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The magnetization processes around the axis of the magnetic

field at a special frequency called Lamor frequency. Larmor
precession is the precession of the magnetic moments of
protons about an external magnetic field.

®=7B,

where o is resonant frequency (angular frequency), y is
the gyromagnetic ratio and B, is the magnitude of

magnetic field

/2 /2

y =rsin ot

e phase¢ =resonant frequency @ (=yB,)* time t

Fig. 1. Larmor precession, resonant frequency and phase
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A. Within vaccum B.paramagnetism (c>0)

C.Diamagnetism (c<0)

e Positive magnetic

. Magnetic flux density =
permeability

magnetic field strength

e Negative magnetic
permeability

e Fe?*(deoxyhemoglobin), .
Fe3* (methemoglovin) ,
Gd3* (contrast media)

guite a weak effect in most
human tissues

e Actually dimagnetism works
as “non —magnetic”

Sccondary
magnetization i l

M

Fig. 2. Paramagnetism and dimagnetism

Magnetic susceptibility is the degree of secondary magnetization of a material in response to an
applied magnetic field. It is defined as the magnetic response of a substance when it is placed in
an external magnetic field.

Paramagnetism is a form of magnetism that occurs in the presence of an externally applied mag-
netic field. Paramagnetic materials are attracted to magnetic fields and hence have a positive
magnetic susceptibility.

On the other hand, diamagnetism is the property of an object which causes it to create a magnetic
field in opposition to an externally applied magnetic field, changing the magnetic dipole moment
in the direction opposing the external field. Diamagnetic materials have a quite a weak negative
magnetic permeability and are actually considered to be ‘“‘non-magnetic’”’. Diamagnetic sub-

stances include most tissue components in human.

AB=47m- (yo—xa) -Bo-1/3
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Imaginary parts

T fmeeee :

M sind Mxy

MR 51gna1

Re M cos ¢

magnitude (Mag)

Real parts

where Re is real componen, Im is component, Mag is magnitude
component and ¢ is phase angle

Fig. 3. Real component and imaginary component

Signals from magnetic resonance imaging consists of two parts, the real
and imaginary parts. The real and imaginary parts of a complex number
Mxy are respectively the first and the second elements of the ordered
pair of real numbers. The real part of a complex number Mxy is denoted
by Re and the imaginary part by Im. The real and imaginary parts are

treated as independent parameters.

LA TE 5 (Fig. 3)9. MR @ {§ (R E &
magnitude image) OFFIENT FILOKES
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tan ¢ =Im/Re,

¢=arctan[Im/Re] (—m/2<¢p<m/2)
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k-space

‘Realcomponent H Imaginary component |

l Fourier transform l

‘ Real image ‘ ‘ Imaginary image |
| |
v v
(Dmaginitude image Phase image
(T2* weighted image)

tand=Im/Re
Mag = VRe? + Im?

¢=arctan [Im / Re]

1. High pass filter (HH)
2.  Phase masking (@]

A 4
| 3. Magnicutde image * phase masked image

v

| @) Original SWI |

4. Minimum intensity projection

| @swi (mipped) |

Fig. 4. Posprocessing for making processed magnitude SW images and
minimum-intensity projection SW images

First, a high pass filter is applied to remove the low-spatial frequency
components of the background field. Second, the ‘‘phase mask’ is
designed to enhance the contrast in the original magnitude image by sup-
pressing pixels having certain phase values. Third, the phase mask can
be applied any number of times to the original magnitude image to create
a new image to optimize the contrast-to-noise ratio of the SWI image. Fi-
nally, the original SWI data are viewed by using a minimum intensity
projection (mIP) to visualize a larger coverage of the venous drainage

system.

JRABERE S BT VR —H BT LT
FICE TN ARG OLAEOELN A HLD
< HEDRD .

2) A< A7 Eif% (phase mask image) DfE
54

BALRBAIC X A HE R RIS 5 7201,

S ORE VG PEEFIC D LD~
AR (7 4 v 2 —) WIS . O
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Fig. 5. A variety of susceptibility-weighted images (SWI)
A : original magnitude image (T2*-weighted image)

B : filtered phase image (SWI phase image)

C : SWI original image
D : mIPPed SWI

In filtered phase image, anatomy of the basal ganglia shows better detail
than the mignitude image.

