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Introduction
Coronavirus disease 2019 (COVID-19) is caused 
by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection and has been declared as 
a Public Health Emergency of International 
Concern by the World Health Organization.1 Since 
its outbreak in December 2019, SARS-CoV-2 has 
spread in more than 235 countries, and as of 25 
September 2020, it has infected 32,029,704 
patients.2 Characteristically, COVID-19 affects the 
respiratory system, producing symptoms ranging 

from mild upper-airway manifestations to pneumo-
nia and severe acute respiratory distress syndrome.3 
COVID-19 is increasingly recognized as a multi-
system disease with apparent involvement of other 
organ systems and clinical gastrointestinal, cardio-
logical, dermatological and other extrapulmonary 
manifestations.4–8

COVID-19 affection of the nervous system has 
also been reported, including both the central 
nervous system (CNS) and peripheral nervous 
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system (PNS).9 A growing number of case series 
and cohort studies have been published identify-
ing neurological symptoms associated with 
COVID-19. CNS manifestations may include 
headache, dizziness, seizures, confusion, delir-
ium, and coma. PNS involvement may be pre-
sented as hypogeusia, hyposmia, other cranial 
neuropathies or generalized weakness due to 
Guillain–Barré and intensive-care-unit-acquired 
polyneuropathy or myopathy.

In the first case series reporting on the neurologi-
cal manifestations of COVID-19, cerebrovascular 
disease was reported with a higher prevalence in 
COVID-19 patients who were more seriously 
infected.10 Since then, multiple studies have been 
published, arguing whether there is a causal or 
coincidental relationship between COVID-19 
and cerebrovascular disease.

In this narrative review, we present the possible 
pathophysiological mechanisms linking cerebro-
vascular disease and COVID-19, describe the 
clinical syndromes and their prognosis and pro-
vide a ‘red flag’ system to alert clinicians for 
prompt recognition of cerebrovascular disease 
during COVID-19.

Methods
We systematically searched the literature 
through MEDLINE and EMBASE, using the 
following keywords and their combination: 
SARS-CoV-2, COVID-19, cerebrovascular dis-
ease, stroke, ischemic stroke, intracranial hem-
orrhage, subarachnoid hemorrhage, cerebral 
venous thrombosis, cerebral sinus, and vein 
thrombosis. We evaluated only peer-reviewed 
articles that had been published or had been 
officially accepted for publication. References of 
retrieved articles were also screened. Case 
reports, case series, editorials, reviews, case-
control, and cohort studies were evaluated, and 
relevant information was abstracted. The litera-
ture search protocol was conducted by three 
independent authors (GT, LP, and AHK). The 
last literature search was conducted on 1 
September 2020. Characteristic images of cere-
brovascular disease manifestations in COVID-
19 patients have been provided by co-authors 
using previously unpublished data from 
COVID-19 tertiary care referral centers from 
Europe, North America, and Asia.

Results

Possible pathophysiological mechanisms 
linking cerebrovascular disease and COVID-19
Several common cerebrovascular risk factors have 
been associated with severe COVID-19 as well, 
including cardiovascular disease, diabetes mellitus, 
hypertension, smoking, advanced age, and previous 
history of stroke.11 This raises the question whether 
their relationship is causal or if they just coincide. 
Several possible pathophysiological mechanisms 
have been recently described (Figure 1).

Targeting angiotensin-converting enzyme 2 (ACE2) 
receptor.  SARS-CoV-2 is known to bind to the 
ACE2 receptor, causing the inactivation of the 
receptor and leading to dysfunction in blood 
pressure regulation.12,13 In turn, this could lead 
to hypertensive peaks that could be particularly 
important in the pathogenesis of intracerebral 
hemorrhage (ICH). However, data to date have 
suggested that patients with ICH and COVID-
19 present with lower systolic blood pressure, 
relative to spontaneous ICH.14 Furthermore, 
ACE2 dysregulation may also contribute to the 
post-ischemic inflammation cascade through the 
accumulation of angiotensin 2, resulting in 
decreased perfusion in the ischemic zone and the 
development of larger infarct volumes.15,16 The 
impaired endothelial function in cerebral arter-
ies caused by ACE2 inactivation has also been 
implicated in the pathogenesis of cerebrovascu-
lar events, including both ischemic and hemor-
rhagic stroke.17,18

Cardiovascular complications associated with 
COVID-19.  Virus-related cardiac injury in patients 
with COVID-19 has been associated with ACE2 
dysregulation, imbalanced immune response lead-
ing to cytokine storm, hypoxia related to respira-
tory dysfunction and treatment-adverse events.6 
Specifically, SARS-CoV-2 infection can be com-
plicated with decompensated heart failure, myo-
carditis, acute myocardial infarction and cardiac 
arrhythmias, including incident atrial fibrilla-
tion.6,19,20 The aforementioned cardiac manifesta-
tions of COVID-19 may lead to subsequent 
cardio-embolism and cerebral infarction.

Coagulopathy associated with COVID-19.  Various 
reports have been published regarding hypercoag-
ulability associated with severe COVID-19 illness, 
due to immobilization, dehydration, inflammation, 
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elevated fibrinogen, endothelial cell injury, and 
platelet activation.21–24 The hypercoagulability may 
further add to the risk of developing cerebral 
venous thrombosis (CVT) or ischemic stroke 
(IS).23–25 The COVID-19-associated prothrom-
botic state is accompanied by high D-dimer levels, 
elevated ferritin, and in some cases, detectable 
lupus anticoagulant, anticardiolipin immunoglob-
ulin A (IgA), and antiphospholipid IgA and immu-
noglobulin M (IgM) autoantibodies directed 
against β2-glycoprotein-1.22,26 On the other hand, 
it is well established that such autoantibodies 
appear in many conditions characterized by pro-
found immune activation with no apparent patho-
genic role.

