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Additional Value of Susceptibility Weighted Imaging in
the Evaluation of Acute Ischemic Stroke Patients
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ABSTRACT Objective: The aim of our study was to prove suscep- OZET Amag: Bu ¢alismadaki amacimiz, duyarlilik agirlikli gériintii-
tibility weighted imaging (SWI) as a useful adjunct to routine mag-  leme (DAG)’nin akut iskemik inmeli hastalarin degerlendirilmesinde
netic resonance imaging (MRI) in the evaluation of acute ischemic  rutin manyetik rezonans goriintiileme (MRG)’ye ilave fayda saglayan
stroke patients. Material and Methods: We performed a prospective  bir yontem oldugunu kanitlamaktir. Gere¢ ve Yontemler: Prospektif
study of 65 patients presenting with acute ischemic stroke in whom  6zellikteki ¢alismamizda akut iskemik inme ile prezante olan ve tani-
the diagnoses were based on clinical findings and diffusion weighted  lar1 klinik bulgular ve diffiizyon agirlikli goriintiileme (DifAG)’ye da-
imaging (DWI). All patients were referred to computed tomography  yanan 65 hastay1 inceledik. Tiim hastalar inme baglangicini takip eden
(CT) and complete brain MRI examinations within 24 hours of stroke 24 saat igerisinde beyin bilgisayarli tomografi (BT) ve beyin MRG’ye
onset. Results: SWI was able to detect hemorrhage in 12 out of 65 pa-  gonderildi. Bulgular: DAG ile 65 hastanin 12 tanesinde (%18) daha
tients (18%) as either macrohemorrhages or petechial microhemor-  sonra BT veya rutin MRG sekanslarinda goriilemeyen makrohemoraji
rhagic forms which were later not seen on CT or routine MRI  veya petesial mikrohemoraji formundaki kanamalar1 saptamay1 basar-
sequences. Out of these 12 patients, 6 (50%) showed macrohemor-  dik. Bu 12 hastanin 6 tanesi (%50) makrohemoraji ve kalan 6 tanesi ise
rhages and the remaining 6 (50%) had petechial microhemorrhages.  (%50) petesial mikrohemorajiye sahipti. DAG, diger goriintiileme mo-
SWI was able to detect all microhemorrhages (100%) which other-  daliteleri ile saptanmasi miimkiin olmayacak tiim mikrohemorajileri
wise would not be picked up by other imaging modalities. A promi-  (%100) saptama yetenegi gosterdi. Belirgin damar isareti, 65 hastanin
nent vessel sign was detected in 53 out of 65 (82%) patients in the 53 (%82)’linde akut iskemik beyin boélgesi yakininda gosterildi. Has-
vicinity of the acute ischemic brain territory. Hyperdense artery sign  talarm 31 (%48)’inde BT de hiperdens arter isareti ve 21 (%32)’inde
on CT in 31 (48%) patients and hyperintense artery sign on fluid at-  “fluid attenuated inversion recovery (FLAIR)” sekansinda hiperintens
tenuated inversion recovery (FLAIR) sequence in 21 (32%) patients  arter isareti saptandi. Bununla birlikte, DAG sekansinda 65 hastanin 55
were present. However, on SWI sequences, susceptible vessel sign  tanesinde (%85) farkli major intrakraniyal arter lokasyonlarinda du-
(SVS) was present in 55 out of 65 (85%) patients with different major  yarlilik damar isareti mevcuttu. Sonu¢: DAG’nin akut iskemik inmeli
intracranial artery locations. Conclusion: SWI has been proven to  hastalarin degerlendirilmesinde, diger gorintiileme modaliteleri ile sap-
provide invaluable additive information which otherwise would not  tanmast miimkiin olamayacak ¢ok degerli ilave bilgilerin elde edilme-
be able to be picked up by other imaging modalities in the evaluation  sini saglayan bir yontem oldugu kanitlanmistir.
of acute ischemic stroke pa tients.
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susceptibility weighted imaging

