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Coronavirus disease 2019 is an infectious disease caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2); it has recently been associated with several hemato-
logic disorders. A 4-year-old boy who had SARS-CoV-2 10 months prior was admitted to the
emergency department of our hospital with seizures. His SARS-CoV-2 IgG II level was 885.7
AU/mL. Neuroimaging with cranial computed tomography after admission showed abnor-
mal images of the venous sinus, but this was not sufficient to diagnose cerebral venous
sinus thrombosis. Therefore, magnetic resonance imaging and digital subtraction angiog-
raphy were conducted, which confirmed the diagnosis. He was treated with thrombectomy
and anticoagulation drugs, and the clinical outcomes were satisfactory. Because our patient
had a medical history of SARS-CoV-2 and exhibited no other risk factors, we present this
case as evidence of a potential association between cerebral venous sinus thrombosis and
SARS-CoV-2.
© 2023 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
This is an open access article under the CC BY-NC-ND license
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Introduction

Coronavirus disease 2019 (COVID-19) is an infectious disease
caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), which has posed a massive threat to global
health. Recently, COVID-19 has been associated with several
hematologic disorders. SARS-CoV-2 infection affects a pro-
thrombotic state, but the long-term effects of COVID-19 on
the prevalence of vascular diseases are not clear. According
to several studies conducted during the COVID-19 pandemic,
infectious SARS-CoV-2 in children is typically mild and nonfa-
tal, but it can lead to serious diseases and long-term sequelae
[1,2].

Cerebral venous sinus thrombosis (CVST) is an uncom-
mon subtype of stroke; the prevalence of CVST was reported
to be approximately 2.34 cases per 100,000 per year before
the COVID-19 pandemic and approximately 4.5-20 cases per
100,000 during the pandemic [3-5]. CVST has many known
genetic and acquired risk factors. CVST has a good prognosis
with treatment, but it can be fatal if it is not treated or treated
late. However, it is very difficult to diagnose CVST with only
clinical examination because patients (especially pediatric pa-
tients) can present with a wide of nonspecific symptoms, such
as headache, vomiting, and seizures [6-8].

Neuroimaging is critical for the diagnosis of CVST. Com-
puted tomography (CT) scans and magnetic resonance imag-
ing (MRI) are routinely indicated to detect these brain
parenchyma injuries. Nonenhancement CT imaging is not
sensitive for detecting thrombosis in the cerebral sinus ve-
nous system and only identifies 25%-56% of cases [9-11].
MRI pulse sequences (both enhanced and nonenhanced tech-
niques) are very effective for CVST diagnosis and have variable
strengths. In addition, digital subtraction angiography (DSA)
is essential to confirm a diagnosis of an occluded venous si-
nus. Furthermore, patients with CVST could be treated by DSA
with modern techniques, such as the thrombectomy method
or venous stents.

Case presentation

A 4-year-old boy was admitted to the emergency department
with seizures. He had experienced headaches and vomiting
during the 7 days before admission without treatment. His
symptoms became more severe and progressed to seizures.
On admission, his vital signs were as follows: blood pressure,
110/72 mm Hg; heart rate, 88; respiratory rate, 16; and normal
body temperature. He had SARS-CoV-2 10 months before ad-
mission.

On admission, labs, including biochemical tests and com-
plete blood count, were obtained and were within normal
range. Further evaluation with noncontrast head CT was then
performed, demonstrating bilateral hypodense thalamic le-
sions and hyperdensity in the right transverse sinus, straight
sinus, vein of Galen, and inferior sagittal sinus (Fig. 1). Then,
he was then scanned by a Siemens MAGNETOM Spectra 3

Tesla MRI scanner with a noncontrast technique to visualize
the vascular brain parenchyma, and the parameters were as-
sessed by syngo.via software version 4.1.

The result of MRI sequences showed increased signal in-
tensity in the bilateral thalami with fluid-attenuated inver-
sion recovery (FLAIR), diffusion-weighted imaging (DWI), and
apparent diffusion coefficient (ADC) (Fig. 2). Occlusion of the
right transverse sinus, straight sinus, vein of Galen, and in-
ferior sagittal sinus due to the thrombosis was apparent
on susceptibility-weighted imaging (SWI) and MRV images
(Fig. 3).

