/—h

KHPCRZ Y » 7 f 3D-fa

SE 7% % RO 7o HE 5 i D Ik

volumetric black blood angiography @ik &

R EEDL KRIDEGQY

B R T

I2F 40 VY FS5 A4 FAEMNZ7 ) =y s

T L &I

BHZ PIHE B BIIRFEINIC 4 < 4 &N 5 IEDIR A7
B, JEBESNAI (Wallenberg) HiE B RE<0 BN
W2E7: ¥ OWBIMICHN 2, FEE < LI FHm
OFRRELTHERINTWHLD,

IMENR fREE O RE WL, BiAE, WL L 723k
I, BEEMEPSEOBIRICE T 53
M A S (SASSY-japan)?ds LU, # 5 M
ERFFEIC & 5 A A 7o B AR g > S R
F4 (SCADS-1)9(Z & A2 HEHETIS, EHIE,
BIELHIE T 5 v 7 OFEM THEEZMNICE > /-
ML, MR < 77.5%, MRI/MRA
T104%ThH Y, MKENIRFEEOTEEZWNIIE
BPLRETHELNTWA I ERBIRTSH

HY. UL, BEgIT R RERRIZ 2 7R 3
BIRMEEEOZ ML, RERFZ(LPHER SN D &

TEEBWIC I 5720, BORLRELZLE L
L, YOEREMNTRE L BEEAEETHh
5.
MRI (3IEREM T, VR LIEEBEX
T Enn, BXENIRMRED BN MEEART] R s i
HEETHS. —BEIICH OGN TV 5 time of
flight (TOF) MRA (3, BhiRMEE & REE I
WIRRED A7 U — v TECKBEE L L T
HHTHY, BHIRAFEEC S50 5 e b e i

T
A

27 4 )y SAIVZ PR AV %

EER7 I

BICHIH C &, BiEBimke & mioHE & HH
BT O & b EBEOFIMESLBIIROZEIR IR
TR TELFETH LY. MEPINEZ T
% TOF MRA & (36 BIc, mE M miee7s
WET T — 7 & MERER T3 5 FED—
|Z double inversion recovery (DIR) 733
%D~10 - DIR S & NEDE 5 & HHl L #
TR ARV S L AR e PRI <0 1t A BE OO RS AT 7 T RENS
#HEITRETBORE B & M BE OV RGN
HRZHEE LT, TOF MRA THE)IJR#HEH
Rd NI EAL I RITHEE AR & L TR
ICHWbGNA.

Z® X512 TOF MRA & DIR i3, HEBE M
JEEBNR AR (o U A P e & A REA Bl T &
LHETHAHN, W OhOMEELH 5. %
9, TOF MRA |3 #E5 K IEE B IR O B 75 0 Ji5R
DOFHMILATEETH 55, WMEDIEHDOEITHED
MARROEFIC I VEERBEYEL, BELK
ZEDRN & 70 % . DIR %X, Mmoo TEICE
7o T — X IR BAIAIREIA] O f 0 il 3% 73 B L
Wk, BV AT A ARN % FN A M
IR L CREICMEES M T v &
5, BRI 51 5 EE e BEPY MG O H
7o IMAEWNIRE O AR & i A E DD
B, IBIC, SHWRERGIC 5\\ TG O L
R & RGP ICHIR 2 D> 2 L LB

* —")— K black blood angiography, LRFA-3D TSE, sensitized flow compensation
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Z1)

—7J, MRI {Z ¥\ T volume imaging ~ O
S AREE S TR, FRCHBRT Y v A
R 2ICELSH 180° X D LK VLK 7
Uy 7AEEDRLACAEBIERE 7Y v /A
3D &# SE #: (LRFA-3DTSE: Low refocus-
ing flip angle 3D TSE) &, /4 % EFRS
VAT N, %15 RF a4 )b, BEIMAICHIR S
g, BIHNERY 2 —LT—2 BB 6N
(T H 51213,

LRFA-3DTSE #13 180°/% )L A &k D & W
WE 7OV A% D 7ze, 180° /L A% Fwv
7B EICHANFHBOR SN A AV OMHENZE 5
DT SNRAMETFT 4. LarLMEERNGEL
785G, BRI SIVAPMMEATH S T L
Z, WA KBS ARSI 5 & Tl
WiE52MH L, DIRZEORMES &L i
L 7R iE 5 OMFNRRZWET HE 0 flow
void Y WA T E AW, &/, HVZERS
AE% A L7z 3D HRRIC X D B GEiPH o SRR
HICHIR SN, i L /oI s o I BE % 40
R CREETRE/R C &0 6, SHEWNEYIRAREE 2
HNFEELIA7 ) —Z V7R EICICHRE & &
ZbNb.

