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WRIZAE DTERGERR DIRREMITICAE R & & 2 bh
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i OHEFHEIC I N TV 599, Phase
contrast % (PC )% T2 1Mt ® phase encode
JilEl, read out SiE, A5 A ASHEDENLH
DB L T " & 52 % C L9
BEThH, INHDOT—XDLIMRDI %A X
JPIVELTERTAHIEPARETHS. ME
DWETIRHZY T F T 2T RT— 7 AT —
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b2, PSEBIIREIA S 2B L 7T 5 A7 7/ k
2 (Fig. 1 : SEISEMIRESER 7 » v 4), R
WMARST VT 47 3% ELI. 77V FAIRSE
ICHRRS K — 2 (T8 55) IS B E 2 | L 7.
MR %@ 3 #2#5 1.5T VISART/EX Ver.5.30
T, SESH QD a4 V& FEHL /2.

T 7V NAERTIE, HIAT7 7V ANEE
ICEpRIM & B O TifE, ToEicFaik L /-
KW AR RS/ Tr- 72, KIBWRIE Y =
WEFATA (M%7 VT v/ A) 0.3ml
EHERVF B AZ VIV Fam%~< 7 R
A ) 0.24ml Z/KGEK LY v FIVICFRL T
fii 786 ms, To*i 102ms & L7z, (Eh1l) &
BMOH S AT 7+ LS L TICE X,
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T E T FIVER EOBEGRERE L7z, &
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Fig. 1. Flow phantom of common carotid ar-
tery

Calibers of common carotid artery and internal
carotid artery are 7 and 8 millimeters respec-
tively. Caliber of both internal and external
carotid artery is 5 millimeters.

ERT PVORS EOBREKRG L. (F&
2) BOATS AT 7V F L @EHE»
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cm/s £ T4 EBICELI®THIREL 7 7V F
AHDOFIE L7 FIVFER L 7. WG
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M &Lz WNOHE EEENIEL < X7 PV
ELTCERSINLADEPRF L. (5 3)
I ENREE T 7 v A% W PCHTIRIZL
N7 FIVERIC L 5 MRBREFHE 21T > /2. &
7o, RSV F 4 TIE27THA S 38 E THOME
R R A TP SEEN IR AR B AE D7 O
CERTER L BT EE 24, K14 T, A

SAEIR 25 o PC % & 3D TOF 1T &k 5%
Ba4T- 7.

PCHEDOWB/NT A= %md. () Wi
RSV T 4 T TCEBLINNTGA—ZTHS.
TR/TE=30/16ms, FA=20°, VENC=100
(30~50 RF 7 4 7 &1Z PCHEIC K A itk
BIE 2 AT VIR FIRA TORERE L D 2w
WMl A R E L 72) cm/ms, FOV =12.8 x 12.8
cm, ¥ Uy 7 AR =256 X256, AT A AJE
=5(3)mm, HNE[EE=16(10)[E. ERHHET
EF i1 % read out i\, Hij#k )i\ % phase
encode Ji[al & L TR L 7=. 3D TOF LD #
/%5 A —2{x TR/TE=24/6.8 ms, FA=10°,
FOV=16.5cm, < FU v 7 2§ =256x128,
AT A AB =2 mm.

Wi L 7-@Ef& a8 a2 kI JPEG @ik &
L THRVIAA, &7 VIVOEBEE % ICICH
NIC L A HZE L E% 7Y — 7 I Image ]
1.31 VIC X D @i T 2Kk L 7z. Excel L
IC visual basic IC L D BfEL /- /1275 LT
read out JjJa] & phase encode J7 8 D5 5 &
HEBLANY FIVTERL. Tz, BHEMC
L LTV DI EREOmNAIRE, TH
TOWMNBFOICLS LDICL. R /ar
F LDFEM TR

& R

FEE 1 TE 5 EIORIEIC X » THLN/IN
7 POV EFOEBIE L R A R — 07 5 7
~L7z (Fig. 2(a)). WEA/NI W E X ERY
PV, EAKEVEZEFIARY FViTR
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ER S 77 FIUBIEL < MHBIL T 5.
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XA ~NTERLA (Fig. 2(0b)). KRt &
SNWINZ FIVRIE T 7/ b LD RIS bk &
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Table. Program for Analysis of Flow Vector
OS54 EH EHAE

