R=E

Minimum phase RF pulse & partial Fourier Z#1%

Pt L 72883 MRA O b
BEIFRRY, #ORBESC, AEERAL &AM
Ve e fh KL, 2, AR ES, AT

LSRR R 2R R R RS R
Y A IIA T 4 T 7
FL&®I(C B’ ]

=T time-of-flight MR angiography (3D
TOF MRA) ({3IFREEM CRERRHIC I ERED
B AR/ 72, BV —F Vi s LTUR
CFERINTVS. LaL, &R HHR0H
ZEEIZ B\ TRELIRIC K AL OE N D=
signal void #4 U T L £ WHRAERE OB KFF
lOBEREIC b7k -> TW5S. BEETlERESR, 3D
FISPY (fast imaging with steady precession)
iz TONE? (tilted optimized non saturated exci-
tation), MTS® (magnetization transfer satura-
tion), FLAEMEBERESEMSM LIy —7
Z (LLF conventional sequence) TR % 17
- T X 7=, field echo time% (dephasing
gradient DIEE Y 5 echo FEOY—27 £ T
D) BEW/-® signal void 24 U T L %
SBEND - T

4 H, signal void % #%] 3 % 72 & i mini-
mum phase RF pulse® & /X—3/ % )7 —1 IO
ZORA LC, ARSI DR & 2848 L 7oy —
/A (LU short gradient sequence) T 3D
TOF MRA %47\, BAEMREICK T 5H M
PIZOWTHR LD THRET 5.

Signal void 734 U % R O —D i1 ER LS
B DHT EICEVBE L TW5 ALY VO
BENBIDTHS. ERESS D BN
EIRTCOAL VIiZE UBER CRET 570
MHBENS Z L. T2 THRARD HRA
DERBEREZBE 5 AL /O 2 K
DFEFETICOWTELTAS.

BET LA VOME x(M) 1T, HREAOAK
Bxo, BEv, InEEa, ¢T5L

X(£) =X0FVEFALZ/2 cveeveemeeeeeeenns 1)
Eleh. EAEST G L35 L0

gzg POR(E)Ab - wveveereeememeses s 2)
LEDLES. L7z - TFig. 10 k5 ICER
BEEH I LB E& T a—Y—7 COMMER

0=yG1[v (t12+2tot1) /2 +a (t13+ 3t12to+ 3tito?)
/6] 4+ yGe[v{t22+2 (to+t1)t2} /2
+a{t23+3t22 (to+t1) + 3tz (to+1t1)2} /6]
+yGalv{ts2+2 (to+t1+t2)ts} /2
+a{ts3+3tz? (to+t1+t2)
+3t3(t0+t1+t2)2}/6] ..................... (3)

*—"J— kK MR angiography, brain, stenosis
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&% G, MAMEEMES T1LKROED
HMEZTO &

@&
0=vyal[ Git13+ Gz (t23+ 3t22t1 + 3tat12)
+Ga{ts3+3ts2 (t1+t2)
+t3(t1+t2)2}]/6 ........................... (4)

A, INX VMM t, te, t3, Gi, G, G3 I
B L o IR Lix\. Lich - TREHD
Anzdin{351cit, TE OEMHETITRE
RO HIMRROEMIEE THH 2 b
5. O EEATA REROERBLBICD
WTHERTHSH. AT74 ZZROERSIC
{Z minimum phase RF pulse %, F4&E D FH
DIERES T IITAT D FRD/S— % )7 —
VIZFEATHIETN—FI LT OHBHTT
PP ICERBSE O IR A 58/ 5 Z & BT

A

RF pulse *’\/\/\

FITE 25 (1997)
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Fig. 1. Scheme of pulse sequence in read out gradient
part. Gr : read out gradient.
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Fig. 2. Scheme of pulse sequence of (a) conventional sequence and (b)
short gradient sequence. (b) Partial Fourier is applied along the frequen-
cy encoding direction to shorter field echo time#, namely gradient of fre-
quency encoding on time, and minimum phase RF pulse is applied to
shorter gradient of slice selection direction on time.
Gs : slice selection gradient, Gr : read out gradient.
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B MRA O&#1k

X7 +1.0T (VA2.2) %R L.