DSA confirmed these predicted sinus occlusions in the
MRI (Fig. 4). Based on the results of CT, MRI, and DSA, the
diagnosis of CVST was confirmed for the patient. The pa-
tient’s treatment was continued with mechanical thrombec-
tomy with angioplasty; 5F and 8F sheaths (Terumo) were used
to access the superficial femoral artery and the femoral vein,
respectively. The right internal carotid artery was accessed
with a diagnostic 5F vertebral catheter (Merit Medical) and a
0.035” wire (Terumo) to generate a roadmap of the cerebral
sinus. A coaxial system consisting of a Neuron Max 6F 088
Long Sheath (Penumbra) catheter with a Vertebral S5F (Merit
Medical) diagnostic catheter and a 0.035-inch wire (Terumo)
was used to access the internal jugular vein. Then, a SOFIA
Plus aspiration catheter 6F (Microvention) with a Headway
21 microcatheter (Microvention) and a Traxcess 0.014 mi-
crowire (Microvention) were passed through the straight si-
nus occlusion into the internal cerebral vein and the infe-
rior sagittal sinus, respectively. Although the Solumbra tech-
nique was applied with CatchV35 stent (Balt) twice, the cere-
bral sinuses remained occluded. A JADE 4.0 x 40 mm bal-
loon (OrbusNeich) was dilated at the occlusive sites. Angiog-
raphy revealed that the recanalization was ultimately suc-
cessful in the straight sinus and the right transverse sinus
(Fig. 4).

After mechanical thrombectomy, the patient (who weighed
approximately 20 kg), was treated with a half dose of enoxa-
parin 4000 anti-Xa IU/0.4 mL twice a day for 10 days, after
which rivaroxaban 15 mg was administered once a day; this
treatment was maintained for 6 months. On the seventh day
after the thrombectomy, the biochemical tests, which were
used for finding risk factors or causes of CVST, were indi-
cated for our patient. The level of SARS-CoV-2 IgG II was
885.7 AU/mL (Reference range: Negative <50.0 AU/mL; Pos-
itive > 50.0 AU/mL). However, the hypercoagulation ability
workup, including protein C, protein S, antithrombin III, an-
tithrombin/antithrombin III, anti-ANA, antiphospholipid IgG,
antiphospholipid IgM, Factor VII G10976A, Factor XIII F13A1,
Factor V Leiden, Factor V Leiden mutation, prothrombin gene
mutation (G20210A), Factor V R2 A4070G, MTHFR A1298C, was
unremarkable.

On the 10th day after the thrombectomy, an MRV was per-
formed, demonstrating the recanalization of the cerebral si-
nus system (Fig. 5). D-dimer (blood) was indicated for our pa-
tient after 10 days of using anticoagulation drugs. Quantita-
tive D-dimer (blood) revealed a level of 1.52 ug/mL (Reference
range: < 1 ug/mL). Our patient continued the anticoagulation
method with good clinical outcomes.
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Fig. 1 - Computed tomography images. (A) Shows an axial cross-section of the thalamus showing bilateral hypodense
thalamic lesions. (B) shows the hyperdense cerebral venous sinus system (orange arrow).

Fig. 2 - Parenchymal lesions on MRI brain. (A), (B), (C) illustrates bilateral hyperintense thalamic lesions (yellow arrows) with
axial fluid-attenuated inversion recovery (FLAIR), diffusion-weighted imaging (DWI), and apparent diffusion coefficient
(ADC), respectively, which gives a suspicion for parenchyma edema. (D) shows hypointensity of the straight sinus with
susceptibility-weighted imaging (SWI) (red arrow), which gives a suspicion for thrombosis in the sinus.

Fig. 3 - Imaging of cerebral venous sinus system on MR Venography before treatment. (A), (B) Shows the occlusion of the
straight sinus (orange arrow) and right transverse sinus (red arrows) on MRV images before treatment.
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Fig. 4 - Imaging of cerebral venous sinus system on DSA before and after treatment. (A) Shows Occlusion of the straight
sinus (green arrow) on digital subtraction angiography (DSA) before treatment. (B) Shows angioplasty from the right
transverse sinus to the straight sinus (blue arrow). (C), (D) Show the recanalization of the cerebral sinuses system after
thrombectomy including the right transverse sinus, a vein of Galen, straight sinus, and inferior sagittal sinus.

Fig. 5 - Imaging of cerebral venous sinus system on MR Venography on the 10th day after treatment. (A), (B) show the
cerebral venous sinuses system on the 10th day after thrombectomy; straight sinus (yellow arrow) and right transverse

sinus (red arrow).

