R &

Saturation pulse f}f } segmented 2D True FISP % Hj\ 7

FIRERTREHIR O
FIEE AT, BB, SEGFAL WG
oOBCEST, fEBEERY M RE A

URER &2 SHHRRAT BT O ARET 21 F PP RS
SRR R SAR S S A S

b3

i

T % R % IR 1L 4% 5 (deep vein thrombo-

sis : DVT) % 4ho & L 7ok B OZENICIL,
TEEIGEMENR TV F AR VX —F EL T
INKERLTWA. LL, FREIRERIIR
BBk Thy, I—FT7UILF—%, B
ETICESPOFIN D2 DHBETHS.
IR T, TEHIRE BRI 3 HEGRZ2EE &
L T, MR venography (MRV), IM%&&E& ¥
##, multidetector-row CTY 24 Bk A #
HEINTW5b. ZOHT, MRV ITEFAI%H
WATFELMWEWTFERERD LD, FICKE
IFIFRER T, EBEERAIC N TEBN G
WMBEERAEETH 5. MRV OREW Y —7
VAL L TRIRAREEZFIH L 72, 2D time of
flight (TOF) ZEAHVWHRRTWA. Lal,
2D TOF % M\ 72 MRV (3 F B K RS O %56
FlR=L O b OFE IR & MR PM <, BT
HOEBEVEIROEHATRRETH L. ZD/0,
Ta—R FHEHIRERICESHRmDS ETI2E
FE o TR,

N GRERZ R 5729012, True FISP
(fast imaging with steady state free precession)

Y r ) A0 FIRGER MRV ~ O A S

N 5Y. True FISP (&, J/T*/Tioav 5
AT HEFLTED, MERSLKEERW T4
b OMBAEE T ICHE SN AR#EEFEL Ty
595 PEICHK %1%, True FISP 28 Ly it
DECIMFHOHBICHEHNTH S Lol L
720, L2 L PEGEIKClE, BEiRSIEFITT
BLUHELTCKY, MRVAZHE LS
&, BIRE5OME»NnEALm5H (Fig. 1).
% C T pre-saturation pulse # A\~ 5% &, Tk
R IR OB I T 5 LTRSS 5. S
512, True FISP v —4 v/ A2\ T k-space
% segment L3 5 L AWBEEL D, WHnE
B HEMOMHERR ET 5 L D107k -z,

AL Tld, saturation pulse % ff Fi L 7=
segmented 2D True FISP % f\C, ()ififk
77V P LABIORT VT 4 T TCOERIIER,
QRS VT 4 T LUEIREN B\ T TG
BIRORHRE% 2D TOF & & HigtEiL, T
Izl A 2 & L C oA AME 2 5l L 7= THt
EHT5.

FEELUVHR

1. Jjik
i F 25 & |3 SIEMENS #:# MAGNETOM

*—"J— K True FISP, MRV, MRI, DVT, lower extremity
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Fig. 1. Segmented 3D True FISP images in a 45-year-old man with right

saphena varix

(a) Anterior full maximum intensity projection (MIP) image shows di-
lated and tortuous saphenous veins (arrow). (b) Oblique multiplanar
reconstruction (MPR) images show the popliteal artery (arrowheads).

Symphony 1.5T, ZEMHaALEL T, 77
Vb A 7B RGeS L
7=CP Ny FaA vaHv, FRFCE CP
NV T 2 FIVTVFELTT VAL TN E .
#Hy —4 v Ak, ECG F#IHEH segmented
2D True FISP 5 XU ECG FHpEH 2D TOF
BEThHAH. AF v /8T A— XL segmented
2D True FISP (TE:2.0ms, flip angle: 65,
matrix size : 256 x 256, FOV : 30 cm), 2D TOF
# (2D FLASH)(TE:10ms, segment: 19,
flip angle : 70, matrix size : 256 x 256, FOV : 30
cm) TH5H. 72, B 150 mm O satura-
tion pulse Z Jit A M (FEIR CIZEIIRM) (CFHIH0
L, BB % EElrg & L7,
2. K5

W77V FAELT, W95 mm DL
Vo)V F 2 —7 & AT R Y 7 GER )
R (Fig. 2), PBKE L TEBKE IR
L7z, BRIKEHICIIBRE RS vy 0 7 3 4

Pump-
oxygenator

Fig. 2. A diagram of the phantom study with
pump-oxygenator.

