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Background: COVID-19 infection has been known to predispose patients to both
arterial and venous thromboembolic events such as deep venous thrombosis,
pulmonary embolism, myocardial infarction, and stroke. A few reports from
the literature suggest that Cerebral Venous Sinus Thrombosis (CVSTs) may be
a direct complication of COVID-19. Objective: To review the clinical and radio-
logical presentation of COVID-19 positive patients diagnosed with CVST.
Methods: This was a multicenter, cross-sectional, retrospective study of patients
diagnosed with CVST and COVID-19 reviewed from March 1, 2020 to Novem-
ber 8, 2020. We evaluated their clinical presentations, risk factors, clinical man-
agement, and outcome. We reviewed all published cases of CVST in patients
with COVID-19 infection from January 1, 2020 to November 13, 2020.
Results: There were 8 patients diagnosed with CVST and COVID-19 during the
study period at 7 out of 31 participating centers. Patients in our case series
were mostly female (7/8, 87.5%). Most patients presented with non-specific
symptoms such as headache (50%), fever (50%), and gastrointestinal symptoms
(75%). Several patients presented with focal neurologic deficits (2/8, 25%) or
decreased consciousness (2/8, 25%). D-dimer and inflammatory biomarkers
were significantly elevated relative to reference ranges in patients with avail-
able laboratory data. The superior sagittal and transverse sinuses were the
most common sites for acute CVST formation (6/8, 75%). Median time to onset
of focal neurologic deficit from initial COVID-19 diagnosis was 3 days (inter-
quartile range 0.75�3 days). Median time from onset of COVID-19 symptoms
to CVST radiologic diagnosis was 11 days (interquartile range 6�16.75 days).
Mortality was low in this cohort (1/8 or 12.5%). Conclusions: Clinicians should
consider the risk of acute CVST in patients positive for COVID-19, especially if
neurological symptoms develop.
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Introduction

The COVID-19 pandemic originated in December 2019 in
Wuhan, China and quickly spread across the world with
over 110 million reported global cases and 2.4 million global
deaths as of February 20th, 2021.1 Though COVID-19 was
initially feared due to its respiratory sequelae, a spectrum of
thromboembolic and neurologic complications have been
reported2�6. Several reports suggest that COVID-19 may be
associated with an increased risk of stroke in young patients
or patients with cryptogenic stroke.7�9 Proposed mecha-
nisms for ischemic events include systemic inflammation (as
evidenced by biomarkers), hypercoagulable state (due to
renin-angiotensin-aldosterone disruption and cytokine
storm), and endothelial injury leading to alterations in the
normal coagulation cascade.10

Both cerebral venous thrombosis and COVID-19 infection
are known to occur independently in young populations,
the former often with concomitant risk factors such as oral
contraceptives, malignancy, dehydration, hypercoagulable
state, or trauma.11 The clinical presentation may be com-
pounded by recent reports suggesting that CVST may be a
direct consequence of COVID-19.12�30 Age, abnormal level
of consciousness, and focal motor deficits on admission may
be harbingers of poorer outcome in CVST patients.31

Here, we present a case series of 8 patients and review
the literature to characterize the presentation, manage-
ment, and outcomes related to CVST events in COVID-19
patients.
Methods

A retrospective observational registry (The SVIN COVID-
19 Multinational Registry involving prospectively gathered
data from 17 healthcare networks (31 unique hospitals)
across four countries (USA, Spain, Egypt, and Romania)
was queried.32 Of the 31 participating centers, 7 hospitals
reported patients diagnosed with CVST and COVID-19
between March 1, 2020 to November 8, 2020. The clinical
presentations, risk factors, management, and outcomes of
these patients were subsequently reviewed. Patient demo-
graphic information, pertinent medical history, National
Institutes of Health Stroke Scale (NIHSS) score, neuroimag-
ing, treatment, laboratory testing (inflammatory and hema-
tologic parameters, D-dimer), discharge modified Rankin
Scale (mRS), and discharge disposition were recorded. De-
identified data elements (including age, which was binned
by decade for de-identification purposes) were documented
by local investigators on a HIPAA-compliant, previously
described online platform. Cooper University Hospital
served as the central coordinating site of data.
We reviewed the literature and extracted published cases
of CVST in patients with COVID-19 infection from January 1,
2020 to November 13, 2020 using the keywords “cerebral
venous sinus thrombosis AND COVID-19,” “cerebral venous
sinus thrombosis AND SARS-CoV-2,” or “cerebral venous
sinus thrombosis AND coronavirus,” “Stroke AND COVID-
19,” or “venous thromboembolism AND COVID-19”
searched on PubMed and Google Scholar.
Abstracts and published articles were reviewed for the