P id, BIIRBIALIERZEIC 3510 5 INE BEREAT
ODEEWEVOBAY, BIXUHFEOIL—F
BAEICAMR MV RADLE AT Y =27
YA EEL 7-#fBid: & L, LRFA-3DTSE &
% A 7o HEB IR EDIR volumetric black blood
angiography ZE& %% L /2.

AFFRIL, A7V —= V7KL L CTO/EF
MIEEE R volumetric black blood angiography
HET & % BHZE N IMEDIR AR 7 & HE B R EDIRIS
EOfHRER EAHEL, 77y PABK
URS VT ¢ 7 xR black blood angiogra-
phy OHEBEIBE A 1T - 7O THE T 5.

vzl =

1. BEABEER S LU 5

MR #i& (3 Achieva 3.0 Tesla (R2.6, Philips
8L, ST quadrature head coil, R
VT 4 T HRARIZ 5\ Tt 16 chanel @ neuro
vasclar coil % i\ 7c . B HR I I 1 YR
6.35mm O F 5 — T ICEFKZ /- L AL
flit MR 7 % Bl S ERHIRIC L D%
17 - 7= (Stoeckert Shiley ##! Multiflow Roller
Pump Module) (Fig. 1). RV 7 ¢ 7Hfg
i3, YEREMEZRSORR LB LN/ 104
CP¥H - 35.5 5%, Hck 8 :2) DOHEF ML
BRA 5 & L7,
2. V=V ADKE

LRFA-3D TSE i3 3D m#E AV v T a—§:
D—FETdH % BFIPCR OV ZADE NG, FHR
H OV AD OV A RTINS & O T i R
H5.

kD 3D-FEH ALYV T o — R GRS

Fig. 1. A diagram of the flowing phantom with
roller pump

201044 A 8 H3ZH 20114F8 A 8 HGET

PIEER4E  T103-0028 HREHRREXAEMN 1-5-9 AFBMT AL v 7 AV ILIF AF ¢ VY554 FA

N7V =y 7 PRNBEE
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ZAZ 3D RV 22— L7V ADHIN & 75 %5,
LRFA-3D TSE i3 o —FRifRfE#fEO AT
TR OV A AR Y 2 — 20250 L TIREIR
IR %475 . TR OV 2D AR NE 7%
TR aIZHL 90°+a/2, o, o & 2 RRABIT 2
LD, BEFIHR OV AT EMAICTH ET
BRI T2 RERIIER 4 % pseudo steady state
L, £WETL %% TE T 75—V
VOB heavy Teifigil &7 b4 a v 5
A+ OHKEFEPIFTES L EBIT, MEOHHA
S & flow void &R A #2 2 410~18 (Fig.
2).

T I AW 57 % flow compensation
(FC) I MmO NI # G 3 % sensitized
flow compensation (SFC) # M\ %. SFC (&
1:(—2) :1 o gradient lobe % P E T 01Z
Find ek 8 FCITxf L, TR, UL A% %)
FRIC 1 2 1 OIURMERES 2 (A T 1 3 L UV
R ENCEIINE N, 2 ORREE AR T M ik
REBH I CEMET 59, Zhil &
D ALAETT RIS TR A RIS L flow void %h R
g R

IMAERERHZ HRY & L7cAKE R, ERdicRL
Ty =V AOBEIC LD, EuIiikE 5
ZhJ 23 W FF T & % black blood angiography
BETH 5.

