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Abstract: Headache, a common prodromal symptom of the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection, can also be a manifestation of cerebral venous thrombosis
(CVT), secondary to COVID-19. CVT management continues to evolve, with direct oral anticoagulants
(DOACs) emerging as an alternative to warfarin. A 44-year-old Asian female, with no past medical
history, presented to the emergency room (ER) with complaints of nonproductive cough and left-sided
headache. She denied a history of COVID-19 vaccination, and SARS-CoV-2 testing (with reverse
transcriptase-polymerase chain reaction) was positive. Non-contrast computed tomography (CT)
of the head revealed left transverse sinus hyperdensity, consistent with dense vein sign, and magnetic
resonance venography (MRV) confirmed the presence of thrombus. The initial treatment included
subcutaneous enoxaparin with headache resolution, and she was discharged on apixaban. Five weeks
later, a non-contrast head CT showed resolution of the dense vein sign and recanalisation of left
transverse sinus was seen on MRV. This report has highlighted the need for increased awareness
of coagulopathy and thrombotic events, including cerebral venous thrombosis, in patients infected
with SARS-CoV-2. Unremitting headache, in context of SARS-CoV-2 infection, should be evaluated
with appropriate neurovascular imaging. Controlled studies are required to compare the safety and
efficacy of DOACs with warfarin for management of cerebral venous thrombosis.

Keywords: COVID-19; severe acute respiratory syndrome coronavirus; anticoagulants; case report;
cerebral venous thrombosis; brain ischemia

1. Introduction

Headache is one of the most commonly reported initial manifestations of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection (50%) [1]. This has been
suggested to be secondary to systemic inflammatory response syndrome. Rarely, these
headaches can also signify the presence of an underlying CVT, secondary to the thrombo-
genic state induced by SARS-CoV-2. Isolated headaches can be the sole initial manifestation
of CVT, irrespective of underlying etiology, in 14% of cases [2,3]. Development of CVT,
secondary to SARS-CoV-2 infection, is being increasingly recognized.

The COVID-19 pandemic has made the use of warfarin challenging, as it requires
prolonged hospital stays and outpatient monitoring to establish optimum International
Normalized Ratio (INR) [4,5]. Direct oral anticoagulants (DOACs) have been increasingly
used for prophylaxis of strokes and systemic embolism, and have also emerged as a viable
treatment option for CVT [6,7]. These anticoagulants have shown a comparable efficacy
and an improved safety profile, as compared to warfarin, for the management of CVT [6,7].
The pharmacodynamic properties of DOACs provide an added advantage (by providing
immediate therapeutic effect) and require no additional monitoring [5]. Therefore, there
has been an increase in the use of DOACS for CVT during the COVID-19 pandemic.
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Here, we present a case of a young female who presented with an isolated headache
and was found to have left transverse sinus thrombosis, secondary to SARS-CoV-2 infec-
tion. We also performed a literature search, focusing on cases that used DOACs for the
management of CVT, in the context of SARS-CoV-2 infection (Table 1) [1,8-14].

Table 1. Review of literature: cases involving cerebral venous thrombosis with COVID-19 that only used Direct Oral

Anticoagulants for treatment.