RENNZTTRT S LEES
RIFLRABRROEBEORE

ERET—SHREEORE

RIPLDRTEIMIVIADHEE

D=k PEDNLD T —FFAH
L—HMRODND T —RETAH

BAEDHRE

BABOBRE
B/MBOBR
RAHER EORR

TS7ORRERDHETE

ATV DRESOIRE

NI DGR R EADRE

RV RTFBOHE

S1VDHE
ROMADER
RTBEOEE

Private Sub Command Button1_Click ()

xCP = 200 xCP (NN XEEARSLE
yCP = 150 yOP (NN YEEHRLE
xD =0 xD

yD=0 vD

Max =0 Max |{EBRKIE
Min=0 Min  [{E5&/ME

Size = 0 Size [RRAMEXE
Foraa=1To 64 aa  |XEATM)YIR

For bb =1 To 64 bb  [YEATM9HR

VRD = Sheets ("PE”).Cells(bb + yD, aa + xD).Value xRD |PEBEIERT-%
xRD = Sheets("RO").Cells(bb + yD, aa + xD).Value vRD |ROEIHRT -4
OvTh = 10000 OvTh | LRRIE

UnTh = -10000 UnTh |TFRRE

If xRD > OvTh Or xRD < UnTh Then GoTo NOIMG
If yRD > OvTh Or yRD < UnTh Then GoTo NOIMG

If xRD > Max Or yRD > Max Then Max = xRD Or Max = yRD
If xRD < Min Or yRD < Min Then Min = xRD Or Min = yRD
If Max > Abs(Min) Then Size = Max Else Size = Abs(Min)

SpR=25 SpR | R TR

xVc = yCP + (aa * SpR) xVe  [XERA DML AL EERE
yVe = xCP + (bb * SpR) e |YERAIMLERIDLEEE
ChS =100 ChS |#E/E

xRng = xRD / ChS xRng

yRng =yRD / ChS yRng

xVe = xVc + xRng xVe |XEEIED#EmE

yVe = yVc + (yRng * —1) vWe |YEEEEO#KRS

xVs = xVec - xRng xVs  |XEEIEDIE S

vVs = yVe - (yRng * -1) YVs |YEEREDIK SR

Blue = Int(128 + ((yRD / (thresh * 2)) * 128)) Blue [RVMILEERT
Red = 256 - Blue Red [RIZMLFERT

ActiveSheet.Shapes. AddLine(xVs, yVe, xVe, yVs).Select
Selection.ShapeRange Line EndArrowheadStyle = msoArrowheadTriangle
Selection.ShapeRange.Line.ForeColor.RGB = RGB(Red, 0, Blue)

NOIMG:
Next bb
Next aa
Sline = 400 Sline |fEEDHA
Eline= Sline+ (Size * Chs ) Eline |FERO# S

ActiveSheet.Shapes AddLine(25, Eline, 25, Sline).Select
Selection.ShapeRange Line EndArrowheadStyle = msoArrowheadTriangle

Svenc = 60 Svenc|&XEVenciil
MaxV =(2715) MaxV [ RIETDIESE
Lvnec=(Svenc*Size)/MaxV Lvenc |l 1ok O sk iE
End Sub

L7y PIVBFERE N, X7 FVOF AR B. 77V LAOERIMNIL ) A KT K DR~
NOTRELSEL TS EEZEZLNI. & AR ERESH D S 7oXT FIVBEN T A.
7o, WAV W E E@EARY FUZEL, HiE I, FE5 3 OLIMEBIREE Y 7~ F AD
DRKEVWEZEFIRT FVRELSFRIATY R AmRT. Fig. 3(a) AL, Fig. 3(b)
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Vector Length ratio
a . g

0 01 02 03 04 05 06 07 08 08 1

Tube Phantom

10.02cm/sec 13.23cm/sec

Fig. 2.

(a) Flow velocity measurements and flow vec-
tor length ratios expressed in a single diagram.
Flow measurements were made at five different
velocities. The ratios of vectors correspond to
magnitude of measured velocities (plotted on
the line chart).

(b) Vectors represent flow patterns within a
phantom tilted at an angle of 45° to horizontal
plane. The vectors accurately indicate direc-
tions of flow. Vectors originated from noise are
also shown outside of lumen.

D ETFHREOMHEERTHY, §iFETEHE»D
EHEOENREREFIC, $BE T LEHROR
NPMEEBICHiHENTWS. ThaXy R
#RTHEFigdDX51C7kD, FHHE
77V P ANORBIAPHEICHH S W
. NIV T 4 T TR FVER (Fig. 5)
wiTolc. 77V kAL RIS SEE) IR LA
BEHRICTRZOWNLH D @k a o, 3D
TOF #: TR —FH L TEFE T 2R D
7= (Fig. 6). %7z, 3HERIZLENS &, MED
SIETEREIC & 0 IR ORIPASC T I AZE D S
nrsc.