3. BEHEHE

LRFA-3DTSE I3 K AHFPR UL 28 LU
SFCHHWACZ EDEETHY, KFFEOH
T2 5 black blood angiography v % %f 4 &

90+a/[2

L7cE, MEOEZFRBERIVOVADTY &
THABIOFCIKF LI ErRERT &
HEZHNA.

ZIT, 77V EFABLUORS VT 4 7%
%12, LRFA-3DTSE © & > K O flow
void ZHIRICOWT, IR VUV AT LU FC
FRRFEE & L THRGEE 1T - 72. Flow void %)
ROBEETiEL FEliond.

1) FRE OV A

IR OV 2/, KAE & I O 5Bk
R IHMAEEZEIHT L EhE2z LN
5. ZZTH#EA 0cm/s 7 HIRKFREMTDH
5 70cm/s ETOELI®AT 7/ FAITH
L, FIH/ OV AFH% 160775 30° % T 30°[H]
B 1Z 251k & & 72 LRFA-3DTSE #: & F I /<
)V A% 180°C—5E & L7 3DTSE & (180°
) RWRBL, Bohk7 7V FAEBREVE
BIRE B /.

2) FC B XU AF A ATl

FOE MM T 5 SFC L, RMEJTmICH
< FEIBEETT AN 55\ BUBRE RHE S5 D L In & 4T 5
72, AT A AEICH S A MO S5 R
MREFICEE /LT ERELLNS.
2T, MRV A% 30° & L /2 LRFA-
3DTSE #:i2, SFC, FC ff/n4 L (non-FC)
BENENPHL, 2 RO AT A AMICHK ¥
LN OF ARG —KIL7 — Y LA
(IDFT) &2 CEHZEL /. 2 FAD AT A A
Wi, A4 AP LA ) & SPATICH
#1% [In-plane parallel flow | 53X U A5 1 A

I

N

ay
TV T TV TV

Fig. 2. Pulse sequence diagram of LRFA-3D TSE
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TP LA F5 1) & #EE 7 [ In-plane verti-
calflow | &L, M#E% 30cm/s T—E & L
7o T 7V AERIC L AR SEMED field-of-
view (FOV) =256 mm x 256 mm, matrix ${ =
256 X 256, echo train length =16, echo space =
6.0 mm, repetition time (TR)=2000 ms, echo
time (TE)=21ms &L, FIH LV AMHOEK
T FC Opt I T - /2.
3) NI VT 4TI KBRS

100 % DRT VT 4 T hR5RIC, FRR/ OV
21 LU FC OZLIZ X % flow void #hF1C
DWTHET L7z, TR/ ZAMAIC L 5 R
i3, SFC %#ffH L /= LRFA-3DTSE & O X
OV AfAAE 160° 15 30°% T 30" AL
&, BEWEITERE R TRE AT - 7.
FCIZ & AMFHIFPR OV 2 f% 30" & L 72
LRFA-3DTSE #:1iC SFC, non-FC # Zzh £ 1
HHL, A5 AHBET 7 v T LAEBRRRK
77V AORAICK LT 2 S TiRGE
fTo/c. RIvF o 7T THAL 72 LRFA-
3DTFE O F B ST TOED THS.
FOV =160 mm X 160 mm, voxel size=0.7 mm
(Ny) x0.7mm (Nx)x1.2mm (Nz), SENSE
phase reduction=2.0, slices=50, echo train
length=120, echo space=6.0 mm, TR=2000
ms, TE =21 ms, flip angle=90°, refocusing an-
gle=30°, scan duration=2.17 min. g1/
F S AN, FREIARY 2 — AT — X TOREF
REBEIIRIMAEHRZE A ) —= v 7 HEg & L7c
728, HEHY SN OffEfR 8% 5 7% short  TE,
centric k-space order % #{R L, 10+ VEE
6 P O

L=} %

1. IR OV AF

TR OV A O IR L LRFA-3D TSE
ER LU 180 I E W HEIE & E 5K T %22
®7=. %72 LRFA-3D TSE i B\ CHIE
POV AR FICHENE BIE T A58, FHPUR
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7V A 30° Tt b &\ flow void B R %78 L
7= (Fig. 3).
2. FCEB XU RS54 2TiM

In-plane parallel flow I 3513 % SFC & non-
FCid, oz v a— FRIIBRE ) O 5K
TR, FRC SFCEm DIV ESME LR L
7=. In-plane vertical flow Ci{d SFC & non-FC
ALY 3 — PR O E SR T #7
&, SFC & non-FCIZ X AEFE FICEiZx
-7z (Fig. 4).

