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A Case of Dural Arteriovenous Fistula
Following Cerebral Venous Sinus
Thrombosis Associated with the
COVID-19 Vaccine

Jiro Aoyama, Hiroto Iha, Mariko Ishikawa, Hirotaka Sagawa, Sakyo Hirai, Kyohei Fujita, Shoko Fujii,
and Kazutaka Sumita

Objective: Cerebral venous sinus thrombosis (CVST) is one of the rare and severe complications of coronavirus disease
2019 (COVID-19) vaccines. CVST has also been reported to develop into dural arteriovenous fistula; however, there
were no reports of dural arteriovenous fistula associated with COVID-19 vaccine-induced cerebral venous sinus
thrombosis. Here, we describe a rare case of a transverse—sigmoid sinus dural arteriovenous fistula followed by CVST
due to COVID-19 vaccination.

Case Presentation: A 70-year-old patient presented with headache five days after receiving a second dose of COVID-
19 vaccine. MRI showed a CVST in the superior sagittal sinus, left transverse sinus, and left sigmoid sinus. His headache
improved after the administration of anticoagulant therapy. Six months later, a similar headache recurred, and cerebral
angiography demonstrated a dural arteriovenous fistula in the left transverse sigmoid sinus and convexity dural
arteriovenous fistulas in the left parietal cortex. The patient was treated twice with two sessions of transarterial
embolization, and the shunts were completely occluded. His symptoms improved, and he was discharged with a modified

Rankin Scale score of 0.

Conclusion: Dural arteriovenous fistula can develop after CVST in association with COVID-19 vaccination.

Keywords

[ Introduction

Cerebral venous sinus thrombosis (CVST) has been
reported to be one of the rare and severe complications of
coronavirus disease 2019 (COVID-19) vaccines.!? Some
reports indicate that it occurs less than once in 100000
doses after Oxford-AstraZeneca vaccine (AZD1222
[ChAdOx1]), an adenovirus vector vaccine, while others
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indicate that it occurs six times in 7 million doses after
Johnson & Johnson COVID-19 vaccine (JNJ-78436735
[Ad26.COV2.8S]), an adenovirus vector vaccine.>* More-
over, CVST after COVID-19 vaccination has been reported
to occur more frequently with the adenovirus vector vac-
cine than with the messenger RNA (mRNA) vaccine.”
Schultz et al. reported that the incidence of CVST after
adenovirus vector vaccination was approximately 10 times
higher than that after mRNA vaccination.”

Dural arteriovenous fistulas (DAVFs) are rare patho-
logical shunts between arteries and dural veins. They were
detected at an annual rate of 0.16 per 100000 individuals
in a Scottish study.® Majority of DAVFs are generally
acquired idiopathic lesions.” However, DAVF may also
occur due to the following acquired causes: CVST, coag-
ulation abnormalities, trauma, hormonal abnormalities,
phlebitis, and venous hypertension.®*

CVST has also been reported to develop into DAVF;
however, there were no reports of DAVF associated with
COVID-19 vaccine-induced CVST. Here, we describe a
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Fig. 1
transverse—sigmoid sinus and SSS. Time-of-flight MRA revealed no evidences of dural arteriovenous fistula (G-I).
CVST: cerebral venous sinus thrombosis; SSS: superior sagittal sinus

rare case of transverse sigmoid sinus DAVF and convexity
DAVF after CVST due to the mRNA COVID-19 vaccine.

| Case Presentation

A 70-year-old patient with a medical history of diabetes
mellitus received the Pfizer/BioNTech COVID-19 vaccine
(BNT162b2) twice. Five days after the second vaccina-
tion, the patient presented with headache, and MRI T1-
and T2-weighted imaging demonstrated abnormal signal
intensity in the superior sagittal sinus (SSS), left transverse
sinus, and left sigmoid sinus (Fig. 1A-1F). MRA revealed
no abnormal vascular shunts (Fig. 1G-1l). The initial
laboratory investigations, including the levels of plate-
lets (25.9 x 10%uL), protein C activity, protein S activity,
antiplatelet factor IV antibody, serum anti-proteinase 3

