R &

NE G OF H segmented True FISP 12 & A0k, Tk,
JHAE O A

il H R L, 4T R N2, SRV e B
MHEEES mEEE?

P e Y A B R

FL&®IC

True FISP (%, steady state free precession
(SSFP) B4 % LR L /o ik T 3 i re-
winder RGBS DHIIMS N TWAb 728, 1TR
M T OMERES R E ORI S 2 0 &7,
WAL BT LI EFIRREIC IR V2. 2D,
BERRGEETH D B HEW S/N A E S
N5, F7- True FISP ® a2/ k5 A MM
O JTFTHCHREL TE Y, BHOMKIC
W TefEld THfEIC kL T, mgeKxs
Ti, TofEDFRICEVWEBIIEE S ICHE I
. IThHOREEFAL TL - KMEFHRT
DEFRISHDPE AN THON TV S0 Lal,
True FISP & rewinder i &l i4551C & % flow
compensation (3 RF 7V ZFIhnbg & CEH 4
Lz, BHALOIE DT EHIRGE & 750 525,
FEROAE 5 IR 5 C flow compensation 73ME)
KO ERRES & 37> TR B, sk
L CTREFETARI 5700, HEHEVINT
OMHICENTE D, PR, HEIR, BERH
HIZHL TwAETFHIcNA. F7z, True
FISP # GG & 5 72012id, JREEHl o
PRABBELE 2 HNS. £ T, B
I A OF F L 7= segmented True FISP {2 L %
FIBR, FFERAR, REAEHE OO ELMICD

AR S EARK AR A A AR

WTC, 77 VEFABIUEE RS VT 4 7 =5
%L L CHBEBE 2TV, RO TEIRIGH
T RAIZDTHRET 5.

5 &

BEA%EE L 1.5T HB{5E MR % (Siemens
#4 MAGNETOM Symphony) T, Z{EH
ANWELT, 77V LDOBRBITIECP ANy F
TUAaA)VE, IRTVT 10 T a5 e L7k
iz, CPRFT s 7 U A A IIVEFHHL .
Segmented True FISP (TR/TE:2.8/1.4 ms,
matrix : 256 X 256, A5 A AJ& : 5mm, NE
B 1E) OGS4tk % Table IR d. F5
SRE OWTE 1T — 4 OREIRIRA AT 2317V, ROI
FRKIE7 7 v P AIC K ABETIHER 2.5 cm
O, RSV T 4 7R e LicGE i EEk
WKINCTTEBMRDKE<SREL 7.

1. 77V b A kARG

WER” 7V A, ERE GdEZAIRE
LI/ T, KO Ty, TofE (T1:547+80
ms, Tz:51+ 11 ms) LS BT ~7 »
I 4 (agar 3%, Gd 0.05%, T1:513 ms, T2: 71
ms), EBEAEK, FV—-—TF A4 (BEES3
cm O AY v ) "ERAL. 771
LD T, IRETRZS TIO®EBOES

F+—rJ— K MRI, portal vein, hepatic vein, bile duct, SSFP
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Table. Imaging Parameters

volunteer
phantom

clinical case
FOV (mm) 200 375
Matrix 256 x 256 256 x 256
TR (ms) 2.8 2.8
TE (ms) 14 14
slice thickness
(mm) 5
Number of acquisi- 1 1
tion
Flip angle 5-65 65
Segmentation 3-99 75
sampling frequency 850 850
(Hz/pixel)
k-space order Linear order  Linear order
Scan time (s) 8.4-1.2 24
Number of slice 1 19

WA, Taffil SE i T4 % TE EHERDE
SMEARE L, A—T T 4 v T4 VT EfT
W, ZOFRBEDEEL Y.
a) True FISP o flip angle & £ 556

True FISP < flip angle # 5~65°% T 10°¢
DEALSET, BT 7/ F AOHLEOR K
HaHRBEL, £4«OEFHELYNEL 2. &
7 5 19 SNR (signal to noise ratio) I3 &
UAB AR MY 7V P ADTV S AT
KA TOXTHREL /.

