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Coronavirus disease 2019 (COVID-19) can reportedly manifest as an acute stroke, with most 
cases presenting as large vessel ischemic stroke in patients with or without comorbidities. The 
exact pathomechanism of stroke in COVID-19 remains ambiguous. The findings of previous 
studies indicate that the most likely underlying mechanisms are cerebrovascular pathological 
conditions following viral infection, inflammation-induced endothelial dysfunction, and hy-
percoagulability. Acute endothelial damage due to inflammation triggers a coagulation cas-
cade, thrombosis propagation, and destabilization of atherosclerosis plaques, leading to large-
vessel occlusion and plaque ulceration with concomitant thromboemboli, and manifests as 
ischemic stroke. Another possible mechanism is the downregulation of angiotensin-convert-
ing enzyme 2 as the target action of severe acute respiratory syndrome-coronavirus-2 (SARS-
CoV-2). Acute stroke management protocols need to be modified during the COVID-19 pan-
demic in order to adequately manage stroke patients with COVID-19.
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renin-angiotensin system.

Pathomechanism and Management of Stroke in COVID-19: 
Review of Immunopathogenesis, Coagulopathy, Endothelial 
Dysfunction, and Downregulation of ACE2

INTRODUCTION

The World Health Organization declared the coronavirus disease 2019 (COVID-19) pan-
demic on March 11, 2020 caused by a new strain of coronavirus named severe acute respi-
ratory syndrome coronavirus-2 (SARS-CoV-2), which was first reported in Wuhan, China.1,2 
This type of virus has been identified as using the angiotensin-converting enzyme 2 (ACE2) 
as its main receptor for entering human cells. In addition to respiratory tract infections, there 
are some reports of COVID-19 also manifesting with symptoms involving the nervous sys-
tem, cardiovascular, hematology, digestive, and urinary systems.3-5

Neurological manifestations of COVID-19 can be related to damage to the central nervous 
system (CNS) and peripheral nervous system.6 The most common reported CNS symptom 
found in moderate to severe COVID-19 has been an acute cerebrovascular event or stroke.6 
The underlying mechanism of stroke has yet to be established, though activation of coagu-
lation cascade causing thrombus formation has been documented in COVID-19 patients, 
suggesting the role of inflammatory induced vascular diseases.7,8 ACE2 downregulation is 
likely to play a role due to the affinity of its receptor to the virus upon entering human cells 
and causing imbalance of the renin-angiotensin system (RAS). The risk of stroke was re-
ported to be elevated in COVID-19 patients with comorbidities such as hypertension, dia-
betes, dyslipidemia, and previous history of cerebrovascular disease.6

This article reviews the possible pathomechanisms of stroke in COVID-19 and its man-
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agement based on recently reported cases of stroke in COV-
ID-19 and pathological findings for the CNS in COVID-19 
patients. The in-depth discussion reveals possible mechanisms 
via which SARS-CoV-2 infection can cause cerebrovascular 
events and the role of ACE2 as both the entry site and the pro-
tector of the vascular system. This review also discusses the 
latest recommendations for anticoagulant therapy in patients 
with severe COVID-19 as well as its potential effects and harms 
stroke outcome. 

STROKE IN COVID-19 

A retrospective study of 214 COVID-19 patients in Wuhan, 
China identified 5 patients with concomitant acute stroke, 4 
with ischemic strokes and 1 with cerebral hemorrhage. All 
patients were critically ill with lymphopenia and high D-di-
mer levels.6 Increasing number of studies of SARS-CoV-2 
from different countries have found cerebrovascular events 
in COVID-19 patients (Table 1).6,9-22

We covered 11 case reports on stroke in COVID-19 pa-
tients from the following 6 countries: the USA, the UK, Italy, 
the Philippines, Turkey, and China (Table 2).9,10,13,15-21 There 
were 29 stroke cases found up to when this review was sub-
mitted for publication. All but one of these cases (96.6%), 
which involved subarachnoid hemorrhage (SAH), were re-
ported as ischemic strokes. Almost all of the ischemic strokes 
were large vessel stroke that affected the anterior circulation 
and particularly the middle cerebral artery, with only 3 (10.3%) 
found to be small vessel stroke. Twenty patients (69.0%) were 

older than 50 years, with males (17 patients, 58.6%) predom-
inating over females (12 patients, 41.4%). COVID-19 symp-
toms preceding stroke onset were common (16 patients, 
55.2%). Stroke was reported across all severities of COV-
ID-19, but with higher proportions in moderate and severe 
cases. There were diverse laboratory findings in these case 
reports. The generalized findings showed that most cases 
presented with a hypercoagulability state as demonstrated 
by elevated D-dimer and fibrinogen. 