Fig. 3. Source PC-MR imaging images of flow
phantom in sagittal plane. (a) phase encode (b)
read out

Flow of left direction shows high intensity (a).
Flow of upper direction shows low signal inten-
sity (b).

LY o e‘

) o :-\
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Fig. 4. shows flow velocity vectors of a phan-
tom, which simulates vortex flow in the internal
carotid artery at its origin. Red arrows show up-
per flow, and blue arrows show lower flow. The
short and blue arrows at the origin of internal
carotid artery indicate the presence of vortex
flow.
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Fig. 5. Figures show flow velocity vectors obtained from volunteers. (a) 27 y.o. female (b) 37

y.o. male (c) 38 y.o. male.

11
3D-TOF PS Vector

Fig. 6. Comparison between vector diagram
and time-of-flight (TOF) image suggests that
reduced inflow effect due to vortex flow may
have caused reduced signal intensity in TOF
image.

5, fERL 727 FIVKIZN O & K& S
HTELLSERTELT E&MRALL. ho®E
T L OMHELEA R A LR TEN
W, BT — I ATF—vavERAWEL LD
—fRIZE R L B AV =X T T
TRT FIVOEIRIBFRETH - 7=.

S ENOER R Z F WS ICHEit o Z b
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IESEE L e V7208, ODERERIEA
WD Z EIC kA, DHMBEYORHHEC & O iRE)
EOZTLLBRFATELE260 5. BIRTIR
PC ¥ ToOMMIC & A AL RITEE/ Y O
VICEMEHIIT A ERTERW0, At
—EEEEAL L7 b DR v BRI L #
MiadT - 72, MR 3@ HEBEMHELEEZH
it TENEZEHOTRIBZBER I NS0, O
BIRIARGIC X 5 LR & O & ATREIC /2
HEEZOLND.

N7 POVFR TR NSEBIRE AT 3T &
MEOERNH A Z &AL xn7 (Fig. 5).
SRR OMEVICEEKT S DT, HNEH
PREIEMOMPEFELIEL K EH2TWELD
LEZLNI. E, MEOSEREC XD
FLOIRFEICBAZED A DNz SREIOKRG O
B Tl Fig. 5(a) O X 2 I NEBIIR A B 1
KoL TWASE BT AR BD SR,
Fig. 5(b) D & S5 ICWEER, AEENR & L1
HBHITRE IS L TV A LRSI & A
EEDHONGZ -T2, UL, EEROMmE I
MEIREIC T 0B A EE D AT O 1B N SHED IR
& ASEBIRO MBI O - MEREL £ DOZEAL
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R MKOME &% OBERPBES L T35
EEZONDG. BEOMEDOWEND, Tk
Foh O MAE N IMIREIREA 5T H CHEElT 2 2 &
MABE L 7> TW5. LaL, AMEHNTIEESH
OBERPEHICEAG L T HHDEE 21T,

KO MATEIREZ IERIENNC & 62 BN DAL
ICHERERD S & B b, MEOBIRELAE
DOHETITIT AW 71 X B % 72 BN ORI 3
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2 5LRBPED LE2 O, MEREO—RN &
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EEPARE RIS NS, £/, EHk MRA
I HEZEETIE TOF ERAH I TV AR

WESEBIIREC LA ST AMEAE B CHRZERRIC R 2 5 C &
NdHDH. N7 VK E TOF gD DO %
W45 2 125 D TOF i CORESET A
WA & % in flow R R OIK T2 )FREA & #EW T &
5.
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EWROREBITANOILABPMEINS. &
72, FRROFE CEIREIEBGEER C O M E)E
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MRI 12 & D NSRBHAREL 4ATE O M R BY RE % X
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PIVEREHEEE LICSE, By 7oL
TRIT—=T AT —VaVv/EHWHI kL
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We examined the feasibility of vector representation of blood flow at the origin of the internal
carotid artery using phase contrast-magnetic resonance (PC-MR) imaging. PC-MR imaging enables
acquisition of the phase shift of moving spins, which is proportional to the vector components of flow
velocity in phase encoding, read-out, and slice-select direction. Using the phase shift data, the direc-
tion of blood flow in each voxel can be expressed as a vector. We found the vector representation of
blood flow useful in analyzing the hemodynamics of small areas in blood vessels, such as the origin of
internal carotid artery, with PC-MR imaging permitting sufficient spatial resolution for analysis. This
technique requires neither special software nor a high performance workstation and is considered
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useful in evaluating the hemodynamics of blood flow.
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