SNR=(E5EE/ /)Ny 7 75T/ F /A AXD
av RS A= (EEHE A-F5HE B)/
((F55RE A+ {5550 B) /2)101

b) True FISP @ segment ¥ & {50

HE W5 30 0F ) segmented True FISP T seg-
ment (% 3, 15, 25, 51, 75, 99 IC AL XX C,
FHET 7 b ADOFLTORMIEZ RE L,
&ADEFHRERXREL. £7 7V FAD

SNR B J U B AEK KT v v F A0 a
VEISAFRAERDT.
2. BERS VT 4 TRty Uikt

M, KFEONEIC OV TR Z 201
DI ER L AEMEONI RS VT 4T 5
% (BYE) T, BN 24~33 5 (1 28.5
&) THoi-.

R NKE LT b EOEMEMH B T2
12, 77V FAICE A & FERIC flip angle
(5~65°) ¥ X U segment 1 (3~99:scan
time 8.4~1.2s) #ZNENEIHT, FE
E, Mk, &k JOBEERfiEsh 5 1
WA A PRSI TN ISR B L, BHESEOE T E
RlE L7 BFEEE, PR, ks kOB
B4 SNR # R &> 7=.

Boh/cE#%&MH (TR/TE:2.8/1.4ms,
matrix : 256 x 256, flip angle : 65°, 7 A/ k
B 7, AT A4 AE 5mm, MEEK:1
B, AT A A% 19, #fREERE : 24s) T, R
VT 4T 5 EREIETICERGEL. 1§
LN R F U/~ % )L MIP B CE S
DR AR L 7.

& R

1. 77V b A kSR
a) True FISP @ flip angle & SNR

True FISP o flip angle #Z L X # THE LN
72%7 7V F ADSNR B I OB AT K EIF
&~ 7 FADa 5 A% Fig. 1 1R
4. &~ 7+ 40 SNR i3 flip angle 50°f}
CHRAMERY, Znll Lo flip angle T
BREHREOENZITEAE o7, FRITH
L, AFafkidflipangle # K& <5118
mETLRD, TO/EIV T ATLED
high flip angle |Z ¥ &fEZRL /.
b) True FISP ¢ segment #{ & SNR

True FISP @ segment 3 # &t S & TH 5

2004410 A 1 HZFE 2004 4E 12 A 3 HekzT

BIMIGERSE T632-8552 RRIFRKIEMT =200 KIE & A SHRITRBEE AR EpkEL
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500 4 708
° 450 /" 4107 == Contrast ratio
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Fig. 1. Contrast ratio and signal to noise ratio related with the flip angle

in the phantom study
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Fig. 2. Contrast ratio and signal to noise ratio related with the segmen-

tations in the phantom study

N7=%7 52 FADSNR I JOHEFE AT K &
&~ 7 v FADav 5 AT Hx Fig. 212
R, BT 7 v Ald segment F Ak E <
7 HIZHE > CTSNR DK F 2R/ LrL,

AR PR A YR KT segment 04 Z8{L X & T4 SNR
OBEAIFITEA LR, ZOMREIVFS AT
Hd segment AW IMS ¥ 5T EEMERL
Jz. U —TF 1)L SNR (T segment %1 % 14
IS 5TY EHL, segment $ 99 TILATI&

77V EFALDEEEEREL .
2. BERT VT 1 T xR e LIS
RS VT 0 7 x4 & L flip angle (5
~65°) AL THRG L Z2dG & FRE,
FIlR, HF#EIR s & ORRIEE © SNR OE 1L %
Figs. 3, 4 IZ, segment #{ (3~99) #Z5{k X
TR L 7B EFEE, PR, Bk &
Ufa i O SNR D2k % Figs. 5, 6 I[Z/R" 7.
77 v AERFER, BFEEORFSE, flip
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Fig. 3. The images obtained with various flip angle in the volunteers study. The contrast ratio
between the other structures and liver parenchyma was improved with larger flip angle.
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—e&—Liver
o) parenchyma
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0 20 40 60 80  (degree)

Flip angle

Fig. 4. Signal to noise ratio related with the flip angle in the volunteers
study
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segment2 : segment15 ' segment3

Fig. 5. The images obtained with various segmentations in the volunteers study. The contrast
ratio between the other structures and liver parenchyma was improved with larger segmenta-
tions.
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Fig. 6. Signal to noise ratio related with the segmentations in the volun-
teers study
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angle 50°fHr Tl AME & 72 0, Zhll Eo flip
angle THESHEOELITIT LA Elar -7z,

Segment F1Z D\ T d, segment 7 g hn < 4
HTEICKD, WEEOBZIFKET LA, M
IR, H&RS KCRIBEDORESICOVWTL 7 ¥
vV AEBROATERIEK & FROMHER T, seg-
ment FUTITIE & A EHKGFERF, flip angle %K
ELTHIFEEMEER L. £DI=, KFKSE
B LR, ks LORBEOav 52
I id, segment %4 L, high flip angle T
OFBHPmRDBIFTH-72. ORI, =
# 4% 113 Table (277 ¥ & 5 (Z flip angle 65°,
segment 75 & L7=. COL&MHTCRERS v
T4 7 OEFITHIR, F#ks KURIBEDOR
IFrmfR e85 C L ARETH - 7= (Fig. 7).

