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Objective: To provide a comprehensive and latest overview of susceptibility-weighted imaging (SWI) in the application of thrombolysis
in acute ischemic stroke, and to update the decision-making effect and clinical value of SWI on identifying stroke patients suitable for
thrombolytic therapy and possible benefits and risks followed.

Data Sources: Literatures referred to this review were collected from PubMed, Medline, and EMBASE published till May 2017, using
the search terms including susceptibility-weighted imaging, gradient-echo, T2*, thrombolysis, recombinant tissue plasminogen activator
(rt-PA), thrombolytic therapy, and stroke.

Study Selection: Papers in English or with available English abstracts were considered, with no limitation of study design. References
were also identified from the bibliographies of identified articles and the authors’ files.

Results: SWI is of guiding significance for thrombolytic therapy in stroke patients, it can predict the location and length of thrombus and
ischemic penumbra. It is worthy of noting that susceptibility vessel sign (SVS) on SWI can be used to predict recanalization after thrombolytic
therapy and whether it is better to implement endovascular thrombolectomy in combination or alone. SW1 is sensitive in detecting cerebral
microbleed (CMB), and CMB might not be a contraindication for thrombolytic therapy, yet CMBs in multiple foci could possibly be related
to intracranial hemorrhage (ICH) after thrombolysis. SVS and CMB on SWI sequence are of instructive value in performing antiplatelet
therapy after thrombolytic therapy. Cerebral venous change on SW1 is related to lower recanalization rate and poor outcome after thrombolysis.
Conclusions: It seems that SWI can be applied to guide individualized thrombolytic therapies and assist clinicians in making better decisions
by weighing benefits and risks. However, there still exist controversies about the relationship between signs on SW1 and thrombolytic therapy.
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essential step in weighing the risks and benefits.[® Therefore,
it is urgent to identify the population who are inclined to
develop ICH and whether cerebral blood supply of occluded
vessel can be restored after IV thrombolysis.

INTRODUCTION

Ischemic stroke is a predominant stroke type caused
by cerebral blood supply interruption, rapidly resulting
in energy depletion and cell death.l'! Thrombolysis is a
therapeutic approach to restore the blood supply in ischemic
area based on the concept of penumbra, which is currently the
most promising treatment for acute ischemic stroke (AIS).[
Clinical trials have demonstrated that intravenous (IV) and
intra-arterial thrombolytic therapies improve outcome when
administered to select patients with AIS.?4 What concern
clinicians the most are complications after thrombolysis
and whether revascularization can be achieved. It is well
established that symptomatic intracranial hemorrhage (sSICH)
after thrombolysis severely impairs functional recovery and

Thrombolytic therapy is a method to breakdown the blood
clot, restore the interrupted blood supply in ischemic
area, which includes IV and intra-arterial approaches, the
former is more commonly used. Although intra-arterial
thrombolysis is of higher recanalization rate, the benefit
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is associated with higher mortality.’! Determining risk
factors for postthrombolysis ICH in individual patients is an
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achieved might be counteracted by the delay of time.
Thrombolysis can lead to ischemia-reperfusion injury
caused by free radicals, inflammation cytokines, and other
factors that are associated with the length of ischemia,
collateral circulation, oxygen consumption, et al., which can
damage endothelial cell, disrupt blood-brain barrier (BBB),
and lead to cerebral hemorrhage. It was suggested that
recombinant tissue plasminogen activator (rt-PA) itself
increased the BBB disruption as well.[) Therefore, the risk
of ICH after thrombolysis is high and there is no guarantee
that recanalization can be achieved and we should be very
rigorous when decide to conduct thrombolysis and further
combined treatment.

