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Susceptibility-weighted imaging (SWI) i
Haacke 512 & - TIRIEIN/2H L\ MR g%
B CHWALREAL AR L /R CTh A2, B
R 5L THALFRERHA) BETH S, AT
HARGELRLTIEARL [SWI] TEBELTET
W5, SWIFHICHALRZDRIC LS TGS
WEAEERLL 7-b DO Tid7e <, MEE GBI
Mg BRI kA2 2F L CE
Bav b5 A NGRS 5. MHESERSE
BIZERE VDT, SWIIZIE 3.0 Tesla @& H
HRHTHA. S6IC3D /oYLy Fra—iE
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TG & D b BAL I BT &\ 22 R
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ToER A BRI, BEN. BEAICWT
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SWI DI L ERIKIC I 2 HFHEIC OV TR
EERCY

F—E7HRER
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KFEDOFETH) OLIBREE (AR, #E
WEED [ IERRE (ROREE) ICHEld 5.
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nance ; NMR) OEKRTH 5L, SWIDJFEH
ORI HNAL 25,

1, oL R !
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w: AR (rad/s), v: EEEH (Hz
=cycle/s)

y: \lfEREGH (Hz/T), B : BSHRE
(T)

El#E e S (gyomagnetic ratio) 13 F4%
HICEAOMET, Javoyid42.6 MHz/T
THAH. B 1.5T OB vis 1T
42.6(MHz/T) x1.5(T) =63.9 (MHz), =
FEME A w15 13 63.9% 2= (Mrad/T) &
7% (M 108) . RERIC 3.0T DILIE
B v 13 426 (MHz/T) x3.0(T) =127.8
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NMR 3IWE DR LK G OE N HAE
U5 0k @iEs B) O k541
AW B OEREFIHAT HPEETH 5. Plzid
FURFETS, o FREICk-> THEL BT
E (BTOWHN) 1Tk CTHEBERAR 5.
ZD & E DRSS DOZEAIT & 5 IS R D
EZBPMEY T THSL lw=y(B-0g), a:
ERCER]. K Tld MR spectroscopy < g5
MEEIGH I NS, & B RS ERE AR
BaEind % 2 & TGRS MmN OEH 215
720, MEEREFETS[o=yB+G), G:
AR ] BRSSERIEICEZEDITHE
DEIHIND ENTBICHALREL 5. TNPRE
{LRZNTHSH [w=uB, u: FEHEHE]. S HIC
MR E{§DO TV 5 A Ml Ti#gf=e Te &

& —")— K magnetic susceptibility, susceptibility-weighted imaging, phase image
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Vo BT RV F—BE A FIHT 5.

fi 48 & (&

WS TR 7 FVIEHIEE O 2 i
OICEEL TW 5. BAEN 27 Flid 3 kot
TH AN, xy FHEHLDO 2 RILHS (My) 2
MR E5 &L TBElcn s (Fig. 1A). ZOME

RO BRI ERS (RS (CHAld5
K@), X7 PRk ES EHAERSIC
LO0, BARFEETONY FIVOF R T
B5. HEEEETEEEL TWANRY FIVIdE
il A gl & 5 5 & 2n OB CTIRBI I 5
E5ZP [y=sin(x)] & L <35 [y=cos
x)] rLTEIFENnTESL (Fig. 1B). L
7o o TR (rad) (ZARFEE (rad/s) &R

Resulting current flow (MR signal)

X=rcost
y
773
Lt "‘\\\ X
l\‘“k . _7'/0 Q 0 /2 3n/2
------------- MXY 2 .
-2 Receiver
3n/2
A
y .
/2 /2 y=rsin ot
K
B 3n/2

Fig. 1. Transverse magnetization and phase

A : Transverse net magnetization and MR signal

A 90 degree excitation pulse tips longitudinal magnetization into the transverse plane (x—y).
The transverse net-magnetization starts to rotate at a frequency of 2n after removing the 90
degree pulse. If a receiver coil is placed along the x —y plane, the transverse net-magnetization
can be detected as an electromagnetic current voltage across a wire loop antenna, which is
represented as oscillating sine or cosine wave at frequency of 27. The resulting current flow is

converted into MR signal.
B : Phase and frequency of rotation

Phase (¢) is expressed by the simple formula, when the frequency of rotation (w) is constant (¢

represents time).
¢=wt

When w is time-variant, the phase is an integral of wt. The resulting oscillating curve on a

receiver antenna is represented as y =7 sin wt.