S/ — 4/ AW 3DFISP % L AR E
fE#IBEES, TONE, MTS %Zf6ffH L7z, conven-
tional sequence (TE10ms) & short gradient
sequence (TE3.4 ms, TE10 ms) OY—4 VA
(Fig. 2) T#H # % 47T \» maximum intensity
projection (MIP) 2 k& 0 BB L7-.
MAEMEERESIRER T a— FhRE R
FA ABRFROMIEXIT> T b, IBIT,
short gradient sequence {213, signal void % #]
HL, pOoMBEORMETHHTESL LI
minimum phase RF pulse ® TONE & field
echo time % 4E#Ed 5 7-OFHAE Y FHE D/ S—
Vb7 —UTERMER L. BEHFEICE
FIR 9 (finite impulse response) % fif F L
To. Y VT YU VT ORBEOES % sym-
metry parameter { T&Ed L {=2xTp/Ts &%
#TAD. CZCTplETa—v—r%TOY
VIV VIR, Tsid t—x%vod v /v
THEITH 5. rB/N\—Y ¥ )7 —Y TIIAY
VOMDEN DEE L Z T T\ D T short
gradient sequence @ symmetry parameter f {3
T—=FT 77 bR THEVWRNOEEREARL. &
7- minimum phase RF pulse #{#HfH 45 & T
AT A ABYUERESS I IR & fE R & D
0.53d ms DEMRATEE & 7n > 1o BB/ S
A —A& (L Table 1 IZ/R7.

=9, ERESHINIEREERORFRAEIC O W
TR 7 7/ PAERCWCHER L. 77/
AICEARTmMm OV = — )V HERA L, XK
BIKE R 40 cm/s OEFEM E LT L.

RICRE %, BERS VT 47 36, B
MRE R DN 4 6 (3 BT ME &R CHERR)
L L7 BEDOFEIC XD E DN conven-
tional sequence & short gradient sequence @
B O EH IS Fs X ORI ERZE DR HAEIC
DWTHRE ZT - 7.

& S

1) Wtk 7 7 P AOREHIRE

Witk7 7 2k AIC X 5 MRA D58 % Fig.
327" 9. conventional sequence T i3 J& filj 2B
BB AN R BN % short gradient se-
quence TIERIFMICEBSOHEL RSN,
% 7= short gradient sequence Tid, TE10 ms
& D TE3.4ms OFF 2 L Y 5&\> signal void O
MHHRB A DN .
2) IEEBIE ORH R

EBERS VT4 7ICET 5 MRAORKEY
Fig. 4,5{Z 7" ¥ . Short gradient sequence
(Fig. 4) TlZ symmetry parameter f 75 0.125
(TE3.4ms) & 0.218 (TE1IOms) O —4
ALBWTAEVONMHEOANC L BT —F7

Table 1. Sequence Protocol

conyentional short field echo time MRA
TR (ms) 53 44 53
TE (ms) 10 34 10
Flip angle 20°
Slab Th. (mm) 60
3D Partitions 64
FOV (mm) 120
Matrix 128 x 128 (interpolation 256 x 256)
symmetry paraneter f 0.390 0.125 0.218
field echo time (ms) 5.60 2.86 3.89
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a b c

Fig. 3. MR images of water flowing through a tube. The with an inside
diameter of 7 mm having average flow rate was constant to 40 cm/s.
With (b)short gradient sequence (TE10 ms) and (c) short gradient se-
quence (TE3.4 ms), the signal void artifact existing in (a) conventional
sequence is reduced.

a b c

Fig. 4. MIP images obtained in a volunteer with (a) conventional sequence (TE10 ms), (b)
short gradient sequence (TE10ms) and (c) short gradient sequence (TE3.4 ms). The spin
dephaseing artifact is prevented at (b, ¢) short gradient sequence.

