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Since the Corona Virus Disease 2019 (COVID-19) pandemic, there has been
increasing evidence that severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection is associated with acute cerebrovascular events such as cerebral
infarction, cerebral hemorrhage, and cerebral venous thrombosis. Although the
mechanism of cerebrovascular complications among COVID-19 patients has not
been adequately elucidated, the hypercoagulable state, excessive inflammation
and ACE-2-associated alterations in the renin-angiotensin-aldosterone system
after SARS-CoV-2 infection probably play an essential role. In this overview,
we discuss the possible mechanisms underlying the SARS-CoV-2 infection
leading to acute cerebrovascular events and review the characteristics of COVID-
19-related acute cerebrovascular events cases and treatment options available
worldwide.

COVID-19, SARS-CoV-2, hypercoagulability, ischemic stroke, mechanical
thrombectomy

1. Introduction

Since December 2019, the coronavirus disease 2019 (COVID-19) pandemic, caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has infected billions of people
worldwide, resulting in several million deaths (1). The common symptoms described by
COVID-19 patients are dyspnea, fever, dry cough, arrhythmia, myalgia, and olfactory and
gustatory dysfunction (2, 3). In addition to the symptoms commonly associated with viral
infections, there are increasing reports showing an increased incidence of acute cerebrovascular
events in COVID-19 patients (4, 5). Although the mechanisms underlying such complications
are not fully understood, hyperinflammation, cytokine storm, hypercoagulable state, and
cardiogenic embolism probably perform critical roles (6, 7). In this review, we investigate the
potential mechanisms underlying acute cerebrovascular events resulting from SARS-CoV-2
infection. Furthermore, we review the characteristics of case reports involving cerebrovascular
complications in COVID-19 patients, together with the treatment options.

2. Pathophysiological processes relating COVID-19
and cerebrovascular events

Even though multiple SARS-CoV-2 vaccines have been produced, novel variants of SARS-
CoV-2 have made COVID-19 a persistent epidemic that requires the attention of the medical
community (8). Therefore, understanding probable pathophysiological mechanisms connecting
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cerebrovascular diseases with COVID-19 is imperative for effective
therapy. A brief description of the possible mechanisms of ischemic
stroke in COVID-19 patients is presented in Figure 1.

2.1. SARS-CoV-2 triggers endothelial
inflammation

Spike glycoproteins that are present on SARS-CoV-2 outer
envelope have a high affinity for human angiotensin-converting
enzyme 2 (ACE-2) (9). ACE-2, a transmembrane receptor with
enzymatic properties, is expressed in a variety of cells, including
cardiomyocytes, vascular endothelial cells, and lung epithelial cells,
among others (10, 11). The combination of SARS-CoV-2 and ACE-2
enables the virus to invade into cells.

Through its high affinity for ACE-2, SARS-CoV-2 may invade
vascular endothelial cells directly, which leads to endothelial
inflammation and ultimately thrombus formation. Autopsy samples
from the lungs, heart, kidneys, and intestines have shown signs of
endothelial inflammation and apoptosis after SARS-CoV-2 infection
(12). Similar to these organs, SARS-CoV-2 can directly intrude into
cerebrovascular endothelial cells by binding to ACE-2, thereby
increasing the risk of vasculitis, blood-brain barrier (BBB) injury, and
secondary stroke (13). In addition, cerebral vasculitis can lead to
arterial remodeling, narrowing or dilatation, and fragility of the
vessels, followed by ischemic or hemorrhagic stroke (14).

Vascular endothelial injury is not only attributed to direct invasion
of vascular endothelial cells by SARS-CoV-2, but is also influenced by
the body’s systemic immune response to the virus, the so-called
cytokine storm. A variety of cytokines, including Interleukin-1§
(IL-1p), interleukin-6 (IL-6), interferon-y (IFN-y), tumor necrosis
factor-o (TNF-a), macrophage inflammatory protein 1o (MIP-1a),
CXC chemokine ligand-10 (CXCL 10), granulocyte colony-
stimulating factor (G-CSF), C-reactive protein (CRP), and ferritin
were found to be markedly increased in COVID-19 patients, especially
in those who were severely ill (15, 16). Excessive levels of
pro-inflammatory cytokines may disrupt the integrity of tight
junctions in BBB (17). Moreover, in the hyperinflammatory state of
COVID-19, excessive production of acute inflammatory response
proteins and adhesion molecules as well as circulating activated
leukocytes may lead to an enhanced inflammatory process in the
ischemic brain (18). Furthermore, astrocytes and microglia receive
cytokine stimulation and become overactivated, shifting to a
pro-inflammatory state, which exacerbates neuroinflammation (19).
This may explain the increased severity of stroke observed in patients
with COVID-19.