2008 -8 H 19 H=
PRIEE Ko
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fl (s) OB &5, 72720 THTAREELRIC
R NG ETH 5.

¢ : fAH (rad), w : AR (rad/s), t:
IRF ] (S)
BT BT Hpil 3 5 O TR biL
BT OBSEAAL & T a—IENC 3 5.

B ERL (L

HEROWBRERE (B) L% (H) WM
UFTRIENTES.

Uo : BEEBHHR
CGS BB R TiT up=17 O CTEZEFRTIIRIEK
ZE (B) =WEE (H) TH5 (uo lXHAL

X HZHTIODORE, MKS BAATHE 2n
x1077. LU P ORALROFH I T MKS B 7%
TEILT 5H). HHSOPICE PN/ WE IR
ftesns. FXTOWEPUHEAERT, #R5IC
I HINWENTICIE 2 KIS (M)
DHEESNRITOBGREICEANPEL S
(Fig. 2).

Z T T p 3B W% magnetic permeability T,
WEOWLSINAREYRT. 8BS HIC
BN BEOMHREEI I EREROWREE &
WENICHESN/BEM OfE 725,

ALK L 3RS IS I 5 WE ORI O EI &
T, BAEER c TPTRE M 2 /MRS (Fi
%) TBRL/ETH 5.

A B C
Tl w Bom
B=uoH B=uoH+M B=puoH-M

Fig. 2. Magnetic susceptibility

M: induced magnetic field

When substances are placed in a magnetic field, they themselves are always magnetized. The lo-
cal magnetization (uoH) within the substances is altered due to the indueced magnetization (M)
caused by electromagnetic interference. Magnetic susceptibility is the relative magnetic field in a
substance or tissue expressed as a fraction of the magnetic field in which it is contained.

A : When there is no substance in the static magnetic field, the main magnetic field (B) is equal
to local magnetic field (uoH).

B : Paramagnetic substances concentrate the magnetic forces, thereby increasing the local mag-
netic field.

C : Diamagnetic materials cause dispersion of the magnetic forces and slightly weaken the local
magnetic field. Because almost human tissues are diamagnetic, the local fields are slightly weak-
er than the main magnetic field applied them.
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B=ugH+rxpuH=py (1+x) H----- (7

7 MKS BAR TIEBERFRI 1+ BER
(k) L7725 (CGS B ARTIE 1+4ny). &
BORKEE L i3 P it sh
LB L OWE (ADORALE) BEEE
dimagnetism Th 5. KEMEWEIIRIIMH %D
TP EADOHALE L TEIK B2 OFE
b, EBRIZIFERE LA, TEAETN
TOEGWEP R AR, —J5, TS
DAL SN 28 (EORALE) DHE#:
YEYE paramagnetism TH 5 (HBEME O RL
M Dl 13 SR M B O BEAL D el & D
KEV)., FWETEIMIHEEERL EOH
Wit zFE L, BB EMI 5. AfN
Tik Fe2* (FAFvNEZ/IEY), Fei*
(APANEZBEY, NEVFTUY), ATV

Imaginary parts

MR signal
Im ]
M sind M
¢ Real parts
Re Mcosd
Re: Real parts

Im: Imaginary parts
M: Magnitude images
¢ : phase angle

$28% 45 (2008)

ERBDH. G b F MY E CREFIREE O
Fiffa k9.

BAERIZ L 0 RIS B b 2 £ L 5 L 3EE
R E KL [w=y@H)], fifizs
Teo THNA [wt=yWH)t]. HAZRRITE
BOZAL & Ta—KRIC AT 5. B—OWE
W T AAFRITIER TV F 5 A RS
73, voxel WICTEALER DR % Wy E D AFAE
35 &R A > 7o A AR BT B
OB FREERT 5. F— voxel ITK & fgkf
PEELTWA EXICAEL AT a—HHIC k-
T2EDMMEDPZH - 7= & ZITIEE T2
L (FIfZAH, in-phase), JO&HRICH &
XIESIIME T 45 (out-of-phase).