(25~45 5%, P 325%) I L OBEPRAX
3P IRGE R C DVT 25t b /=B 3 4l
(45~55 1%, F¥H51m) Ths.

BTV T 4 7B LUK, HAFRTIC
AEECADIED HEY A T3l L RE %1572,
3. ®EHHEE
1) 77 v b A X %IRRT
Segment $¥s L UF k-trajectory 12 &k 515521k

2004 4F7 7 30 H3ZH 2004 4512 A 3 HUGT

PIRIGERSE  T632-8557 X RIZKIEH ZEHT 200 KB & A SHRPTREEBUHRRES  FTis A
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EFWRAE T 7~ F LOf#E (0, 10, 30, 50,
100 cm/s) #ZL I ®72. ZThZNOFEIC
%f LT segment 3¢ (3, 11, 21, 51, 99) B LU
k-space trajectory (linear, centric ordering) #
SR T, £#4«DOSNR Z Pt L DEHL
gL 7.

ROI DR EL T, 77 FAIC XA
T 7 7 v F ARLIC 1om? O IRICERE
L, RIVF 4 7T, MEORKREE L.
F7, 77V EFAICEAFERRIB ETLIN
A%h & & True FISP OfF 521 % W EAIIC IR
NI HHMICHREL Th A7, EEOMER
B EUIMEIC X AR, BRGNS L A58
I NIz,

SNR = SIa/SDb (SIa:ROI N5 558,
SDb : /Ny 7 757/ F OEEHERZE)

2) RV T 4 TIC kB EER
(1) ECG-trigger ¢ delay time

ECG B HKRHC 35T, R¥ED 5D delay
time (100 ms 9°> 800 ms £ T) %#ZtL T,
FHIRES PRI IAFINE XA I/ 72O T
Wit L7z,

(2) Saturation pulse {\Z&

Saturation pulse O HIIIAZIE OE T L A H)
k(55 OMFI YR~ #FET 5 S 2 T, satura-
tion pulse @ Fiig & A5 4 A D LG DAL E
(saturation pulse O Fii%, QAT A A Fuf,
QAT A AN, QAT A AL, DAFTA A
¥ 5 5mm, @A 4 A EWA S 10 mm)
% 2R S RN RIC OV TR L 7.

(3) Segment %7 & k-space trajectory

7 7V F AT KBRS & RIARIC segment £
(3,9, 19, 29, 37, 47, 57, 63) & k-space trajec-
tory (linear, centric ordering) #Z{tX 4, K
hEEYF IR 45 S O KBRPYEE O SNR % Fhilg L 7-.
3) R VT 4 73 XUEKFNC X 5 TR
RO H

EPOBF TR ONI-E#RBREEEH W
T, RS VTF4T7EBIUCDVT 88O EHICTD

W, ECG F#iptH segmented 2D True FISP
L ECG [A#APF A 2D TOF 12 X A PR
WROHEHFEIZ DWW THele L 72

JRiE %, full maximum intensity projection
(MIP), partial MIP % F\~CEHii L 7=.

& R

1. 77 v b AT & BEE R

MEDBEALITH 5 £ /85 A—H (segment
¥, k-space trajectory) D fE 5 At &#x ¢
(Fig. 3) . Linear ordering Cid, segment %
21 % T3 centric order & [FERIC, WHEO EH
& & T saturation RIC L AHFEFHART AR L
727, segment $ 21 ##E 2 %5 &, Vg 20 cm/
sfhE»bES EARR OGN, JiE 50 cm/s ff
MICEZOE—T7 DR SNz, SHICHED
ERICH - THUOBSKETARI 5. —7
centric ordering Tl%, segment 3 DZALICEE
TR SWHED LRI WE SR T 2380 7.

