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Background and aims: Initially, novel severe acute respiratory syndrome coronavirus (SARS-CoV-2) was
considered primarily a respiratory pathogen. However, with time it has behaved as a virus with the
potential to cause multi-system involvement, including neurological manifestations. Cerebral venous
sinus thrombosis (CVT) has increasingly been reported in association with coronavirus infectious disease
of 2019 (COVID-19). Here, we have shed light upon CVT and its possible mechanisms in the backdrop of
the ongoing COVID-19 pandemic.
Methods: In this review, data were collected from PubMed, EMBASE and Web of Science, until March 30,
2021, using pre-specified searching strategies. The search strategy consisted of a variation of keywords of
relevant medical subject headings and keywords, including “COVID-19”, “SARS-CoV-2”, “coronavirus”,
and “cerebral venous sinus thrombosis”.
Results: COVID-19 has a causal association with a plethora of neurological, neuropsychiatric and psy-
chological effects. CVT has gained particular importance in this regard. The known hypercoagulable state
in SARS-CoV-2 infection is thought to be the main mechanism in COVID-19 related CVT. Other plausible
mechanisms may include vascular endothelial dysfunction and altered flow dynamics.
Conclusions: Although there are no specific clinical characteristics, insidious or acute onset headache,
seizures, stroke-like, or encephalopathy symptoms in a patient with, or who has suffered COVID-19,
should prompt the attending physician to investigate for CVT. The treatment of COVID-19 associated
CVT does not differ radically from the therapy of CVT without the infection, i.e. urgent initiation of
parenteral unfractionated heparin or low molecular weight heparin followed by conventional or mostly
newer oral anticoagulants.

© 2021 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Background and Aims

Although novel severe acute respiratory syndrome coronavirus
(SARS-CoV-2) was primarily considered a respiratory pathogen, it
has revealed to have the enormous capability in giving rise to
umpteen numbers of neurological manifestations [1]. It has
affected all parts of the cranio-spinal and neuromuscular axes
73, portal 3, 7� Izquierda, E-

e�on).

ier Ltd. All rights reserved.
[1e5]. SARS-CoV-2 infection has immense potential to predispose
infected individuals to develop arterial and venous thrombosis
anywhere in the body due to endothelial dysfunction [1,6,7],
hyperinflammatory state [6,8], platelet activation [6,9], and
vascular stasis [6,10] i.e., activation of the Virchow's triad [11].

Complete or partial occlusion of either themain sinus/sinuses or
the feeding cortical veins is referred to as cerebral venous sinus
thrombosis (CVT), which can lead to secondary effects of vascular
congestion and focal or generalized neurological deficits [12].
Manifestations of CVT are heterogeneous including headache,
altered consciousness, behavioural abnormality, seizures, speech
difficulties and motor paresis [12,13].
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Activation of Virchow's triad can consequently lead to the gen-
eration of thrombi in venous channels draining the brain paren-
chyma [11,12]. One of the pivotal risk factors for the development of
CVT has been a hypercoagulable state [14e18]. Mutations in genes
encoding coagulation factors [16], increased basal production of
these factors in certain physiological, pathological states and
certain malignancies, as well as autoimmune disorders, lead to an
imbalance between prothrombic and antithrombotic factors
[14e18]. Infection has always been a risk factor for the develop-
ment of CVT particularly in Asian populations [19,20]. Infection it-
self or infection-related alteration in the immune and coagulation
system may be at the root of this [14,16,19,20].

Amongst various neurological manifestations of coronavirus
infectious disease of 2019 (COVID-19), CVT has gained recent
importance. Multiple reports of SARS-CoV-2 associated with CVT
have come to surface and continue to do so [21e31]. Whether
COVID-19 is truly a causative factor or just a mere association re-
mains elusive [32].

In this review article, the authors will try to put some light upon
the ‘missing links’ between SARS-CoV-2 infection and CVT.

2. Methods

In this review, data were collected from PubMed, EMBASE and
Web of Science, until March 30, 2021, using pre-specified searching
strategies. The search strategy consisted of a variation of keywords
of relevant medical subject headings and keywords, including
“COVID-19”, “SARS-CoV-2”, “coronavirus”, and “cerebral venous
sinus thrombosis”.