IN— v )V MIP @A ERR L, HHIC Y 3
RTHTERC IV EMEOTHBPEICES &
7ot FIRAR, MR, ERETREIR G
FROF L B T Ch - 7. Fig. 81324

PER BT % DFIRFBRDOPRIE &K L T\ HED
HOEPTHY, REDHRKRARETRET %
LIAHEEZOND. T, WEPEL, fAE)
IZFES i DAL A K & <, k-space segmen-
tation % F\ > 7z \ A H O True FISP T3~
—BH LA KPR — 2 & E SIS
n7- (Figs. 7, 8).

-1 £

MRI i & % EIE#EE B O M8 5% O i
i3, BEATHCTOREA TN TS
2312013 PR R IR A il T A0, B
DR A IV T REEHEOFIR L ¥ ORIED B
5. ZEIAW7: True FISP (13 5& B35 & (4 F 4
BTl mMEeKRRE T, TeERILICE
Wi SRS ICH AR TFETh H. i
True FISP 3 bt O EHIREZFIH L 7= # &
ETH LD, FErRERATIRNADOMIELS

Fig. 7. The images of portal vein, hepatic vein, and common bile duct
obtained with optimized FS segmented True FISP sequence. Healthy
volunteer (24-year-old man). Optimized FS segmented True FISP im-
ages showed the excellent anatomical delineation of the portal vein,
hepatic vein, and common bile duct.
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Fig. 8. A 52-year-old woman with acute pancreatitis. Stenosis of portal
vein, splenic vein and SMV is assumed visualization with optimized FS
segmented True FISP sequence.

NTELY, FICIEPELS OB T S LD
EHEICIERREAHELE SR TARI S
7o, HEHEE O MAEFEORH HICH L T
0. 2T, SRk 2, IRHEEA O L
7= segmented True FISP i & % PR, IT &
Ik, RRAEHEH O 7= D DFEREIEIC D\ TR
TR AT - 7z

W% True FISP Tid, EHIREXHEE T S
72812 high flip angle TOENLIE L SN T
Wh. L2L, av S AERET SEMO
ST TL DFENT & - T, % flip angle 2352
BT EBRHESNTWAW. SEDT 7 v
F A L BBEHC B WTD, T 7 v F AR
ST TI O /NS 728, 50°8 o flip
angle TORE SMENR K &7k > 7. True
FISP Ti3, #EWAbBmomiE (Ti#gf) &%
BERAL (T2 82F) ONRS VAL k- TS
NRED, SEHCAITEY > v F ATHE T
fEIC i LT TSR\ 28, fERALS O
EIEOFERIK <, 50°FE TORE S A RAM
ARlLiceEzZbNnA. LHL, HFEZ7 7V
L% 50° LA E o flip angle THRIE L TH1E 5l
EORTIRIZEAERL, AHAEKS high

flip angle 2 @B E 2T 52 006, K
TV AEEBAEEKOT T A T R
high flip angle I+ %13 & RIFCH -7z, RS
VT4 T ERHFEE LIS EICWTL, HEEA
DfE*5 13 flip angle 50° 2 TR A & 7% 1,
ZnLhEo flip angle THEFHETIZEA S
ZAbUZer -7z, PR, HF#IRE L UORRIRE O
BHEIEOVWTH 7 7 v b AEROAFEAIEK
FEEROBERTH D, PR, HFERIRE J OIS
TG & LB AT\ Td, high flip angle
TOWBIHEY EFE 2 b,

