R=E

NEUE RS 3 A L % B 72885 short TE 3D time-of-flight
MR angiography

MNEBEFL, BEAEBECL B OfEXL HRIEZ=L
EFHIERE?, EFEE-—3 H@EFEHS
VEIFBRRF S RAHERL 2R Ao R
SEZINAET S
L NVORKERNBEEHREL 23 mT/m, AU 12—

BEE D 3D time-of-flight (TOF) MR an-
giography (MRA) %, JEEEEMN BT
LLTARLER LTS, MRA ORESD—
DI, MEDEM - HEEPRAETIC B0 5 EL
MICHESHEORENIC L BESETAZET S
N, AR OBKR< carotid siphon % T
DEFEDORR & 755> TWAVD . T DO
OFRANTIE, BRSO MEFEPSEE L Tk
Y, TE % X U field echo time (EAIREE DD
Wmhrbra—o -7 £ TORM, TFE) ©
FREIC L O RHHORN BT T 5 T L RTHE
THHY8. Linl, TE 2= TFE OEMHEICIE
BVEAESEE LBV BB 0 R AER
ShaD. SEHAE, EZERQD 2/ V%
WA A TR REMNES A VERIEL,
TE #%#5 7= 3D TOF MRA K BHIC > =
BET L7z,

FEE LUK

f 3 2218 (3 3K 2 #£ 84 VISART /Hyper (1.5
T) C, £%EH QD a4 VEHARAAIZED
REMBS A VR R W, ZOBEMES A

'— MZ 130 mT/m/ms TH 5.

3D field echo # IZ X 5 single slab @ TOF
MRA % fT U7z, SEFAERBEE a1 Vic &
-, TE 3.9ms, TE 2.3 ms, TE 1.9 ms O/
=V ABMERTIRETH 578, b L
EEDY—4VAD—D2ThH %5 TE 6.8ms D
bOE R L. ThZhOy—r VA0
%85 A —xid Table 1 [T"d. To—IER
Wt & IEXRFRAY T, Table 1 @ ADC points
k13, read-out J5iA @ matrix % 256 & Liz &
EOFEPRERAV M ERT. Ta—DE—7
AEF 128K 4 v FIREFT 5D T, ADC
point 78 160 D&, T3 —OHRLENCINET

Table 1. Sequence Protocol

TE (ms) 6.8 3.9 2.3 1.9
Field echo time (ms) 61 34 21 17
ADC-points 160 179 150 153
ADC-pitch(us) 40 28 28 28
PFI (+) (=) () (+)
GMN +) () ) (=)

ADC: Analogue-digital conversion
PFI: Partial Fourier Imaging
GMN: Gradient motion nulling

F—"J— F short TE, MR angiography, small gradient coil
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BEH short TE 3D TOF MRA

L5013 32K 4 v b &ixsh (fractional echo
62.5%). TE 3.9 ms OF&EwERNT, BEGEE
BICEE LT, read-out AN/ A—¥ v )7 —1
Tk N—vxbIa—{k) ZERALA. TE
3.9ms Ti, zerofilling #f7-> CT\WA. /-,
TE19ms OEBE %#KFE T, read-out 5 LT
slice-selective 77 [/] IZ — & ® gradient motion
nulling (GMN) A shTws. TE 19
ms X GMN Z i L7z W& DEE TE, TE
23ms iTGMN # B L7-BEORKETE Th
D, N=Y % )b7 =) LEr AW THER
IR O I W T — 2 R4 v B 6h
LHESICLIBEORETE A 39ms TH5.
£ H MO TE6.8ms DB /v Figit 25
kHz TH» 55, 4EIHEE L/ short TE /1
ZRFNITHE, TE %28 L > SNR & fER L
5% 375kHz A L7, DTOERGE NS A
—XiF—®FE L. TR:40ms (77 F A
B¢l 30 ms), flip angle : 20°, FOV : 18 cm,
matrix : 192 x 256, slab B : 60 mm (60 parti-
tions). IEEHERT VT 4 7B LTERANC W
T, slice-selective off-resonance sinc pulse
(SORS) T & 5 magnetization transfer con-
trast (MTC) ZPFA L7910, FiZ, EEH
RERCICEE L C read-out 35 X UF phase encode J5
& @ zero filling % 17 - T\ 5. MRA O 2
71, EERT VT 4 78 IUERENZ S
TR E L, A7 7 v P ATRIENIC
st UTHEET S LD ICRE L.

