Il

R =

HENRIC & 2 B RBOBEBEILD EBRIRET

b HE ( 3
B H OB ( 7
JFHHE I ( BR

)

)

)

/N BR [ BA ( B )

bl e
F RS

HEEREIB (O KR OK i
AREEHEC OB K H )
BRERB( B X it

F—7—F

MRI, pulsatile flow, artifact, phase shift, spinal phantom,

1. Bl

MRI 2B 2 HRhDEE X, TIME OF
FLIGHT EFFECT ¥ PHASE SHIFT
EFFECT #* & 29~%, #i % 1 1¥, HIGH
VELOCITY SIGNAL LOSS t FLOW
RELATED ENHANCEMENT #3% b, &
MRIBEIZB W TR EIATHETRD SIS,
— %% 1214 phase shift 1% dephase iZ &3
fE51&F & PHASE SHIFT IMAGE #3% b,
FIRE B R K FGIC TR 515, MRI 2
L 2EH s TETHEO EHRT ROMFEH I, X
LT (LUF CSF) 2/EZ LT 50902 %7
BEHTHS, L»L, CSFiZ TO and FRO O
B 2R T O DICHTEOMNDEEEZ T T,
CSFOEEMET T2 225527, ZOEFE
TOBRER, VARFIOEDICE>TER S,
CTHEITROBEEN SNV ARTNIC L > TES
BrEZon?,

Brix, Bok SOVARTNICBWT, [EH
&R CSF 2 L 2HIEDOE SR T OREL Y

EETHEOEHHRIZ O RE R RIET %,
77 v b aERBWTHRE L.

2.7 &

7 7 b NEER
L EETHEDOCSFO7 7 b AELT,
BE2cm DRV IF LV Fa—7DRENC T 1
BT 2 E2SH 500 ms ® GAd-DTPA &8 D
B EFEI: LI bDEIERL, BE25cm DV
v/ A RBRF a4 VicBL(Fig-1)., WE
DEWRIX, A5V > 7Ry 7R CHE R
60 cycle/min T CSF & #£{{ L 72 TOand FRO
DEN (Fig-2) »&ons koicl, Ei,
7 RETEOFEF BT 272012, SELD
RYZFVUFa—TOEERFHEL THEICRE
HLUE SRR L, F2—7 DEEIIFRA
U AERES O R & —B s, WEEZRHE
DB I A VOBREROFOICED, FEE%
F a2 —TOREMOFEIZATA AR 1 cm TR
Liz. 2O, LEREHEGREE (ECG-
GATE)IZ X > T, Trigger 55 & 1 450 ms #

122 HBEESE Vol. 8 No. 3 (1988)



BRI & 2 BB DRI (L O KERRIRRS

0.1 Tesla ( 4. 54MHz )

ri ]

1.5cm

50cm

Gd-DTPA solution (0.2 mmol/1)

ECG monitor

]

RF coil
_l k, AMARAA
e S TG

— L

— ] m

direction of l o
magnetic field - 0L

60cm

slice plane

Fig. 1 AEBRICH W7 TO and FROHHEIR 7 7 > » 4K

Time-Velocity Curve of

velocity Pulsatile Flow Phantom
10}
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o experiment

Fig. 2 REEICH W HEIRO time velocity
curve, Trriger§5 % 0 ms DRFE THY
T3,

DIERS LR  EEE(LOK & 2,
B & U Trigger 55 & D 800 ms 0 LB HH
AR WEED/NE BREETRY 7OHE

B FE (LA GATED) & ¥ Tk L7z (Fig
-2). M LT, NEOHEROFILRO&RD
BRZ DV ZARF] (TR=1000ms) B TH
WUz, —ZD OV ARFITIE, BEHNELY
R3320, NEOBEEEILROGR X
DB GHEE LS W BEER L., Mk
D& I RFET, FRXO7VARY, RUHH
AHORADBRIZBIT S, AT »ETR
R RBOFBRBRZ R Fli RERE 2N 2 72,
AW Z2EBF0ITEEEMRIEZE (8
MARK-]), 7270 A % F1E multipleSE ¥
(TR=GATED, TE=30ms, 6ECHO T
MSE), SEi#* (TR=GATED, TE=120 ms,
2L F longSE), DOUBLE ECHO # (TR=
GATED, TE=50 and 100 ms symmetrical 24
T SYM-DE, TR=GATED, TE=50 and 120
ms asymmetrical A T ASYN-DE), LF &%
(TR=100, 250, and 500 ms, TE=18 ms, FLIP
ANGLE=30°, TOTAL SCAN TIME=128

