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Abstract
COVID-19 has been associated with central nervous system manifestations; however, cerebral venous thrombosis is rarely
reported. A 34-year-old woman was admitted to the hospital with headache and recurrent seizures; she was recently discharged
after COVID-19 pneumonia. Cranial magnetic resonance imaging and magnetic resonance venography showed cortical vein
thrombosis in the right frontal lobe. SARS-CoV-2 RNAwas detected in cerebrospinal fluid analysis. The patient was anticoagulated
and put on antiepileptics. The most probable mechanism underlying the venous thrombosis is COVID-19-associated hyperco-
agulability. However, the relation between the viral RNA in cerebrospinal fluid analysis and the thrombosis is controversial.
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Introduction

Coronavirus disease 2019 (COVID-19) is a cause of viral
pneumonia. COVID-19 has also been associated with many
central nervous system (CNS)-related manifestations including
headache, anosmia, ageusia, dizziness, acute cerebrovascular
disease, seizure, ataxia, acute disseminated encephalomyelitis
(ADEM), and encephalitis.1,2 Coagulopathy is one of the
main underlying mechanisms of COVID-19-related CNS
disorders.3 Herein, we report a patient, who presented with
cortical venous thrombosis (CVT) and epileptic seizures
following COVID-19-induced pneumonia.

Case

A 34-year-old woman had been hospitalized for COVID-19
pneumonia which was confirmed with a nasophargyngeal
PCR and a non-enhanced, low-dose lung computerized to-
mography (CT) (Figure 1). After discharge she had a seizure
on the 15th day following her COVID-19 diagnosis. On the
18th day, she admitted to the emergency department because
of 2 recurrent motor seizures on the same day. On read-
mission, she had a transient (2 hours) left-sided hemiparesis
following the motor seizures and right-sided frontal headache
with photophobia in the postictal phase. Low molecular
weight heparin (LMWH) had been prescribed for prophylaxis

during discharge due to the elevated D-dimer level (0.94 mg/
L; normal range < 0.55). However, the patient did not take the
medication. Neurological examination was normal on the
index admission and laboratory results were congruent with
viral infection (leukocyte: 12.57 x 10̂3 μL, neutrophil: 7.5 x
10̂3 μL, lymphocyte: 3.97 x 10̂3 μL, and C-reactive protein:
76.2 mg/L). COVID-19 PCR test in the nasopharyngeal
sample was negative on second hospitalization. Electroen-
cephalography (EEG) showed delta waves in the right
hemisphere, prominently in the fronto-temporal areas. On the
20th day, lumbar puncture was performed. Although CSF
analysis was normal (leukocyte: 2/mm3, erythrocyte: 8/mm3,
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protein: 46 mg/dL, glucose: 52 mg/dL, IgG index: 0.49, and
oligoclonal band was negative), clinical and EEG findings
suggested viral encephalitis prompting CSF analysis for the
presence of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). SARS-CoV-2 RNA in the CSF was detected
using the COVID-19 real-time reverse transcription poly-
merase chain reaction (real-time RT-PCR) kit (Bio-speedy,
Bioeksen, Istanbul, Turkey). Viral RNA was achieved via
one-step reverse transcription and real-time PCR targeting
SARS-CoV-2-specific RNA-dependent RNA polymerase
gene fragment. Real-time RT-PCR was performed on the
LightCycler® 480 Instrument II using the following condi-
tions: 45°C for 15 minutes and 95°C for 3 minutes, 45 cycles
of amplification at 95°C for 5 seconds and 55°C for
35 seconds. SARS-CoV-2 RNAwas not detected in the blood
sample obtained simultaneously with the CSF. The negative
controls included in every run to check for potential con-
tamination were negative. Also, the positive and internal
controls (RNase P gene) included in every run were detected
as positive. According to the manufacturer, the threshold
cycle (Ct) < 38 was positive for SARS-CoV-2 RT-PCR. CT
value of SARS-CoV-2 in CSF was detected as 37. The limit of
detection of the kit is 5.6 copies/reaction, and its analytical
sensitivity and specificity are 99.4% and 99%. The kit has the
same study protocol for nasopharyngeal aspirate, bron-
choalveolar lavage, nasopharyngeal swab, oropharyngeal
swab, and sputum samples, but the manufacturer does not
have any preparation recommendations for CSF samples. The
test was performed using the same protocol for the CSF
sample. The CSF sample was tested twice. SARS-CoV-2
sequencing for confirmation could not be performed. In the

studies, different PCR-based kits were used to detect SARS-
CoV-2 RNA in CSF.4

However, cranial CT (Figure 2A) on the first day of ad-
mission showed effacement of right frontal sulci. Cranial
magnetic resonance imaging and magnetic resonance ve-
nography (Figure 2B-E and Figure 3) revealed acute
thrombosed right cortical vein at the level of vertex, leading to
a final diagnosis of CVT. The patient had no other risk factor
for CVT. D-dimer level was high (0.94 mg/L; normal range <
0.55). ANA, anti dsDNA, and ENA profile were negative.
The patient was started on levetiracetam and oral anti-
coagulation resulting in seizure control.

