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Extensive Cerebral Venous Sinus Thrombosis 
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 Patient: Female, 28-year-old
 Final Diagnosis: Cerebral venous sinus thrombosis (CVST) post first dose of Pfizer-BioNTech BNT162b2 mRNA COVID-19 vaccine
 Symptoms: Headache
 Medication: —
 Clinical Procedure:	 CTV	•	Laboratory
 Specialty:	 Hematology	•	Immunology	•	Infectious	Diseases	•	Neurology
 Objective: Unusual clinical course
 Background: COVID-19 is an acute respiratory disease caused by the SARS-CoV-2 virus, which was discovered in 2019. The 

high transmission and seriousness of COVID-19 necessitated the development of an effective vaccine to control 
spread of the disease. Multiple vaccines have been granted emergency use authorization (EUA) by the U.S. Food 
and Drug Administration, namely, the Pfizer-BioNTech, Moderna (mRNA), and the Johnson & Johnson/Janssen 
(vector) vaccines. As these novel vaccines have been used, adverse effects have been reported, ranging from 
mild myalgia to severe anaphylaxis and thrombotic events. Thrombotic consequences raised suspicion for the 
development of cerebral venous sinus thrombosis (CVST), which is a severe condition associated with occlu-
sion of venous sinuses and disruption of the venous system flow.

 Case Report: A 28-year-old healthy woman presented with a 2-week history of persistent and progressive headache 4 days 
after receiving an mRNA COVID-19 vaccine (Pfizer-BioNTech). Cerebral computed tomography (CT) and CT ve-
nography confirmed the presence of extensive thrombus involving the left transverse and sigmoid sinus as 
well as the internal jugular vein. Furthermore, other than recent the COVID-19 vaccination, there were no pre-
cipitant risk factors in her clinical history or in the detailed laboratory work-up.

 Conclusions: Headache associated with red flags following administration of any COVID-19 vaccine should prompt urgent 
neuroimaging to rule out secondary causes and determine the appropriate management. Our patient lacked 
the typical profile of CVST commonly seen following administration of the Oxford-Astrazeneca vaccine. The 
findings of low platelet count may indicate the peculiar pathophysiology of a thrombotic event associated with 
with the Pfizer vaccine.
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Background

The world was struck by the emergence of coronavirus disease 
COVID-19, a severe respiratory syndrome caused by the SARS-
CoV-2 virus, a pandemic that we are still battling to this day. 
COVID-19 was identified in 2019 and great efforts have been 
made to establish safe and effective vaccines [1].

Three vaccines have been granted emergency use authorization 
(EUA) by the U.S. FDA: the Pfizer-BioNTech, Moderna (mRNA), and 
Johnson & Johnson/Janssen (vector) vaccines [2-4]. Each vaccine 
has a different mechanism of action. The mRNA-based vaccine 
uses RNA nanoparticles that incorporate into the cell cytoplasm, 
the vector-based vaccine is a genetically designed virus with mod-
ified DNA, and the protein subunits vaccine is a virus with engi-
neered DNA fragments. All these vaccines are designed to produce 
coronavirus spike proteins and trigger an immune response [5].

As the novel vaccines began to be used, adverse effects were 
reported, ranging from mild arthralgia and myalgia to severe 
anaphylaxis and cerebral venous sinus thrombosis [2-12]. 
The incidence rate of CVST within the first 31 days following 
the first dose of COVID-19 vaccine in Germany was 0.55 per 
100 000 individuals [13].

CVST is a rare, serious neurovascular condition defined as oc-
clusion of venous sinuses that leads to a cascade of events. It 
increases the venous pressure, disrupts its return, and cause 
infarction and hemorrhage, which can eventually lead to poor 
outcomes [14]. Thrombosis of the dural sinus and/or cerebral 
veins (CVT) is an uncommon form of stroke, usually affecting 
young females [15,16]. The risk factors for venous thrombosis 
are classically linked to the Virchow triad, which includes stasis 
of blood, changes in the vessel wall, and changes in the com-
position of blood. Risk factors are usually divided into acquired 
risk factors (eg, surgery, trauma, pregnancy, puerperium, an-
tiphospholipid syndrome, cancer, exogenous hormones, infec-
tion, and after vaccination) and genetic risk factors (eg, inherit-
ed thrombophilia) [14]. Due to the seriousness of CVST, studies 
have been paying special attention to the incidence of CVST 
after vaccination. Herein, we report a case of extensive CVST 
following administration of the first doses of the BNT162b2 
(Pfizer-BioNTech) vaccine in a healthy woman.

