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1 (1A) SWI showed 
no high signal at left 
transverse sinus and 
(1B) no contrast in 
the left transverse  
sinus is seen on con-
trast enhanced MRI. 
(1C) MR venography 
showed poor visual-
ization of left dural 
sinus, it cannot 
 distinguish between 
atresia or thrombo-
sis.  
(1D) Venous phase 
of DSA confirmed  
left transverse sinus 
thrombosis as seen 
in SWI.  
(1E, F) In another case 
contrast-enhanced 
T1-weighted MRI 
showed contrast- 
enhanced right trans-
verse sinus.  
(1G) Coronal T2-
weighted MRI 
showed iso-intensity 
signal in right sinus 
and (1H) low signal 
on SWI, these two 
findings are com- 
patible with chronic 
thrombosis and 
 confirmed by (1I) 
 venous phase of 
DSA. 
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Introduction
Susceptibility-weighted imaging (SWI) 
is an MR imaging technique sensitive to 
magnetic susceptibility effects. It uses 
both magnitude and phase information 
from a high-spatial resolution three-
dimensional GRE pulse sequence [1–3]. 
While phase post processing accentuates 
the magnetic properties of different 
 substances, SWI is sensitive in detecting 
intravenous deoxygenated blood as well 
as extravascular blood products. It was 
originally referred to as high-resolution 
blood oxygen level-dependent (BOLD) 
venography [2, 4], but due to its broader 
application in detecting other diamag-
netic or paramagnetic substances includ-
ing iron, calcification, deoxygenated 
hemoglobin content etc., it is now 
referred to as SWI [1, 5]. SWI has been 
used in studies of vascular pathologies, 
trauma, arteriovenous malformation, 
tumor, multiple sclerosis, stroke, and 
other brain disease [6, 7]. The clinical 
application of SWI has been demon-
strated in both adult and pediatric popu-
lations1 [8, 9].
The principles of SWI have been exten-
sively described by Reichenbach and 
Haacke et al. [1, 10]. The sensitivity to 
susceptibility effects is maximized by 
using a long-TE high-resolution fully flow-
compensated three-dimensional GRE 
sequence with filtered phase informa-
tion in each voxel both to enhance the 
contrast in magnitude images and to 
add the susceptibility differences between 
tissues as a new source of information  
[1, 10–12]. After the imaging acquisition, 
the final processed SWI magnitude images 
are obtained after merging magnitude 
and phase images [10]. Due to combining 
both magnitude and phase information, 
the final processed SWI magnitude images 
can provide a benefit in detecting signal-
intensity changes arising from both T2 
and susceptibility differences between  
tissues. The processed SWI magnitude 
images can further generate into thick 
minIP images to demonstrate vascula-

ture, tortuous structures, and the conti-
nuity of vessels or lesions across slices. 
In processed SWI magnitude images, 
deoxyhemoglobin (deoxy-Hb), being 
paramagnetic with four unpaired elec-
trons, generates magnetic fields that 
additively combine with the external 
magnetic field [2, 13], and presents as 
an intrinsic contrast agent appearing 
hypointensity in venous structure. On 
the other hand, arteries are hyperin-
tense because of time-of-flight effects 
and lack of T2* effect [10, 14]. There-
fore, the use of SWI in distinct and simul-
taneous evaluation of the arterial and 
venous systems of brain and related  
vascular pathologies is conceivable and  
possible and the application of SWI has 
been widely expanded [7, 15, 16, 31–36].

Vascular malformations
Several types of vascular malformations 
with slow or venous flow have been 
shown to be better visualized with SWI, 
including developmental venous anom-
aly (DVA), cerebral cavernous malforma-
tion (CCM), telangiectasia and Sturge-
Weber Syndrome (SWS) [5, 6, 9]. SWI not 
only offers improved sensitivity but can 
also depict vascular structures that are 
invisible on conventional T2* GRE images.

DVA
DVA is the most common type of vascu-
lar malformation. DVA consists of radi-
ally arranged venous complexes converg-
ing to a centrally located venous trunk, 
which drains the normal brain paren-
chyma [17]. SWI can demonstrate the 
whole structure clearly and has been 
proven to provide better detection of 
venous structures than conventional T2* 
imaging. However, please note that in 
some DVA lesions with relatively higher 
blood flow, no obvious medullary veins 
of DVA may be shown on SWI [18].