Yaghi et al.22 reported 32 cases of strokes out of 3,556 hos-
pitalized COVID-19 patients in New York. They were all isch-
emic stroke, with an etiologic distribution of 21 cryptogenic 
cases, 7 cardioembolic cases, 2 large-artery atherosclerosis, 
and 2 watershed stroke cases due to hypotension. That study 
compared the clinical and laboratory aspects of stroke in CO-
VID-19 versus non-COVID-19 stroke cases as control. The 
cases of stroke with COVID-19 were found to have higher 
D-dimer levels, more likely to have a cryptogenic stroke sub-
type, more likely to be treated with anticoagulant, and high-
er inpatient mortality. Cryptogenic strokes were reported to 
be associated with higher D-dimer that represents a hyper-
coagulability state.22

A retrospective study from Italy reported thromboembolic 
events in 28 out of 388 COVID-19 cases which were divid-
ed into 9 patients with stroke, 4 patients with acute ST-eleva-
tion myocardial infarction, 5 patients with pulmonary em-
bolism, and 10 patients with venous thromboembolism. The 
incidence of thromboembolic events after receiving throm-
boprophylaxis management were 7.7%. The reasoning pro-

Table 1. Reports of stroke in COVID-19 patients

No Author Country Study design
Number of 
COVID-19 

cases reported

Number of 
stroke cases 

reported

Stroke types
Ischemic 
stroke

Cerebral 
hemorrhage

SAH

1 Mao et al.6 China Retrospective study 214 5 4 1 -

2 Oxley et al.9 USA Retrospective case series 5 5 5 - -

3 Avula et al.10 USA Retrospective case series 4 4 4 - -

4 Beyrouti et al.11 UK Retrospective case series 6 6 6 - -

5 Lodigiani et al.12 Italy Retrospective study 388 9 9 - -

6 Tunç et al.13 Turkey Retrospective case series 4 4 4 - -

7 Dogra et al.14 USA Retrospective study 33 33 - 33 -

8 Co et al.15 Philippines Case report 1 1 1 - -

9 Gunasekaran et al.16 USA Case report 1 1 1 - -

10 Fara et al.17 USA Retrospective case series 3 3 3 - -

11 Al Saiegh et al.18 USA Retrospective case series 2 2 1 - 1

12 Saggese et al.19 Italy Case report 1 1 1 - -

13 Zhai et al.20 China Case report 1 1 1 - -

14 Goldberg et al.21 USA Case report 1 1 1 - -

15 Yaghi et al.22 USA Retrospective study 3,556 32 32 - -

SAH: subarachnoid hemorrhage.
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posed by the authors was the occurrence of thromboembolic 
events within the first 24 hours of hospital admission, ren-
dering it unpreventable by the thromboprophylaxis proto-
cols of the hospital.12

A study in New York of intracerebral bleeding in 33 cases 
COVID-19 patients found that 27 of them had previously 
given an anticoagulant.14 Twenty-two patients received ther-
apeutic anticoagulant doses during hospitalization, 18 re-
ceived anticoagulant due to high levels of D-dimer, and 4 
received anticoagulant due to suspected thrombus. Unfrac-
tionated heparin was administered in most of the cases. A 
larger proportion of the cases were identified as having punc-
tate hemorrhages, while five patients presenting with large 
parenchymal bleeding with mass effect and herniation. Mor-
tality occured in 14 (42.4%) patients.14

CHARACTERISTICS AND IMMUNE 
RESPONSE OF SARS-CoV-2

A coronavirus is an RNA virus of the Coronaviridae family.23 
SARS-CoV-2 has 79% similarity with severe acute respira-
tory syndrome coronavirus (SARS-CoV) and 50% similarity 
with Middle East respiratory syndrome coronavirus (MERS-
CoV).24 The basic difference between these two viruses is in 
the spike protein (S protein), which is much longer in SARS-
CoV-2 than in SARS-CoV and MERS-CoV.24,25 The S protein 
in the coronavirus envelope is the most important structure 
for viral transmission since it mediates the binding of the vi-
rus to the host receptor on the cell surface (Fig. 1).24

ACE2 is the main host receptor infected by this virus.24,25 
This receptor has been identified in the epithelial, enterocyte, 
and macrophage of the respiratory tract, and in the vascular 

Fig. 1. SARS-CoV-2 feature. The virus has 4 main structural pro-
teins: S protein, E protein, M protein, and N protein. ACE2 receptor: 
angiotensin-converting enzyme 2 receptor, E protein: envelope pro-
tein, M protein: membrane protein, N protein: nucleocapside protein, 
SARS-CoV-2: severe acute respiratory syndrome-coronavirus-2, S 
protein: spike protein.

