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M kA B & LT, Silent MRA OF — % I
IZB84> % spokes per segment (spokes ) &,
band width (BW) %#ZYbI®7-35&DHEN
AT/ FHOMRHHEEOH =7 7 v/ F LK
Eﬁ(ﬁ D 7:.

UTE & ASL

JT4E, radial scan IZ &% UTE & FH /- %
B0 ASL & (i L 729k %2 MRA {5k 23 B
FINMEHAEE & 7% > T&E T 5. Radial
scan I & % UTE O i %l W7o GE 0 —
DTH 5 silent MRA (3, Mk EEIL$ 57
ODT VNV — 57OV AT ASL Ml &
N, F—RINEICIL Silenz ¥ —7 v A% H
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WA 3V =) VR &SSO VER O %
w®EL, TNGAEYT S 7y g VBT S
LIZ k> TitES=REL TWa

HH O MRI TEH s 5 TE (T3 ms~#
BHms A —X—THDYH, silent MRA TiZ
0.016ms » > UTE #F\VCk v, iy
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T < 4 57-®IC, k-space ordering |3 radi-
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DU 7 RESHENRI S, FO0, Kk
F— R INEREERE TS LT, BFEHFL
@ THT ERARE L I BY.
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ms: 3T) ZEi#H L 72 GA-DTPA FHiK % EF
I CIRBR S/ /-, fioE [10, 25, 40 cm/s],
spokes per segment [192, 352, 512], band
width [15.6, 20, 31.25 +kHz] #Z{t3 & T
2 DEMET silent MRA #8gf L 7-. #{%4%
#E1% Table 1 1ICR L 72, SRR EIEIC BT A
BRI A TE BB 25 %2 572912 NEX Tl
Tl Fh, ARFHCHEH L7 7V FAE
O A Fig. 11TRL 7=,
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BB LUETRESOBSEAMEL /2. T/,
signal intensity ratio (SIR) O&EH, A5 h
PIHE BB 2 SRR IS TRRET L 7.

SIR 2, (DX X VHEH L 7. Slhustent i3 A
TV P O B{E, Slhackgomad 1 E TR E 5 D
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Table 1. Scan parameters of silent MRA

Fix Parameters

TE [ms] 0.016
Field of view [mm] 180 % 180
Thickness [mm] 1.2
Matrix 150 x 150
Flip Angle 5

Variable Parameters

Spokes per TR  Band width NEX Scan
Segment [ms] [+kHz] time
192 552 15.6 1 10 : 40
434 20 1 10 : 10
316 31.25 1 9:41
352 992 15.6 1.5 10:23
775 20 1.6 10:17
558 31.25 1.7 10:01
512 1432 15.6 2 10 : 52
1116 20 2 9:52
801 31.25 2 8:53

Fig. 1. Vascular phantom

U tube was set in the vascular phantom. Enter-
prise stent (red arrowhead) was placed inside
the tube with inner diameter of 5 mm.

SIinSTENT
SIR=""I2 20 1
S[ background ( )
B E 3 Afi 13 MIP  (Maximam Intensity

Projection) A {FH L TIT- 72, HARR
LSRR 3 412 C, 5 BeRERFHiMl (1: poor

~b:excellent) [CTCATT7 BB L 7o, B
MED AT PG DESHES LUERESD
& 5 fifii% Rectangle ROI (30 x 5 = 150pixel)
ICTHIE L7e. BUgRME DO A5V M5 DOES
fEICF L TiE, &« DOWHET & IC— TR E 5
5 #7 (oneway-ANOVA) 1T TH&BER T Hg
wAT o 7otR, L EHERE (Bonferroni i)
TH& 2 FRIOWE LT > 7.

] R

%2 DEMITBT B ATV MG OEFEE
F OB O 2 27 % Table 2 IR L7z %
72, PRSI A L/ MIP @i % Fig. 21
RL, HUEICIIT % spokes ¥ ds LU BW 4
fbicBF 5 A5 My OfE5E, SIR %
Fig. 3~Fig. 5 IR L /2.