2.2. SARS-CoV-2 induced hypercoagulation

Hypercoagulable states may increase the incidence of ischemic
stroke and cerebral venous thrombosis (CVT) (20). Several reports on
the hypercoagulable state related to severe COVID-19 have been
published that have attributed the hypercoagulable to endothelial cell
injury, excessive inflammation, platelet activation, immobilization,
dehydration, activated complement system, and hypoxia (21-23).
SARS-CoV-2 directly invades endothelial cells and promotes the
release of inflammatory factors, such as IL-6 and TNF-a, leading to
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endothelial cell damage and tissue factor (TF) exposure (11). In the
course of COVID-19 disease, multiple factors mentioned above
activate the coagulation system and initiate intrinsic and extrinsic
coagulation pathways, causing arterial and venous thrombosis (6). In
addition, immobilization in hospitalized patients, especially in severe
cases, causes blood stagnation that significantly increases the
incidence of deep vein thrombosis, pulmonary embolism and embolic
stroke (24).

In studies of COVID-19-related cerebrovascular disease, elevated
levels of coagulation-related indicators such as D-dimer, fibrinogen,
antiphospholipid antibodies, and platelet count were detected (25, 26).
D-dimer, a marker of endogenous fibrinolysis, is generated by the
degradation of cross-linked fibrin with fibrinolytic enzymes during
the last step of clot formation (27). A report showed substantially
higher D-dimer levels in severe COVID-19 patients than in common
COVID-19 patients (28). The study encompassing 191 individuals
diagnosed with COVID-19 revealed that the levels of D-dimer
exceeding 1pg/mL were linked to heightened mortality (29).
According to Yaghi et al., there was a higher prevalence of elevated
D-dimer levels among COVID-19 patients who developed stroke. The
authors proposed that a hypercoagulable state may be a contributing
factor to the occurrence of stroke in COVID-19 patients (30).

2.3. SARS-CoV-2-related
renin-angiotensin-aldosterone system
alterations

As a component of the renin-angiotensin-aldosterone system
(RAAS), endothelial ACE-2 is crucial for the regulation of cerebral
blood flow in the cerebrovascular system. The RAAS is the main
peptide hormone system responsible for blood pressure and volume
regulation during circulation (31). Apart from ACE-2, the RAAS
comprises several crucial constituents such as renin, angiotensinogen,
angiotensin I (Ang I), angiotensin II (Ang II), ACE, angiotensin II
type-1 receptor (AT1R), angiotensin II type-2 receptor (AT2R), and
Mas receptor. The classical RAAS pathway involves the enzymatic
action of renin on angiotensinogen resulting in the formation of Ang
I. ACE enzymatically catalyzes the conversion of Angiotensin I to
Angiotensin II, a peptide with significant biological activity that
interacts with both AT1R and AT2R receptors. Overall, angiotensin II
exhibited a greater affinity toward AT1R. The effect of angiotensin II
on AT1R resulted in vasoconstriction and excretion of aldosterone
from the adrenal glands (31, 32). Moreover, Angiotensin II has the
potential to promote thrombosis through the augmentation of tissue
factor expression and the release of fibrinogen activator inhibitor type
1 (33). In the alternative RAAS pathway, ACE-2 enzymatically cleaves
Ang IT to produce angiotensin 1-7 (Ang [1-7]). This substance then
activates Mas receptors, leading to the mediation of vasodilatory, anti-
inflammatory, and antioxidant effects (31, 34). In addition, ACE-2
possesses a pronounced antithrombotic action by diminishing platelet
aggregation and enhancing nitric oxide release (35).