Susceptibility weighted imaging (SWI) is a rel- structures. Magnetic susceptibility can be defined as
atively new magnetic resonance imaging (MRI) se- the magnetic response of a substance when it is
quence providing information about any substance placed in an external magnetic field. These magnetic
that has a different susceptibility than its surrounding susceptibility changes can be induced by different
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substances including deoxyhemoglobin, hemosiderin,
iron and calcium.! SWI is based on a three dimen-
sional (3D), high resolution, long TE (time to echo),
fully velocity compensated gradient echo (GE) imag-
ing technique and has superiority to T2* GE se-
quences. Because, it uses both magnitude and phase
information and by combining these data an en-
hanced contrast magnitude image (i.e. SWI processed
image) is produced that is especially sensitive to hem-
orrhage, iron, calcium and slow venous blood.” Fur-
thermore, these data are also reconstructed with a
minimum intensity projection algorithm (minlIP)
using thin slices that enables visualization of small
veins while suppressing the signal from the normal
brain parenchyma. Deoxyhemoglobin is a paramag-
netic substance which is used as an intrinsic contrast
agent by SWI. It causes a reduction of T2* and leads
to a phase difference between the vessel and its sur-
rounding parenchyma.® The SWI has been found to
be helpful in the imaging of acute ischemic stroke pa-
tients and some authors have even postulated that it
can also predict outcome in these patients. In this
study, we would like to emphasize the utility of SWI
sequence in acute ischemic stroke patients in many
aspects. First of all, it is very sensitive to even pe-
techial microhemorrhages which can easily missed
by computed tomography (CT). As we know, it is an
initial crucial step to discriminate an infarcted area as
hemorrhagic versus non-hemorrhagic. On the other
hand, these cerebral microbleeds can be a clue of a
possible development of later hemorrhagic transfor-
mation. Secondly, by performing this sequence, we
can demonstrate visualization of draining veins
within the areas of impaired brain regions and this
represents ischemic penumbra in a different way from
the Perfusion weighted imaging (PWI). Nevertheless,
this motivates us to perform PWI in order to evaluate
potential vascular reserve. Thirdly, susceptibility
vessel sign (SVS) is an important finding in terms
of revealing the presence of intra-arterial thrombus
and its location can help us to evaluate the extent of
infarct region and to decide treatment strategies.
Based on that, in this article, by demonstrating SVS
on SWI sequence in most of the acute ischemic
stroke patients, we can obtain useful information in
the management of these patients. Besides, we aimed
to prove this finding as far superior to hyperintense
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vessel sign on fluid attenuated inversion recovery
(FLAIR) and hyperdens artery sign on CT. Therefore,
in this prospective study, we tried to reveal additional
information by using SWI in the imaging evaluation
of acute ischemic stroke patients. For this purpose,
we investigated the presence of macro- and microhe-
morrhages, prominent veins in the effected ischemic
brain region and SVS in major intracranial arteries
on this sequence. We also sought hyperdense artery
sign on CT and hyperintense artery sign on FLAIR
images in these patients and evaluated the CT and
conventional MRI sequences for detection of hemor-
rhages.

I MATERIAL AND METHODS

A consecutive group of 65 patients were included in
our prospective study beetween January 2015 and
April 2017. This study was approved by Instutitional
Research Ethics Committee of Sisli Hamidiye Etfal
Training and Research Hospital Ethics Committee
(28/11/2017, No: 874) and informed consents were
obtained from all patients. The study was performed
according to Helsinki Declaration principles. Our pa-
tient cohort consisted of 30 women (46%) and 35
men (54%) and their mean age was 67.69+15.6 years
(range 26-92 years).

All 65 consecutive patients included in this study
were admitted to our hospital with clinical symptoms
of acute stroke and following careful neurological
evaluation, they were referred to diffusion weighted
imaging (DWI) within 24 hours from the onset of
symptoms. Based on clinical and DWI findings, these
patients with acute ischemic stroke also underwent
computed tomography (CT) and routine brain MRI,
including SWI sequence for further comprehensive
evaluation in less than a 3-day period. All CT and MR
images were interpreted by the consensus of three
neuroradiologists who were blinded to the clinical
findings of the patients. All images in our study were
obtained using a 12-channel phased array head coil on
a 1.5 tesla clinical scanner (Avanto-SQ Engine,
Siemens, Erlangen, Germany). The SWI sequence pa-
rameters are as follows: TR (repetion time), 49 ms;
TE (echo time), 40 ms; NEX (Number of excitations),
1; Flip angle (FA), 15°; bandwidth, 80 kHz; slice
thickness, 4 mm; Gap, 0.8; matrix size, 256 X 142. A
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TE of 40 ms was chosen to avoid phase aliasing and
a flip angle of 15° was used to avoid nulling of the sig-
nal from pial veins located within the cerebral spinal
fluid (CSF). The acquisition time was 1.36 min. with
the use of iPAT factor-3. After post-processing, 9 to
12 mm. thick minIP slabs were generated.