Hypercoagulability due to SARS-CoV-2 infection 
has also been associated with a higher incidence of 
deep vein thrombosis.27,28 Right-to-left shunt and 
paradoxical embolism of generated venous thrombi 
through a patent foramen ovale might act as an eti-
opathogenic mechanism in younger patients with 
cryptogenic cerebral ischemia without any vascular 
risk factors for stroke. In addition to intracardiac 
shunts, the right-to-left shunt may be associated 
with intrapulmonary causes, such as pulmonary 
vascular dilatations or pulmonary arteriovenous 
malformations. In a recently published study, 
contrast-enhanced transcranial Doppler was per-
formed in mechanically ventilated patients with 
COVID-19 pneumonia and detected microbubbles 

Figure 1.  Potential pathophysiological mechanisms underlying cerebrovascular involvement in COVID-19.
SARS-CoV-2 binds to angiotensin-converting enzyme 2 (ACE2) receptors, leading to the receptors’ inactivation. ACE2 dysregulation contributes to the 
post-ischemic inflammation cascade, resulting in decreased perfusion in the ischemic zone and the development of larger infarct volume in the case 
of ischemic stroke (IS). In addition, ACE2 dysfunction may subsequently cause hypertensive peaks and impairment of cerebrovascular endothelium, 
contributing to the pathogenesis of intracerebral hemorrhage (ICH). Virus-related cardiac injury, including myocardial ischemia and cardiac 
arrhythmias such as atrial fibrillation, may cause cardio-embolism and subsequently, IS. COVID-19-related hypercoagulability may determine in situ 
arterial thrombosis and IS. Another potential IS mechanism related to hypercoagulability is paradoxical emboli of generated venous thrombi through 
right-to-left shunts. Cerebral venous thrombosis may also be caused by hypercoagulability and in situ thrombosis. Furthermore, COVID-19-related 
coagulopathy may present as dysfunctional hemostasis and predispose to ICH, especially when therapeutic anticoagulation is administered. Cytokine 
storm-mediated endotheliitis and vasculitis of the CNS due to SARS-CoV-2 infection causes vessel remodeling, leading to vessel occlusion or injury 
and IS or ICH, respectively. Finally, a primarily immune-mediated critical illness during COVID-19, hypoxemia, and systemic hypotension may induce 
hypoxic/ischemic encephalopathy or cerebral microbleeds with or without leukoencephalopathy.
CNS, central nervous system; COVID-19, coronavirus disease 2019; DVT, deep venous thrombosis; PE, pulmonary embolism; SARS-CoV-2, severe 
acute respiratory syndrome coronavirus 2.
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in 83% of the patients.29 The detection of micro-
bubbles was attributable to pulmonary vasodilata-
tions which may also explain the disproportionate 
hypoxemia seen in COVID-19 patients.29

On the other hand, coagulopathy associated with 
COVID-19 may present as dysfunctional hemosta-
sis, prolonged prothrombin time and bleeding disor-
der, especially in severely infected patients. The 
characteristics of COVID-19 coagulopathy are simi-
lar but not perfectly matched to those of dissemi-
nated intravascular coagulopathy.30 Characteristically, 
COVID-19 coagulopathy manifests with significantly 
elevated D-dimers, but only mild thrombocytopenia 
and slightly prolonged prothrombin time, and rarely 
meets the diagnostic criteria of disseminated intravascu-
lar coagulopathy according to the International Society 
on Thrombosis and Haemostasis.31,32 Nevertheless, 
the disruption of hemostasis in COVID-19 may con-
tribute to an increased risk of secondary intracranial 
hemorrhage, especially when therapeutic anticoagu-
lation is also administered.

Triggering CNS vasculitis and endotheliitis.  SARS-
CoV-2 viral-like particles may be detected in 
brain capillary endothelium, as was recently noted 
in an autopsy study.33 This finding supports the 
viral neurotropism and potentially implicates 
SARS-CoV-2 in a direct effect on cerebral vessels 
with subsequent endothelium dysfunction and 
degeneration.34 SARS-CoV-2 has also been impli-
cated in triggering CNS vasculitis, possibly 
through an inflammatory response mediated by 
the cytokine storm and specifically interleu-
kin-6.35–38 This is not new for viral infections, 
since other viruses (e.g. varicella zoster, human 
immunodeficiency virus, hepatitis C virus, hepa-
titis B, cytomegalovirus, parvovirus b19) may 
trigger such a response.39 Inflammation of cere-
bral vasculature may lead to arterial remodeling 
with either stenosed or dilated, fragile vessels with 
subsequent ischemic or hemorrhagic stroke, 
respectively. Reversible cerebral vasoconstriction 
syndrome and posterior reversible encephalopa-
thy syndrome may mimic primary angiitis of the 
CNS and have been recently described in 
COVID-19 patients.40–42 IS, ICH, and convexal 
subarachnoid hemorrhage are common manifes-
tations of reversible cerebral vasoconstriction 
syndrome.43

Critical illness due to COVID-19.  A significant per-
centage of patients with SARS-CoV-2 infection 
present with serious manifestations and may need 

intubation, mechanical ventilation, and prolonged 
hospitalization in intensive care units, mostly due 
to pulmonary complications. Hypoxemia and sys-
temic hypotension due to primarily immune-
mediated critical illness may further induce 
hypoxic/ischemic encephalopathy and contributes 
to IS, mostly in watershed territories or present-
ing as cortical laminar necrosis.44 Additionally, 
prolonged hypoxemia and respiratory failure have 
been associated with cerebral microbleeds and/or 
leukoencephalopathy.45

Cerebrovascular manifestations associated 
with COVID-19
Reports of cerebrovascular complications associ-
ated with COVID-19 are continuously increasing.

