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ABSTRACT

Cerebral Venous Thrombosis (CVT) is considered a serious form of cerebrovascular disease that causes occlusion of
the cerebral venous system. COVID-19, a Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV-2), can present
with different clinical manifestations, ranging from asymptomatic carrier state to severe respiratory distress, multiple
organ dysfunction, and death. Furthermore, patients with COVID-19 may have multiple neurological manifestations
that can lead to either arterial or venous thrombosis. Multiple studies investigating the pathophysiology of COVID-
19-associated coagulopathy provide insights that can direct appropriate interventional strategies. In this review, we
describe CVT in COVID-19 patients including pathophysiologic mechanisms, clinical profile, neuroimaging, and
management options. CVT is a complication of COVID-19 that needs to be taken seriously. Considering CVT for
patients with COVID-19 and neurological manifestation is crucial to provide proper management.
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INTRODUCTION

Cerebral Venous Thrombosis (CVT) is a rare neurological emergency that causes occlusion of the dural venous
sinuses and/or cerebral veins. Risk factors of CVT are associated with Virchow’s thrombogenic triad including
hypercoagulability, blood stasis, and vessel wall injury. Clinical presentations are variable and range from headache,
focal neurological deficits, seizures, and diffuse encephalopathy [1].

COVID-19 is a novel Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV-2), with many neurological
complications that affect arterial and venous formation. COVID-19 causes endothelial injury when binding to
Angiotensin-Converting Enzyme 2 (ACE-2) receptors, activating a coagulation cascade and cytokine resulting in a
hypercoagulable state that causes thrombosis formation. There are elevated factor VIII levels, fibrinogen, D-dimer,
and antiphospholipid antibodies [2-8].

This literature review addresses the clinical profile, neuroimaging, management options, and outcomes for COVID-19
patients with CVT.
LITERATURE REVIEW

Cerebral Venous Thrombosis (CVT) is considered a neurological emergency requiring quick diagnosis and urgent
management to avoid venous infarction, haemorrhage, neurological disability, or even death. CVT is estimated to
occur in 1 per 100,000 cases per year. It is attributed to less than 1% of all cases of stroke worldwide; and in the past
50 years, mortality due to CVT has reduced from 15% to 5% because of advanced management [9,10].

Pathophysiology and Risk Factors of CVT

Thrombus formation in the cerebral venous circulation will lead to a rise in hydrostatic pressure in veins and
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capillaries. This increased pressure is somehow compensated by the anastomotic circuit of the cerebral venous system.
If the pressure overcomes the compensation, this can lead to disruption of the blood-brain barrier, fluid extravasation
into the cerebral parenchyma, and localized edema. An unusual mechanism of venous occlusion is the reduction
of Cerebrospinal Fluid (CSF) reabsorption. This occurs when CSF flow is reduced due to arachnoid pacchionian
granulations, therefore intracranial pressure will increase. As in any thrombosis, cerebral venous thrombosis has a
multifactorial cause. About 85% of patients have a minimum of one identified risk factor, while 50% have multiple risk
factors. Fewer cases are idiopathic. CVT occurs more often in females than males due to the use of oral contraceptives
and hormonal replacement therapy, pregnancy, and puerperal period. Inherited thrombophilia such as protein C and S
deficiency, factor V Leiden, prothrombin G20210A mutation, and antithrombin deficiency are considered risk factors
of CVT. Some 7% of patients with CVT have either solid or hematologic cancer. There are also mechanical risk factors
such as head trauma, neurosurgery, internal jugular catheterization, and lumbar puncture [11].

Recently, a European genome study discovered the first chromosomal region associated with genetic susceptibility
to CVT in the 9q34.2 locus. In this region, single-nucleotide polymorphisms have a strong linkage in the ABO blood
type gene coding disequilibrium. The higher risk of CVT in blood group type A, AB, or B was 2.85 times that of type
O [12-15].

A meta-analysis was done in 2018 to identify the genetic or non-genetic associated risk factors of CVT. Genetic factors
were associated with a three to 11 fold increase in the risk of CVT and increased more in the presence of prothrombin
(G20210A) and factor V Leiden (G1691A). Other genetic factors included protein C deficiency, protein S deficiency,
antithrombin deficiency, and TAFI gene variant (C1040T). For non-genetic factors, there was a 10 to 18 fold increase in
the risk of CVT, and it increased more with pregnancy/puerperium and glucocorticosteroid therapy. Other non-genetic
factors were alcohol consumption, infection, surgery, hypercholesterolemia, hyperhomocysteinemia, antiphospholipid
antibodies, autoimmune diseases, anaemia, and malignancy [16,17].

