The Correlation Between Stroke and Coronavirus
Disease (COVID-19): Where is the Evidence?

EDITOR'S

The Editor’s Pick for this issue of EMJ is the fantastic investigative
review by Pittams et al., which aims to understand the role that
the coronavirus disease (COVID-19) plays in stroke aetiology. As a
multifactorial disease, many of the modifiable and genetic risk factors of
stroke have been well researched, yet still undetermined is the role played by
infectious diseases in stroke pathophysiology. Further insight into the interplay
between these two disease entities is vital both for understanding stroke
aetiology and advancing the therapies needed to fight pathogen-induced stroke.
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Abstract

Stroke is the second leading cause of death globally. Despite the decreasing trend in stroke mortality,
its incidence and prevalence follow an upwards trajectory that is envisaged to continue for years to
come. Previous literature has suggested a role for infectious disease in stroke aetiology; however,
the pathophysiological basis for this has never fully been understood. Emerging infections, such as
coronavirus disease (COVID-19), present new challenges that must be addressed, to prevent them
from contributing to the predicted rise in stroke incidence. Almost one in 20 patients diagnosed with
COVID-19 experience a stroke thereafter, hence achieving better understanding of the interactions
between these disease entities is of major clinical significance.
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INTRODUCTION METHODS

Stroke is a cerebrovascular disease, whereby
blockage or rupture of a cerebral artery results in
cerebral infarction or haemorrhage, respectively.’
It is the second most common cause of death
globally, accounting for 80.5 deaths per 100,000
population.? While the mortality rate of stroke
appears to be decreasing,? its prevalence is
envisaged to rise over coming years, with a
predicted increase in both stroke incidence and
survival contributing to this.® Its multifactorial
nature means that many of the modifiable and
genetic risk factors implicated in stroke aetiology
have been well researched. However, the role of
infectious agents in provoking cerebrovascular
events has often been undermined.*®

The relationship between stroke and infectious
disease is complex. The neurological sequelae
of stroke and infectious diseases may overlap,
creating diagnostic uncertainty,® and prior stroke
is a poor prognosticator in coronavirus disease
(COVID-19) infection.” Additionally, several
infectious agents have been directly implicated
in the development of stroke.®’™® Some of these
remain poorly investigated. This is particularly
true for emerging infections, such as COVID-19,
which pose a new opportunity to understand
stroke pathophysiology.

Several mechanisms have been implicated
in stroke secondary to infection."™ However,
stroke in patients with COVID-19 is likely the
result of several processes acting synergistically,
rather than a single mechanism in isolation.
Treatments for  pathogen-induced  stroke
should be centred around counteracting these
pathological pathways. However, without
adequate understanding of the pathophysiology
of stroke in infectious disease, it is difficult to
optimise a management plan for when the two
occur simultaneously. In this review, the authors
aim to better understand the pathophysiology
of stroke in infectious disease, and in particular
COVID-19 infection. The authors hope that
this will enable management and treatment
strategies to become nuanced, optimising the
care of patients experiencing a stroke following
COVID-19 infection.
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The databases searched included MEDLINE,
SCOPUS, Embase, Cochrane Library, and Google
Scholar. The review question had two main parts:
1) pathophysiological mechanisms of stroke in
infection; and 2) management strategies for
patients with concurrent infection and stroke. A
separate search was conducted for each of these.
If the search retrieved papers applicable to the
entire article, the results were shared between
different parts of this review. Keywords included

“stroke”, “cerebrovascular accident”, “brain”,
“nervous system”, “infection”, “COVID-19”,
“coronavirus”, “SARS-CoV-2”, and “infectious

disease”. Part 1 also included “pathophysiology”,
“cause”, and “trigger”, while Part 2 included
“treatment”, “management”, and “strategies”.
After reviewing the search results, some search
terms were restricted to title and abstract fields.
Each of the search terms were imputed as
keywords and then combined as MeSH terms to
ensure a comprehensive search. The last literature
search was on 23 July 2020.

All  articles retrieved were independently
screened by two authors, and consensus was
reached by consulting the senior author if there
were any discrepancies. Studies met the inclusion
criteria if they discussed stroke and infection
with respect to pathophysiology and treatment.
The main exclusion criteria were non-English
language studies, editorials, commentaries, and
studies for which the full text was unavailable.
No restriction was placed on publication year
to ensure all relevant studies were captured.
The search results are presented in a narrative
manner throughout this article and a summary
table is displayed in the pathophysiology section
of the results.