H AT A AFH BT 5 FC ORET IR
POV ZAICHKRFR T RIFEOER R L, in-
plane flow (Z35\» T SFC i flow void &) % 15
7o, x &y WO R N B 5 S REICR L
flow void B RO % 7R, (AT =45 2
THEFEOREREZR Lz (Fig. 5A).

3. RV T 1 THt

10 % DRT /T 0 THREO/ME, FFPOR/N
U A TFICHE flow void &R & 226, 30°
T b RiF7x flow void S BB SN/ &
72, &% AT A AJEICEB VT, in-plane paral-
lel low & in-plane vertical flow {3 SFC Tk %
&\ flow void B R #5288 7-73, in-plane verti-
cal flow (4 in-plane parallel flow & X2
TH 5 ) flow void BhFE DK % R D7z (Fig.
6).

% £

IR AR 3 I i I <0 < BREF H I & o 7z
BTg o TeRIERIC I A FRIRIER L S £ T
B, WEPEHTTW LGN L VKBTS
%20, BB IR AREE CILE T RS REICZE
b5 LR TH Y, MBEOME, BEPIM
TEOWIL, BINRIEH OMARTER % & & £ & i
RREZEIC L VAEL 5 EE2 BN TN SH22),
CNORERNELRE D255 2T, IFREN
THED R LIRAE DT E 5 MRI3H Btk
LW L. E, dEEE, B T/MKEIIRO B2
BELEH S h T, RFBIEZ YL



LRFA-3DTSE

Flow velocity 0
(cm/s)

TSE180

LRFA-3DTSE
RFA90

LRFA-3DTSE
RFA60

LRFA-3DTSE [{f
RFA30

17.5cm/s

Fig. 3. Phantom images acquired with the LRFA-3DTSE sequence and turbo spin echo (TSE)
sequence. Refocusing flip angle (RFA) of LRFA-3DTSE was varied between 90° and 30° with a
30° increment. The low-constant refocusing flip angles were more flow-void in each flow veloci-

ty.

Lc@WAZ =7 HiIC< bz, K OEM
IRET A CE A EsEENS.
SEk %%, HEFMEBNRK volumetric black
blood angiography {82 1C & % FHZ N INEI Ik
R & HEE MBI ZE DR RS ) E & IRy
FIC AR O W EWAZ U —= v 7 Ha B
{2, LRFA-3DTSE &3 HEE MBI 2 5 5 &
L 7= black blood angiography {Z it Fi 7T §E T &
L EE IR RIT- /2. SEOKR LD,
1 BIRE SV AR AICT 52 ETHL
flow void R %#HHN 5.
2. In plane flow Ti% SFC OffH, * kUMK
OFE EMAETTAERIC &35 LISk D@y
flow void R H LN 5.
Ll EOfERNBE 5N, LRFA-3DTSE 73 i jic
7t ¥ RN D BRI 6 U B e A A R

L, HRE/ OVAA, FCOMMigkls KUA
FA ZFTNKRAT L 75 5B L 7B 7.

Carr-purcell-maiboom-gill (CPMG)2%3/ —*
v AlEAE, even echo rephrasing IZ & A NN
YOWEFED R FDH, o3 a—fHRE
wfafEd A L TMEAREESEFICTHI L
LATHETd 52920, % L TR L A f
% 72 LRFA-3DTSE & O ML 5 5 1%,
ETL gi/i TRELEBEFEFTERL, WEDOH
MCHENEDBEE L es7c. ZOTEnD, K
THPCR OV A1, AU L TR CTH D,
F DKMAIE & MR O S EIC L O flow void
EMMEHESIND EF 2 BT

FC B LU AT A AH MO 5T,
SFC, non-FC i3 2z N Z N\ N DO F BRI L
7B E 5 AL R L, RFA & & 31Tk
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IN-plane parallel flow

3000

2250

1500

750 7

uopoeuqg Bujpooug-eseyd

+ No FC

IN-plane vertical flow

ot
13
QO‘

o
wﬁﬁ

81 m 151 20 251

Fig. 4. Influence of flow compensation and imaging plane (in-plane parallel flow and in-plane
vertical flow in phase encode) in signal behavior of echo train. In-plane parallel flow imaging
plane, sensitized FC sequences were more flow-void than in-plane vertical flow imaging plane,

No FC.