CVT is considered a rare complication of bacterial meningitis. A cohort study done in patients with bacterial
meningitis found Ear, Nose, and Throat (ENT) infections, sinusitis, mastoiditis, and otitis media predisposed patients
to meningitis. CVT commonly occurred in patients who had bacterial meningitis because of otitis media and mastoid
opacification [18,19]. Some viral infections cause CVT. A case was reported of a patient with chickenpox (primary
varicella-zoster virus, VZV, infection) for 7 days, and the main complaint was headache and vomiting. After further
workups, a CT scan showed extensive cerebral venous sinus thrombosis, not surprising in those patients with primary
VZV infection who are prone to a hypercoagulable state [20,21].

CVT also can be a complication of some autoimmune diseases such as antiphospholipid syndrome. A recent
study conducted to measure the association between CVT and antiphospholipid syndrome found that 20 out of 27
patients had CVT with antiphospholipid syndrome-not surprising because of the hypercoagulable state developed
by antiphospholipid syndrome, which leads to CVT [22,23]. COVID-19 is an infection caused by the pathogen
SARS-CoV-2 that results in severe acute respiratory syndrome and has numerous neurological manifestations,
thromboembolism, and systemic hypercoagulability [24,25].

COVID-19 induces the prothrombotic state and causes endothelial damage, altered blood flow, hyper-inflammation,
and hypercoagulability resulting in venous and arterial thrombosis in COVID-19 patients [3,26-28].

The endothelial injury occurs when the ACE-2 receptor’s binding play-acting as a cytokine cascade and leads to a state
of hypercoagulability [1,29,30].

The immune system response to COVID-19 triggers a complement activation cascade that induces prostaglandin and
leukotriene synthesis, increases the production of inflammatory cytokines, activation of a coagulation cascade, and
platelet activation resulting in outspread thrombosis. Hyper-viscosity is considered a potent thrombogenic factor and
causes injury and dysfunction to the endothelial that affects the blood flow, high fibrinogen levels are one of the major
reasons for plasma viscosity and have been associated with COVID-19 patients [3,28].

Clinical Profile

Most patients who develop CVT present symptoms within 48 hours to 2 weeks from disease onset. Common symptoms
are headaches, seizures, focal neurological symptoms, and altered mental status. More acutely, they can develop
thunderclap headache or stroke-like presentation [12,21,31,32].
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The Turkish VENOST study in 2017 with a sample size of 1,144 CVT patients found that 68% were females.
They presented with headache (87%), visual loss (27%), seizure (24%), decreased level of consciousness and
encephalopathy (18%), focal deficits (18%) that is motor deficits in 40% of them, and cranial neuropathy/diplopia in
11% [33]. Another recent international prospective study, with a sample size of 1,281 patients, found 34% had acute
symptomatic seizures, and 6% had status epilepticus [34,35].

Regarding biomarker levels: During the acute phase of CVT, the neutrophil count will increase and the lymphocyte
count will decrease. While the monocyte count will increase in the subacute phase, the lymphocyte count will increase
during the chronic phase and neutrophils will decrease. Many studies show the neutrophil-to-lymphocyte ratio is
associated with an increased risk of poor outcomes in patients with CVT; while the lymphocyte-to-monocyte ratio
was found to be higher in the chronic phase of CVT, resulting in a worse outcome. It was noted the platelet count
was slightly high during the acute and sub-acute phase; the higher risk of provoked CVT was associated with a
high platelet-to-lymphocyte ratio. A recent cohort study showed patients with CVT and high systemic immune-
inflammatory index were associated with poor outcomes, mainly in pregnancy/puerperium patients. Interleukin 6 (IL-
6) is significantly associated with poor functional outcome at 90 days, with a cut point of 2.7 pg/mL, with a specificity
of 81% and sensitivity of 78%. For the acute phase biomarkers, C-reactive protein is high and supports the diagnosis
of CVT. Also, the Erythrocyte Sedimentation Rate (ESR) is high in the acute phase of CVT. Other biomarkers such as
plasma total homocysteine, S-adenosylhomocysteine, and S-adenosylmethionine are associated with high risk in CVT
patients with high sensitivity and specificity. Cerebrospinal fluid levels of IgM, IgA, and IgG are high during the acute
phase of CVT and indicate different degrees of inflammation during the disease course [36-38].