ZREAR BE63F 7 H23H

FIMFERE  (T553) AREHEEREE1-1-505 KRAFEFHBESHREFREAN W E=E
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Fig. 3 PIMEDEHER LD MSE % (TR=1000ms, TE=a)30ms, b)60ms, c¢)90ms, d) 120ms,

e) 150ms, f) 180ms, 6ECHO)

zh#h® TE OGOM TREREOFRIZ(LIZED L.

ms) TH5, F720E MATRIX i 256 X256 or
128 X256 TH 5. LF BHEWEHTHREHRT 2 L »
SHRADENEE L DR WL S CREAY T, LF
DAt o ZARFITIE, HESB L EREE/LOD
B 2 EBORSICFE S TREL 2.

3./ R

1) MSE #

WREDERERIE L 7R TH 7 MSE & T
i3, &% % TE OBOBCEREXREBOBEIIZ
I RD > d > 7208 (Fig- 3), HEHHE
ERUCEEEMOR & LR I FEE S € TR
L7z MSE#& T, TEBEL 221 Lizd>T
BEREOBELIERELL T {ODRD S
iz (Fig-4). MSEBIZB W T, FERODHE
% (Fig-3) »oWEREOHEGK (Fig-4) 2%
L5[< &, BEXEBOILRER L ES 18 E
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Fig. 4 HHEABRED R WS CEE S THEE L /- MSE#& (TR=gated, TE=2330ms, b)
60ms, ¢)90ms, d) 120ms, e) 150ms, f) 180ms, 6ECHO) TE BEL 2312 Lieh > T, e
RIEBOBEPIAREZ L T D150 5,

B L L TE> TWAO0NHESMIZRD SNk,
% 7e, BEZH - RO E S TH 2 BOUND-
ARY LAYER »&EEE L L TR 517 (Fig
-5). —7%, HBROEEZ(D/NSVIRFET
L7z MSE B Clk e X IBOREIZ R 572
TE OBOBTELIZ %2> 72 (Fig-6).
2) longSE

longSE I8\ T, NEDOERE LROG &
HEEL T, HEREO&TIE, MSE &b, #
FBEDHERA/NS WA S & THRE L &

BT HEEREOFEBHELIZFTIIED
s>t (Fig-7). 2E0EER, TE=120ms
D MSE X b d58ro72, 512 BOUNDARY
LAYER OESDETIZ, VY7 b7 7va v
TR EHFBO SN,

3) DE#&

SYM-DE IZB8\WT &, HEHEE R S ERE
(LK & ZFEICHE S ¥ TRIRL BT,
WA IERE DB LB L TR RO IR
D 5z, TE=50ms D (1st echo,
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Fig.5 : Fig.3 &Fig. DY T bS50 a1

)

a) -1 BERBOIRER L 2853 °BOUNDARY-LAYERDES D EEE & LT

Hohsb,

odd echo) ¥ TE=100 ms D% (2nd echo,even
echo) Tk, BEXEOFECIZIZE A LEL
EEDL oI, YT Z v a Y BTE
BOUNDARY LAYER ®fES D& T % 2nd
echo TRREE L T2 D535 7z (Fig- 8).
ASYM-DE TiZ SYM-DE £ &% D, TR=120
ms O (2nd echo) & TR=50ms D (st
echo) & 0 bEEREOILREE N Ron,
%72 ASYM-DE @ 2nd echo iZ SYM-DE @
1st B UF 2nd echo & D b &R RIEBOILKREEH

5 < 8% 5 172. BOUNDARY LAYER D5
DIET %, ASYM-DE Tl 2nd echo THI{E®
¥, SYM-DE & iZ#iic3gi L7 (Fig-9).
4) LF &

