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Abstract
Introduction Susceptibility-weighted imaging (SWI) is a
novel magnetic resonance (MR) technique that exploits the
magnetic susceptibility differences of various tissues, such
as blood, iron and calcification. This pictorial review covers
many clinical conditions illustrating its usefulness.
Methods SWI consists of using both magnitude and phase
images from a high-resolution, three-dimensional fully
velocity-compensated gradient echo sequence. Phase mask
is created from the MR phase images, and multiplying these
with the magnitude images increase the conspicuity of the
smaller veins and other sources of susceptibility effects,
which is depicted using minimal intensity projection
(minIP).
Results The phase images are useful in differentiating
between diamagnetic and paramagnetic susceptibility
effects of calcium and blood, respectively. This unique
MR sequence will help in detecting occult low flow
vascular lesions, calcification and cerebral microbleed in
various pathologic conditions and aids in characterizing
tumors and degenerative diseases of the brain. This
sequence also can be used to visualize normal brain
structures with conspicuity.
Conclusion Susceptibility-weighted imaging is useful in
differentiating and characterizing diverse brain pathologies.
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Susceptibility weighted imaging

Introduction

Susceptibility-weighted imaging (SWI) is a novel magnetic
resonance (MR) technique that exploits the magnetic
susceptibility differences of various tissues, such as blood,
iron and calcification [1]. It consists of using both
magnitude and phase images from a high-resolution,
three-dimensional (3D) fully velocity-compensated gradient
echo sequence [2]. Phase mask is created from the MR
phase images, and multiplying these with the magnitude
images increases the conspicuity of the smaller veins and
other sources of susceptibility effects, which is depicted
using minimal intensity projection (minIP) [3].

The term susceptibility-weighted imaging has been used
by various authors to indicate sequences that are sensitive
to T2*gradient echo (GRE) techniques [4]; it has also been
referred to as high-resolution (HR) blood oxygen level-
dependent (BOLD) venography [1]. However, in this text,
we use SWI to refer to the use of magnitude or phase
images, or a combination of both, obtained with a 3D, fully
velocity-compensated, gradient echo sequence. This 3D
SWI can be used to visualize smaller veins and other
sources of susceptibility effects, such as hemosiderin,
ferritin and calcium.

In this article we highlight the various clinical applica-
tions of this relatively new MR technique.

Magnetic resonance imaging acquisition
and image processing

Imaging was performed using a 12-channel phased array
head coil on a 1.5 T clinical scanner (Avanto- SQ Engine;
Siemens, Erlangen, Germany). The SWI sequence param-
eters were: TR (repetition time), 48 ms; TE (echo time),
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40 ms; Flip angle, 20°; bandwidth, 80 kHz; slice thickness,
2 mm, with 56 slices in a single slab; matrix size, 512×256.
A TE of 40 ms was chosen to avoid phase aliasing, and a
flip angle of 20° was used to avoid nulling of the signal
from pial veins located within the cerebral spinal fluid
(CSF) [3]. The acquisition time was 2.58 min with the use
of iPAT factor-2.

The first step was to remove incidental phase variations
in the images due to static magnetic field inhomogeneity.
We accomplished this by means of a homodyne processing
of the phase images, which uses a low spatial frequency
phase map generated from the raw data itself. The
Hamming-filtered reconstructed phase images were then
subtracted from the original phase images using complex
division [2, 3, 5]. For paramagnetic substances, the increase
in the magnetic field leads to a positive phase (for a left-
handed MR system) relative to the surrounding parenchyma
and CSF. As a second step, we created the phase mask and
carried out unimodal signal processing. The phase mask
was then multiplied with the magnitude data to enhance the
visualization of vessels or microbleeds [2]. Finally, nine
12-mm thick minIP images were generated; these could be
used to demonstrate tortuous structures and show the
continuity of veins across slices. The entire image process-
ing was automated and the phase, magnitude and minIP
images were available on the main console.

Usefulness of SWI phase imaging

Phase changes induced by different tissues lead to good
image contrast in phase imaging. Paramagnetic substances
show positive phase shift in left-handed MR systems, such
as the Avanto system of Siemens (Erlangen, Germany).
Phase information requires no additional scan time but is an
inherent part of an MR image. Rauscher et al. found after
high pass filtering and phase unwrapping, phase images
displayed small anatomic structures that are not easily
visible on corresponding magnitude images, such as small
veins, deep nuclei with increased iron content or even white
matter, with superb contrast and resolution [6].

