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Abstract

Several neurological manifestations of the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) have been reported, includ-
ing cerebral venous sinus thrombosis (CVST). In this report, we dis-
cuss two cases of cerebral venous thrombosis in young patients with
a recent SARS-CoV-2 infection and otherwise unrevealing workup.
Case 1 was a 35-year-old man who was found unresponsive with uri-
nary incontinence and vomitus on the floor. Computed tomography
(CT) angiogram of the head revealed evidence of extensive venous
thrombosis. Extensive workup for thrombotic disease was unreveal-
ing and SARS-CoV-2 was detected via polymerase chain reaction.
Anticoagulation was immediately initiated, and the patient made a
good clinical recovery. Case 2 was a 31-year-old man who presented
with severe decreased level of consciousness and was found to have
extensive cerebral sinus thrombosis. Past medical history was sig-
nificant for a recent SARS-CoV-2 infection diagnosed 12 days prior.
The patient was treated with intravenous heparin and eventually oral
anticoagulation with good clinical outcome. CVST is a potential cer-
ebrovascular complication of SARS-CoV-2. We advise clinicians to
consider this diagnosis in patients with a recent SARS-CoV-2 infec-
tion in the appropriate clinical setting.
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Introduction

Several typical and atypical neurological manifestations of
viral pandemics have been reported. Neurological manifesta-
tions of the severe acute respiratory syndrome coronavirus 2
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(SARS-CoV-2) are rare. Among these are acute cerebrovascu-
lar events including ischemic stroke and cerebral venous sinus
thrombosis (CVST). CVST is a rare emergency with an esti-
mated incidence of 1.6 per 100,000 per year in one population-
based study [1]. The underlying pathophysiology of CVST in
patients with SARS-CoV-2 remains to be elucidated.

In this report, we present two cases of young men who
presented with decreased level of consciousness. Magnetic
resonance imaging (MRI) and venography revealed extensive
CVST. Both patients were diagnosed with a recent SARS-
CoV-2 infection, and neither had any risk factors for venous
thrombosis with both acquired and inherited thrombotic risk
panels unrevealing. Both patients were treated with oral anti-
coagulation with good clinical outcome.

Case Reports

Case 1

A right-handed 35-year-old man presented to the emergency
department (ED) after being found unresponsive with urinary
incontinence and vomitus on the floor. An overdose with pre-
scribed antidepressants was suspected and naloxone was im-
mediately administered with no clinical improvement. Past
medical history was significant for major depressive and bor-
derline personality disorders. Social history was significant for
prior use of cannabis, a 15 pack-year history of tobacco use,
and current use of e-cigarettes. There was no known history
of illicit drug use. The patient was an inmate in prison prior
to this presentation. Review of systems could not be obtained
due to deceased level of consciousness. On initial evaluation,
the patient was found to be severely somnolent with a Glas-
gow Coma Score (GCS) of 11 and no evidence of head trauma.
The patient was afebrile with oxygen saturation of 89% which
improved to 95% after administration of oxygen via nasal
cannula. General examination in the ED was unrevealing ex-
cept for a coarse-sounding cough with rhonchi noted on pul-
monary auscultation. Initial neurological evaluation revealed
that patient was mute with no attempt to communicate with
the examiner. Evaluation of fund of knowledge, memory, and
judgement was limited. Cranial nerve examination revealed
equal pupils with brisk reaction to light. Brain stem reflexes
including the corneal and oculocephalic were intact. Patient
was responsive only to painful stimuli and was able to move all
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extremities with spastic motor paresis but no clonus. Sensory,
coordination, and gait examination could not be assessed.