2. MT VT 1 TIT &AM
1) ECG-trigger @ delay time

R 2 5 D delay time D&\ T 351 5 KR
kO E 5 ZE{b%~¢ (Fig. 4a). 200 ms
@ delay time % 5% 1 %5 C & T, saturation
pulse IZ J 2BIR(E 5 OMHIZh R i  BEZE T
Btz Fi, OAWOERHEIC 51 A KR
Bk O HE 13 200 ms T KIE % R L7
(Fig. 4b).

2) Saturation pulse {\Z&

Saturation pulse {7 & O ZALIZ R 9 5 By # ik
D 52 %z~ d (Fig. 5). BIRESIL, sa-
turation pulse fLiE % A5 A A FdminH A5 A
A BB ICEIN L 72 & SR LI s .
LarL, B#REOaY FSAMIASTA AL
W B W Tk b Bz R L /. %/, satura-
tion pulse 73 A5 4 AW 2 b BN HIZHE I
BHERIMET L7z,

3) Segment ¥ & k-space trajectory
Segment 3t D%t & k-space trajectory D;&
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Fig.
(a) linear ordering and (b) centric ordering.

o —o—Vein
—m— Artery

500 — x—-Muscle

400

Signal to Noise Ratio

200 800

Trigger delay time (mseo)

400 600 1000

Fig. 4.

3. The signal to noise ratio (SNR) of the phantom in variable flow velocity and segments for

(a) The signal to noise ratio in variable trigger delay time from R-wave of ECG gate.
(b) The flow velocity of femoral artery by phase contrast sequence. The fastest velocity of the

femoral artery is obtained at 200 ms of cardiac phase.

WIS T B ENEIROE S ZE LA~ d (Fig. 6).

Linear ordering {%, segment ${ 4 hnic ££\»
BIROFES EABBEZETH->7. LarL, cen-
tric ordering T {3 segment % 30 ££ & & T3
saturation pulse {2 & %+ 25 7 #IHI & B A3F8 6D
b, segment {50 THHDRE S LTI
BEOESME Lo 7. E-#kESIE, ¥

12

DEMFTICEBVWTHESTETRDONL -
7z,
3. RT VT 4 T B IUCEIKRENC X% T B
RO

RSV T ¢ Tk 5 TR EHIRIE % % 7~
9 (Fig. 7). 2D TOF & (a) i3 KIREIR, M
FR7: & B mME RN KL, B ILREDOTHE



DHERF ST AR S e, BEIER
IR TR =018 LR O FIROFE TR PR R
TH5. —J, saturation pulse ff F segmen-
ted 2D True FISP (b)id, saturation ZhHiZ
& o TR & 75 BRI 5 B e 2Tl s n,

MEFSLE L, TAMERDLIKRL, HIROA
BOLOBUANIVICESL T THEIN/. Ly

Signal to Noise Ratio

@ A bottom of slice, @ A slice plane, @ The top
of slice, @ A upper of 5mm from the top of slice,

True FISP #% f\7c FEGEHIR O H

150

—e— venous
—m—artery
— -X—- muscle

120

90
60
30 a b
0 ' ' ! ' Fig. 7. MIP images of lower extremity deep
@ @ ® @ ® vein in a volunteer
position of saturation pulse (2) 2D TOF images and (b) segmented 2D

True FISP images with saturation pulse show
gastrosoleus muscle veins (arrow) and trisec-
tion branch (arrowheads). Larger diameter of

® A upper of 10mm from the top of slice popliteal veins and the trisection branches are

Fig.

obtained by segmented True FISP MR

5. The relationship between the position venography than by 2D TOF.

of slice and saturation pulse

2 2"
© ©
o« o 50 b —e—venous |
% % ’ —&—artery
4 b O 40 b —%—-muscle |
Z Z
O 30 b f-.. —e—venous o
*x —m— artery =
g 20 [--eemeeieeee s feeeees —x—-muscle g
~~

Dol o R D
2] w

0 ——— 0 e S T

0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70

Number of segments Number of segments b

Fig. 6. The signal to noise ratio of the artery, muscle, and vein in variable segments for
(a) linear ordering and (b) centric ordering.
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LM LMHT, ZEfatt i B BEIEN OWEE O
BRI NEE TH - 72 (Fig. 8).

