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Introduction: Early studies suggest that acute cerebrovascular events may be com-
mon in patients with coronavirus disease 2019 (COVID-19) and may be associated
with a high mortality rate. Most cerebrovascular events described have been ische-
mic strokes, but both intracerebral hemorrhage and rarely cerebral venous sinus
thrombosis (CVST) have also been reported. The diagnosis of CVST can be elusive,
with wide-ranging and nonspecific presenting symptoms that can include headache
or altered sensorium alone. Objective: To describe the presentation, barriers to diag-
nosis, treatment, and outcome of CVST in patients with COVID-19. Methods: We
abstracted data on all patients diagnosed with CVST and COVID-19 from March 1
to August 9, 2020 at Boston Medical Center. Subsequently, we reviewed the litera-
ture and extracted all published cases of CVST in patients with COVID-19 from Jan-
uary 1, 2020 through August 9, 2020 and included all studies with case descriptions.
Results: We describe the clinical features and management of CVST in 3 women
with COVID-19 who developed CVST days to months after initial COVID-19 symp-
toms. Two patients presented with encephalopathy and without focal neurologic
deficits, while one presented with visual symptoms. All patients were treated with
intravenous hydration and anticoagulation. None suffered hemorrhagic complica-
tions, and all were discharged home. We identified 12 other patients with CVST in
the setting of COVID-19 via literature search. There was a female predominance
(54.5%), most patients presented with altered sensorium (54.5%), and there was a
high mortality rate (36.4%). Conclusions: During this pandemic, clinicians should
maintain a high index of suspicion for CVST in patients with a recent history of
COVID-19 presenting with non-specific neurological symptoms such as headache
to provide expedient management and prevent complications. The limited data
suggests that CVST in COVID-19 is more prevalent in females and may be associ-
ated with high mortality.
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Introduction

Early reports suggest that neurologic complications are
frequent in patients with coronavirus disease 19 (COVID-
19), occurring in 36% to 65% of hospitalized patients.1,2

While early reports described stroke as a complication
seen primarily in critically ill patients, up to 5% in a cohort
from Wuhan,1 other studies have described many cases of
stroke in COVID-19 patients from the community.3 Cere-
bral venous sinus thrombosis (CVST) is a rare form of
stroke (<1%), caused by occlusion of the dural venous
sinuses and/or cerebral veins.4 Clinical presentation may
be highly variable, with symptoms ranging from head-
ache, visual complaints, or nausea to focal deficits or sei-
zure. Though death with CVST is uncommon in patients
without COVID-19 (3�15%),5 neurologic deterioration is
common (23%).6 Risk factors for CVST are similar to those
for other forms of venous thromboembolism, including
pro-thrombotic state and trauma. Severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) is thought to
cause endothelial injury specifically through binding with
angiotensin converting enzyme 2 (ACE-2) receptors, acti-
vating a cytokine cascade and leading to a hypercoagula-
ble state.7 Though systemic venous thromboembolism
has been commonly reported in COVID-19 infection,
cases of CVST are less frequently described in the
literature.8�17

Here, we describe the presentation of 3 patients with
COVID-19 diagnosed with CVST, discuss management
considerations, and review published literature on
patients with COVID-19 and CVST.

Material and methods

This was a single-center retrospective study at an
urban, safety-net, academic hospital in Massachusetts,
approved by the Boston Medical Center Institutional
Review Board. Data on CVST in patients with COVID-19
were abstracted from the electronic medical record system
fromMarch 1 to August 9, 2020. The literature on CVST in
patients with COVID-19 was reviewed on August 9, 2020
by searching the terms “cerebral venous sinus thrombosis
AND COVID-19” or “CVST AND COVID-19” or “Stroke
AND COVID-19.” We manually searched the bibliogra-
phy of studies obtained to extract additional published
cases. Only studies with case descriptions were included.

