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At the outset of the coronavirus disease 2019 (COVID-19) pan-
demic, a series of vascular and thromboembolic manifestations
were reported. This gave rise to enumerable findings on the risk
of stroke and other cerebrovascular problems. Cerebral venous
sinus thrombosis, cerebrovascular vasculopathy, ischemic stroke
and intracerebral hemorrhage have all been reported as possi-
ble complications. Further, following administration of the modi-
fied adenovirus-based SARS-CoV-2 (Severe acute respiratory coron-
avirus 2) vaccine, cases of cerebrovascular complications have been
reported [1]. At present, greater emphasis has been given to the
role of the nervous system in COVID-19 [2].

Post-acute sequel of COVID-19 such as hematologic, cardiovas-
cular and neuropsychiatric complications are “long COVID” with
a complex clinical picture characterized by fatigue, sleep dis-
turbances, cognitive impairment, palpitations, thromboembolism,
chronic kidney disease and neuropsychiatric disturbances. Indeed,
neuropathological data highlighted the distribution of angiotensin-
converting enzyme 2 (ACE2) and type Il transmembrane serine
protease (TMPRSS2) in the endothelial cells of cerebral capillaries,
oligodendrocytes, astrocytes, motor cortex, hippocampus and brain
stem involved in autonomic function [3]. The entry of SARS-CoV-2
into the brain through cerebrospinal fluid (CSF), olfactory, trigemi-
nal nerve, gastrointestinal and hematogenous routes have been re-
ported as robust correlates of long term complications in COVID-19
[4]. After entering into the central nervous system (CNS), structural
proteins particularly the spike proteins facilitate the spike attach-
ment and host membrane fusion. It is worth noting that the enve-
lope, nucleocapsid and membrane proteins make SARS-CoV-2 pro-
liferation and infection spread considerably easier than expected
[5].

Endothelial injury, the release of proinflammatory cytokines,
complement activation, hypoxia and platelet-dependent mecha-
nisms seem to be linked with the risk of thrombotic problems in
the post-acute COVID-19 phase [G]. The coagulopathy caused by
COVID-19 is associated with an inflammatory state. Interestingly,
cytokine storm may disrupt the blood-brain barrier aiding viral
entry [6]. The pro-inflammatory cytokine exposure in astrocytes
stimulates the expression of proinflammatory genes that cause
neuroinflammation and neurodegeneration [7]. It should be em-
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phasized that the incidence of thrombotic complications as a long-
term consequence of COVID-19 might be correlated to the sever-
ity and duration of hyperinflammatory state. The pathophysiology
of vascular injury in COVID-19 is still a wild chasm. Nevertheless,
ACE-2 dependent and independent mechanism and spike protein-
mediated direct platelet activation has been identified [8].
Pericytes in the brain are specialized cells that are essential in
maintaining the blood-brain barrier (BBB) and neurovascular cou-
pling via cerebral blood flow (CBF) modulation. The SARS-CoV-2 S
protein disrupts brain pericytes’ vascular and immunological reg-
ulatory functions, which could explain vascular-mediated brain in-
jury [9]. Yet, regardless of the increasing advances in neuroimaging
techniques a unique interpretation of the neurological manifesta-
tions supporting such an intense degree of interaction between in-
flammation and COVID-19 associated coagulopathy is far from be-
ing consistent. Thus, additional measures are required to measure
this and to further investigate the patient’s neurological status.
Recently, in parallel to the accumulative insight into the neu-
ropsychiatric consequence of COVID-19, several studies have speci-
fied the role of inflammation in the brain [10,11]. The occurrence of
inflammatory lesions in the brain parenchyma has been observed
in COVID-19 associated encephalitis [12]. Cellular and humoral im-
mune response to the SARS-CoV-2 virus is misguided to the host
nerve tissue resulting in Guillain-Barre syndrome. Neurological dis-
orders such as meningitis, meningoencephalitis, seizures, anxiety,
depression and cranial neuropathy are fairly widespread and pose
a serious difficulty in COVID-19 patient treatment [13]. Cognitive
dysfunction causing fluctuations in learning and memory, concen-
tration, thinking, language and judgment has been observed as a
long-term neurological sequel of COVID-19 [14]. A great number of
reports display a heightened risk of neurodegenerative disorders
in COVID-19 patients [15]. In this interesting framework of neu-
ral circuit involved in cognition, the relations of SARS-CoV-2 has
given neuroscientists a wide matter of investigation. Furthermore,
the evidence of damage to the hippocampus and striatum, olfac-
tory dysfunction, autonomic impairment and neuroimaging brain
changes in COVID-19 patients supports the idea of neurological dis-
orders as an initial manifestation of a multifaceted neurodegener-
ative process. Evidence of neuroinflammation in SARS-CoV-2 in-
fection suggests the role of NLRP3 activation and release of pro-
inflammatory cytokines [16]. The role of NLRP3 in various chronic
neurological diseases have been established [17]. Taken together, a
broad spectrum of neurologic manifestations including cerebrovas-
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cular complications remains to be studied and an integrated ap-
proach to explore the pathophysiology of long-term complications
of COVID-19 is warranted in the upcoming years.
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