A ElOWBE T FH O k-space +— % —THh
% linear A — X — %@ H L /=2, #H True
FISP Tl & #IRAE & 75 - 7o Rl % i L TIL
£9 5720, JEHIH OV ADB—BEEIS Nz
BIZ, TRTCOTF—2pRESINL. 2D/
W D k-space A —F —TdH % linear 7 — & —
TIMEAW B % I % % CHRIFHIR) A
Ft L s\, F D728 True FISP I g5 #IH
PR A8E1CE, KRAERS »HIET S
centric A —F —% W HLERHSH. Lrl,
centric 4 — X — O BRI AT IHE B & 7
D, FERGOEENEAL, MERSLKkED
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WA LDV P S A MET 5. 4lolf
I L 7= segmented True FISP {%, % 0ok
BHEIBANR E L COREDOZ S 5 lcT — 2 %
S 572D HW BN A, k-space %45 E|
THTLIZED, linear 47— X —IZFB W Th
B B pekE S 5. LA L, segment £
LIRS TR, BT OEFIRRE
ICELETOERBICBT AET LAz,
FERAIIEIRY RS KBRS LR T DTV B 5
AT HEAT B, SEIOERICENTD,
segment F 75 A7\ T E BRI IS D BRI &
7, segment B XA 7\ & linear A — X —|(Z
BOWCLBATHEG LD, KT 7 kA5
mfEsLmy, avVEIARMETL TWe.
A KL T, TefE 23 4R 12K <, segment
KaeZ b3 TLESMERIFEAEEL %
W7z, segment HAHE IS TS ATV
FIAMRRBIF LD, RS VT 4 TICEBWT
LFABROFERTH D, MR, HEIRES KO
RS L LB EIC BT, segment
M TORBL IV EFEZ BN AN,
segment DI AL EIGE 5 O B 57 2558
OOLNSLTD, RIHEZBHET 7 F ADRE
5 2 75 segment 75 LLF T O A 824
ThbHEE2Z BN, ERBIC flip angle 65°,
segment 75 DEMET, BERT VT 4+ T &
UERIREIO2FIT, SERATERTS &kl
FIMR, FFEFIR I L OHERRE O RIF sl 25 %
CEARBETH D, ERIKICH ORI LR &
z2 6Nz, Eio, KBRE EORE T AR
INTW/-HE &L TiE, k-space #57El4 %
C I X0 HBNCHE D R OZEAIC & B AL
MOBRZIH T AL EPATREE I D7D F
zZbni.

AREORES & LCld, B & i
DOHIPRIZ LD AT A AEAH 5mm & HERIE O
THY, M2 OHEE, FRCMIR &DEET 2R
MREDORHEENMENC ETHSH. T LIS
A=V 710~ EDRFRHIC KD, AT A AT;
MO REEDOR LA I NS, S/N DI
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Evaluation of the Portal Veins, Hepatic Veins and Bile Ducts
Using Fat-suppressed Segmented True FISP

Takashi UEpA!, Masato UCHIKOSHI?, Izumi IMAOKAZ,
Kazuo Iwayval, Akihiko WaADA3, Michimasa MATSUO?

LDepartment of Clinical Pathology, 2Department of Radiology, Tenri Hospital
200 Mishima, Tenri-shi, Nara 632 — 8552
3Department of Radiology, Shimane University School of Medicine

True FISP (fast imaging with steady-state free precession) is a fast imaging technique that pro-
vides high SNR (signal to noise ratio) and excellent delineation of parenchymal organs. The contrast
of True FISP depends on the mixture of T2/T1. Vessels with slow flow are usually displayed as high
signal intensity on True FISP images. The purpose of this study was to optimize fat-suppressed (FS)
segmented True FISP imaging for portal veins, hepatic veins, and bile ducts. FS segmented True
FISP images were applied to the phantoms of liver parenchyma, saline, and oil with various flip an-
gles (every 10 degrees from 5-65 degrees) and k-space segmentations (3, 15, 25, 51, 75, 99). Five
healthy volunteers were also examined to get optimized flip angle and k-space segmentation. The lar-
gest flip angle, 65 degrees, showed the best contrast between the liver parenchyma phantom, saline,
and oil. The largest segmentations, 99, provided the best contrast between a liver parenchyma phan-
tom and saline. However, the signal of the oil phantom exceeded that of the liver parenchyma phan-
tom with 99 segmentations. As a result, the flip angle of 65 degrees and 75 segments is recommended
to get the best contrast between the liver parenchyma phantom and saline, while suppressing the sig-
nal of oil. The volunteer studies also support the phantom studies and showed excellent anatomical
delineation of portal veins, hepatic veins, and bile ducts when using these parameters. We conclude
that True FISP is potentially suitable for the imaging of portal veins, hepatic veins, and bile ducts.
The flip angle of 65 degrees with 75 segments is recommended to optimize FS segmented True FISP

images.
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