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head coil Z iV TEZDWNELRIT- 72, Wi&IZ
3D FISP (fast imaging with steady-state
precession) % 7z 1% 2D FLASH (fast low
angle shot) T{T\y, 3D FISP Tix TR 30-60
ms, TE 7-17 ms, flip angle 10-80 J,
matrix 256 X256, slice volume 3-7cm T, 32
F 7z 1 64 43 #| (partition), acquisition 1,
FOV 25cm O TFT- 72, 2D FLASH Tk
TR 40ms, TE 10ms, flip angle 25 f&,
matrix 256 X256, slice thickness 2mm, FOV
25cm DRI THRR U 72, £ 725848 Y ARG
IR & AT A A BREABRGS HIANC, R
B ABCHS % 02 7z, ey eEBIc L v,
FLASH, FISP iz X 2{55EDEL2HIE L
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F—"7—F MR angiography, time of flight effect, experimental evaluation
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W2 & BFERICKRE T o T,

B. ERIEE

Fig.1 O i % 58 n] e 7 FASH R DR ER
RFEASELTC, £ 2.5m OF S5 AEAKEE
- LT head coil OFIC ANTZTRARET VIS
BRI LS s, EBEIT- 72, MRIIE
58203 3D % 7213 2D I & % rephase B %
&L 7-#%, MIP (maximum intensity pro-
jection) MLFEA U7z, 7 BIHIXEIEE O HIZ
b oFIC Lo THEIL, flow meter 12 LD i
EEKDT.

EB I3 3EORKE T v W, —D
BAGEAKTHE - N7 7 ) VE O (B
10cm, £& 20cm) 12, Z“AKDOAE Tmm Q7
7O NERBL, ZOFIZAEKEF L EHR T
7N EE-7 (Fig2)., BZOWREET VL,
KEATH SN T T AFy 78Oar T+

(E % 25cm, 18 18cm, & 10cm) O T
KOFHEDH 5 NE 4dmm DY) 2V E R E
X TERTMEETVEER L (Figd).
EwrEETLELT, N 10mm O ATy

2% B NEIVER L CkZ23R 0, 30, 50, 70% D
THERRE D3R7E 2R L, FIRRICAGEK THi 7z &
N7 AFy 780a >y 7FOFICAR, E
Ex%1T- 7z (Figd).

C. ®Et/mE

ESHE ORI IE, EOFOIKDESTHE
iUty 777 v ROESEETHRLE
i % contrast ratio (CR=Flowing water sig-
nal intensity/Background signal intensity)
& L7-. Contrast ratio (LLF CR &Rg) OfEds
ME&EORHRER TR T O & U THREEF LR
L7z, TR LB ORI B 2 EGE L,
FARKDESHBEZEE L. &5 @Er 0mE
£ F )NV {F - T 2D FLASH %7213 3D FISP i
THRERL, AT74AFM, A74 @, Hb»
RIS EREE O A CR ZHWT
FeEd L7z,

1% 51 IH B
a. Wl ST A —25 —OWES

e— Upper Tank
Valve Flow Phantom
Tube
Water Container
Flow Meter
|Water -
Pump |-
Lower Tank

Fig.1. Experimental set-up for MR angiography

Experimental set-up is a closing system with the upper tank located about 2.5m above the flow
phantom. Tap water is steadily flowing in the tube and flow rate can be changed by the valve.

19924E 8 A18H ¥ 19934 6 H10HHKET

FIRIEERSE T860 HEATHAH 1 THI-1 REARKFEFIMEHIREE HECHE
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Fig.2. Flow phantom (1)

Cylindal flow phantom having two acrylic tubes of
7mm in inner diameter and 100cm in length. The
outer container has a diameter of 12cm.

Fig.4. Flow phantom (3)

Four plastic tubes are placed in the water con-
tainer. The inner diameter of the tubes is 10mm and
stenotic rate of the tubes are 709, 509, and 309%.

3D FLSP AW T, WizF4T7% slice vol-
ume TG L 7%, MIP &5z T CR #5Hl
L, UFOEHIZOWTHREL 7.

1) Flip angle & CR 0% : EHHE TV
DZERKDT 7V NVEIZ, K260cm/s,
15cm/s D HE T/XREAK%ZH L, TR

(30ms), TE (15ms) %—FE Iz L 724k
RET, flipangle X267 7 ) VE
HNOFRAZD—E DEBALT CR Z5HHEIL
7z.