Susceptibility-weighted imaging (SWI), which is originally
called blood oxygen level-dependent venographic imaging
and can exploit susceptibility differences between tissues
and use phase image to detect their differences, is sensitive
to detect paramagnetic effect of blood breakdown products.
It is a high-resolution, three-dimensional gradient-echo T2*
magnetic resonance (MR) technique with enhanced sensitivity
for paramagnetic substances, such as blood products, iron,
and calcification.”®! Moreover, it is characterized by short
acquisition times which results in fewer movement artifact
and shorter therapeutic delay.'? In AIS, severe reduction
of cerebrovascular perfusion and pressure causes increased
deoxyhemoglobin to oxyhemoglobin ratio by increasing
oxygen extraction fraction.""'? As a result, SWI can show
asymmetric prominent hypointense vessels potentially
from different concentrations of deoxyhemoglobin between
ischemic and normal brain area.l'¥ Furthermore, SWI
sequence has the advantage in detecting clot formation and
cerebral microbleeding (CMB), cerebral blood perfusion,
information that is vital in managing stroke patients,['!5]
especially in thrombolytic therapy which is accompanied
with a high risk of ICH and of great significance to acquire
blood reperfusion.

CLINICAL APPLICATION OF SUSCEPTIBILITY-WEIGHTED
IMAGING FOR THROMBOLYSIS IN AcuTE ISCHEMIC
STROKE

The detection of ischemic penumbra

Penumbra is the area surrounding an ischemic event,
immediately following the event, blood flow and therefore
oxygen transport is reduced locally, leading to hypoxia of the
cells near the location of original insult. However, tissues in
penumbra area remain viable for several hours after symptom
onset, which is the basis of thrombolytic therapy. This can
lead to infarction and amplify the original damage from the
ischemia over time, which is considerably detected by the
mismatch between perfusion reduction and the area already
infracted through perfusion-weighted imaging (PWI) and
diffusion-weighted imaging (DWI) widely. It was revealed
that SWI-DWI mismatch had a similar capability to identify
penumbra and predict stroke evolution as PWI-DWI
mismatch,!'” which is consistent with a case report that

suggested SWI was potential to evaluate the ischemic penumbra
and could provide perfusion information comparable with
PWLI® After cerebral vessel occlusion, different concentrations
of paramagnetic deoxyhemoglobin between ischemic and
normal brain area can be detected on SWI as asymmetric
prominent hypointense vessels. Asymmetric cortical veins can
be visualized on SWI after AIS and considered an indicator
of salvageable ischemic penumbra.l'’!®! It was indicated that
the rate of favorable outcome was significantly higher among
stroke patients who were treated with thrombolytic therapy with
baseline SWI-DWI mismatch, particularly with the presence
of reperfusion or recanalization.!') It may be more logical
to move from time-based method to a tissue-based imaging
paradigm for patient selection for thrombolytic therapy, because
carefully selected patients may still benefit from thrombolytic
therapy beyond 4.5 h.?Y It was suggested that the accuracy
of SWI-DWI mismatch for predicting favorable outcome
was higher than that of perfusion-diffusion mismatch (63%
vs. 48.1%) in stroke patients after thrombolysis, and SWI
venography may thus provide the oxygen metabolic information
about ischemic brain tissue by the noninvasive estimation of
blood oxygen level-dependent levels.'! It was indicated that
DWI-SWI mismatch is a good marker for evaluating ischemic
penumbra in stroke patients with cerebral infarction, and SWI
can detect thrombus in the affected vessels, and may be useful
for guiding intra-arterial thrombolytic therapy.?!! Whereas, it
was suggested that no significant statistical interaction between
the presence of SWI-DWI mismatch and thrombolytic therapy
with regard to clinical outcome was found in another study
which enrolled 150 patients treated with IV thrombolysis,
and SWI-DWI mismatch was identified in 44 (29.3%) of
those patients.”” There is no consensus about the correlation
between SWI-DWI mismatch and thrombolytic therapy, but it
could still be useful to decide whether to proceed thrombolysis
on the basis of predicting penumbra, and further studies and
information are needed. SWI can be an ideal alternative to help
identify penumbra without contrast agent administration, which
is hazardous in a patient with compromised renal function.!'¥
In consideration of its short acquisition time,”!” it might be
helpful to decide whether we can conduct thrombolytic therapy
beyond the therapeutic time window with the existence of
penumbra, which means that there are still viable brain tissues
in ischemic area.