3. Results

3.1. Infectious diseases and CVT

The prevalence of infectious disease associated with CVT has
declined over the years, mainly due to empirical use of sensitive
antibiotics, early detection with various newer techniques and
prompt management [20]. In developing and underdeveloped
countries, CVT is still found to be primarily or secondarily associ-
ated with focal or systemic infection [19,33e38]. However, the
associated morbidity and mortality have decreased substantially
[29]. Various organisms, e.g., viruses [39e49], tubercular [50,51],
bacteria [52e59], protozoa and other parasitic infections [60e63]
have led to the development of CVT. Infection, when considered to
be a direct cause of CVT, can spread from structures either adjacent
to dura matter (e.g., paranasal sinuses, nose, mastoid and orbit) or
from a distant locus. Besides, and perhaps on most occasions,
infection triggers an inflammatory response in the system and
secondarily leads to the generation of CVT. Heller et al. [64]
concluded that CVT was a multifactorial disease, in which the
majority of the cases result from a combination of prothrombotic
risk factors and underlying clinical conditions, which may be an
infection.

3.2. COVID-19 and CVT

As previously discussed, the association of CVT with COVID-19
has attracted interest from neurologists. Table 1 summarizes the
clinical characteristics of the CVT cases associated with CVT that
have been reported [21e27,32,65e75]. Hughes et al. [21] reported
the first case of CVT in an apparently healthy individual, without
inherited or acquired risk factors other than the COVID-19 infection
itself, who recovered fully with standard therapy with low molec-
ular weight heparin and apixaban. It was concluded that this index
case of CVT (presented with headache and later motor weakness
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and dysphasia) resulted from a hypercoagulable milieu generated
by SARS-CoV-2 infection [21]. Klein et al. [24] also put forward a
COVID-19 induced hypercoagulable state as the culprit for the
development of hemorrhagic CVT in a young female with thalas-
semia trait who presented with seizures (and later developed
mixed aphasia and bilateral abducens nerve palsy) and who
responded well to anticoagulants and antiepileptics. Despite this
case having a beta/delta thalassemia trait, raised IgM-anti-car-
diolipin antibody titer and iron deficiency anemia (which can give
rise to hypercoagulable state), led to the clinical diagnosis of
COVID-19 induced CVT [24]. Cavalcanti et al. [25] reported three
cases of COVID-19 associated with CVT with worst outcome. All
these three patients were young (less than 41 years old) and the
interval from infection to the thrombotic event was 2e7 days.
Although the authors of the series put blame on the COVID-19
infection, there remained windows of doubt as one of the pa-
tients had a history of using oral contraceptives and none of them
were screened for genetic thrombophilia profile [25]. The report by
Bolaji et al. [26] described a similar case of a 63-year-old previously
healthy man with no established risk factors for CVT manifesting
with hemiparesis, seizures, and coma early in the course of the
disease. This individual recovered well with anticoagulants, anti-
epileptics, invasive ventilation and rehabilitation therapy [26]. A
Spanish report delineated a similar case of COVID-associated CVT
with a good outcome who presented with motor paresis and focal
seizures [27]. A similar report from Iran described a case of acute
onset seizure as a presenting manifestation of COVID-19 induced
CVT [22]. The authors ascribed the phenomenon to SARS-CoV-2
induced changes in coagulation cascade and clot formation
[22,76,77].
3.3. Possible pathogenetic mechanisms of CVT in COVID-19

COVID-19 is appropriately being considered a prothrombotic
disease [78], though the exact and detailed pathogenesis is yet to be
elucidated. Endothelial damage, altered blood flow pattern, hy-
percoagulable state and hyper-inflammation lead to venous and
arterial thromboses in COVID-19 (Fig. 1) The authors have hereby
tried to unfurl the principles of thrombosis in COVID-19 infection.