Ischemic stroke.  A recently published, prospec-
tive, multinational study reported 123 patients 
who presented with acute IS out of a total of 
17,799 SARS-CoV-2-infected patients.46 This 
result corresponds to a non-weighted risk of 0.7% 
for IS among patients hospitalized for COVID-
19. Other cohort studies reporting IS risk among 
hospital admissions for COVID-19 also presented 
similar results (Table 1). These data underscore 
that COVID-19 may be associated with a small 
but non-negligible risk for IS. Another important 
fact is that IS is reported as the initial manifesta-
tion and reason for hospitalization in 26% of 
COVID-19-confirmed patients.47

Regarding the IS subtype according to Trial of 
ORG 10172 in Acute Stroke Treatment classifica-
tion, COVID-19 was reported to be associated with 
a higher incidence of cryptogenic stroke.47,48,56,60 
According to a retrospective cohort study per-
formed in a major health system in New York, 
cryptogenic stroke was twice more prevalent in 
COVID-19 positive patients compared with both a 
contemporary control group consisting of COVID-
19 negative patients and a historical control group 
derived from patients treated in the same period in 
2019.48 The presented high rates of cryptogenic 
stroke could further alarm clinicians regarding 
hypercoagulability state, in situ arterial thrombosis 
from endothelitis and occult cardioembolism or 
paradoxical embolism, both of which require 
deeper investigation and consideration of therapeu-
tic anticoagulation.61–63 Other studies, which also 
included hospitalized COVID-19 patients, reported 
an incidence of up to 35% for cryptogenic stroke 
among IS patients.51,52,64 Finally, it should be noted 
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that different case series of stroke complicating 
COVID-19 patients have reported a decreased 
prevalence of lacunar infarction (⩽10%) among IS 
patients.46,48 This observation indicates the poten-
tial lack of association between COVID-19 and 
intrinsic small-vessel disease. However, since lacu-
nar strokes are generally associated with less severe 
symptoms compared with large-vessel occlusion 
(LVO) strokes, the patients may have not under-
gone neuroimaging evaluation with brain MRI and 
ascertainment of acute cerebral ischemia mecha-
nism leading to the under-representation of lacunar 
strokes in patient cohorts.

Another important observation regarding IS inci-
dence in patients with COVID-19 is the report of 
younger patients without known risk factors pre-
senting with stroke due to LVO.65 Also, COVID-
19 patients with LVO were younger compared 

with both contemporary controls of COVID-19-
negative patients and historical controls, as inves-
tigated in different studies.66,67 In another case 
series, it was shown that among patients hospital-
ized for stroke due to LVO, more than half tested 
positive for SARS-CoV-2.67 Almost a quarter of 
COVID-19 patients admitted for acute IS is 
reported to be due to LVO.52,68 An illustrative 
case of a patient with LVO stroke and concurrent 
COVID-19 is presented in Figure 2. Multifocal 
LVOs is another matter of concern in those 
patients, since multivessel obstruction is pre-
sented significantly more frequently in SARS-
CoV-2 positive patients.66,68

In patients admitted with acute IS during the 
period of COVID-19 restrictions, significant con-
cern has been raised regarding the delivery of 
acute reperfusion treatments. This gains even 

Table 1.  Cohort studies reporting cerebrovascular events in COVID-19 patients during general hospital admission.

Cohort study Date COVID-19 hospital 
admissions

Cerebrovascular 
disease (%)*

IS (%)* ICH (%)* CVT (%)*

Yaghi et al.48 15 March–19 April 2020 3556 32 (0.9) – –

Merkler et al.47 4 March–2 May 2020 2132 – 31 (1.5) – –

Lodigiani et al.49 13 February–10 April 
2020

388 – 9 (2.3) – –

Jain et al.50 1 March–13 April 2020 3218 35 (1.1) 26 (0.8) 9 (0.3) –

Cantador et al.51 1 February–21 April 
2020

1419 8 (0.6) 6 (0.4) – –

Shahjouei et al.46 27 March–1 May 2020 17,799 156 (0.9) 123 (0.7) 25 (0.1) 6 (<0.1)

Rothstein et al.52 15 March–3 May 2020 844 28 (3.3) 20 (2.4) 8 (0.9) –

Li et al.53 16 January–29 February 
2020

219 11 (5) 10 (4.6) 1 (0.5) –

Romero-Sanchez 
et al.54

1 March–1 April 2020 841 14 (1.7) 11 (1.3) 3 (0.4) –

Katz et al.55 14 March– 26 April 2020 10,596 86 (0.8) 72 (0.7) 14 (0.1) –

Siegler et al.56 1 February–16 June 
2020

14,483 172 (1.2) 156 (1.1) 28 (0.2) 3 (<0.1)