The value of cerebral microbleed detected on
susceptibility-weighted imaging before thrombolysis

Hemorrhagic transformation (HT) was classified using
clinical and imaging criteria as follows: hemorrhagic
infarction, parenchymal hemorrhage (PH), and sICH.*! To
date, there are no definite imaging signs that can predict HT
with high sensitivity and specificity before thrombolysis,
and no consensus is achieved about the precise correlation
between CMB detected on SWI and HT. Current guidelines
for thrombolytic therapy indicate that a prior history of
intracerebral hemorrhage is also a contraindication to
thrombolytic therapy.* However, these guidelines, referring
to clinically manifested prior hemorrhages and hemorrhages
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diagnosed by head computed tomography (CT), do not
address the presence of clinically silent microbleeds that are
only detected with advanced MR imaging (MRI) sequences,
such as SWIL,! and it is speculated that HT occurred at
remote from ischemic area after thrombolytic therapy may be
associated with old microbleeds detected on SWI1.28 Whether
preexisting CMBs increase the risk of postthrombolysis ICH
and whether their presence is a marker of poor functional
outcome are controversial.®! Several studies have shown
that SWI is superior to T2-weighted sequences in detecting
CMB,?2! and it can identify minimal hemorrhages in
cerebral infarction and prior asymptomatic CMBs that is
undetectable by CT or regular MRI.?% It was indicated that
the presence of CMBs was correlated with sICH, and MRI
studies have suggested that CMBs may be a potential marker
of a hemorrhage-prone state,33?! which means that there is
a high risk of HT after thrombolysis. Yan et al.l! discovered
that the presence of extensive (>3) CMBs detected on SWI
independently predicted PH and poor outcome, even after
adjusting for the baseline National Institutes of Health Stroke
Scale (NIHSS) score, age, and baseline infarct volume, and
this might be explained by the possibility that CMB is simply
a marker of impaired blood-brain barrier. On the contrary,
neither the existence of CMBs, their burden, predominant
location, nor their presumed pathogenesis influenced the risk
for symptomatic or asymptomatic ICH or worsen outcome,
whereas a higher CMBs burden marginally increased the risk
of ICH outside the infarct.**! It was mentioned that CMB
might be hemosiderin deposits of previous, old bleeding or
recent bleeding,**3% if it was an old clot, the relationship
with ICH or functional outcome after thrombolysis might
not be as close as a new one. However, we cannot be sure
whether the CMB is new or old, maybe further researches are
needed to identify the formation time. It was suggested that
in stroke patients with CMBs, thrombolytic therapy should
not be excluded even with prior use of antiplatelets.*” Two
previous meta-analyses including the same studies of 790 IV
thrombolytic patients concluded differently: Shoamanesh
et al.B¥ found an increased risk for sICH in patients with
CMB, whereas Charidimou et al.*°! did not. However, two
recent meta-analysis have come to similar conclusions, 4!
Wang et al.*" included 11 studies, 2702 AIS patients treated
with IV thrombolysis (IVT), and it was concluded that CMB’s
presence was not significantly associated with the increased
risk of early sICH after IVT, whereas CMB’s presence
increased the risks of 3-month poor functional outcome,
PH, and any ICH after IVT. Charidimou et a/.*! found
that CMBs are associated with greater sICH risk and poor
functional outcome in AIS patients undergoing thrombolytic
therapy with the data of 8 studies and 2601 stroke patients
treated with IV thrombolysis. Whereas, it was indicated
that CMB’s presence should not be a contraindication to
IVT for AIS patients based on the existing evidence,*” but
thrombolysis may not be a safe choice for stroke patients with
the detection of CMBs on SWI, especially extensive CMBs.
Turc et al.™ concluded that there was no relation between
CMBs and sICH, neither was poor outcome after adjusting

for confounding variables. A recent study discovered that the
rates of sSICH did not differ between patients with and without
1-10 CMBs, but it was noted that the presence of more
than 10 CMBs was correlated with increased risk of sSICH,
even after adjusting for confounding factors,**! which was
inconsistent with the conclusion the previous study suggested
that the risk of sSICH and PH was significantly increased in
patients who were presented with more than one CMB.4!
It is still controversial about the outcome-predicting role of
CMBs, studies relevant to consequences after thrombolytic
therapy and previous detection of CMBs are limited, and
more studies using SWI to explore the relationship between
CMBs and thrombolysis are needed to evaluate the process
and relevant consequences.