Calcification can be differentiated from hemorrhage based
on differences in susceptibility effects – calcium is diamag-
netic and blood products show largely paramagnetic suscep-
tibility [6–9] (Fig. 1). This makes MR comparable to
computed tomography (CT) in calcium imaging. However,
one has to be very careful in inferring magnetic properties
from visual image information since the phase patterns
associated with these lesions are not only dependent on the
susceptibility difference between tissues but also on the
geometry of the lesion [10]. MinIP and filtered phase images
of the midbrain (Fig. 2a, b) are able to clearly show
mineralization of the red nucleus and the substantia nigra.

Dentate nucleus mineralization is also best visualized in SWI
images (Fig. 2c, d). Mineralization, iron and hemorrhage in
the basal ganglia are also clearly visualized on phase images
(Fig. 2e, f, 14). This may be useful in demonstrating and
quantifying mineral deposition in various degenerative brain
diseases.

Susceptibility effects due to oxy- and deoxyhemoglobin

Hemoglobin (Hb) is the primary blood oxygen carrier and is
composed of four protein (globin) subunits. Each protein
subunit contains a heme molecule that contains an iron atom
(Fe2+) surrounded by a porphyrin ring. Oxyhemoglobin is
diamagnetic in nature, with no unpaired electrons, and
generates magnetic fields that subtract from the external
main magnetic field, whereas deoxy-Hb, being paramag-
netic with four unpaired electrons, generates magnetic
fields that additively combine with the external magnetic
field [2]. This property forms the basis for ‘BOLD’ MR
venographic imaging and can also be utilized for imaging
the hemoglobin breakdown products.

Susceptibility effects due to non-heme iron
and calcium

The major non-heme iron deposition in the human brain is
in the form of ferritin [4]. Iron accumulation increases with
age and is also observed in various neurodegenerative
diseases. Iron is paramagnetic in nature and produces strong
susceptibility effects while calcium, being diamagnetic,
shows a lower susceptibility effect than iron [7].

Both calcification and iron accumulation in chronic
hemorrhage appear as hypointense spots on T2-weighted
images and will show a susceptibility effect on T2*imaging.
It is not possible to differentiate between these two in
conventional MR sequences, and CT is usually required for
differentiation. Phase shift of the gradient echo represents an
average magnetic field of protons in a voxel, which depends
on the susceptibility of this tissues [8]. Yamada et al. showed
the phase images to be sensitive to changes in the magnetic
field caused by hematoma or calcification and that these
differences can be used for differentiating the susceptibility
among the tissues [9]. Susceptibility-weighted imaging,
with its improved sensitivity in detecting susceptibility
effects, can differentiate calcium from hemorrhage and iron
deposition with increased sensitivity, as demonstrated in
Fig. 1. Calcium is diamagnetic in nature, and the phase shift
induced by calcification is opposite to that found with
paramagnetic substances like deoxy-Hb, methemoglobin
(Met-Hb), hemosiderin and ferritin [7]. Yamada et al. also
found all basal ganglia calcifications to exhibit paramagnetic
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susceptibility and all calcifications outside the basal ganglia
to have diamagnetic susceptibility [7]. They proposed that
the paramagnetic susceptibility of basal ganglia calcifications
might be due to the increased concentration of iron with
aging. Gupta et al., in their study of 85 patients with
intracranial calcifications and chronic hemorrhages using
T2*GRE phase imaging, found the corrected gradient echo

phase images to be useful in differentiating calcifications
from chronic hemorrhages [8]

Calcification can be differentiated from the enhancing
portions of the granuloma on the phase images (Fig. 3).

However, one should be aware of the possible limi-
tations of this technique in differentiating calcium and
blood, as discussed previously.

Fig. 2 a, b SWI minIP and
phase images, respectively,
through the midbrain of a
middle-aged adult. Note the
mineralization pattern in the red
nucleus (RN), pars compacta (C)
and reticulata (R) of the
substantia nigra. c, d Similar
sequence through the dentate
nucleus of the cerebellum. e, f
Same sequences at the level of
the lentiform nucleus. Note the
differential mineralization of the
globus pallidus (thick arrow)