Case Report

A 28-year-old, right-handed, healthy woman from Kenya pre-
sented to our neurology clinic with a 2-week history of per-
sistent, progressive, left-sided headache. She described a 
moderate-to-severe (visual analog scale: 7-8/10) dull aching 
pain in the left temporal and occipital areas. It was associat-
ed with mild photophobia. The patient did not report having 

phonophobia, nausea, vomiting, or other neurological symp-
toms. There were no obvious aggravating or relieving factors. 
Furthermore, our patient mentioned previous transient recur-
rent attacks of mild-to-moderate tension-type headache since 
2018. These attacks responded well to simple analgesics and 
lasted only for a few hours. However, her current presenta-
tion was different in location, pattern, severity, duration, and 
responsiveness to analgesia from that of past years. She had 
recently had multiple ER visits for intravenous analgesia due to 
inadequate response to over-the-counter analgesia. Systemic 
review and B-symptoms were negative. She reported no recent 
infection, especially no recent SARS-CoV-2 infection. Both past 
medical and surgical history were unremarkable for her condi-
tion except for the previously mentioned headache. Regarding 
drug history, she received the Pfizer-BioNTech mRNA vaccine 
4 days prior to presentation and reported no use of oral con-
traceptive pills or any other medications of clinical relevance. 
Her family history was unremarkable for any relevant medi-
cal issues. She was single and had never been pregnant, and 
she had been working in Saudi Arabia for 8 months. She de-
nied use of alcohol, tobacco, and recreational drugs. In physical 
examinationshe was vitally stable, afebrile, and normotensive 
with blood pressure of 117/76 mmHg and pulse 73 beats per 
minute. When a neurological examination was preformed, no 
focal neurological deficits were detected. Routine lab results 
(Table 1) were insignificant and her platelet count was normal.

Because our patient’s clinical presentation, the persistence and 
progression of headache, as well as the lack of responsiveness 
to analgesia warranted further evaluation, we performed a ce-
rebral computed tomography (CT) scan (Figure 1A). The CT scan 
showed a hyperdense sinus sign in the left transverse sinus, 
suggestive of a sinus thrombus; therefore, a complementary 
CT venography (Figures 1B-1D, and 2A, 2B) was done, revealed 
a filling defect within the confluent sinus extending through 
the left transverse sinus and sigmoid sinus up to the proxi-
mal segment of the internal jugular vein. All these CT findings 
were consistent with extensive cerebral venous sinus throm-
bosis (CVST). Since no clear precipitating factors were found 
in her clinical history, we ordered vasculitis (ANA, Ds DNS, RF, 
CRP, C3, C4) and thrombophilia (Protein C, S, Antithrombin III, 
Factor V and II mutation, anti B2GP1-IgG/IgM, anticardiolipin, 
lupus anticoagulant) work-up (Table 2). We also ordered anti-
platelet factor 4 antibody (PF-4), sickle cell screen test, naso-
pharyngeal COVID-19 PCR, and a pregnancy test. The results 
of all these tests were negative.

We treated her with enoxaparin (65 mg bid) for 7 days, then 
she was switched to rivaroxaban, an oral direct factor Xa in-
hibitor. Her headache greatly improved and by day 3 it com-
pletely subsided without need for analgesics. The patient was 
discharged home in symptom-free status and a follow-up CTV 
was scheduled in 3 months.
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Discussion

Headache is a common neurological manifestation encoun-
tered on a daily basis in emergency rooms and outpatient clin-
ics. A systematic approach focusing on red flags is paramount 
to guide further laboratory and imaging to look for secondary 
headache. A “SNNOOP10” red flags list is a reasonable tool 
to guide urgent investigation of headache patients [9,17]. We 
stress this point because our patient had multiple ER visits 
and, despite the presence of red flag symptoms, no appropri-
ate work-up had been done before she presented to our clin-
ic. Importantly, most secondary headache can be life-threat-
ening if not treated urgently [15-17].