Discussion

Patients with COVID-19 may have coagulation disorders that
can lead to thrombosis [12]. SARS-CoV-2 has been suggested
to lead to hypercoagulation conditions via many mecha-
nisms. The pathogenesis of CVST in COVID-19 is yet to be

understood. However, multiple mechanisms have been sug-
gested including injury to the endothelial cells caused by
the connection between virus and angiotensin-converting en-
zyme 2 receptors, cytokine storm due to extreme immune
response, excess production of thrombin, and inhibition of
fibrinolysis which can lead to hypercoagulation [13-15]. Al-
though vein thrombosis events have been described in pa-
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tients with COVID-19, research has rarely reported CVST as-
sociated with COVID-19 [16-19]. The proportion of ischemic
stroke in cases of SARS-CoV-2 infection (0.82%) and deep vein
thrombosis in multisystem inflammatory syndrome in chil-
dren (MIS-C) (4.3%) is lower than that in adults (1.2% and
21%, respectively) [18]. The prevalence of COVID-19 in chil-
dren and adolescents is approximately 2.4% of all reported
cases [17].

The true incidence of CVST in COVID-19 patients remains
unknown. However, different results from studies have been
published. Abdalkader et al. [20] observed an incidence of
only 0.02%. Meanwhile, the percentage of CVST in COVID-
19 was 0.08% in a meta-analysis by Baldini and associates
[14]. CVST is difficult to diagnose with clinical symptoms
alone because patients (especially pediatric patients) can
present with a range of nonspecific manifestations, such as
headache, vomiting, and seizures. Knight et al., estimating
hazard ratios (HRs) separate time periods after diagnosis of
COVID-19. The excess rate of venous thrombosis events (VTESs)
in the first weeks after COVID-19 diagnosis decreased less
than that of arterial ones, and it doubled by the 49th week.
The adjusted hazard ratio for the first VTE after COVID-
19 diagnosis decreased from 33.2 in week 1- 1.8 in week
27-49. The proportion of high-risk arterial thromboses and
VTEs 49 weeks after COVID-19 diagnosis are 0.5% and 0.25%,
respectively [19].

Neuroimaging is a fundamental component in the diag-
nosis of CVST. Venous occlusion has more variable effects
on the brain parenchyma than arterial occlusion, so imaging
findings by CT and MRI are also different. In occluded sinuses,
the progression of brain injuries can develop secondary to
vasogenic edema, cytotoxic edema, or intracranial hemor-
rhage. Nonenhanced CT is the first-line imaging study for
neurological emergencies, which is the ability to diagnose
hemorrhage, bony fractures, brain edema, and herniation
in short scanning times, but it’s not enough information
for determination diagnosis of CVST. MRI especially is more
advantageous in diagnosing vascular diseases with these
specific sequences. With nonenhanced MRI, the character-
istic finding for CVST is edema of the bilateral thalamus,
which is reported in approximately 86% of patients. Edema
is easily observable by FLAIR and diffusion-weighted MRI
pulse sequences. Nonenhanced venography techniques,
including two-dimensional (2D) time-of-flight and three-
dimensional (3D) phase-contrast MR venography, showed
the loss of signal intensity in cerebral sinus system. How-
ever, contrast-enhanced techniques for both CT and MRI
are essential to confirm filling defects. DSA is an essential
diagnostic tool to identify occluded venous sinuses. Moreover,
patients with CVST could be treated by DSA with modern
techniques, such as the thrombectomy method or venous
stents.

Our patient was admitted to the hospital with neurological
manifestations. Neuroimaging with cranial CT showed some
abnormal images of the venous sinus, but this is not sufficient
to diagnose CVST. MRI imaging, especially MRV imaging, and
DSA confirmed the diagnosis of CVST. The patient was treated
with mechanical thrombectomy and anticoagulation therapy
with good clinical outcomes. Because our patient had a med-
ical history of SARS-CoV-2 and showed no evidence of other

risk factors, we present this case as evidence of a potential
association between CVST and SARS-CoV-2.

Conclusion

COVID-19 causes a hypercoagulable state and the long-term
effects of COVID-19 on the prevalence of vascular diseases are
not clear. Certainly, if there are worrisome neurologic symp-
toms in these patients after the COVID-19 diagnosis, advanced
imaging should be obtained to rule out thrombotic complica-
tions. CVST has a good prognosis when it is treated promptly.
Pediatric patients with neurological manifestations should be
indicated hypercoagulation factor test and scanned with MRI
techniques to provide the exact diagnosis. With the abnormal
imaging of the cerebral sinus on MRI, the patient should be
evaluated by DSA to achieve the best treatment effects.
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