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Abstract
Background: Ischemic stroke is a major cause of death and disability. Thrombolytic therapy is a standard treatment
stroke nowadays for ischemic strokes up to 4.5 h from start of symptoms. Although arterial occlusion can be detected
by digital subtraction angiography (DSA), magnetic resonance angiography (MRA), and computed tomography
angiography (CTA), the question about thrombus composition and formation times still might not be replied. The use
of susceptibility weighted imaging (SWI) for detecting thrombus in acute ischemic stroke is getting to be a strongly
investigated field. SWI can show the thrombus as a hypointense susceptibility vessel sign (SVS) in the affected area.
Results: Ninety-seven of our patients showed thrombus in MRA study. M1 segment was the most affected MCA
segment representing about 57.6%. SWI detected intra-arterial thrombus in 122 patients compared to 97 patients
detected by MRA (P = 0.0002). All patients had positive susceptibility sign. 88.8% of patients with positive thrombus
in SWI had solitary thrombus, and 11.2% has multiple thrombi; on the other hand, MRA fails to detect any distant
thrombi. 81% of patients with abnormally prominent vessel sign (APVS) showed parenchymal changes in these areas.
On the other hand, deep structures, namely caudate nucleus, internal capsule and lentiform nucleus, are the least
affected areas. All patients with abnormally prominent vessel sign showed arterial occlusion, and only 9 patients with
no APVS showed arterial occlusion (P = 0.0001).
Conclusion: SWI plays an important role in the detection of peripheral thrombi in patients with acute ischemic
stroke. Both SWI and MRA might complement each other for visual detection of occluded vessel. We recommend
implementation of SWI into routine acute stroke MRI protocols.
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Background
Ischemic stroke is a major cause of death and disability,
and thrombolytic therapy is the only proven treatment
for those patients within 3 or 4 h of symptom onset [1]. It
has been proposed that the nature of the thrombus may
affect recanalization, and red thrombus can be readily
recanalized after thrombolytic therapy. [2–4]. Also, the
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site and size of thrombus could influence the treatment
strategy [5, 6]. Although intra-vascular thrombus can
be detected by the means of digital subtraction angiography (DSA), magnetic resonance angiography (MRA),
and computed tomography angiography (CTA), questions about thrombus composition and time of formation
could not yet be answered [6–11]. Susceptibility weighted
imaging (SWI) is a magnetic resonance imaging (MRI)
technique that enhances image contrast by using the
susceptibility differences between tissues. The strength
of SWI is in its ability to identify hemorrhage, calcium
and nonheme iron by virtue of its susceptibility artifact.
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Susceptibility weighted imaging (SWI) has become a key
MR sequence in pediatric neuroimaging. The use of susceptibility weighted imaging (SWI) in the visualization
of thrombi in acute ischemic stroke has become of major
interest [12–14]. In SWI, intravascular thrombus manifests as an abnormal dark signal known as a susceptibility
vessel sign (SVS), with the classic appearance as a thick
vessel containing dark signal. SVS indicates an increase
in locally elevated deoxyhemoglobin from trapped red
blood cells (erythrocytes) in blocked vessels. [4, 13, 15].
The presence of SVS promotes acute or subacute thrombus [16, 17] SVS can provide useful information about
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the site, multiplicity and structure of thrombus [18, 19].
SVS means arterial occlusion [20] and resolves upon
arterial recanalization [14, 21]. Using the fact that thrombus synthesis is different and only the acute phase of
thrombus can show SVS on SWI, we hypothesized that
susceptibility not only reflects the structure of thrombus
but also its time of formation also.
The aim of the current study is to assess the value of
susceptibility weighted imaging in assessment of intraarterial thrombus in correlation with MRA and diffusion
weighted imaging in patients with acute ischemic infarction (Figs. 1, 2, 3, 4).

Fig. 1 An 61-year-old woman. MRA a shows abrupt interruption of left MCA at the level of M1 segment, SWI b, c shows two susceptibility vessel
sign along M1 (white arrow) and M3 (arrow head) segments of left MCA representing two thrombi

Fig. 2 An 52-year-old man, MRA a reveals normal filling of cerebra vessels at both sides, SWI b shows two susceptibility vessel sign at M1 and M2
segments of right MCA
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Fig. 3 An 56-year-old male. DWI a shows no definite abnormality, SWI b, c revealed asymmetrical susceptibility vessel sign in the form prominent
cortical veins (arrow head) on the left cerebral hemisphere along (M1–M6) representing an area at risk

Methods
Study design and population

This retrospective study included 150 patients diagnosed as diagnosed stroke (age range from 30 to
70 years, mean 39.5 ± 10.4 years); study was approved

by the Ethic Committee in our institution and was
conducted in the time period from August 2019 to
April 2021. All patients were referred during the first
24 h from the onset (mean time about 18 h).
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Fig. 4 An 62-year-old male. SWI a, b shows abnormally prominent vessel signs, diffusing weighted images c, d shows acute left cerebral infarction

Inclusion and exclusion criteria
Inclusion criteria

• Acute stroke.
• Stroke lasting > 1 h.