CCM
CCM comprises 5%–13% of all the cen-
tral nervous system vascular malforma-
tions [19]. CCM lesions can be detected 
in routine MR imaging when they have 
calcification or have previously bled. How-
ever, if CCM lesions are intact and have 
not bled, they may be almost invisible 

except for a faint or ill-defined nonspe-
cific blush of enhancement after contrast 
administration. In addition, lack of flow-
related signal intensity makes CCM 
undetectable using conventional MR 
angiographic techniques. Because of the 
possibility of blood stagnation phenom-
enon and chronic microhemorrhages, 
CCM lesions contain deoxy-Hb or hemo-
siderin and become very dark, thus easily 
detected on SWI, especially in the case 
of tiny lesions. The high degree of SWI 
sensitivity in assigning the number of CCM 
lesions is significantly superior to that 
of T2-weighted fast spin echo and GRE 
sequences [20].

Telangiectasia
Telangiectasia is a low-flow vascular 
malformation with low signal intensity 
on SWI and is typically small, ranging 
from several millimeters to 2 cm in size 
[21]. Telangiectasia lesions are mostly 
found in the pons, but are less well 
imaged with conventional MR sequences 
[22]. They may occur sporadically or 
may be associated with syndromes (e.g., 
hereditary hemorrhagic telangiectasia) 
or may occur as a result of endothelial 
injury, such as radiation-induced vascu-
lar injury, particularly in children who 
have received cranial irradiation [9]. SWI 
is a useful adjunct to conventional MR 
imaging in diagnosing telangiectasia.

Sturge-Weber syndrome (SWS)
SWS is a neurocutaneous disorder  
characterized by cutaneous angioma, 
 glaucoma, and leptomeningeal venous 
angiomatosis. The leptomeningeal angi-
omatosis is associated with loss of nor-
mal cortical venous drainage results in 
abnormal venous drainage through the 
deep venous system, which may lead to 
progressive venous stasis and chronic 
hypoxia. The typical imaging findings 
include cerebral hemiatrophy and corti-
cal ‘tram-track’ calcification resulting 
from chronic venous ischemia. The pial 
angioma is often easily seen with con-
trast-enhanced imaging. SWI can detect 
microstructural changes in cortex and 
white matter, as well as deep venous 
collaterals in children with SWS, and 
may be useful to objectively assess 

 1 MR scanning has not been established as safe for 
imaging fetuses and infants under two years of age. 
The responsible physician must evaluate the benefit 
of the MRI examination in comparison to other 
 imaging procedures.
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microstructural abnormalities at an early 
stage of SWS when interventions have 
the best chance to prevent irreversible 
neurocognitive sequelae [23].

Vascular pathologies with 
arteriovenous shunting
As previously mentioned in this article, 
venous structure are hypointense due to 
the presence of deoxyhemoglobin and 
arteries appear hyperintense due to 
time-of-flight effects and lack of T2* 
effect in processed SWI images. There-
fore, abnormal hyperintense signal 
within the veins in processed SWI 
images may indicate the presence of 
lesion with high-flow arteriovenous 
shunting, such as arteriovenous malfor-
mation (AVM) and dural arteriovenous 
fistula (DAVF) [15, 16]. The accuracy of 
the SWI sequence in the detection of 
arteriovenous shunting can be further 
improved by performing post-contrast 
SWI studies [24].

Arteriovenous malformation 
(AVM) 
AVM is a congenital vascular malforma-
tion that results in abnormal direct  
arteriovenous shunt. Imaging studies, 
including MR and intra-arterial digital 
subtraction angiography (DSA), are 
essential to identify and define exactly 
the different vascular components 
before embarking on therapy such as 
surgery, embolization, or radiosurgery. 
The use of SWI may be beneficial in the 
visualization and delineation of very 
small AVM lesions without hemorrhages 
and may help to detect these lesions at 
an early stage prior to bleeding [25]. 
SWI is also accurate for the detection of 
arteriovenous shunting in AVM lesions 
and may offer a noninvasive alternative 
to angiography in screening for, or  
follow-up of, treated lesions [15].

Dural arteriovenous  
fistula (DAVF)
The clinical features of DAVF range from 
headache, vertigo, or tinnitus to neuro-
logic deficits or a life-threatening intra-
cranial hemorrhage [26]. However, the 
clinical and neuroradiologic diagnosis of 
DAVF may be challenging. In processed 

SWI images, abnormally increased signal 
intensity in venous structures can result 
from high flow and rapid shunting of 
oxygenated blood via fistula. Due to the 
ability of SWI to detect and delineate 
intravascular deoxygenated blood and 
venous structures, as well as prominence 
of venous vasculature due to the pro-
longed passage time of intracranial blood, 
venous engorgement, and possible 
venous congestion caused by DAVF, can 
also be identified by SWI [16, 27]. The 
use of SWI may be helpful in early diag-
nosis and prompt treatment in DAVF. 