A recent study of 20 cases of CVT had 90% testing positive for SARS-CoV-2 by a nasopharyngeal swab of the
reverse transcriptase PCR assay, while 10% had positive PCR for COVID-19 antibodies. Some 85% presented with
headaches that lasts from 3 to 7 days in 76% of patients; 65% had seizures with 77% being generalized seizures and
23% focal seizures. Sixty-five percent of patients diagnosed with COVID-19 had CVT symptoms, and 35% of them
were complicated by CVT while being managed for COVID-19. At the time of CVT diagnosis, 45% did not have
respiratory symptoms; and in 25% of cases COVID-19 patients presented with CVT only without fever or respiratory
symptoms. Laboratory markers in these CVT patients with COVID-19, showed elevated D-dimer levels, ESR, and
leukocytes in the majority of them; 50% of cases had elevated homocysteine, and two out of nine patients had positive
Lupus Anticoagulant (LA) [24,37-39].

Neuroimaging

Magnetic Resonance Imagining (MRI), Clinical Target Volume (CTV), and Magnetic Resonance Venography (MRV)
are the standard diagnostic imaging modalities for the diagnosis of CVT since no validated diagnostic algorithms

exist. No specific laboratory tests or non-contrast CT are helpful in the diagnosis of CVT due to their low sensitivity
[40-42].

Usually, a CT scan is the modality of choice in emergency settings due to its availability, cost-effectiveness, and to
rule out the most common neurological diagnoses. In non-contrast CT, a dense clot sign and a cord or string sign
indicate CVT. A dense clot sign is the direct visualization of the thrombus in cerebral veins or sinuses. String sign
is the linear or cord-likes density of a thrombosed cortical vein. Empty delta sign is considered a direct sign of CVT
seen by contrast-enhanced CT, which is a thrombosed sinus shown as a triangular area of enhancement. Indirect signs
seen by CT scan in 60%-80% of CVT cases are hemorrhagic infarction, brain edema, mass effect, and subarachnoid
hemorrhage. Different retrospective studies reported that the diagnostic accuracy of CVT in CT scan is a sensitivity of
25% and a specificity of 100%, which suggests additional modalities are needed to diagnose CVT. CT venography is
contrast-enhanced helical CT and one of the most common and frequently used imaging modalities for CVT diagnosis.
Thrombosed cerebral veins can be seen as a filling defect, and indirect signs such as brain edema can contribute
to the CVT diagnosis. In several studies, CT venography has been demonstrated an accurate diagnosis of cerebral
sinus thrombosis with 100% sensitivity and specificity, but these studies were retrospective and with small sample
sizes. CT venography has limited value for the diagnosis of cortical venous thrombosis with a sensitivity of 6%-
75%. MRI has three techniques for thrombosis detection: non-contrast-enhanced flow-related MRI (also called non-
contrast-enhanced MRV), contrast-enhanced MRI, and native contrast thrombus MRI. The sensitivity and specificity
of the diagnostic accuracy of non-contrast-enhanced MRV were shown on most studies as 64%-100% and 48%-
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100%, respectively. This indicates that non-contrast-enhanced MRYV is less accurate for identifying cortical venous
thrombosis. For combined native contrast thrombus MRI techniques, the sensitivity is 84%-97%, and the specificity
28%-96%. On gradient-recalled echo Susceptibility Weighted (SW) images, an adequate sensitivity of 97%-98% was
reported, with a specificity of 100% in the diagnosis of CVT. In multiple studies, contrast-enhanced MRI was found
to be superior to non-contrast-enhanced MRI in diagnostic accuracy, with a sensitivity of 86%-97% and a specificity
of 52%-100%. For a comparison between CT and MRV, some studies found that CTV is better than MRV, with a
sensitivity and specificity of 100% in diagnosing CVT [8,43-45].

For those who had CVT in association with COVID-19, a recent study was done on 12 cases that had both. They found
thromboses are most frequently seen in the straight and left transverse sinuses in 45.5% of cases [1,46].