Results

Patient 1

A healthy 68-year-old woman presented with fever,
cough, and shortness of breath. A nasopharyngeal swab
RT-PCR test resulted positive for SARS-CoV-2. She was
hospitalized for two days, then discharged home. Three
weeks later, she returned with four days of nausea, vomit-
ing, generalized weakness, and headache (Table 1). Her
neurologic exam revealed only disorientation to place and
time, and her laboratory workup showed increased
inflammatory markers. CT venogram (Fig. 1) revealed fill-
ing defects within major venous structures including pos-
terior superior sagittal sinus and torcula, straight sinus,
the vein of Galen, inferior sagittal sinus, the internal cere-
bral veins, and bilateral transverse sinuses. MRI demon-
strated abnormal susceptibility artifact interdigitating
within the sulci of the bilateral posterior frontal, parietal,
and occipital lobes suggestive of cortical vein thrombosis,
and T2/FLAIR hyperintensity within the same regions
suggestive of venous congestion. Repeat nasopharyngeal
swab RT-PCR test for SARS-CoV-2 was negative.
She was started on dose-adjusted unfractionated intra-

venous heparin, later transitioned to enoxaparin, followed
by dabigatran. On the second night of hospitalization, she
had a focal seizure confirmed on electroencephalography
and was treated with levetiracetam and lacosamide. Her
mental status improved, and she was discharged home.

Patient 2

A 79-year-old woman with hypertension presented
with fever, nausea, vomiting, and diarrhea (Table 1). She
tested positive for SARS-CoV-2 via nasopharyngeal swab
RT-PCR and was started on azithromycin and hydroxy-
chloroquine. On day 3 of hospitalization, she was disori-
ented and reported headaches, but had no focal
neurologic deficits. CT venogram revealed a curvilinear
thrombus within the right transverse sinus (Fig. 2). She
was started on therapeutic low-molecular-weight heparin.
Her mental status improved with correction of her meta-
bolic derangements, and she was discharged home on
enoxaparin.

Patient 3

A 25-year-old woman with Evans Syndrome, idiopathic
thrombocytopenic purpura on avatrombopag, von-Wille-
brand Disease, and a history of multiple intracerebral
hemorrhages presented with intractable headache, blurry
vision, and tingling of the right upper extremity (Table 1).
She tested positive for SARS-CoV-2 via nasopharyngeal
swab RT-PCR 4 months prior but was negative upon
repeat testing. MR venogram demonstrated superior sag-
ittal sinus thrombosis and bilateral transverse sinus
thrombosis. She was started on dose-adjusted unfractio-
nated intravenous heparin and transitioned to apixaban.
Her immunotherapy was also changed to fostamatinib for
its lower risk of prothrombotic events.

Literature review

We identified 12 patients with COVID-19 and CVST in
the published literature and extracted data for 11 patients
for whom detailed case descriptions were available.8,10�17

Clinical data are summarized in Table 1. Patients ranged
between 29 and 72 years old, with 54.5% female (n = 6).
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Table 1 (Continued)

Patient 1 (present

study)

Patient 2(present

study)

Patient 3(present

study)

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8 Patient 9 Patient 10 Patient 11

COVID-19

symptoms

Fever, cough,

chest tightness,

and shortness of

breath

Fever, nausea,

vomiting, and

diarrhea

Fever, chills, head-

ache, nausea,

and cough

Worsening

headache

N/A N/A N/A Cough, low grade

fever, mild

shortness of

breath, and

mild headache

mild respiratory

symptoms a

few days earlier

Worsening respi-

ratory status,

fever, and

cough

Fever, cough,

dyspnea

Fever and asthe-

nia, cough

Fever, cough, and

anosmia

N/A

Time from onset

of COVID-19

symptoms to

onset of neuro-

logical symp-

toms (days)

18 3 4 months 4 N/A N/A Recent admission

for COVID19

(time from

onset of

COVID-19

symptoms N/A)

Diagnosed during

present

admission

Diagnosed during

present admis-

sion with mild

respiratory

symptoms a

few days earlier

2 weeks N/A N/A 12 Diagnosed during

present

admission

White-cell count

[4.0 � 11.0 K/

UL], minimum

- maximum

8.6 4 11.8 6.3 Reported as

increased

(value N/A)

16.7 10 8.8 N/A 9.6 20.2 18.3 N/A N/A

Platelet count [150

� 400 K/UL]

196 113 154 234 141 239 335 N/A 42 N/A N/A N/A N/A

Fibrinogen

(180�460 mg/

dL)

507 393 289 4.9 g/L N/A 121 Not reported N/A N/A N/A N/A N/A 7.2 g/L N/A

D-dimer (<243

ng/dL), maxi-

mum value

6,714 8,457 241 N/A N/A >55,000 2032 2876 N/A 5975 14.2mg/L N/A N/A 0.75 mg/L

Ferritin (10 � 109

ng/mL)

516 812 N/A N/A N/A N/A N/A 10.4 N/A N/A N/A N/A 1427 ug/L 91 ug/L

C-reactive protein

[0 � 5 mg/L]

121.5 96.4 N/A 20 Reported as nor-

mal (value N/

A)

