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Unusual clinical course

Multiple vaccines have been developed against COVID-19 as a collaborative worldwide effort. On March 18,
2021 the European Medicines Agency reported a serious and rare adverse effect of thrombosis with thrombo-
cytopenia syndrome (TTS) after receiving the ChAdOx1 nCoV-19 vaccine; most of these cases were associated
with cerebral venous sinus thrombosis (CVST). To date, there are no cases of TTS-related CVST reported after
receipt of either of the 2 mRNA COVID-19 vaccines authorized for use in the United States. We report a case
of CVST with the Moderna mRNA vaccine.

A healthy 45-year-old male patient without any risk factors presented with new-onset seizures 8 days after
the receipt of the 2" dose of Moderna (MRNA-1273), with concomitant SAH as a complication. One day pri-
or to admission, he noted headaches and neck pain unrelieved by over-the-counter analgesics. Computed to-
mography (CT) scan brain without contrast revealed a left frontal lobe intracerebral hemorrhage (ICH) along
with subarachnoid hemorrhage (SAH). A subsequent contrast-enhanced magnetic resonance imaging (MRI)
brain confirmed the CT findings as well as anterior superior sagittal sinus thrombosis. He had normal platelet
count with a negative thrombophilia work-up and cancer screening. He was successfully anticoagulated with
heparin and discharged on warfarin without neurological sequelae or further seizures. The case was reported
to the US Vaccine Surveillance System.

mRNA vaccine-related CVST is an extremely rare phenomenon. More data are needed to establish causality and
understand the role of vaccine-related immune response resulting in thrombotic events with or without TTS.

COVID-19 Vaccine e Intracranial Hemorrhages ¢ Sagittal Sinus Thrombosis
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Background

Almost a year and a half into the pandemic, not only did we
decode the responsible pathogen but had vaccines designed,
tested in clinical trials, globally manufactured, and distribut-
ed against the deadly virus. This is a testament to human in-
genuity and greatness achieved through science and collabo-
ration across society [1].

On December 10, 2020, the FDA granted EUA (Emergency Use
Authorization) to the first messenger RNA (mRNA) vaccine: the
Pfizer-BioNTech (BNT162b2) COVID-19 vaccine [2]. It was quickly
succeeded by a second mRNA vaccine, mRNA-1273 (Moderna),
on December 18, 2020 [3]. The Ad26.COV2.S COVID-19 vaccine
(Janssen/Johnson) was the third COVID-19 vaccine, approved
for EUA on February 27, 2021. It was the first non-mRNA-based
COVID-19 vaccine in the USA using a human adenoviral vector [4].

The European Medicines Agency reported a serious adverse ef-
fect of thrombosis with thrombocytopenia syndrome (TTS) after
receiving the ChAdOx1 nCoV-19 vaccine (Oxford/AstraZeneca)
on March 18, 2021. This vaccine used a recombinant replica-
tion-deficient chimpanzee adenovirus vector [5,6]. Several other
cases of TTS from these recombinant human adenoviral vector
Covid-19 vaccines have since been reported through post-mar-
keting surveillance in both viral-vector vaccines. The reported
cases of TTS to the Vaccine Adverse Event Reporting System
(VAERS) were 7.0 cases per million administered to women
aged 18-49 years and 0.9 per million to women aged >50 years
from the Janssen COVID-19 vaccine [8]. Cerebral venous sinus
thrombosis (CVST) was present in most of them. On April 13,
2021, the CDC and FDA recommended a pause on the Janssen/
Johnson vaccine as the number of TTS- related CVST cases were
being reported to VAERS (Vaccine Adverse Effects Reporting
System) [7]. The CDC’s Advisory Committee on Immunization
Practices (ACIP) re-emphasized the benefits of Ad26.COV2.S
COVID-19 vaccine in adults 18 and above on April 23, 2021 [8].

By May 28, 2021, 123 479 196 doses of the Moderna vaccine
had been administered in the US [9]. So far, 8 cases have been
reported to VAERS for CVST possibly due to Moderna vaccina-
tion. The CDC has not yet endorsed any cases to the 2 mRNA
vaccines. We report one such case of CVST with hemorrhag-
ic transformation leading to subarachnoid hemorrhage (SAH),
which may be a rare adverse effect associated with mRNA vac-
cines, and calls for a continued post-marketing surveillance and
understanding of non-TTS-related thrombosis.