Another recent study found thromboses occurred in the transverse sinus in 75% of cases, 50% in the sigmoid sinus,
and 33% in the internal cerebral vein or straight sinus thrombosis [4,47].

Treatment Options and Outcome

According to the latest guidelines of the American Academy of Neurology, anticoagulation is the main and standard
treatment for acute CVT to prevent thrombus growth and facilitate recanalization. Anticoagulation therapy is
recommended even in the presence of intracerebral haemorrhage or hemorrhagic transformation. Low Molecular
Weight Heparin (LMWH) is safer and more effective than Unfractionated Heparin (UFH). Endovascular interventions
such as thrombolysis are reserved for progressive neurological deterioration despite intensive medical treatment,
although large, randomized trials are needed to establish efficacy and mortality rate. A small study with 13 patients
who underwent decompressive hemicraniectomy found 11 patients had favourable outcomes, suggesting this
procedure should be adopted for young patients with CVT who develop malignant hemispheric stroke. For the long-
term anticoagulation therapy, the duration is depending on the presence of provoked versus unprovoked events. The
duration of long-term anticoagulation is dependent on the presence of provoked versus unprovoked events. Patients
with provoked events should have warfarin with a target INR of 2.0-3.0 for 3-6 months, while those with unprovoked
CVT should be treated for 6-12 months. (The gold standard for long-term management of CVT is warfarin with an INR
target of 2.0-3.0.) Patients with recurrent CVT, first-time CVT (provoked or unprovoked), venous thromboembolism
after CVT, or severe thrombophilia should be treated with indefinite anticoagulation [48].

According to the European Stroke Organization, a therapeutic dose of heparin is recommended in acute CVT. With
low quality of evidence, they suggest LMWH instead of UFH unless the patient has renal insufficiency. They did
not recommend thrombolytic therapy for acute CVT due to its high risk of poor outcome and major hemorrhagic
complications. If the patient has an inflammatory disease such as systemic lupus erythematosus associated with
CVT, steroids are recommended for the management of acute CVT. In patients with acute CVT and impending
brain herniation, routine shunting is not recommended to avoid the risks from parenchymal lesions. Also, it is not
recommended to use shunting in acute CVT with hydrocephalus to prevent death and improve patient outcomes.
Decompressive surgery is recommended in patients with acute CVT and impending brain herniation. Vitamin K
antagonist can be used for 3-12 months after CVT to prevent recurrence; direct oral anticoagulant is not recommended
especially in acute CVT. Antiepileptic medications are recommended for seizure management and prevention. In
pregnant and puerperal patients with CVT, LMWH is recommended; however, combined hormonal contraception
should not be used. If a pregnant woman has a history of CVT, prophylactic subcutaneous LMWH is recommended
[49].

At this point, management of COVID-19 associated with CVT is the same as management of CVT without infection
[3].

The overall outcome of patients with CVT and COVID-19 has been reported 35%-45%, while CVT alone was up to
15%, and COVID-19 alone was 5.6% [8,50].

Larger studies are required to determine incidence and mortality rates related to CVT associated with COVID-19.

CONCLUSION

CVT is emerging as a serious neurovascular pathological complication with significant mortality and morbidity that
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may occur after COVID-19, which needs to be considered in the clinical context with other neurological complications.
Hypercoagulable states with COVID-19 infection are described as a pathophysiological mechanism with cascade
thrombo-inflammation process. A better understanding of the pathophysiology, clinical presentation, and risk factors
will foster the development of appropriate clinical approaches with therapeutic modalities. Further studies to identify
biomarkers of thrombosis and underlying pathological mechanisms that cause severe illness may guide clinicians on
early management and interventional strategies and optimize healthcare resources towards those patients at high risk
for long-term disabilities and dire outcomes due to CVT in the presence of COVID-19.

DECLARATIONS
Conflict of Interest
The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or publication of
this article.

REFERENCES

1. Nwajei, Felix, et al. “Cerebral venous sinus thromboses in patients with SARS-CoV-2 infection: Three cases and
a review of the literature.” Journal of Stroke and Cerebrovascular Diseases, Vol. 29, No. 12, 2020, p. 105412.

2. Idiculla, Pretty Sara, et al. “Cerebral venous thrombosis: A comprehensive review.” European Neurology, Vol. 83,
No. 4, 2020, pp. 369-79.