Hemorrhage in acute stroke patients were cate-
gorized into macrohemorrhage and petechial micro-
hemorrhage based on the infarct size on DWI. Where
the hemorrhage was more than 50% of the restricted
diffusion area on DWI, it was considered as macro-
hemorrhage, and was otherwise classified as pe-
techial microhemorrhage. On CT images and routine
MRI sequences, whether macro- or microhemor-
rhages present in the brain parenchyma were investi-
gated. Additionally, hyperdense artery sign on CT and
hyperintense artery sign on FLAIR images were
sought. Then, SWI was carefully scrutinized for the
detection of macro- or microhemorrhages, presence
of cortical or intramedullary veins in the vicinity of
the infarct region and investigation of SVS in the ter-
ritory of major intracranial arteries. We then com-
pared the findings obtained with CT and routine MRI
sequences to the SWI findings of acute ischemic

stroke patients and investigated the potential benefits
of SWI sequence in these patients.

RESULTS

All 65 patients had restricted diffusion on DWI.
Among these patients, 53 (82%) had no hemorrhage
on CT, conventional MRI and SWI. In the remaining
12 (18%) patients, CT images revealed macrohemor-
rhage in 6 and conventional MRI sequences in 6 pa-
tients. SWI was able to detect hemorrhage in all of the
12 patients which ultimately were not detected by the
former studies. Of the 12 patients with hemorrhage, 6
(50%) patients showed macrohemorrhage and 6 (50%)
patients had petechial microhemorrhage. The SWI de-
tected all petechial microhemorrhages (100%) which
were not detected by the other imaging modalities
(Figure 1). This finding is important in terms of differ-
entiating hemorrhagic versus non-hemorrhagic stroke
which have completely different treatment strategies.
Also, being able to show the presence of petechial mi-
crohemorrhages only on SWI sequence carries a cru-
cial importance. It represents increased microvascular
vulnerability and alerts us to develop a potential hem-
orrhagic transformation in the later period.

FIGURE 1: A 92-year-old woman having a right MCA
acute infarct.

a) CT image shows hypodense acute infarct in the tem
poral lobe without any hemorrhage; b) Axial T1 weighted
MR image also demonstrates right widespread hypoin
tense acute infarct region containing no hemorrhage; ¢
On SWI magnitude image the hypointense hemorrhagig
foci are clearly demonstrated in the infarct region.

MCA: Middle cerebral artery, CT: computed tomography,
SWI: susceptibility weighted imaging.
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TABLE 1: Distribution of acute ischemic infarct cases.
Territories Number

MCA 43

PCA 12

ACA 2

SCA 1

AICA 1

PICA 6

MCA: Middle cerebral artery, PCA: Posterior cerebral artery,
ACA: Anterior cerebral artery, SCA: Superior cerebellar artery (SCA),
AICA: Anteriorinferior cerebellar artery, PICA: Posterior inferior cerebellar artery.

Territories of these acute ischemic infarcts were
as follows: Middle cerebral artery (MCA), 43 pa-
tients; posterior cerebral artery (PCA), 12 patients;

anterior cerebral artery (ACA), 2 patients; superior
cerebellar artery (SCA), 1 patient; anterior inferior
cerebellar artery (AICA), 1 patient; and posterior in-
ferior cerebellar artery (PICA), 6 patients. In 2 pa-
tients both MCA and PCA, and in 1 patient both
vertebral and PCA simultaneous occlusions were de-
tected (Table 1).

Prominence of cortical and intramedullary veins
were found in 53 (82%) acute ischemic stroke pa-
tients in the vicinity of the ischemic brain region
(Figure 2 and Figure 3). This finding could only be vi-
sualized on SWI (particularly on minIP images) and
could not be detected by CT and conventional MRI se-
quences. It shows ischemic penumbra region which
represents the salvageable brain tissue with imparied

FIGURE 2: A 75-year-old woman with acute left lenticulo-striate infarct, a) and, b) DWI and ADC map images show restricted diffusion in the left caudate nuc-
leus head and lentiform nucleus, ¢) MRA MIP image demonstrates loss of flow in the left ICA and MCA vessels, d) Axial FLAIR image reveals hyperintense ves-
sel sign along the left MCA, e) SWI minIP image shows blooming artifact consistent with SVS along the left MCA. f) SWI minIP image, clear prominence of the

vessels in the left cerebral hemisphere.