W7 7 v FPARERL, RSB LUZD
BRI BT AEFET 28 L. e
E 5387 & L CHarvard pulsatile model
1421 # A \\C, ABENH60/4, V& 10 ml/3A
D&M THREKZRE L7, FPRELONE
4 mm THAEEXRSL0% (RN 2mm) ORET
BITAE—IWVERG L. FERETOFY
W 1L 80 cm/s T%H % . Maximum intensity
projection (MIP) R%&{ERL L, fEHEL LT

FDRAFRTORE BT 2 HAANTHINT L7z
EiZ, MIPBTO7 7V F AOETICHE- T,
77V P ARROESHEY Oy LIz
Signal-to-noise ratio (SNR) DO #5121,
PVA 7F)V B+ 5 HARMRIL 7 7/ kA 80-
401 % FAvic. ERICBTS7 7V FAA
PVA 7)1 @D T1=900 ms, T:=150 ms TH 5.
FHERS VT 47 44 Tid, carotid siphon
OEFE, BEOH—, BIURMLE (F
KIMEIIR I & O AEIR O LB R R R OFL)
DORGHBEIZ OV CHiET L7z, Carotid siphon
FHICBEI LT, To4BEBIChTEL.
Excellent : MIEANDOF 5 NIEIEH—, Good:
MERDEEB—HARE—, Fair: & DO—
ICRIBHEDEESET, Poor: K& /KIBREOE
BET. &7, RKEMEORHLEEICEI L T,
TE 6.8 ms DE G ZHEEL L. BiZ, KES
flk @ B% 52 '8 12 % 9 % contrast-to-noise ratio
(CNR) #EH L7z
BRIRGICIE, %O MRA (TE 6.8ms) T
BIROFEIC L D Z2WEBICRIESR B 5 & Bbh
725 % (Table 2) T, /NUERBKE A V%
FWTTE 6.8, TE 3.9 XU 2.3 ms ® MRA
ZfufT Lz, \ZEREINC ME SR8 TS h
TofEBI (FEGI2,3,5) CTiMmBEER»EE L
LT, % MRA OE&REFM L 7. mMEESH
MNHAT I N7 - 7IEF Tk MRA D%t %

Table 2. Clinical Cases

No. Age Sex Diagnosis on conventional MRA
1. 40 M  Left MCA stenosis
2. 52 M Right ICA occlusion
3. 53 M  Bilateral MCA stenosis
4. 62 M Questionable bilateral ICA ste-
nosis
5. 65 F  Left ICA aneurysm

MCA: middle cerebral artery, ICA: internal carotid
artery

1998 422 B 19 HEE 1998457 A 23 HIET

FIRIFERSE  T889-1692 HIEREFAFERATAFEAR 5200 EREMAERAHM DEES
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AREEREE 518575 (1998)

ERL, MEREIRLIA L POH—ICHEE
N7 b DB & EEEDORT RICIT W & HMT L7,

SNR % L O'CNR Z, TCEEZ A WTUT
DT ELEH L (SI:EB#HE, SD: Ei
).

SNR =SI/SDbackground
CNR = (SIa-SIs) /SDbackground

Fie, EHERS VT 4+ 7 TR TR & NEE
DEEH, (SIfat/Slbrain) %, WIS E
BREY LTRDI.

& R

1) 77V FATORR

Fig. 1137 €5 ) TO MIP # %, Fig.2
RER B LU ORMEOEEHRELZ /0y
FL7=bdD%5F7T. TE 6.8 ms DBE, AL
BEOZOBERMTICITERICL 5 LB 5E
FSET < BD N/, TE OEMHEICHE-
T, ALRICHED BEET OHERRD LTz,
TE19ms DY —% /A Cid GMN 2 &
NTHaEWZ 22 56F, TE39ms JVE
FirfERTh -7, FiZ, TE 6.8 ms THEIC

ROONBHMMIT YV a— FFHHE D ghost ar-
tifact |3, TE OFHEICFE > TRBEEIL L 7=,
¥, T 7 N ADRIER L R SRR A 5 T
DEHT ICRRE L, Ml EEE L PR 1k
BIEFHHTE S X 5I1C L72/®, position 0
TOREEMETFLTWAS

Fig. 1. MIP images of flow phantom with vari-
ous TEs. Upper left:a TE of 6.8 ms ; upper
right : a TE of 3.9 ms ; lower left : a TE of 2.3
ms ; lower right : a TE of 1.9 ms. Signal loss at
the stenotic portion is reduced with short TEs.
Ghost artifacts along the phase encoding direc-
tion are less prominent with short TEs.