Fig. 1 Mineralizing micro
angiopathy in a young male
patient. a Axial 7-mm-thick non-
contrast, enhanced computed
tomography (NECT) image
showing the calcifications.
b High-resolution T2 turbo spin
echo (TSE) (TR/TE/TA=5260
ms/106 ms/3.42 min, matrix=
384×384, nex =4) demonstrating
the ‘U’-shaped cortical calcifica-
tions in the depth of the sulcus
(arrow). c–e Susceptibility-
weighted imaging (SWI) –
magnitude, phase and minimal
intensity projection (minIP)
images, respectively. The lesions
are hypointense in all the images,
suggesting diamagnetic suscepti-
bility due to calcification (see
text). Note also the detailed
cerebral venous anatomy visual-
ized in the minIP images (e)
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Blood oxygen level-dependent MR venography/small
vessel imaging

The most widely used techniques for MR angiography
(MRA) are time of flight (TOF) and phase-contrast MRA
[11], with the former being sensitive to rapidly flowing
spins and the latter representing the proton velocity map.
Time of flight methods use the inflow of fresh unsaturated
blood so that the vessels will appear bright compared with
the surrounding tissue. They are usually flow compensated,
whereas phase contrast methods are velocity-compensated.
However, these methods have limitations in terms of their
ability to visualize slow flow blood in small vessels.

Susceptibility-weighted imaging uses the paramagnetic
deoxy-Hb as an intrinsic contrast agent [1]. Deoxyhemoglobin
causes a reduction in T2* as well as a phase difference
between the vessel and its surrounding parenchyma [12–14].
The T1 and T2 properties of blood are dependent on the
oxygen saturation of the blood, hematocrit and the state of
the red blood cells (RBCs) [2]. At 1.5 T, arterial blood has a
T2* of approximately 200 ms, while 70%saturated venous
blood has T2* of 100 ms. Hence, Long TEs will help in
differentiating arteries from veins [15]. When the phase mask
is multiplied with the magnitude images, the venous data is
enhanced; when veins are not present, there is no change in
the signal. The resultant images are displayed using the

Fig. 4 Large developmental
venous anomaly of the left
cerebral hemisphere. a Axial
routine gradient echo (GRE)
sequence barely shows the
abnormality. b,c) Phase and
minIP images of SWI, respec-
tively, demonstrate the lesion
well

Fig. 3 Calcified granuloma possibly tubercular in origin. a T2-
weighted axial TSE (TR/ TE/ TA=3010 ms/81 ms/2.29 min, matrix=
384×239, nex=1) showing the hypointense lesions in the left frontal
lobe with perilesional white matter edema. b NECT confirms the
presence of calcified lesions with underlying edema. c SWI minIP
images show the lesions to be hypointense with edema highlighted
with a ‘FLAIR’ (fluid-attenuated inversion-recovery)-like contrast.

d SWI phase images show the central calcified portions of the
granuloma with diamagnetic susceptibility (hypointense) and the
peripheral ring of hyperintensity (arrow), which probably represents
paramagnetic deposits in the wall of the active granuloma. e Contrast-
enhanced (CE) fat-suppressed axial T1-weighted SE (spin-echo) images
(TR/TE/TA=776 ms/11 ms/2.05 min, matrix=256×156, nex=1)
showing the corresponding rim enhancement (arrow)
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minimum intensity projection, highlighting the signal from
veins and minimizing the signal of adjacent brain tissues
[16]. Figures 1e and 2e demonstrate the ability of SWI to
depict smaller caliber veins.

Vascular malformations

Developmental venous anomalies (venous angiomas),
telangiectasias and cavernomas are low-flow vascular
malformations that are less well imaged with conventional
MR sequences. Spin-echo sequences are sensitive for
imaging high-flow vessels, as evidenced by the flow void
phenomenon, but they have reduced sensitivity in imaging
small and low flow vessels. Magnetic resonance venography,

such as two dimensional (2D) TOF or phase-contrast MRA,
also depicts only large caliber vessels with a poor delineation
of slow-flow vessels. The signal intensity of the TOF MRA
also diminishes when the direction of blood flow is
predominantly within the imaging plane [1]. All of these
techniques are sub-optimal for malformed vessels, which
exhibit slow multidirectional flow and cause reduced and
variable enhancement. Small malformations can be missed
entirely due to partial volume effects [1].