The interaction between SARS-CoV-2 and ACE-2 may result in a
reduction of ACE-2, which in turn may lead to an elevation in
ACE-dependent Ang II synthesis and a decrease in ACE-2-dependent
Ang (1-7) synthesis (36). The imbalance induced by SARS-CoV-2
between the classical and alternative RAAS pathway eventually leads
to ischemia by means of heightened cerebral vasoconstriction,
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FIGURE 1 (Continued)

The probable mechanism of ischemic stroke in COVID-19 patients. (A) Schematic overview of SARS-CoV-2 effects on the renin-angiotensin-
aldosterone system (RAAS). SARS-CoV-2 not only binds to ACE-2 causing downregulation of ACE-2, but also competes with Ang Il for binding to ACE-
2, resulting in an increase in Ang Il and a decrease in Ang (1-7). Such events result in abnormalities of the RAAS, causing vasoconstriction,
inflammation, and thrombosis. (B) Schematic illustration of the inflammatory storm and thrombosis triggered by endothelial cell damage associated
with SARS-CoV-2 infection. By binding to ACE-2, SARS-CoV-2 can directly invade cerebrovascular endothelial cells, causing endothelial damage and
tissue factor exposure, as well as the release of cytokines such as IL-6 and TNF-, and multiple factors mentioned above activate the coagulation
system, initiating intrinsic and extrinsic coagulation pathways and causing arterial and venous thrombosis. Furthermore, cytokine stimulation causes
astrocytes and microglia to become hyperactive, resulting in a pro-inflammatory state that exacerbates neuroinflammation. ACE, angiotensin-
converting enzyme; ACE-2, angiotensin-converting enzyme 2; Ang |, angiotensin I; Ang Il, angiotensin II; Ang (1-7), angiotensin 1-7; AT1R, angiotensin
Il type-1 receptor; CRP, C-reactive protein; CXCL 10, CXC chemokine ligand-10; G-CSF, granulocyte colony-stimulating factor; IFN-y, interferon-y;
IL-1B, Interleukin-1p; IL-6, interleukin-6; MasR, Mas receptor; MIP-1a, macrophage inflammatory protein la; TF, tissue factor; TNF-a, tumor necrosis

factor-a.

hyperinflammation, and oxidative stress (37). The aforementioned
impact, in conjunction with the damage inflicted on endothelial cells
due to SARS-CoV-2 infection, has the potential to compromise the
stability of atherosclerotic plaques that are already susceptible, thereby
resulting in vascular occlusion (11).

2.4. COVID-19 associated cardiogenic
embolism

SARS-CoV-2 infection has been found to potentially result in
various cardiac complications, such as decompensated heart failure,
myocarditis, acute myocardial infarction, and arrhythmias (38, 39).
The cardiac symptoms associated with COVID-19 have the potential
to result in subsequent strokes caused by cardioembolism. Aside from
acute coronary events, cytokine storm-related systemic inflammatory
responses or direct attack of SARS-CoV-2 on cardiomyocytes could
lead to severely impaired cardiac function (40, 41). Moreover,
respiratory failure and hypoxemia caused by SARS-CoV-2 infection
have the potential to worsen cardiac impairment. The occurrence of
thrombosis within the failing left ventricle poses a substantial risk for
stroke, particularly in the context of a hypercoagulable condition (42).
Research has demonstrated that SARS-CoV-2 infection is associated
with an elevated likelihood of developing atrial fibrillation, a
recognized risk factor for ischemic stroke. Systemic inflammation and
myocardial dysfunction may be risk factors for atrial fibrillation in
COVID-19 patients (43, 44). Malignant ventricular arrhythmias may
be induced in cases of elevated cardiac output due to respiratory
failure and hypoxemia, which in turn may cause cerebral ischemia and
hypoxia (45, 46). Moreover, patients with severe COVID-19 frequently
experience recurrent bacterial infections, thereby elevating their
susceptibility to bacteremia and infective endocarditis, both of which
heighten the likelihood of cardioembolism (47).

2.5. Other pathophysiological
considerations of COVID-19-related stroke

Hemodynamic alterations following SARS-CoV-2 infection may
be responsible for cerebral ischemia (48). For example, fever, diarrhea,
or inadequate fluid intake due to malaise and anorexia can lead to
dehydration. Patients with vascular risk factors (e.g., diabetes) may
be particularly vulnerable because infections may exacerbate
hyperglycemia, leading to additional dehydration. Dehydration may
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cause viscous and stagnant blood, which increases the risk of stroke
(49). In addition, dehydrated patients may experience cerebral
infarction caused by inadequate cerebral perfusion pressure, especially
when hemodynamic fluctuations exceed their ability to self-
regulate (50).