KRS LEMRT, BEEREREG

Fig. 1 T/RL 7= X'y Pl LD 2 R 7 v
I3 x"Eha R, v A RGNS 95 &, MR

k-space

Real data Imaginary

data

k-space

1 Fourier transformation l
images

magnitude image Phase image

M = Re? +Im? tan ¢ =Im/Re

¢=arctan [Im / Re]

¢ Magnitude images and phase

images are combined into SWI

Fig. 3. Both real and imaginary data make magnitude and phase images

MR signal contains complex numbers, which have real and imaginary components on k-space.
Both components have the same frequency as the Larmor frequency and are always 90 degrees
out of phase. Phase-sensitive detection of real and imaginary data is easy to understand as quad-
rature (rectangular) detection because of manner in which the two outputs from the two detec-
tors are combined. The amplitude and phase are extracted from the real and imaginary images
and combined into magnitude and phase images, respectively, although neither the real nor im-

aginary images are displayed.
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BEIEAEZEIC L HERS (real, RAZHERLD,
Re) LRy (imaginary, ELAAAHRS, Im)
MOWD EZEZHTENTE, BRI ELTE
T ENnTE5 (Fig. 3). THIFFERD &
BT EA AL A quadrature Bl o 4 )L &%
25 LRI, ERAEERE L THRIET
5T ERTE%. MR E G (GHE % magni-
tude image) DEFIEXTZ PO KESITH
0, HEGERITEET RS N, sREEEG
M) BLURHEE#R (¢) FUTORTET
ZLpTES (Fig. 3).

M=./Re?+1Im?

tan ¢ =Im/Re, ¢ =arctan [Im/Re]

T2*& To

90° kL /L AEHE B xy FE EOXT
Vo (Mxy) 3EL BHBEES (free induc-
tion decay ; FID) A4 %5 (Fig. 4).
FID 5513 T*WE%RT (e VY. To"EE
IR O —MIC X 4. GRE & T2
TG IRAL A IS B TH 5. —J7 SE %
Ti%, TE:i/2 BE#1C 180° L /S )L A (refo-
cusing pulse) =I5 &, LA VD
(ZADEFIER L, Zo TE/2 Bifdits (90° ik
JOVA S TE1#) I8 1 2a— (MRES)
PEOLNL. XVF IV Ta—ETIEILICH
LHEE% (TE2/2) 1T 180° K #E/ 3 )L A % MR 4

(—m/2<¢p<m/2) oo (8) 5 &, 201807/ UL AHhE TE 4, 90°/%
I— TE 2 —>f—— TE,2 TE,/2 | TE,/2 —>
0° pulse 180° pulse 180° pulse time
3 M""'.‘.{TZdecay M, (t) = M, et/T2
é L Toidecay |
D % M) =My et
3 nﬁu ............. vnvnn vnvn n nnvnv
& |2
g'_ F Free induction decay curve
g. cos ot - M, et/T2*
0 TE1/2 TE1 TE1+TE2

Fig. 4. T,* decay and T, decay

Once the 90-degree pulse is removed, the transverse magnetization precesses about the static
magnetic field at the Larmor frequency. The loss of the transverse signal over time is called free
induction decay (FID). The decay curve of the transverse magnetization is described by the equa-

tion (T2 decay) :
M,y (t) =M exp (—t/T2)

However, the observed decay rate of the transverse magnetization is generally more rapid than
true T2 decay. This actual decay and transverse relaxation time is referred to T2* decay. Various
factors such as static magnetic field inhomogeneity and chemical shift diphase spin of the trans-
verse magnetization and shorten the duration time of FID, particularly at higher field strength.
The partly dephased spin of the transverse magnetization is turned into mirror-image position
and refocused by a 180-degree RF pulse. Spin dispersion due to T2* varies depending on sur-
rounding magnetic environments and can be corrected by the refocusing RF pulses, however, T2
decay is not depends on the magnetic strength and characteristic for each tissues.
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WA G TEi+TE: (=2nd TE) #%ICHZH
DEHNKLE2 2a—nEN5S. T BEMR
BT AV -AEVHEERIC & 5628580
FHEEWRETHSH (e t/T). T*BERIT T2
REIDLELSETT S, 180 YLK /L AT
£ T, AEVIHBORSERE (TS O
¥—) I XA #E (TR [$HiET
5D, TeRET bbb AV V- AV HALE
A (B 5 2 VRO BTG &
180° XA/ IV AT HAHIETE R\