following parameters: patient demographics, clinical presen-
tation, comorbidities, relevant laboratory studies, imaging
data, hospitalization events, and outcomes. Studies that did
not utilize PCR testing for COVID-19 diagnosis or studies
without a confirmed radiologic diagnosis of CVST were
excluded. One study was excluded in its entirety, whereas
several individual patients from other studies were also
excluded if they did not have confirmed RT-PCR nasopha-
ryngeal swab results (two patients were excluded).
This study was approved under a waiver of informed

consent by the local institutional review board at each
participating center. Anonymized data are available upon
reasonable request to the corresponding author.
Results

There were 8 patients with COVID-19 infection con-
firmed by RT-PCR testing who developed CVST (Table 1).
Patients were mostly female (N = 7, 87.5%), with an aver-
age age of 63.3 § 20 years old. Essential hypertension
(N = 4, 50%) and diabetes mellitus (N = 3, 37.5%) were the
most common medical comorbidities. Two patients (25%)
had identifiable risk factors for CVST including an under-
lying hypercoagulable state likely due to antiphospholi-
pid syndrome as well as morbid obesity. Most patients
presented with non-specific symptoms such as headache
(50%), fever (50%), and gastrointestinal symptoms (75%).
Other neurological symptoms such as decreased con-
sciousness (12.5%) and focal neurologic deficit (25%) were
also seen. The median time to onset of focal neurologic
deficit from initial COVID-19 diagnosis (as defined by
numbness, hemiparesis, weakness, facial palsy, vision
changes, or aphasia) was 3 days (interquartile range
0.75�3 days). The median time from onset of COVID-19
symptoms to CVST radiologic diagnosis was 11 days
(interquartile range 6�16.75 days).
The radiologic diagnosis of acute CVST was confirmed

via observing cord-like hyperintensities or cord-like filling
defects on Computerized Tomography Venogram (CTV)
studies in five (62.5%) patients. CVST in the remaining
three patients was confirmed by the absence of flow-
related signal loss on Magnetic Resonance Imaging (MRI)



Table 1. Patient demographics, CVST risk factors, presenting symptoms, diagnostic imaging, vessels affected, hospital-stay associ-

ated complications, treatment modalities, and endpoints

Current series Literature series Combined series

Variable n = 8 n = 33 n = 41

Age in years, mean § SD 63.3 § 20.0 51.7 § 21.9 50.1 § 16.5

Sex — N (%)

Male 1 (12.5%) 18 (54.5%) 19 (46.3%)

Female 7 (87.5%) 15 (45.5%) 22 (53.7%)

Past medical history � N (%)

Hypertension 4 (50%) 2 (6.06%) 6 (14.6%)

Heart failure 1 (12.5%) - 1 (2.44%)

Diabetes mellitus 3 (37.5%) 2 (6.06%) 5 (12.2%)

Hyperlipidemia 1 (12.5%) - 1 (2.44%)

Prior solid malignancy - 1 (3.03%) 1 (2.44%)

Miliary tuberculosis - 1 (3.03%) 1 (2.44%)

Known CVST risk factor

Oral contraceptive usage - 5 (15.2%) 5 (12.2%)

Hormone replacement therapy - 1 (3.03%) 1 (2.44%)

Iron-deficiency anemia - 1 (3.03%) 1 (2.44%)

Antiphospholipid syndrome1 1 (12.5%) 1 (3.03%) 2 (4.88%)

Morbid obesity 1 (12.5%) 1 (3.03%) 2 (4.88%)

Presenting symptoms

Headache 4 (50%) 16 (48.5%) 20 (48.8%)

Fever 4 (50%) 8 (24.2%) 12 (29.3%)

Gastrointestinal 6 (75%) 3 (9.1%) 9 (21.9%)