PATHOPHYSIOLOGY OF STROKE IN

INFECTIOUS DISEASE

In recent years, some great insight into the
association between infection and stroke has
been achieved. However, the true extent of this
has proved difficult to determine because of
the differences in definitions and criteria for
stroke and infection between studies. Various
mechanisms have been proposed with two main
themes, as outlined in Table 1.15-23
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Table 1: Brief overview of the proposed pathophysiological mechanisms of stroke in viral infections, including

coronavirus disease (COVID-19).

Proposed mechanisms

Supporting evidence

Inflammation

Increased levels of TNFa

Van der Poll et al.,’”> 1990

Manousakis et al., 2009

Increased levels of IL-6

Huber et al.,”” 1999

Amlie-Lefond et al.,”® 2016

Increased circulating leukocytes

Rivers et al.,’”® 1975

proteins C and S

Inhibition of anticoagulant factors, e.g.,

Esmon et al.,?° 1991

Hesselvik JF et al.,?’ 1991

Direct causation (selected examples) HIV

Ortiz G et al.,?2 2007

Miller EC et al.,** 2016

Herpes-zoster virus

Miller EC et al.,** 2016

Varicella-zoster virus

Miller EC et al.,”® 2016

First, inflammation may increase stroke
tendency. Increased levels of inflammatory
mediators have been detected in stroke

patients following infection, compared with
those without;?* suggesting that activation of
inflammatory pathways may in turn contribute
towards a procoagulant state. It is thought
that inflammation can give rise to increased
atherosclerosis, plaque rupture, and thrombosis,
eventually leading to ischaemic stroke.® Infarction
may also be a result of cerebral vasculitis;
this has previously been reported in patients
with tuberculosis, meningitis, and syphilis.®?*

There are several pathways that have been
suggested to increase coagulation when
stimulated by inflammation. Rivers et al®
reported that endotoxin-induced monocytes
promote coagulation through their expression
of thromboplastin. Several cytokines, such as
TNFa, have also been implicated in activating
the common pathway of coagulation in severe
infection.® TNFa may also be procoagulant due

to its inhibition of the fibrinolytic system.®

Similarly, one of the main cytokines that has
been highlighted as a key player in the disease
progression, from infection to stroke, is IL-6. In
murine models, the presence of IL-6 increased
the progression of fatty atheromas found in
atherosclerosis, a major risk factor for stroke.”
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Alongside promotion of procoagulant factors,
there may be concurrent inhibition of the
anticoagulant modulators proteins C and S.202
Ortiz et al.®®> agreed that protein S deficiency
may be an additive mechanism for initiating
infarction. There is accumulating evidence that
infection-induced inflammation and subsequent
procoagulant state is one of the main mechanisms
behind stroke postinfection. However, the
specific pathways involved in this process are
yet to be isolated and so further investigation
is required.

Haemorrhagic strokes postinfection are
investigated less frequently. One case-crossover
study reported that haemorrhagic strokes were
primarily associated with preceding urinary
tract infection, respiratory infection, and sepsis.?®
It is thought that systemic inflammation as a
consequence of systemic infection could lead
to vascular endothelial cell injury, causing an
intracranial haemorrhage.® However, further
investigation is needed to fully understand
this concept.

Secondly, there may be a direct causal link
between the actions of infectious organisms and
cerebrovascular accident.”®232526 For example,
bacteria that cause tuberculosis and meningitis
can lead to stroke through the inflammatory
injury to cerebral vessels.?® Interestingly, in the
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case of viruses, there is emerging evidence that
viral load is directly linked to increased incidence
of stroke.?® Initially, stroke was considered a
complication of dyslipidaemia, as a side effect of
highly-active anti-retroviral therapy. However, it
is now thought stroke occurs as a result of virus-
mediated vasculopathy. Ortiz et al.?? suggested
that vasculitis is the dominating mechanism for
stroke, with hypercoagulability being a supportive
mechanism.?? Arterial remodelling leads to either
stenosed or dilated vessels, causing ischaemic or
haemorrhagic strokes, respectively.?> However,
it would be prudent to remember that these
initial studies have small sample sizes, and
include patients with HIV, which may lead to the
confounding of results. Nevertheless, stroke in
patients with herpes viruses, such as varicella-
zoster virus and herpes simplex virus have also
been associated with vasculopathy, in both
adults and children when compared with age-
matched controls.?® The vasculopathy seen in
varicella-zoster virus infection is histologically
similar to giant cell arteritis, indicating some
inflammatory involvement.?