150000

100000

]
J
50000 Vj

Signal intensity

....... TE=1.9ms
=== TE=2.3ms
—— TE=3.9ms

s====== TE=6.8ms

0 20

40 60 80
Position

Fig. 2. Signal intensities along the stenotic tube of flow phantom.
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BHER short TE 3D TOF MRA

Fig. 3. MIP images with various TEs in a normal volunteer. Upper left :
a TE of 6.8 ms ; upper right : a TE of 3.9 ms ; lower left : a TE of 2.3
ms ; lower right:a TE of 1.9 ms. Contiguity and homogeneity of the
carotid siphon was improved with short TE sequences, especially with a
TE of 3.9 ms. Contiguity of small vessels is slightly degraded with TE of
2.3 and 1.9 ms.

PVA 7L CHIE L7z SNR i, TE 6.8, 3.9,
2.3, 1.9ms TN 7h, 36.3,41.1, 29.1, 31.5
TH- 7.

2) IEERZ VT4 7 TOBE

Carotid siphon <0 I & 45~ I8F H D 8 e o 13,
short TE IC B W TH LA B ERRD NI
(Fig. 3). #%iz, TE 3.9ms OBAHITE D BIF
T#H o 7= (Table3). WIEBINK & MEE D
CNRiZ, TE39ms TRRLBHFTHD, TE
2.3% L 181.9ms Tid TE 6.8 ms IZ (b ~N{E T
L= (Fig. 4). MIP & COFRRIME OHiH L
3, TE2.3 B LU 1.9ms OBEEICETHILL
7= (Fig. 3). ETRRH & MEBEORF FHIL,
short TE TEMIC L7 L/- (Fig.5). #IiZ,
JK-HEEF @ in-phase IZ3¥1\» TE 3.9 ms DFEIC

Table 3. Visualization of Carotid Siphon

TE(ms)  Excellent Good  Fair Poor
6.8 1 7
3.9 7 1
2.3 1 7
1.9 1 7

BEWEAR L7, 131F out-of-phase TH 5
TE 2.3ms T%, TE 6.8 ms ICHNTHEZR
L.
3) ERIRGITORE

LB CWBED R AR bz, B, B
ERFIEBOER T3, TE OEHFIC L - T
PR AR OB KRIH 2B 5 S BERE L E 2
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Fig. 4. CNR between the basilar artery and Fig. 5. Relative intensity of the subcutaneous
pons in normal volunteers. fat in normal volunteers.

Fig. 6. Case 1 with cerebral infarction. a) a TE of 6.8 ms. b) a TE of 3.9 ms. ¢) a TE of 2.3 ms.
Stenotic change of the left MCA is pronounced in the MIP image with TE of 6.8 ms.

b/ (Fig.6). %7, TE 6.8ms ® MRA

Tl carotid siphon #OFEM A REE TH - 7-iE = ®
%4 i, short TE 5% & & CHzZmix BE#R 3D TOF MRA X, FEREAYIMNER

EOBRMPAREL E -7 (Fig. 7). AEBIR ke LORKERSN T 5. MRA ORE
BOBETH, TE3.9ms DMRAT, HWEE  ©O—oI, &iEEICHESI RZLVRAL VD
b REFICH S hio (Fig. 8). MHADOENIC & BFEFETHET B AV,
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¥AH short TE 3D TOF MRA

Fig. 7. Case 4 with transient ischemic attack. a) a TE of 6.8 ms. b) aTE of 3.9 ms. ¢) a TE of
2.3 ms. The contour of bilateral internal carotid arteries can not be clearly delineated on the
MRA with a TE of 6.8 ms.

Fig. 8. Case 5 with internal carotid artery aneurysm. a) a TE of 6.8 ms. b)aTEof3.9ms.c) a
TE of 2.3 ms. The contour of aneurysm is most clearly visualized with a TE of 3.9 ms.
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M IR <0 SR B C OB BE TICHE S (SR
ORI, PEWREREFIN L7 X ORME
BEOENTWS. TOMMEDOENICHED FEE
TEBERIELHEL LT, TE OfE#E, K7
YA ROfEN (E5HfFseik), GMN Off
Az ENETF LN B9~812),