Laboratory workup included a complete blood count
(CBC) revealing a white blood cell count (WBC) of 11.9 x
103/mm? (normal range: 4.5 - 11 x 103/mm?), platelet count
of 403 x 103/mm? (normal range: 140 - 350 x 103/mm?), and
mean platelet volume of 7.1 fLL (normal range: 7.5 - 11.3 fL).
Comprehensive metabolic panel (CMP) revealed a serum glu-
cose level of 176 mg/dL (normal range: 70 - 110 mg/dL), alka-
line phosphatase of 111 U/L (normal range: 32 - 91 U/L), anion
gap 14 (normal range: 3 - 11), and total bilirubin 1.3 mg/dL
(normal range: 0.2 - 1.0 mg/dL). Additional laboratory workup
revealed elevated fibrinogen of 607 mg/dL (normal range: 180
- 500), and D-dimer of 2.37 pg/mL FEU (normal < 0.5 pg/
mL FEU). Initial rapid coronavirus disease 2019 (COVID-19)
test was negative. Other investigations which were normal in-
cluded hemoglobin, hematocrit, blood urea nitrogen (BUN),
serum creatinine, sodium, potassium, partial thromboplastin
time, and prothrombin time.

Chest X-ray demonstrated no acute cardiopulmonary dis-
ease. Computed tomography (CT) scan of the head revealed
an area of hypoattenuation in the left temporo-occipital region,
within the vascular territory of the posterior cerebral artery,
suggesting an acute ischemic stroke (Fig. 1). CT of the head
also showed a hyperdense straight sinus consistent with cer-
ebral venous thrombosis (Fig. 2a, b). The patient was trans-
ferred to the neurocritical care unit for further management.
Magnetic resonance venography (MRV) of the head revealed
extensive dural venous sinus thrombosis involving the trans-
verse, sigmoid, and superior aspect of the internal jugular vein
on the left (Fig. 3a) in addition to thrombosis of the vein of Ga-
len and straight sinus (Fig. 3b). MRI of the brain revealed sev-
eral areas of ischemia involving the thalamus bilaterally and
left hippocampus/parahippocampal gyrus and occipital lobe
(Fig. 4a, b). The patient was started on continuous intravenous
(IV) heparin (5 - 30 U/kg/h).

Continuous electroencephalogram did not show any elec-

Figure 1. CT of the head without contrast shows an area of hypoden-
sity involving the left medial temporal and occipital lobes, consistent
with a subacute ischemic stroke (arrow). CT: computed tomography.

trographic evidence of seizures but revealed potential seizure
foci in the left cerebral hemisphere. The patient was started
on IV levetiracetam, 750 mg every 12 h. Given the finding
of extensive cerebral venous thrombosis in the young, further
workup included complete inherited and acquired thrombotic
risk panel including factor V Leiden and prothrombin gene
mutations which was unrevealing. SARS-CoV-2 was detected
via polymerase chain reaction. The patient was clinically sta-
ble and eventually transferred out of the neurocritical care unit.
He was transitioned successfully to oral feeds and eventually

Figure 2. CT of the head without contrast ((a) axial and (b) sagittal)) shows a hyperdense straight sinus consistent with cerebral

venous thrombosis. CT: computed tomography.

Articles © The authors | Journal compilation © | Neurol Res and Elmer Press Inc™

www.neurores.org 95



CVST in Patients With SARS-CoV-2

J Neurol Res. 2021;11(5):94-101

Figure 3. Magnetic resonance venography shows extensive dural venous sinus thrombosis. (a) Presence of occlusive thrombus
on the left side involving the transverse, sigmoid, and superior aspect of the internal jugular vein. (b) Thrombosis of the vein of

Galen and straight sinus.

discharged to a rehabilitation center on apixaban 5 mg and le-
vetiracetam 750 mg every 12 h. The patient’s overall condition
gradually improved with occupational, speech, and physical
therapy prior to discharge. Given the unrevealing extensive
workup, dural and cortical venous thrombosis was attributed
to a hypercoagulable state induced by the underlying SARS-
CoV-2 infection.

Case 2

A right-handed 31-year-old man was found with severe de-

creased level of consciousness after a fall and transported to
the ED of a local hospital via the emergency medical squad.
Past medical history was significant for major depressive dis-
order, autism, and a recent SARS-CoV-2 infection diagnosed
12 days prior. Home prescribed medications included bupro-
pion. Social history was unrevealing for any use of alcohol
or recreational drugs. Family history was noncontributory.
Review of system provided by the family was positive for
decreased oral intake for the past 24 h, shortness of breath,
and a recent fall. On initial evaluation, the patient was afebrile
but appeared ill with clinical evidence of severe dehydration.
Initial CT of the head revealed subarachnoid hemorrhage over