3. Ghosh, Ritwik, et al. “Cerebral venous thrombosis in COVID-19.” Diabetes & Metabolic Syndrome: Clinical
Research & Reviews, Vol. 15, No. 3, 2021, pp. 1039-45.

4. Tu, Tian Ming, et al. “Cerebral venous thrombosis in patients with COVID-19 infection: A case series and
systematic review.” Journal of Stroke and Cerebrovascular Diseases, Vol. 29, No. 12, 2020, p. 105379.

5. Umakanthan, Srikanth, et al. “Origin, transmission, diagnosis and management of Coronavirus Disease 2019
(COVID-19).” Postgraduate Medical Journal, Vol. 96, No. 1142, 2020, pp. 753-58.

6. Alimohamadi, Yousef, et al. “Determine the most common clinical symptoms in COVID-19 patients: A systematic
review and meta-analysis.” Journal of Preventive Medicine and Hygiene, Vol. 61, No. 3, 2020, pp. E304-12.

7. Kaplan, Peter W., and Andrea O. Rossetti. “EEG patterns and imaging correlations in encephalopathy:
Encephalopathy part I11.” Journal of Clinical Neurophysiology, Vol. 28, No. 3, 2011, pp. 233-51.

8. Bose, Gauruy, et al. “Direct oral anticoagulants in treatment of cerebral venous thrombosis: A systematic review
protocol.” Systematic Reviews, Vol. 8, No. 1, 2019, pp. 1-4.

9. Kiristoffersen, Espen Saxhaug, et al. “Cerebral venous thrombosis-epidemiology, diagnosis and treatment.” Journal
of the Norwegian Medical Association, 2018.

10. Capecchi, M., M. Abbattista, and I. Martinelli. “Cerebral venous sinus thrombosis.” Journal of Thrombosis and
Haemostasis, Vol. 16, No. 10, 2018, pp. 1918-31.

11. Alimohammadi, Arshia, Diana J. Kim, and Thalia S. Field. “Updates in cerebral venous thrombosis.” Current
Cardiology Reports, Vol. 24,2022, pp. 43-50.

12. Paliwal, Vimal Kumar, et al. “Neuromuscular presentations in patients with COVID-19.” Neurological
Sciences, Vol. 41, No. 11, 2020, pp. 3039-56.

13. Scullen, Tyler, et al. “Coronavirus 2019 (COVID-19)-associated encephalopathies and cerebrovascular disease:
The New Orleans experience.” World Neurosurgery, Vol. 141, 2020, pp. e437-46.

14. Bao, Yi, et al. “Clinical features of COVID-19 in a young man with massive cerebral
haemorrhage-Case report.” SN Comprehensive Clinical Medicine, Vol. 2, No. 6, 2020, pp. 703-09.
Google Scholar Crossref

15. Green, Mackenzie, et al. “Non-genetic and genetic risk factors for adult cerebral venous thrombosis.” Thrombosis
Research, Vol. 169, 2018, pp. 15-22.

19


https://www.sciencedirect.com/science/article/pii/S1052305720308302
https://www.sciencedirect.com/science/article/pii/S1052305720308302
https://www.karger.com/Article/Abstract/509802
https://www.sciencedirect.com/science/article/pii/S1871402121001387
file:///D:/New%20System/Tushar%20Journals/IJMRHS/IJMRHS-Vol11.1/IJMRHS-Vol%2011.2/IJMRHS-Vol%2011.2_AI/sciencedirect.com/science/article/pii/S1052305720307977
file:///D:/New%20System/Tushar%20Journals/IJMRHS/IJMRHS-Vol11.1/IJMRHS-Vol%2011.2/IJMRHS-Vol%2011.2_AI/sciencedirect.com/science/article/pii/S1052305720307977
https://pmj.bmj.com/content/96/1142/753.abstract
https://pmj.bmj.com/content/96/1142/753.abstract
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7595075/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7595075/
https://journals.lww.com/clinicalneurophys/Abstract/2011/06000/EEG_Patterns_and_Imaging_Correlations_in.1.aspx
https://journals.lww.com/clinicalneurophys/Abstract/2011/06000/EEG_Patterns_and_Imaging_Correlations_in.1.aspx
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-019-1022-8
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-019-1022-8
https://tidsskriftet.no/en/2018/08/klinisk-oversikt/cerebral-venous-thrombosis-epidemiology-diagnosis-and-treatment
https://onlinelibrary.wiley.com/doi/full/10.1111/jth.14210
https://link.springer.com/article/10.1007/s11886-021-01622-z
https://link.springer.com/article/10.1007/s10072-020-04708-8
https://www.sciencedirect.com/science/article/pii/S1878875020311633
https://www.sciencedirect.com/science/article/pii/S1878875020311633
https://link.springer.com/article/10.1007/s42399-020-00315-y
https://link.springer.com/article/10.1007/s42399-020-00315-y
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B15%5D%09Bao%2C+Yi%2C+et+al.+%22Clinical+features+of+COVID-19+in+a+young+man+with+massive+cerebral+haemorrhage-Case+report.%22+SN+Comprehensive+Clinical+&btnG=
https://doi.org/10.1007/s42399-020-00315-y
https://www.sciencedirect.com/science/article/abs/pii/S0049384818304122