Cerebral venous sinus 
 thrombosis
Cerebral venous sinus thrombosis (CVST) 
is an unusual condition which is difficult 
to diagnose due to its variable modes of 
onset and wide spectrum of symptoms 
and signs [28]. In the present series, the 
major female predominance, age of 
onset, frequency of various onset and 
different clinical manifestation are those 
classically reported [29]. CVST usually 
presents nonspecific lesions, including 
hemorrhage, edema or infarction. 
Because of its sensitivity to susceptibility 
effects, SWI is of additional diagnostic 
value for clot detection in CVST in con-
junction with conventional MR sequences 
and MRV, particularly in the acute phase 
of thrombosis and in cortical CVST [30]. 
Because of the ability to detect signal-
intensity changes coming from both T2 
and susceptibility differences between 
tissues, processed SWI images can dem-
onstrate not only the CVST, but also the 
extent of parenchymal edema and even 
hemorrhage that can occur after venous 
thrombosis leading to infarction. Fur-
thermore, in some cases with chronic 
CVST, SWI should be incorporated in the 
evaluation of chronic occluded dural 
sinuses which often misleads as patent 
sinuses due to the enhancement in post-
contrast images.

Stroke
Acute infarction with or without hemor-
rhage occurs due to thromboembolism, 
arterial stenosis or other entity. Acute 
thromboembolism accumulates high 
intracellular deoxy-Hb, which causes 

T2* shortening secondary to paramag-
netic susceptibility differences making 
the thromboembolism visible on SWI. 
SWI can also add information about the 
acute stroke in detecting acute hemor-
rhage and in detecting cerebral amyloid 
angiopathy (CAA) with micro- or macro-
hemorrhages. Therefore, SWI is useful  
in the assessment of acute stroke. 
The ability of SWI to detect hemorrhages 
may influence the subsequent treatment 
decision making for patients with acute 
stroke. To differentiate microbleeds and 
calcification in the infarct area, an analy-
sis of phase image may be helpful. The 
susceptibility effects due to blood clots 
and blood stasis with deoxy-Hb detected 
in SWI can help locate the intra-arterial 
thromboembolism [31]. This may be 
useful in planning various treatment 
options and in assessing the extent of 
infarct [32]. 
In addition to its usefulness in the 
assessment of acute infarct, SWI also has 
the potential to predict stroke evolution. 
SWI can provide comparable information 
on mean transit time (MTT) and is an 
alternative to perfusion-weighted imag-
ing (PWI) for the assessment of ischemic 
penumbra. The mismatch between SWI 
and diffusion-weighted imaging (DWI) 
can be a marker for ischemic penumbra 
and a predictor of stroke evolution [33]. 
The detection of deoxygenated blood 
and deep medullary veins in infarct 
region by SWI offers the possibility to 
assess tissue viability [9]. Because of the 
ability to demonstrate the abnormal visi-
bility of transcerebral or deep medullary 
veins, SWI also has potential to evaluate 
the possibility of further hemorrhagic 
transformation in acute stroke patients 
treated by intravenous thrombolysis 
[34]. Therefore, SWI may be useful to 
select acute ischemic stroke patients for 
endovascular therapy. Further investiga-
tion may validate these implications of 
SWI for acute stroke. 
There are two essences of imaging stud-
ies for acute stroke: speed and accuracy. 
Modified MR imaging including DWI,  
SWI and FLAIR, may be useful for acute 
stroke. However, the image acquisition 
may take too long for examining acute 
stroke patients due to motion from agi-
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2 (2A) DWI 
showed high 
signals at left 
basal ganglia 
area. (2B) FLAIR 
showed small 
area of infarct 
at left mid-tem-
poral cortex. 
(2C) SWI 
showed throm-
bus in left MCA. 

2A

(2D, E, F) SWI 
showed diffused 
low signals of 
left cerebral  
arterial distribu-
tion as extensive 
deoxygenated 
arteries.

(2J, K, L)  
Follow-up CT 
showed more 
infarctions with 
some hemor-
rhagic transfor-
mation.

2B 2C

2D 2E 2F

2G 2H 2I

2J 2K 2L

(2G) DSA 
showed occlu-
sion of left M-1. 
(2H) Micro-
catheter placed 
in left MCA for 
thrombolysis. 
(2I) DAS 
showed suc-
cessful recanali-
zation of left 
MCA.
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3 (3A–C) T2-weighted MRI showed diffuse 
cerebral edema, optic nerve sheath swelling 
and transtentorial herniations, however, those 
findings cannot confirm imaging evidence of 
brain death.  
(3D–F) SWI showed extensive deoxygenated 
intracranial arteries and veins it indicates no 
intracranial circulation. 