Article Study Clinical Presentation Location Diagnostic Imaging COVID-19 Diagnosis Therapeutics Outcome
Head CT 2: hyperdensity of superior
Right-sided frontotemporal Right si d sagittal sinus, right transverse sinus, 1. Low molecular weight
progressive headache, ght sigmoi sigmoid sinus, and right upper Heparin for 24 h (dosage Patient is at home
Hughes 2020 PR R and jugular vein. Nasopharyngeal unknown! . N
Case Report ipsilateral numbness, slurred Jugw c ) recovering as of
[8] v transverse b. s o . . COVID-19 € swab . d e .
speech, and expressive sinus CTV P filling defect in right sigmoid 2. Apixaban 10 mg 9 BID © for publication.
dysphasia and transverse sinus involving the 7 days
torcula
Non-contrast CT @ Head: 1. subcutaneous L
hyperdensity of left transverse unfractionated Heparin 10,000 . Slgnlﬁctanft .
sinus (cord sign) ) units (duration unknown); improvement of sinus
Confluence of . f First SARS-CoV-2 h Ry ‘( itched to TV ™ ) thrombus and
Sugi N lefi T2-weighted MRI * demonstrated PCR test was necative. switched to discharged on day 33;
uglyama Case Report Fever and malaise sinus to left isoi " g f 5 . unfractionated Heparin, dose ischarged on day 35;
2020 [9] transverse 15015‘@“5‘@" TZ'FLAIR MRI Repeat SARS-CoV-2 h adjusted (specific dose continued Edoxaban
sinus hyperintensity m the left transverse RT PCR i was positive. unknown) for 18 days and remained free of
sinus d i symptoms for 14 days
T2-weighted MRI { hypointensity left 2. Edoxaban 60 mg ¢ QD after discharge.
transverse sinus. duration of at least 29 days
Non-contrast CT 2 of the head was
normal 1 week later:
Repeat Head CT @ and cTvb:
Superior thlrofmbosis of supcriorlsafgittal sindus, Negative PCR k 1. subcutaneous Enoxaparin Discharged from
i i eft transverse sinus, left sigmoi a i °
lsaf:ztﬂal sinus, it s oo tghe o nasopharyngeal Swljbs 40 mg 4 QDI for 7 days, hospital and positive
e Ians; elrsfe /U8 | g for SARS-CoV-2 switched to IV ™ Heparin 1.5 response to treatment to
Thompson Case Report Delirium, executive sinus a;; eft of Labbé 7 x 8mm parenchymal (howevercpr(.)bable. mg/kg QDI (duration date of publication.
2020 [10] ase Repor dysfunction and dyspraxia sigmoic sinus haemorrhage in left temporal lobe 2 COVID-19 € diagnosis unknown) Continuing
down to the weeks from admission: was made, based on . d e anticoagulation for a
level of the radiological improvement with European Centre for 2. Ap{xgban 5mg  BID € for minimum of 3-6
jugular recanalisation of the vein of Labbe, Disease Control case minimum 3-6 mc.mt]?s months.
foramen partial recanalisation of the left definition) (personal communication)
transverse sinus and superior sagittal
sinus. Acute haemorrhage within the
slender hygroma.
Case series 1. Left Nasopharyngeal swab 1 Dabizats é Rf"ll“\‘;o“ of
y . . ) . h i .Dabigatran erebral Venous
Tu 2020 [11] S}E;Srire\::lc 1. Chest pain, fever, and chills Sitr‘;r;?d esrif;e‘,ls Not Applicable SARS-CoV-2 " .RT PCR (dosage/duration unknown) Thrombosis after 4
g was positive. weeks
1. Therapeutic doses of TV ™
low molecular weight Heparin .
Left sided weakness, left facial Right . b led N (specific dose unknown, 1 ]ilSChaIgEdfm,l,l
Bolaji 2020 C " twitch, inability to stand, and ¢ lg' iT 'bCTV leLVLa 'I venous S"?u”l Nasopharyngeal swab started on admission, full cf)ng Em} calrteh actity
[12] ase repor left-sided extensor plantar rmisv e-rse t. rombosis, bil atera_ venous cortical SARS-Cov-2 h positive duration unknown) or physical therapy
response sinus infarcts, acute cortical hemorrhage 2. Edoxaban an@ m}:)mtormhg, then
(dosage/duration unknown) discharged home
Left €TV b 1 month later

Pang 2021 [13]

Case report

3 day history of fever, cough,

transverse

MRIf Brain, MRV ™ (T2 flow void)

RT-PCR
Nasopharyngeal swab

1. Heparin use unknown
2. Dabigatran 150 mg ¢ BID €

revealed resolution,

and headache and sigmoid h . tor 3 e then patient was lost to
sinuses SARS-CoV-2 ™' positive or 3 months follow up
1.Low molecular weight
Heparin
: (dosage/duration unknown)
priy 10 of 18 patients
trangsvecrs/e 2.Unfractionated Heparin
Multicenter Headache, seizures, altered sigmoid, B . . L RT-PCR i (dosage/durahor‘ unknown) 4
Hameed Study and . - Neuroimaging revealed infarction in of 18 patients o o
5 mental status, hemiparesis, cavernous, N Nasopharyngeal swab . N mRS © score 0-2
2021 [14] Review of and heminumbness straight affected sinuses hoo 3. Direct oral anticoagulants
Literature ¢ umbness qi:m f and SARS-CoV-2 ™ positive (dosage/duration unknown) 6
N int:t:'\al of 18 patients; Rivaroxaban

jugular vein

(dosage/duration unknown) 5
of 6 patients; Dabigatran
(dosage/duration unknown) 1
of 6 patients

Abbreviations: a—computed tomography (CT); b—computed tomography venography (CTV); c—coronavirus disease 2019 (COVID-
19); d—milligrams (mg); e—twice daily (BID); f—magnetic resonance imaging (MRI); g—fluid-attenuated inversion recovery (FLAIR);
h—severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2); i—reverse transcriptase-polymerase chain reaction (RT-PCR); j—once
daily (QD); k—polymerase chain reaction (PCR); l—millimeters (mm); m—intravenous (IV); n—magnetic resonance venography (MRV);
o—modified Rankin Scale (mRS).