Al-Quliti, et al. Int J Med Res Health Sci 2022 11(2): 15-22

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Caress, James B., etal. “COVID-19-associated Guillain-Barre syndrome: The early pandemic experience.” Muscle
& Nerve, Vol. 62, No. 4, 2020, pp. 485-91.

Deliran, Shahrzad S., et al. “Bacterial meningitis complicated by cerebral venous thrombosis.” European Stroke
Journal, Vol. 5, No. 4, 2020, pp. 394-401.

Reichard, R. Ross, et al. “Neuropathology of COVID-19: A spectrum of vascular and Acute Disseminated
Encephalomyelitis (ADEM)-like pathology.” Acta Neuropathologica, Vol. 140, No. 1, 2020, pp. 1-6.

Imam, Syed F., et al. “A unique case of acute cerebral venous sinus thrombosis secondary to primary varicella
zoster virus infection.” Cureus, Vol. 9, No. 9, 2017.

Leong, Russell, et al. “Global temporal patterns of age group and sex distributions of COVID-19.” Infectious
Disease Reports, Vol. 13, No. 2, 2021, pp. 582-96.

Jerez-Lienas, Alba, et al. “Cerebral vein thrombosis in the antiphospholipid syndrome: Analysis of a series of 27
patients and review of the literature.” Brain Sciences, Vol. 11, No. 12,2021, p. 1641.

Carretta, Domenico Maria, et al. “Cardiac involvement in COVID-19 patients: A contemporary review.” Infectious
Disease Reports, Vol. 13, No. 2, 2021, pp. 494-517.

Hameed, Sajid, et al. “Cerebral venous thrombosis associated with COVID-19 infection: An observational,
multicenter study.” Cerebrovascular Diseases Extra, Vol. 11, No. 2, 2021, pp. 55-60.

Li, Shiqin, et al. “SARS-CoV-2: Mechanism of infection and emerging technologies for future prospects.”
Reviews in Medical Virology, Vol. 31, No. 2, 2021, p. e2168.

Santacroce, Luigi, et al. “The human coronaviruses (HCoVs) and the molecular mechanisms of SARS-CoV-2
infection.” Journal of Molecular Medicine, Vol. 99, No. 1, 2021, pp. 93-106.

Mohanty, Sambit K., et al. “Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) and Coronavirus
Disease 19 (COVID-19)-Anatomic pathology perspective on current knowledge.” Diagnostic Pathology, Vol. 15,
No. 1, 2020, pp. 1-17.

Feldman, Charles, and Ronald Anderson. “The role of co-infections and secondary infections in patients with
COVID-19.” Pneumonia, Vol. 13, No. 1, 2021, pp. 1-15.

Darif, Dounia, et al. “The pro-inflammatory cytokines in COVID-19 pathogenesis: What goes wrong?”” Microbial
Pathogenesis, Vol. 153, 2021, p. 104799.

Gil-Etayo, Francisco Javier, et al. “T-helper cell subset response is a determining factor in COVID-19
progression.” Frontiers in Cellular and Infection Microbiology, Vol. 11,2021, p. 79.

Tsivgoulis, Georgios, et al. “Neurological manifestations and implications of COVID-19 pandemic.” Therapeutic
Advances in Neurological Disorders, Vol. 13, 2020.

Al-Ramadan, Ali, et al. “Acute and post-acute neurological complications of COVID-19.” Neurology
International, Vol. 13, No. 1, 2021, pp. 102-19.