Cough 3 (37.5%) 5 (15.2%) 8 (19.5%)

Dyspnea 2 (25%) 3 (9.1%) 5 (12.2%)

Decreased consciousness 2 (25%) 8 (24.2%) 10 (24.4%)

Seizure - 8 (24.2%) 8 (19.5%)

Focal neurologic deficit2 2 (12.5%) 11 (33.3%) 13 (31.7%)

Diagnostic imaging for CVST

Non-contrast head CT 5 (62.5%) 28 (84.8%) 33 (80.4%)

CT angiogram 2 (25%) 4 (12.1%) 6 (14.6%)

CT venogram 3 (37.5%) 10 (30.3%) 13 (31.7%)

MRI 3 (37.5%) 24 (72.7%) 27 (65.9%)

MR venogram 2 (25%) 17 (51.5%) 19 (46.3%)

Location of CVST

Superior sagittal sinus 6 (75%) 13 (39.4%) 19 (46.3%)

Inferior sagittal sinus 2 (25%) - 2 (4.88%)

Transverse sinus 6 (75%) 20 (60.6%) 26 (63.4%)

Sigmoid sinus 2 (25%) 6 (18.2%) 8 (19.5%)

Straight sinus - 8 (24.2%) 8 (19.5%)

Vein of Galen 2 (25%) 5 (15.2%) 7 (17.1%)

Internal cerebral veins 2 (25%) 6 (18.2%) 8 (19.5%)

Deep medullary veins - 1 (3.03%) 1 (2.44%)

Vein of Labbe - 1 (3.03%) 1 (2.44%)

Basal veins of Rosenthal - 2 (6.06%) 2 (4.88%)

Confluence of sinuses 1 (12.5%) 2 (6.06%) 3 (7.32%)

Cavernous sinus - 1 (3.03%) 1 (2.44%)

In-hospital events — N (%)

Intubation 1 (12.5%) 6 (18.2%) 7 (17.1%)

Seizure 3 (37.5%) 3 (9.1%) 6 (14.6%)

Hypovolemic shock 1 (12.5%) 2 (6.06%) 3 (7.32%)

Myositis 1 (12.5%) - 1 (2.44%)

Intracranial hemorrhage 2 (25%) 6 (18.2%) 8 (19.5%)

Elevated intracranial pressure 1 (12.5%) 4 (12.1%) 5 (12.2%)

Coagulation dysregulation 1 (12.5%)3 2 (6.06%)4 3 (7.32%)

(Continued)
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Table 1 (Continued)

Current series Literature series Combined series

Variable n = 8 n = 33 n = 41

Cardiac arrest - 1 (3.03%) 1 (2.44%)

Acute Respiratory Distress Syndrome - 1 (3.03%) 1 (2.44%)

Treatment — N (%)

Pharmacological treatment for COVID-195 1 (12.5%) 5 (15.2%) 6 (12.2%)

Therapeutic anticoagulation 7 (87.5%) 16 (48.5%) 23 (56.1%)

Intravenous rTPA - 1 (3.03%) 1 (2.44%)

Endovascular therapy - 1 (3.03%) 1 (2.44%)

Decompressive hemicraniectomy - 1 (3.03%) 1 (2.44%)

External ventricular drain / Ventriculoperitoneal shunt - 2 (6.06%) 2 (4.88%)

Antiplatelet agent (aspirin) 1 (12.5%) 1 (3.03%) 1 (2.44%)

Intravenous antibiotics - 2 (6.06%) 2 (4.88%)

Anti-epileptic agents 3 (37.5%) 6 (18.2%) 9 (21.9%)

Steroids - 2 (6.06%) 2 (4.88%)

Outcomes

Death — N (%) 1 (12.5%) 8 (24.2%) 9 (21.9%)

Readmission — N (%)6 2 (25%) 3 (9.1%) 5 (12.2%)

GCS at time of CVST diagnosis — median (IQR) 15 (14.75-15) 15 (14-15) 15 (12-15)

NIHSS at time of CVST diagnosis — median (IQR) 1 (0.75-1.25) 15 (7-15.5) 4 (1-13)

Days to neurological symptoms — median (IQR) 3 (0.75-3) 1 (0-13) 1 (0-12.5)

modified Rankin Scale (mRS) � 2 5 (62.5%) 15 (45.5%) 20 (48.8%)

