcinoma. J] Comput Assist
Tomogr 10: 963—968, 1986

4) Ebara M, Ohto M, Watanabe Y, et al: Diag-
nosis of small hepatocellulr carcirnoma : Corre-
lation of MR imaging and tumor histologic
studies. Radiology 159 : 371—377, 1986

5) Itoh K, Nishimura K, Togashi K, et al: He-

patocellular carcinoma: MR imaging. Radiol-
ogy 164 : 21—25, 1987



1026

6)

7

t

st

8

9)

10

11)

12)

13)

140

15)

Haase A, Frahm ], Matthaei D, et al: FLASH
imaging, Rapid NMR imaging using low flip-
angle pulses. ] Magn Res 67 : 258—266, 1986
Mills TC, Ortendahl DA, Hylton NM, et al:
Partial flip angle MR imaging. Radiology 162 :
531—539, 1987

Buxton RB, Edelman RR, Rosen BR, et al:
Contrast in rapid MR imaging: T1- and T2-
weighted imaging. J Comput Assist Tomogr
11: 7—16, 1987

Mills TC, Ortendahl DA, Hylton NM : Investi-
gation of partial flip angle magnetic resonance
imaging. IEEE Transactions on Nuclear Sci-
ence 33 : 496—500, 1986

Vinitski S, Fuka MZ, Boone JM, et al: Con-
trast in variable flip angle fast MR imaging.
IEEE Transactions on Nuclear Science, NS-34 :
1110—1115, 1987

Hackney DB, Lenkinski RE, Grossman RI, et
al: Initial experience with fast low-angle
mutiecho (FLAME) imaging of the central
nervous system. J Comput Assist Tomogr 12:
171—174, 1988

Mitchell DG, Vinitski S, Burk DL ]Jr, et al:
Variable-flip-angle spin-echo MR imaging of
the pelvis : More versatile T2-weighted images.
Radiology 171 : 525—529, 1989

Mano I, Goshimma H, Nambu M, et al: New
polyvinyl alcohol gel material for MRI phan-
tom. Mag Reso Med 3: 911—926, 1986
HepiEs], IR A, BXFE, b BRERS
3, 48:212--213, 1988

Ohtomo K, Itai Y, Furui S, et al: Hepatic

16

Ry

17

13)

19

200

2D

22)

fE s T.98#E S & Lo Low Flip-Angle Spin-Echo #

tumors : Differentiation by transverse relaxa-
tion time (T2) of magnetic resonance imaging.
Radiology 155: 421—423, 1985

Henkelman RM, Hardy P, Poon PY, =t al:
Optimal pulse sequence for imaging hepatic
metastases. Radiology 161 : 727—734, 1986
Stark DD, Felder RC, Wittenberg J, et al:
Magnetic resonance imaging of cavernous
hemangioma of the liver: Tissue-specific char-
achterization. AJR 145: 213-—222, 1985
NEMA : Determination of signal-to-noise
ratio (SNR) in diagnostic magnetic resonance
images, National Electric Manufacturers Asso-
ciation, Washington, DC

Mills TC, Ortendahl DA, Hylton NM, et al:
Variable flip angle excitation for reduced
acquisition time magnetic resonance imaging.
IEEE Transactions on Nuclear Science, NS-34 :
304—308, 1987

Stark DD, Wittenberg J, Edelman RR, et al:
Detection of hepatic metastases: Analysis of
pulse sequence performance in MR imaging.
Radiology 159 : 365—370, 1986

Mills TC, Ortendahl DA, Hylton NM, et al:
Variable flip angle excitation for reduced
acquisition time magnetic resonance imaging.
IEEE Transactions Nuclear Science NS-34:
304-—308, 1987

Stark DD, Wittenberg J, Edelman RR, et al:
Detection of hepatic metastases: Analysis of
pulse sequence performance in MR imaging.
Radiology 159 : 365—370, 1986

(16)

BAERSEE #H51% £95