SWI DRI

SWIiZ “frAfEa” % M\ TR % 5RH
3 5. SWIid# 7% % GRE ¥ T2 s#aHHE £ Tl
<, WAL RIC L A ESHEEZBEGLL /-

raw data image space
k-space ge sp
—
Real Fourier Re€@l image >

components

ipn

maginary image

Imaginary
components

O TIE 7\, SWHZEE SR GEEEER) 12
AHERZ#H T bR 5. AL (¢) 138
5251t (4B) & TEICHHIF 5 (KX2). SWI
i3 3D GRE % CTH#fg4 5 DT, 2D GRE I
B T*WI L LT, @V 2Efils Meens
bnb. SWI OF#ITIRGEETIERL, £
BT H % (Fig. 5)V~3.
1. SRR @ET 7 ¢ )2 — (high-pass
filter) ALIRIC K AR B RS DFRZE

SWI ClHMbRDOERL T/ S AT &F
%728, HwEFBNOEROMMEILTERE—
RETHRFNET RSV, L LEBRICIEER
ICRHEB O HIC L 5D - < D & LD
SN ELET 5 (Fig. 6A). ZTD7-DRME=R%E
DA DOBERIC X A TR OMHEZE L RET 500
BBV, SRR maER T L 7 — R

(DHigh-pass filter

Magnitude
image

Fig. 5. Postprocessing procedure for SW imaging

(O High-pass filter is used to remove the low
to create corrected phase images.

pass filter components of the background field and

@ The corrected phase image is utilized for phase mask image.
® The phase mask image is used to multiply the original magnitude images to produce the SW

images (phase mask multiplication) .

@ In final stage, minimum intensity projection is done to create images with vessel contiguity.
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Fig. 6. Phase correction in the back ground using k-space high-pass filter
A : The original phase image
There is phase distortion with low spatial frequency in the background caused by inhomogeneity
of a magnetic field.

B : The corrected phase image
The phase distortion is removed.

I & D ERICE TN A EFERS S DR AHDEL
NAZRB VK< (“High-pass” =& R MRS O
A S 5o AR ICIE LA EEY S
275\ EBRICIE k 22T — 2R R R
4y a@E 7 ¢ % — (low-pass filter) ALFE % 1T
W, KBRS O A DS R T — 2 HER
T 5. Jux ONAHERT — X & & O
SACHEGRT — 2 TR, MEMHEER LS5
(Fig. 6B). 7 4 VX —Y A XAH K& T5HZ
& TR DO — M BIFIC 78 % AR O
IV EFSAFPME TS DO TEMIEY A XD
Brins (Fig. 7).

2. ML~ A 7 Hi{® (phase mask image) OfE
X

WAL EZAIC L B HHZE A RRT 572012,
DK E VTG MEE B S L D7~
27 (filter) WP ZATS. ORI~ A
7 BRI G L CRMEBHEA TS (ED
XAYZ) ' 0, BLHNTENTVSES (AD
XAY) &0, MHEOR NS 1ICT
HERT, A7 BEBIC XD BALRO R 5

5 (MR BH5) OBFOAART X4
HIENTES. HIRWHICBL TEDO~A”
ML L IFADOTAZAHOWTNE W5
PEEEOEEOFHEIC L 5. Fig. 8ITI3A
DA~ A7 B %7~ d . CONFEEZ WA
13, WALFRERZ T Tk, 5% TE 2 OG0
EREER L ZDES % 0, MY~ A
7 BRI RIS S b S T TR
aAVEFSARRELNS.
3. (L~ A7 Eifg & B E G OE I A4

it~ A7 BEf{g A mEE & (magnitude im-
age, TR &) CHEBAEHTEDLE S
(multiplication) T & T, WiLFRIZ L BAHHZE
EEZFEL/TVFTATOFHVEREERT
bH. WLV TAL AR ERBICIEE
BB DA~ A 7 EHROENT & BTN
B0, HICHTAEDbEEESLL kA LTV
SAFDETRALNADT, 4[E< HWOH
FEDLEPEBECTH S EHMESINTWAD .
4. MBI & A TEHERL

SWI DR DO — > TH HEIRFDOHHIC
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Fig. 7. The effects of the k-space filter size

C D

A : without filter, B : 16 x 16 filter, C : 48 X 48 filter, D : 64 x 64 filter.
As the matrix filter size increases, the aliasing artifacts and non-uniformities vanish ; however,

the contrast resolution slightly decreases.

Phase ¢

¢ masked
1
— >
Phase ¢
- 0 T
Negative phase mask
n<p<0 0<¢ <n
Masked phase ¢ ,,ed (o+m)/ 7 1

Fig. 8. Phase mask image creation (Negative phase mask)
The phase mask is designed to suppress those pixels that have certain phases. When the maxi-
mum phase of interest is — 7, the phase mask is designed to be (phase + ) /7 for phase <0 and to

be unity for 0 <phase <.