DWI: Diffusion weighted imaging, ADC: Apparent diffusion coefficient, MRI: Magnetic resonance imaging, MRA: Magnetic resonance angiography, MIP: Maximum intensity projection,
ICA: Inferior cerebral artery, MCA: Middle cerebral artery, FLAIR: Fluid attenuated inversion recovery, SVS: Susceptibility vessel sign, SWI: Susceptibility weighted imaging.
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FIGURE 3: A 58-year-old man presenting with acute right MCA infarct a) and, b) DWI and ADC map images demonstrate restricted diffusion along the right
fronto-parietal and periventricular regions, ¢) CT image shows hyperdense vessel sign along the right MCA, d) Axial FLAIR image also shows hyperintense ves-
sel sign, €) SWI minlP image, SVS is detected along the right MCA, f) Axial cranial CT angio MIP image reveals absence of flow along the right MCA consistent
with total occlusion, g) SWI minlP image shows prominent vessels close to the infarct area and also reveals microhemorrhagic focus which are not detected on

CT and conventional MR sequences.

DWI: Diffusion weighted imaging, ADC: Apparent diffusion coefficient, MIP: Maximum intensity projection, ICA: Inferior cerebral artery, MCA: Middle cerebral artery,
FLAIR: Fluid attenuated inversion recovery, SVS: Susceptibility vessel sign, SWI: Susceptibility weighted imaging, CT: Computed tomography, MR: Magnetic resonance.

perfusion but not yet become infarcted. This finding
should motivate us to immediately perform PWI in
order to evaluate vascular reserve.

Hyperdense artery sign on CT images was found
in 31 (48%) patients with acute ischemic stroke with
29 cases located to the MCA, 1 to the vertebral artery
and 1 to the PCA territories. Hyperintense artery sign
on FLAIR images was seen in 21 (32%) patiens with
all detected in the MCA territory. However, SVS was
present in 55 out of 65 (85%) patients with 38 MCA,
9 PCA and 8 vertebral artery territories. All patients
showing hyperdense artery sign on CT and hyperin-
tense artery sign on FLAIR images were detected by
SWI owing to SVS (Figure 4 and Figure 5). The SVS
was found to be far superior to hyperintense artery
sign on FLAIR images and hyperdense artery sign on
CT. These findings are summarized in Table 2.

DISCUSSION

In recent years, SWI has become a useful imaging
tool in the evaluation of acute stroke patients. Al-
though DWI is regarded as the gold standard for de-
tecting acute cerebral ischemia, SWI can surely
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provide further valuable information about the af-
fected vascular territory. Acute infarction arises from
vascular occlusion due to thromboembolism or steno-
sis of the vessel and causes decreased arterial flow
and an increased pool of deoxygenated blood. This
results in an increase of deoxyhemoglobin concen-
tration and depending on its paramagnetic properties,
susceptibility changes occur which can be detected
by SWI. In acute ischemic stroke patients, SWI has
the ability to show macro - and microhemorrhages,
presence of prominent veins in the vicinity of is-
chemic brain region and can also detect intra-arterial
thrombus by revealing SVS in major intracranial ar-
teries. Therefore it can be considered as a useful
imaging tool in the evaluation of stroke severity,
prognosis and treatment.*>

SW1 is helpful in detection of calcification and
microhemorrhages, which are both characterized by
low signal. Here, the evaluation of phase images al-
lows for the differentiation between these two sub-
stances. In left handed MR systems, hemorrhage
appears bright due to a positive phase shift, whereas
calcification exhibits low signal depending on oppo-
site shift effect.
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FIGURE 4: A 67-year-old man with acute left lenticulo-striate infarct, a) and, b) DWI and ADC map images reveal left lenticulo-striate acute infarct, showing res-
tricted diffusion, ¢) CT image demonstrates hyperdense vessel sign along the left MCA, d) Axial FLAIR image shows hyperintense vessel sign, €) SWI minIP
image clearly demonstrates SVS of the left MCA. f) MRA MIP image, no flow is detected along the left MCA consistent with total occlusion, g) SWI minIP image
also demonstrates prominent vessels and microhemorrhagic foci in the infarct area which were not possible to be detected on CT and conventional MR sequences.