Exclusion criteria

General contraindications to MRI such as presence
of any paramagnetic substances and claustrophobic
patients.
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Table 1 SWI versus MRA in detection intra-arterial thrombus
Occlusion on MRA

Non-occlusion
on MRA

Total

SVS

97 (100%)

25 (41.6%)

122

Non-SVS

0 (0%)

28 (58.4%)

28

Total

97

53

p
< 0.0001

150

MRI technique

Magnetic resonance imaging studies were performed on
1.5-T system magnet (Aera, Siemens Heath care, Siemens AG, Munchen, Germany). All patients underwent
MRI scan using the following imaging sequences: axial
fast field echo (FFE) T1, axial turbo spin-echo (TSE) T2,
FLAIR, and DWI, in addition to the SWI sequence and
MRA.
The SWI sequence was obtained with the following
parameters: TR = 34 ms; TE = 24 ms; flip angle = 15°,
slice thickness = 0.5 mm with 240 slices per slab, voxel
size = 1.1 × 1.1 × 0.5 mm and matrix size = 208 × 173.
The acquisition time was 7 min, 57 s. Post-processing
included minimum intensity projection (minIP) images
with 10 mm thickness to assess the venous collaterals and
maximum intensity projection (MIP) to assess the cerebral vessels.
Image interpretation

Images were reviewed by a radiologist with 10-year experience in neuroradiology and was blinded to clinical data.
Intra-arterial thrombus was detected using susceptibility vessel sign (SVS) which appeared as an abnormal low
signal intensity within the artery which appeared larger
than the size of vessel in contralateral side. The thrombus
can be detected during the first week of attack and can be
measured in the slice showing longest SVS sign. Findings
were compared with MRA.
Statistical analysis

Statistical analysis was performed using the SPSS software for Windows v. 20 (SPSS Inc., Chicago, IL). For tests
of significance (repeated measures ANOVA, Cochran’s Q
tests, Kappa statistics and ROC curve analysis), P-values
less than 0.05 (5%) were considered to be statistically
significant.

Results
Ninety-seven of patients showed thrombus in MRA. M1
segment was the most affected MCA segment representing about 57.6%. M5 segment was the least affected
segment. SWI detected intra-arterial thrombus in 122

Table 2 SWI versus MRA in detection multiple intra-arterial
thrombi
MRA

SWI

Solitary thrombus

97

103

Multiple thrombi

0

19

97

122

Total

Table 3 Prominent vessel sign and arterial occlusions
Arterial occlusion

No arterial occlusion

Total

p

112

< 0.0001

PVS

112 (91.6%)

0 (0%)

No PVS

10 (8.4%)

28 (100%)

Total

122

28

38
150

Table 4 SWI/DWI mismatch (penumbra)
SWI/DWI mismatch
Positive
Negative
Total

102
48
150

patients compared to 97 patients detected by MRA
(P = 0.0002). All patients had positive susceptibility sign
(Table 1).
88.8% of patients with positive thrombus in SWI had
solitary thrombus, and 11.2% has multiple thrombi; on
the other hand, MRA fails to detect any distant thrombi
(Table 2).
M4, M5 and M6 were the most affected segments;
81% of patients with abnormally prominent vessel sign
(APVS) showed parenchymal changes in these areas. On
the other hand, deep structures, namely caudate nucleus,
internal capsule and lentiform nucleus, are the least
affected areas. All patients with abnormally prominent
vessel sign showed arterial occlusion, and only 9 patients
with no APVS show arterial occlusion (P = 0.0001)
(Table 3).
A total of 102 of our patients showed mismatch
between SWI and DWI representing about 68%, and
48 patients have negative mismatch representing 32%
(Table 4).