Fatty tissues have rather high signal intensity and between brain parenchyma and blood vassels
contrast is poor with the short gradient sequence (TE3.4 ms).

Fig. 5. MR images obtained in a volunteer with (a) conventional sequence, (b) short gradient se-
quence (TE3.4 ms) and (c) short gradient sequence (TE10 ms). (a) In the original image ob-
tained with conventional sequence, ghosting artifact are evident. The artifact are not seen with
.the short gradient sequence (TE10 ms, 3.4 ms).



R MRA OR#E1L

77 bEEULI R {BEEIABON. L
L, TE3.4ms DY —7 VAT, RHALD
EEFE L CHHEh, MEEHEHEDOIV
SATOETAON. EE#E (Fig.5) T
{Z conventional sequence T & 5N 7-FAENIC &
AMEL/a— FHROT —F7 77 F 5,
short gradient sequence TlIHE I N T\ 7z,
%7-TE10ms &k 0 TE34ms DF BT —F 7
7 7 FOEFSA DI

3) MMIMERZE O HIRE

fEFI 1 (Fig. 6) Tlid conventional sequence
THPAMBIRICESHEELRON, ZOFWA
LD ERMoOMEFRIFICHHEINZ. ThiD
PerEREEDN D, BAEOIEHSBREIIESH
LD -DHFP TEIWx» o> 7. TE34ms D
short gradient sequence TIIFRZEIME A H X
n, X 0mESEFIOTVERAE LN,

fiE # 2 (Fig. 7) C i3 conventional sequence
TENEHRICEERZE EDN /. TE34
ms O short gradient sequence Tlt, PIEBEIIR
BB ORI OFE T —7y F MIP #fTbk
WEHBILTDWERE -7 L L, B
fLomEMBEIIHEEIN, BEORESRD
bhic. MEEF CTL—HKLIEBEREIELN
7z.

REBI 3 (Fig. 8) I AHMAREEIRAZE, A&
K MEN R F%E DI T 5. conventional se-
quence THMNEBIR, GRIKMEINR, £HX
ENIRICE BE T2 R o /e, TEL0 ms O
short gradient sequence THEEHTS> L Th b
OMEOHHETEEINIRIC L LT —F7
77 FTHHI EBbholc. MEEETH—
HKLUI-BRIEON.

fiE %l 4 (Fig. 9) I conventional sequence C
FARAMEIIRE SR CREBHEZE LT 57,
short gradient sequence T35 BT HN4 X
NRAMEOEFIHRESIN TS, T
TE3.4 ms DY — VADT 5 & 0 HHIZD
ERA LNz

Fig. 6. MIP images with (a)conventional se-
quence, (b) short gradient sequence (TE3.4
ms) and (c) a digital subtraction angiogram ob-
tained in a patient with stenosis on the right
middle cerebral artery. (a) At the right middle
cerebral artery, there is signal dropout with the
conventional sequence, which suggests a possi-
ble high-grade stenosis. (b) With the short
gradient sequence (TE3.4 ms), signal dropout
in the same region is diminished. The MIP im-
ages obtained with short gradient sequence
(TE3.4 ms) correlates with the digital subtrac-
tion angiogram better than that of conventional
sequence.
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a b c

Fig. 7. MIP images with (a) conventional sequence, (b) short gradient se-
quence (TE3.4 ms) and a digital subtraction angiogram obtained in a patient
with stenosis on the left internal carotid artery. (a) At the left internal carotid
artery, there is signal dropout with the conventional sequence. (b) With the
short gradient sequence (TE3.4 ms), there is good lumen definition in the
same region. (c) The MIP images obtained with short gradient sequence
(TE3.4 ms) correlates with the digital subtraction angiogram.

