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Table 1. Parameters of phase contrast MR
angiography

Pulse sequence of MRA (fixed)
TR 120 (60x2) ms
TE computed autochange (about 20 ms)
FA 30 degree
Changeable parameters
FOV : 20 or 25cm
matrix size : 160-256 X 192-256 (phase X frequency)
slice direction : optional
thickness of slice (slab) : 2cm
quantity of the flow encode gradient (digital input):
5-90mc/s
projection gradient : 159
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0.5 T MRI 281238 1J % phase contrast angiography
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DEINRRIE, M, 7% EOFRMOMEIZ DWTIE 20
cm/s & 30 cm/s TEIFEFEHERL, A, M,
T EDRRKRKAMETIE 30 cm/s & 40 cm/s T
BIFR#EEE %2R U7z (Fig. 2 a~f), HWERO
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Fig, 1, Schema of circle of Willis in case 6. The
angle between flow encode direction and flow
direction of left MCA is 4. When velocity of this
artery is V cm/s, the flow of this artery is detect-
ed as Vcosf cm/s in this image. ACA : anterior
cerebral artery, MCA : middle cerebral artery,
PCA : posterior cerebral artery, PcomA : poste-
rior communicating artery
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0.5 T MRI %5{&12 31 % phase contrast angiogrophy

Fig, 4, Comparison of phase encode directions of case 3. The conditions are same of
FOV 20cm, 30cm/s, 2cm slab, and PG 15%. a : The image of vertical phase encode. The
matrix size is 192 X192. b : The image of horizontal phase encode. The matriz size is 160 X
192. Vertical segment of artery is visualized more clearly in conditions of a, but horizontal
segment of arteries is visualized more clearly in conditions of b, The sensitivity to flow is

higher in phase encode direction.

He 22 idTEkrol, L ORI
TIEEEREAR T 7.5 cm/s 5, RAEHIRT X
5.0 cm/s i bV RIFCH o7 (Fig. 2 g
~i),

Wiz, U EOFHETHRSS % S/N 264030,
S WIRGEE2EE LOEEE LT oh s e
PEIRRIC D W THRE L 72, FOV & matrix
size #EZ5HFICLY, HEREEA LI LH
MAEE: 72 ®, FOV 25 cm T matrix size %
224 X224 BX UF256X256 L, X5k, FOV
20 cm T matrix size 192X192, 224 X224,
256 %256 L LS THRET 21T o7z, ZOREE,
FOV 25 cm, matrix size 224 X224 OZETIX
EHL TR s 7z PCA, superior cerebellar
artery (SCA) & 256 X256 CIIHEREL R0
EL, 2XoMETHB ZEpmERSN: (Fig,
3a,b) . FOV 20 cm, matrix size 192X192 T
X, FOV 25cm, matrix size 256 X256 & X &
AEEBRCEIIZR L, FOV 20cm O % %,

matrix size % 224 X224 75 256 X 256 ~& 21k
WD &, 224X224 TESREEN S SIHEEL
7eh3, 256 X256 TIHESHESMETL, »2-
TIERHHEEIET L (Fig. 3 ¢,d,e), Z
DOFEE, FOV 20 cm, matrix size 224 X224 A3
BEDOSRERER R L 72, Matrix size @ phase
encode JFHI25 192 & 5\ % 224 Tl 1 OB
W 12435 % Wi 14 555 5 72 ®, matrix
size & 160X192 £ L, & & KB OMEHEZRA
7z,

SEFERA U 7288 T3 matrix size % 160 X
192 CRE L 1B E, REHEENSRAV 25
2, voxel FIEAEDE ETH B0, SHEFE
BIL T3 192X192 £ & bz, ZORETIE
matrix 23 192X192 @O KF & kb R, frequency
encode /A & phase encode FHIABSANED %
72, ZOZEICLZEZELBEI L, 20
R, 192X192 T frequency encode FFE D
MCA ® M,, PCADP, DHFiH NP REL,
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phase encode AR D MCA @ M,, M;, ACA ©
A A, PCADP, P, 2 EORBOIME T X <
WHiah (Fig. 4 a), 160X192 T® phase en-
code FAID M, P, I3k i &h, frequency
encode FAD M., M;, A,, P,, P; Tix+47%
MmEOHEBRES 1oz (Fig.4b), ME
DL R FAEBEHRIZE L Tid phase encode F
DABBIRTH - 7z,