While the T2*GRE techniques with small voxel sizes can
detect small venous structures, the magnitude and phase
information of SWI offers improved sensitivity, revealing
low-flow vascular malformations that are invisible on
conventional GRE images [1, 17]; this is depicted in
Fig. 4. In their study of ten patients, Lee et al. found SWI

Fig. 5 Multiple cavernomas. a
Axial routine GRE. b,c minIP
and phase images of SWI, re-
spectively. Note that the large
cavernomas are visualized well
by 2D GRE; however, the mul-
titude of smaller ones are
detected only by SWI

Fig. 6 Venous sinus thrombosis. a, b Axial routine 2D GRE. Left
temporal and bithalamic hemorrhage (thick arrows). Note the
prominent left vein of Labbe, which is thrombosed (thin white arrow).
c minIP- SWI showing the bithalamic bleed much more clearly. d)
Axial phase image at the temporal region showing the thrombosed left
vein of Labbe (thin white arrow) and the normal right vein of Labbe

(thin black arrow) which are in opposite phases. Note also the left
temporal hemorrhage (thick arrow). e Axial phase image at the
thalamic level showing the thrombosed internal cerebral veins (thin
white arrow) and the patent great vein of Galen (thin black arrow),
which are also in opposite phases. f CE MR venography (V) showing
the non-opacified internal cerebral veins
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to be the ideal technique for screening patients with a high
clinical suspicion of low-flow vascular malformations [17].
Reichenbach et al. also reported a similar result for
developmental venous anomalies [18].

With the help of SWI, more cavernomas are identified
that otherwise would not be visualized with conventional
T2* techniques, as seen in Fig. 5. The visualization of more
lesions may have clinical implications when surgical
removal of the lesions for seizure control is being
considered. Essig et al. showed SWI to be superior to
conventional TOF MR angiography in detecting small
arteriovenous malformations [19].

Venous thrombosis

Susceptibility-weighted imaging with both phase and
magnitude information facilitates the detection of cortical
venous thrombosis which are otherwise difficult to detect in
conventional spin-echo T2 images. Lin et al. showed the
differentiation of small patent venous structures originating
from thrombosis using sequential pre- and post-contrast
SWI and the phase pattern in SWI phase images [20].
Figure 6 demonstrates the usefulness of phase images in

identifying thrombosed cerebral veins, especially the
cortical veins and those of the deep system.

Brain tumors

Various imaging characteristics that have been suggested to
be predictors of glioma grade in humans, including
heterogeneity, contrast enhancement, mass effect, cyst
formation or necrosis, metabolic activity and cerebral blood
volume [21, 22]. In human glioma cells, the levels of
ferritin and transferrin receptors detected during immuno-
histochemical analysis have been shown to correlate with
tumor grade [23]. Bagley et al. found T2*-weighted GRE
MR images to be valuable in the preoperative grading of
gliomas due to the increased susceptibility artifacts caused
by hemorrhages [24]. Seghal et al. found SWI to be
equivalent to T1 contrast-enhanced (CE) images in the
majority of cases studied and, in a few cases, to visualize
the lesions better than T1 CE images [25]. These
researchers also found an increased sensitivity of non-
contrast SWI relative to non-contrast spin echo sequences.
Christoforidis et al. have observed that the identification of
microvascuarity in glioblastoma multiforme is facilitated

Fig. 7 Primary central nervous
system (CNS) lymphoma. a CE
fat-suppressed axial T1-weighted
images. Note the intensely
enhanced splenial lesion. b Axial
FLAIR. c minIP SWI, showing
areas of hemorrhage and
perilesiona edema well

Fig. 8 Glioblastoma multifor-
mae. a CE fat-suppressed axial
T1-weighted images showing
the necrotic heterogeneously
enhancing mass in the right
frontal lobe. b Axial 2D GRE. c
minIP SWI. Note that the tumor
neovascularity and hemorrhages
are better shown in SWI
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due to the high resolution on the T2*GRE image in 8T MR
[26]. Susceptibility-weighted imaging also provides
FLAIR-like contrast because the CSF is suppressed while
edema is enhanced relative to the normal tissue [3]. This
unique contrast combination of T2* effects and edema
within a single image allows for improved detection of
space-occupying lesions, as shown in Fig. 7.

Susceptibility-weighted imaging is better able to define the
internal architecture of the lesion in comparison to conven-
tional MR sequences as well as to CE T1-weighted images
[3]. Figure 8 illustrates the hemoglobin breakdown products
within the tumor not detected in conventional images.

Hemorrhage can mimic neoplastic venous vasculature in
a tumor due to the similar paramagnetic susceptibility effect

produced by both. However, hemorrhage can be distin-
guished from veins if SWI is used both before and after the
administration of the contrast agent [20]. Blood vessels
change their signal intensity, but regions of inactive
hemorrhage do not.

Phase images of SWI are needed to differentiate tumor
vasculature from calcifications since both show hypointen-
sity on minIP images. Calcium, being diamagnetic, shows
negative phase (in left-hand MR systems) and is thereby
hypointense in phase images. Tumor vasculature due to the
presence of increased deoxy-Hb shows a paramagnetic
effect with a resultant positive phase on phase SWI images,
as demonstrated in Fig. 9.