Fig. 8. MIP images with (a) conventional sequence, (b) short gradient
sequence (TE10 ms) and (c, d) digital subtraction angiogram obtained
in a patient. (a) At the right internal carotid artery, right anterior
cerebral artery and left posterior cerebral artery, there is signal dropout
with the conventional sequence. (b) With the short gradient sequence
(TE10 ms), signal dropout in the same region is diminished.



BEER MRA Ok

Fig. 9. MIP images with (a) conventional sequence, (b) short gradient

sequence (TE3.4 ms) and (c) short gradient sequence (TE10 ms) ob-
tained in a patient. (a) At the right middle cerebral artery is signal void
with the conventional sequence. (b, c) With the short gradient se-
quence, signal void in the same region is diminished. With the sequence
(TE3.4 ms) reduce the signal void better than the short gradient se-

quence (TE10 ms).

% 2

BH 3D TOF MRA (3 &K »FH R I
REAC ME R A FTRER 72 DIA < V—F ViR
HrLTHERAINTWS. L2, slowflow
IZ & B A VORI & & OJE #hE-C A T
#: U % signal void D =D R K&K E & LT
HiF 5. Slow flow IZ k5 ALYV ORIFIC
%t LT, TONE, MTS OBEFIC LV KM M
BOfHEEMELTEA. UL, SLRICE
% signal void IZ % LT, TE O&EHE, &%
e, AOAEREERAESOER L EA Thn
TWAPFEEICPH < T LIETER. YT
Sk B L C % /- conventional sequence Tii 1
ROBEER S DFWELPT->TELT, i
field echo time 23 < RS EI IR 2 R\

7o®, BROMMER S DR E T signal void %
A UAGEEDD - 7. MHEMEENES TER
DG DOMIESARETH 5258, Zhid
TR, TE BDEE IN 5 7-OHER TIE AR\ .
AmEFk 4 1%, field echo time Z4E#E T % 7=
ICHARD R D/NN—y % )7 — U ThFEH
L, & 5IC RF pulse 213 flow dephasing 2 5#
\» minimum phase © TONE % #7/7-1CBF L,
IO OEizHAEDLE ST & TERRSH
HNAEERS % 454 L signal void O#IHI &3 2 - 7-.
HARD FRDON—Y v )7 —) TaFEHT5
Z & T field echo time 25 TE3.4 ms DY —7 7/
AT 2.8msic, TEIOms DY —4 /AT
13 3.89 ms IZ48ME C X \MR O 5 D E
ZER L7z, TE 1d 1.0 T OBBHEIC T
K EBRREAMAAE &7 % 3.4 ms & 10 ms % &
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AT BBIFOB BT LT, FREBGERNE
B ZRW5H5ERBH. Lir LIOBE
TR DR I NBEREEPES, /v IV
BOEL D EVWBEICRT—F 7 77 b4k
UTCLES. 4[Ed out phase #HEH L T\W5
7o ORHER b7 <, BE LICEESBONT
W5, BEEEEICIIER/ S—Y v VT =Y IO
HEICHEA L T\ /- Margosian i & i LT
A ORAOFELAUCHE FIR ¥ %6/ L7-.
FIR B 5 ERRBAR W E WO KA D 55,
X LI HEDOFENICH O POCS & & T 5
EEERENIE  V—F v T O E R AE/r Ei
TH5H. ZNiZ XY field echo time A 4E#5 L 7%
DOHAEVDOMBEOENC LA T—F7 77 +
DI\ VEBEBL I LR TE. KMMEIC>
WTCiE TONE, MTS Z##tH L T\WA 7%, B
I I T,

BE 3D TOF MRA I B\ TR %R E
I H%5E, MBEICEBHEERD D L O X
D KA TIPS T 23RO 7, BN 5
bihs. L LEFITRIN/ZZI conven-
tional sequence TEBHEEB R LN, TOM
7 & 0 R MK T 23580 b i WBa, Al
WICEBT —F7 77 MO LS LD
DY AREE 0D, DX DAEE, short
gradient sequence TH#{& # 1T 5 & signal void
DEF S NAES 1 TIIFZEROEIRIC L 5T —
FT7 77 FTHAT RS, K2, FEF
3 THLMEMERAWE SN, MERY & —3K
L7z REFIsfER DB SN,

LA E®D X 5z short gradient sequence % &
BAT5Z & T, fKDMRA CIIHHE AT
Tho MEDORIEAFRE L 72 1), PAEMRE
DEWCIFBICERTHS &2 5.