Requena et al.57 2 March–30 April 2020 2050 25 (1.2) 21 (1) 4 (0.2) –

Kvernland et al.58 1 March–15 May 2020 4071 – – 19 (0.5) –

Altschul et al.59 1 March–1 May 2020 5227 – – 35 (0.7) –

*Percentages correspond to the number of events out of the total COVID-19 general hospital admissions.
COVID-19, coronavirus disease 2019; CVT, cerebral venous thrombosis; ICH, intracranial hemorrhage; IS, ischemic stroke.
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more importance, especially in the aforemen-
tioned patients with LVO, who may need 
mechanical thrombectomy. Initially, patients 
were thought to be reluctant to seek medical help 
for stroke symptoms due to their fear of contract-
ing COVID-19, and subsequently presented with 
substantial delay to the emergency department, 
outside the time window for available acute reper-
fusion therapies.69,70 Different cohort studies 
evaluated the management in the acute phase of 
stroke patients during COVID-19 restrictions 
compared with historical controls treated in the 
same periods before the pandemic. Several of 
them have underscored the negative effect of 
lockdown on the management of IS, depicting 
reductions of stroke admissions, the total number 
of thrombolysis and/or thrombectomy and signifi-
cant increases in treatment times.71–75

However, the American Heart Association/
American Stroke Association Stroke Council 
Leadership responded promptly with emergency 
guidance to the need of addressing those issues 
and securing the delivery of acute stroke treat-
ments.70 A ‘protected code stroke’ was recom-
mended and a focused framework was provided 
with the aim of COVID-19-specific screening, per-
sonal protective equipment, and crisis resource 

management during acute stroke treatment.76 In 
addition, the European Society of Neurosonology 
and Cerebral Hemodynamics issued practice rec-
ommendations for neurovascular investigations of 
acute stroke patients during the COVID-19 pan-
demic aiming to highlight the utility of ultrasound 
as a non-invasive, easily repeatable bedside real-
time examination of cerebral vessels.77 Finally, the 
European Stroke Organization and other organiza-
tions addressed to the public and underscored that 
patients with stroke symptoms should seek medi-
cal help as soon as possible, despite COVID-19 
restrictions.78 Hopefully, such measures will con-
tribute to the stabilization of stroke treatment 
delivery despite those unprecedented times.

Cerebral hemorrhage.  Several case reports and 
cohort studies have recently been published pre-
senting COVID-19 patients with parenchymal 
hemorrhage,58,59,79–85 subarachnoid hemor-
rhage,14,58,59,86 and subdural hematoma.59 A ret-
rospective case series of five patients showed that 
COVID-19 patients with ICH were younger than 
expected and mostly suffered from lobar ICH.85 
One of the patients described in this report had 
multifocal ICH without any underlying vascular 
abnormality.85 Similar results were presented in a 
retrospective cohort study, that showed 0.5% of 

Figure 2.  Imaging evaluation of a patient with acute proximal occlusion of the right middle cerebral artery 
during hospitalization for COVID-19.
A 65-year-old man with a history of hypertension and diabetes mellitus presented with acute left-sided hemiplegia, 
dysarthria, neglect, and right-gaze deviation. He had minimal respiratory symptoms. Emergency brain CT and CTA scanning 
were performed. Acute proximal right middle cerebral artery (MCA) occlusion was demonstrated on CTA (panel A, arrow) 
with evolving right MCA infarction. Right MCA occlusion was also confirmed on CTA 3D reconstruction (panel B, dotted 
circle). At that time, D-dimer levels were 2.8 ng/ml (normal values <500 ng/ml). The patient was not eligible for either 
intravenous thrombolysis due to delayed presentation or mechanical thrombectomy due to an unfavorable perfusion profile. 
Brain MRI was subsequently performed, showing restricted diffusion in right MCA territory, confirmative of large right MCA 
infarct (panel C). SARS-CoV-2 infection was confirmed at day 9 of hospitalization. On the 3-month follow up, the patient had 
modified Rankin Scale score of 4 with persistent severe left hemiparesis.
COVID-19, coronavirus disease 2019; CT, computed tomography; CTA, computed tomography angiography; MRI, magnetic 
resonance imaging; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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hospitalized COVID-19 patients to be diagnosed 
with hemorrhagic stroke, with coagulopathy being 
the most common etiology.58 A large, deep intra-
cerebral hematoma with an irregular, multi-lobu-
lar shape identified in a COVID-19 patient is 
presented in Figure 3.

However, among general hospital admissions of 
COVID-19 patients, only a minor proportion 
exhibited ICH (Table 1). Similarly, COVID-19 
patients who were hospitalized in neurological 
wards did not have significantly more cerebral hem-
orrhagic events compared with non-COVID-19 
patients.87 Based on these observations, it remains 
unknown whether COVID-19 has a causal associa-
tion with ICH through ACE2 inactivation, endothe-
lial dysfunction/degeneration, coagulopathy or 
hypocoagulability, or rather, whether secondary 
effects of COVID-19 such as renal failure/cirrhosis 
with concomitant therapeutic anticoagulation in a 
critically ill older population is the culprit. The atyp-
ical multifocal nature of many of the reported ICH 
cases to date would suggest some form of underly-
ing vasculopathy which likely acts synergistically 
with the aforementioned factors in causing ICH. 
One pathological report to date has confirmed 
underlying endothelial reactivity, as well as endothe-
lial and neuropil degeneration in a COVID-19 
patient with ICH.34

Cerebral microbleeds have also been demon-
strated in critically ill COVID-19 patients and 
can present with or without leukoencephalopa-
thy.45,88 The atypical location of cerebral micro-
bleeds in the corpus callosum and juxtacortical 
region may raise the suspicion of SARS-CoV-2 
infection in critically ill patients.42 However, a 
very similar pattern has previously been presented 
in critically ill non-COVID-19 patients with res-
piratory failure.89,90 These neuroimaging findings 
are associated with worse neurological status and 
longer hospitalization in COVID-19, and likely 
reflect a more advanced stage of critical illness.45