DWI: Diffusion weighted imaging, ADC: Apparent diffusion coefficient, MRA: Magnetic resonance angiography, MIP: Maximum intensity projection, MCA: Middle cerebral artery,
FLAIR: Fluid attenuated inversion recovery, SVS: Susceptibility vessel sign, SWI: Susceptibility weighted imaging, CT: Computed tomography, MR: Magnetic resonance.

FIGURE 5: A 54-year-old woman with left acute cerebellar infarct a) and, b) DWI and ADC map images show restricted diffusion in the left cerebellar region, ¢)
SWI magnitude image, SVS is seen involving both the left vertebral and PICAs. d) MRA MIP image reveals absence of flow along the proximal left vertebral and
PICA arteries.

DWI: Diffusion weighted imaging, ADC: Apparent diffusion coefficient, MRA: Magnetic resonance angiography, MIP: Maximum intensity projection, SVS: Susceptibility vessel sign,
SWI: Susceptibility weighted imaging, PICA: Posterior inferior cerebellar artery.
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TABLE 2: Demonstration of findings obtained with
imaging modalities.
CT MRI Swi
Macrohemorrhage 5 6 6
Petechial microhemorrhage _ _ 6
Prominent vessel sign _ _ 53
Hyperdens artery sign 31 _ _
Hyperintense artery sign _ 21 _
SVS _ _ 55

CT: Computed tomography, MRI: Magnetic resonance imaging,
SVS: Susceptibility vessel sign, SWI: Susceptibility weighted imaging.

In acute stroke patients, one of the most impor-
tant determinants of thrombolytic therapy is the pres-
ence or absence of intraparenchymal hemorrhage.
Although CT is regarded as the main imaging modal-
ity to rule out hemorrhage in acute stroke patients,
MRI using GE sequences has traditionally been per-
formed to detect hemorrhage in these patients. SWI is
reported to be as accurate as CT in detection of hy-
peracute hemorrhage and superior to CT for the de-
tection of chronic hemorrhages and SWI is also
regarded as 3-6 times more sensitive than GE se-
quences in depicting hemorrhages and has also suc-
cessfully been used in diffuse axonal injury cases to
improve visualization of microhemorrhages.®” Mi-
crohemorrhages represent small hemosiderin deposits
adjacent to the small vessels seen as punctate hy-
pointense foci on SWI.8 The presence of multiple mi-
crohemorhages may represent increased vascular
vulnerability in stroke patients. Hemorrhagic trans-
formation in acute stroke patients occur in 20-40% of
the patients within the first week of stroke onset and
could be a devastating complication.’ Presence of mi-
crohemorrages in acute stroke patients has been
shown to be significantly associated with later hem-
orrhagic transformation.' In our study, SWI was able
to detect petechial microhemorrhages in 6 patients,
which were otherwise not picked up by CT or con-
ventional MRI sequences.

SWI can also demonstrate prominent vessels.
These multiple, hypointense prominent veins in the
vicinity of acute infarct region are considered to be due
to increased oxygen extraction and pooling of deoxy-
hemoglobin concentration in the vessels near the in-
farcted area and in the penumbra.'!? Therefore, the
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presence of these vascular structures are hypothesized
to represent the penumbra and are also considered to be
a presentation of collateralization. Several studies have
showed that the detection of these prominent veins on
SWI could be a signature of salvageable ischemic tis-
sue that will become infarcted if prompt blood perfu-
sion is not established.®!*'* Given the fact that, the
extent of prominent vessel sign indicates the extent of
penumbra, patients showing more extensive prominent
vessel sign can be expected to have a larger volume of
salvageable tissue to be rescued. However, Huang et
al. reported no correlation between the prominent ves-
sel sign and prognosis, presence of later hemorrhagic
transformation and edema and clinical outcome.'® It is
reported that prominent vessel sign on SWI could be a
marker of an increased risk of hemorrhagic transfor-
mation in patients receiving thrombolytic therapy.® If
SWI reveals prominent veins in the vicinity of is-
chemic brain region, this finding could be used to pre-
dict tissue at risk in the penumbra. Therefore additional
imaging studies especially dynamic contrast perfusion
study using relative cerebral blood flow (rCBF) and
relative cerebral blood volume (rCBV) should be per-
formed in order to evaluate vascular reserve.® In our
study, we demonstrated prominent vessel sign in 53
out of 65 (82%) stroke patients on SWI.