3, M O#REH: 2 ARIC TR T 5 0EAH D,
D WMBETHEONIHE AT A AT — X wip/h
fE# 22 (minimum intensity projection ; mIP)

P TR 2% b - 7o BRI RSB G35 .

SWIDIRIEL — T > RENTA—4

Rt —4 2 ZA12i3 3D FLASH (fast low-
angle shot) #E% A\ %. 3D 5 — X INEIC &
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WHhNns. #VRLIEE (TR) @ TEICXLS
PRI E L Ci G 2 43 % . Flip
angle (FA) (3 15°~20°f2fE & /NS HEL,

BB PMEE T bk DI (#HIkED
AV ETARBOLLESID) 5. EmOEHS
R HEL, TROWHORNE—HIZLS
T WRIC L B E RS 5. —J7C/h
X 7% voxel |Z Lk 4 partial volume effect Ji4 i1
WAL X AR LR w5, K (2)
DHHODDL LD ICHEEBREDRE VAR E
T BB kT OTRHZEL RS 75 5.

SWILICKWTd, @EHEEDOTPHALEZLE
LIC X AMHE R EHA SN 720 BT
CNR 286N, X0/ NaERL BN S

(Fig. 9).

iR (Cd D SWIDaL F SR b

SWI i MG A & & RH O LE DM
AT L. HEATEME (FFoNES
nEy) AL SN HEEMME T A FoNES
o AbIN/EIRED TV F S AFBEBR,
mIP ALF - & O # Wk O BOLD (blood-oxy-
gen level dependent) #hH% Wk L 7= FHIRGHTA
%238 5% (BOLD venography). i
3 #ifi > flowcompensation THIHEI I N T W57
O, BIRIEHE I, BRIOESE
TAMAE T FAFVNE/BE ViREY

Fig. 9. Magnitude image, phase mask image and SW images at 3.0T

A : Magnitude image (3.0T, slice thickness 1.2 mm, at the level of the basal ganglia)

B : Phase mask image (3.0T, slice thickness 1.2 mm, at the same level with A)

C:SW image (3.0T, mIPped image, slice thickness 9.6 mm, at the same level with A)

D : SWimage (3.0T, mIPped image, slice thickness 9.6 mm, at the same level of the brain stem)
E : SW image (1.5T, slice thickness 1.2 mm, at the same level with A)

SW images obtained at 3.0T can displays venous anatomy in depth such as subependymal veins
and paramedian pontine veins, with higher spatial resolution, compared with that at 1.5T.
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k4 %, 3.0T Tid SWIid mIP AAFEIC L D
EkE M7 venography 2AE 5, RBEHIRO 4
2O EEEIROFHI S WRETH B, 2L,
FHEHES 3.0T L EO @SS EE T IER ORK
EEIR RIS S h 545, 15T 28I &
%o, EEHIROM LS T4 Tk
7% <, IEW O#K mapping & L THIM I %1
WBRIEDD 5. FENO7 =) F VL AEES)
RTCEEZE L THESINS. AFICT £V
FUVMAEDD HEE, K% REKRMEES &
LCHi SN A, DB lic &7 -
UFUIEIC L BEEBS(EPROONS.
SWI Tl iBEREERIC LI SN S, 22X
(room air), Carbogen (95%02+5%CO0:2) ¥
K UMIEEFE S 512 X AR O TT 4 F v \E
U RE LI G % SWI THEGALL
TMERD HY. R G & L iR
5.2 Carbogen #5-ClIEHIRNO T 4+ NE
TRV BEME TS 52 . A NEBIOT A
el I HE L TR IR 2R IC R s 5
EDD, NEOTTHREMO A F N/
VIBE EBIRNOT A F AT DYV REE
PRENWT EBRbAS (Fig. 10).