The application of venous change on susceptibility
-weighted imaging for thrombolysis

Venous changes in the affected hemisphere after AIS may
play a crucial role in determining clinical outcome.>#7
SWI venography allows clear visualization of cerebral
veins.”! Shortly after vascular occlusion, the uncoupling
between oxygen supply and demand in the hypoperfused
region leads to an elevated oxygen extraction fraction and
subsequent increased level of deoxyhemoglobin in the
vessel, which contributes to prominent hypointensity of the
draining veins on SWLP"#411t was found that the presence
of ipsilateral prominent thalamostriate vein (IPTSV) on
SWI was associated with a lower successful reperfusion
rate after adjusting for baseline diastolic blood pressure and
onset-to-needle time, in the subgroup of patients without
reperfusion, patients with IPTSV had a significantly higher
rate of poor outcome compared with those without IPTSYV,
and IPTSV was not associated with poor outcome in patients
with successful reperfusion.’” Hermier et al.*"! discovered
that an abnormal visibility of transcerebral veins within the
ischemic area, which was identified as a signal drop within
cerebral veins on SWI, was correlated with subsequent
of HT in patients with hemispheric ischemic stroke and
treated with IV thrombolytic therapy, and it was mentioned
that venous blood volume represented 70-80% of the
total blood volume,? contained higher concentrations of
deoxyhemoglobin, the gradient-echo imaging modifications
might be mainly related to venous structures.**! In addition,
the maximal T2* signal lowering due to deoxyhemoglobin
may be expected within venous structures that drain
hypoperfused tissue.!

Xu et al.¥ found that brush sign, conspicuity deep medullary
vein detected on SWI, which was proved to be associated
with lower cerebral blood flow and cerebrovascular reserve
in the middle cerebral artery area in moyamoya disease,™
was independently correlated with HT of stroke patients
following IV thrombolysis, which was consistent with the
previous finding that BS might predict the development of
HT in patients treated with thrombolysis.’®! Zhao et al.’”)
conducted a prospective study in which patients were divided
into two groups according to the presence of symmetric or
asymmetric veins on SWI before thrombolysis, and it was
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shown that the 90-day mortality of both the groups was
zero, and higher good outcome rate was found in patients
detected with symmetric venous sign by SWI statistically.
The number and level of CMBS were lower but with no
statistically significance, and some of the low density signals
were inversed after thrombolysis in asymmetric venous sign
group, which is believed to be related to the recanalized
blood flow.’”!

The association between susceptibility vessel sign on
susceptibility-weighted imaging and recanalization

It was hypothesized that the main component in
hyperacute thrombi might be oxyhemoglobin, instead of
deoxyhemoglobin or hemosiderin, which made the clot
invisible to the identification of negative susceptibility
vessel sign (SVS).¥ On the contrary, it was found that
the negative SVS remained invisible on follow-up SWI
in all patients without recanalization, indicating that
this sign may not be simply related to the component of
oxyhemoglobin,®? and other undetermined factors may
also be involved. It was suggested that higher baseline
NIHSS score was associated with poor outcome in patients
with positive SVS which was completely or partially
disappeared in patients recanalization was achieved.”
Assouline et al.[ confirmed that vascular susceptibility
signs decreased in size or disappeared after partial or
complete recanalization of the occluded artery, and those
signs can be seen as soon as 45 min after arterial occlusion
and changes with time despite a persisting occlusion.
A latest research conducted by Yan e al'®!l discussed
the recanalization-predicting role of extensive blooming
artifact after thrombolysis, which is the SVS width
beyond the lumen, more specifically, the overestimation
ratio of thrombus width on SWL'! The extent of SVS
width beyond the lumen might reflect the content of
hemosiderin which exhibits a stronger T2 shortening effect
than deoxyhemoglobin, and an extreme overestimation
ration might indicated aged thrombus, which may be
resistant to thrombolysis;!®!! in this scenario, it might
be better to implement endovascular thrombectomy
instead. Hemosiderin is considered more paramagnetic
than deoxyhemoglobin, since the iron-containing cores
are more closely packed.l®” As time goes by, the blood
clot may contain more hemosiderin that will make larger
blooming artifact, but an aging clot with structural
reorganization may mask the initial thrombotic resource
and thus confuse these results.[*