LF Tix, N ILRRO & L HEFO R &
DO, BERBOBENEMIIRD 5z
>z, BLHAEROKH T PHASE SHIFT
IMAGE #3388 &1, B 1L & I TEE» S
L7 (Fig-10).
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a)

c)

e)

ms, ¢)90ms, d) 120ms, e) 150ms, f)180ms,

6ECHO) B RIBOBREIR, TENRWERT

HZEEL 20,

4. % £

7 EETHEO EBERT R A #5121k CSF 28
BEFTERD, »OEM, RS X CEESN
HEBNEEE L 22 VARTIDERITH 2.,
L LEBDEZS, 20L& 3 R72SVARYIT
L CSERBEREBICESRVWIENHBD, Zh
W, BN 2R T CSFNDAE Y DB X2k %
MOTION ARTIFACT D& TH 379, i
X% MOTION ARTIFACT DJERIZiZ, TIME
OF FLIGHT EFFECT & PHASE SHIFT

Fig. 6 HERIHE OBV SIC RIS ¥ THREL
72 MSE & (TR =gated, TE=a) 30ms, b) 60

Fig.7 a) WA 2 1ERF (TR=1000ms, TE=
120ms), b) JHENFFD LONG SEf (TR=
gated, TE=120ms) £ c) ¥ 7 hZ7 7 ¥ =
EES
B CIEED sk waE REBOERN
Z1tB LY, BOUNDARY-LAVER DfF
SORTHHHFFICEC NS, ¥ 75
7y a BT, EEPEESELLTE
Hohb,

EFFECT 8% %99, TIME OF FLIGHT
EFFECT i3 2 7 4 A #IRKFIZ RF 7SV 242 &
STHEENIZAE YN, Ta1—%B2FTO
MICRA T4 AEORIN BB TSI LiCL>T
BZ2HE&ETHD, HIGH VELOCITY SIG-
NAL LOSS % FLOW RELATED ENHAN-
CEMENT 3% %99, ¥t MRI REIZHB W T
X, FEKFEHBRIZZORELBDOOND, b
5 —7% @ PHASE SHIFT EFFECT 213, il
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a) i b)
c) d)

Fig. 8 AWIEERHHEIRFD SYM-DE & (TR=ga HEIF Tk, BEXIBOWAZR, BOUN
ted, TE=2a)50 and b)100ms) & ¢), d) #* DARY-LAYER D{EEDE T 2D 5L
HREOR EHBIROBREDY T T 7 v 3 »3, SECOND ECHO T BOUNDARY-
MR LAYER D5 DE T DEENFED NS,

Fig. 9 PIMEEIRYS, IHEIRFD ASYM-DE# (TR DARY-LAYER DfEB5DETHED 51
=gated, TE=2a)50ms and b)120ms) & %. SECOND ECHO TiZ, FIRST ECH
o, DT NTF v e B OL VAL EIHTH 3,

HEIRFC i, BEXEDOILAZLER, BOUN
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Fig. 10 MIEEHH &R IERF (a) TR=250ms, b) TR
=500ms, TE=18ms, FA=30"), HEIRED
LF % (c) TR=250ms, d) TR=500ms)
BILERFFEEE, HEROHRTY, BEXIED
FREZELIZFED 6 nds, o) fHEIRFIC B
V2T L phase shift image 25 R & 1, HE D
STUTEDOND,

SNRAE Y MUBEFREE S OICHMS L
TERIEG O h 2 BB T 2 /- 0 ICE—R 7 v
WD A ¥~ D phase shift iIZf£> dephase 12 & -
T Z 2E8{ET & PHASE SHIFT IMAGE
DBH B9, ZOBHRIT, FHE MRIKREICBWT
BRRI G R KGR cRBd o5, Fx

i, fHENR 2" 3 CSF DR RETD MR Bz 5
REAHEDHZEMRE L0 T, TIME OF
FLIGHT EFFECT iZ &% MOTION ARTI-
FACT O#ZIZIT L A EZ T 2w,

BHERRWT O MR Ei{fRiZ % 51 2 PHASE
SHIFT EFFECT &, Riikod & 5 i fiiBE#R%
B DDMERIBEEORESX A VBN ZT 21
DRI b TH2, BCHMEN35AH
L AERMEE 517 & CSF OFh 5 abh—2L
TPRRICER E 2 2 AT THW I EBR T,
TERIGORERZIFIC T 272012, 77> b
LNDERDOTRND FF & 5 A H L FIERRLS
HALE s ThH3,