Cerebral venous thrombosis.  Venous thromboem-
bolic events, such as pulmonary embolism and 
deep venous thrombosis, are detected with high 
frequency in COVID-19 patients hospitalized in 
intensive care units, even despite anticoagulation 
treatment.91 The risk of thrombosis associated with 
COVID-19 may also be responsible for CVT. 
Numerous case reports have been published about 
COVID-19 patients presenting with CVT.92–99 In 
addition, cases with more atypical presentations, 

such as cortical or deep cerebral venous thrombo-
sis, have been described.100,101 Six patients were 
diagnosed with CVT among 17,799 hospitalized 
SARS-CoV-2 patients.46 Headache and impaired 
consciousness may complicate or even be the pre-
senting symptoms of both COVID-19 and CVT 
(Figure 4). For that reason, clinicians should be 
quite vigilant in order to timely diagnose CVT-
complicating COVID-19.102 Clinicians should also 
be able to differentiate COVID-19 patients with 
primary ICH and hemorrhagic infarction due to 
CVT, since the latter requires anticoagulant treat-
ment in therapeutic dosage.103 Finally, CVT 
involving the internal cerebral veins may be chal-
lenging to differentiate from acute hemorrhagic 
necrotizing encephalitis (Weston–Hurst syn-
drome), which is another COVID-19 CNS com-
plication that may symmetrically affect basal 
ganglia and thalami with hemorrhagic lesions.104

Red flags for COVID-19-associated stroke 
diagnosis
Prompt diagnosis and treatment of acute cerebro-
vascular disease complicating COVID-19 are 
essential since co-existing stroke appears to 

Figure 3.  Imaging evaluation of a COVID-19 patient with large, multi-
lobular intracerebral hemorrhage.
A 55-year-old woman with a history of diabetes mellitus and hypertension was 
quarantined at home due to SARS-CoV-2 infection with mild respiratory symptoms. 
At 12 days later, she deteriorated, presenting dyspnea and respiratory failure. She 
was admitted to the ICU for mechanical ventilation. On day 11 of hospitalization, 
she became apneic on the ventilator, with fixed, dilated pupils. An emergent brain 
CT scan was performed showing a large, left-sided intracerebral hemorrhage 
causing compression of the ipsilateral lateral ventricle and midline shift to the right 
(panel A). The hematoma had an irregular, multi-lobular shape (panel A and B). 
No hypertensive spike was confirmed. The patient expired 1 day after neurological 
worsening.
COVID-19, coronavirus disease 2019; CT, computed tomography; ICU, intensive care 
unit; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

https://journals.sagepub.com/home/tan


Therapeutic Advances in Neurological Disorders 13

8	 journals.sagepub.com/home/tan

negatively influence the outcome in patients with 
SARS-CoV-2 infection.50,105 Several clinical and 
neuroimaging characteristics are present and can 
raise suspicion in COVID-19 associated stroke 
diagnosis. The adjunctive use of artificial intelli-
gence may expedite an accurate diagnosis and is 
already developing in the field of COVID-19-
related brain injury.106

Ischemic strokes in COVID-19 patients often 
present with multi-territorial arterial distribution, 
embolic pattern, and hemorrhagic transforma-
tion.64,107–114 A COVID-19 patient diagnosed 
with multi-territorial arterial infarctions of an 
embolic pattern in the absence of vascular risk 
factors is shown in Figure 5. Large cerebral vessel 
occlusions with significant thrombus burden and 
a propensity for clot fragmentation is well docu-
mented in the literature.46,65,67,68,108,110,115 
Characteristically, LVO may affect younger 
patients without known risk factors for stroke, it is 
associated with higher in-hospital mortality and 
may represent the initial manifestation leading to 
hospitalization during SARS-CoV-2 infec-
tion.65,67,115,116 Hypercoagulable state, cardioem-
bolism, or paradoxical embolism due to 
COVID-19 may be potential reasons for such a 
stroke presentation. Furthermore, unexpected IS 
locations, such as in the corpus callosum or a fre-
quent involvement of posterior circulation, have 
been associated with COVID-19.117–119 Increased 
incidence of hemorrhagic transformation of 

ischemic infarcts has also been observed in 
COVID-19 stroke patients.56,111 Whether the dys-
functional hemostasis or the increased use of anti-
coagulants could be associated with the likelihood 
of hemorrhagic transformation remains currently 
unknown. Finally, level of consciousness was 
recently reported as an important component in a 
risk stratification score related to severe COVID-
19.120 Confusion may not only be an important 
parameter relating to the severity of a multisystem 
disease like COVID-19, but in addition, it may 
underlie the presence of cerebrovascular disease. 
Unsuccessful recovery after ventilation weaning 
should alarm clinicians about the possibility of 
cerebrovascular disease development, and man-
dates appropriate neuroimaging studies.111

ICH may complicate in COVID-19 patients that 
are younger than expected for conventional ICH.85 
Coagulopathy was reported as the most common 
etiology of ICH, whereas COVID-19-negative 
patients most often suffered from hypertension-
related ICH.58 Coagulopathy is reflected by the sig-
nificantly higher levels of D-dimers, which may be 
considered as a ‘red flag’ for COVID-19-associated 
ICH.58 Furthermore, although spontaneous ICH 
most typically presents as deep hemorrhage in 
patients with negative COVID-19 history, lobar 
and multi-focal hematomas without underlying 
macrovascular abnormalities are commonly 
reported in COVID-19 patients.58,85 Cerebral 
microbleeds represent a recently described 