2) TR & CR OF8f% : #E (60cm/s) BLU
TE (12ms) %= — % 2 L, flip angle &
TR 2Z 2756 CR ZHIEL 72,

t ERSEROES )

Fig.3. Flow phantom (2)

Two silicon tubes are crossing three dimentionally
in the water container. The inner diameters of tubes
are 4mm.

3) TEX CRO B f&: TR (30ms), flip

angle (25 ) ®—EIwcL, TE 2Z&{&
s CR 2H - 72,

4) BE L CR OFE{% : Flip angle (25 &),

TR (40ms), TE (7ms) =—ZEIZ L,
MR EPEZ7H 5 CR ZHEL 7-.

. & ARE, AT 4 AEORE

=ZRTIE €7 V% v 3D FISP & 721
2DFLASH CTAZ A4 A KA, AF74 A
Bz X % CR OZ&{L % &7,

BB D F RN U TFEITIC slice
volume % ZIR$ 505 % coronal section,
TWNDTTEN U TEEIW A T A R REE
3 5 K% axial section, 3¥RITD, bS5—
DDA T A X FM % sagittal section &%
L7

. BREENOWMEDETEE O

Pz 7 &2y, 3D FISP @ coronal
section IZ THRIR L 7248, WAES L D Mz
R % RO DEAIZHT, CR D% b%
EL R

& R

a. W8T A —5 —ORE
1) Flip angle & CR 0% : TR, TE »—
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Contrast Ratio

2)

0.0

H RS

FizL, flipangle 23 ¥154, &
FE DA FAE (60cm/s) 1 flip angle 25
EL BWTHRE®D CRZRL, HEDED
R (15cm/s) Tid 15 ERE TRAELE
Bl TbbiEnEE 15-16cm/s O
#iPH T flip angle % 15-25 B2 4 % &
wEbEw CRBE s (Figh).

TR & CR OB - #JE & TE #—FIC
LT, flipangle #=K&MICZEZTTR %
LSRG E, ZOEBRCBITS TR
30-60ms OHFFATOD CR X TR 2 A& <
LT bERZEZ R o7 (Figb).

V=60 cm/s

V=15 cm/s

TR=30 msec
TE=12 msec

40 60 80
Flip Angle (Degree)

Fig.5. Relationship of flip angle to contrast ratio.

When TR and TE are fixed, contrast ratio showed

the maximum value at flip angles of 15-25 degrees.

Contrast Ratio

25 -

V=60 cm/s
20 |
15 |
1.0 | V=15 cm/s

FA=25
0.5 TR=30 msec
00 1 1 1 1 L 1 1 J
6 8 10 12 14 16 18
TE (msec)

Fig.7. Relationship of TE to contrast ratio

When TR and flip angle are fixed, contrast ratio of
faster flow decreased, but that of slower flow shows no

change or slight increase.

308

3)

4)

B13%& 65 (1993)

TE & CR ©OBf% : TR, flip angle #—
EBizl, TE 2% 27854, TERELT
B LTS RE OB FRAAD CRIMET
U708, EDBATMARD CR I1Z, 008
s, 12 & A ERBroT (FigT).
FiaK & CR O B8 4% : Flip angle, TR,

TE%* —E L, #E % 0cm/s > 5
70cm/s ¥ TEAL S ¥ 28B4, HEN
40cm/s TEE £ TIX CR 1%, 0L
B, TNLULETRHETT2EEND -2

(Fig.8).

b, HE&IE, AT A AR £ OB

Contrast Ratio

2.0

15

1.0

0.5

0.0

PO L FA=20°
! e--noT S--lTTIT
FA=15°
‘\’—__.—_.
I FA=10°
L V=60 cm/s
TE=12 ms
20 30 40 50 60 70
TR ( msec)

Fig.6. Relationship of TR to contrast ratio
When flow velocity and TE are fixed, contrast ratio
does not change markedly even in various TR altera-

tions.

Contrast Ratio

3 -
2k
FA=25°
1 TR=40 msec
TE= 7 msec
0 L L L 1
0 20 40 60 80

Flow Velocity (cm/s)

Fig.8. Relationship of flow velocity to contrast ratio
When flip angle, TR and TE are fixed, contrast ratio
increases slightly at faster flow velocity.
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Flow

3D FISP
Fig.9. Comparison of 2D FLASH and 3D FISP
When coronal sections of 2D FLASH and 3D FISP were compared in

same flow velocities, decrease of intensity due to saturation is not so
remarkable in 2D FLASH, but signal to noise ratio is decreased.

2D FLASH

Flow

b
Fig.10. Comparison of signal intensities in different slice directions.
(a) Axial slab section with sagittal reconstruction.
(b) Coronal slab section with sagittal reconstruction.
(c) Sagittal slab section with sagittal reconstruction.