2. Case Report

A 44-year-old Vietnamese female, with no significant past medical history, presented to
the emergency room (ER) with a three-week history of nonproductive cough and left-sided,
pressure-like headache of moderate intensity (6/10). The patient denied fevers, chills,
sore throat, and exposure to sick contacts with SARS-CoV-2 infection. The patient denied
COVID-19 vaccination. She also denied dizziness, neck stiffness, and changes to her mental
status. The headache and cough were refractory to the azithromycin (Z-pak) and steroids
prescribed by her primary care physician one week prior. The patient denied a personal
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history of smoking, alcohol, illicit drug, and oral contraceptive use. She reported family
history of diabetes mellitus, but denied hypertension, hyperlipidemia, and hypercoagulable
disorders. Vital signs taken on arrival were blood pressure 104/57 mmHg, heart rate
102 bpm, respiratory rate 20 breath/min, temperature 98.4 °F, SpO, of 99% on room air,
and weight of 60 kg. Physical examination revealed the patient was alert and oriented
to person, place, time, and situation. Cardiopulmonary examination was unremarkable.
Neurological examination showed no focal motor or sensory deficits, intact cranial nerves
I-X1I, and no signs of meningeal irritation (negative Kernig and Brudzinski signs).

Intravenous fluids, acetaminophen, and ketorolac were administered, providing min-
imal pain relief. The complete blood count showed hemoglobin (Hb) 13.4 g/dL, mean
corpuscular volume (MCV) 87.6 g/L, white blood cell count (WBC) 7.8 x 10° /L, lympho-
cytes 29.2%, monocytes 12.7%, and platelets 296 x 10° /L. The comprehensive metabolic
panel was within normal limits. Hologic’s Panther Fusion® SARS-CoV-2 testing, with
a transcription-mediated polymerase chain reaction (performed in Houston, TX, USA)
was positive. Chest X-ray showed the lungs were clear, with no evidence of consolidation,
masses, pleural effusion, or pneumothorax. The pulmonary vasculature, cardiac, and me-
diastinal contours were also within normal limits. Despite pain management, the patient
continued to complain of left-sided headache, prompting neuroimaging. Non-contrast
brain CT revealed an asymmetric hyperdensity of the left transverse sinus, consistent with
acute thrombosis with no associated parenchymal edema or hemorrhage (Figure 1).

Figure 1. Non-contrast brain computed tomography (CT) at first emergency room visit revealed
an asymmetric hyperdensity of the left transverse sinus (dense vein sign), consistent with acute
thrombosis with no associated parenchymal edema or hemorrhage.

The patient was admitted and placed in negative-pressure isolation. Therapeu-
tic anticoagulation, with 60 mg/0.6 mL subcutaneous enoxaparin twice per day (BID),
was initiated. Non-contrast brain magnetic resonance imaging (MRI) showed no infarcts
or hemorrhages. Magnetic resonance venography (MRV) revealed lack of flow-related
signal in the left transverse sinus, correlating with dense vein sign seen on the non-contrast
head CT, confirming the presence of cerebral venous thrombosis. Additionally, there was
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evidence of hypoplasia in the left sigmoid sinus and jugular bulb (Figure 2). Additional
laboratory testing revealed homocysteine 6.0 umol/L and negative titers for antinuclear
antibody, anticardiolipin antibody, beta-2 glycoprotein antibody, and lupus anticoagulant.
Coagulation panel was negative for Factor G20210 A and Factor V Leiden mutations, with
an Antithrombin IIT of 126%, a PTT 28.9 s, PT 13 s, INR 0.98, Protein C 112 IU, and Protein
S 54 IU. On day three, the patient was transitioned onto 10 mg apixaban BID. The patient’s
headache resolved on the fifth day of admission. She was discharged home, initially on
apixaban 10 mg BID for four more days to complete the seven-day course, and then was
switched to apixaban 5 mg BID, with additional instructions to follow up outpatient for a
repeat MRV.