LN

B S IC 45\ T, Spokes A/ X <,
BW AR &EWEXICATV AR EL
2. WINOFEICEB\WTE, BWAkE W
=E & noise AHI. - 7z, ik 10 cm/s Tid,
WG tEDZEAIC L B2 BREFHM O A 37 D=
INE Ip o 2, W 25, 40cm /s T,
spokes x#/NX <L, BWHAKELS T 5L A
a7 R ERTAEMICH - Tz
Spokes $Z & 5 &1k

WIENDOFHEIZISWTS, spokes F A /X
BT ETATV FHOFESME, SIR 33T
LR AMEMICH - /2. FiE 10cm/s Tid,
BW 73 20, 31.25 + kHz & & & spokes %{ 192
L 352 LORTRESEICERERENPAONE
»o 7o, FiiE 25, 40 cm/s Tl spokes $ & /)
LT HEEFHEITFREICER LA (p<0.05/
36).

BW IZ X %1t

ik 10 cm/s 12351+ 5 spokes % 192, 352 @
FMETIE, BWAKRELSFHIETATVIA
D5 fE, SIRIFET L. ZOMOLEM T
BW # k&L §45ZLTATV FHDESHE,
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Table 2. Signal intensity, signal intensity ratio and visual evaluation score in each scan condition

Signal intensity

Signal intensity ratio Visual evaluation score

o
velocity w1 Spokes per segment
Lem/s]  [+kHz] 192 352 512 192 352 512 192 352 512
10 156 401.0£485 360.5+51.9 312.5+385 3.66 3.30 2.88 3.67=0.47 3.33£0.47 2.67+0.47
20 371.1+67.6 355.3+56.0 349.3+39.3 3.0 3.12 250 3.67+£047 3.33+047 3.00%0.82
31.25 356.5+67.2 337.9+57.4 369.8=49.8 2.85 295 245 3.33+£047 3.33+047 3.33+047
25 15.6  541.9+46.7 431.9+59.9 311.7+34.0 432 3.89 340 4332047 3.00£0.82 2.33+0.47
20 602.4+52.6 453.9+48.0 394.1+31.7 453 3.97 352 4.33£048 3.67+0.47 3.000.82
3125 651.6+68.5 548.9+53.8 430.0+33.8 456 436 3.79 4.67+049 4.33+£047 3.33:£047
40 15.6  474.6+335 431.9+49.9 279.9+41.1 3.96 3.86 3.0 4.00=0.82 3.33£0.47 2.33+047
20 550.7+35.0 471.2+38.1 384.2+26.9 432 4.02 320 4.33+£047 3.33+047 2.67+047
31295  648.2+59.5 52634347 466.3+30.3 4.34 415 359 4.33+£047 4.00+0.82 3.33+0.47

25 cm/sec

10 cm/sec

40 cm/sec

Fig. 2. Silent MRA images of each scan condition

A B

cC D E F G H I
Spokes per segment 192 352 512 192 352 512 192 352

512

Band width [ +kHz] 15.6 15.6 15.6 20 20 20 31.25 31.25 31.25

SIR i3 EH+HEAICH - 7=, TiE 25 cm/s,
spokes £ 352 |2 &5 5 BW15.6, 20 & DI
BEEHEICEERENRONZ P > T2D, D
DOEETHESHEHICERELENP RN (p
<0.05/36).
MFEE I &k 521t

ML E A E &, spokes $3s LU BW
AL L BB MEOELEIKE P> Tz. e,
WK 25 cm/s & iidE 40 cm/s IZ 315 A5 51
ZFEREDOE & 7n - 7.

38

MM 10 cm/s O & &, spokes £ 192 ;
BW15.6 £kHz & spokes #{ 352; BW31.25
+kHz, spokes #{ 512 ; BW15.6 + kHz, spokes
¥ 512; BW20 +kHz, spokes #{ 512 ; BW
31.25 +kHz, spokes #{ 512 ;BW15.6 +=kHz
L spokes % 512 ; BW31.25 +kHz ORIC i,
EEEIChEEREI RGN (p<0.05/36).