Table 2. Characteristics of stroke in 29 COVID-19 patients described 
in case reports

Variable Number of cases (%)
Total 29

Age
≤50 years 9 (31.0)
>50 years 20 (69.0)

Sex
Male 17 (58.6)
Female 12 (41.4)

Risk factor for stroke
Identified 21 (72.4)
None 8 (27.6)

Stroke type
Ischemic stroke 28 (96.6)
SAH 1 (3.4)

Vascular territories
Large vessel stroke

ICA 3 (10.3)
MCA 15 (51.8)
PCA 3 (10.3)
Others 5 (17.2)

Small vessel stroke 3 (10.3)
Treatment for stroke

Intravenous t-PA 5 (17.2)
Endovascular treatment 5 (17.2)
Anticoagulant only 6 (20.7)
Antithrombotic only 7 (24.1)
Anticoagulant and antithrombotic 4 (13.8)
Not specified 2 (6.9)

Clinical presentation
Stroke as first presentation 9 (31.0)
COVID-19 as first presentation 16 (55.2)
Not specified 4 (13.8)

COVID-19 severity
No symptoms 2 (6.9)
Mild 9 (31.0)
Moderate 6 (20.7)
Severe/intensive care 12 (41.4)

Laboratory finding
D-dimer: high / normal /  
  not available 18 (62.1) / 3 (10.3) / 8 (27.6)

CRP: high / normal / not available 14 (48.3) / 2 (6.9) / 13 (44.9)
Fibrinogen: high / normal /  
  not available 10 (34.5) / 1 (3.4) /18 (62.1)

Thrombocyte: high / normal /  
  low / not available 0 / 18 (62.1) / 0 / 11 (37.9)

Outcome
Discharged 24 (82.8)
Death 3 (10.3)
Not specified 2 (6.9)

Data are n (%) values.
COVID-19: coronavirus disease 2019, CRP: C-reactive protein, ICA: in-
ternal carotid artery, MCA: middle cerebral artery, PCA: posterior cere-
bral artery, SAH: subarachnoid hemorrhage, t-PA: tissue plasminogen 
activator.
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endothelium of all organs.26,27 Several studies have identified 
the ACE2 receptor in the brain, particularly in regions regu-
lating cardiovascular function, such as the subfornical organ, 
paraventricular nucleus (PVN), solitary tract nucleus (NTS), 
and rostral ventrolateral medulla. The ACE2 receptor was 
also recently found in the motor cortex and raphe neurons.28 

A neuropathological study of the brains of 20 COVID-19 
patients in the USA performed by Bryce et al.29 found ACE2 
to be abundantly expressed in capillaries of the lung, myo-
cardium, and brain parenchymal. Paniz-Mondolfi et al.30 lo-
calized viral particles to small vesicles in endothelial cells of 
intracranial arteries and brain cells in electron microscopy. 
These findings support the view that the virus takes a hema-
togenous route to reach the brain. By infecting the ACE2-
rich-endothelial cells, the virus spreads to several organs in-
cluding the brain.30,31

As soon as the virus binds with the ACE2 receptor in the 
respiratory tract epithelial, the proteolytic domain of S pro-
tein induces membrane fusion to enable the virus to invade 
the host cell.24,27 In the host cell, virus RNA is released into the 
cytoplasm and a complex process of virus replication starts. 
The viral load in SARS-CoV-2 infections peaks at 5–6 days 
after the onset of symptom, compared to after 10 days in 
SARS-CoV infections.27

Like SARS-CoV and MERS-CoV, it is highly likely that 
SARS-CoV-2 avoids the normal immune response by inter-
fering with the transcription of interferons, thus facilitating 
rapid virus replication during the initial stage of the disease.27,32 
Rapid replications of the viruses cause massive pyroptosis as 
well as the release of IL-1β and damage-associated molecu-
lar patterns including adenosine triphosphate, nucleic acid, 
and ASC (apoptosis-associated speck-like protein contain-
ing a caspase recruitment domain) oligomer, which further 
increases the levels of proinflammatory cytokines and che-
mokines released into the circulation.27,32,33