SD = standard deviation; GCS = Glasgow Coma Scale; NIHSS = National Institutes of Health Stroke Scale; IQR = interquartile range
1As evidenced by elevated titers of antiphospholipid antibodies (lupus anticoagulant, anti-cardiolipin IgG or IgM, anti-beta-2-
glycoprotein IgG or IgM) in the setting of CVST

2Defined as weakness, hemiparesis, numbness, facial asymmetry, vision disturbances, or aphasia
3This patient’s aPTT rose to 164 seconds at the time of CVST diagnosis. Of note, she had an extensive past medical history of
bleeding disorders such as Immune Thrombocytopenic Purpura, von Willebrand disease, and Evans syndrome.

4One patient suffered from Disseminated Intravascular Coagulation while another was found to have a pulmonary embolism
5Including but not limited to hydroxychloroquine and azithromycin
6Defined as subsequent hospitalization for COVID-19 related symptoms less than 1 month after CVST
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or by visualizing cord-like filling defects on Magnetic Res-
onance Venogram (MRV) studies. The superior sagittal
and transverse sinuses were the most common sites for
CVST formation (N = 6 or 75% for both). However, CVST
was also observed in the torcular herophili in 1 patient
and in smaller caliber “deep” venous structures such as
the vein of Galen and internal cerebral veins (N = 2 or
25% for both). Half of our patients (N = 4, 50%) had CVST
spanning multiple cerebral venous sinuses. If bilateral
CVST was present — as seen in two patients (25%) — the
transverse sinuses were most likely to be affected (Fig. 1).
Inflammatory biomarkers such as CRP (45.1§ 50.6 mg/L),

ESR (49 § 17.5 mm/hr), ferritin (548.3 § 202.2 ng/mL), and
LDH (373.5 § 171.6 units/L) were universally elevated com-
pared to their respective reference ranges. Reported white
blood cell counts on presentation were sub-clinical at
8.8 § 4.8 (thousand per uL). D-dimer (5,919 § 3,548 ng/mL)
was significantly elevated above reference ranges. On the
other hand, aPTT (35.7 § 15.4 s), PT (12.9 § 0.5 s), INR
(1.05 § 0.06), and platelets (227.5 § 120.2 thousand per uL)
were within normal limits. Coagulation studies were
obtained prior to the initiation of anticoagulation. Lastly,
serum glucose levels were found to be elevated
(342§ 279.6 mg/dL).
The severity of COVID-19 infection at the time of hospital
admission was classified according to the World Health
Organization (WHO) guidelines into the following catego-
ries: asymptomatic, mild, moderate, severe, and critical.33

Three patients presented with severe disease as character-
ized by their need for supplemental oxygen upon arrival,
elevated systolic blood pressure >160 mmHg, and CT chest
imaging data. The remaining five patients had mild to mod-
erate disease as evidenced by oxygen saturation � 90% on
room air, normotensive blood pressure, or absence of pul-
monary findings on chest radiographs.
Several of our patients experienced in-hospital compli-

cations including intracranial hemorrhage (2/8, 25%), sei-
zure (3/8, 37.5%), hypovolemic shock (1/8, 12.5%), or
intubation (1/8, 12.5%). Intraparenchymal hemorrhage
(1/8) and subarachnoid hemorrhage (1/8) were observed
on repeat CT brain studies. Most patients (87.5%) received
therapeutic anticoagulation in the form of subcutaneous
enoxaparin (N = 3) or an intravenous heparin drip (N = 4)
immediately after radiographic diagnosis of CVST was
confirmed. No patients received prophylactic anticoagula-
tion, and no patients underwent transition from heparin
to enoxaparin during their hospital stay (or vice versa).
None of the patients received endovascular therapy. One