Recanalization is the strongest predictor of at-risk tissue
rescue and clinical impairment reversal and accordingly
is the mainstay of current stroke therapy.[®*l Many factors
impact the success of recanalization therapy, including clot
composition, clot burden, and site of clot impaction.'*"? An
autopsy study showed that thromboembolic occlusions can
be caused by red, white, or mixed thrombi.l** Red thrombi
mainly consist of trapped erythrocytes and fibrin, which
form in low-pressure systems, such as cardiac or venous
systems, and it is widely accepted that cardiac emboli are

mainly composed of red thrombi.l] White thrombi are
predominantly composed of platelet aggregates, which
form in areas of high-shear stress, such as the arterial
system, and, thus, develop on ruptured plaques,’®! and
obstructive arterial thrombi that are platelet rich are
resistant to thrombolysis.[""

The presence of unpaired electrons in deoxyhemoglobin
and hemosiderin gives them paramagnetic properties which
produce a nonuniform magnetic field and a rapid dephasing
of proton spins, resulting in a loss of signal best seen on
SWL"! Thus, red thrombi in occlusive vessels may be seen
as hypointense signals within vascular cisterns on SWI,
because of the paramagnetic property of deoxygenated
hemoglobin components in trapped red blood cells, which
is termed as SVS."%721 More proximal and longer clots are
harder to treat, leading to a worse outcome as compared
to shorter and distal clots.[*73) SWI enables visualization
of thrombotic material in AIS, and it was suggested that
clot location and length could be reliably assessed using
the SVS, with a high concordance with DSA findings, and
not only can SWI show the proximal end of the occluding
thrombus, but it can also reveal the length of the clot."! It
was hypothesized that patients with large clots in proximal
vessels might benefit from endovascular interventions,”!
and when using stent retrievers, it is important to deploy
the distal tip of the device in the vessel segment distal
to the thrombus so as not to shear off parts of the clot
during stent retraction, and SWI is helpful for planning
this procedure as it can identify the distal thrombus end
as well as the curvature of the occluded vessel segment,
and length and type of the stent retriever can be selected
prior to the intervention on the basis of information from
the SWIL.™ A study on middle cerebral artery (MCA)
stroke demonstrated that IV thrombolysis had nearly no
potential for recanalizing thrombi measuring more than
8 mm in length;’* on the contrary, thrombus length appears
to have no impact on reperfusion success of endovascular
therapy;!™! therefore, it might be more appropriate to treat
patients who are detected with long thrombus on SWI
with endovascular therapy, instead of IV thrombolysis.
The sensitivities of SVS on SWI for thrombus differ
among studies,*7>7-% ranging from 34% to 92.6%, and
it is believed that differences between these studies are
related to the composition, location, and aging of clots
associated with stroke etiology.” It was revealed that
cardioembolic occlusion was associated with higher
presence of SVS compared with other stroke subtypes, and
SVS might predict cardioembolic stroke and subsequent
recanalization. Stroke patients who were present with SVS
on SWI might be more sensitive to fibrinolytic therapy.
[ However, there was a statement that recanalization
mainly represented delayed spontaneous recanalization
in cardioembolic stroke patients, which was a frequent
phenomenon in the acute phase of cardioembolic stroke.®!
Therefore, SVS seems to be associated with spontaneous
but not fibrinolytic therapy-induced recanalization in
cardioembolic stroke.
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Kimura et al.® conducted a research where patients with
internal carotid artery and M1 occlusion were prospectively
studied, and it was revealed that patients without the M1
SVS had early recanalization, but none of the patients with
the M1 SVS had early recanalization (P = 0.0002), and it
was believed that SVS was present in older thrombi, which
might be resistant to rt-PA therapy. Hence, it was indicated
that M1 SV'S on SWI appeared to be a strong predictor for no
early recanalization after thrombolysis,? the conclusion was
consistent with the finding concluded that positive predictive
value of M1 SVS for predicting no early recanalization
was 89.7%,% and it was suggested that in patients with
acute stroke within 3 h of onset, M1 SVS might be a sign
for combined IV thrombolysis and endovascular therapy or
endovascular therapy alone instead of IV thrombolysis as
first-line therapy. Kim et al.®¥ found that a positive MCA
susceptibility sign on initial SWI could be used to predict the
immediate effectiveness of intraarterial thrombolysis, but this
sign was not associated with a favorable clinical outcome after
thrombolysis, and it was discovered that a history of atrial
fibrillation was higher in the patients with MCA susceptibility
sign, which was accordant with that cardioembolic occlusion
was associated with higher presence of SVS." It was
indicated that early recanalization was more frequent in
patients with cardioembolic stroke compared with other
stroke types.[®! Cardioembolic stroke probably represents the
stroke subtype with more uniform fibrin-rich clots, given the
high binding affinity of rt-PA for fibrin, in fibrin-rich clots,
rt-PA penetrates and distributes homogeneously, leading to an
entire and rapid clot dissolution, in contrast, in well-organized
and platelet-rich clots, penetration and distribution of rt-PA
are limited, which may result in nonuniform clot softening
and degradation from the outside of the clot, and clot shrinks
and moves distally, lodging in smaller arteries.*]