PHASE SHIFT EFFECTO—2Th 3
PHASE SHIFT IMAGE i, fHEIROIHENE
HORZSIAEYPoDITa—%182 2 1T
LoTHID, MEROEE, ERRESE DM S,
TERIES O IS N7z BRI RE T 2099, Ly
LINEGATE T2 LI oTHET I ENE
k209, Bx DEBRRICH VT, BREHED
72912 GATE Lz 57: LF 5T 4 PHASE
SHIFT IMAGE 2538 51, BENEL T L2253,
DO NNNVARFNETRTGATE LTED, 20D
HWRIEA SN o7z,

& 1xF 2, PHASE SHIFT EFFECT Ol
O phase shift IZf£% dephase IZ& 25 E{ETIZ
DWW THRET L7z, phase shift [Z1Z A © > D@
2hM, EEORZ X VHNTOSH, D% b
VELOCITY PROFILE 055 E L T 599,
SEIZERED CSF 08 & 128 L7z TO and
Fro D& 2 A\, & 57 TE T EEHERRE
WHEUS R 27012, F2—7TAEICERET
R L TWBDT, ZOEBT D VELOCITY
PROFILE 73, phase shift i & % dephase iZ&
EBrE5z2TwsZLizhks,

RHBERIETIX, ZOREYID D IZHED
HER O BWIRENE L, HEARS R
RELRIZBEENH L, OB, F—rren
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WD A E > D phase dispersion 2> & {E5{E T
HIATREMERH S, L L, ZOEEETIR
PNV ARFIDE, FHALEE 5’(@?5@’]%@
HE, RUEERICE->TEZZ, ZOER
WKWOWTEZETZELUTDL S %, phase
shift X A € > OEE, EREHEOEE T 12
B, R OMERIES D@ I ICFEIN 099, 2
ITEIAEYDEEIZDWTIE, BEHHERE
BN LT 2 HHER D £ ORI A S ¥ Tk
BTN THRESNS., FREREBEOREY
ZFREMIC DL TIE, AV MEREES R
S TREIT2RMTHD, TE LEET 2, BE
DRERELIAT, B2 D TE BEL 2,
ERRES T > TAE Y 08T 2 R R <
%570, EREESEOEENEIEANS, 0
72 % phase shift 1 & 51K & <% D, dephase
PEILTESOETHERICZ % (Fig-11).
D% 0, HEOHEHNAREZRAICHBIRT
\EL, 78D TE »EW» MSE &, longSE
&, % U* DE BTl HiERa D15 51K T 232 EH
WER® 515, MSE §i3, fE» &\ TE OF

TE=0 TE=18

OB TH 528, KERTIX, BHEILTOER
DWEN H 2 KFE T, EVEN ECHO RE-
PHASING %z EDFEIZIZ - AEZTT, TED
F & 7% phase shift CHE Lz tEZ2 615,
LF R U BIRNDOEEL /NS O AIZE
B2 ¥ THELT:, MSE®, DE®RIZB W T
LFEROBEESDETHED oz, 2hid
LF T, TE M0/ SV A RHZ LR THE D
<y ABUANDERMESOFEND L ETH
% (Fig-11). £7z LF LSOOV AR5 T
HE D HEBAE WA IR TE BEL & b,
HEREED L2 2 ¥ 3 BE 3 2 JEEEE <,
phase shift 23/\& <, dephase ’H V& I 5
BORTHD, F1-RHERLETORBIIRED
WENR I shrolelediz, A—Y7X¥ VN
DAEVOREAWHIKEL 26T, FE5ET
WD LN holcEZND,
BOUNDARY LAYER TEEDETHRE S
N7z Z £l DWW TiE, TO and FRO O HENR %
BwTws DT, VELOCITY PROFILE L,
HELE D H 2 BOUNDARY LAYER Tix[

TE=30

Schematic Representation of Intravoxel Phasc Dispersion

Duc to Spatial Velocity Change

Fig.11 [E—& 27 v VADEE LA X % phaseshift & TE & D%
TERREWVIZER—R 7 L VAD R Y > O EREEEIC L 2 280872 D, phase shift

125 dephase IZ

X /C{I::Fipﬁi—]:j_ %,
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—E 7 X )VHDA Y O phase dispersion 732
ETEENETT 50,