Figure 1. A 68-year-old woman presented with fever, cough, and shortness of breath. A nasopharyngeal swab RT-PCR test resulted positive for SARS-CoV-2.
Three weeks later, she returned with generalized weakness, headache, nausea and vomiting.Sagittal CT brain without contrast (A) showing abnormally dense
superior sagittal sinus (white arrows). Coronal (B) and axial (C, D) CT venogram showing filling defects within the superior sagittal sinus (black arrow, B) and
the bilateral transverse sinuses (white arrows, A, B and C) consistent with venous thrombosis.
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patient was simultaneously started on aspirin. All patients
who developed seizure-like activity underwent EEG mon-
itoring and received antiepileptic agents such as loraze-
pam, levetiracetam, and lacosamide. Median GCS and
NIHSS at the time of CVST diagnosis were 15 (interquar-
tile range of 14�15) and 1 (interquartile range 0�3)
respectively. Additional endpoints included N = 2 (25%)
readmissions due to COVID-19 induced respiratory com-
plications and N = 1 (12.5%) recorded death related. Five
patients (62.5%) were discharged home with minimal to
no symptoms (mRS � 2).
Our literature review (Tables 1 and 2) consists of seventeen

eligible studies from twelve countries describing 33 total
COVID-19 patients who also developed CVST. On average,
patients in the literature series were younger with a mean age
of 43.6 § 17.6 years old. There was a male preponderance,
with females making up 42.9% of the population. Known
CVST risk factors reported included estrogen-modulating
medications (6/35, 17.1%), antiphospholipid syndrome (1/
35, 2.9%), and morbid obesity (1/35, 2.9%). Although head-
ache continued to be the predominant presenting symptom
in (48.6%) of patients, seizure (25.7%), decreased conscious-
ness (25.7%), and focal neurologic deficits (31.4%) were also
common. Median GCS and NIHSS at the time of CVST diag-
nosis were 14 (interquartile range 12�15) and 12 (interquartile
range 7�15) respectively. Median time to onset of



Table 2. Summary of literature review separated by author

(total of n = 33 patients)

Authors Patients

(n)

Klein et al. (East Garden City, New York, USA) 1

Cavalcanti et al. (New York City, New York, USA) 3

Poillon et al. (Paris, France) 2

Sugiyama et al. (Kobe City, Japan) 1

Hoelscher et al. (Philadelphia, Pennsylvania, USA) 1

Hughes et al. (Bangor, Wales, United Kingdom) 1

Dahl-Cruz et al. (Alicante, Spain) 1

Bolaji et al. (Wolverhampton, United Kingdom) 1

Hemasian et al. (Isfahan, Iran) 1

Chougar et al. (Paris, France) 1

Garaci et al. (Rome, Italy) 1

Essajee et al. (Cape Town, South Africa) 1

Aghayari et al. (Rasht, Iran) 1

Dakay et al. (Valhalla, New York, USA) 2

Hussain et al. (Doha, Qatar) 1

Khacha et al. (Fez, Morocco) 1

Mowla et al. (Danville, Pennsylvania, USA) 13
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neurological symptoms was 1 day with an interquartile range
of 0.25�4.25 days. CVST diagnosis was confirmed via CT
venogram (48.6%) or MR venogram (51.4%). The transverse
sinus was the most common site for CVST formation (62.9%),
followed by the superior sagittal sinus (37.1%). Several less
common locations for CVST were observed in this literature
series such as the straight sinus (22.9%), vein of Galen
(14.3%), basal veins of Rosenthal (5.7%), and the cavernous
sinus (3.03%). Inflammatory biomarkers were elevated as
characterized by CRP (34.8 39.2 mg/L), ESR
(56.1 § 28.8 mm/hr), ferritin (580 § 553 ng/mL), and LDH
(737 § 800 units/L). Coagulation studies such as D-dimer
(9,571§ 14,439 ng/mL) were significantly elevated.
Our literature series of patients also experienced a simi-

lar spectrum of in-hospital events, such as intubation (6/
35, 17.1%), seizure (3/35, 8.6%), and intracranial hemor-
rhage (7/35, 20.0%). Other events such as elevated intra-
cranial pressure (4/35, 11.4%), Acute Respiratory Distress
Syndrome (1/35, 2.9%), cardiac arrest (1/35, 2.9%), pul-
monary embolism (1/35, 2.9%), and Disseminated Intra-
vascular Coagulation (1/35, 2.9%) were also documented.
Treatment modalities varied from therapeutic anticoagu-
lation (18/35, 51.4%) to endovascular therapy (1/35,
2.9%) and intravenous rtPA administration (1/35, 2.9%).
Additional endpoints included (3/35, 8.6%) readmissions
due to COVID-19 induced respiratory complications and
(9/35, 25.7%) recorded mortalities. Sixteen patients
(45.7%) were discharged with mRS � 2 in this cohort.
Discussion