Figure 4.  Imaging evaluation of a COVID-19 patient with cerebral venous thrombosis.
A 59-year-old woman presented with a thunderclap headache followed by a severe progressive headache. Her neurological 
examination revealed bilateral papilledema. In the brain CT scan, she had an ischemic occipital lesion (panel A). Brain 
MRV demonstrated lack of flow in the left transverse and sigmoid sinuses, confirming the diagnosis of cerebral venous 
sinus thrombosis (panel B). In addition, the patient reported she had a fever, cough, and sore throat 10 days before her 
neurological symptoms. Chest CT showed diffuse ground-glass opacification (panel C). A positive SARS-CoV2 PCR confirmed 
the diagnosis of COVID-19.
COVID-19, coronavirus disease 2019; CT, computed tomography; MRV, magnetic resonance venography; PCR, polymerase 
chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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neuroimaging finding in COVID-19 patients, 
which is associated with critical illness.45,88 In addi-
tion, anticoagulation treatment prior to the mani-
festation of hemorrhagic stroke in COVID-19 
patients has been consistently reported in a recent 
case series from New York City.75

Development of CVT in patients without other 
risk factors of hypercoagulability should alert cli-
nicians to the possibility of SARS-CoV-2 infec-
tion, especially in the presence of excessively high 
(>2.0 ng/ml) D-dimer levels. Persisting headache 
and altered consciousness with confusion and/or 
agitation, coupled with high levels of D-dimers, 
may be a hint for CVT complication that should 
be promptly diagnosed and anticoagulated.103

Prognosis of cerebrovascular events associated 
with COVID-19
Data regarding the long-term prognosis of 
COVID-19 patients with cerebrovascular events 
are scarce. Most studies report clinical outcomes 
at discharge. In a single-center study, it was 
shown that positive patients had higher National 
Institutes of Health Stroke Scale score and were 
less likely to achieve functional independency at 
discharge.87 Moreover, the mortality rate in 
COVID-19 stroke patients was higher compared 
with contemporary SARS-CoV-2-negative stroke 
patients.87 Similar results are confirmed in other 
cohort studies investigating cerebrovascular dis-
ease in COVID-19 patients compared with 
COVID-19-negative patients (Table 2). A high 
mortality rate was also reported in a multinational 
cohort study, for both ischemic and hemorrhagic 
COVID-19 stroke patients.56 Additionally, in the 
same study it was shown that 17.4% of COVID-
19 IS patients suffered from a hemorrhagic trans-
formation of the infarction.56

Irrespective of SARS-CoV-2 positivity, the 
COVID-19 pandemic and the subsequently 
imposed restrictions had a negative influence on 
mortality and functional outcomes in stroke 
patients in general. Higher incidence of mortality 
and worse functional outcomes at discharge were 
reported in different cohort studies evaluating 
stroke patients who were admitted during the 
COVID-19 pandemic, compared with historical 
controls of the pre-COVID-19 period.60,64,71,72,122–125 
These alarming results may be attributable to 
delays in the presentation of stroke patients and 
subsequent lower rates of recanalization therapies. 

Furthermore, longer hospitalization stay was 
needed for the acute management of stroke patients 
during COVID-19 pandemic.60,64,71,72,122 Severe 
neurological impairment of the stroke patients, lim-
ited medical and laboratory resources, assignment, 
and transfer of medical personnel from stroke wards 
to COVID-19 designated wards might explain the 
need for the extension of hospitalization.

Apart from the observation that SARS-CoV-2 is a 
risk factor of mortality in stroke patients, it has 
also been shown that COVID-19 patients who 
experienced an acute IS during the infection had 
significantly lower rates of survival compared with 

Figure 5.  Imaging evaluation of a COVID-19 patient with multi-territorial 
ischemic infarcts.
An 83-year-old man with a history of hypertension, diabetes, hyperlipidemia, and 
prior ischemic stroke with no residual symptoms, presented to the emergency 
department with seizure-like activity and acute respiratory failure, likely due to 
aspiration. Brain MRI was performed showing restricted diffusion in the territories 
of both the right middle cerebral artery (MCA; panel A) and the right posterior 
cerebral artery (PCA; panel B), indicating right MCA and PCA acute ischemic 
stroke. He was intubated in the emergency department for decreased level of 
consciousness, hypoxia, and airway protection and initially admitted to the medical 
ICU. On presentation and the day after presentation, nasopharyngeal swab tests 
were performed and were both negative for SARS-CoV-2. At 10 days after initial 
presentation, a third nasopharyngeal swab was performed and found positive, 
confirming SARS-CoV-2 infection. Despite initial hypoxia and multiorgan failure, 
the patient improved systematically and was eventually weaned off the ventilator 
after 1 month of ICU hospitalization. However, the neurological examination did not 
improve accordingly, and the patient did not fully regain his level of consciousness. 
For that reason, a brain MRI was repeated and disclosed acute left MCA (panel C 
and D) and additional right MCA (panel D) territory recurrent ischemic infarcts. 
The patient was finally discharged to a long-term nursing facility and expired 
approximately 2.5 months after his initial presentation.
COVID-19, coronavirus disease 2019; ICU, intensive care unit; MRI, magnetic 
resonance imaging; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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those without a stroke.50,105 In addition, a previ-
ous history of stroke was an independent risk fac-
tor for severe pneumonia leading to critical illness, 
the need for ventilation, and mortality in COVID-
19 patients.126,127

In ICH patients, COVID-19 was negatively asso-
ciated with prognosis. A higher mortality rate was 
observed in COVID-19 patients compared to 
both contemporary and historical negative con-
trols with ICH.58 In another cohort, all COVID-
19 patients with hemorrhagic lesions on brain 
MRI suffered from acute respiratory distress syn-
drome and were hospitalized in intensive care 
units.88 A total of 20% patients with hemorrhagic 
lesions died during hospitalization, compared 
with 6% of COVID-19 patients with other non-
hemorrhagic lesions.88