Legrand et al.'®®! conducted a study about clot burden score
on SWI, an adaption of the CT angiography-clot burden
score, which is assessed by the location and quantity of the
SVS using a 10-point scale, and evaluated its correlation
of 24-h recanalization and 3-month outcome after IV
thrombolysis, and it was suggested that the clot burden
but not the presence of any SVS was associated with 24-h
recanalization in patients with acute anterior circulation
stroke treated with thrombolysis and patients with less
thrombus burden were more likely to have favorable
functional 3-month outcome after IV thrombolysis. The
absence of SVS might be explained by the following
reasons: First, MRI characteristics, such as sequence
parameters, spatial resolution, and magnetic field strength,
all the elements can influence the imaging results, leading
to false-negative detection results. Second, time interval
between symptom onset and radioexaminiation, hyperacute
clot might not be show as hypointense signal on SWI, as
the oxyhemoglobin remains the original status, instead of
turning into deoxyhemoglobin or hemosiderin. Third, the
vessel occlusion is caused by white thrombus consisted of
platelets and fibrin, lacking paramagnetic substances. Fourth,
spontaneous recanalization of occluded vessel and other

undetermined mechanisms involved. Identification of SVS
may help guide therapeutic decisions in terms of indicating
whether an occlusive clot is susceptible or resistant to
fibrinolytic therapy,®% as stated, old, platelet-rich and
well-organized thrombi formed under flow conditions have
been shown to be more resistant to thrombolysis than fresh,
fibrin- and red cell-rich clots formed under conditions of
stasis,®”! and it is essential to identify the clot composition
and time phase; therefore, we can treat different individuals
with the most suitable therapy based on clot characteristics.

The relationship between cerebral microbleed on
susceptibility-weighted imaging after thrombolysis and
functional outcome

It is still controversial that the impact on functional outcome
HT exerts after thrombolytic therapy. It was shown that
there was a higher rate of good outcome in patients with
asymptomatic hemorrhage after thrombolytic therapy
and explained these results by the fact that it could reflect
recanalization.® Annan et al. ®” concluded that asymptomatic
hemorrhage was correlated with a higher poor functional
outcome at 3 months, but after adjusting for baseline NIHSS
score, it was no longer statistically significant. However,
even if HT of ischemic brain tissue after rt-PA thrombolysis
as detected by MRI can be asymptomatic, it may impair
neurological recovery.” Libman et al.®!! concluded that
asymptomatic hemorrhage might not benign using CT.
On the contrary, Bai et al.’” revealed that higher CMB
incidence was correlated with better clinical improvement
in IV thrombolysis-treated super-AIS patients. Evidences
about the impact of CMB after thrombolysis are finitude,
and SWI is characterized with high sensitivity of CMB or
any other types of cerebral hemorrhage for the character
of identifying deoxyhemoglobin and hemosiderin; further
studies are needed to confirm the predicting role of CMB
or asymptomatic hemorrhage after thrombolytic therapy.