In acute ischemic stroke patients, the demon-
stration of intra-arterial thrombus with an accurate as-
sessment of its location is very helpful for planning
thrombolytic treatment.'> The SVS could be used to
detect intra-arterial thrombus and was also found to
be useful in assessment of infarct extent and progno-
sis.!® SVS on SWI is defined as the presence of hy-
pointensity within the vessel, in which the diameter
of the hypointense signal within the vessel exceeds
the contralateral vessel diameter. It is considered that
SVS mainly results from deoxyhemoglobin within
the thrombus. This high concentration deoxyhe-
moglobin within the thrombus leads to a severe T2
shortening and produces a susceptibility effect. Hy-
perdense artery sign on CT is well depicted in MCA
territory and is rarely seen in other intracranial major
arteries. Similarly, hyperintense artery sign on FLAIR
images are usually observed in the MCA territory.
Unlike these two signs, SVS could be detected in all
major intracranial artery locations.
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Lingegowda et al. in their retrospective study in-
cluding 48 patients, found that SVS has a sensitivity
of 82% and specificity of 100% for detecting acute
intra-arterial thrombus located in all major intracra-
nial arteries.!” In their series, none of the 10 cases
having a chronic thrombus showed SVS. They also
concluded that SVS is more sensitive and specific
than hyperdense artery sign on CT and hyperintense
artery sign on FLAIR images in detecting acute
thrombus. In another study performed by Huang P. et
al., the SVS showed a significant association with ar-
terial occlusion based on MR angiography.'® They ob-
tained a 54.5% sensitivity and 90.9% specificity.
Radbruch A. et al. have compared the diagnostic ac-
curacies of SVS and time of flight (TOF) MR an-
giography in 94 patients in terms of detecting vessel
occlusion in acute stroke patients.!® They demon-
strated that SWI was significantly more sensitive than
TOF MR angiography in detecting peripheral
thrombi in these patients.

There is a potential drawback of SWI, because
susceptibility artefacts arising from the skull base and
paranasal sinuses could hamper the detection of
thrombi located in the internal carotid artery territory.

In our study, we were able to show SVS in 55
out of 65 (85%) acute ischemic stroke patients and
found it more useful than those of hyperdense
artery sign on CT and hyperintense artery sign on
FLAIR images in detecting acute intra-arterial
thrombus. We assumed that the reason for one third
of the cases with missing SVS were probably due to
a more peripheral vessel location of the thrombi,
because small vessel diameter is an important pre-
dictor in appearance of SVS.

The limitations of our study were, firstly, the rel-
atively small sample size where most of the patients
were not clinically followed up. Besides, follow up
MRI of the patients were not evaluated in terms of
temporal evolution of findings detected on SWI. Sec-
ondly, although all the patients in our study were re-
ferred to MR angiography or digital subtraction
angiography (DSA) for a precise location of acute
intra-arterial thrombus, we did not use either of these
techniques for a reference standard to reveal the ac-
curacy of SVS. Thirdly, we did not also perform per-

66

fusion MRI studies to evaluate the significance of
prominent veins which represent ischemic penumbra.
Finally, we could not evaluate occurence of later
hemorrhagic transformation in patients with petechial
microhemorrages due to the lack of follow up studies.

I CONCLUSION

In conclusion, SWI should be included in the evalu-
ation of acute ischemic stroke patients as part of rou-
tine MRI sequences. Nowadays, avaliability of
parallel imaging techniques with high gradient field
strength MR machines, It only has an acquisition time
of 3-5 minutes to image whole brain. This technique
is extremely sensitive to even very small amount of
hemorrhages that may be missed on CT or conven-
tional MRI sequences. It clearly visualizes petechial
microhemorrhages which are not detected otherwise,
and may alert clinicians for further possible hemor-
rhagic transformation. SWI also reveals prominent
veins in the vicinity of the infarcted brain region rep-
resenting ischemic penumbra and encourages to per-
form perfusion weighted imaging studies for
evaluation of vascular reserve. The presence of SVS
in SWI can be used for detection and accurate local-
ization of intra-arterial acute thrombus which is very
helpful when planning thrombolytic therapy. It is
more sensitive and specific than those of hyperdense
artery and hyperintense artery signs on CT and
FLAIR images, respectively. In summary, SWI pro-
vides very useful additional information in evalua-
tion of acute stroke patients and should be included in
the routine MRI protocols of patients with suspected
acute ischemic stroke.

Source of Finance

During this study, no financial or spiritual support was received
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may

negatively affect the evaluation process of this study.