Impact of COVID-19 pandemic on stroke 
management
The COVID-19 pandemic and the imposed 
restrictions severely impacted stroke manage-
ment.9,69 Since the first weeks of the outbreak, 
declining numbers of stroke admissions have 
been reported in the literature.128,129 Patients with 
transient or minor stroke symptoms are more 
likely to avoid seeking medical help due to their 
fear of contracting the virus.130 Moreover, the 
availability of acute reperfusion therapies, includ-
ing both intravenous thrombolysis and 

mechanical thrombectomy has been limited, 
according to recent reports from North America 
and Europe.71–75 When administered, treatment 
time metrics are prolonged, negatively impacting 
the effectiveness of the treatments.131 The perfor-
mance of the more time-consuming, multipara-
metric stroke neuroimaging techniques is reported 
to have also declined, which, in turn, impedes the 
recognition of eligible patients for acute reperfu-
sion therapies.132

In order to safely implement acute stroke man-
agement during the COVID-19-imposed restric-
tions, a ‘protected code stroke’ has been 
proposed.76 When a stroke patient presents to the 
emergency department, the clinicians should spe-
cifically ask for signs and symptoms compatible 
with COVID-19 infection, such as a history of 
fever, cough, dyspnea, diarrhea, hyposmia, or 
hypogeusia.133 History taking regarding COVID-
19 should not be limited to the stroke patient, but 
should also include patients’ close contacts. 
Temperature checks can be used as an initial, fea-
sible, and inexpensive screening tool upon patient 
presentation. In cases of positive COVID-19 his-
tory or confirmed fever, a nasopharyngeal swab 
should be tested for SARS-CoV-2 and repeated if 
negative and clinical suspicion is high, according 
to local COVID-19 protocols. Rapid antigen tests 
with high sensitivity and specificity can be used 
while in triage and may be a game changer in this 
regard. However, in cases of acute stroke, the 

Table 2.  Cohort studies reporting clinical outcomes at discharge of COVID-19 patients with cerebrovascular disease compared with 
COVID-19-negative patients.

Study COVID-19 patients 
with cerebrovascular 
disease

Controls NIHSS mRS (IQR) Mortality

COVID (+) COVID (–) COVID (+) COVID (–) COVID (+) COVID (–)

Benussi et al.87 43 C: 68 9.0 (1.0–19.0) 2.0 (0.0–6.8) 5 (2–6) 2 (1–3) 15 (34.9%) 4 (5.9%)

Yaghi et al.48 32 C: 46 – – – – 14 (63.6%) 4 (9.3%)

H: 80 5 (6.3%)

Ntaios et al.121 174 H: 174 – – 4 (2–6) 2 (1–4) 48 (27.6%) 18 (10.3%)

Escalard et al.107 10 C: 27 – – – – 6 (60%) 3 (11%)

Katz et al.55 86 H: 499 – – – – 25 (29.1%) 45 (9%)

Kvernland et al.58 19 C: 24 – – – – 11 (84.6%) 1 (4.6%)

H: 20 1 (5.0%)

C, contemporary; COVID-19, coronavirus disease 2019; H, historical; IQR, interquartile range; mRS, modified Rankin scale; NIHSS, National 
Institutes of Health Stroke Scale.
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management should not be delayed, and the 
patient should be treated as suspected COVID-
19 by the minimum number of medical personnel 
and appropriate infection control measures, in 
order to minimize exposure.134

When indicated, intravenous thrombolysis with 
bolus tenecteplase might be considered as an alter-
native to alteplase bolus, and 1 h infusion to reduce 
the acute treatment duration and staff exposure.135 
In addition, a minimum number of medical per-
sonnel, who should be experienced in donning and 
doffing personal protective equipment with safety, 
should perform mechanical thrombectomy proce-
dures. If possible, mechanical thrombectomy 
under conscious sedation should be considered as 
the first line if the patient is stable.136 If general 
anesthesia and endotracheal intubation are needed, 
extreme caution is mandatory, since the latter is an 
aerosol and airborne-generating procedure. 
Ideally, intubation, mechanical ventilation, and 
extubation of the patient should be performed in 
negative-pressure rooms.136 Finally, acute stroke 
care should be provided by experienced stroke 
teams and the involved specialized personnel 
should not be redeployed to other hospital depart-
ments due to COVID-19-specific demands.137

During further hospitalization, transcranial ultra-
sound may be used to monitor intracranial vessel 
patency in IS patients who have received recanali-
zation treatments, since it is a feasible, bedside 
test and can limit patient transportation.77 If fur-
ther neuroimaging is needed, brain MRI may be 
performed for the differential diagnosis of 
COVID-19 patients with neurological manifesta-
tions.138 Moreover, regarding secondary preven-
tion treatment in the subacute phase, prophylactic 
anticoagulant treatment is indicated in COVID-
19 stroke patients.139,140 Finally, possible underly-
ing mechanisms and deteriorating factors, such as 
hypoxia, coagulation disorder, and electrolyte 
imbalance should be managed, and cardiac func-
tion should be supported if needed during stroke 
hospitalization.