SWI DEEER

1. #IRE I 5 & O Mg E

#HlIR 277 venous malformation 356 RAY 7 &
JRIR TR DT 2 A E L TRIENRS & L TR
L 724 O THBEICIMNEE cavernous malforma-
tion # 5095 C LB 5. BIRRICITRTE S
<, BEIREY &3 RR D BilOBE 37
WA, BRIV =Y AERLIZD, ThiC
R ZECEIREH M AR LB 5. &
PR3 T2 iR iE (R C flow void # 29 %
MERIR A 12 7552 3D T s A {5 A BV 7 v
LR CTER. SWIO mIP WETHOLN S
kGl venography [ ZFHIRE T DR HICH AT
&% 3D GRE & TisfisRm G & FREE OB WEE
HT 5 (Fig. 1D, mEE S NBMONEY
T U VEY SWI CHuc it 5. —7,
BEIRSG Y Cl3dFoNernE v b h/m
WABRMEICRICY v+ vV P3N b/cdH, SWI
T3 nidus 7 HEWEIRAEH S henw 2 &R
H%.
2. FHIRER kR

SMEFIRIFPAZEISHE O/ 7 WEB T, IR

Fig. 10. Age-related BOLD effect in SW imaging

SW image at 1.5T in 6-year-old woman (A) shows intense BOLD effect compared with that at
1.5T in 60-year old man (B). Those suggest differences of oxygenation and metabolism between
children and adults. SW imaging give us not only fine anatomical details but also metabolic infor-

mation.
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Fig. 11. SW imaging in venous malformation

This 39-year-old woman presented with recurrent migraines. She has no neurological symptom.
FSE T2-weighted image documents linear hyperintesities in the bilateral white matter;
however, any flow void is invisivle (A). SW images at 3.0T demonstrates numerous medullary
veins draining into large subependymal collecting vein with marked hypointensity (B). Those
findings represent venous malformation. SW imaging is dramatically sensitive to susceptibility
differences between the oxygenated brain tissue and intravenous deoxyhemoglobin and has the
ability equal to 3D GRE Ti-weighted imaging (C) in detecting venous malformation.

RO MR TR (BENE, RMEkEE, R
WAIE ) L, BIHIRED LA PEELE
BT 2B FRIRE P E 2 O S IRMERRZE - i
%kd. MR CTHElRILOES & Stk ofF
BICEBEL B 5O TEMINTIIBM S W7
S\ E o EIRIA AR E I R B B RE &
HOFT A2 EDB AN, FRICEREIRED |
AHEKL, FROFIRMEIZECHZELY RS &
DB 5. WIEEFHIRE MBI AT R U B
Rk - BB IR OB IR UK RE 2 FRfE 3 U,
HRHEORAEDFRHE & 72 5.

SWI Cid#EIRZEHED LRI X % RE &Ik
O R KRGS & LT+ 5. Jhix

EIEIRED EFICES 2 Ry 7% B E & IR,
BEEFIRD S - WIS L 0 X T 4 £
BB VRENPERTAILDEEZLNS
(Fig. 12)%. & HIZF IR DM i & B 4
DT, WEOPHRIICERTH 5.

3. Uiz

SWI 3 RALRZE T EH A Z &2 D, b
Hill (FEtLRTTIFoE7/BLE Y, A
FANEZTOE Y, NEVFU V) ORBICER
THAHY. ZRBIRL IV OB O I
B A2HRAEAHESNT% (Fig. 13)9.
T I8 FTVUFELNRF OB EHTH
50, BEEBAMEIC B W Ch BN iz L
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Fig. 12. SW imaging in venous stasis caused by
dural arteriovenous fistula

SWI at 1.5T demonstrates prominent tortuous
veins in the left occipito-temporal region with
marked intraluminal hyposignal, representing
elevated concentration of deoxyhemoglobin due
to venous stasis and reflux into the cortical veins
(O). This is a patient with venous reflux caused
by dural arteriovenous fistula coming from the
left external carotid artery into the left throm-
bosed transverse sinus. SWI is feasible to dem-
onstrate venous stasis without contrast media
and to suggest unsuspected sinovenous occlu-
sion and arteriovenous shunt.

(Fig. 14), #hRiBHGOZ
HINTWBD.
4. i AR 2 e

SWI Tl b R L O Eif = 7 KB L T,
GRE & T2*WI & [Ffk, 81T 1k 25 BB 7
KEBLL TN (Fig. 15A). SWI T
i3 GRE & T*WI X 0 LR A E <, 22/
SIEEEL B, LA LWEE & & IEH OBIIR
XNz, EWEIIRO MR ZHFEL, T
mi{E> ToomFam g, FLAIR & H#L, Ft#d

WCERTH% L4
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LhEpdAH. FLAIR Tk, ERTELUZ
DR OB S L < ITEBLE L /21 iiic flow
void Ak L CEfE 5 % /~d (FLAIR intra
arterial signal). L 2L, ZERTHAKIIERT
MNIBORAL KRR &, FLAIR T b it
R OREPBSBN, BESICELEWS
EDBDH. LichH - TSWI (i GRE & To*
WI) & FLAIR #fi&&bE2, ERTHK
O & ERAEFIROFHICAATH 5.