Our series of 8 cases, as well as the published data of
patients with CVST and COVID-19, suggest that acute
CVST is a rare event associated with COVID-19 infection.
Most patients in our series (75%) as well as 74% of the
published cases of CVST and COVID-19 did not have
identifiable risk factors for CVST.
In our current series, the majority of patients with CSVT

and COVID-19 were women (87.5%), similar to incidence
rates reported in non-COVID-19 patient populations.34

Although CVST is usually more commonly reported in
young individuals,35 the mean age of patients with CVST
and COVID-19 in our series was older (~63 years old).
Our findings indicate that age may not play as significant
of a role in assessing risk for CVST in COVID-19 patients
as previously suggested. In-hospital mortality was also
relatively low in our current series (1/8 patients or
12.5%). This is in contrast to data aggregated from our lit-
erature review, wherein 9/35 or 25.7% of patients suc-
cumbed to their illness.15,18,23,27 This mortality rate is
significantly higher than previous reports in non-
COVID19 CVST populations (2�8%), suggesting that con-
comitant COVID-19 infection in CVST patients may por-
tend worse prognosis.36�38

Our data corroborate previous findings that COVID-19
may be a trigger for a systemic inflammatory state as evi-
denced by noticeable elevations in peripheral bio-
markers.39�40 Notably, ESR, CRP, ferritin, and LDH were
elevated in the majority of our patients with available lab-
oratory data when compared to reference ranges. More-
over, our case series revealed extreme elevations in
standard coagulation studies such as D-dimer, which was
noted to exceed 3,000 ng/mL and approach 10,000 ng/
mL in five out of six of our patients with laboratory data.
These findings support the notion that COVID-19 infec-
tion may be associated with widespread, systemic pro-
thrombotic consequences.41�42

Although the presentation of CVST is subtle, the most
common initial symptoms seen in our series included
headache, low-grade fever, and gastrointestinal symp-
toms. However, clinicians should be prepared for a wide
variety of symptoms as COVID-19 patients with acute
CVST can present with seizures, signs of intracranial
hypertension, decreased consciousness, altered senso-
rium, and classic stroke symptoms such as numbness/
weakness of the extremities. Such neurologic symptoms
may appear within hours, days, or weeks of initial presen-
tation with no definite time frame, thereby further compli-
cating the already elusive diagnosis of CVST. Our data
supports prior conclusions that CVST may be an underly-
ing etiology causing seizure-like activity, headache, or
altered level of consciousness in patients with concomi-
tant COVID-19 infection.43

It is important to highlight that most of our patients
(N = 5, 62.5%) presented with mild to moderate COVID-
19 symptoms prior to and at the time of CVST diagnosis.
Similar to the conclusions outlined by Mowla et al., our
data suggests that the severity of COVID-19 disease pre-
sentation may not necessarily be associated with
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subsequent CVST events.27 That is, CVST may occur even
in patients with relatively indolent or mild COVID-19
infection as determined by the WHO guidelines. There-
fore, we recommend that clinicians maintain a high
degree of suspicion for CVST development in patients
with confirmed COVID-19 infection and otherwise unex-
plained neurological symptoms.
Although the superior sagittal sinus is the most frequently

reported location for CVST, our combined series data sug-
gests that multi-location thrombosis with a transverse sinus
predominance is the more typical finding. Furthermore,
data from our literature review on CVST-associated progno-
sis supports observations outlined in the International Study
on Cerebral Vein and Dural Sinus Thrombosis (ISCVT).44�45

That is, CVSTs in the “deep” venous system (including the
vein of Galen, internal cerebral veins, and deep medullary
veins) were associated with worse overall prognosis as well
as a high degree of mortality.46