Conflict of Interest

No conflicts of interest between the authors and / or family mem-
bers of the scientific and medical committee members or mem-
bers of the potential conflicts of interest, counseling, expertise,

working conditions, share holding and similar situations in any

firm.



Ahmet Mesrur HALEFOGLU et al.

Turkiye Klinikleri J Med Sci. 2020;40(1):59-67

Authorship Contributions

Idea/Concept: Ahmet Mesrur Halefoglu, Design: Ahmet Mesrur
Halefoglu; Control/Supervision: Ahmet Mesrur Halefoglu; Data
Collection and/or Processing: Alper Demirci, Betiil Duran Ozel;

Analysis and/or Interpretation: Ahmet Mesrur Halefoglu, Alper

Haacke EM, Mittal S, Wu Z, Neelavalli J,
Cheng YC. Susceptibility weighted imaging:
technical aspects and clinical applications,
part 1. AINR Am J Neuroradiol.

I REFERENCES

acute stroke and their role in thrombolysis.
Thromb Res. 2001;103 Suppl 1:5125-33.
[Crossref] [PubMed]

8. Hermier H, Nighoghossian N, Derex L,
2009;30(1):19-30. [Crossref] [PubMed] [PMC] Adeleine P, Wiart M, Berthezene Y, et al. Hy-
Gasparotti R, Pinelli L, Liserre R. New MR se- pointense transcerebral veins at T2* weighted
quences in daily practice: susceptibility MRI: a marker of hemorrhagic transformation
weighted imaging. A pictoral essay. Insights risk in patients treated by intravenous tissue
Imaging.  2011;2(3):335-47.  [Crossref] plasminogen activator. J Cereb Blood Flow
[PubMed] [PMC] Metab. 2003;23(11):1362-70. [Crossref]
Tsui YK, Tsai FY, Hasso AN, Greensite F, [PubMed]

Nguyen BV. Susceptibility-weighted imaging 9.  Kidwell CS, Saver JL, Villablanca JP, Duck-
for differential diagnosis of cerebral vascular wiler G, Fredieu A, Gough K, et al. Magnetic
pathology: a pictoral review. J Neurol Sci. resonance imaging detection of microbleeds
2009;287(1-2):7-16. [Crossref] [PubMed] before thrombolysis: an emerging application.
Santhosh K, Kesavadas C, Thomas B, Gupta Stroke. 2002;33(1):95-8. [Crossref] [PubMed]
AK, Thamburaj K, Kapilamoorthy TR. Sus- ~ 10. Huang P, Chen CH, Lin WC, Lin RT, Khor GT,
ceptibility weighted imaging: a new tool in Liu CK. Clinical applications of susceptibility
magnetic resonance imaging of stroke. Clin weighted imaging in patients with major
Radiol. 2009;64(1):74-83. [Crossref] [PubMed] stroke. J Neurol. 2012;259(7):1426-32.
Chalela JA, Kidwell CS, Nentwich LM, Luby [Crossref] [PubMed]

M, Butman JA, Demchuk AM, et al. Magnetic ~ 11. Haacke EM, Tang J, Neelavalli J, Cheng YC.
resonance imaging and computed tomogra- Susceptibility mapping as a means to visualize
phy in emergency assessment of patients with veins and quantify oxygen saturation. J Magn
suspected acute stroke: a prospective com- Reson Imaging. 2010;32(3):663-76. [Crossref]
parison. Lancet. 2007;369(9558):293-8. [PubMed] [PMC]

[Crossref] [PubMed] 12. Bames SR, Haacke EM. Susceptibility-
Kesavadas C, Thomas B, Pendharakar H, Sy- weighted imaging: clinical angiographic appli-
laja PN. Susceptibility weighted imaging: does cations. Magn Reson Imaging Clin N Am.
it give information similar to perfusion 2009;17(1):47-61. [Crossref] [PubMed] [PMC]
weighted imaging in acute stroke? J Neurol. {3 cpen CY, Chen Cl, Tsai FY, Tsai PH, Chan

2011;258(5):932-4. [Crossref] [PubMed]
Réther J. CT and MRI in the diagnosis of

WP. Prominent vessel sign on susceptibility-
weighted imaging in acute stroke: prediction

67

14.

15.

16.

17.

18.