Susceptibility-weighted imaging can also differentiate
intraaxial tumors from extraaxial tumors by demonstrating
the shift of vessels around the mass, as seen in Fig. 10. SWI

Fig. 9 Right frontal oligoden-
droglioma. a NECT. Note the
calcified cortical based lesion
(thick arrow). b Axial 2D GRE
showing the calcification (thick
arrow). c SWI minIP showing
the calcification (thick arrow)
and the peripheral vessel (thin
arrow), both of which are
hypointense. d CE fat-
suppressed axial T1-weighted
image showing the enhancing
peripheral vein (thin arrow).
e SWI – phase showing the
calcification (thick arrow) and
the deoxy-Hb in the peripheral
vein (thin arrow) showing
opposite phase information;
consequently, the two will be
differentiated

Fig. 11 Right acoustic schwannoma. a Axial 2D GRE, b SWI minIP.
Both show the microhemorrhages within the tumor, but SWI shows them
better. Note also the widened right internal auditory meatus (arrow)

Fig. 10 Interhemispheric epidermoid. a Axial 2D GRE, b SWI minIP.
SWI provides more information as the left thalamostriate and the
septal veins (thin arrow) are being shifted laterally by the mass
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can also be used to differentiate acoustic schwanommas
from cerebellopontine angle meningiomas with the
improved detection of microhemorrhages within schwa-
nommas, which are not observed in the meningiomas [27]
(Fig. 11).

Trauma

About 10% of the CT-proven hematomas show no trace of
hemosiderin on routine spin-echo MRI [28]. Diffuse axonal

injury (DAI), a form of traumatic brain injury, is caused by
shearing stress, primarily in the white matter [29]. The
extent of axonal injury has been correlated with poor
outcome [30]. Magnetic resonance imaging is more
effective than CT in detecting and classifying injury
patterns in DAI when hemorrhagic or non-hemorrhagic
[31]. The presence of hemorrhage within the DAI indicates
a poor prognosis when compared to lesions without
hemorrhage [32]. T2*GRE images enable a better detection
of the hemorrhage than conventional MRI techniques [33].
However, recent studies have demonstrated that SWI is

Fig. 13 Left basal ganglia acute
infarct. a Diffusion-weighted
axial image showing the hyper-
intense acute infarct. b ADC
map showing restricted diffu-
sion. c TOF MRA showing
occlusion of the left middle
cerebral artery. d SWI minIP
showing the early detection of
microhemorrhages within the
infarct (d, arrow), which is not
shown by a CT taken at the
same time (e)

Fig. 12 Traumatic brain injury
a Axial 2D GRE, b SWI minIP.
Multiple microbleeds at the
gray- white junction (arrow)
suggest diffuse axonal injury
(DAI). Note also the evidence of
right frontal hematoma (thick
arrow)
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more sensitive than GRE imaging for detecting suspected
DAI [34]. Figure 12 demonstrates the utility of SWI in
detecting punctuate hemorrhages in a patient with a history
of trauma and altered sensorium.

Stroke

Acute infarct with or without hemorrhage occurs due to
thromboembolism or atherosclerotic stenosis. Susceptibility-
weighted imaging is exquisitely sensitive in detecting the
presence or absence of hemorrhage within an infarct [35]
(Fig. 13). Thromboembolism can also change susceptibility
by decreasing arterial flow, thus increasing the amount of
deoxy-Hb [36].

The demonstration of bleed within the infarct may
influence the subsequent treatment decisions. However, it
is not clear at present whether detecting microbleeds within
infarcts, which are not picked up by CT, will alter the
management.

Cerebral microbleeds (CMB)

Cerebral microbleeds (CMB) are observed in various
conditions, such as chronic systemic hypertension [37],
cerebral amyloid angiopathy [38], cerebral autosomal
dominant arteriopathy with subcortical infarcts and
leukoencephalopathy (CADASIL) [39, 40 ], and in cases
of cerebral vasculitis [41]. Computed tomography and
conventional MR techniques usually fail to identify the
cerebral microbleeds, which are, in contrast, well visualized
in gradient T2*-weighted images [42]. Three-dimensional
SWI, with its higher sensitivity, identifies numerous micro-
bleeds (Figs. 14, 15) unidentified on routine gradient images.