MRI at diagnosis of CVST. T1-weighted image (A-C) and T2 weighted image (D-F) show the CVST in left

antineutrophil cytoplasmic antibody, myeloperoxidase-
antineutrophil cytoplasmic antibodies, and cardiolipin Immu-
noglobulin G (IgG) were within normal limits, except for
D-dimer (7.7 pg/mL). The patient was diagnosed with
CVST in the SSS, left transverse sinus, and left sigmoid
sinus and was hospitalized. The patient’s symptoms
improved with anticoagulant therapy. Thus, the patient
was discharged after 3 weeks of hospitalization. MRI was
performed six months after the onset of CVST, suggesting
residual thrombi in the SSS and transverse—sigmoid sinus.
Subsequently, the patient became asymptomatic.

Eight months after the patient’s second COVID-19 vac-
cination, the patient visited the previous physician again
because of recurrent headache. MRI revealed a residual
thrombus in the left transverse sigmoid sinus (Fig. 2A—
2D) and DAVF in the left transverse sigmoid sinus, which
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Fig. 2 MRI at diagnosis of DAVF. T1-weighted image (A and B)
and T2-weighted image (C and D) show some thromboses in some
part of left transverse—sigmoid sinus. Time-of-flight MRA reveals
some feeders from OA to the left transverse sigmoid sinus (E and F,
white arrow). DAVF: dural arteriovenous fistula; OA: occipital artery

had not been observed at the time of CVST onset (Fig. 2E
and 2F). DSA revealed a DAVF in the left transverse sig-
moid sinus, which was fed by the right and left occipital
arteries (OAs) (Fig. 3A and 3B, black arrowhead; Fig.
3C and 3D, black arrow), left middle meningeal artery
(MMA) (Fig. 3B, white arrowhead), and left ascending
pharyngeal artery (Fig. 3B, large black arrow). The left
sigmoid sinus was occluded (Fig. 3E, large white arrow),
and blood flow drained into the cortical vein (Fig. 3F,
large black arrowhead). The DAVF was diagnosed as
Borden type II and Cognard type 2a + b. DSA revealed
that the left MMA was partially shunted into the cortical
vein, forming a convexity DAVF (Fig. 3B, white arrow).
However, we decided to follow this convexity DAVF and
consider whether to treat this convexity DAVF after a
follow-up angiography, since there was a possibility that
some of these arteries were not feeders but just arteries on
the surface of the brain.
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First, transarterial embolization (TAE) was performed
for DAVF. The DAVF in the left transverse—sigmoid sinus
was treated. Endovascular occlusion of the right OA was
performed with N-butyl cyanoacrylate (NBCA), left OA,
and left MMA using Onyx 18. Two months later, follow-up
angiography showed two convexity DAVFs whose feeders
were posterior convexity branches of the left MMA and
whose drainers were cortical veins of parietal lobe. So, we
decided to perform a second endovascular occlusion of the
convexity DAVF. Two posterior convexity branches of the
left MMA were embolized using several coils and NBCA.
Complete occlusion was achieved (Fig. 3G and 3H), and
TAE-related complications did not occur. His symptoms
improved, and he was discharged with a modified Rankin
Scale score of 0.