Discussion
SWI plays an important role in acute cerebral ischemia
by detecting the area at risk and area of hemorrhagic
transformation; in addition, SWI has an important role
in assessment of intra-arterial thrombus regarding the
site, length of the thrombus and number of the thrombi
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depending upon the susceptibility vessel sign, on SWI
and GRE T2* sequences; this sign is detected by its
hypointensity within the lumen of the occluded artery
which appears larger in diameter compared to the contralateral normal vessel.
Susceptibility weighted imaging (SWI), an increasingly
used MR sequence in recent years with a high sensitivity effect, can better detect vascular anomalies such as
the DVA and has been shown to be more sensitive than
conventional T2* sequence in the detection of vascular
structures [10]. SWI can demonstrate the whole vascular structure well and typically has a low signal intensity due to the blood oxygen level-dependent (BOLD)
effect in the dilated medullary and draining veins [22].
Compared to T2 * gradient echo (GRE), SWI has high
sensitivity and good contrast resolution for detection of
thromboembolism in the anterior and posterior circulations [23]. During the pioneering era of CT, it was shown
that the hyperdense middle cerebral artery (MCA) and
insular points represent the presence of thromboembolism; However, the reliability of these signs depends on
the Hounsfield attenuation of thromboembolism, which
is influenced by fibrin content [23]. A major disadvantage of non-contrast TOF angiography is its insensitivity
toward slow flow or slow in-plane flow.
60% of patients in the current study showed left cerebral ischemia; in contrast to this, various articles exhibited different findings to our study.
In the current study, M1 segment was the most affected
middle cerebral artery segment in MRA, 33 patients
showed thrombus in left M1, and 12 patients showed
thrombus in right M1 segment representing about 60%
of all patients detected in MRA. On the other hand in a
study done by park M-G et al. [27], M5 segment was the
least affected segment in MRA and SWI since no patients
showed thrombus in MRA. Zheng et al. [24] studied 56
patients with acute and subacute infractions and found
that 39 of their patients had thrombus in M1 segment
representing 55% of all patients; in addition, they found
that M3 segment of middle cerebral artery was the least
affected segment in MRA representing about 1.4%; they
also found that M2 segment was the most affected segment developing thrombosis representing about 75%
of patient followed by M3 segment. In contrast, the M1
was the least affected segment representing 25% keeping in mind that 67% of patients has multiple thrombi.
Darwish et al. [25] studied 24 patients with MCA infraction in the 1st 24 h and found that M5 segment was the
most affected segment and caudate nucleus was the least
affected one. In the current study, SVS was not detected
in 35 patients with ischemic stroke, this may be attributed to spontaneous recanalization of the thrombus,
and in these patients, the thrombus size was to small and
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peripherally located and was beyond the level of detection. In a study done by Allibert R and his colleagues,
they concluded that SWI is more sensitive than GRE in
the visualization of occluded intracranial arteries during
the acute phase of ischemic stroke [13]. In the current
study, SWI was found to be more useful than MRA in
defining the location of the thrombus and in determining
its burden in the M1 segment, although a recent study
has shown that the thrombus burden on SWI does not
affect the success of endovascular recanalization therapy
[28]. In our study we used SWI in the detection of multiple thrombi; compared with MRA, we found that 12 of
115 patients who had SVS in SWI had multiple thrombi;
however, no one shows any distal thrombus in MRA. This
may be attributed to decreased flow distally in the vessels due to proximal thrombus since the MRA depends
on blood flow in the vessels, and also recanalization and
small thrombus size may play a role in detecting these
thrombi in MRA. Thus, SWI has high capability to detect
the multiple thrombi compared to MRA with significant
p value. In the current study and upon reviewing diffusion images, we found that 102 patients with DWI /SWI
mismatch, and 68% of them developed infarction growth
in follow up studies. In patients with no DWI/ SWI mismatch, no one of them developed infarction growth.
All patients with positive mismatch had asymmetrical
prominent vessel sign in SWI. These results are in agreement with El Nouby et al. [26] who studied 20 patients;
12 of them had asymmetrical prominent vessel sign
matching DWI; on follow-up only 11 patients showed
infarction growth with significant correlation the asymmetrical prominent vessel sign with infarction growth;
these results also are in agreement with studies done by
Chandrasekharan et al. [29] and Hung-Wen Kao et al.
[30].
In a study done by Wang et al. [31], they found that a
DWI-SWI mismatch has a similar ability as a DWI-PWI
to detect the ischemic penumbra, which indicates that
SWI can be used to forecast the ischemic penumbra of
patients with acute ischemic cerebral stroke.
Limitations

Absent gold standard is a limitation for the current study;
we depended on correlation with patient clinical data,
diffusion and follow-up studies which confirmed the SWI
findings.

Conclusions
SWI is more sensitive than TOF angiography for detecting peripheral thrombi in patients with acute ischemic
stroke. Both techniques might complement each
other for visual detection of the occluded vessel. We
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recommend implementation of SWI into routine acute
stroke MRI protocols.
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