(3G) CT angiography confirmed no intracranial 

circulation as imaging evidence of brain death 

and compatible with the findings of SWI.

3A 3B 3C

3D 3E 3F

3G
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tation and mental status changes. In our 
study, by adjusting the parameters of SWI 
including phase resolution, voxel size, 
matrix size and partial Fourier, reasonable 
diagnostic quality of SWI images can be 
obtained with shorter scanning time to 
2 minutes and 14 seconds (with base 
resolution to 150  × 192 with voxel size 
of 1.5 × 1.2 × 2.0 mm and phase resolu-
tion 70%). This change can facilitate the 
application of SWI for acute stroke 
patients.
Mismatch PWI/DWI may indicate poten-
tial presence of penumbra, however, it 
cannot identify irreversible brain dam-
age from ischemic stroke. Diffused deox-
ygenated middle cerebral artery on SWI 
indicates irreversible brain tissue with 
extensive oxygen extraction from severe 
ischemia. Recanalization was achieved, 
but the patient had progressive infarc-
tion (Figs. 2G–I). When imaging, SWI 
should incorporate evaluation for throm-
bolytic therapy to avoid complication 
and reduce the use of interventions in 
patients with very poor prognosis [33–35].  

Brain death
In the case of patient with brain death, 
SWI show all intracranial vessels, includ-
ing arteries and veins, as hypointensity 
and prominent cortical and deep cere-
bral veins. This change could reflect a 
combination of increased oxygen extrac-
tion, arterial and venous stasis, and/or 
possible venous dilation secondary to 
release substances after cell death. This 
finding most likely indicates a higher 
level of intravascular deoxygenated 
blood and diffuse hypoxia-ischemia 
change due to stopped blood flow with 
blood stasis, and may correspond to 
conventional angiographic and nuclear 
medicine imaging findings [36].
This initial experience of detecting prom-
inent hypointense signals in intracranial 
arteries on SWI in patients with brain death 
may indicate absence of intracranial 
arterial circulation and thus may enable 
definitive diagnosis of brain death [36].

Trauma
Traumatic brain injury (TBI) is a major 
cause of morbidity, mortality and lost 
years of productive life throughout the 

world [37]. CT is the primary imaging 
modality for the assessment of TBI. How-
ever, TBI patients with diffuse axonal 
injury (DAI) often exhibit tiny or punctu-
ate hemorrhages in the deep subcortical 
white matter and are not routinely 
depicted by brain CT or conventional MR 
imaging sequences. SWI is 3–6 times 
more sensitive than conventional  
T2*-weighted gradient-echo (T2*GE) 
sequence in detecting DAI hemorrhages 
[38], especially for lesions in the brain-
stem [6]. Furthermore, other traumatic 
intracranial hemorrhages can also be 
shown in SWI to establish the degree of 
injury more accurately.
Fat embolism syndrome (FES) is an 
uncommon but serious complication of 
traumatic injury and is frequently diag-
nostically challenging because first assess-
ment by brain CT is usually normal. FES 
includes a triad: hypoxia, neurologic 
abnormalities, and petechial skin rashes 

[39]. In the brain, FES causes microin-
farcts, vasogenic edema, and petechiae 
[40]. Conventional MR imaging has been 
reported to effectively visualize microin-
farcts and vasogenic edema in FES in 
brain, but SWI can show diffuse micro-
hemorrhages resulting from vascular 
injury due to toxic effect of local free 
fatty acids release or microinfarctions, 
which cannot be detected by other MR 
sequences. In a case of DAI, the abnor-
mal neurological features appear imme-
diately post injury, whereas in FES neu-
rologic abnormalities appear generally 
after orthopedic intervention or hours 
after trauma [41].

Other implications for SWI
Assessment of brain tumor. The 
advances of MR imaging have provided 
diagnostic, staging, morphologic,  
metabolic and functional information of 
brain tumor. The development of SWI 

4 (4A) Non-contrast brain CT appeared normal. (4B) Axial GRE MRI showed several tiny 
microhemorrhages. (4C) Axial DWI MRI showed more microinfarctions and/or micro- 
hemorrhages. (4D) SWI showed numerous diffuse microhemorrhages resulting from  
vascular  injury due to the toxic effect of local free fatty acid release or microinfarctions. 