Five weeks later, the patient returned to the ER, due to a one-week history of inter-
mittent holocranial pressure, refractory to acetaminophen. Vitals revealed blood pressure
106/77 mmHg, heart rate 109 bpm, respiratory rate 18 breaths/min, temperature 98.1 °F,
and SpO; of 97% on room air. Physical examination revealed that the patient was alert
and oriented to person, place, time, and situation. Cardiopulmonary examination was
unremarkable. Neurological examination showed no cranial nerve deficits, intact speech,
no focal motor or sensory deficits, and no signs of meningeal irritation (negative Kernig and
Brudzinski signs). Complete blood count and comprehensive metabolic panel were normal.
Coagulation screening showed INR 1.05. She reported compliance with the apixaban 5 mg,
twice daily. Non-contrast head CT did not show any acute intracranial abnormalities with
resolution of the left transverse sinus dense vein sign. Recanalization of the small caliber
left transverse sinus with persistent hypoplasia of sigmoid sinus and jugular bulb was seen
on MRV (Figure 3). The patient was offered admission for symptomatic management of
headaches but left against medical advice and was lost to follow up.

Figure 2. Magnetic resonance venography (MRV) on admission revealed a lack of flow-related signal
in the left transverse sinus, correlating with dense vein sign seen on non-contrast head computed
tomography (CT), confirming the presence of cerebral venous thrombosis. Additionally, there was
evidence of hypoplasia in the sigmoid sinus and jugular bulb.
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Figure 3. Magnetic resonance venography (MRV), five weeks later, revealed recanalization of the
small caliber left transverse sinus with persistent hypoplasia of sigmoid sinus and jugular bulb.

3. Discussion

Headaches are being frequently reported as a prodromal symptom of SARS-CoV-2
infection. Caronna et al. reported that 21.4% of patients had a headache as their first
clinical manifestation of SARS-CoV-2 infection and hypothesized that it could be caused
by systemic inflammatory response processes [15]. These headaches were new-onset
(24.7%), moderate intensity (50.6%), and characterized as pressing (70.1%) or throbbing
(19.6%) [15]. New-onset or intractable headaches, associated with the SARS-CoV-2 in-
fection, can also be the sole manifestation of CVT (as seen in our patient) and requires
thorough evaluation. Isolated headache (14%), is the most common presenting symptom of
both provoked and unprovoked CVT [2,3]. Headaches, secondary to CVT with an underly-
ing SARS-CoV-2 infection, affect approximately 50% of patients [1]. These headaches
are commonly unremitting and can be associated with loss of consciousness (30.8%)
and seizures (19.5%) [1,11].

Cerebrovascular complications, secondary to SARS-CoV-2 infection, are becoming more
frequently reported [11,16]. Cerebral venous thrombosis is now a well-established complica-
tion in SARS-CoV-2 infection, with a reported incidence of 4.5/100,000 [11]. Chaumont et al.
published the first case of COVID-19 and CVT in May 2020 [16]. The SARS-CoV-2 virus has
been hypothesized to contribute to thrombus formation through a multifactorial pathway
(Scheme 1). The virus is hypothesized to indirectly damage the endothelial cells secondary
to a cascade of inflammatory events ultimately leading to the formation of immunothrom-
bus: a microthrombus composed of citrullinated histone H3 positive neutrophils, platelets,
and fibrin [17-19].
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Scheme 1. Flow chart depicting the multiple factors contributing to the hypothesized mechanisms of thrombus formation

secondary to SARS-CoV-2 virus infection.

Diagnosing CVT requires the utilization of various neurovascular imaging modalities.
The dense vein sign and dense triangle/clot signs on non-contrast head CT have a low
sensitivity though high specificity [20,21]. Computed tomography venography (CTV)
and MRV have high sensitivity and specificity for diagnosing CVT, and (in rare cases)
cerebral angiography is required if findings are inconclusive [22,23]. Our patient presented
with an isolated headache, and the dense vein sign was seen on non-contrast CT (Figure 1),
correlating with the absence of flow-related signal on MRV (Figure 2), confirming the
presence of CVT. Additionally, the SARS-CoV-2 reverse transcriptase-polymerase chain
reaction test (100% specificity) [24] confirmed COVID-19 infection. Baldini et al. reported
that in SARS-CoV-2 infected patients with CVT, 31% had concurrent, underlying conditions
contributing to thrombus formation [25]. Although the SARS-CoV-2 infection has been
linked to thrombogenic states, it is imperative for providers to evaluate the underlying
diseases that contribute to a hypercoagulable state. Appropriate history and diagnostic
testing ruled out secondary etiologies of the CVT. These diagnostic findings led to the
conclusion that, in this patient, the underlying etiology of CVT was SARS-CoV-2 infection.