Figure 4. Diffusion-weighted imaging shows areas of restricted diffusion in the medial temporal and occipital lobes (a) and bilat-

eral thalami (b) consistent with acute ischemic stroke.
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Figure 5. CT of the head without contrast shows an area of hyper-
density involving the superior sagittal sinus (arrow), consistent with a
thrombus. CT: computed tomography.

the right convexity (images not shown). In the ED, the patient
had continuous uncontrolled movements of the right upper and
lower extremities followed by a grand-mal seizure of a 5-min
duration. Patient was treated with 2 mg of IV lorazepam and
loaded with 2 g of levetiracetam. He was further treated with
paralytic and sedative agents and intubated for airway protec-
tion and consequently transferred to our neurocritical care unit
for further management.

On initial evaluation, the patient was found to be severely
somnolent with a GCS of 7. He was afebrile. General exami-
nation was unremarkable. Initial neurological evaluation re-
vealed that patient was not following commands. Evaluation
of fund of knowledge, memory, and judgement was limited
due to decreased level of consciousness and the administration
of sedatives. Cranial nerve examination revealed equal pupils
with brisk reaction to light. Corneal, oculocephalic, gag and
cough reflexes were intact. Patient demonstrated withdrawal
to pain in all four extremities, and limited motor examination
appeared non-focal. Coordination and gait examination could
not be assessed.

Laboratory workup included a CBC with a WBC of 13.7
x 103/mm? (normal range: 4.5 - 11 x 103/mm?). CMP revealed
serum glucose level of 136 mg/dL (normal range: 70 - 110
mg/dL), albumin of 3.4 g/dL (normal range: 3.50 - 5.0 g/dL),
total bilirubin of 1.2 mg/dL (normal range: 0.2 - 1.0 mg/dL),
and a serum anion gap of 16 (normal range: 3 - 11). Additional
laboratory workup revealed elevated fibrinogen of 594 mg/dL
(normal range: 180 - 500), D-dimer of 8.58 pg/mL (normal
< 0.5 pg/mL), and C-reactive protein of 87.4 mg/L (normal
range: 0.0 - 10.0 mg/L). Other normal investigations included
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RBC, platelet count, hemoglobin, hematocrit, BUN, creati-
nine, sodium, potassium, chloride, calcium, partial thrombo-
plastin time, and prothrombin time.

Chest X-ray showed hazy opacities of the lateral left mid-
lung zone. CT of the chest with contrast revealed atypical
pneumonitis consistent with the recent SARS-CoV-2 infection
but no evidence of pulmonary embolism. Repeated CT of the
head revealed areas of hyperattenuation in several portions of
the superior sagittal sinus (Fig. 5) as well as expansion of sev-
eral cortical veins, raising the suspicion for dural venous sinus
and cortical venous thromboses (images not shown). CT of the
head also showed slight enlargement of the previously noted
subarachnoid hemorrhage (SAH) and right-sided sulci efface-
ment of the parietal and temporal lobes (images not shown).
Further imaging studies with brain MRI and MRV of the head
revealed extensive thromboses in the distal superior sagittal si-
nus, right transverse and sigmoid sinuses, and multiple cortical
veins (Fig. 6a, b). The left transverse and sagittal sinuses and
bilateral internal jugular veins were patent. The patient was
started on continuous I'V heparin infusion. Complete inherited
and acquired thrombotic risk panel including factor V Leiden
and prothrombin gene mutations was unremarkable. The pa-
tient’s overall condition gradually improved, and he was even-
tually transferred out of the neurocritical unit. IV heparin was
transitioned to apixaban, 5 mg every 12 h. Antiepileptic treat-
ment was resumed with levetiracetam 500 mg every 12 h with
no recurrence of seizures. Given the unrevealing extensive
workup, dural and cortical venous thrombosis was attributed
to a hypercoagulable state likely elicited by the current SARS-
CoV-2 infection.