MR EE A 25 cm/s O & ¥, spokes % 192 ;
W15.6 +kHz & spokes % 192 ; BW20 +kHz,
spokes %1352 ; BW31.25 +kHz, spokes #7192 ;
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Fig. 3. Signal intensity and SIR in the stent at
flow velocity 10 cm/s
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Fig. 4. Signal intensity and SIR in the stent at
flow velocity 25 cm/s

BW20 +kHz & spokes%71192 ; BW31.25 +kHz,
spokes #{ 352 ; BW31.25 +kHz, spokes %I
352 ; BW15.6 + kHz & spokes £ 352 ; BW20
+kHz, spokes £ 512 ; BW15.6 + kHz, spokes
¥1512 ; BW20 +kHz, spokes {512 ; BW31.25
+kHz, spokes 1 352 ; BW20 +kHz & spokes
1512 ; BW20 +kHz, spokes {512 ; BW31.25
tkHz OICIE, BEEICEEREZTIROHN
o,
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o o
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Fig. 5. Signal intensity and SIR in the stent at
flow velocity 40 cm/s
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Fig. 6. The time chart of ASL in the silent
MRA

IMFEEE A 40 cm/s O & X, spokes $7 192 ;
BW15.6 tkHz & spokes#1352 ; BW15.6 +kHz,
spokes # 352 ; BW20 + kHz, spokes #{ 512 ;
BW31.25 + kHz, spokes # 192 ; BW20 + kHz
L spokes $1 192 ; BW31.25 +kHz, spokes %
352 ; BW31.25 + kHz, spokes %7 352 ; BW15.6
+kHz & spokes 1 352 ; BW20 +kHz, spokes
$1512 ; BW20 +kHz, spokes 1512 ; BW31.25
+kHz, spokes #{ 352 ; BW20 +kHz & spokes
¥ 352 ; BW31.25 +kHz, spokes #{ 512 ; BW
31.25 +kHz ORICIE, B HEICHERZETR
bNehr o7,

% 2
Spokes B #/NE < ¢+ 45 LEFMITERL
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72. Spokes FLHA /NI W T E T — X IERERE
<, ASLICL s )vsn/-mEd MR 5
BSHERTHENCT — X NETE//D, B5
fERE <l %2615 (Fig. 6). F7z,
spokes ${ & /N& < § 5 &, k-space FRIHIZ LD
DO T AV RET D, DT HHAIRFH
HI2DOZNY 7 EEBAHINL, &EFOl
WARALBET 72 EbET EAO—RNEE 2
bNhb.

i 10 cm/s I 31 5 spokes %1 192, 352 LA
NOZEHTIEBW #K&<$+52 L TRESHE
HERLZ. id, BWAEKEL LT &I
L AT — 2 ERREEREORZE L Bbh 5. &
W TIHELIR DO BN K E\W/cd BW 2K
LA EICE A7 VIV TNORENL LD
PEICENEREEZONS. iH 10 cm/s
12351 % spokes $1 192, 352 D& T, Tt4
DT — Z PEERFE G D 2 IEHNE T - 7c
72, BW OJREBALIC X 5 7 — 2 BEERFE O
RO BN I p -7 D LB s, HERE
fliiC B3\ T, ik 25, 40 cm/s Tl spokes 5
BINS TS, T, BWAHKELF5TET
AAT W ERTAEMICH - 7. Thidk BW
DI AL R spokes Bw/hE < LzZ &IC X
57— R WERHIEEOME, mEFHE6N
Jofcd EBbhns. HLT, W# 10cm/s T
I3 spokes $ds LU BW Z{bic kA Aa7 0%
3B ED a7z, KREOHE, BW 2K
ELLTHESMED LA, KAHZ BW
HRELLIECEICEAFEFHELOETIC
FoTRAATHERLEP-T2bD EBbN
5.
FEERDRERIZ 3o\ THR G RIT 7 5 BHE P I
B, MR EOEWHE TH D, SEIOK
TEWE 40 cm/s BZNICHIET HHD L
2 5A. X5 T, spokes LA /NS5, &
72, BWH# K& F5ZETATFVFAGES
FLREEBIEDBFAETHSLEELZLNS.
Spokes 1% /NS K § 5 ERBRFRENIER L T
LES2, BW AKEL LASE T RERRE O

40

R ATV ARG A LR SE 5T L0
WRETH -7z, Fiz, SEOKE T, AED
REREIC BV TEWAT Y FNEESHEZE S
7oOITiE, MARKEZHELIT LD S/
spokes B L 72 i BARIRIITH H &0 D
HREEL. LrL, A7V FEBEOMmMERD
MRS 78 & 2B L Tl iR & O, BW
DINFBALICHE - 7B B HEE O TIC L A
HEEE T ARSI h 57280, BB ORBEL
ICIE SO 5B DPBETH 5.