As for the long-term management and functional 
improvement, the COVID-19 stroke patients will 
not only require rehabilitation for their stroke, but 
also for the long-term consequences associated 
with a severe COVID-19 infection. The multidisci-
plinary stroke rehabilitation team needs to adapt to 
cater for both needs. It is of importance to initiate 
and maintain an inpatient rehabilitation program 

for the most severely affected patients.141 Tele-
rehabilitation through electronic communication 
technologies may be a viable procedure for milder 
cases and their caregivers, limiting unnecessary 
transportation and close contacts, and providing 
protection against SARS-CoV-2 transmission.142,143 
Finally, mental health should also be preserved. 
Stroke patients may often experience depression 
and anxiety, while anxiety itself may act as an addi-
tional trigger factor for acute stroke.144,145 
Psychiatric support becomes even more important 
during the COVID-19 pandemic, since self-isola-
tion, physical distancing, imposed restrictions and 
the fear of contracting the virus may pose additional 
emotional threats.146

Discussion
The causative versus incidental relationship 
between SARS-CoV-2 and stroke may still be 
debatable. Our narrative review presents the 
potential underlying mechanisms of the associa-
tion between COVID-19 and cerebrovascular 
disease. ACE2 receptor dysregulation, excessive 
immune response, coagulation disorders, cardiac 
complications, and critical illness can lead to the 
development of different cerebrovascular disease 
manifestations during SARS-CoV-2 infection. 
However, stroke incidence in COVID-19 patients 
appears to be lower (0.5–1.5%) than what was 
originally reported from the Wuhan outbreak (5–
6%).10,46–48 This discrepancy might partially be 
explained by the fact that during the first weeks of 
the pandemic, prophylactic anticoagulation treat-
ment was not administered as a standard of care 
in every COVID-19 patient.

Several key aspects should be summarized based 
on the presented review. Cryptogenic ischemia 
due to LVO appears to be the most common man-
ifestation of acute cerebral ischemia, while lacunar 
stroke is rarely reported to complicate SARS-
CoV-2 infection. Coagulation disorders, in situ 
arterial thrombosis, paradoxical embolization 
through right-to-left shunts, and occult paroxys-
mal atrial fibrillation should be scrutinized as indi-
cated. Lobar or subcortical ICH that may be 
temporally associated with the initiation of antico-
agulation therapy appears to be the most prevalent 
hemorrhagic CNS manifestation of COVID-19. 
CVT may also present as a hemorrhagic transfor-
mation of the cerebral venous infarction and 
should be included in the differential diagnosis of 
hemorrhagic lesions in COVID-19 patients. 
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Importantly, CVT may seldom (≈0.5%) represent 
the initial manifestation of COVID-19 in patients 
with underlying hypercoagulability.

The adverse outcomes of COVID-19 patients 
with co-existing cerebrovascular disease mandate 
physician alertness for timely diagnosis and swift 
delivery of available acute stroke therapies. 
Several clinical and neuroimaging characteristics 
may be utilized as red flags to promote diagnosis. 
Younger age of patients, the absence of known 
stroke risk factors, difficulties in weaning from 
mechanical ventilation, high D-dimer levels, 
spontaneously prolonged international normal-
ized ratio (INR)/partial thromboplastin time 
(PTT), multi-territorial acute infarctions, unex-
pected stroke locations (e.g. splenium of the cor-
pus callosum), and LVOs should alarm clinicians 
about the co-existence of stroke and SARS-
CoV-2 infection. Despite COVID-19-imposed 
restrictions, acute treatment should be offered as 
indicated through a safe pathway for both the 
patients and the medical personnel. Tele-
neurology and remote imaging access may mini-
mize exposure of vascular neurologists during the 
management of SARS-CoV-2 infected patients 
and should be used when feasible.147,148

The limitations of the present review should be 
acknowledged. First, this is a narrative review of 
the literature with the aim of discussing the asso-
ciation between COVID-19 and stroke. Cohort 
studies and case series included in this review are 
highly heterogenous regarding stroke diagnostic 
work-up, acute management, study populations, 
and use of contemporary versus historical con-
trols. Furthermore, we did not review studies that 
have been submitted but not accepted to interna-
tional medical journals. Ideally, an up-to-date 
systematic review and meta-analysis of included 
cohort studies may be conducted, investigating 
the incidence, treatment, and outcomes of cere-
brovascular disease in COVID-19 patients and 
providing future directions in stroke diagnosis 
and management in the COVID-19 era.

Conclusion
Neurological manifestations are not uncommon 
during SARS-CoV-2 infection. Among those, 
cerebrovascular disease was initially reported with 
an alarming incidence of 6% in a small Chinese 
cohort.10 However, recent studies in the interna-
tional larger dataset report a smaller but 

non-negligible risk of stroke (0.5–1.5%) in infected 
patients.46–48 Whether this smaller risk could be 
attributed to the standard prophylactic anticoagu-
lation given in every hospitalized patient is not 
known. ACE2 receptor dysregulation, inflamma-
tion, coagulopathy, COVID-19-associated cardiac 
involvement with subsequent cardio-embolism, 
and critical illness may all act as pathogenetic 
mechanisms for developing IS, hemorrhagic stroke, 
and CVT. Longer duration of hospitalization, 
worse functional outcomes at discharge, and higher 
in-hospital mortality are reported in COVID-19 
associated stroke. For that reason, prompt stroke 
diagnosis and preservation of high-quality acute 
stroke treatment should be emphasized. Several 
clinical characteristics, such as younger age of 
patients and lack of known stroke risk factors, as 
well as neuroimaging (multi-territorial cerebral 
ischemia of embolic pattern due to underlying 
LVO) and laboratory (excessive elevation of 
D-dimer levels and spontaneously prolonged INR/
PTT at hospital admission) caveats could further 
assist clinicians in diagnosing cerebrovascular dis-
ease in patients with SARS-CoV-2 infection.
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