Discomfort and anorexia in COVID-19 patients may lead to the
discontinuation of daily stroke prevention medications or the addition
of medications such as decongestants and cough suppressants to treat
these discomforts. Most of these medications contain vasoactive
substances such as norepinephrine and other sympathomimetic
drugs. However, the use of these drugs has been associated with
unstable hypertension, ischemic stroke, and cerebral hemorrhage (51).
Nonsteroidal anti-inflammatory drugs such as acetaminophen exhibit
analgesic and antipyretic effects, but they can also cause
vasoconstriction and increased blood pressure, which are implicated
in an increased risk of stroke (52). Similarly, pseudoephedrine, a
potent amine that relieves nasal congestion, has been shown to
constrict vessels and raise blood pressure (53). In addition, some
COVID-19 patients seek chiropractic manipulation therapy to relieve
myalgia, which may potentially lead to carotid or vertebral artery
dissection and stroke (54).

COVID-19 patients afflicted with severe pneumonia may
intubation, mechanical ventilation, and extended
hospitalization within the Intensive Care Unit (ICU). The critical
illness-induced hypoxemia and systemic hypotension can exacerbate

necessitate

cerebral hypoxia-ischemia, leading to the onset of ischemic stroke,
particularly in watershed areas, or presenting as cortical laminar
necrosis (55). Furthermore, extended periods of hypoxemia and
respiratory failure have been linked to the occurrence of cerebral
microhemorrhages and white matter encephalopathy (56).

3. COVID-19-associated
cerebrovascular complications

Acute cerebrovascular events are frequently being reported in
patients with COVID-19 (57). The pathophysiologic mechanisms are
not fully understood and may involve direct vascular injury mediated
by viral invasion, hypercoagulation and cardiogenic embolism, as
previously described. On the other hand, cerebral hemorrhage and
cerebral venous thrombosis were less frequent in COVID-19 patients
(57, 58). Cases with atypical neurovascular manifestations have also
been reported, including carotid artery dissection, posterior reversible
encephalopathy syndrome, and vasculitis (59-61).
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3.1. Ischemic stroke

According to a comprehensive meta-analysis encompassing a
sample size of over 60,000 individuals diagnosed with COVID-19, it
was found that cerebrovascular events were detected in 1.3% of
patients. Among these incidents, ischemic strokes were the most
frequently occurring (57). Initially, different retrospective studies
showed considerable variations in the prevalence of ischemic stroke
among patients with COVID-19. Li et al. and Yaghi et al. reported
varying incidences of ischemic stroke in COVID-19 inpatient cohorts.
Li et al. found a 4.6% incidence in Wuhan, while Yaghi et al. reported
a lower incidence of 0.9% in New York (30, 58). Cohort studies from
Italy, France, Germany, Philadelphia, and other hospital systems in
New York reported incidence rates within this range (62-65). So far,
the largest cross-national studies and meta-analyses have estimated
the risk in hospitalized COVID-19 patients to be between 0.5 and
1.3% (57, 66). The variability in incidence observed in various studies
can be attributed to dissimilarities in the demographics of patients and
their medical conditions. More COVID-19 stroke patients can
be identified in regions with a high proportion of elderly people and
sophisticated medical care. It may require more comprehensive and
extensive multicenter studies to obtain more accurate incidence rates
in the overall population. Although numerous reports have
documented the prevalence of ischemic stroke in COVID-19 patients,
these results are limited to hospitalized patients and do not reflect the
actual incidence of ischemic stroke in all SARS-CoV-2 infected
individuals. Statistics from ischemic stroke patients can be an
underestimation because it is plausible that some patients suffering
from mild stroke or transient ischemic attack did not seek hospital
care due to lockdowns, hospital overload or concerns over
infection (67).

Individuals with a prior history of ischemic stroke, diabetes, high
D-dimer levels, and other conventional risk factors for stroke are
seemingly at an increased susceptibility to ischemic stroke in the
context of SARS-CoV-2 infection (68-70). In comparison to
uninfected controls, patients diagnosed with COVID-19 exhibited a
3.6-fold augmented susceptibility to ischemic stroke (57), which is
consistent with the findings of other meta-analyses (71). Furthermore,
there seems to be a correlation between the severity of COVID-19 and
the risk of stroke. According to the report, the incidence of stroke in
patients with mild COVID-19 symptoms is estimated to be around
1%, whereas in patients who require ICU admission, the risk may
increase up to 5.7% (71, 72). While viral infections are commonly
linked to an increased risk of stroke, patients diagnosed with
COVID-19 exhibit a notably heightened susceptibility to stroke.
Research has indicated that individuals diagnosed with COVID-19
exhibit a stroke risk that is seven times greater than those diagnosed
with influenza (73). The heightened susceptibility to stroke in
COVID-19 patients may be due to factors such as excessive
inflammation,  hypercoagulable states, or more severe
clinical symptoms.