Discussion

Although viral encephalitis was initially suspected in this case
due to SARS-CoV-2 RNA positivity, seizures, and abnormal
EEG findings suggestive of acute encephalopathy, neuro-
imaging features clearly exhibited CVT. Non-inflammatory
CSF findings, congruence of EEG findings with the side of
the infarct side, and regression of symptoms under anti-
coagulant medication further supported this final diagnosis.
It is conceivable that the isolated CVT in our case, in the
absence of other risk factors, is secondary to coagulopathy
related to COVID-19. Our case emphasizes the notion that
increased liability to coagulation, a common feature of
COVID-19, may persist after cessation of the respiratory
symptoms and nasopharyngeal positivity of SARS-CoV-2
leading to vascular complications.

COVID-19 has been associated with many CNS mani-
festations including acute ischemic cerebrovascular disease.1

Figure 1. (A-B) Non-enhanced axial chest CT and (C) axial MIP images show unilateral peripheral and central, solid ground glass mix type
nodular opacities of right upper, lower, middle lobes (arrows).
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Figure 2. Demonstration of sulcal effacement of right frontal cerebral sulci at the level of vertex and unsuppressed CSF signal representing
the meningeal irritation (short arrows). (A) Non-enhanced axial head CT, (B) axial FLAIR, (C) axial T2-WI (D) contrasted volumetric axial
T1-WI shows mild dural enhancement (arrowheads), and (E) contrasted MPR coronal T1-WI shows dural enhancement (arrowhead) and
filling defect of cortical vein (short arrow).

Figure 3. (A) Non-enhanced axial T1-WI, (B) axial SWI MIP, (C) contrasted T1-WI, (D) phase contrast MRV axial MIP reconstruction show
thrombosed right cortical vein, and (E and F) contrasted MRV and contrasted T1-WI (short arrows) demonstrate the partial filling defect of
thrombosed cortical vein after medication
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However cerebral vein thrombosis is rarely reported. In a
retrospective, single-centered, observational analysis, out of
221 COVID-19 patients, 11 (5%) had arterial ischemic stroke
and only 1 (0.5%) had cerebral venous sinus thrombosis
(CVST).5 In another case report, the patient had CVST as the
presenting symptom of the COVID-19 infection.6 These reported
cases had significantly increasedD-dimer andC-reactive protein
levels, potentially suggesting an inflammation-induced hyper-
coagulable state resulting in stroke. Although precise mecha-
nisms of COVID-19-associated vascular thrombosis are still
unknown, endotheliitis induced by systemic inflammation may
be one of the underlying factors.7-9

Our case also shows one of the rare demonstrations of the
presence of SARS-CoV-2 in the CSF. More importantly, our
case underscores that SARS-CoV-2 may persist in the CSF,
while not present in the nasopharyngeal swab. There is evidence
suggesting that SARS-CoV-2 has the potential to invade the
CNS like SARS-CoV-1. There are only a few reported cases
with neurological manifestations, in whom, CSF examination
could be performed. SARS-CoV-2 PCR positivity in CSF is
mostly reported in cases with encephalopathy or encephalitis-
meningitis; however, headache and seizures have also been
recorded.4 Furthermore, 2 COVID-19 cases with concomitant
stroke were reported to have negative CSF SARS-CoV-2 PCR
results,10 suggesting that this association might be coincidental.
In a post-mortem case report, SARS-CoV-2 was detected in
neural and capillary endothelial cells of the frontal lobe, but not
in the CSF sample. Authors suggest that this may be due to the
fact that SARS-CoV-2 is mainly cell-bound, spreading from
cell-to-cell and presumably found in CSF at concentrations
below the level of detection of the testing method.11 In this
context, our case provides some evidence as to the relation
between stroke and COVID-19 infection and shows that SARS-
CoV-2 may remain detectable levels in the CSF. However, a
cause-effect relationship between SARS-CoV-2 PCR positivity
and venous thrombosis cannot be extrapolated.

In conclusion, hypercoagulability, which is a well-known
complication of COVID-19, may persist and potentially lead to
vascular complications even after cessation of respiratory
symptoms. SARS-CoV-2 may exist in the CSF even when
absent in the upper respiratory tract without necessarily causing
encephalitis or meningitis symptoms. It is difficult to interpret the
relation between SARS-CoV-2 and vascular complications. Post-
mortem studies of the future cases may illuminate the potential
role of virus-induced hypercoagulability and/or endothelial in-
flammation in neurological presentations of COVID-19
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