NOBETHREICHEY 52 HHEELNT LE 2
LNz,

SFC % in plane parallel flow {2 5\ T & W
flow void &%~ L 7=. SFC T L A
% BRIC L CRURE RS 28 3 BlIC AL NS 1
FRICARM IS KU AT A A ENTHR < FinE T
WA, GEERLY =7V AICEBWTE, y
#he 2@ K DESHIIMNS NG C L BAHET
M ANOFAUCK L FE Nl s oA 5| Sl L
o flow void B AR L7 &EF 2 b,

In-plane vertical flow IZ 35\ TE W RFA C
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{2 even echo rephrasing # 7% > Z &1 7%
<, flow void #§£ 3 in plane parallel flow & f
NEHFL /2. L2 L, IKRFA #H 5 & even
echo rephrasing 78 Af 2 L flow void &) 5 7% o
{ 7% 1 in plane parallel flow & RIEEOMEA %R
L7z. ZORKE LT, SFC OBIRMER LS
(Z & B AL HU BRI IS bk C S 28 HIIN
SRR RIS HENEG . L D72 b\ I
F OV AT X ARG BN RO T I L ORL
7 & D 55\ BUHRERESIC £ 0 BT W
ANDOWNTiE flow void ZhE B L 72 &% %



LRFA-3DTSE

3D-TOF MRA

LRFA-3DTSE

Fig. 5. Phantom images and healthy volunteers images acquired with
the LRFA-3DTSE sequence. (A) Phantom images which changed phase
direction. (B) Healthy volunteers images of 3D-TOF MRA and LRFA-
3DTSE in vertebra base of brain artery.

Flow-void effect decreased the phase encoding direction and the middle
flow of the frequency encoding direction (white dot line, arrow).

S5tn7z. L2 L, inplane flow IZ35\\CJF¥E
KA &ML R OFREICH 5 kil low
void & RAMEI L, AT A2 2 T b Al
DR ZR LIz, CORFOEZHED IS
FHTHT L9 45° L e AFIR TR C D, SFC O
NESZT A EOTERWEHKEE 2 b,
COT XD LY 45° & 7 B I
Tid, BEIHEIMERIN, BREROBETE

b Rd#k & U TR EEEANE L Shc
(Fig. 5B).

HEGPMIECENR %44 & L 7= black blood angiog-
raphy (3, ¥ Wi % #E B BE B IR 25 in plane
parallel flow &7z A5ERMI& & L, SFC %
L 72 LRFA-3D TSE i % i\ 5 C & THifi L
JCIREFHOMEREA R 2 5 TR 3% 2 L H
WRETH -7z, Fio, AT A AFMOREEF
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IN-plane parallel flow
LRFA-3DTSE with SFC

RFA30°

LRFA-3DTSE with SFC

IN-plane vertical flow

IN-plane parallel flow

Fig. 6. Healthy volunteers images acquired with the LRFA-3DTSE sequence.

(A) In-plane flow images acquired with LRFA 3D TSE used 30 degrees and 120 degrees. (B)
Images acquired with IN-plane parallel flow and IN-plane vertical flow. Each acquisition are
LRFA-3DTSE used SFC. Very-low refocusing flip angles (30°), ‘“‘sensitized "’ flow-compensa-
tion at the “in-plane flow”” imaging plane, that was more flow-voided in parallel direction of flow

and phase-encode.

Source image

AlB|c

thin minIP

thick minlP

Fig. 7. MR images of the healthy volunteer. (A) Source image by LRFA-3DTSE. (B) MR im-
age was made by thin MinIP. (C) MR image was made by thick MinIP.