N/A N/A 37 N/A N/A N/A N/A N/A N/A

Sedimentation rate

[0 � 30 mm/hr]

60 23 N/A 31 Reported as nor-

mal (value N/

A)

N/A N/A N/A N/A N/A N/A N/A N/A N/A

Lactate dehydro-

genase [171 �
308 U/L]

348 434 N/A N/A Reported as nor-

mal (value N/

A)

N/A N/A 287 N/A N/A N/A N/A N/V N/A

Outcomes Discharged home Discharged home Discharged home Discharged home N/A Death secondary

to respirator

complication

leading to car-

diac arrest

Death secondary

to venous

infarction in the

left basal gan-

glia, thalamus,

and mesial tem-

poral lobe with

hemorrhagic

transformation,

intraventricular

hemorrhage,

and obstructive

hydrocephalus,

and loss of

brainstem

reflexes

Intensive care unit Brain death sec-

ondary to cere-

bral venous

infarction, mass

effect of mid-

line structures

leading to brain

death

N/A N/A N/A Death after intra-

parenchymal

hemorrhage and

cerebral infarc-

tion and sec-

ondary to

therapeutic lim-

itations after

ethical

consultation

Discharged to

quarantine

center
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Fig. 1. Sagittal and axial CT venogram images demonstrate filling defects
(arrows) within major venous structures including posterior superior sagit-
tal sinus and torcular Herophili (arrows), straight sinus (arrowheads), the
vein of Galen, inferior sagittal sinus, the internal cerebral veins, bilateral
transverse sinuses, proximal right sigmoid sinus and left sigmoid sinus
extending into the upper left internal jugular vein.

Fig. 2. Axial CT venogram image demonstrates a curvilinear filling defect
(arrows) within the right transverse sinus extending from the torcular Her-
ophili, consistent with non-flow limiting thrombus.
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The majority (7, 63.6%) of patients did not have any
underlying co-morbidities, and 9 (81.8%) were not taking
any prescribed medications prior to presentation. The
most common presenting symptom was altered senso-
rium (6, 54.5%). The COVID diagnosis preceded identifi-
cation of CVST diagnoses by 4 days to 2 weeks.
Thromboses were visualized most frequently in the
straight and left transverse sinuses (5, 45.5%). Of the
reported patient outcomes, 4 (36.4%) died during admis-
sion and treatment for CVST.
Discussion

We describe three cases of CVST in women with
COVID-19, all of whom survived with favorable neuro-
logic outcomes. We additionally identified detailed case
descriptions of 11 other patients in the literature (6
women) including 4 deaths. Though we cannot attribute
causality, we suspect COVID-19 infection may increase
the risk for development of CVST, especially in those with
other predisposing risk factors.
Patients who developed CVST in this series all exhib-

ited symptoms of COVID-19. These included a febrile ill-
ness with respiratory symptoms, although one patient
initially had gastrointestinal complaints, also commonly
seen with COVID-19. It is unclear whether symptoms of
nausea, vomiting, and resultant dehydration contributed
to or resulted from CVST in this patient.
At least 2 patients from our 3 had other major contribut-

ing factors for the development of CVST. One patient had
an underlying malignancy, breast cancer, and another
had Evans syndrome. Few cases of COVID-19 have been
reported to occur in the setting of Evans syndrome, com-
plicating the interpretation of CVST in this patient.18,19

Our patient had been diagnosed with Evans syndrome
approximately 8 years prior, with no interval thromboem-
bolic events despite additional therapeutic predisposing
factors, including avatrombopag. Therefore, we think it is
possible that COVID-19 decreased the threshold for the
development of CVST in this patient in the setting of her
underlying predisposition.
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Though two of the patients included in our case series
had initial SARS-CoV-2 testing which was positive during
initial infection and negative at the time of presentation
for CVST, we suspect COVID-19 infection may still have
been a provoking factor. Given the myriad of reports of
persistent symptoms weeks to months after initial infec-
tion, it is plausible that a pro-thrombotic state also lingers
after acute infection.20�22 Consistent with this hypothesis,
studies during prior coronavirus pandemics have found
that patients have been shown to harbor leukocytes that
are persistently infected two months after initial infection
with coronavirus that could potentially be pro-inflamma-
tory.21,23 The majority of patients in our series were found
to have elevated inflammatory markers. Given that abun-
dant evidence has demonstrated increased rates of throm-
boembolic events in the setting of SARS-CoV-2,24,25 we
posit that SARS-CoV-2 infection itself predisposes
patients to the development of CVST. The presence of a
pro-thrombotic state in the post-acute phase of infection is
not unique to COVID-19, as the majority of venous throm-
boembolic events (VTEs) post-acute illness occurs in the
first 30 days following hospital discharge.26 As such, cur-
rent guidance suggests a continuation of thromboprophy-
laxis up to 45 days following discharge for some COVID-
19 patients.27�29