Cerebral venous thrombosis, in the context of SARS-CoV-2 infection, was first reported
by Chaumont et al. in May 2020 [16]. In order to evaluate the use of DOACs in CVT and the
COVID-19 disease, we performed a literature search (using PubMed and Google Scholar)
for English language articles from 2020 to 2021, using the key terms “cerebral venous
thrombosis”, “direct oral anticoagulant”, and “COVID-19”. The main exclusion criteria
used were (1) lack of cerebral venous thrombosis, (2) cerebral venous thrombosis without
COVID-19, and (3) lack of DOAC use. Seven publications, as of 16 July 2021, were found
depicting the use of DOACs in patients with CVT and COVID-19 (Table 1) [8-14].

Therapeutic doses of low molecular weight heparin should be initiated for the acute
treatment of CVT, even in cases when venous strokes are complicated by hemorrhagic
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conversion [4]. The use of anticoagulation has been proven to be safe and effective,
as it is directed towards the underlying pathology of thrombosis. In patients with cancers
associated with acute thrombosis, the use of DOACs is preferred over low molecular
weight heparin (LMWH), with the exception of gastrointestinal or urological cancers [26].
The gold-standard, long-term treatment of CVT is warfarin, with a target INR of 2.0-3.0 [4,6].
Warfarin has been reported to be the most effective anticoagulation therapy, compared to
DOAC S, in patients with antiphospholipid syndrome, prosthetic valves, and those with
high risk of gastrointestinal bleeds [26,27]. For warfarin to be therapeutic, prolonged
stays in the hospital are required, with additional long-term outpatient INR monitoring.
The COVID-19 pandemic has made management of the INR difficult. The pandemic
has caused an overcrowding of hospitals, thus increasing the risk of exposure to the
SARS-CoV-2 virus. Furthermore, it has increased cost and decreased availability of in-
home INR monitoring kits. Our patient had additional challenges, such as communication
issues (Vietnamese speaking only) and lack of transportation. Taking all of these factors
into consideration, we chose to start the patient on apixaban 5 mg, which proved to be
effective, as our patient had resolution of the cerebral venous thrombosis and was safe with
no neurological complications.

A few limitations in our study include missing D-dimer and fibrinogen levels. D-Dimer
is helpful in diagnosing thromboembolic conditions, especially deep venous thrombosis
and pulmonary embolisms. In this case, CVT was seen on the initial CT scan in the ER,
which led to further neurovascular imaging, confirming the diagnosis. Another oversight,
on our part, was not obtaining JAK2 V617 F mutation levels. However, there was low sus-
picion for underlying myeloproliferative disorders causing thrombosis, due to the patient
lacking any corresponding history, clinical features, and laboratory findings. Although,
there has been one rare reported case of the development of CVT as the initial presentation
of myeloproliferative disorders [28].

The overall mortality of patients with SARS-CoV-2 and CVT has been reported to be
35-45%, as compared to CVT alone (3.3-15%), or COVID-19 disease alone (5.6%) [11,29].
The proposed pathogenesis of higher mortality includes increased thrombus burden and
more frequent involvement of the deep venous sinuses (straight sinus and internal cerebral
veins) [11,29]. However, larger studies are needed to determine the overall incidence and
mortality related to CVT in SARS-CoV-2 infected patients.

4. Conclusions

The COVID-19 disease spectrum and its related systemic and neurological complica-
tions continue to evolve and present new management challenges. Headache is a frequently
reported initial manifestation of the SARS-CoV-2 infection. Irrespective of the underlying
etiology, headache can also be the sole clinical presentation of underlying CVT. This re-
port has highlighted the need for an increased awareness of coagulopathy and thrombotic
events, including cerebral venous thrombosis, in patients infected with SARS-CoV-2. In our
patient, apixaban demonstrated appropriate efficacy and safety, which was in accordance
with our literature review findings. However, further controlled studies are required
to compare the overall efficacy and safety of DOACs with warfarin, for the long-term
management of cerebral venous thrombosis.
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