THELV VLT o DVT EFIC 5T, 2D
TOF ¥ Tl s R oz O 1M O R IR G & 52
4% (Fig. 9a). Segmented 2D True FISP T
X FRR=4EGE AR E TR SN Tk Y, Mk
FEEWIMEICHE T & % 5T, 2D TOF # &
D4 DVT OZWigEL M EL /- (Fig. 9b, d,
e). F7, Fig. 10123, Klippel-Trenaunay-
Weber syndrome i ffl %77 9. Segmented 2D
True FISP Tid, BME#HIk2 5 TR =L
O EIROAIZ,  HiIE P O RF M4 %
L, WEZKICOERHTHA LR 5.

Z £

True FISP i3, #ii# 15cm/s L X)L D&
ORI N 5. F 72, k-space segmenta-
tion #FIH 4+ NiL, MNOPEL KK T =
50 LdL, BIRICHEST HBIROFLLEDLZ
W ORHFIC 7 > T7e. 22 THE, BkfE5
ZHIHG 5 HRIC, MNOMENEZICHNS

BTG TG 5 Z & T, BIIROWAIC K AL
o2, saturation pulse IC & A5 5
AN & HEIRIDFI O RFH, WARNRIC & 58
kE 5D A% L T, segmented 2D True
FISP |2 884) % i {G 4tk OB 24T - 7.

True FISP {3 TR 238\ C &, %7/ k-space
% segmentation 9% C ¥ 1T & DKW D
BEaET L E TORHEMAEMINDS. LD
72, saturation pulse IZ X D ffIL 7272
VINAT A ATRPICHA L 7IRRECTHRAR 3 512
X, saturation pulse lE% k&< 45, A5
A AEICHEL T2 0B IEL 5. &
7o, LTERIEAEFT DO BE, saturation R A PEE
ICHNS L5, KEBBIRL VT WT, Ik
b\ TE S S N S OEFE % trigger delay
time ICHET HLELRDSH. ARFHZHBNT,
200 ms TERME 5 OIMHRIE <, #Hlk &
DAV FFAFPIRKEL- T,

7 7V F AT KB segment £ & k-trajectory
DT X 5 saturation &R I1C oW Tid (Fig.
3a), linear ordering C|% segment ¥ D1 nic
& VRSB DI 5 % INE T % & TORRA

Fig. 8. Segmented 2D True FISP images of a trisection branch and
femoral vein in a healthy volunteer. The signal of popliteal artery is com-
pletely suppressed by saturation pulse (white arrowhead). Baker’s cyst
(white arrow). Synovial fluid (black arrow).
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Fig. 9. Deep vein thrombosis (DVT) of distal part of lower leg in a 54-year-old woman

(a) 2D TOF MIP and (c) axial original images venous thrombosis in the distal part from the
popliteal vein (arrowheads). However, (b) segmented 2D True FISP MIP and (d) axial original
images and (e) coronal MPR show the popliteal vein and trisection branches.

IERT 5720, TR INCHE - T saturation
pulse #ZF Twiaw/o b VRRALES E
AxrKLi-EEZONS. F/z, 50cm/s Lk
DWIRIC B 51552 1bid saturation pulse IZ
BIt%7 <, True FISP AR DOWEICK ¥ 515
SEAERLTWALEEZLNLY. RF Vv
T 4 TIZEB W T [RERIC, linear ordering Tid
segment F O I HECEIRE 5O LA 28R
bn /- (Fig. 6a). —74, centric ordering i3

77‘/FAKJ:%7@§]LT , segment 3 DY
ICHES R EITRD N - 72 (Fig.
3b), RSV T 4 TIEBWTIE segment D14
iz k- T, #lkiES D EF B ty)roihﬁ
(Fig. 6b). ZOFHEE LT, LEHIC X
WMEPEAT B 7280, FT TiddH %) satura-
tion B RAFFE VBIRE S D EFIC D% di 5 7
tEzZ6N5.
(LA E X v, saturation Zh 5% A5 FIH <
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Fig. 10. Klippel-Trenaunay-Weber syndrome in a 34-year-old woman
(a) 2D TOF frontal MIP image fails to defect the fibular vein. (b) Seg-
mented 2D True FISP MIP image shows the anterior tibial vein (black
arrowhead), the posterior tibial vein (black arrow) and the fibular vein
(white arrow). (d) Axial segmented 2D True FISP image shows multi-
ple vascular malformation in the gastrocnemius more clearly than (c) ax-
ial 2D TOF images (white arrowhead).