| Discussion

We encountered a case of DAVF following CVST asso-
ciated with a COVID-19 vaccine that was treated with
endovascular therapy. Two types of COVID-19 vac-
cines have been currently developed: mRNA vaccines,
such as Moderna (mRNA-1273) and Pfizer/BioNTech
(BNT162b2) vaccines, and adenovirus vector vaccines,
such as Oxford-AstraZeneca (AZD1222 [ChAdOx1]) and
Johnson & Johnson COVID-19 (JNJ-78436735 [Ad26.
COV2.S]) vaccines.'” The mechanism of CVST has been
reported to differ between adenovirus vector and mRNA
vaccines. CVST after adenovirus vector vaccination was
reported to occur 4-28 days after vaccination and is a
thrombotic disorder characterized by thrombocytopenia.
The mechanism of CVST after adenoviral vector vacci-
nation is similar to that of heparin-induced thrombocyto-
penia, which is thrombosis with thrombocytopenia.!!!?)
Laboratory findings of CVST after adenovirus vector vac-
cination were characterized by thrombocytopenia, posi-
tive anti-platelet factor IV antibodies, and high D-dimer
levels. However, CVST has been reported to occur within
24 h to 10 days after mRNA vaccination. However, the
mechanism underlying this remains unclear. It has been
suggested that mRNA binds to receptors associated with
the inflammatory cascade before the translation of spike
protein, thereby causing thrombosis.!>!¥ Laboratory find-
ings of CVST after mRNA vaccination were character-
ized by normal platelet counts and negative antiplatelet
factor IV antibodies. In the present case, CVST occurred
five days after mRNA vaccination, and the blood samples
indicated normal platelet count and negative antiplatelet
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Fig. 3 DSA before and after transarterial embolizations. Left external carotid artery angiography demonstrates multiple arterial feeders to the
transverse sinus. Arterial feeders include the OA (black arrowhead), ascending pharyngeal artery (large black arrow), and MMA (white arrow-
head) (A and B). Furthermore, some feeders from MMA shunts directly to the cortical vein (B, white arrow). Right external carotid artery angi-
ography demonstrates multiple arterial feeders from OA to the transverse sinus (C and D, black arrow). The proximal of left sigmoid sinus is
occluded (E, large white arrow). The main outflow routes were through the confluence to the right transverse sinus and through the cortical vein
to the SSS (F, large black arrowhead). Left external carotid artery angiography demonstrates no residual fistulas after endovascular treatments
(G and H). MMA: middle meningeal artery; OA: occipital artery; SSS: superior sagittal sinus

factor I'V antibodies, which is consistent with the findings
of previous reports.

Several studies have reported that CVST can cause
DAVF. Kuiper et al. reported that among 178 patients
with DAVEF, four (2.2%) had CVST before the develop-
ment of DAVFE.” The mechanism of DAVF after CVST
has been suggested to be due to a thrombus in the venous
sinus that may become organized and develop an arterio-
venous shunt, which may lead to DAVF, or DAVF that
may develop as a reflux channel in response to elevated
venous pressure.'” In addition, the following two factors
have been reported as conditions for DAVF after CVST:
partial residual thrombus without complete recanalization
and new vascular occlusion or thrombus formation.'!?
Ferro et al. reported that DAVF secondary to CVST tends
to develop in the SSS area and that non-sinus-type DAVF
often develop in the circumflex area near the SSS.!'® Fur-
thermore, CVST can lead to multiple DAVFs or DAVF and
pial AVF simultaneously.'?? In the present case, there was
a partial residual thrombus in the left transverse sigmoid
sinus after CVST, in which a DAVF also occurred. This
DAVF was also complicated by convexity DAVF, which
is consistent with the characteristics of DAVF after CVST.
The incidence of DAVF after CVST during an average

follow-up of 78 months is approximately 1%.'® The inci-
dence was recently reported to be 27.8%, which could be
attributed to the improved resolution provided by MRI/
MRA studies and addition of new sequences to diagnostic
images.'” There is a possibility that the incidence of DAVF
after CVST may be higher than that previously reported,
suggesting that careful follow-up is necessary even when
the outcome of CVST after vaccination is favorable.

| Conclusion

We encountered a case of CVST 5 days after mRNA
vaccination against COVID-19, followed by transverse—
sigmoid DAVF and convexity DAVF. Patients with CVST
may develop secondary DAVF; therefore, they should be
followed up with careful imaging studies.
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