A) Vascular endothelial dysfunction in backdrop of COVID-19

Tissue plasminogen activators (tPA) are secreted by vascular
endothelium, which hinders the initiation of coagulation cascade
by preventing fusion of platelets [79,80]. History reveals that in the
previous SARS-CoV infection pandemic, both the virion and the
ACE-2 receptor was found in endothelial cells [81,82]. Similarly,
recent electron microscopic studies have found SARS-CoV-2 virion-
like particle in endothelium and endothelial damage [83,84]. Thus,
the dysfunction of the fibrinolytic system results from dysfunc-
tional endothelium, predisposing the vessels for thrombus forma-
tion [85]. Besides, in SARS-CoV-2 infection, unopposed emission of
von-Willebrand factor occurs, which is otherwise stored in endo-
thelial cells [86]. While these factors initiate thrombosis, propa-
gation of the thrombus is aided by inflammation, sometimes even
cytokine storm, in the backdrop of COVID-19 [87]. Another notable
postulated mechanism of endothelial damage is through immune
complex-mediated vasculitis, but evidence is lacking to support
this theory [88]. Again, activation of coagulation stairs can result in
disseminated intravascular coagulation and sepsis-induced coa-
gulopathy [89].

B) Altered flow dynamics in vessels of SARS-CoV-2 infected
patients



Table 1
Clinical characteristics of the central venous thrombosis cases in COVID-19.

Authors Age/
Gender

Comorbidities Time to central venous
thrombosis diagnosis
after COVID-19 onset

Treatment Outcome

Hughes et al.
[21]

59/M Non-insulin dependent diabetes mellitus and arterial
hypertension

Four days Low molecular weight heparin Recovery

Hemasian &
Ansari [22]

65/M e Four days Anticoagulant, levetiracetam,
hydroxychloroquine and
amoxicillin/clavulanic acid

Recovery after 10
days

Essajee et al.
[23]

Two years
and seven
months/F

Tuberculosis Eight days Aspirin Recovering with
physiotherapy and
occupational therapy

Klein et al.
[24]

29/F e One week Intravenous heparin, enoxaparin
and antiepileptics

Improved clinically

Cavalcanti
et al. [25]

38/M Mild autism spectrum disorder One week Enoxaparin and venous
thrombectomy

Deceased

41/F e Not mentioned Heparin infusion Deceased
23/M Diabetes ketoacidosis Not mentioned Deceased

Bolaji et al.
[26]

63/M e One week Low molecular weight heparin and
levetiracetam

Improved

Dahl-Cruz
et al. [27]

53/F e One week Low molecular weight heparin and
antiepileptic therapy

Clinically stable,
discharged after 10
days

Poillon et al.
[32]

62/F Morbid obesity 15 days e Not reported

54/F Breast cancer in remission on hormone therapy Two weeks e Not reported
Abouhashem

et al. [65]
22/M e One week Deceased
28/M e Not mentioned Low molecular weight heparin and

levetiracetam
Deceased

Dakay et al.
[66]

17/M Obesity One week Anticoagulant Improved

72/F Breast cancer on remission Three days Deceased
26/M e Two weeks Hemiparesis

Garaci et al.
[67]

44/F e Two weeks Tocilizumab and nadroparin Not reported

Hoelscher
et al. [68]

54/M e 15 days e Condition continued
to decline

Sugiyama
et al. [69]

56/M e Eight days Unfractionated heparin and
edoxaban

Improved

Chougar et al.
[70]

72/M e Eight days Anticoagulation and antiepileptic
therapy

Deceased

Aghayari
et al. [71]

43/F e Eight days Levetiracetam,
hydroxychloroquine, low
molecular weight heparin,
oseltamivir and ceftriaxone

Improved

Khacha et al.
[72]

55/M e A few days Infused heparin and
acenocoumarol

Improved

Mowla et al.
[73]

13 patients e A few days Anticoagulant therapy Six patients
discharged with good
outcomes and three
died

Nwajei et al.
[74]

68/F e 18 days Unfractionated heparin Improved

79/F Arterial hypertension Three days Low molecular weight heparin Improved
25/F Steroid/intravenous immunoglobulin refractory

idiopathic thrombocytopenic purpura, lupus
anticoagulant, von-Willebrand disease and Evans
syndrome

Four months Unfractionated heparin Improved

Hussain et al.
[75]