¥ 25T, BOUNDARY LAYERTOINTENSI-
TY D{ETFix, MSE#%, SYM-DE#® EVEN
ECHOWIZBWITEIET 2 Z E8H 5, i,
BOUNDARY LAYER B 3FE— 7 &)L
N OFE LI X 5 dephase 3, EVEN ECHO
REPHASINGIZB W TR TS 720 ThH 502,

L# L, EVEN ECHO REPHASING 13 E# It

TRFERKE I 525, HESRHENIZELT 2
HEIR Tl35E £ 7% REPHASE #3E Uznab2), &K
WRTIEHIBR TR L TVEDT, ek
EVEN ECHO REPHASING i3# 2 5% wid
TTh3., Lo, HEHEEERLBEL»T,
GE»D TE PEHNZI—TIE, 2O HHHK
BEHBREELTE, D) Rk s
EVEN ECHO REPHASING »#2 2 29, 7272
L, WEEZSHIERLE T, BWIREDOZE(LIC X
LE—R 7 VAOREABIFFEFICKRE R
37201, TE VNS THERWMEELTE S,
EVEN ECHO ® REPHASE B A~+4TH -
leEZoNG,

PMEoz ek, ABRERHEGIFEOFSET
& BOUNDARY LAYER OEHE T &%
> TRERBOFRESIERER T 556055,
HEARE <, HERLO/NS WERFEIZFH
AR THw& L 7z MSE 623, & b IFESS &R D
FRREPTHRIHETEZ EEZ o2, LrL,
INE 77 N AEBRTHD, AORBHEO T
1, T 2f&% CSF £i3E7%x b, —#iz CSF iz
WHT 52 Ei3HER W, Lo THEEKMIC,
AREBTRLUIZEL S % CSF ORNDOFEEND 2
ZERBEZTNVARIEBEIRT 2 LEDDH
5EEZ25,

5. % @

TO and FRO OFHERRIC & 2 PIRESE HERIT 1

BT IC £ 2 RERIBO MBI (LD ERERE

D MRI BADEER, 7 7 > b AT & > THED
WoNT, DED, FHEIRO LEAHEE K
EZLORE 2RSS TRE LSS,
KU MSE ¥, LongSE ¥, DE%T® TE OE
WEEE DB TIE, TE D&V LF IR TR
FCHE DORERBOILRELSRD 5N b5
b5, BRINCIE, 7 EETED CSF b, |
U TO and FRO OHEIFHR 2R3 720, FfED Z
ENRDONDGENDH D, BEHE MRI REICE
WTEZ SISV ARIIOMT, 7 EETEED
FEBEFT ROFEHBEDS B2 2 ATREM DS D 5.
KX OEEIZE L B HARKHLBEEES
K& (HRE, 19884F, 3 A)icBWTHELL.
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Pulsatile flow effects in signal intensity of fluid in the area of constric-
tion.
—A phantom study using MRI—

Takamichi Murakami Yoshinori Akai

(Department of Radiology, Osaka University (Department of Radiology, Osaka University
Medical School) Medical School)

Norihiko Fujita Y oshiharu Dandoko

(Department of Radiology, Osaka University (Department of Radiology, Osaka University
Medical School) Medical School)

Kohshi Harada Takahiro Kozuka

(Department of Radiology, Osaka University (Department of Radiology, Osaka University
Medical School) Medical School)

Y oshiharu Sukenobu

(Department of Radiology, Osaka University
Medical School)

An experimental study was made to evaluate the to-and-fro pulsatile flow effect on MR
images. A phantom with to-and-fro pulsatile flow was constracted of polyethylene tube
of 2cm diameter to simulate CSF behavior in the spinal canal. An area of constriction in
the tube was made to compare with epidural defect. This area was imaged using 0.1T
MR imager while being perfused with no flow and bidirectional flow provided by an
external pump.

When the amplitude of the pulsatile flow was relatively high, a variation in the signal
of the fluid in the area of constriction was observed in the long TE images of single and
multiecho sequences using even and asymmetric echoes. But it could not be observed in
the short echo of low flip angle gradient echo sequences. On the other hand. when the
amplitude of pulsation was relatively low, a varition in the signal of the fluid was
observed only in sequences with a single long echo.
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