4A 4B

4C 4D
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improves the ability to evaluate not only 
internal vascular architecture and hem-
orrhages, but also intratumoral calcifica-
tion, which may not be detected in other 
MR sequences. These internal findings 
may be useful for diagnosis, differential 
diagnosis, and staging of brain tumors 
[42]. SWI can also be used in indentify-
ing the hemorrhagic change or telangi-
ectasia which occurs after radiation 
therapy [9]. SWI may assist to differenti-
ate primary or secondary lesions by a 
deep medullary vein inside of tumor. It 
may be an important tool to diagnose 
the type of tumor.

Assessment of  
multiple sclerosis
Although the mechanism of iron accu-
mulation in brain tissue is not yet clear, 
however, this phenomenon is observed 
in many neurodegenerative and inflam-
matory diseases, including multiple scle-

rosis (MS). Local accumulation of iron 
due to disruption of the blood-brain bar-
rier and accumulation of iron-rich mac-
rophages is found in MS brains [43].  
SWI can indicate the lesions that may not 
be seen in conventional MR sequences 
because of its sensitivity in detecting 
iron deposition. Furthermore, because 
of the ability to present cerebral venous 
architecture, SWI can show the veins 
draining the MS lesions and also can 
help to diagnose chronic cerebrospinal 
venous insufficiency (CCVSI) in MS 
patients [44, 45].

Venous hypertension
Pseudotumor cerebri (PTC), or idiopathic 
intracranial hypertension, is a syndrome 
associated with multiple clinical condi-
tions. The elevation of intracranial 
venous pressure may be a universal 
mechanism in PTC with different etiolo-
gies [46, 47]. This elevated venous pres-

sure leads to elevation in CSF and intra-
cranial pressure by resisting CSF absorp-
tion [47]. Sometimes these high pres-
sures appear to be secondary to central 
venous hypertension but more often they 
seem to be the result of lesions obstruct-
ing cerebral venous outflow. The diag-
nosis of idiopathic intracranial hyperten-
sion is essentially one of exclusion of 
known causes of raised intracranial pres-
sure [48]. CVST, in particular, must be 
excluded before idiopathic intracranial 
hypertension can be diagnosed [49]. In 
patients with the appropriate clinical 
phenotype of intracranial hypertension, 
SWI with conventional MR sequences 
can help to exclude the possibility of 
intracranial hypertension caused by CVST 
or other intracranial abnormality [7].

Hyperperfusion syndrome
Cerebral hyperperfusion syndrome 
(CHS) is characterized by ipsilateral 
headache, hypertension, seizures, and 
focal neurological deficits after carotid 
endarterectomy, carotid stenting, extra-
cranial-intracranial bypass, or other 
revascularization procedures [50]. Intra-
cranial hemorrhage will develop in up to 
40% of these patients and has 36% mor-
tality. The incidence of the syndrome 
varies, reflecting the range of mild to 
severe (intracranial hemorrhage) symp-
toms. MR imaging abnormalities include 
white-matter edema, focal infarction, 
and local or more overt hemorrhage. 
The hypersignal intensities along the 
involved cerebral hemisphere on SWI are 
suggestive of increased oxygenation and 
hyperperfusion. The possibility that SWI 
demonstrates increased oxygenated 
blood and perfusion in the areas of CHS 
may provide a rapid and convenient 
method to diagnose CHS [7]. Further 
investigation and study correlated with 
perfusion-weighted MR imaging, single-
photon emission computed tomography 
(SPECT), or positron emission tomogra-
phy (PET) are necessary to confirm the 
utility of SWI in detecting CHS.

Conclusion
The use of SWI to detect hemorrhage 
and vascular architecture has been docu-
mented and discussed in many studies. 

5 (5A) T1-weighted MRI showed low signal mass at left frontal lobe. (5B) Proton T2-
weighted MRI showed tumor with extensive edema. (5C) Contrast enhanced T1-weighted 
MRI showed a solid enhancement tumor. (5D) SWI showed medullary veins located trans-
versely through the tumor. 

5A 5B

5C 5D



MAGNETOM Flash · 2/2013 · www.siemens.com/magnetom-world   51

Neurology Clinical

SWI is useful in the improvement and 
provision of additional diagnostic infor-
mation for intracranial diseases. SWI 
may expand to many other implications 
for brain pathology. Thus SWI should  
be a routine component of MRI studies 
of all cerebral disorders.

6 (6A, B) SWI showed high signals along 
left cerebral veins. (6C) showed left jugular 
vein stenosis. (6D) Venous phase of DSA 
showed left transverse sinus thrombosis. 
(6E) Venous pressure was still very high 
 after thrombolysis and angioplasty of left 
jugular vein. (6F) showed stenosis was also 
seen at distal left jugular vein. (6G) Balloon 
angioplasty was performed. (6H) Partial 
 dilatation of left distal jugular vein.

6C 6D

6A 6B
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