The associations between infection,
inflammation, and stroke are complex and
remain unclear. It should be noted that many of
these links are formed following retrospective
cohort studies, which are weakened by recall
bias and missing data. Additionally, confounding
factors are often not accounted for. Therefore,
further investigations are warranted, to
elucidate the specific pathways employed by
infective organisms.

CURRENT EVIDENCE OF THE

CORRELATION BETWEEN STROKE
AND COVID-19

The association between COVID-19 infection
and stroke is under continued investigation as
increasing reports emerge with the progression
of this global pandemic. Qureshi et al.?’ reported
that 4.9% of patients with a confirmed diagnosis
of COVID-19 are expected to have a stroke.
Worryingly, the mortality rate was reported to
be as high as 38.0% among these patients with
COVID-19, compared with 3.2% observed in
all hospitalised stroke patients.?” Interestingly,
stroke has also been reported as the presenting
complaint for COVID-19 infections. In an ltalian
study of 388 patients with COVID-19, nine

EMJ « March 2021

presented with ischaemic stroke, with six of
these patients admitted to intensive care and
three admitted to a general ward.?® Additionally,
both Siegler et al.?® and Yaghi et al.*° reported
a higher incidence of cryptogenic stroke in
patients with COVID-19. Cryptogenic stroke
refers to a stroke with an underlying cause
distinct from atherosclerosis or embolism.
This suggests that the underlying pathological
process may be novel to infection. Given this
association between COVID-19 and stroke, there
has been much speculation surrounding the
mechanisms responsible.

The proposed mechanisms are based on four
different processes, including viral neurotropism,
endothelial dysfunction, coagulopathy,
and inflammation. Severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) is a
neuroinvasive virus, as proven by its presence
in the cerebrospinal fluid of an infected patient
with encephalitis.®® Viral presence was also
noted in cerebral capillary endothelial cells in a
patient with COVID-19 following autopsy.*? This
suggests that the virus may have direct effects
on cerebral vessels, possibly causing endothelial
dysfunction, which could lead to stroke.
Endothelial dysfunction may also be mediated
by angiotensin-converting enzyme 2 (ACE2)
receptor binding. The binding of the virus to
ACE2 receptors allows the virus to enter cells.
These receptors are expressed on endothelial
cells in the brain and regulate cerebral blood
flow thus, viral-receptor binding may disrupt
these regulatory processes, ultimately causing
a stroke.?3

Coagulopathy or a hypercoagulable state
has also been associated with COVID-19.
Elevated levels of D-dimer, fibrin degradation
products, and fibrinogen were detected in
patients with COVID-19, while antithrombin and

prothrombin levels were reduced, indicating
greater coagulation during infection.*> The
concentration of procoagulant markers

correlated with the severity of COVID-19,
suggesting that the risk of stroke is directly
proportional to infection severity.>> ACE2

receptor binding may also cause thrombosis.
There is higher expression of ACE2 receptors
in the heart and lungs, resulting in greater viral
load at these sites. A greater immune response
in the lungs can lead to hypoxia. Hypoxia is a
lack of oxygen supply which generally occurs
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through endothelial injury or blood stasis; two
constituents of Virchow’s triad, thus initiating
thrombosis.®>* Similarly, an increased immune
response at the coronary vessels may lead to
atherosclerotic plagues being disrupted, causing
plaque rupture and subsequent thrombosis.
Both these processes would lead to ischaemic
stroke. Furthermore, it is well known that severe
infections can be complicated by disseminated
intravascular coagulation which could play a
part in the onset of ischaemic stroke in patients
with COVID-19.3> Another characteristic of
severe COVID-19 infection is a cytokine storm,
one aspect of an exaggerated immune response.
This cytokine storm includes increased levels of
IL-6, which has been implicated in the REasons
for Geographic And Racial Differences in Stroke
(REGARDS) study with increased risk of stroke,
regardless of other stroke risk factors.®

These proposed mechanisms include direct
effects of the virus as well as pathological
systemic changes that may predispose to stroke.
Given the complexity of the pathways involved
in infection and inflammation, it would be
expected that more than one of these proposed
mechanisms is involved in the pathogenesis of
stroke following COVID-19 infection. It would be
prudent to investigate further in order to prevent
cerebrovascular complications and continue the
downwards trend in stroke mortality.