In comparison to stroke patients without COVID-19, those with
COVID-19 who also experienced stroke was observed to be younger
(median in years: 63 versus 70, p=0.001), had a higher proportion of
male individuals, and exhibited more severe neurological deficits
(median National Institutes of Health Stroke Scale score: 19 versus 8,
p=0.007) (30). The higher incidence of large vessel occlusion (LVO)
in COVID-19 stroke patients and the systemic inflammation that
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exacerbates brain injury may be responsible for the more severe
neurological deficits (98).

The prognosis of stroke patients is comparatively worse in the
presence of COVID-19 as compared to those who do not have
COVID-19. An earlier report from China described poorer outcomes
and increased in-hospital mortality in COVID-19 stroke patients
(104). Research conducted in the United States has demonstrated that
a considerable proportion of patients, up to 63.6%, who contract
COVID-19 and experience a stroke, pass away during their
hospitalization (30). In their study, Qureshi et al. analyzed over 27,000
hospitalized patients and found that those who were diagnosed with
COVID-19 and experienced an acute ischemic stroke exhibited a
twofold elevation in the likelihood of being discharged to a non-home
destination or death (106). The poor prognosis of COVID-19 stroke
patients might be associated with more severe onset symptoms and
lack of effective rehabilitation during the epidemic (101). Another
explanation for the worsening stroke prognosis in COVID-19 patients
is probably the diminished use of acute stroke therapies such as tissue
fibrinogen activator (t-PA) and mechanical thrombectomy (MT).
There may be a lower probability of administering t-PA and MT to
stroke patients who have contracted COVID-19, particularly those
who are severely ill (121). There are various potential factors that
could contribute to this phenomenon, one of which may be a lag in
the identification of stroke symptoms as a result of sedative
administration. Furthermore, individuals with severe COVID-19 may
be administered therapeutic anticoagulation to address systemic
clotting or may have serious medical comorbidities that preclude them
from receiving t-PA and MT (95). There were also other studies,
however, that showed no difference in outcomes at 3months in
COVID-19 stroke patients compared to pre-COVID-19, despite the
longer treatment time and higher hospital costs (79).

The neuroimaging features of COVID-19-related ischemic stroke
are the presence of multiple thrombi, including multiregional
involvement, atypical vascular involvement, and large vessel occlusion
(78). Several case series have highlighted an increased prevalence of
LVO strokes, mainly cryptogenic embolic strokes, in COVID-19
patients (71, 83, 102). The stroke features of 432 COVID-19 patients
who were admitted to 71 centers in 17 countries were documented in
an extensive multicenter research. Compared with pre-pandemic
study findings, they observed higher rates of cerebral large vessel
occlusion and lower rates of lacunar cerebral infarction (110). The
aforementioned observation implies a plausible absence of correlation
between COVID-19 and cerebral small vessel disease. Nonetheless,
due to the relatively mild severity of lacunar stroke symptoms, it is
possible that patients may not have been subjected to neuroimaging
assessment via brain MRI, leading to an underestimation of the
incidence of lacunar stroke among COVID-19 patients in the
investigation. Therefore, COVID-19 patients with high risk factors for
stroke should undergo brain MRI examination if possible to clarify the
presence of lacunar stroke and to provide early targeted prevention
and treatment.

3.2. Cerebral hemorrhage
Cerebral hemorrhage associated with COVID-19 is less common

than cerebral infarction, and studies assessing the risk of hemorrhagic
stroke (including parenchymal and subarachnoid hemorrhage) in
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patients with COVID-19 are relatively limited. According to studies,
approximately 0.5% of COVID-19 inpatients suffer from cerebral
hemorrhage (58). One study demonstrated no apparent increase in
cerebral hemorrhage events in COVID-19 patients hospitalized in
neurology as opposed to non-COVID-19 patients (76).
Hemorrhagic strokes may be induced by medications.
Anticoagulation has been identified as a primary reason for
intracranial hemorrhage in COVID-19 patients. Kvernland et al.
89.5% of COVID-19
anticoagulation prior to the occurrence of nontraumatic cerebral

demonstrated patients underwent

hemorrhage or spontaneous nonaneurysmal subarachnoid
hemorrhage (95). In contrast to spontaneous cerebral hemorrhage,
which predominantly presents as deep cerebral parenchymal
hemorrhage, COVID-19 patients commonly exhibit lobar and
multifocal hematomas in the absence of underlying vascular
abnormalities (75, 95). Cerebral microhemorrhages have also been
found in patients with severe COVID-19, with or without white
matter encephalopathy. They are mostly found in the corpus callosum
and paracortical regions, and are atypical locations for cerebral

microhemorrhages (56, 94).