ASL #HIH L 723F&E5% MRAWICBH L T, &
51913 PCASL % 5\ v 7IC W7o dkiE R
time resolved MRA % H\»C, i A MK O
REZ8 b % 200 ms CTEZ T/ AL Tw
4. FEEE time resolved MRA, silent MRA 1%
T ASL # W 7-3E&E ¥ MRA OFETH S
2, WIEEBENEIRO MITEERLZ, %aET
UTE IC K ABHEN ATV F O IR HICH
TTCWAFETHASEEDPNS. Th b ASL
FH L 72IESE R MRA 13, ME&EKCEY
MRA %477 T W DR EE T h - 7-fEF
LT, ZNHEDOREICRDLAEEEDODH 5
BFHRLGEEFETHLEEZONS.

AOFgEd, EBRE BT 5 70BN
B OTEBR I 2 & B WIS TRET L 7. SEBRIC
BB SN LB NME IIRIE OB A 21T 572
O, BEREBROE ML & ERPEL % TRk
BH5. Ei, KPIFRICHWIEHENATV b
% closed-cell design @ Enterprise A5/ T
» Y, open-cell design ® Neuroform A5/ |
RIS ERATV FRNESHE(LT AT
ERTFHENDT2D, RIgBEHDOATV M
B4 2Bt b LETH 5.

& Ei

Silent MRA T3 IfiL 34 FE OO 3\ ST 5 1
T, spokes per segment % /N & < L, band
width Z KEL FHZ ETHENATV FAHD
BEMEiE EAL, MY LS5 ERT
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Optimization of Silent MRA Parameters for Visualizing Flow
in an Intracranial Stent

Nao TAKANOY2, Shuji SATO!, Nozomi HAMASAKI!,
Michimasa SUzUKI?, Hideo KAWASAKI!, Issei FUKUNAGA!,
Haruyoshi HosHITO!, Ryusuke IRIE2, Munetaka YAMAMOTO?3,
Hidenori O1sH134, Hajime ARAI®, Shigeki AOKI?

LDepartment of Radiological Technology, Juntendo University Hospital
3-1-3, Hongo, Bunkyo-ku, Tokyo 113-8431
Departments of 2Radiology and 3Neurosurgery, Graduate School of Medicine, Juntendo University
4Department of Neuroendovascular Therapy, School of Medicine, Juntendo University

Magnetic resonance (MR) angiography using a silent scan algorithm that contains ultrashort echo
time (UTE) combined with an arterial spin labeling (ASL) technique (Silent MRA) allows visualiza-
tion of flow in an intracranial stent. UTE is considered to minimize the phase dispersion of the labeled
blood flow signal in the voxel space and to decrease magnetic susceptibility by a stent. We examined
the most appropriate parameters for Silent MRA for visualization of flow in an intracranial stent.

We used a phantom vessel and EnterpriseTM (Johnson & Johnson Codman, Miami, FL, USA)
stent. Silent MRA parameters were: flow rate, 10, 25, 40 cm/s; spokes per segment, 192, 352, 512;
and bandwidth (BW), +15.6, 20, 31.25 kHz. We measured signal intensity, calculated the signal in-
tensity ratio of the stent part in each condition, and visually assessed images of Silent MRA.

The signal intensity of the stent part increased when the number of spokes per segment was
smaller in any flow rate conditions. The signal intensity with wide BW increased in the condition of
fast flow. Visual assessment revealed clear visualization of flow in an intracranial stent using a wide
BW and small number of spokes, parameters considered to decrease the signal loss by shortening
data acquisition time.

In this study, use of wide BW and a small number of spokes per segment increased signal intensity
and allowed clearest visualization of flow in an intracranial stent.
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