Duman, Taskin, et al. “A multicenter study of 1144 patients with cerebral venous thrombosis: The VENOST
study.” Journal of Stroke and Cerebrovascular Diseases, Vol. 26, No. 8, 2017, pp. 1848-57.

Lindgren, Erik, et al. “Acute symptomatic seizures in cerebral venous thrombosis.” Neurology, Vol. 95, No. 12,
2020, pp. e1706-15.

Antos, Andrew, et al. “Unusually high risks of COVID-19 mortality with age-related comorbidities: An adjusted
meta-analysis method to improve the risk assessment of mortality using the comorbid mortality data.” Infectious
Disease Reports, Vol. 13, No. 3, 2021, pp. 700-11.

Dias, Rafael Azevedo, et al. “Acute inflammation in cerebrovascular disease: A critical reappraisal with focus on
human studies.” Life, Vol. 11, No. 10, 2021, pp. 1103.

Oxley, Thomas J., et al. “Large-vessel stroke as a presenting feature of COVID-19 in the young.” New England
Journal of Medicine, Vol. 382, No. 20, 2020, p. 60.

20


https://onlinelibrary.wiley.com/doi/full/10.1002/mus.27024
https://journals.sagepub.com/doi/full/10.1177/2396987320971112
https://link.springer.com/article/10.1007/s00401-020-02166-2
https://link.springer.com/article/10.1007/s00401-020-02166-2
https://www.cureus.com/articles/8476-a-unique-case-of-acute-cerebral-venous-sinus-thrombosis-secondary-to-primary-varicella-zoster-virus-infection
https://www.cureus.com/articles/8476-a-unique-case-of-acute-cerebral-venous-sinus-thrombosis-secondary-to-primary-varicella-zoster-virus-infection
https://www.mdpi.com/2036-7449/13/2/54
https://www.mdpi.com/2076-3425/11/12/1641
https://www.mdpi.com/2076-3425/11/12/1641
https://www.mdpi.com/2036-7449/13/2/48
https://www.karger.com/Article/Abstract/516641
https://www.karger.com/Article/Abstract/516641
https://onlinelibrary.wiley.com/doi/full/10.1002/rmv.2168
https://link.springer.com/article/10.1007/s00109-020-02012-8
https://link.springer.com/article/10.1007/s00109-020-02012-8
https://link.springer.com/article/10.1186/s13000-020-01017-8
https://link.springer.com/article/10.1186/s13000-020-01017-8
https://link.springer.com/article/10.1186/s41479-021-00083-w
https://link.springer.com/article/10.1186/s41479-021-00083-w
https://www.sciencedirect.com/science/article/pii/S0882401021000711
https://www.frontiersin.org/articles/10.3389/fcimb.2021.624483/full
https://www.frontiersin.org/articles/10.3389/fcimb.2021.624483/full
https://journals.sagepub.com/doi/full/10.1177/1756286420932036
https://www.mdpi.com/2035-8377/13/1/10
https://www.sciencedirect.com/science/article/abs/pii/S1052305717301787
https://www.sciencedirect.com/science/article/abs/pii/S1052305717301787
https://n.neurology.org/content/95/12/e1706.abstract
https://www.mdpi.com/2036-7449/13/3/65
https://www.mdpi.com/2036-7449/13/3/65
https://www.mdpi.com/2075-1729/11/10/1103
https://www.mdpi.com/2075-1729/11/10/1103
https://www.nejm.org/doi/full/10.1056/NEJMc2009787

Al-Quliti, et al. Int J Med Res Health Sci 2022 11(2): 15-22

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

, Mauro, et al. “Stroke in patients with SARS-CoV-2 infection: Case series.” Journal of Neurology, Vol. 267, No.
8, 2020, pp. 2185-92.

Merkler, Alexander E., et al. “Risk of ischemic stroke in patients with coronavirus disease 2019 (COVID-19) vs.
patients with influenza.” JAMA Neurology, Vol. 77, No. 11, 2020, pp. 1366-72.

Saposnik, Gustavo, et al. “Diagnosis and management of cerebral venous thrombosis: A statement for healthcare
professionals from the American Heart Association/American Stroke Association.” Stroke, Vol. 42, No. 4, 2011,
pp. 1158-92.