30/M e Eight days Levetiracetam, low molecular
weight heparin and rivaroxaban

Stable throughout
admission
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Hyperviscosity, being a potent thrombogenic factor itself, can
also induce endothelial damage and dysfunction, and has been an
established complication of COVID-19 [90,91]. High fibrinogen
levels, one of themajor determinants of plasma viscosity, have been
associated with SARS-CoV-2 infection [76,92,93]. Impaired micro-
circulation remains a hallmark of COVID-19 infection and this oc-
curs due to the non-laminar type of flow in these areas together
with micro-thrombi occluding newly formed vessels [94]. Turbu-
lent flow in the pre-existing aneurysms on top of a thrombophilic
milieu of COVID-19 can lead to aneurysmal rupture and catastrophe
[95,96].
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C) Hypercoagulable/Prothrombotic state in the backdrop of
COVID-19
3.3.1. Role of ACE-2 receptors
ACE-2 promotes the thrombolysis by activation of tPA, whereas

angiotensin-II/AT-1R activation leads to genesis and release of
plasminogen activator inhibitor-1 (PAI-1) from vascular smooth
muscle cells and endothelium [97,98]. And thus, internalization and
lysosomal degradation of ACE-2 receptors in COVID-19 infection
evidently reset PAI-1/tPA balance to a prothrombotic state [99,100].



Fig. 1. Possible mechanisms through which SARS-CoV-2 can lead to cerebral venous thrombosis.
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Besides, activities of the renin-angiotensin-aldosterone-system are
negatively controlled by the ACE-2 via activation of anti-
thrombogenic ACE-2-angiotensin-(1e7)-Mas receptor axis [101].
Thus, the absence of ACE-2 receptors can lead to excess thrombus
formation [101].

3.3.2. Dysfunction of platelets
The activation of the angiotensin-AT-1R pathway and suppres-

sion of the Mas-receptor pathway lead to platelet activation and
release of PAI-1 from platelets, increased platelet adherence and
aggregation, and decreased nitric oxide release, leading to throm-
botic microangiopathy [102e105]. Again, loss of protective ACE-2
can indirectly result in activation of platelets via the bradykinin
system [106]. Certainly, platelet dysfunction has a role to play in
COVID-19 induced thrombotic manifestations, i.e. CVT.

3.3.3. Activation of complement system and the cytokine storm
The complement system activation is a double-edged sword, as,

on one hand, the innate immune response must combat the viral
infection, and on the other hand, an unrestrained activation results
in inflammation and cell death. Indeed, the terminal products of
the activated complement cascade induce prostaglandin and
leukotriene synthesis, adding to the increased production of pro-
inflammatory cytokines [107]. Again, the complement system and
the coagulation cascade are closely interlinked. In skin biopsies of
several patients, complement activation has been demonstrated,
which can be linked tomicro-thrombosis [108]. The hyper-immune
response in COVID-19 itself can lead to activation of complements,
coagulation cascade, platelet activation and lead to widespread
thrombosis by culminating into disseminated intravascular coag-
ulation and sepsis-induced coagulopathy or macrophage
activation-like syndrome [109e111]. Eculizumab has shown some
efficacy in treating selected patients of COVID-19 infection [112].

3.3.4. Generation of hypoxia inducible factors (HIF) in background
of hypoxia

SARS-CoV-2 being primarily a respiratory pathogen, induces
fatal hypoxemia in the most severe of the cases that again may
result in vasoconstriction, reduced blood flow, vascular stasis and
1042
vessel occlusion [109]. Another feasible theory lies that this hyp-
oxemia prompts the activation of several hypoxemia inducible
factors (HIF), mainly HIF-2a, which is known to induce or inhibit
several important genes of the normal haemostatic mechanisms
[109].

3.3.5. Generation of anti-phospholipid antibodies
Genesis of anti-phospholipid antibodies has been reported in

COVID-19 infection. But whether this has predisposing role in
development of thrombosis remain unanswered [113e115].