z =

MRA iFRAIL TATOBENH 2, Thb
% 1) signal void phenomenon ZF|H L 72
D%, 2) IGEHR & RERIADE S 58 0= 2 F A
T 5HED, 3) time-of-flight OFHE 2>
MERTHE2POON, L) HOELEEN
stz &%, ZOoREY S MROERE S
% phase contrast 29 TH 5, Flow void %
FRAT20RFICIR LB FEREEL
Wi HE, CSF iz & % artifact 235 {, circle
of Willis Oz iZf» 72 vy, Time-of-flight
PHAT 2 AETENABIL, REOESHRE
IEDIDRETEY 3 BIEERTH L™, i
23 LT, phase contrast #EIZFRBEIZHIGE L T
EERNPELT2ETRVARELEVERF> TV
2294 ESEbhb A HV 7z pulse sequence
i% 1986 4F iz Dumoulin »* 73 B F L 7> phase
contrast EEWE L7 DTH 5, EAAY pulse
sequence % Fig, 5127”3, 2O pulse sequence
DD bipolar flow encode gradient ASIIH D
MHEST 5, 20X 5 BEL R TR
7% bipolar gradient 223 % &, B#H3 % pro-
ton A& D{E51% phase shift ## 23, Bipolar
gradient 2JEF %28 & ¥ C 2 [B] D scan 217
Vv, FRENOEG TIEK X O phase shift Z#2
Z L7z spin DESTRE L shif B 5IMEOES
EEIEL, MREGEERT 2. Thbbi#k
L T3 proton IZ & - TIX Z D bipolar gradi-
ent {2 & % shift EZFIA30 &0, MIREEBIC
BESLLTHEBSRW (Fig, 6 a). LaL,
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Fig, 5. Pulse sequence for phase contrast an-
giography. (quotation from Dumoulin et al,
Radiology, 161 : 717-720, 1986)

83 % proton IZ & > T, shif BOFIH0 T
7z { 7%V phase shift W4 U %, Z O shift &%
SHE L T subtraction % Z &I X W BEIT S
proton O H LFFTCEEBEL S (Fig.6b).
ZDEFIZY B B A flow encode gradient D&
&, BEJ % proton @ density &, BEIEEIC
KHET 52wk, HEEHREEARIIESR
BESNEZ L2k 52, Flow encode D5
XX, y,z T O FRIZ 1 FREIZDLHIEE
TEY, HoWLrHROEHE REHMLL LD &
UL 3 ED scan BRI S, ZORRFLN
% image IS 2 KLU 2 EE T D % 23,
proton density D&M < FLRIFEIRD » % KX
B T3 b Tldmyy, Z OFFEmEGROME
% phase shift DXL TITI 2L LD, W
WIEERD A% angiography THE & W2 EER» 5
D H3 Z & bAEETH 529,
SEBRETL7eFTHRHEEL Ko DI
HOBEWEHLTTHS, bhuboh®A7z pulse
sequence T, HETHRE L I-HE TREIT S
IKEEFD #/2 O phase shift 2 Z T CHREDE
SHERRTIOCRELTHBY, D, H
MENC IR I EBZ 2 BEREZRFDO b DIE
EHENMETT2LWwWS 2ETHD, 2E0H
HEFODODEEHEEIX0AD, T ez
NIZESREDHAIZELZ>T»L., ZOZ
&5, flow encode gradient % &R L D
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flow encode phase shift
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Fig, 6, Phase shift in flow encode gradient and signal intensity after
subtraction. The time of Tx in flow encode gradient of left side corre-
sponds to Tx in phase shift arrow in right side. The area of oblique line
shows the quantity of phase shift by a lobe of bipolar gradient.