5121%, centric ordering TOE 5 NN HE %
L. (2)& 52, k-space ¢ segmentation 7
3 7 I BERAE 5 O INEIZh R &8,
segment OB T FARRFE DL R D7 H
5728, BIROE S HHRDIE 5% 2 75\
segment §{ : 50 @Y L E 2 DN S.

2D TOF KRB RAR RO Lz mig b L T
%z, FREEIRL OIS\ CE, RIS IR
R =4I OB WIS U TRl BE MK T &
%. —7J}j, saturation pulse ffH segmented 2D
True FISP (3, WARR & K B KOEE 1L
1280, KRED 5 WCITMEIRSE, 4% Tl
D TH > 72 MBICRILFBE T 5 C L AVR
I N, B, SLROEEYZITOTw
2D TOF ¥ L 13 R0, W28 W I EBET
OMEZMHTE S0, MEREIXLDKS
iHixns (Figs. 7,10). % 7- Fig. 10 IZ7R
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95 21C, 2D TOF ETIIRI TE 2 WilE
PN S AR & & B O # IR % [F] RIS A C = %
BHAeRnEz T\WbsEELLNA.

—f¥MYIZ, centric ordering TOHEIL, &
HIRERTHOBS A ET 5720, HRES
7w RBEWEORFE LA SBEE L% (Fig.
6)%. XD, S, ULOEHEIRA X O
HEED FICIE, ChBEEMERORE S 2 M
TAHFEELEOHAGDOREDPULETHLEEZD
ns.

& =
Saturation pulse ff f§ segmented 2D True
FISP % F\ 72 TR & R oo F ltEIC >

W CH#ES L /2. Saturation pulse i3 A5 A4 A E
WICEIn L, ECG [R#Ao trigger i3 200 ms, k-
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Imaging of the Lower Extremity Veins Using Segmented 2D True FISP
with Saturation Pulse

Masato UcHiKosHI!, Takashi UEDA2, Izumi IMAOKA!,
Akihiko WaADA3, Shigeo NisHIKI!, Kouichi SATOU!,
Michimasa MATSUO!

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

The purpose of our study was to evaluate the potential of segmented True FISP (fast imaging with
steady-state precession) MR venography for lower extremities. With True FISP images both vein
and artery usually show high signal. Therefore, a presaturation pulse is useful in reducing ‘‘arterial
contamination” in MR venography. Initially, a tube phantom and three healthy volunteers were exa-
mined with a 1.5T unit. Signal to noise ratio (S/N) was calculated according to the k-space ordering
(centric or linear) and numbers of segmentation. The optimized duration time between the presatu-
ration pulse and R wave during ECG gating was also evaluated. This showed that arterial suppression
was more effective when centric ordering was applied to segmented True FISP MR venography.
With centric ordering 50 segments are recommended to reduce arterial signal and shorten examina-
tion time. This is because arterial signal was higher than that of muscle when the number of segments
was more than 50. The presaturation pulse was most effective when it was applied 200 ms after R
wave.

Subsequently, images of clinical MR venography were obtained by segmented True FISP MR with
optimized parameters and 2D time of flight technique (FLASH) in 3 patients and 3 volunteers. Seg-
mented True FISP MR venography showed some advantages over 2D time of flight. Larger diameter
of popliteal veins and the trisection branches were obtained by segmented True FISP MR
venography than by 2D time of flight. Segmented True FISP MR venography also demonstrated
small peripheral veins and venous anomaly.

In conclusion, segmented True FISP MR venography was optimized by centric ordering with 50
segments, and a presaturation pulse 200 ms after R wave was effective in suppressing arterial signal.
Segmented True FISP MR venography was clinically acceptable and the quality appears to be su-
perior to 2D time of flight. Further clinical trial is necessary.
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