Discussion

Epidemiology

The World Health Organization recognized the SARS-CoV-2
pandemic after a cluster of cases with atypical respiratory
symptoms were reported in Wuhan, China [2]. Since then,
our knowledge regarding the multisystem involvement of
SARS-CoV-2 has grown significantly. An earlier study re-
ported that nearly 36% of patients with SARS-CoV-2 infection
have underlying neurological manifestations [3]. Neurological
manifestations of SARS-CoV-2 were classified into three cat-
egories, based on involvement of the central nervous system,
peripheral nervous system, or skeletal muscle [3]. Of the mul-
tiple central nervous system manifestations of SARS-CoV-2,
acute cerebrovascular events including CVST have been re-
ported.

CVST is a rare cause of stroke in young adults, with an
estimated annual incidence of 1.3 - 1.6/100,000 during the pre-
COVID era [4], and it constitutes up to 12% of unusual causes
of ischemic stroke according to one case series [5]. Numer-
ous conditions have been demonstrated to increase the risk of
CVST [4]. It is worth noting that hematologic disorders are
the most common but under-recognized causes of CVST [4,
6]. During the ongoing SARS-CoV-2 pandemic, there is a sig-
nificant increase in the incidence of CVST with concomitant
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Figure 6. Magnetic resonance venography shows extensive dural venous thrombosis involving multiple transcortical veins along
the high convexities, distal two-thirds of the superior sagittal sinus (a), and right-sided transverse and sigmoid sinuses (b).

infection of approximately 4.5 - 20/100,000 [7, 8], up to 15
times greater than that without the infection.

Patients with CVST and underlying SARS-CoV-2 infec-
tion reported in the literature were often younger with a mean
age of 43.6 £ 17.6 years [7]. An alternative multicenter study
reported a mean age of patients with CVST and SARS-CoV-2
of 63 years and suggested that age plays a minor role as a risk
factor, as up to 75% had no known risk factors for thrombotic
disease [9]. Both our patients are young men with no known
risk factors for venous thromboembolism and unrevealing
workup for inherited and acquired thrombotic disorders. His-
torically, CVST is more common in women than men, likely
due to gender-specific risk factors such as oral contraceptives
use, hormone replacement therapy, pregnancy, and puerperium
[10]. Conversely, recent studies report that gender does not
play a significant role in SARS-CoV-2-associated CVST with
men being affected equally or more in comparison to women
[7, 9]. A similar observation is made in our report with both
patients being men with age between 30 and 40 years.

Clinical presentation

Patients with CVST and underlying SARS-CoV-2 infection
have been reported to present with mild or no respiratory
symptoms [7]. The diagnosis of COVID-19 in case 2 was
made nearly 2 weeks prior to the diagnosis of CVST, with no
respiratory symptoms on initial presentation. Our series sug-
gest that CVST may occur regardless of the degree of severity
of the infection and in the absence of respiratory symptoms,
like observations made previously [7, 9, 11].

In general, headache is the most common symptom in ap-
proximately 85-95% of patients with CVST followed by fo-
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cal neurological symptoms [12, 13]. In one study, headache
in CVST patients with an underlying SARS-CoV-2 infection
was reported in approximately 83% of patients with decreased
level of consciousness in 40% of all cases [11]. Other reported
symptoms were seizures and focal neurological deficits [7,
11]. Both our patients initially presented with altered level of
consciousness with no reported headache but developed sei-
zures during their hospitalization.

The superior sagittal sinus is the most involved in patient
with CVST. CVST in patients with concomitant SARS-CoV-2
seems to commonly involve other sinuses as well as the deep
venous system including the vein of Galen, internal and deep
medullar veins [7, 9, 14]. Imaging modalities including non-
contrast CT, MRI, and MRV are recommended in patients with
a clinical presentation suggestive of CVST. CVST was often
associated with hemorrhagic venous infarctions with equiva-
lent involvement of deep and superficial veins [15]. Isolated or
multiple venous involvement has been reported in addition to
arterial stroke and intraparenchymal hemorrhage.