Case Report

A 45-year-old man with a background history of diabetes mel-
litus presented to the emergency room with an altered mental
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state after a witnessed seizure. He had no prior history of a
seizure disorder or head trauma. He had received his second
dose of mRNA-1273 on 04/30/2021, 28 days after his first
dose. For the first few days, he had local adverse effects, in-
cluding soreness on the site of injection and arm pain. Seven
days after the day of vaccination, he started having headaches
and neck pain that did not relieve with over-the-counter an-
algesics. On the day of presentation (day 8 after receiving the
vaccine), he had worsening headache, with a tonic-clonic sei-
zure witnessed by his partner. This was followed by another
episode on arrival of the emergency medical services (EMS).
The patient was found to be in a post-ictal state accompanied
by tachypnea. He was hypertensive with a blood pressure of
147/48 mmHg with a heart rate of 140 bpm and a respiratory
rate of 40 breaths per minute, and oxygen saturation of 86%
on room air, which improved with jaw thrust and a nasal trum-
pet to 96%. His Glasgow coma scale (GCS) was 3. His blood
glucose was 237 mg/dL. The rhythm strip revealed sinus tachy-
cardia. He received 4 mg i.v. lorazepam and was transferred to
the Emergency Department with a nasal airway.

The patient was transferred to the Emergency Department
(ED), where blood pressure on arrival was 198/98 mmHg, and
heart rate of 157 bpm with a respiratory rate of 42 bpm. His
GCS on arrival to the ED had improved to 6/15. He was im-
mediately intubated for airway protection. An urgent blood
gas analysis revealed a pH of 7.32, PO2 168, PC0234, HCO3
18, with lactic acid of 28 mmol/L (Table 1). EKG on arrival did
not reveal any acute ST-T changes, and a chest X-ray was nor-
mal. An urgent computed tomography (CT) scan brain without
contrast revealed a left frontal lobe intracerebral hemorrhage
(ICH) along with subarachnoid hemorrhage (SAH) (Figure 1).

The patient was transferred to the Intensive Care Unit (ICU)
under the care of the neurocritical care team for manage-
ment of ICH with SAH. The patient initially received intrave-
nous esmolol 50 mcg/kg/min infusion and nimodipine 60 mg
Q4 hourly; levetiracetam 500 mg twice daily was added for
seizure prophylaxis. He subsequently underwent a contrast-
enhanced magnetic resonance imaging (MRI) brain, which re-
vealed intracranial hemorrhage within the anterior left frontal
lobe without a definitive underlying enhancing mass, bifron-
tal subarachnoid hemorrhage, and anterior superior sagittal
sinus thrombosis (Figures 2, 3).

For confirmation, the patient underwent diagnostic cerebral
angiography, which revealed an absence of opacification in
the anterior 1/2 of the superior sagittal sinus, consistent with
acute venous sinus thrombosis with collateral drainage through
the cavernous sinus (Figure 4).

Upon confirmation of CVST, anticoagulation was started with
intravenous heparin and later transitioned to coumadin, with
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Table 1. Lab work and thrombophilia work-up.

Hemoglobin 15.7 g/dL PT 14.8 sec (11.7-14.2 sec)
wee 179x0B3 L W 12
Platelets 255x0E3MUL T 305 sec (23.1343 seq)
sodiuom 42 potassium 39
CWcos a1 Chloride 00
Creatinine 1344umoll (152 mg/dl)  BUN 8.93 mmol/L (25 mg/dl)
Magnesum 29 calewm 02
CGlucose 1925 mmol/L (347 mg/dl) lacticAdd B3mmoll

Serine Proteinase 3 AB IgG 0 (0-19 AU/mL)

Angiotensin Converting
enzyme

Anti-neutrophil cytoplasmic
antibody 1gG

Figure 1. Non-contrast CT brain, axial section at the level of the
lateral ventricles, showing intracerebral hemorrhage
(arrow) and subarachnoid hemorrhage (arrowhead).
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a goal INR of 2-3. He underwent a CT scan of the chest, abdo-
men, and pelvis, which ruled out any occult malignancies or
other thrombosis. His echocardiogram showed a normal ejec-
tion fraction, no septal defects, and no intracardiac clots or val-
vular pathologies. A complete hypercoagulable panel (Table 1)
was within normal limits.

He was successfully treated and discharged with no neurolog-
ical sequelae, with a follow-up in the vascular neurology clin-

ic in 4 weeks with no recurrence.

His case was reported to the VAERS, E-Report Number: 515068)

Discussion

The symptoms concerning CVST are a new-onset headache
that has minimal response to analgesia, exacerbation of bend-
ing or lying down and/or associated with neurological deficits.
Isolated headache may be the only presentation of a CVST oc-
curring in 6-23% of the patients [10]. Similar warnings have
been issued by ACIP for recipients of adenovirus vector-based
vaccines [11]. The diagnosis can be missed initially if a con-
trast-enhanced imaging is not performed. Our case had a hem-
orrhagic transformation with involvement of the subarachnoid
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Figure 2. T1-weighted MRI coronal section showing filling defect
in the superior sagittal sinus (arrow) with isointense
signal of intracerebral hemorrhage (arrowhead) in the
left frontal lobe.

