PASTA &% H\WO7-FFPIRIG € B ik OB %

FILFEL KM EREL
AL, RPFXHL
BHIREE S,

¥ BEL BAEAL
FERE?, #HAE=?
H =178

YRR RIIER KRR EMRSHRESRE R R R R R
SREWAETS

F LIS

AR Fy 77 & ACOBBERICS T HB0
BEE-> TWAHFT, BEMICHES I % <
DZBIHEIW & > CTRIBEIC x> T 5. JBIFFFO
ZWriciE echo 2 X # CT WA DB —BH
TH5. L»,L, echold, BfELFETIED
LHREEMITITZ UL, AEFRECEREED
MO S OFHlIIEETH 5. —77,
X # CT <3, BEWH% CT DT & LTE
BENICERTE5EATREA TS5, CT |
DAL S OBER b EENS L, &
BERSHR ORI DT &, & EDOR
BHEbLZ.

INLORERRT HARELE LT, MRI
NEZO6NAS. MRIICEWTC, BRICBRFE IO
TWBE 2 IR IEIBEEAFIR T 5 2 &8
BUTHAS EE26N%. BlfED MRI ik
T, TERIEREI R E S A B b DL L
THRETHZFICE EELTIRBREOREL
HELZD, TV T A FOHEICFIRE T A
£3% < kD ENRE S rERRERERDO—D
FLTHDZTWS. MRIEGOES ZBY)
ICED | 2 W ERERAE B & AKAE 5 O BEhh H A3 W]
BETH AT EBRHFEINTHAHDI0,

T, #xld, BHAREDO—DTHS
PASTA (polarity altered spectral-spatial selec-
tive acquisition) ¥EY~O% T, KEF LJE
BhfE 5 oMt 35 Z L BAEETH L L%
WRL, 77V FATEEEHEOEEYHA
Jo. Eio, PRGNS, BHFEEZONS
EFICOWT AN ALz, ThbDTF—X
6, B % EENCRHET 2 FEORBE
EEREICOWTETOMRA LB/ O THET
5.

FEERR

1. 75 v AR
(1) BERZE

MRI%£@& i, BHZ4HH Visart 1.5 7 XA 5%
ALK,

(2) wEEx%

BT oy s 77V A, BART 7V
L, BER7 7V FADOIEEDO T vV A
wERL L7z,

B0y 777 P ARG OHRD
Rig 7 VR7 0y 7 BEICEREDE THE
B L7z BAET 7V F ARESHESRICIEN
RO DHRORL L7 )VIRT Oy 7 HHE LT

F —J— |k PASTA, quantitative analysis, fatty liver, fat content, MRI

429



ARETE $19% 7% (1999)

TEBL L7z BRENCY S F V%It L% 2Bk
Liz. BHEERY 7 v FAREIRO 7 VR Ty
7EEROE L, MEREBICERER L TERL
7o FERRICBREICE S v %0t L (22K v Bk
L7z,

FIVIRT Ty 21213k & L CREERF
(BEAD) Wi L7cBmBEY S5V 7 Ve v,
R & L TR E—F A VR W=, BHE
77V EAEAERT 7 v FAIREBWTE, K
B D% (50ml) il (NE—F4 V) %0,
2,4,6,8,10,12,15, 18 ml DEI& TRA LY
WIRRT 0y Z7#ER L7z, Thbid& 2 4B H
T, 0%, 3.8%, 7.4%, 10.7%, 13.8%, 16.7%,
19.4%, 23.1%, 26.5% I HX44 5. EED/ )L
K70y 7 OIERIT, TEAR)ESEEOYS
F USRI e INBVYERL L3 5% 1M+ A A&
DWABLRN 2RIt 5. RICHEK > EREICRIE
L7z A VEREML, BEIFICERICRS

(a) pre-pulse method

ECEMZHIK - BB OSEE & 7V baHE
T5. REICEA~DOT Oy 7 BORBICE LT
WRETHE L, K- BHOSEES R0 7 L
bEETIR5. DEOFIRTH - /2.

F7z, 100D —F A VB ICRBOE
HZEROHEO/-HI1C, 100%Da—F A )
L 15mlOa—vit A (26.56%) HEA L7
Ty 7 AIER L.

(3) W&t

TV A (Fig. 1a)35 & PASTA $:9.5
(Fig. 1b) ©/UV AV —4 /A% Fig. 1 IZR L
7=. PASTA ¥ Cid, SEED 90 E/S )V AL
% R HCRIN R d DICE X2 724 D TH
D, REBEKBESICEDRS LIRS D)
BT EA LRV, SO A KBRS ICED
®7cBE %z, KE®REFS, BRI ICEHE
7eEB IR EG & S T ST 5.