Axial slab section shows least decrease of signal intensity due to
saturation of protons.
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64 Partitiéns

1) 3D FISP & 2D FLASH O H#K : —E D

Wi (27cm/s) T2D FLASH & 3D
FISP @ coronal section T &5 &,
iRk OETRE LIy ) a VY ETIE 2D
FLASH O A FROEFE DR TPk
oz hs, @R S/N L (signal to
noise ratio) IXET L% (Fig.9).
WRAAIC & 2 EFEEOZRIDORET !
3D FISP TR 54 ADHRANC & 55554
EEDZE{bIE, axial section 235 b AT
S EEOETH a7 (Figlo),
A 74 ARIZ & B{ESHREOZLOMET :
3D FISP OHEERTIEA 7 4 AE O
% F Y, PEERIRO step ladder artifact
HFA LEE» A EL 72 (Figll),

c. RAEE OFESHE DR
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1

WAE £ b BAEE (Fig.l2a, 12b,
12¢) W Td CRIZ, BAEZRMNK L
ZBIWHES TR T T 2EADH 5 7225,
position 5 (FH ) (Fig.1l2e) Tk £

13% 65 (1993)

2)

Flow

32 Partitions
Fig.1 1. Comparison of image quality in different partitions of 3D FISP.
64 partitions is better than 32 partitions with less step ladder artifacts.

{RH7IZ CR 2MET L 7z,

position 1 (YR AEE) (Fig.1l2a) Tk
B 20-25cm/s DL B2 7% B & 2RI
CR MET 3 2 A2 A 5 N izhS, posi-
tion 3 (FZEL) (Fig.l2c) TlkIk%E=X
70%LA4%, CR OET I 2ERIIFRD N
wno iz,

z =y

BT A=y — LY, (E5E
FE DAL & EERRY & 72 IR ER - THN, i
BEDOEER LY, g7 X -5 —L{E5E
B & OBMR A TN ODFED 515, MR
mEHE iz, TE #8& < L7z Y, presatura-
tion ¥ motion-compensation gradient 7% & D
FET, h0d3MEDEFETEE2RKICT

BERADILEINTEIE,

AAFFE TR 2L 2

BIEMNTELEBREEZHIEL, BrolE
T NVIAKEKREERTR TR U2 S 8RE ST
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Fig.12. Relationship of velocities in the stenotic
tubes to. contrast ratio.

Contrast ratio decreases with flow velocity more
than 20-25cm/s. and contrast ratio near the stenotic
region reveals decrease in more severe stenoses.

TR OZAIC L 2EFHEDE NI, HaRAIC
i TR R A B NEESHEIET 2 EE55E <
w0, CRbYEL k5720, L0EVWREDEFELRE
THRMBINE £ THEH 229, UL, EEE
& TR % 30-60ms O#PFH TS+ Ty, CR
DFEREZWE I Mo T, TOERFE LTI,
FEERE - TERN OIS 60cm/s & HLI AR
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B7% EWRET 3720, ZOESEEDETE
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T 3710 B OERICEES flow OBFFE b
E SN T B 2802 FLGE O FE4E 1T Reynolds
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Experimental Study of Various Factors Affecting Signal Intensities
in MR Angiography

Jintetsu SHINZATO

Department of Radiology, Kumamoto University School of Medicine
1-1-1 Honjou, Kumamoto 860

Time of flight effects generated by flowing protons in the blood are influenced by verious
factors including velocity, direction and type of the flow, relaxation time of blood (T,), pulse
sequence and its parameters (TR, TE, flip angle), saturation of the flowing blood, and geometor-
ies of excitations and detections.

We analyzed the influence of each factor on steadily flowing water, using a 3 dimentional
flow-phantom and a stenotic tube flow phantom.

The factors, which affect contrast ratios most, were flip angles and flow velocities. Optimum
flip angle were between 15-25 degrees. Flip angle should be larger to evaluate faster flow, but
smaller to demonstrate slower flow. When TRs and flip angles were constant with changing flow
velocities, contrast ratio showed the peak value at 40cm/s in the tube of 7mm in diameter.

When 2D FLASH and 3D FISP were compared at same flow velocities, decrease of signal
intensity due to saturation was less remarkable in 2D FLASH.

Axial slab section less influenced upon decrease of signal intessity due to saturation of
protons.

Contrast ratio decreased at flow velocity bigger than 20-25cm/s in the tube of 10mm in inner
diameter and contrast ratio around stenotic region decreased in more severs stenoses.