3.3. Cerebral venous thrombosis

A meta-analysis containing 67,845 COVID-19 patients revealed
that approximately 0.03% of the patients developed CVT, which
mainly involves the transverse and sigmoid sinuses (57). Several case
reports have indicated that individuals, both adults and children, have
developed CVT in association with COVID-19 (77, 86, 89, 90, 103).
Headache was the main symptom, with varying degrees of focal
neurological dysfunction and impaired consciousness. In general,
those CVT patients exhibited varying degrees of elevation in acute-
phase reactants (CRP and ferritin), hypercoagulable factors (D-dimer
and APTT), and platelet counts, indicating a potential correlation with
the hypercoagulable state that occurs during SARS-CoV-2 infection.
When COVID-19 patients exhibit a persistent headache and altered
consciousness with confusion or agitation, particularly with high
D-dimer levels (>2.0ng/mL), clinicians should consider the possibility
of CVT for prompt diagnosis and anticoagulation therapy (111).

4. Acute stroke treatment during the
COVID-19 pandemic

The therapeutic paradigm for acute ischemic stroke associated
with COVID-19 is essentially the same as in the pre-COVID-19 era
and includes inhibition of thrombosis (anticoagulation and antiplatelet
therapy) and promotion of revascularization (thrombolysis and
mechanical thrombectomy). Also, based on the current recognition
of systemic inflammation, hypercoagulable states and altered RAAS
pathways in COVID-19 patients, several therapeutic interventions
targeting relevant targets have been tested.

4.1. Thromboprophylaxis

Antiplatelet aggregation is fundamental to the treatment of

ischemic stroke, especially when anticoagulants cannot
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be administered owing to potential hemorrhagic transformation or
other medical restrictions. In the case of platelet activation and
aggregation induced by SARS-CoV-2 through inflammation and
immune responses, the use of antiplatelet agents may be a preferred
therapeutic strategy. Some studies suggest, however, that antiplatelet
agents may not be suitable for COVID-19 patients with disseminated
intravascular coagulation or severe thrombocytopenia due to the
increased risk of bleeding (100).

A randomized clinical trial was conducted to assess the
effectiveness of prophylactic anticoagulation in patients with
non-severe COVID-19 who may develop ischemic stroke due to a
hypercoagulable state. The study revealed that administering heparin
anticoagulation resulted in a higher likelihood of surviving until
hospital discharge and a decreased utilization of cardiovascular or
respiratory organ support in comparison to conventional
thromboprophylaxis treatment (97). Hence, it is advisable to
contemplate prophylactic anticoagulation therapy for COVID-19
patients who do not necessitate ICU-level medical attention.
Furthermore, it is recommended that stroke patients who exhibit a
high likelihood of cardiogenic embolism or an embolism of uncertain
origin, such as those presenting with multiple regional infarctions,
significant ventricular motility disorders, atrial fibrillation, or a right-
to-left shunt, undergo therapeutic anticoagulation treatment following
the elimination of hemorrhage risk (112).

4.2. Thrombolysis

Revascularization is the core of early treatment for acute ischemic
stroke (AIS) and can significantly improve prognosis. Intravenous
thrombolysis with alteplase or Tenecteplase can be performed when a
patient is excluded from hemorrhage by cranial CT within 4.5h of the
onset of stroke symptoms. In cases where proximal LVO is identified
through CTA or MRA within 6h of the onset of symptoms, it is
recommended to proceed with intra-arterial mechanical
thrombectomy subsequent to the administration of intravenous
thrombolysis (116). However, the COVID-19 pandemic has
significantly hampered recanalization therapy for patients with AIS.

A study from China reported that AIS patients’ pre-hospital
(onset-to-visit) and post-hospital (door-to-puncture) delays were
significantly longer and that a notably lower proportion of these
patients received intravenous thrombolysis (87). Untimely stroke
recognition due to isolation, delayed transport to the hospital,
pre-admission COVID-19 screening, and the preparation of protective
equipment for stroke team members may result in missing treatment
time windows.