T, BALRIC L BMAZE DTV F T AT 23
C/caVv S ATOmEmVEgREZIERT % (Fig.
4®, Fig.5C). LIV PS5 AN /A XM
w155 IS BB OMAR~ A 7 BB O T &
HHMEITZD, 4EICHVOHITEDbERE
BThH5HEREINTVBY.
4) FMEBEEIC X B TR

SWI DR D — > Th AEIRFDOHH I
i, MEOHGH > ARICERT H50ELD
D, D/WBTHOLNLHE AT AT —2 %
% /Ml % B2 75 minimum intensity projection ;
mlP TR Z% b - 72l I R E G 5
(Fig. 4@, Fig. 5D).
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nEy) AL SN HEEMME 7 A FoANES
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graphy) (Fig. 5D). ¢7/xbbHLElkHOE 5K
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L. foi2l, BEHLI T ATHEETIRIER
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+ Tk <, E%WOHIK mapping & L TFI
M3 2IC3RME D 5. FEHNOT o) F gk
LWL R TRES & LT 5. AH
BT o U FVEROWE DD HEE, iK% &R
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HHNS.
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JOVVRENMET T 52, E/NRHIOT R
S BN L CRIR SRR ICH#I S B
EnG, NROFPMREBO A FNE/ DY
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EHOBH, 5 HEGIC L5 EEKERE
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1. #RAY & EBN O IE
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DAFERIREC 013755 3D T i & 2 F V7o
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“H9 %5 (Fig. 6)7%. &0 2MEEHOM
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I Ko TR U ZBIRERED LA 4 R L T
FEFHRY LDKE5ICHiHE 4% (Figs. 7,
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Fig. 6. Developmental venous malformation
A 45-year-old woman who had long-term dizziness.
A : T2-weighted image shows a curved linear, vascular flow void in the

right cerebellar hemisphere.

B : SWI demonstrates numerous fine well-delineated anomalous medul-
lary veins that converge into a dilated transcortical collector vein. This
forms the classic “caput medusa.” of developmental venous malforma-

tion.

C : Postcontrast 3D gradient echo T1-weighted image reveals the dilated
medullary veins and an enlarged collector vein in excellent agreement

with SWI.

“Cb\510),11).
4.l iz 1l 2 1

SWI TlR#EALRZEAL O FiffE % K L T,
GRE To*WT L [Alfk, ZEke 120 ke 28 BIE 7 (K
E5 el THlasns. SWI Tid GRE T:*
WL &0 &2 m <, D e mE .
L2 LWk & S IEF OBIR2 i H < ez
O, EFEIROMBHZEML, TEEO, T
sRFHE B FLAIR LB L, F 9 L5081 H
%. FLAIR T, ZEfeF 5 LU X ORMA O

Wi b U <UFIEAE L 7= 1y flow void 23{H 4k L
TEfg5 %79 (FLAIR intra arterial signal).
LL, EBFAKTIERTFNTOBILEDR
7\ &, FLAIR T & BLEZAL D& )R
CEN, BEFICELTZVWCERHA. L
B - T SWI (%713 GRE T:*WI) & FLAIR
DL AEGDED, ERTHEOKRE & HERET
WOFHTIZCEHTH 5.

I HIZ SWI TH EBERKEAZE I O R R
BRI —3 L T, BIHIk T 5 REFIR

175



AR 2630% 4 5 (2010)

Fig. 7. Venous thrombosis and venous hemorrhage

A 60-year old man who had severe headache lasting for 3 days. CT scan
obtained at the other hospital suggested hemorrhagic infarction in the
right cerebral hemisphere and the patient was referred to our hospital.
A : CT scanned after the hospitalization depicts inhomogeneous hyperin-
tesities surrounded by an ill-defined region of hypoattenuation in the
right cerebral hemisphere. B, SWI depicts moderately engorgement of
the venous system of the right cerebral hemisphere, suggesting venous
hypertension secondary to venous thrombosis. B : postcontrast 3D
gradient echo Ti-weighted image reveals enhancement defect in the
right transverse to sigmoid sinuses, representing venous sinus thrombo-

sis in the acute to subacute stage.

EEIROKE S PEEINS. THITERF
R I D FR ) 75 A4 F 2 NE 7 B UV RE DK
T, FAEVNEAEVREO ERICLS D
DEEZOLNSL. O RITERFIK ThN
i, MK TOREICPPDLIBETE S
75, To SR FHE 5 C MM IR 25 B3 A IE 4R
ICRARDOONEL 5. Lih->T, 729k
Y 7 B ZE IR BB IC B - T\ 7%\ misery perfu-
sion (oligemia < ischemia), ¥ 7% H HFTH
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Fig. 8. Cerebral hemorrhage complicated with dural arteriovenous fistula

A 58-year-old evaluated for disturbance of left visual field.