a : stationary proton. b : moving proton. S : signal intensity, T : time.
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LA LUEOIZEETIUL, FREDS sine curve I
HAIL IfEEmELrRTEHENE NS, Ly
L, 0.5 T OEBETIZS/N L5770, IOk
BRECEIFEOBRSLEIKIFEL Sz W
(Fig.2) . 1#lDOHDOREETTH 28 ultrasound
Doppler THIZE U 7z HABKENIR 0 ML EE 13,
IHERIR MRS 98 cm/s ¢, HLRHAIESR M
TS 52 cm/s, FHWHE L 64 cm/s TH o Tz
(Fig.7) . FHMEL7:B%HE % 7201 ik flow
encode gradient % 70 cm/s TR W ERE T L
WS, ZhEIMEFRETOETHY,
MEREOREICBEL T, Rz Tke,
MEBCHET 2 0B ORBICbHBE L THh
Wix 5w, HEHOBEWERE L, FROFEN
RO ZEEHLTE %R IINIE, angioimage
& L TOMHEF R, MEHRES O FRE &
FRITEE O ZM3E TIEUBE O W DRV ERS
taEfgfbsn g, KBEETNIEFREBD
BOREPEDOAAOESE L TRAL, 5
HEMET I % 7% CEG LOFEEE I
BHEBENBHD, UL, EEICK, Fig.2 T
RLTED1E, 90cm/s, 30 cm/s DWTFHODFR
ETH MCA O M, OFEHEENICIZZIUIEEX
B, ZRZHEAWIE 2 2 DR TREW

Fig, 7. The velocity curve of right MCA by
ultrasound transcranial Doppler in case 2. Peak of
velocity is 98cm/s and mean of velocity is 64cm/s.
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FORRRE OEEGR TESEE DR T 2 2 B H
D—DIZE, MEFROFE TR 2 FOH 528
voxel size ICHARVNE 2l EEZ iz,
SEZ slab % 2 cm TEREL TW A0, IMFH
DIEE 2 B4 T D voxel iIZIME OILHERH S
EFN, TORHOEEOVREEZRFROFRIILD £
DRELEERE 2T, flow encode gradient
AR & D B K S FRE U 7o ST R
BESNIbDEEZT, &5, BERNOM
B ThOF A S HATREDAE 2R
Tw3, Fig.1®dZ k<, Vem/s DFEE2FED
M, AFEFAEC 6 OAEEREOEE, KFE
F I flow encode gradient 2% &, Vcos
fem/s DEBRICEER bT:6T, ZOIEbH
EREZEL LIARROLEGRSES 1L RHE
D—D2ThsrEzZbhic, —FEkokkz
179 & 1213, BRiZ flow encode DEHE DL
FEOWHEEFE> TBVERORTFEFE—HET
v, 207, BIROBIZEINR & ETOE
BLEVKERCB T 5RcoAERTH S
EEZ .

RIZ, matrix size DFREIWZDWTTH 3,
SEORETIHERET 2 HE» oA 1 voxel
11 mm FA ORI TS 2 HE R HINE D
B0 &ERy, 1,14dmm AL %% FOV 20
cm, 244X224 TRIMEESKDICHH SN 1E
2D 5 maME L o7, i PCA,SCA D
S3BE7 © O LI O Ic =M T (Fig,
3).  AMEIZFOV %20 cm iz L7-Z & T voxel
size 130, 8 mm A X T/N& L $3 Z LHA[RET
Hotzh8, 0.8mm AL 0,9 mm B ThIUIoE
BElc K EeZ x4 {, »2Z o T voxel size 2/
B o RBTESHEENMETL, MERHHEE
FIPMET L7 (Feg.3). BOAEREE R ILE
EEHREHEIETT 5. Flow encode D&%
B FEAZER DY, RELTF TRV R
BEITOREEELH Y, FIiZ 0.9 mm A ORE
THRET 2EPLTLH RV EFFWEINE Y,
FOV 20cm, 192X192 o®stTd PCA, SCA
BBl THER S, SFREIC DWW TIHIRET
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FH2PMEEPHMIBERATHS LEZ SN,
Circle of Willis DA TS, R EEE T M,,
A, P, RERRRT LD, EAEAABLD
[ DE > phase encode &7 5 X S ICRE
T 5HBE L, BWH T matrix size 160X192 T
WET 5 LEHETMERNIESNS., RIFZ(E
SHENMESNDL Z EBHERINTEBY, &
BRI 2 ERHPER SN S & 1213 192X 224 THt
B3 5.