& HIZ SWI Tl BB B PAZE Ttk B oD i 32
WHEIC 8L T, RBIEIR CTh 5 FEFIRS
BEEHIROKES(EABEINEY. ThidE
WEAR MO 72 A F v NEZ7 B EVRED
KT, TAFUANEZBEVRED ERICLS
LD EEZOHNS (Fig. 15B). T OFT R
MEBFHFIK THNE, I TOFEIT 2D
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Fig. 13. SW imaging for the detection of hypertensive hemorrhages

This 80-year-old man presented with sudden-onset left hemiparesis and consciouness distur-
bance. CT showed acute hemorrhage in the right thalamus. 2D GRE T2*-weighted image show
marginal hyposignal in the peripheral zone of the acute hematoma, representing paramagnetic
deoxyhemoglobin (white arrows), and small hypointensities within the right posterior ventricu-
lar horn indicating direct penetration of the hematoma into the lateral ventricle (blue arrows).
Multiple small hypointense foci are found in the bilateral hemispheres that are invisible on FSE
T2-weighted images and CT. Those findings suggest a past history of microhemorrhages contai-
nig hemosiderin accumulation due to hypertensive arteriolosclerosis of the perforating arteries.
SW image obtained at 1.5T is able to show the marginal (white arrows) and intraventricular
(blue arrow) hyposignal predominantly as well as numerous additional microhemorrhages in the
subcortical and deep white matter, compared with that at 1.5T. SW imaging is more sensitive to
local susceptibility differences than GRE T2*-weighted imaging.

Fig. 14. SW imaging for the detection of occult contusional hemorrhages

The 15-year-old patient presented with transient consciousness disturbance immediately after
traffic accident. Neither CT, T2-weighted image nor diffusion image (not shown) demonstrates
intracranial hemorrhage or contusion. However, SW image at 3.0T (A) is able to represent a
couple of microhemorrhagic contusion with hyposignal intensities. SW imaging is more sensitive
to GRE T2*-weighted imaging (B) in detecting susceptibility difference.
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Fig. 15. SW imaging in acute cerebral ischemia

This 59-year-old man presented with sudden-onset, right hemiparesis and atrial fibrillation. MR
study was performed 100 min after onset at 3.0T. DW image (not shown) shows a small hyperin-
tense lesion located within the territory of the left lateral striate artery arising from the left mid-
dle cerebral artery (MCA). Axial SW image demonstrate prominently hypointense cortical veins
within the left MCA territory (A). Those findings are suggestive of altered oxygenation that is
relatively increased deoxyhemoglobin and decreased oxyhemoglobin in the draining veins within
the acute ischemic lesion. SW image also reveals localized hyposignal in the distal portion of the
left MCA M1 segment, representing acute thromboembolus itself including paramagnetic blood
products such as deoxyhemoglobin and intracellular methemoglobin that result in local suscep-
tibility differences (B, arrow). MR angiography and FLAIR (not shown) confirm corresponding
lack of time-of-flight (TOF) signal and intraarterial signal in the left MCA M1. SW imaging can
indicate acute occlusion of the hemispheric branches and impaired perfusion.

Fig. 16. SW imaging in multiple sclerosis (Tumefactive MS)

Characteristic demyelinating lesions in multiple sclerosis shows perivascular extension along the
path of deep medullary veins perpendicular to the ependymal lining of the lateral ventricle. A
large tumefactive demyelinating lesion is occasionally identified that is hard to differentiate from
neoplastic lesion or cerebral infarction. This 40-year-old man presented with accelerated deterio-
ration of hemiparesis of the left lower extremity. FSE T2-weighted image shows well-defined
hyperintense lesion in the deep white matter of the right frontal lobe (A). SW image at 1.5T dis-
plays lots of hypointense vessels running through the large hyperintense lesion(B). The in-
tralesional penetrating vessels are suggestive of tumefactive demyelinating lesion. He was diag-
nosed with multiple sclerosis neurologically. SW images helps us to differentiate demyelinating
lesions from the other neoplastic lesions and cerebral infarction.
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Fig. 17. SW imagining in multiple systemic atrophy