Figure 3. T1-weighted MRI axial section showing filling defect in
the superior sagittal sinus (arrow) with intracerebral
hemorrhage (arrowhead) in the adjacent front frontal
lobe.

space from venous thrombosis, which led to more sophisti-
cated imaging on an urgent basis and helped in establishing
the diagnosis earlier in the disease course. The complication
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Figure 4. Diagnostic cerebral arteriogram shows absence of flow
within the anterior 1/2 of the superior sagittal sinus
(arrowhead).

of SAH with CVST is rare but well established and has been
previously described in several cases [12]. It is believed to oc-
cur from the increased venous pressure in the cortical veins
affected by thrombosis causing rupture of these fragile ves-
sels with subsequent parenchymal hemorrhage that enters
the adjacent subarachnoid space [13,14]. Our index case did
not have a known risk factor to develop CVST, with a normal
platelet count of 255x10 3/ul and negative complete throm-
bophilia and autoimmune work-up.

Most reported cases of CVST from COVID-19 vaccines are at-
tributed to the development of TTS. TTS, also referred to as
vaccine-induced immune thrombotic thrombocytopenia (VITT),
is a rare syndrome that can involve acute venous or arterial
thrombosis with a new-onset thrombocytopenia in the absence
of exposure to heparin [15]. Most post-authorization cases of
TTS following Ad26.COV2.S COVID-19 (Jansen) and ChAdOx1
nCoV-19 (Astra-Zeneca) vaccines occurred in female recipients,
with CVST as the most common site across Europe and the
USA [8,15]. The median age of these cases was 37 years (18-
59 years), and the median interval from vaccination to symp-
tom onset was 8 days (6-15 days) in the United States, which
is consistent with the data from other parts of the world pro-
posing younger population at risk (<50 years) with a range of
onset of symptoms from 4 to 20 days according to a recent re-
port from the Global Advisory Committee on Vaccine Safety [6].
The mechanism remains poorly understood but it is postulat-
ed to be similar to heparin-induced thrombocytopenia (HIT)
with 1gG antibodies that recognize platelet factor 4, causing
activation of platelets in most of the reported cases [4]. This
has significant bearing, as the management of these cases in-
volves non-heparin-based anticoagulation and/or immunoglobin
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therapy. Although these 2 vaccines differ substantially based
on their viral-vector and use separate host-receptors to exert
their response [16], the exact mechanism behind generation
of these antibodies is unknown.

In general, the pandemic-afflicted population at large carries
a higher risk of having a thrombotic event as cases related to
CVST continue to emerge from active COVID-19 infections. In
a large retrospective study of 537 913 patients, the incidence
of CVST within 2 weeks of COVID-19 diagnosis was 42.8 per
million people (95% Cl 28.5-64.2) [17]. The risk was signifi-
cantly higher compared to the matched mRNA vaccine con-
trol cohort, where the incidence of CVT was compatible with
the lowest estimate of the baseline rate in the USA of 0.53
per million people in any 2-week period.

To date there are no cases of TTS-related CVST reported after
receipt of either of the 2 mRNA COVID-19 vaccines authorized
for use in the United States [18]. The report by the Advisory
Committee on Immunization Practices (ACIP) on May, 12 2021
also mentioned a total of 11 cases of CVST following mRNA
vaccines, of which 3 were from Pfizer-BioNTech and 8 from
Moderna [18]. Only 6 of these were potential incident cases
and none of them had thrombocytopenia. Our patient did not
have an evidence of thrombocytopenia, as well, which may
suggest a mechanism other than TTS that may be responsi-
ble if similar cases continue to emerge.
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Owing to the small number of patients experiencing vaccine-
related thrombosis, these reports are not designed to prove
causality due to the lack of statistical power. However, these
findings continue to add to the body of evidence for clinicians
caring for patients with underlying medical conditions or risk
factors for hypercoagulability, and will help recognize such rare
events early. At present, the consensus strongly suggests the
benefits far outweigh potential harm as collaborative world-
wide vaccination efforts continue to reduce the healthcare bur-
den and mortality from COVID-19 [19].

Conclusions

mRNA-related CVST is extremely rare. More data are needed
to establish causality, along with collaborative efforts to un-
derstand the role of vaccine-related immune response result-
ing in thrombotic events with or without TTS.
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