The value of susceptibility-weighted imaging in
decision-making for combination of antiplatelet therapy
Studies about antiplatelet therapy and the correlation
between ICH and outcome after thrombolytic therapy
are emerging. It was found that prior antiplatelets use
increased neither risk of PH nor adverse functional outcome
in patients with CMBs, while in patients who had prior
antiplatelets and multiple CMBs (=3), the HT was higher,
but not adverse functional outcome.®” It was suggested that
previous antiplatelet therapy and shorter time from onset to
thrombolysis were inversely associated with poor outcome in
patients with absence of SVS on SWI in patients treated with
thrombolysis.’” Thromboembolic occlusions can be caused
by red, white, or mixed thrombi.[*! White thrombi composed
of platelets and fibrin®®! might be shown with lower rate of
SVS on SWI, in the consideration of lacking paramagnetic
substance comparing to red clot. Absence of SVS on SWI
is more likely to indicate white thrombi, which may be
easier to grow in a short time and thus is likely to benefit
from prior use of antiplatelets agents.’” In acute coronary
syndrome, obstructive arterial thrombi that are platelet rich
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Figure 1: The undetermined correlations between signs detected on SWI and thrombolytic therapy. SVS: Susceptibility vessel sign; CMB: Cerebral

microbleeding; SWI: Susceptibility-weighted imaging.

are resistant to thrombolysis and have an increased tendency
to grow reocclusion after initial reperfusion.l’” In these
circumstances, an antiplatelet agent used in combination
with a thrombolytic agent not only offers the potential for
enhancing thrombolysis and reducing the risk of reocclusion,
but also permits this to be accomplished with reduced doses
of thrombolytics and heparin.l*? Stroke patients who suffer
from vascular occlusion by white thrombi are more suitable
for antiplatelet therapy whether before or after symptom
onset when there are no limitations. On the other hand,
the presence of SVS was postulated to represent the red
clot containing erythrocytes and some fibrin,**! which is
composed of paramagnetic substance, deoxyhemoglobin and
hemosiderin; thus, it may be seen as a hypointense signal on
SWI As stated above, the absence of SVS on SWI might
indicate white thrombi, but there is no definite conclusion;
we should further explore under which circumstance the
absence of SVS is a predictor for white thrombi and implent
antiplatelet therapy.

Yan et al.®® allocated 146 patients without sICH on CT
after thrombolysis to two group: Group A (n = 72) received
antiplatelets 24 h after thrombolytic therapy, regardless
of SWI detected hemorrhage; Group B (n = 74) received
antiplatelets for patients without SWI-visualised hemorrhage,
a higher rate of poor outcome at 90 days was found in patients
who received antiplatelets 24 h after thrombolysis with the
detection of CMB on SWI, which indicated that CMB might
be a potential marker of a hemorrhage-prone state and might
develop into HT or PH. It was shown that patients did not
receive further antiplatelets with the detection of hemorrhage
had a higher rate of favorable outcome; on the contrary,
further antiplatelet therapy may lead to worse clinical
outcome and may impair patients’ neurological recovery,
even CMBs.P% It was suggested that NIHSS score at 7 days
and 14 days after thrombolysis was significantly lower in the
patients with the detection of hemorrhage on SWI without
continuing antiplatelet therapy, so as a significantly shorter
duration of hospitalization and higher favorable outcome
rate at 90 days.P” This indicates that stroke patients who are
detected with ICH on SWI, even CMBs, might not be suitable

for antiplatelet therapy soon after thrombolysis. As stated
above, studies about prior antiplatelets use and signs detected
on SWI are limited, either CMB or SVS, hence, more studies
should be conducted to clarify the relationships in between.
It is believed that patients with negative SVS on SWI can
benefit from antiplatelet therapy, but antiplatelet therapy
afterwards in stroke patients treated with thrombolysis with
the detection of CMBS on SWI are scarce, and conclusions
are inconsistent.

ConcLusioN

SWI is of critical significance in guiding individualized
thrombolytic therapies, but there are controversies about
the value of signs detected and their correlations with
recanalization, ICH, functional outcome, and antiplatelet
therapy in thrombolysis [Figure 1]. Further studies are
needed to figure out the authentic relationships and
mechanisms involved.
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