MANAGEMENT OF CONCURRENT

INFECTION AND STROKE

Despite the worryingly high mortality rates
reported in stroke patients with concurrent
COVID-19 infection, there are no universal
guidelines for the management of stroke in these
patients. Present prophylaxis and treatments are
predominantly based on what we understand
already about stroke and infectious disease as
separate entities, rather than when they occur
simultaneously.3”%8

Stroke may be the presenting complaint for

those with COVID-19 infection;*® therefore,
guidelines recommend all potential stroke
patients  presenting to the emergency

department are screened for COVID-19.40-42 Use
of telemedicine to assess patient stroke profile
should be encouraged in order to minimise risk
of transmission to hospital staff.?”42
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Imaging investigations should be started as
soon as possible, preferably within the first
hour, to reduce mortality and achieve maximal
functional recovery.?3842 CT, CT angiography, and
CT perfusion scanning may be performed.?”4142
Indeed, patients with COVID-19 commonly
underwent CT and MRI across a series of case
studies.®®#344 Baracchini et al.*' proposed the
usage of a mobile CT scanner for patients with
suspected or confirmed COVID-19, in accordance
with infection control advice, to minimise further
exposure to SARS-Cov-2. Referral for intravenous
thrombolysis or mechanical thrombectomy is
made on a case-by-case basis, as long as benefits
outweigh the risks.?”42

Intravenous  thrombolysis is  effective if
administered within the first 3 hours after the
cerebrovascular event. Nonetheless, studies
have shown that it is not appropriate for the
management of ischaemic stroke in patients with
infective endocarditis, raised C-reactive protein,
or raised D-dimer levels, as it may increase the
risk of intracranial bleeding.?”4> Interestingly,
COVID-19 has been shown to elevate D-dimer
levels.?846 Thus, thrombolysis should be carefully
considered in infected patients, especially since
hepatic function may be impaired, reducing the
clearance of thrombolytic agents.?’” Poor et al.#’
have reported favourable results of thrombolysis
for the treatment of pulmonary thrombi in
patients who are COVID-19 positive, but there is
insufficient evidence that thrombolysis would be
as effective in the treatment of ischaemic stroke.?’

The American Stroke Association (ASA)
recommends the use of mechanical
thrombectomy in the case of internal carotid
artery or middle cerebral artery occlusion with
symptom onset of less than 6 hours and a National
Institutes of Health Stroke Scale (NIHSS) score
above six.*® However, two recent randomised
controlled trials were able to demonstrate good
efficacy of mechanical thrombectomy for up to
24 hours for patients that have had a large vessel
occlusion in the anterior circulation. Patients need
to fulfil eligibility criteria based on neuroimaging
results, but special consideration should be given
to those with a confirmed COVID-19 diagnosis
given the risk of severe complications.*®4° Of
those who receive thrombectomy, 38% receive
anaesthesia and of these, 14% require intubation
due to complications such as respiratory failure.?’
One can expect that would be the case for
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most COVID-19-positive patients experiencing
respiratory symptoms. Additionally, the risk of
transmission to medical staff is high.

Antiplatelet drugs, such as aspirin and
clopidogrel, as well as anticoagulants (mainly
enoxaparin), have been used to treat acute stroke
in patients with COVID-19.32414344 No studies have
reported whether antiplatelet therapy is superior
to anticoagulants or vice versa, and some
patients are prescribed dual therapy.*

Several papers mention the use of low-molecular-
weight heparin at prophylactic doses in patients
with  COVID-19.2836384144  |ts  effectiveness,
however, remains questionable; Klok et al.®
reported that despite enoxaparin administration,
31% of patients had thrombotic complications.
The same study proposed that a more aggressive
approach should be implemented, by increasing
the frequency of administration or dose.3®

FUTURE RESEARCH

The true extent of the impact COVID-19 has
had on stroke will be revealed by the findings
from the ongoing CASCADE study. This study
aims to identify clinical predictors of stroke in
patients positive for COVID-19, providing insight
into the pathological pathways at play in the
disease process.>

Ultimately, a greater understanding of SARS-
CoV-2 pathogenesis is required, in order to
develop preventative measures and targeted
therapies.® Multiple theories have been
formulated in regard to the correlation between
COVID-19 and stroke, but further research is
needed before these theories can be translated
to changes in clinical practice. The implication
of inflammatory processes and production of
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CONCLUSION

In this succinct review, stroke was discussed
from an infectious disease perspective.
Addressed were the potential pathophysiological
mechanisms of stroke in patients with COVID-19,
and how these can be used to inform decisions
regarding both prophylaxis and treatment.
The authors acknowledge that the scarcity and
inconsistency of previous literature presents
additional challenges when attempting to
understand the complex relationship between
stroke and COVID-19. Ultimately, further research
is needed to enhance our understanding of both
the direct effects and systemic repercussions
of infection.
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