Khan, Faisal, et al. “New horizons for diagnostic pitfalls of cerebral venous thrombosis: Clinical utility of a
newly developed cerebral venous thrombosis diagnostic score: A case report and literature review.” The American
Journal of Case Reports, Vol. 22,2021, p. €932123.

Jain, Rajan, et al. “COVID-19 related neuroimaging findings: A signal of thromboembolic complications and
a strong prognostic marker of poor patient outcome.” Journal of the Neurological Sciences, Vol. 414, 2020, p.
116923.

van Dam, Lisette F., et al. “Current imaging modalities for diagnosing cerebral vein thrombosis-A critical
review.” Thrombosis Research, Vol. 189, 2020, pp. 132-39.

Wang, Lei, et al. “Clinical manifestations and evidence of neurological involvement in 2019 novel coronavirus
SARS-CoV-2: A systematic review and meta-analysis.” Journal of Neurology, Vol. 267, No. 10, 2020, pp. 2777-
89.

Li, Yanan, et al. “Acute cerebrovascular disease following COVID-19: A single center, retrospective, observational
study.” Stroke and Vascular Neurology, Vol. 5, No. 3, 2020, pp. 279-84.

Beyrouti, Rahma, et al. “Characteristics of ischaemic stroke associated with COVID-19.” Journal of Neurology,
Neurosurgery & Psychiatry, Vol. 91, No. 8, 2020, pp. 889-91.

Ntaios, George, et al. “Characteristics and outcomes in patients with COVID-19 and acute ischemic stroke: The
global COVID-19 stroke registry.” Stroke, Vol. 51, No. 9, 2020, pp. €254-58.

Bushnell, Cheryl, and Gustavo Saposnik. “Evaluation and management of cerebral venous thrombosis.” Continuum:
Lifelong Learning in Neurology, Vol. 20, No. 2, 2014, pp. 335-51.

Ferro, José M., et al. “European Stroke Organization guideline for the diagnosis and treatment of cerebral venous
thrombosis-endorsed by the European Academy of Neurology.” European Stroke Journal, Vol. 2, No. 3, 2017,
pp- 195-221.

Ostovan, Vahid Reza, et al. “Cerebral venous sinus thrombosis associated with COVID-19: A case series and
literature review.” Journal of Neurology, Vol. 268, No. 10, 2021, pp. 3549-60.

Serebrovska, Zoya O., et al. “Hypoxia, HIF-1a, and COVID-19: From pathogenic factors to potential therapeutic
targets.” Acta Pharmacologica Sinica, Vol. 41, No. 12, 2020, pp. 1539-46.

21


https://link.springer.com/article/10.1007/s00415-020-09885-2
https://jamanetwork.com/journals/jamaneurology/article-abstract/2768098
https://jamanetwork.com/journals/jamaneurology/article-abstract/2768098
https://www.ahajournals.org/doi/full/10.1161/STR.0b013e31820a8364
https://www.ahajournals.org/doi/full/10.1161/STR.0b013e31820a8364
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8274363/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8274363/
https://www.sciencedirect.com/science/article/pii/S0022510X20302604
https://www.sciencedirect.com/science/article/pii/S0022510X20302604
https://www.sciencedirect.com/science/article/pii/S0049384820300840
https://www.sciencedirect.com/science/article/pii/S0049384820300840
https://link.springer.com/article/10.1007/s00415-020-09974-2
https://link.springer.com/article/10.1007/s00415-020-09974-2
https://svn.bmj.com/content/5/3/279.abstract
https://svn.bmj.com/content/5/3/279.abstract
https://jnnp.bmj.com/content/91/8/889.abstract
https://www.ahajournals.org/doi/full/10.1161/STROKEAHA.120.031208
https://www.ahajournals.org/doi/full/10.1161/STROKEAHA.120.031208
https://journals.lww.com/continuum/Abstract/2014/04000/Evaluation_and_Management_of_Cerebral_Venous.12.aspx
https://journals.sagepub.com/doi/full/10.1177/2396987317719364
https://journals.sagepub.com/doi/full/10.1177/2396987317719364
https://link.springer.com/article/10.1007/s00415-021-10450-8
https://link.springer.com/article/10.1007/s00415-021-10450-8
https://www.nature.com/articles/s41401-020-00554-8
https://www.nature.com/articles/s41401-020-00554-8

Al-Quliti, et al. Int J Med Res Health Sci 2022 11(2): 15-22

22