U EDOME» S, 30 BT DA THEE O
IrOFEH %2 HKJ & LT phase contrast MR an-
giography %17 9 & O E AW SR E 13,
FOV 20 cm, flow encode 30 cm/s, PG 15%,
2 cm Slab, matrix size 160X192, 16 excita-
tions 28, F7FRE PO ZTOSHEICX
flow encode % 5.0 55k 7.5cm/s £ 35
EDEREEE 2 Tz,

1O MmEE G B2 7z W ABE 2 KR X
10~1243TH v, SE %O proton, T, 5&FEHRD
Bz 2 8D MRA 2R L TH 40 SRE THRE
T T &, BEEPNEREAER & E OWE D
W RIRRIZ screening 2179 & & b AIRERIRET
TH5. BIE, 15T BHEEEEICHERT3 R
TEMRERENTE RV E, S/NBELESD
RIFBTH B EWETNEROBEZVN, 5
BERFNICHA L% OB REEZRET L 72w,

X B

1) J. R. Singer : Blood flow rates by nuclear mag-
netic resonance. Sience, 130 : 1652-1653. 1959.

2) WS I MR & 2 MEEHEL. &> v Eif 7 :
56-59, 1987.

3) M. F. Walker, S. P. Souza, C. L. Dumoulin :
Quantitative flow measurement in phase con-
trast MR angiography. J Comput Assist Tomogr,
12 : 304-313, 1988.

4) C. L. Dumoulin, H. R. Hart : Magnetic resonance

angiography. Radiology, 161 : 717-720, 1986.

WIEEFT, HE I © Phase Contrast ¥ % B\ -5

#HFR R MR angiography. % 15 B H ARG ILEE

FaRE, 1990.

6) M. C. Fishman, J. B. Nadish, H. L. Stein : Vascu-
lar magnetic resonance imaging. Radiol Clin
North Am, 24 : 485-501, 1986.

7) BHEZ, EEME, 7N &, fib. : Cerebral MR
angioimaging (WMIMERKEEEGRE) OWE—H
13—. CT ##52, 10 (2) : 133-142, 1988.

8) V.]J. Wedeen, R. A. Meuli, R. R. Edelman, et al.:

Projective imaging of pulsatile flow with mag-

netic resonance. Sience, 230 : 946-948, 1985.

L. Axel, D. Morton :

velocity-compensated/un-compensated differ-

5

Z

9

=

MR flow imaging by

ence images. ] Comput Assist Tomogr, 11) (1) :
31-34, 1987.

10) RHESH, SFME, FNE, fib : Cerebral MR
angioimaging (RIMERETILWEERE) OWFFE—F
3#k—. CT #3e, 11(5) : 535-540, 1989.

11) KPEZ : MR angiography. B8, 9 : 918-926,
1989.

519



Megentic Resonance Angiography by a Phase Contrast Method
Using a 0.5 T Imager
-The Conditions for Imaging Intracranial Vessels-
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2Department of Neurological Surgery, Okayama Kyokutoh Hospital,
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The now widely used MR angiography has been performed using 1.5 T imagers. However, we
performed phase contrast MR angiography on ten healthy volunteers using a 0.5T imager to
identfy conditions for imaging intracranial vessels. The parameters have been preset at two
times of TR (60 ms) for subtraction and flip angle (30 deg.) and computed autochange of TE.
Thus the excitation is fixed for 16 times to cover almost one cardiac cycle. The best choice of
FOV is 20 cm to shorten the examinataion time on the same matrix size. The suitable matrix
sizes are 160 X 192 and 192 x 224. In these matrix sizes, the voxel sizes are 0.9 X 0.9 X 20 (slab)
mm or 1 X 1 X 20 (slab) mm. When the voxel size is set larger, intracranial vessels are
visualized thicker. However, when it is set smaller, the signal from vessels decreases. The
quantity of the flow encode gradient is set by digital input of the most sensitive velocity (cm/
s). The most suitable quantity of the flow encode gradient to visualize intracranial arteries is
30 cm/s and that for vein is 7.5 cm/s. In these conditions, intracranial vessels are clearly
visualized by the phase contrast method.
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