Of note, intracranial hemorrhage was detected in two of
our patients (25%) upon repeat CT brain imaging. This is
similar to data reported by Shakibajarohmi et al., who
found that 35.1% of patients with CVST developed hem-
orrhagic lesions.47 Thus, CVST should be considered a
potential etiology of intracranial and intracerebral hemor-
rhage in COVID-19 patients. Our patient who developed
a subarachnoid hemorrhage after CVST was initially
treated with intravenous heparin (5000 U loading dose
followed by 800 U/hour continuous infusion) and was
then transitioned to dabigatran 150 mg twice daily. The
patient who developed parenchymal hemorrhage
received Enoxaparin 80 mg every twelve hours.
With regards to management, therapeutic anticoagula-

tion coupled with hydration is the mainstay treatment for
CVST in COVID-19 patients, even in the presence of intra-
cranial hemorrhage. As with patients with arterial ische-
mic stroke, intermittent pneumatic compression devices
should also be utilized in patients with CVST for additive
thromboprophylaxis if there are no contraindications.48

Use of intravenous rtPA and endovascular therapy
should be reserved as a last resort for thrombus refractory
to therapeutic anticoagulation and in cases of clinical dete-
rioration despite anticoagulation.49

Previously reported data by Siegler et al. revealed that the
incidence of arterial ischemic stroke in COVID-19 patients
was 1% (156 / 14,483) but may range up to 1.5%.32,50 The
incidence of CVST in this same population, however, was
observed to be a much lower 0.02% (3 / 14,483). Though
this value may seem low, it is 30 to 60 times greater than
rates of CVST reported in non-COVID 19 populations — 3
to 4 cases per 1 million adults (0.0003�0.0004%) and 7 cases
per 1 million children (0.0007%).51

Laboratory data such as abnormal coagulation studies
as well as elevated inflammatory biomarkers in COVID-
19 patients suggest that systemic inflammation and
underlying hypercoagulable state may be responsible for
acute arterial and/or venous thromboembolic events.
However, these findings alone do not sufficiently explain
the discrepancy seen between the aforementioned rates of
arterial ischemic stroke versus purely venous infarcts (i.e.
CVSTs). We speculate that additional confounding factors
such as endothelial dysfunction may be responsible for
the overrepresentation of arterial consequences. In fact,
while the endothelial dysfunction is pathognomonic for
arterial ischemic stroke — that is, an atherosclerotic pla-
que matures, ruptures, then subsequently undergoes
thrombosis — its role in venous thrombogenesis is less
clear.52 Autopsy studies of patients who succumbed to
COVID-19 revealed severe endothelial injury, endothelii-
tis, and widespread microvascular trauma that likely pre-
ceded organ failure.53 Though animal models outlining
the pathophysiology of CVST continue to improve, fur-
ther studies analyzing the relationship between endothe-
lial inflammation and CVST are necessary before drawing
any conclusions.54

There is a plethora of data regarding the occurrence of
deep venous thrombosis (DVT) and pulmonary embolism
(PE) among COVID-19 patients; a recent meta-analysis of
66 studies (28,173 patients) revealed that the pooled prev-
alence of VTE events was 14.1% in non-ICU patients and
a staggering 22.7% in ICU patients.55 Not only do these
rates exceed those of VTE in non-COVID populations
(affecting approximately 1 per 1000 annually), but they
also dwarf the rates of CVST in similar COVID-19
cohor.56,32 CVST may be underreported as its presentation
may be manifest as non-specific clinical syndromes: iso-
lated intracranial hypertension (headache, papilledema,
visual deficits), encephalopathy (altered mental status,
reduced consciousness, coma), and focal neurologic defi-
cits (seizures, paresis, aphasia). Furthermore, whereas
bedside ultrasonographic techniques exhibit 77.8% and
90% sensitivity for lower extremity DVT and PE respec-
tively, the diagnosis of CVST requires more radiological
investigations such as CTA/CTV or MRI with contrast/
MRV.57

Limitations of this review stem from the small number of
patients analyzed with CVST, a reflection of its rare associa-
tion with COVID-19. Furthermore, there were missing labo-
ratory data values as consensus on laboratory data was not
unified among centers. Nevertheless, we believe that our
case series provides valuable information, adding to the lit-
erature on a diverse, multinational cohort of patients with
COVID-19 infection who also developed CVST.
In summary, clinicians should consider the risk of devel-

oping acute CVST in patients with co-existing COVID-19
infection, especially if neurological symptoms develop that
are not otherwise explained by other conditions.
Statements
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