Pathophysiology

SARS-CoV-2 has been associated with both arterial and ve-
nous thrombotic events, with intracranial hemorrhage rarely
reported. The incidence of thrombotic events in intensive care
unit (ICU) patients with SARS-CoV-2 was reported to be ap-
proximately 22-50%, with predominance of venous over ar-
terial thromboembolism [16, 17]. The virus has the potential
to gain entry into cells by interacting with the angiotensin-
converting enzyme-2 (ACE-2) receptor [18]. This interaction
can ultimately lead to endothelial dysfunction [19], trigger-
ing a cascade of thrombosis and ultimately vascular throm-
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botic events. The multiorgan expression of ACE-2 receptors
in kidneys, liver, heart, and brain explains the extrapulmonary
thrombotic complications of SARS-CoV-2 in addition to trig-
gering a pro-inflammatory milieu that shifts homeostasis [20,
21].

The hypercoagulable state associated with SARS-CoV-2
is mediated by elevated acute phase reactants and circulating
prothrombotic compounds such as fibrinogen, D-dimer, and
antiphospholipid antibodies [22-26]. Elevated levels of D-
dimer and fibrinogen have been reported in critically ill pa-
tients with SARS-CoV-2, contributing to the underlying hy-
percoagulability state associated with the infection [27]. The
inflammatory response also triggers the release of other clot-
ting factors including factor VIII and von Willebrand factor
[28]. Overall, the inflammatory disease process and associated
cytokine storm, which is most prominent in the late stages of
the infection, play a major role in mediating various throm-
botic events [23, 24]. An even higher risk of thrombotic events
associated with SARS-CoV-2 can be associated with advanced
age, obesity, immobility, recent trauma or surgery, and/or un-
derlying active malignancy [20].

Treatment

CVST manifests as symptoms and signs of intracranial hy-
pertension, encephalopathy and/or focal neurological deficits
[20]. Admission to the neurocritical care unit with close moni-
toring and management of elevated intracranial pressure is rec-
ommended. Anticoagulation coupled with hydration seems to
be the most effective pharmacotherapy in patients with CVST
associated with an underlying SARS-CoV-2 infection, even in
the presence of hemorrhage. In addition to its anti-inflamma-
tory and anticoagulation effects, heparin has the potential to
interfere with viral entry into cells by binding to certain sur-
face proteins [28]. The duration of anticoagulation however
is uncertain as no specific guidelines exist. In the absence of
seizures, prophylactic anti-epileptic therapy for CVST is not
recommended [20]. The role of endovascular intervention in
CVST patients with SARS-CoV-2 is unknown given the lim-
ited number of cases reported in the literature [29, 30].

Prognosis

The prognosis of patients with concomitant CVST and SARS-
CoV-2 infection appears to be worse than without the underly-
ing infection [7]. The mortality rate of SARS-CoV-2 infection
during the pandemic was estimated to be 5.7% as of March
2020 [31]. Studies report a remarkably high mortality rate
ranging from 12.5% to 45.5% in patients with CVST and re-
cent SARS-CoV-2 infection [7, 9], in contrast to 2-15% with-
out the concomitant infection [4, 14, 32]. In one systemic re-
view, an unusually high rate of mortality of 45% was reported
[5]. This may be related to the extensiveness and anatomical
location of the venous thrombosis, with deep venous system
involvement associated with a higher mortality rate [7, 14].
Both our patients were discharged without any residual neu-

Articles © The authors | Journal compilation © | Neurol Res and Elmer Press Inc™

rological deficits, suggesting that young age and absence of
other underlying comorbidities may contribute to a more fa-
vorable prognosis. Bolagi et al observed that early treatment
with anti-coagulants and anti-epileptic medications is associ-
ated with a good functional outcome despite the severity of
neurological deficits [33]. D-dimer level is one of the most
important prognostication factors for patients with COVID-19
infection and thrombotic events, as higher levels are thought to
correlate with clot burden [23].

Conclusion

Our case series serve as additional evidence to the growing
body of literature that suggests SARS-CoV-2 infection and
CVST likely have a causal relationship. A significant increase
in the incidence of CVST among patients with a recent SARS-
CoV-2 infection has been noted, particularly in the young pop-
ulation, constituting a potentially devastating neurological se-
quela in this patient population. The prognosis in patients with
CVST and SARS-CoV-2 infection appears less favorable than
without the coexisting infection, and early clinical recognition,
diagnosis, and anticoagulation is strongly recommended.
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