[EHEIR C 4+ 4% & C %, multiplanar recon-
struction (MPR) IZ & % Wi 1h C O R FFHER
¥ LU minimum intensity projection (minIP)
I LB IAHIFIBZC L 0 BIRIFAEIC I 5 —E
ELENmMEOKRBICER EE 2 LA
(Figs. 7, 8).

LBIDOT 7/ LT, mAWHE 70 cm/
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s P DR/NIE 4 cm/s OEFE TR A Az, L
ML, EEREICEAEIRIC L0, IEEE &
IARIAGRR 232 U, RN AE S /MR 0
cm/s WL E ST L, B, RN
o I P AE Rk CIEBAE MR AL Z 5 & &1
k0, 77V ATORERNREL D HEN
MFEABESNS. TD, SEOT 7/ F



LRFA-3DTSE

Fig. 8. Images of 2 patients with vertebral basilar artery dissection. (A), MIP image of 3D-TOF
MRA. (B), LRFA-3DTSE source image. (C), LRFA-3DTSE MinIP image. (D), (E), LRFA-
3DTSE MPR images (oblique coronal). (F) LRFA-3DTSE MPR image (oblique axial).
3D-TOF MRA shows left vertebral artery occlusion. LRFA-3DTSE images demonstrate irregu-
lar fusiform dilatation of the entire intracranial right vertebral artery (solid arrows).

LBERTTCI, AR ORGE LU, e
TR & D A BVIMFEAOMIEARETH Y, I
FWIZWN BB OISR L, &\ flow void &)
Rt 5720101, T VAR, RIS
VA%, FC LA ORTF ORI NI & 2
b/, F/o, BBRaV IS AMETB U
JEEFH & Lo Z 21, HEE KB IM AR A
L, MWAZY—=Z v T hRBREL-CEICK
B, FRBENIER 5 — 7 154 A VRGN
WEgETH5H. LirLanb, ETL, TE, k-space
orderk ZERIFEIE BT L 5 flow void B EA~NDE
B3PSO EEZDLN, TOIDREIKR
flow void R AHEF L /- FHWICIE L /2
VI IATORBLAETHY, <IFay
FZ AT & 5 A& PIRZEOMEIRFTM & 7T 68 &
HHIXN 5.

& Ei

IEFFIR 7OV 2 & SFC % ff fl L 72 LRFA-
3DTSE &3, &\ flow void &5 & A7 1) —
= 7 M %F L 7z black blood angiography #
BETHY, GHROATZ V- 7Bk L L
CENIRAFRIESS, HEE IMESED IR 25 Ol PREHiM 1
BRI EREREET A LR Inc.
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Volumetric Black Blood Angiography by Low Refocusing Flip Angle 3D
Turbo Spin Echo in the Intracranial Vertebrobasilar Artery

Masanobu NAKAMURA!, Masami YONEYAMA!, Atsushi TAKEMURA?,
Takashi TABUCHI!, Junko OGURA!, Seishi SAWANO!
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Subarachnoid hemorrhage and cerebral infarction are frequently observed in intracranial ver-
tebrobasilar artery dissections. Magnetic resonance (MR) imaging is noninvasive and useful for
demonstrating characteristic features of this condition, such as the presence of intimal flap or double
lumen, and for monitoring chronological changes in lesions. Time-of-flight (TOF) MR angiography
(MRA) has been the most widely used non-contrast-enhanced angiography but offers limited visuali-
zation of both small vessels with slow flow and vascular structures with complex flow. Double inver-
sion recovery (DIR) permits assessment for the presence of cervical arterial dissection, but its per-
formance has been limited by long scan times and incomplete coverage. Recently, 3-dimensional
(3D) fast spin echo sequence with low flip refocusing (LRFA-3DTSE) has been used for volumetric
imaging and shows promise for black blood angiography. In this study, we propose a new scheme for
optimizing sequence parameters for volumetric black blood angiography in the intracranial ver-
tebrobasilar artery. We explore the sensitivity of low flip refocusing and ‘“flow compensation” to
flow. This optimal sequence can be used for 3D volumetric black blood angiography in the intracrani-
al vertebrobasilar artery. Future studies with optimized parameters will determine the clinical effica-
cy of this technique.
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