BRACIET a4 VEFER L. £

(b) PASTA method

pm’f :TE/Z -2 ; <| TE/2, TEl "
RF -G ——efo——ofjo- RF .——l..‘—
Gss ,_IU [ ] Gss J—\',__Il—'

Gpe E Gpe %

Gro [ ] (1] Gro | — [
Echo A"‘VAVA"A Echo .AM,

Fig. 1. The pulse sequence of the PASTA method and the pre-pulse method

(a) The pulse sequence of the usual preparation pulse (pre-pulse) method. The frequency selec-
tive pulse is arranged forward the block of a spin echo sequence.

(b) The sequence of the PASTA method. In this method, the excitation pulse which called a 90
degree pulse has been changed to frequency selective pulse.

RF : Radio frequency

Gss : Slice selective gradient
Gpe : Phase encoding gradient
Gro : Read out gradient
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Fig. 2. Water and fat images of the simple block phantom

We scanned the simple block phantom using the fast spin echo sequence with the PASTA op-
tion. And we got the water images (a) and the fat images (b). In this phantom, we arranged gel
blocks which were different of the adipose contents. The magnetic homogeneity was poor, so
there were strong signal loss in the images.
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Fig. 3. Water and fat images of the rectangular phantom

We scanned the rectangular phantom using fast spine echo sequence with the PASTA option.
And we got the water image (a) and fat image (b). In this phantom, we arranged gel blocks
which were different of the adipose contents, and filled the free space of the phantom with
gelatinous water. However there were signal inhomogeneity between the corner area and the

side area of these oblong phantom images. This shading was slightly strong to the quantitative
analysis.
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Fig. 4. Water and fat images of the columnar phantom

Using spin echo sequence optioned PASTA, we got water image (a) and fat image (b). And us-
ing fast spin echo sequence optioned PASTA, we got water image (c) and fat image (d), too. In
this phantom, we arranged gel blocks which were used rectangular phantom, and showed the
volume contents rates of baby oil (a).

In these images, there were signal inhomogeneity between the center and the peripheral of
these circular phantom images. This shading was a little for quantitative analysis. In these im-
ages, there were not remarkable difference in the sequences, without the chemical shift artifact
and the Gibbs’ artifact.
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(a) Relation between fat content rate
and signal rate in SE method
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(b) Relation between fat content rate
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Fig. 5. The comparison of adipose signal rate in spin echo and fast spin echo sequences

(a) The results of spin echo sequence, (b) The results of fast spin echo sequence.

The horizontal axis means the fat signal ratio, and vertical means content the volume ratio of
baby oil. The fat signal ratio was increased with the increase of fat volume ratio. The fat signal
ratio of the fast spin echo sequence was nearer to the fat content ratio than the fat signal ratio

of spin echo sequence.
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Fig. 6. A case of fatty liver with homogenous distribution, using fast spin echo sequence with

bleath-holding

(a) Water image, (b) Fat image, (c) X-ray CT image.
Fat signal ratio is from 14.8% to 16.4%. The CT value of the liver is 56, and the CT value of the

spleen is 58.

(a) Water
3

I

Fig. 7. A case of fatty liver with in heterogeneous distribution, using fast spin echo sequence
with breath-holding
(a) Water image, (b) Fat image, (c) X-ray CT image.

The normal part with high CT value as 71 showed low rate (8.0%) of fat signal. The fat deposit-
ed part with low CT value (50-58) showed high rate (18.7%) of fat signal. Fat signal ratio using
MRI may be useful for quantitative analysis of the fatty liver.
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Development of the Quantitative Fat Content Analysis
in the Liver Using PASTA Method
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Diagnostic imaging methods of fatty liver used at present are ultrasound method (US) and X-ray
CT method (CT). Although US is inferior to reproducibility of the images, in CT one can not avoid
radiation exposure. From these reasons, a new technique for quantitative assessment of fat content
of the liver is required. Thus we have made a study of quantitative analysis of adipose content in the
liver using MRI. In this paper, we examined an application of polarity altered spectral-spatial selec-
tive acquisition (PASTA) sequence as a method which used frequency selective exciting pulse. We
made a water image and a fat image in each scan using PASTA option. Fat signal rates (%) were cal-
culated from these images. Furthermore, we made gel phantoms mixed with several contents of
baby oil for this analysis. In phantom examinations, we could obtain the good correlation between fat
content rate and fat signal rate. The fast SE method was more suitable than the SE method to obtain
fat signal rate fitting fat content rate. In clinical cases, we made a water image and a fat image using
fast SE sequence about 16 seconds with breath-hold in the each scan. TR fat signal rate was useful to
evaluate fatty liver as well as CT method. Therefore the PAST A method would be a new diagnostic
technique for fatty liver.
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