TE3.4 ms @ short gradient sequence DfRE
RELTRME LREOaY PS5 A FOET R
LU, MEEHEEDOV M5 A FDETH L
JFoNs. FRCHEEINR TR CIIERImE
ORI HETRA bz,

mE LIEBDO Y 5 A FOETIE A5
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BHEICHEB SN/ THA. Thiz MTS %
FRAL TV ORMEBREDEEMET Lz
L#E26Nn%. F7-, conventional sequence
TRTEZA10ms L EW/-o T*OFEICEK
WOKED BEHOIFE S BERESEE LTKEH
BHELBD/mDIFEBEEL OV, L
L, 4@ ®TE3.4ms ® short gradient se-
quence T/ TE RE W= TXOBEEN /N
LB E KD b= VDAYV EH H#E L7
56, BHOACVOHBRENI=DEBBITHL
HETEES L LTHE SN, mELEHOD
VESAFMETLIzEEZDNA.

MEEHEBEDOITV 5 A FDETFIZOWT
X TE W72 T*OWBRICB W Ta v 5
A BOLENC T — R REEFT > T 5720°C
HHEEZONS.

—H10TOWBEBEIC I W TTE 510
ms T b EAHEE N InEFfE, 4512 field echo
time #fE#Fi9 5 Z & T, signal void O#EI A
BB & 7% o /o. % 7=, TE10 ms @ short
gradient sequence Ti3 _EIZaR N7z TE3.4 ms
TOMERPBHRIN TS, HEDZ e kD,
1.0 T ORGEREIC B\ Tl 7 TE 1 10 ms
EEZONS. L L, MR T L
4 TE10 ms @ 578 TE3.4 ms Xk ¥ signal void
BELLT /Lo Tw5. Thit TEIOms ©
J378 TE3.4 ms & 1 field echo time 23 E\ 728
#2567 %5. TEL0 ms @ short gradient se-
quence C, ZhIE field echo time Z%EHEd
BHEACVOMBOENIC LA T —FT7 77
HELUTLEDS. 2070, 5% 5%
Be@ X572 TEI0ms i B8\WT 7 —F
777 AL S T L7 < field echo time D48
METO L FEL 5.

fis &

41E, BEE 3D TOF MRA CHZEMRED
SBAEHE OJRK & 7 5 signal void D% % 2K,
A 7z. Minimum phase RF pulse & partial
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Fourier % UfEARMRES H InRef 2 246 3 5
Z & T, signal void DHIFIAREE &0, &
BT - 7o B LI R O HICIER IR
HATH-7.
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Optimization of Intracranial MR Angiography Using Minimum
Phase RF Pulse with Partial Fourier Tranform
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In intracranial three dimensional time of flight MR angiography, signal void comes about in tortu-

ous, or stenotic flow of blood vessels, causing overrating of stenotic lesions. Higher order motion

effects still lead to substantial spin dephasing when the gradient on time in long, even if velocity com-

pensated gradient structures are used. This time we adopted minimum phase RF pulse and partial

fourier. Partial Fourier is applied along the frequency encoding direction to shorter field echo time,

namely gradient of frequency encoding on time, and minimum phase RF pulse is applied to shorter

gradient of slice selection direction on time.

By using these sequence, we made phantom experiments, volunteers study, and made clinical ap-

plications : thus by comparing these, our study was carried out. we found that reformed sequence

are able to reduce the signal void.
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