High level of proinflammatory cytokines and chemokines 
will subsequently stimulate an abundance of inflammatory 
cells in the lung tissue, which in turn release very high con-
centration of proinflammatory cytokines—known as cyto-
kine storms—as well as reactive oxygen species.2,27,33,34 Cyto-
kine storms and the accumulation of the inflammatory cells 
will destroy the lung and increase vascular permeability,27,33 
resulting in these molecules along with virus particles escap-
ing into the circulatory system to cause sepsis, septic shock, 
and multiorgan damage by inducing diffuse vascular endo-
thelial dysfunction.27

The pathological features identified in the lungs of COV-
ID-19 patients resemble those seen in SARS-CoV and MERS-
CoV, thus supporting the aforementioned theory.34,29 Diffuse 
alveolar damage with interstitial lymphocytic inflammation 

and vascular lesion resembling capillaritis was observed in 
the lung. Endothelial injury is evidenced by identification of 
platelet aggregation, intravascular fibrin thrombi, and asso-
ciated microhemorrhages in small to medium-sized arteries 
in several organs including the lung and brain.29

PATHOMECHANISM OF STROKE IN 
COVID-19

Stroke in COVID-19 occurs as the result of multiple associ-
ated mechanisms. A hyperinflammatory state in the form 
of cytokine storms and hypercoagulability have been iden-
tified in patients with severe COVID-19. Several reports on 
COVID-19 with thromboembolic events including stroke 
and venous thromboembolism have specifically highlights 
elevated D-dimer as a marker of the hypercoagulability state 
in the patients.9-22

Most of the reported cases of stroke following SARS-CoV-2 
infections are of large vessel ischemic stroke.9,10,13,15-21 Hem-
orrhagic stroke occurred in one out of five cases reported by 
Mao et al.,6 and one case of SAH due to rupture of aneurism 
in the posterior inferior cerebellar artery in a young patient 
with COVID-19.18 Hypercoagulability-induced thrombocy-
topenia may cause bleeding diathesis.35 Nonetheless, the pro-
gression of the majority of critically ill COVID-19 patients 
leads to death due to multi-organ failure before diathesis takes 
place.  

Damage of the cardiovascular and cerebrovascular system 
related to SARS-CoV-2 infection may be attributed to the 
downregulation of ACE2 that follows the binding of the vi-
rus to this receptor.27 ACE2 downregulation impairs the bal-
ance of the RAS and results in uncontrolled hypertension, 
and may cause subsequent rupture of microaneurysms and 
aneurism of cerebral vessels.27 Downregulation of ACE2 also 
promotes inflammation, coagulation, and endothelial dys-
function.26,35-37 There is particularly interesting evidence from 
an animal study of the downregulation of ACE2 has triggered 
the development of atrial fibrillation.38 This mechanism could 
be proposed as the underlying cause of cardiac embolic stroke 
in COVID-19 patients.

Immunopathology, coagulopathy and endothelial 
dysfunction 
There have been several reports of CNS pathology in COV-
ID-19 patients, which have included vascular congestion, 
microthrombi infarction, and microhemorrhage as second-
ary major findings in addition to hypoxic-ischaemic changes 
(Table 3).29,30,39-45 Some cases with infarction in large-cerebral-
artery territories were identified in patients with comorbid-
ities such as diabetes mellitus and hypertension.29,39,42 Sys-
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temic inflammatory responses, coagulopathy evidenced by 
elevated D-dimers, and evidence of disseminated intravascu-
lar coagulation increase the risk of stroke among these pa-
tients.31 The release of proinflammatory cytokines into the 
circulation also causes biochemical endothelial dysfunction 
and increases the risk of thrombogenesis.31 The risk is higher 
in COVID-19 patients given that the identification of viral 
particles in endothelial of cerebral arteries suggests the pres-
ence of endothelial dysfunction occurring via direct vascu-
lar endothelial injury.30 