Demirci; Literature Review: Alper Demirci, Betiil Duran Ozel;
Writing the Article: Ahmet Mesrur Halefoglu, Critical Review:
Ahmet Mesrur Halefoglu, Alper Demirci, Betiil Duran Ozel; Ref-
erences and Fundings: Alper Demirci, Betiil Duran Ozel; Mate-

rials: Alper Demirci, Betiil Duran Ozel.

of infarct growth and clinical outcome.
PLOS One. 2015;10(6):¢0131118. [Cross-
ref] [PubMed] [PMC]

Meoded A, Poretti A, Benson JE, Tekes A,
Huisman TA. Evaluation of the ischemic
penumbra focusing on the venous drainage:
the role of susceptibility weighted image (SWI)
in pediatric ischemic cerebral stroke. J Neu-
roradiol.  2014;41(2):108-16.  [Crossref]
[PubMed]

Schellinger PD, Thomalla G, Fiehler J,
Kéhrmann M, Molina CA, Neumann-Haefelin
T, et al. MRI-based and CT-based throm-
bolytic therapy in acute stroke within and be-
yond established time windows: an analysis of
1210 patients. Stroke. 2007;38(10):2640-5.
[Crossref] [PubMed]

Schellinger PD, Fiebach JB, Hacke W. Imag-
ing-based decision making in thrombolytic
therapy for ischemic stroke: present status.
Stroke.  2003;34(2):575-83.  [Crossref]
[PubMed]

Lingegowda D, Thomas B, Vaghela V, Hing-
wala DR, Kesavadas C, Sylaja PN. ‘Suscepti-
bility sign’ on susceptibility-weighted imaging
in acute ischemic stroke. Neurol India.
2012;60(2):160-4. [Crossref] [PubMed]

Radbruch A, Mucke J, Schweser F, Deistung
A, Ringleb PA, Ziener CH, et al. Comparison
of susceptibility weighted imaging and TOF-
angiography for the detection of acute thrombi
in acute stroke. PLoS One. 2013;8(5):e63459.
[Crosstref] [PubMed] [PMC]


https://doi.org/10.3174/ajnr.A1400
https://www.ncbi.nlm.nih.gov/pubmed/19039041
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3805391
https://doi.org/10.1007/s13244-011-0086-3
https://www.ncbi.nlm.nih.gov/pubmed/22347957
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3259351
https://doi.org/10.1016/j.jns.2009.08.064
https://www.ncbi.nlm.nih.gov/pubmed/19772973
https://doi.org/10.1016/j.crad.2008.04.022
https://www.ncbi.nlm.nih.gov/pubmed/19070701
https://doi.org/10.1016/S0140-6736(07)60151-2
https://www.ncbi.nlm.nih.gov/pubmed/17258669
https://doi.org/10.1007/s00415-010-5843-6
https://www.ncbi.nlm.nih.gov/pubmed/21116823
https://doi.org/10.1016/S0049-3848(01)00309-7
https://www.ncbi.nlm.nih.gov/pubmed/11567680
https://doi.org/10.1097/01.WCB.0000091764.61714.79
https://www.ncbi.nlm.nih.gov/pubmed/14600444
https://doi.org/10.1161/hs0102.101792
https://www.ncbi.nlm.nih.gov/pubmed/11779895
https://doi.org/10.1007/s00415-011-6369-2
https://www.ncbi.nlm.nih.gov/pubmed/22186853
https://doi.org/10.1002/jmri.22276
https://www.ncbi.nlm.nih.gov/pubmed/20815065
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2933933
https://doi.org/10.1016/j.mric.2008.12.002
https://www.ncbi.nlm.nih.gov/pubmed/19364599
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2713115
https://doi.org/10.1371/journal.pone.0131118
https://doi.org/10.1371/journal.pone.0131118
https://www.ncbi.nlm.nih.gov/pubmed/26110628
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4481350
https://doi.org/10.1016/j.neurad.2013.04.002
https://www.ncbi.nlm.nih.gov/pubmed/23827386
https://doi.org/10.1161/STROKEAHA.107.483255
https://www.ncbi.nlm.nih.gov/pubmed/17702961
https://doi.org/10.1161/01.STR.0000051504.10095.9C
https://www.ncbi.nlm.nih.gov/pubmed/12574579
https://doi.org/10.4103/0028-3886.96389
https://www.ncbi.nlm.nih.gov/pubmed/22626696
https://doi.org/10.1371/journal.pone.0063459
https://www.ncbi.nlm.nih.gov/pubmed/23717426
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3662691