This 61-year-old woman was admitted for the evaluation of parkinsonism. FSE T2-weighted im-
age shows atrophy of the corpus striatum (the putamen and the caudate nucleus) with linear
hyperintensity symmetrically in the lateral portion of the bilateral putamen; however, no
hyposignal intensity is identified (A). SW images at 3.0T demonstrates clearly marked hyposig-
nal corresponding to the hyperintensities on FSE T2-weighted image (B). Those findings sug-
gest ferritin accumulation. SW imaging is more sensitive to magnetic susceptibility changes and
has the possibility in detecting iron-containing substances. SW imaging is a useful method to di-

agnose multiple systemic atrophy.

WAL L OEHLKRE S,
5.

S E@OBRBETH

R
L=} CI=]

SWI (3 To* o & B I (L 1B 7 % hn 2 7 i
B CRIALERZA 2 S S L /o /-7l o
VIEIANERMEL, BIOEBSREICIS VT
HRATHL. MEARICSVWTETAFYNES
OV RE YL /2 EEEMN &S M
venography Zfli 4 5. 43 mIP E{RD A
75 O FOARE RO MRHTIC & - THT = 7o i REMEAT
ICEHG 5 LB N A.

X ik

1) Haacke EM, Xu Y, Cheng YC, Reichenbach JR :
Susceptibility weighted imaging (SWI). Magn
Reson Med 2004 ; 52 : 612-618

2) Sehgal V, Delproposto Z, Haacke EM, Tong KA,
Wrycliffe N, Kido DK, Xu Y, Neelavalli J, Haddar

3)

4)

5)

6)

D, Reichenbach JR : Clinical applications of neu-
roimaging with susceptibility-weighted imaging. J
Magn Reson Imaging 2005 ; 22 : 439-450
Rauscher A, Sedlacik J, Barth M, Haacke EM,
Reichenbach JR : Nonnvasive assessment of vas-
cular architecture and function during modulated
blood oxygenation using susceptibility weighted
magnetic resonance imaging. Magn Reson Med
2005 ; 54 : 87-95

Yamada N, Imakita S, Sakuma T, Nishimura Y,
Yamada Y, Naito H, Nishimura T, Takamiya M :
Evaluation of the susceptibility effect on the phase
images of a simple gradient echo. Radiology
1990 ; 175 : 561-565

Tong KA, Ashwal S, Obenaus A, Nickerson JP,
Kido D, Haacke EM : Susceptibility-weighted MR
imaging : a review of clinical applications in chil-
dren. AJNR Am J Neuroradiol 2008 ;29 : 9-17.
Epub 2007 Oct 9

Haacke EM, DelProposto ZS, Chaturvedi S,
Sehgal V, Tenzer M, Neelavalli J, Kido D : Imag-
ing cerebral amyloid angiopathy with suscep-
tibility-weighted imaging. AJNR Am ] Neuro-
radiol 2007 ; 28 : 316-317

317



HgkREE 5528%& 4 5 (2008)

7) Tong KA, Ashwal S, Holshouser BA, Nickerson clinical correlation with hemorrhagic lesions. Ann
JP, Wall C]J, Shutter LA, Osterdock RJ, Haacke Neurol 2004 ; 56 : 36-50
EM, Kido D : Diffuse axonal injury in children :

Susceptibility-weighted Imaging (SWI) : Principles and Clinical Applications

Masahiro IpA, Hisashi YosHIZAWA, Kennichi MOTOYOSHI

Department of Radiology and Comprehensive Stroke Unit, Tokyo Metropolitan Ebara Hospital
4-5-10, Higashiyukigaya, Ota-ku, Tokyo 145-0065

Susceptibility-weighted (SW) imaging is a novel magnetic resonance (MR) imaging technique
that exploits phase shifts to maximize sensitivity to magnetic susceptibility differences between adja-
cent tissues. A high-resolution, 3-dimensional gradient-echo (GRE) sequence with a long echo-time
and 3-axis flow-compensation is used. SW imaging is dramatically superior to GRE T:*weighted
imaging in sensitivity to local susceptibility differences and in visualizing anatomical structure in fine
detail, especially at 3T. It is a powerful method for demonstrating small intracerebral veins and de-
tecting small amounts of iron accumulation in the brain, both of which are invisible on conventional

T2 or T2*-weighted imaging.
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