An experimental model revealed the septic release of pro-
inflammatory cytokines into the circulation, especially IL-6, 
inducing tissue-factor release from endothelial cells and hence 
initiating the coagulation cascade.46,47 The propagation of this 
process gives rise to systemic vascular occlusion by fibrin de-
position. Simultaneously, the immunethrombosis process 
involving thrombin generation, platelet activation, and the 
formation of microthrombi occur in the circulations.36 The 
activation of platelets and endothelial cell release P-selectin 
that recruits more platelets in the circulation.46 The process 
is also aggravated by the expression of platelet-activating fac-
tor by activated platelet, endothelial cells, and inflammatory 
cells.47,48

Under normal conditions, the coagulation process remains 
in balance with natural anticoagulant formation. The vas-
cular endothelium plays a vital role in the formation of the 
anticoagulants,49 with antithrombin, protein C, and tissue fac-

tor pathway inhibitor (TFPI) are being important anticoag-
ulant molecules expressed by the endothelial cell. However, 
this system fails in immunopathology-related sepsis due to 
diffuse endothelial dysfunction.49

One experimental model showed that sepsis conditions 
reduce the level of antithrombin as a natural anticoagulant 
due to overconsumption.46 Endothelial damage will also de-
crease the production of protein C in sepsis since the pro-
duction and activation of protein C depends on the binding 
of thrombin and thrombomodulin to the endothelial mem-
brane. A low level of protein C in systemic inflammation is 
related to the suppression of the thrombomodulin expression 
by proinflammatory cytokines, particularly tumor necrosis 
factor-α (TNF-α) and IL-1β.46 The third mechanism of natu-
ral anticoagulant involves TFPI, which inhibits tissue factor/
factor VIIa complex, and the TFPI expression also decreases 
in sepsis.46

During the initial phase of the coagulation process induced 
by systemic inflammation, tissue plasminogen activator (t-
PA) and urokinase-type plasminogen activator (u-PA) are 
released by the endothelial cells.46 Both t-PA and u-PA in-
duce plasmin formation, a molecule that degrades fibrin into 
fibrin degradation products.46 This acute fibrinolytic response 
is the reason for high-levels of D-dimer in patients with se-
vere COVID-19 patients.9 As the disease progress, the process 
is inhibited by a slow but sustained increase in the release of 
plasminogen activator inhibitor type-1 (PAI-1) by the same 

Table 3. Neuropathology findings of COVID-19 patients

No Author Country Number of brain autopsy Findings

1 Bryce et al.29 USA 20
Microthrombi with small and patchy infarction, and parenchymal  
   microhemorrhages in 6 patients, large infarct in MCA territory in  
1 patient minimal inflammation and slight neuronal loss in 14 patients

2 Hanley et al.39 UK
Hypoxic-ischaemic changes, moderate to intense microglial activation  
  in 5 patients, and large infarct in MCA territory

3 Jaunmuktane et al.40 UK 2 Multifocal brain infarct and microbleeds in cortex and white matter

4 Kantonen et al.41 Finland 1
Perivascular hemorrhages, parenchymal microhemorrhages,  
  hypoxic-ischaemic changes 

5 Matschke et al.42 Germany 43
Acute infarct in territory PCA/MCA/ACA in 6 patients, inflammation in  
   brainstem and cerebellum (activation of microglia and infiltration of  
cytotoxic T lymphocytes) 

6 Paniz-Mondolfi et al.30 USA 1
Identification of viral particles in small vesicles in endothelial cells of  
  intracranial arteries and brain cells using electron microscopy

7 Remmelink et al.43 Belgium 17
Cerebral hemorrhage in 8 patients, hypoxic-ischaemic changes in  
  3 patients, vascular congestion in 5 patients

8 Schurink et al.44 Netherland 9
Hypoxic ischaemic changes in cerebrum and cerebellum, inflammation  
   of white and grey matter, most severe in medulla oblongata and  
olfactory bulb

9 Solomon et al.45 USA 18 Hypoxic ischaemic changes in all patients, atherosclerosis in 14 patients

ACA: anterior cerebral artery, COVID-19: coronavirus disease 2019, MCA: middle cerebral artery, PCA: posterior cerebral artery.
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endothelial cells. TNF-α and IL-1β are the main stimulators 
of PAI-1 release. The inhibition of fibrin degradation con-
tributes to the worsening of coagulopathy and the throm-
botic state.46,50

Downregulation of ACE2 
The ACE2 receptor was first identified in 2004.51 Its role in 
the RAS is to cleave angiotensin II to Ang-(1-7) by acting via 
the Mas receptor. The ACE2-Ang-(1-7)-Mas receptor-axis 
balances and attenuates the ACE-angiotensin II-AT1 recep-
tor axis.35,51 