TE OEHEIC & - TAEMEDOENICH S BEHE
THABEINLZ EFRLHONTWEA, |
RSO IRFH A EERB S % TFE A&
BTHHLEINTHEDLD, Fx OBETIL,
TE %7 TFE OfEfE - T b7z,
ZTNZTNOFEEPILIFTHI T 5 DITRETH
5. BaORET 7/ P AT HCICERTE,
GMN#Z Bt L7 & EDTE Ta 5 TE 2.3
ms BEXUGMN Z8fH LW TE 1.9 ms IC5
W, ERBLUZORMIMTOEESETH
HLIBETH-7. —EOWMEL - WELV -
TCBMb I N T F NV O%4E, TE OEERM
HORNZ L AEEETZHETH T AR
Nniz. &7z, TE OEMIC k> Tfry a—
F 75 1 @ ghost artifacts ## 2 5 = & & Al §E
T, FNCHOEEOR ELFTES.

Field echo time % 8 #i 3 5 /- I1Cid, FEXF
BHEOT a—IRERTTONERDD. N—F
= 7 DEMEPR L ThHhE, RET a—0IEx
MiEZR <+ 51T & TFE % 4E8E T 2 MHEOFEL
haeWH+ 2 EPETH LD, RET
a—RA7 W & X A blurring ORE R4
LT AB. ZOMBERRRETEHELLT,
read-out FAID/N— % )7 —Y Lk (83—
VI a—K) OBEEHEZ BN, TOIRAM
BRESNTVEY., SEOH«DHEFHTL,
TE 2.3 5 XU 1.9 ms O/UV ARFIClEREEE
A L.

IN= 2 V7 — 1) TERORMERO—2I,
FAHDE NI EAEF N TV B,
EERSVF 4 TICBTBHEHICE VT,
carotid siphon Hi O HEF: 5 L EFOH—#
i, TE23H A5 Wid19ms X DL LATE
39ms DB HICRIFTH - 7=, £HEANTIE,

406

DI MR E OB L L D7zdic, 7
7V P AERTOREEFMICHR T ER
TR HOENPERI > THWATREERS 5.
TE 2.3 % LU TE 1.9 ms Clid/8—¥ % L7 —
DIFBREZRCTWAY, K0EKRTAE Y
OFEENC L AMHOEANREIB SN 2D Tldrk
WirEEZ HNBY. AHEOENITHR S—
VT — ) LEBOILAL ¥, SHROBEBN
BELEDbNDY.

W=V e VT =) ITEHDH S5 —DDRE L
LT, SNROETHBEFONS. SEDOT 5
VEFLERTY, S~y T—1) IR A
W7z TE 2.3 3 £ U8 1.9 ms @ SNR 2ME(E % 7R
L7, EERSVF 4+ 7T, TE23k LU
1.9ms TOMEEIIR & BEH O CNR BETF
L, REMEOHHE RS LIZERO—> L%
zZbhnb. —F, TE3.9ms T\ SNR -
CNR AL N2, ZD—RIT zero filling I1Z
LAHEEBBEATONTWAZ L% 5N
B FEln, =V )T =) IEBEEA L
HITIXADC RA v FERL T E, /18—
¥ U7 —1U LIT k%A SNR DETFIZH< 70 5.
TE 6.8 ms IZH~C TE 2.3, 1.9 ms o SNR -
CNR2AET L-—HEBbh 5. &k, TE
2.3,1.9ms T» SNR - CNR 72 TE 6.8 ms & H
BLTECDOR, BAERSY FIgOEVWAER
HEREEbNS.

MEEHEEDOI YV FS A FOETIEAL T
12, TE BME Wb TFOFEER /NI L, HE
BOWMNGESHRES LR L rs—HER
b 5. Smith 5%, short TE @ MRA i3,
MR BE DR\ E OB TR RERAE W
B, MEEWEBOV S5 A FBEILT 57
OFADN—F FEE L TUITRELTH S &
BELTVS. SEKR L2/ OV ARFIOFT
1%, TE 3.9 ms OBEITIT ZOREITI VLD
LEbNhA.

ELAVWSENTWA MRA O/ ZRFIT
id, BEBOES =W T 5720, K &BER 2%
out-of-phase ¢ 7: % TE (BB HRE 15T T



BEH# short TE 3D TOF MRA

[368msBE) MERINLIENE V. &
Bl fJ L 7= short TE MRA © 4, TE 3.9 ms
{E7K & IgH5 @ in-phase 235\ TE TH 5 78,
TERS O HSE BB I RO bz, —7,
TE 2.3ms 1 1.5 T # &I k17 5 out-of-phase
[Z&7- 57, TE 6.8ms &% RO
B B MBI BE %R L/z. Short TE DR
TTHE THOBWEN NI &8, B AERF
BERTERE LTEFLNTWEY. DT
L5, short TE MRA # % 2 28 &1C1,
K & Hg B 45 out-of-phase & 7z % TE I [ $h ¢
HBEWHINT LD EEZLND.