To date, there is a paucity of comprehensive studies examining the
effectiveness and safety of thrombolytic medications in treating
COVID-19-related AIS. Nevertheless, in a small series of four
COVID-19 stroke patients, intravenous use of recombinant tissue-
type plasminogen activator (rt-PA) was associated with catastrophic
bleeding, suggesting that COVID-19 patients may have a greater
susceptibility to hemorrhagic complications (108). In an observational
cohort study evaluating the safety and outcomes of t-PA thrombolysis
in 101 patients with COVID-19 AIS, COVID-19 patients had more
severe symptoms compared with non-COVID-19 patients. However,
after adjustment for confounding variables, there were no significant
differences in hemorrhagic transformation and in-hospital mortality
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(109). According to Khedr et al’s research, the findings were dissimilar.
The research findings indicate that the COVID-19 group exhibited
more severe neurological deficits compared to the non-COVID-19
group. Additionally, the COVID-19 patients displayed a higher
susceptibility to hemorrhagic transformation. They considered that
the high hemorrhagic transformation rate after intravenous
thrombolytic therapy in COVID-19 patients may be related to the
concomitant endothelial injury, large infarct size, high National
Institutes of Health Stroke Scale (NIHSS) score, hyperglycemia on
admission, and multiple other co-morbidities of COVID-19 (92).
Despite the high incidence of hemorrhagic transformation, t-PA
remains the cornerstone of treatment for AIS with or without
COVID-19 infection, and therefore COVID-19 patients should
be closely monitored after receiving intravenous thrombolysis.

4.3. Mechanical thrombectomy

LVO is common in COVID-19-related strokes, and studies have
shown that it occurs in up to 60% of COVID-19 stroke patients (93).
Among these patients, LVO mainly involves the anterior circulation,
especially the middle cerebral artery and the internal carotid artery
(93). LVO leads to widespread ischemia in the brain area, which is
extremely prone to severe disability and mortality in the absence of
further treatment. In recent years, a significant amount of high-quality
data has demonstrated the efficacy of mechanical endovascular
thrombectomy in enhancing clinical outcomes for patients with LVO
(107). However, during the COVID-19 pandemic, many MT
operations have been postponed or even canceled because of the need
to screen for SARS-CoV-2
medical resources.

infection and relocate limited

Kerlerouxd et al. reported an approximately 21% reduction in the
number of MT cases in France in the first month after the COVID-19
pandemic (91). Kwan reported a 21% reduction in external stroke
thrombectomy referrals in the United Kingdom (96). Qureshi et al.
also reported a significant reduction in MT procedures in the
United States (105). The most likely reason for the significant decrease
in MT procedures is that stroke care centers strictly limit the number
of patients eligible for MT, and patients beyond guideline indications
are unlikely to receive MT. Other possible reasons are that patients
(especially in cases of “mild” stroke symptoms) are reluctant to come
to the hospital and emergency room due to the rigorous screening
procedures or out of fear of exposure to the virus. Nevertheless, even
during a pandemic, AIS patients with LAO must undergo emergency
MT surgery without delay to reduce disability and mortality rates
(118). This is because saving the ischemic brain tissue depends heavily
on the timing of revascularization.

Several studies have reported prolonged door-to-penetration and
door-to-reperfusion times during the COVID-19 pandemic (91, 114,
118). Several studies have also demonstrated that procedure
optimization can decrease door-to-needle and door-to-puncture
times during the COVID-19 pandemic, thereby improving patient
prognosis (80, 119). One study demonstrated that treatment delays
did not affect short-term outcomes (96). Although no significant
differences were found in short-term outcomes (follow-up with the
NIHSS on days 1-3 after MT), no long-term follow-up (modified
Rankin scale, 90 days) was performed to assess long-term efficacy. One
study evaluated the duration of MT operation in acute stroke patients
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with and without COVID-19. The results showed no statistically
significant difference between the two groups (p=0.45) (74). A study
conducted found an elevated risk of vessel re-occlusion subsequent to
MT treatment among COVID-19 patients with LVOs. This outcome
could be partly ascribed to an overabundance of inflammation and
hypercoagulation (85).