The main role of angiotensin II as a vasoconstrictor is well 
known. Downregulation of ACE2 augments this effect, caus-
ing uncontrolled hypertension, and may also induce rupture 
of cerebral microaneurysm in individuals with chronic hy-
pertension.35 An animal-model study showed that in system-
ic inflammation, angiotensin II stimulation of AT1 receptor 
may augment coagulation and immunothrombosis by acti-
vating macrophages to release IL-6, TNF-α, and other pro-
inflammatory cytokines, causing damage to the endothelial 
cells.43,44 Exposing the vascular endothelial and smooth mus-
cle to angiotensin II also inhibits fibrinolysis by increasing 
PAI-1 production.37

The findings of several animal studies suggest that ACE2 
plays a central role in the brain as the cardiovascular center. 
The action of ACE2 in the NTS may enhance the baroreflex, 
increase parasympathetic tone, and attenuate sympathetic 
tone.51 ACE2 also interferes with sympathetic activity via ni-
trous oxide (NO), with a study of cardiac failure in animal 
models demonstrating that ACE2 normalized the decrease 
level of NO in the PVN.51

ACE2 may play two opposing roles in SARS-CoV-2 infec-
tion: 1) acting as the main receptor for the virus to enter the 
host cell, and 2) acting on the ACE2-Ang-(1-7)-Mas receptor 
axis, which may have a protective role in the cardiovascular 
and cerebrovascular system. Most of the patients with severe 
COVID-19 are elderly and have comorbidities such as hy-
pertension, diabetes, and cardiovascular disease.3-5,9,10,13,15-21 
In such cases the baseline level of ACE2 is chronically low.35 
SARS-CoV-2 infection further undermines the receptor, caus-
ing further downregulation of ACE2 and hence the failure 
of Ang-(1-7) to maintain an adequate balance of angioten-
sin II activity.35

The dual effects of ACE2 have given rise to controversies 
regarding the safety of ACE inhibitors and angiotensin re-
ceptor blockers (ARBs) in the treatment of hypertension and 
other cardiovascular diseases during the COVID-19 pan-
demic. The argument to stop prescribing prescription of these 
agents originates from the fact that the inhibition of ACE 
increases ACE2 expression, facilitating virus invasion into 

the host cell.35 On the other hand, some believe that there is 
no satisfactory evidence about the deleterious effect of both 
ACE inhibitors and ARBs in COVID-19.35 Animal model stud-
ies have reported ACE inhibitors increasing ANG-(1-7) lev-
el due to angiotensin I retention and inhibition of Ang-(1-7) 
metabolism. The inhibition of the AT1 receptor by ARBs in-
terferes with the angiotensin II effect to the receptor causing 
inflammation and coagulation process. Studies are needed 
to unveil the effect and safety of those agents in COVID-19.52

         
MODIFICATION IN MANAGEMENT OF 

STROKE IN COVID-19 

Screening for COVID-19 has been added to the clinical path-
way of acute stroke management. The recommendation to 
modify code stroke to the protected code stroke is aimed to 
protect health care professionals from the risk of SARS-CoV-2 
infection without impairing timely and precise hyperacute 
stroke management.53,54 Clinicians should wear the recom-
mended personal protective equipment and comply with a 
universal precautions protocol whenever they are managing 
stroke patients.53,54 Patients without suspicion of COVID-19 
are managed according to the usual stroke protocol. Suspected 
COVID-19 patients with fever, cough, or flu-like syndrome 
must be investigated using a nasopharyngeal swab to con-
firm the infection status, without interfering with imaging, 
other diagnostics methods, and therapeutic measures of stroke 
protocols.53-55

Patients with large-vessel ischemic stroke that fulfills the in-
travenous thrombolysis criteria should receive the procedure 
according to the applicable protocol.53 Endovascular treat-
ment is recommended for stroke patients who are eligible for 
the procedure while the neurointerventionist and anesthe-
sia team take specific safety procedures.56,57 Antiplatelet ther-
apy is the main treatment modality recommended for acute-
phase stroke in patients who are incompatible with either 
thrombolysis or endovascular treatment.55