CVST in most instances is triggered by single or multiple pre-
disposing factors, even transient factors such as a systemic or 
local (ENT; ear nose throat) infection. Clinically, at least 1 pre-
cipitant risk factor was identified in more than 85% of cases, 
and multiple risk factors were found in about half [11]. In our 
patient, despite the comprehensive clinical approach (precise 
history and detailed laboratory work-up), no precipitant fac-
tors were identified except for a recent COVID-19 vaccination.

CVST is a rare adverse event observed recently with increasing 
numbers of COVID-19 vaccinations worldwide. Most COVID-19 
vaccine-related CVST cases were associated with vector-based 
vaccine (ChAdOx1; Vaxzevria; previously AstraZeneca and 
Janssen/Johnson & Johnson). They are usually accompanied 
by thrombotic thrombocytopenic syndrome (TTS) [7,12,19,20]. 
However, our patient developed CVST without TTS follow-
ing her first dose of mRNA COVID-19 vaccine (BENT126b2; 
Pofizer-biontech). So far, there are a scarce reports of mRNA 
COVID-19 vaccine-related CVST cases without TSS V in the lit-
erature [18,20,21].

The estimated incidence of CVST in the general population 1.31 
to 2.78 per 100 000 [16,17]. The reporting event rate of CVST 
after BENT126b2 mRNA (Pfizer-bioNtech) from 12 December 
2020 to 16 March 2021 was 0.4% (4 cases/1197), that was 
less than viral vector vaccine-related CVST within the given pe-
riod, which was 1.1% (7 cases out of 639) [22]. Likewise, an 
analysis of CVST after vaccination in European countries not-
ed that CVST after ChAdOx1 COVID-19 vaccination is by far 
more frequent than with mRNA vaccines [12]. Nevertheless, 
SARS-CoV-2 infection itself is associated with a markedly in-
creased incidence of CVST compared to the general popula-
tion, patients with influenza, and people who have received 

Normal range 

Complete blood count (CBC)

 White blood count (WBC) 5.6 k/ul 4-11 k/ul

 Red blood cells (RBC) 4.82 Mil/ul 4.2-5.5 Mil/ul

 Platelet count (Plt) 331k/ul 140-450 k/ul

 Hemoglobin (Hgb) 10.4g/dL 12-16 g/dl

 Hematocrit (HCT) 32.4% 37-47%

Renal function test (RFT)

 Blood urea nitrogen (BUN) 13 mg/dL 7-26 mg/dl

 Creatinine (Crea) 0.72 mg/dL 0.6-1.3 mg/dl

Liver function test (LFT)

 Total bilirubin 0.4mg/dL 0.2-1.2 mg/dl

 Albumin 4.0 g/dL 3.2-5.2 g/dl

 Alkaline phosphatase 83 U/L 45-150 U/L

 Serum glutamic oxaloacetic transaminase (SGOT) 14 U/L 5-34 U/L

 Serum glutamic pyruvic transaminase (SGOT) 14 U/L 7-55 U/L

 Gamma glutamyl transferase (GGTP) 25U/L 9-36 U/L

Coagulation profile

 Active partial thromboplastin time (aPTT) 31.4 s 26.6-42.3 s

 Prothrombin time 14.7 s 13.1-16.5 s 

 INR (international normalized ratio) 0.99 –

Table 1. Routine laboratory tests.
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BNT162b2 or mRNA-1273 vaccines [23]. These data provide 
clinicians and patients reassurance that COVID-19 vaccines 
are safe and their benefits outweight the risk of SARS-CoV-2 
infection [24].