Lesnik et al. found cerebral microbleeds in 31% of the
symptomatic CADASIL mutation carriers, and they also
identified that vascular risk factors, such as hypertension,
do not account for the microbleeds [39]. Figure 15

Martin et al., in their study of 16 symptomatic patients
with CADASIL, found a high frequency of microbleeds in
CADASIL patients and showed cerebral microbleeds and
T2-hyperintense ischemic lesions to be independent
manifestations of the underlying angiopathy [40].

Subarachnoid hemorrhage and pial siderosis

Susceptibility-weighted imaging can demonstrate subacute
and chronic subarachnoid hemorrhage, which are usually
difficult to be identified with CT and/or conventional MR
sequences. Susceptibility-weighted imaging reveals the pial
staining of hemosiderrin and ferritin in chronic subarachnoid
hemorrhage (SAH) not demonstrated even with FLAIR
images, as shown in Fig. 16.

Neurodegenerative diseases

Increased iron deposition is found in Parkinson’s disease,
Huntington’s disease, Alzheimer’s disease, multiple sclerosis,
amyotropic lateral sclerosis and pantothenate kinase-
associated neurodegeneration (PKAN) [43–46]. The capabil-
ity to measure the amount of non-heme iron in the brain will
facilitate a better understanding of the disease progression
and will also help in predicting the treatment outcome.

Fig. 15 CADASIL Syndrome. a, b Axial FLAIR. Note the extensive
white matter hyperintensity, most characteristically visible in the
temporal white matter (arrow). c, d 2D GRE (c) and SWI minIP (d)
showing the distribution of hemorrhages

Fig. 14 Hypertensive bleed a Axial 2D GRE, b SWI minIP. Note the
multiple microbleeds at the characteristic locations
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Minerals such as calcium (diamagnetic) and iron (paramag-
netic) exert different degrees of susceptibility effects, thereby
enabling SWI to be a more sensitive means of detecting
mineral deposits (Fig. 17). Filtered phase images have been
shown to be useful for observing the increased iron content
in the brain [47]. However, in any one patient, it will be
difficult to differentiate between normal and abnormal
mineralization. Haacke et al. recently determined the
baseline phase behavior patterns due to mineralization in
various brain regions on SWI [48]. Further research is
needed to determine its usefulness in differentiating
between normal and abnormal mineral deposition in the
human brain.

Multiple sclerosis

Multiple sclerosis is usually studied with FLAIR and CE
T1 imaging. Susceptibility-weighted imaging can show the
perivenular distribution of the demyelinating lesions [49].
Chronic lesions may show evidence of iron deposition
within them, which may be better picked up by SWI than
by conventional GRE.

High-resolution MR BOLD venography using T1-
reducing contrast agent

Lin et al. [19] found a 26% reduction in data acquisition
time while both maintaining the visibility of cerebral
venous vessels and reducing the susceptibility artifacts with
the use of T1-reducing contrast agent with the SWI. The TE
can be reduced from 40 to 25 ms and the TR can be
reduced from 57 to 42 ms, thus allowing for an overall time
reduction in acquisitions. Reducing the TE minimizes the
susceptibility artifacts induced by air-tissue interfaces; this
reduction in TR decreases the overall time of acquisition.

High-field SWI

Reichenbach et al. observed an improved resolution and
delineation of smaller vessels using high-field 3T MRI
instead of low-field MRI [50]. The TE can also be reduced
with high field strengths. A higher field strength has the
advantage of obtaining images of superior spatial resolu-
tion in anatomical venous networks or pathological
lesions, such as microbleeds and mineralization, compared
to the 1.5T system. However, it is also important to
recognize the potential artifacts on SWI at high field
strengths due to their higher sensitivity to susceptibility
effects. This disadvantage can be offset with optimized
protocols; as such, high-field SWI appears to be the future –
at least in brain imaging.

Conclusion

Susceptibility-weighted imaging appears to be a promising
MR imaging sequence for delineating cerebral microvascu-
lature and detecting foci of micro- and macrohemorrhages
and low-flow vascular malformations. It also facilitates the
characterization of cerebral tumors and degenerative cerebral

Fig. 16 Subacute subarachnoid
hemorrhage. a, b SWI minIP
showing the extensive suscepti-
bility effects along the
subarachnoid spaces and pial
siderosis. c TOF MRA showing
left middle cerebral artery
bifurcation aneurysm which had
ruptured

Fig. 17 Degenerative brain disease. SWI minIP (a) and phase images
(b) showing the mineralization along the motor cortex (arrows)
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diseases as well as the differentiation between calcification
and bleed in the brain.
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