3.4. Insights for primary care physicians from the pandemic:
authors’ perspective

COVID-19 infection heralds a hypercoagulable and pro-
thrombotic state, which may give rise to widespread thrombosis
and thromboembolism involving vessels of all calibres. The virus
itself, the resulting hypercytokinemia, changes in flow dynamics in
microcirculatory levels, endothelial and platelet dysfunction, and
induction of changes at genetic and molecular levels are respon-
sible for genesis and perpetuation of thrombus.

Regarding clinical manifestations, COVID-19 related CVT
showed no special characteristics worth mentioning. Clinical
spectrum included either encephalopathy symptoms (altered
consciousness, widespread neurological signs and coma), symp-
toms of isolated intracranial hypertension (headache, visual
symptoms and papilloedema) or focal deficits (seizures, aphasia
and motor weakness, among others). It is, however, worth
mentioning that when there is clinical suspicion, appropriate in-
vestigations, especially neuroimaging must be done to pinpoint the
diagnosis and initiate therapy accordingly. Given that the symp-
toms in both COVID-19 and CVT are similar, it could complicate
things further for the clinicians in the emergency department.
There is no specific neurologic symptom of CVT and primary care
professionals should be trained adequately for managing these
cases with consultation from specialists on as-needed basis.
Insidious or acute onset headache, seizures, stroke-like symptoms
or encephalopathy should prompt the attending physician to
investigate for CVT. From personal experience as frontline COVID-
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19 healthcare workers from a developing country, we wish to share
our concern regarding lack of scope for appropriate and timely
investigations and interventions for patients who are having crit-
ical non-respiratory illness due to or associated with SARS-CoV-2
infection. Primary care frontiers should take any acute onset
neurological symptom as a “red flag” in the backdrop of the
ongoing pandemic and they must be provided with a battery of
investigations and advanced neuroimaging techniques apart from
routine blood parameters and computed tomography scans.

Regarding neuroimaging features of patients with SARS-CoV-2
related CVT, most displayed hemorrhagic venous infarcts as the
first imaging feature. Although it is quite a common finding even in
other non-COVID-19-CVT cases, the data is too scant to make any
strong statement regarding it. For primary care frontiers, a hem-
orrhagic stroke in an atypical location without a clear cause should
raise the suspicion of CVT and should guide the attending physician
for further investigations.

The treatment of COVID-19 associated CVT does not differ
radically from therapy of CVT without the infection, at least at this
point of time. Large multicentre controlled trials are needed to
build up a consensus guideline regarding treatment plan of CVT
associated with SARS-CoV-2 infection. For now, urgent initiation of
parenteral unfractionated heparin or lowmolecular weight heparin
should be administered in higher doses followed by conventional
or mostly newer oral anticoagulants for varied duration. Associated
morbidities like paresis, aphasia and seizures should be taken care
of with help of specific drugs and rehabilitation. It has been
observed that those individuals who did not have one or more
inherited or acquired risk factor(s) for CVT, outcome with therapy
was better compared to others whose genetic and pre-existing
acquired thrombophilia profile were unknown. Whether associ-
ated genetic predisposition for thrombophilia or infection associ-
ated complement activation need specific therapy is beyond
making comment at such an early date. While treating patients of
severe COVID-19 with parenteral anticoagulants, vigilant watch for
development of heparin induced thrombocytopenia must be also
kept in mind.

4. Conclusions

COVID-19manifests in various neurological complications so far.
CVT has gained particular importance in this regard. Multiple re-
ports of SARS-CoV-2 associated with CVT have come to surface.
Regarding pathophysiology, mechanisms can be attributed to ACE-
2 receptors, platelet dysfunction, hypoxia and HIF, and the
derangement of the complement system. However, whether
COVID-19 is truly the causative factor participating through these
mechanistic pathways or just a mere association remains elusive.
Although there are no specific clinical characteristics, insidious or
acute onset headache, seizures, stroke-like, or encephalopathy
symptoms in a patient with, or who has suffered COVID-19, should
prompt the attending physician to investigate for CVT. The treat-
ment of COVID-19 associated CVT does not differ radically from the
therapy of CVT without the infection, i.e. urgent initiation of
parenteral unfractionated heparin or lowmolecular weight heparin
followed by conventional or mostly newer oral anticoagulants.
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