A meta-analysis incorporated one prospective cohort study and
eight retrospective cohort studies, encompassing a cumulative sample
size of 309 patients who encountered stroke with COVID-19. The
thrombolysis in cerebral infarction (TICI) >2b rate in COVID-19
stroke patients treated with MT was 79% (95% CI: 73-85), the rate of
symptomatic intracranial hemorrhage (sICH) was 6% (95% CI: 3-11),
the rate of type 1 parenchymal hematoma was 11.1% (95% CI: 5-23),
and the mortality was 29% (95% CI, 24-35). Comparing TICI >2b
scores between COVID-19 and non-COVID-19 stroke patients
treated with MT, they found no significant difference. However,
mortality after MT surgery was substantially higher in COVID-19
stroke patients compared to non-COVID-19 stroke patients (84). The
recanalization status, NIHSS score at 24 h after MT, and sICH were
predictors of mortality after MT in patients with AIS (81). Despite
prompt intravenous thrombolysis and favorable thrombectomy-
reperfusion therapy, stroke patients with COVID-19 have worse
clinical and imaging outcomes than those without COVID-19. It is
probably mainly because of the susceptibility to re-occlusion in
patients with COVID-19. Furthermore, delayed attendance with
higher initial NIHSS scores and multisystem comorbidities of
COVID-19 also contribute to increased stroke severity and mortality
in these patients. Increased body temperature may also be associated
with a worse prognosis in COVID-19 stroke patients after MT (82).

Overall, MT therapy remains the primary option for COVID-19
stroke patients who develop LAO, with reperfusion rates comparable
to those of non-COVID-19 patients. It is effective in saving brain
tissue in the ischemic region and improving prognosis.

4.4. Other therapeutic options for
COVID-19-related stroke

Given the detrimental effect of systemic inflammation in stroke
development of COVID-19 patients, anti-inflammatory therapy is
thought to work synergistically with antithrombotic and
revascularization therapies to improve neurological deficits.
Randomized controlled trials have shown that anti-inflammatory
drugs, including corticosteroids, reduce mortality in COVID-19
patients with serious complications such as respiratory distress
syndrome and cardiac failure (88, 99). Systemic corticosteroids or
other anti-inflammatory drugs may be also effective in stroke patients
with cerebral vasculitis. Given that inflammatory factors such as IL-6,
TNF-a, and IL-1f are significantly elevated in severe COVID-19
patients (16), treatments such as IL-6R monoclonal antibodies
(Tocilizumab and Sarilumab), anti-TNF-a monoclonal antibody
(Adalimumab and Infliximab) and IL-1 receptor antagonists
(Anakinra and Canakinumab) were proposed to be potentially
beneficial for COVID-19 stroke patients (120).

Considering the consumption of ACE-2 by SARS-CoV-2 may
disrupt vascular endothelial function and lead to ischemic stroke.
Another rational treatment for COVID-19 patients is nafamostat,
which prevents COVID-19 from binding to the ACE-2 receptor,
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thereby reducing host cell infection and decreasing endogenous
ACE-2 depletion (117). In addition, studies have shown that activation
of AT2R has antithrombotic effects and helps to diminish the
procoagulant state in patients with COVID-19 (113). Compound 21,
a selective angiotensin II receptor agonist, may be beneficial in
patients suffering from COVID-19 with ischemic stroke (115).

5. Conclusion

Acute cerebrovascular ischemic and

hemorrhagic stroke and cerebral venous thrombosis, are more

events, including
frequency occur in patients with COVID-19. The underlying
mechanisms of these events are still not fully understood. Nevertheless,
they may include a hypercoagulable state, hyperinflammation and
cytokine storm, endothelial damage, cardioembolism from
pre-existing or new-onset arrhythmias and RAAS abnormalities due
to SARA-CoV-2 binding to endothelial ACE-2. These abnormalities
ultimately lead to impaired vasoconstriction, blood-brain barrier
disruption, platelet activation and thrombosis. Equally, widespread
viruses are linked to an increased risk of ischemic stroke. The
pathophysiological concepts regarding SARA-CoV-2 and stroke can
help our comprehension of the association between other acute viral
infections and stroke.

In the context of COVID-19 infection, stroke is more likely to
occur in cases of critical illness and those with a history of diabetes,
hypertension, atrial fibrillation, cerebrovascular disease, or coronary
artery disease. Furthermore, compared to non-COVID-19 stroke
patients, COVID-19 stroke patients have more severe symptoms of
neurological deficit, higher incidence of LVO, and worse prognosis.

The treatment of COVID-19-related strokes may be challenging.
COVID-19 patients have a higher risk of hemorrhage when receiving
intravenous thrombolytic therapy in the acute phase of AIS. The
recanalization rate of MT in stroke patients with and without
COVID-19 was not significantly different, but mortality was higher in
patients with COVID-19. Nevertheless, intravenous thrombolysis and
mechanical thrombectomy remain the cornerstones of the acute
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