A : T2-weighted image shows a small vascular flow void (arrow) along the cortical lininig surrounded by a large
subcortical hemorrhage in the subacute stage and an ill-defined region of edema with hyperintensity in the right
temporoccipital region.

B : TOF MRA reveals, in addition to hemorrhage in the right tempooccipital region, dilatation of the right middle
meningeal arteries with increased TOF signal in agreement with T2-weighted image. Those findings suggest in-
traparenchymal hemorrhage from dural arteriovenous fistula (dAAVF)

C and D : SWI depicts significant engorgement of the venous system coming from the right cerebral hemisphere,
because of venous congestion secondary to dAVF.

E : Postcontrast 2D dynamic angiography demonstrates dilatation of dilatation of the right middle meningeal and
occipital arteries and shunt flow into the cortical veins and the superior sagittal sinus.
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Fig. 9. Cavernous malformation

A 72-year-old woman who evaluated for acoustic acuity disturbance. The
patient has no history of hypertension or cognitive disorder.

A : T2-weighted image does not reveal significant abnormalities except
for the several lesions only in the bilateral basal ganglia.

B : GRE T2*-weighted image identifies multiple hypointense lesions in
the deep white matter as well as the bilateral basal ganglia, more than
T2-weighted image.

C : SWI depicts multiple hypointense lesions in the bilateral basal gan-
glia, subcortial and deep whitte matter, strongly suggesting multiple
cavernous malformation. There are more lesions shown on SWI, and
they are also larger than those shown on CT and conventional MR imag-
ing sequences.

RO R REME D 5 .
5. WifEzE A

6. ZEPERE
% RRZEAFIE TIIRS M (Bt KU RREL)

MR 2 I R 72 P I i S & & /o9 2
EAME SN TS, ZOBHICIE SWI LA
E{E A HACH 5. BEIHREOHRICIE, Tk
TR DO A TRD LN DIRE, MHBERO AT
BOOLNLFEELE, HICEOFEATHS
(Fig. 11).
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Fig. 10. Subarachnoid hemorrhage in the subacute stage

A 62-year-old woman who had a severe headache lasting for 3 days.

A : CT shows no significant abnormalities in the subarachnoid space.

B : SWI displays extensive hypointensity along the subaracinoid space,
representing subarachnoid hemorrhage. MRA and DSA confirm a rup-
tured aneurysm in the right middle cerebral artey (not shown).
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Fig. 11. Multiple sclerosis

A 20-year-old man with multiple sclerosis. Several recurrence has oc-
curred for 6 years after the initial onset.

A : T2-weighted image reveals multiple demyelinating plaques with
hyperintensity in the bilateral deep white matter, particularly marked
hyperintensiry in the recenly occurred lesion in the right precentral gy-
rus subcortical white matter.

B : The SWI phase image shows the areas of increased iron content in
the demyelinating lesions, especially intense iron deposition within the
old plaque. The lesion shown in the right frontal deep white matter on
the SWI phase image (B) are barely seen on T2-weighted image (A).

Fig. 12. Multiple system atrophy with parkinsonism

A 62-year-old woman who had a history of parkinsonism for 7 years. She
was diagnosed neurologically as multiple system atrophy, especially clas-
sic “‘striatenigrodegeneration’

A : T2-weighted image show a symmetrical atrophy of the striate and ab-
normal hyperintensities along the outer margin of the putamen.

B : SWI shows an increase in the iron content in the dorsolateral part of
the putamen.
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Susceptibility-weighted Imaging (SWI) : Principle and Clinical Application

Masahiro IDA

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

Susceptibility-weighted imaging (SWI) provides a new contrast for neuroimaging. It is a fully
velocity-compensated, high resolution, 3-dimensional gradient-echo sequence that exploits both mag-
nitude and filtered-phase information. SWI uses intrinsic magnetic susceptibility differences between
a variety of tissues to create a unique contrast that is independent from that of spin density, T1, T,
and T2*. In this review, we first describe the principle and postprocessing technique for SWI, which
on a clinical basis is sensitive to the detection of iron accumulation and changes in oxygen metabolism
in the brain. We then present the clinical utility of SWI in diagnosing a series of diseases of the cen-
tral nervous system (CNS), such as venous malformation, cavernous malformation, venous conges-
tive disease, arterial occlusion, demyelinating diseases, and neurodegenerative disorders. SWI has
been noticed to provide additional useful information that is often adjunct to conventional MR imag-
ing sequences used in the evaluation of CNS disorders.
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