Since the risk of thromboembolism is high in moderate 
and severe COVID-19, a prophylactic dose of low-molecu-
lar-weight heparin (LMWH) is recommended for all hospi-
talized COVID-19 patients with no identified contraindica-
tions.14,58,59 Several studies have found that administering 
LMWH is associated with a better prognosis and low mor-
tality in COVID-19 patients.58,60

Anticoagulants may be considered for acute large-vessel 
stroke (particularly severe stenosis of the internal carotid ar-
tery) and acute stroke with nonocclusive extracranial intra-
luminal thrombus, although their effectiveness is still uncer-
tain.55 Anticoagulant therapies including heparin, LMWH, 
thrombin inhibitor (dabigatran and argatraban), or factor Xa 
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inhibitor (rivaroxaban, apixaban, and edoxaban) are effective 
in decreasing the risk of stroke in patients with comorbidity. 
However, their benefits in terms of minimizing disability and 
mortality in acute stroke have not been well established.61 
Administering anticoagulants for acute ischemic stroke in-
crease the risk of intracranial bleeding.61

The benefit of prophylactic-dose subcutaneous LMWH as 
prophylaxis for deep-vein thrombosis in the acute manage-
ment of stroke is not well established.55 LMWH has been as-
sociated with reduced venous thromboembolism in acute 
stroke patients, but it has also been found to significantly in-
crease the rate of symptomatic intracranial hemorrhage.55 
Extensive studies of the effectiveness and, most importantly, 
the safety of anticoagulants for acute stroke management in 
COVID-19 are still required. 

Despite published reports on the characteristic of stroke 
and the identification of large acute infarct in brain patholo-
gy studies of COVID-19 patients, the exact pathomechanism 
of stroke in COVID-19 have yet to be confirmed. Further 
studies are needed to clarify the exact association between 
stroke and COVID-19. Most of the existing data show that 
patients with stroke and COVID-19 have vascular and met-
abolic comorbidities that increase the risk of stroke.9-11 Wheth-
er the stroke is directly caused by the inflammatory response 
to COVID-19 or whether cerebrovascular events merely oc-
cur coincidentally with COVID-19 has not been well estab-
lished. If coagulopathy was found to be the mechanism un-
derlying stroke in COVID-19, future studies will need to 
determine the benefit and safety of anticoagulants for acute 
stroke.  

An interesting study of statins in the stroke animal model 
found that in addition to their efficacy in decreasing the ef-
fects of cholesterol, statins play roles in antioxidation, anti-
inflammation, vasodilatation, antithrombosis, angiogenesis, 
synaptogenesis, and as neural progenitors of cell migration 
to the infarct location.62-65 These findings suggest that statin 
might be beneficial in improving the outcomes of ischemic 
stroke, especially in large vessel stroke where inflammation 
and thrombosis are the underlying mechanisms. A random-
ized controlled trial of the administration of statins on acute 
ischemic stroke patient (the ASSORT trial) found that the 
functional outcome after 90 days of statin administration did 
not differ significantly between starting the therapy within 24 
hours after onset with those who start after one week.66 How-
ever, that study did not exclusively include patients with large 
vessel stroke.66 Given that the most-likely pathophysiology 
of stroke in COVID-19 is an immune-response-mediated 
hypercoagulable state and thrombogenesis, administering 
statins in the acute phase is worth considering.67,68 Neverthe-
less, just like anticoagulants, further studies are required to 

evaluate the effectiveness and safety of such therapy. 

CONCLUSION

Ischemic stroke is the most reported CNS manifestation in 
COVID-19 patients. The small amount of available data on 
stroke characteristics in COVID-19 shows hypercoagulabil-
ity and prothrombotic state occurring in all patients. An im-
mune response to SARS-CoV-2 infection that triggers a co-
agulation cascade and endothelial dysfunction is the most 
convincing explanation for the pathomechanism of stroke in 
COVID-19. Another possible explanation is downregulation 
of ACE2. Modification to the acute stroke management pro-
tocol is mainly aimed to protect the health-care professionals 
and patients while simultaneously maintaining rapid, timely 
and precise acute stroke care. 

Administering anticoagulants and statins for acute stroke 
as well as the discontinuing of ACE inhibitor and ARB pre-
scriptions for patients with cardiovascular disease remain 
controversial. Further investigations into the characteristics 
of stroke in COVID-19 and the association of these two con-
ditions as well as other comorbidities are necessary to iden-
tify the exact pathomechanism with the aim of developing a 
rational, effective, and safe management strategy.
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