SEAE, BEES TOF MRA ZiE, KM ORS
HEEm ED7zoic MTC /S VARPFR S A T
EWRE WD, MTCIZ & - THIgI I Nz VW igRE
OB E S BHE L 7m > T b, MTC /R
VA% HEH L7- short TE MRA T, FEHiO
BEERLIVEBRINLT LTS, JRIHICHE
SEEEL, BHEREREZRE L/ MIP (par-
tial MIP) =475 C L ThHAHRERETHZ &
PR TH 5. L L, FAEMEBIRERICKT
BINA N A ORI IR IR T & T AV SHE R
DOFHIi B A E a0, HEIRERFIRAED
EOICBENOBERZLE L TA5E101E, B
B el Z LIIRETH 5. EFIC
IHLTC, BHEIE SV AOHRALE L Ebn
B0, BRERMOERSLY I VI/ORRIZLS
T—=FT 77 FORFERET HN B,

MRA IZBF 5 GMN OFBEIZIE< 61
TWAYW. UL, EDO7 7V FLABET
EERST VT4 7OKFTHE, GMN 24t L
72TE23ms tGMN %= ff f§ L 7 WTE 1.9
ms OFICH L aEZRDLPr 7. TE2
ms BE O\ TE TO#HE TiT, GMN T4
FTLUHMETIH W EBTRBINT.

AEket Lci&eg<id, TE 3.9ms /Y
AFRFNA, PeAEERS carotid siphone & O JF #
HWORHICEN R ME ORI AEDOA L HFRD
Wl &b, BABDEDII—F VD
MRA & LCE#EL DL Bons. TE OFE

FEO=DITIE, BRSO L2 D R A
W ERERINS. Hx O LIcEEARK
OIERIES 2 1 )L Tl TE OfRimc5aHE 75 Rk
Tholoicdd, EMAONUERES I IV E
AWTSEOHNZTT - /o, ERIEE DA LD
ARENILTAHILET, BELICEVAY 2
— VI EBLIERHEL /. N—FT
TREICV 7 b7 2 7OHEICLY, EEAK
DEMESG IANVERBVIZEVWTEIC L5
MRA BAZ V/H— R L BRREMAH 5. L
L, ERESOEB LB X A MEEED
FRLEDODNMRICH T HEELERT HHEH
B, SHROFBELEZONS.

¥ & B

TE/TFE OEffElE, M8 ORI 8 il
ChBEFETzEESE, KOO
WMRAEGZRELS 50 LBbN 5.
SNR Dk, /N—=vx)b7—U TEICHES T
—F 777 FOBER, WRESOWE, #4545
BORE L Bbh 5.
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Brain MR Angiography with Short TE : Application of
a Small Gradient Coil

Takao Kopamal, Hirohito MivamoTo!, DeWen YANG!,
Shozo TAMURA!, Masami UEDA2, Shinichi KITANE3,
Yoshio MACHIDA3

LDepartment of Radiology, Miyazaki Medical College
5200 Kihara, Kiyotake, Miyazaki 889-1692
2Central Radiology Division, Miyazaki Medical College Hospital
3Toshiba Nasu Works

We designed a gradient head coil with a slew rate of 130 mT/m/ms. MR angiography with TE of
3.9 ms, 2.3 ms and 1.9 ms can be performed with this coil. Gradient motion nulling was applied ex-
cept for the sequence with TE of 1.9 ms. These short TE sequences were evaluated by comparing
with a standard MRA sequence (TE 6.8 ms). The shorter TE sequences had substantially reduced
signal loss at the stenotic portion of a pulsatile flow phantom. Contiguity and homogeneity of the
carotid siphon in normal volunteers was improved with short TE sequences. Sequences with TE of
2.3 and 1.9 ms were associated with reduced signal-to-noise ratio calculated with the phantom study.
In the volunteer study, contrast-to-noise ratio of the basilar arteries was reduced with TE of 2.3 and
1.9 ms, and contiguity of small vessels was slightly degraded in these sequences. The best image
quality was obtained with a TE of 3.9 ms.
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