The mechanism of CVST associated with viral vector vaccine is 
mainly vaccine-induced immune thrombotic thrombocytopenia 

(VITT), which is analogous to autoimmune heparin-induce 
thrombocytopenia (HIT) [11]. The mechanisms mRNA vaccine-
related CVST is still unclear, but may be explained by the fol-
lowing. Firstly, the spike glycoprotein interaction with plate-
let leads to platelet aggregation [25]. Secondly, binding of 
spike glycoprotein to the angiotensin converting enzyme re-
ceptor cause activation of endothelial cells and upregulation 

A

C

B

D

Figure 1.  Non-contrast cerebral CT scan (A) showing hyperdense sinus sign in the left transverse sinus (3 arrows). CT-venogram 
(B-D) showing filling defect in the left transverse sinus (B, axial view, Star) and left sigmoid sinus (C, axial view, vertical 
arrow; D, coronal view, horizontal arrow), findings compatible with extensive thrombosis in left transverse and sigmoid sinus.
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Normal value 

Vasculitis and autoimmune work-up

 ANA 1: 80 £1: 80

 Ds DNA <1: 10 <10

 ANCA <20 <20

 RF <7.0 <20-30

 C3 133 mg/dL 90-180 mg/d

 C4 31.1 mg/dL 13-57 mm/hr

 ESR 33 mm/hr 0-20 mm/hr

Thrombophilia work-up

 Anti Beta2 Glycoprotein Antibody IgG 7.0 CU 0-20 CU negative

 Anti Beta2 Glycoprotein Antibody IgM >1.1 CU 0-20 CU negative

 Anticardiolipin Antibody IgG 2.8 CU <20 CU negative

 Anticardiolipin Antibody IgM 3.6 CU <20 CU negative

 Lupus Anticoagulant 0.88 <1.8

 Protein C 73% 70-130%

 Protein S 56% 55-140%

 Antithrombin III 84% 80-120%

 Factor V Leiden mutation Negative 

 Prothrombin (II) mutation Negative 

Other special tests

 Sickle cell screen test Negative 

 Beta-hCG Negative 

 Anti PF-4 Negative 

 COVID-19 PCR Negative 

Table 2. Further laboratory work-up.

ANA – antinuclear antibody’ Sd DNA – double-stranded DNA; RF – rheumatoid factor; C – complement; ANCA – antineutrophil 
cytoplasmic antibodies; ESR – erythrocyte sedimentation rate; hCG – human chorionic gonadotropin; PF4 – platelet factor 4; 
PCR – polymerase chain reaction.

Figure 2.  CT-venogram sagittal view (A) showing filling defect in the proximal segment of left internal jugular vein owing to thrombus 
extension. (B) normal filling of internal jugular vein on the right side.

A B
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of cell adhesion molecules (ICAM-1 and VCAM-1), this cascade 
can promote thrombogenesis and causes CVST [26]. This is 
quite similar to the thrombosis pathogenesis associated with 
COVID-19 infection [27]. Thirdly, in vitro studies have shown 
that spike proteins can activate an alternative pathway of 
complement system, which have a role in immune-mediated 
thrombogenesis [28].

Due to rarity of thrombotic events following administration of 
the mRNA COVID-19 vaccine, causality cannot be confirmed 
to date due to lack of statistical power. This case adds to the 
growing body of evidence that suggests the possible relation-
ship between mRNA COVID-19 vaccination and thrombotic 
events, and raises the awareness of health care providers and 
the public about this rare critical adverse event, leading to ear-
ly recognition and prevention of its compilations.

Conclusions

Headache with red flags such as a progressive and persistent 
headache following any COVID-19 vaccination should prompt 
urgent neuroimaging to rule out secondary causes and treat 
them accordingly. Our patient lacked the typical profile of ce-
rebral venous thrombosis that is usually seen following ad-
ministration of the Oxford-Astrazeneca vaccine such as low 
platelet counts, which may indicate peculiar pathophysiology 
of thrombotic event with the Pfizer vaccine. Large registeries 
are needed to establish if thrombotic events are merely inci-
dental events or are an mRNA-based vaccine complication.

Declaration of Figures’ Authenticity

All figures submitted have been created by the authors who 
confirm that the images are original with no duplication and 
have not been previously published in whole or in part.
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