Reports from China and Europe suggest a similar prev-
alence of SARS-CoV-2 infection between men and women
but differences in disease severity, with a higher global
rate of hospitalization and deaths among male
patients.30,31 In our study and the published literature,
women with COVID-19 appeared to be at higher risk for
CVST, similar to data in non-COVID-19 patient popula-
tions.32 It is important to highlight, as women overall may
experience a headache more frequently as a symptom of
COVID-19 or have a history of migraine disorder, which
may lower clinician’s suspicion for this critical pathol-
ogy.33 Gender-specific risk factors including oral contra-
ceptives, pregnancy, puerperium, and hormone
replacement therapy are thought to facilitate the develop-
ment of CVST.32 During a prior coronavirus pandemic,
estrogen was shown to protect against SARS by activating
an immune response and inhibiting SARS-CoV replica-
tion.34 It is hypothesized that a similar mechanism could
occur in patients with COVID-19.35 We hypothesize that
the same strong and protective immune response in
females could worsen central and systemic inflammation
and contribute to the development of venous thromboem-
bolism including CVST.
This case series illustrates the challenges in recognition

of symptoms of CVST in COVID-19 patients. Only one of
our patients had neurologic deficits suggesting a focal
lesion, but two patients had alterations in mental status,
potentially due to reduced venous outflow and conse-
quent elevated intracranial pressure with reduced cere-
bral perfusion. The first case highlights the spectrum of
complications of CVST, including seizures, which can
occur due to cortical irritation, edema, or subarachnoid
hemorrhage, all of which may result from venous outflow
obstruction. Our patients were all discharged to home
after treatment but at least 4 patients in the reported litera-
ture died.
Diagnosis of CVST in this patient population may be

particularly challenging given that preliminary reports
suggest that neurological symptoms are quite common,
including headache in 5.6% to 70.3% and encephalopathy
in 7.5% to 84.3%.1,36�38 These non-specific neurological
symptoms may obscure the early presenting findings of
CVST in patients with COVID-19, particularly in those
with a critical illness where toxic-metabolic derangement
is common. Seizure may also be a common presenting
symptom in patients with COVID-19, even in those with-
out prior history of epilepsy.39 In patients with COVID-19
presenting with headache, mental status deterioration, or
seizure, CVST should be suspected even in the absence of
focal neurological deficits. In our series, symptoms sug-
gestive of CVST occurred days to months after the initial
diagnosis of COVID-19, highlighting the variability of
symptom onset, and similar to the timeline of presenta-
tion of other cerebrovascular events in some patients with
COVID-19.40 Increasing reports suggest a longer duration
of illness in some patients than initially described. The
delay of weeks to months between typical COVID-19
symptoms and the development of CVST observed in our
study suggests the possibility of a persistent hypercoagu-
lable state.41 Multiple additional factors may prevent the
early diagnosis of CVST in patients with COVID-19 and
limit the use of diagnostic imaging in this patient popula-
tion, including concerns regarding viral transmission to
healthcare workers and other patients.
Treatment for CVST typically includes aggressive

hydration and anticoagulation, even in the presence of
cerebral hemorrhage, to decrease further propagation of
clot and pulmonary embolism. There is no literature to
guide whether this tenet of treatment of CVST holds in
those with SARS-CoV2 infection, as hemorrhagic compli-
cations have also been reported, including acute hemor-
rhagic necrotizing encephalopathy42 and increased rates
of in intracerebral hemorrhage in patients on therapeutic
anticoagulation for systemic VTE.43 Furthermore, patients
with acute respiratory distress syndrome or refractory
hypoxemia may also be unable to tolerate aggressive
hydration.44�46
Conclusion

The diagnosis, monitoring, and treatment of CVST may
present unique challenges in patients with COVID-19.
Given the hypercoagulability associated with SARS-CoV-
2 infection, CVST should be considered within the differ-
ential diagnosis in patients with COVID-19 with head-
ache, encephalopathy, seizure, or focal neurologic deficit.
Women may be at higher risk for development of CVST
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associated with SARS-CoV-2 infection. Larger studies are
needed to guide therapy in this population.
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