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INTRODUCTION

Dural arteriovenous fistulas (dAVF) are acquired following cerebral venous thrombosis (CVT), 
trauma, or surgery.[1,11] e relationship between CVT and dAVF was first reported in 1979,[7] and 
although venous hypertension and angiogenesis have been implicated in dAVF formation, the 
exact etiology remains unclear to date.[2] e previous studies have shown that dAVF developed 
in 1.5–2.4% of CVT patients.[10,12] However, de novo dAVF after mechanical thrombectomy for 
CVT is unknown. We present a case of de novo dAVF that required treatment after mechanical 
thrombectomy for severe CVT and discuss the etiology of dAVF following the CVT.

CASE DESCRIPTION

A 61-year-old woman presented with a history of idiopathic thrombocytopenic purpura. 
She presented with gradually worsening headache, visual disturbance, and disorientation 
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for approximately 3  weeks. Neurological examination 
revealed confused consciousness and headache worsening 
in the recumbent position. Diffusion-weighted images 
demonstrated multiple infarctions in the right temporal 
and cerebellar hemispheres. T2*-weighted images revealed 
an extensive thrombus affecting the superior sagittal sinus 
(SSS) to the right sigmoid sinus (SS) [Figures  1a  and  b]. 
Coagulopathy was ruled out by hematological examination 
without any recognized thrombocytopenia. Intravenous 
anticoagulation therapy with heparin was administered for 
the CVT. Two days after the introduction of anticoagulation 
therapy, decreased consciousness and left hemiplegia 
developed. Fluid-attenuated inversion recovery images 
revealed a new venous infarction in the right frontal lobe 
[Figures 1c and d]. Angiography showed venous congestion 
with an extensive contrast defect from the SSS to the right 
SS with venous congestion in the venous phase. No dAVF 
was detected [Figures 2a-c]. Mechanical thrombectomy 
was performed for venous sinus thrombus. Under local 
anesthesia, a long guiding sheath of 6 French was inserted 
into the right jugular vein through the femoral vein. An 
aspiration catheter with a large bore was advanced into 
the right SS to the SSS. A  large dark-red thrombus was 
aspirated and spontaneous blood flow was confirmed. 
Final angiography showed partial recanalization of the 
SSS and transverse sinus (TS) with a residual thrombus 
[Figure  2d]. Her level of consciousness and left hemiplegia 

markedly improved and she was discharged without 
any neurological deficits. Oral anticoagulation therapy 
was then continued. She was readmitted with secondary 
generalized seizures at our hospital 1 month after discharge. 
Computed tomography revealed a hematoma with edema 
in the left frontal cortex. T2*-weighted images revealed 
a thrombus in the focal cortical vein near the hematoma 
[Figure  3]. e patient was diagnosed with hemorrhagic 
infarction due to venous thrombus recurrence. Intravenous 
anticoagulation therapy with heparin was reintroduced and 
the thrombus subsequently dissolved on magnetic resonance 

Figure 1: (a and b) Magnetic resonance images showing extensive 
thrombus (arrows) in sigmoid sinus, superior sagittal sinus, 
and right cortical vein. (c) Fluid-attenuated inversion recovery 
(FLAIR) image on admission. (d) FLAIR image on neurological 
deterioration.
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Figure  2: (a) Preinterventional angiograms. No apparent dural 
arteriovenous fistulas were detected, but the anterior falcine artery 
was slightly obvious (arrow). (b and c) Arrows indicate extensive 
thrombus in the sinuses. (d) Partial recanalization of dural sinuses 
was obtained (arrow).
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Figure  3: (a) Computed tomograms showing left frontal lobar 
hemorrhage 1 cm in diameter. (b) T2*-weighted images revealed a 
new thrombus in the left cortical vein.
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imaging (MRI) examination. e patient was discharged 
uneventfully using warfarin. During the follow-up period, 
the residual thrombus in the SSS and TS gradually dissolved 
on MRI examination. However, a high-signal spot arose 
in the left frontal cortex on arterial spin labeling images, 
and angiography was performed 2  years after the initial 
treatment, even though it was asymptomatic. Angiography 
revealed de novo dAVF that was fed from the anterior 
falcine and middle meningeal artery and directly drained 
into the left cortical vein, classified as high-grade dAVF of 
Borden Type  III and Cognard Type  III [Figures  4a  and  b]. 
Transarterial embolization with Onyx was performed with 
complete obliteration without a shunt [Figures 4c and d].

DISCUSSION

e previous studies have reported that dAVFs are 
acquired due to CVT, trauma, surgery, coagulopathy, and 
infection.[1,3,15] It is also known that congenital factors are 
implicated in dAVF formation, resulting in dAVF in infants.[8] 
However, among these, CVT is considered to be the most 
explainable cause of dAVF, since the association between 
dAVF and CVT has been widely reported.[7,11]

In a previous study investigating the characteristics and risk 
factors of dAVF with CVT in a large multicenter cohort of 
patients with CVT, dAVF patients with CVT had multiple 
dAVFs in 50% of them, and SS and TS were involved in 
approximately 70% each. Regarding the Cognard type, IIa+b 
was the most common, followed by IIa and III. Compared 

to CVT-only patients, they were older (median age 53 years), 
more often male, had a more chronic CVT course (>30 days), 
and more often had thrombosis in the SS, but with fewer 
parenchymal brain lesions.[10] Comparing our case to the 
aforementioned case, there was no correspondence except 
for the patient’s age.

e mechanism of acquired dAVF after CVT is generally 
suspected to be caused by increased venous pressure due 
to CVT and not by the venous thrombus itself. Venous 
hypertension due to steno-occlusive lesions in the venous 
sinus dilates the venules and can result in arteriovenous 
shunt formation.[5] It has been demonstrated that venous 
hypertension induces dAVF formation in a rat model.[6,9] 
In our case, mechanical thrombectomy for CVT improved 
angiographically venous outflow, which could result in 
a decrease in venous pressure. However, de novo dAVF 
developed despite partial recanalization of the dural sinuses.

e first cause of de novo dAVF is insufficient venous pressure 
reduction. Due to partial recanalization of the dural sinuses, 
venous pressure decreased to some extent. However, venous 
congestion persisted despite mechanical thrombectomy due 
to the high thrombus volume. Consequently, the remaining 
venous hypertension persisted, resulting in dAVF formation. 
Moreover, the fact that the anterior falcine artery was slightly 
prominent on the first angiography could be a sign that de 
novo dAVF formation had already begun to develop due to 
initial venous hypertension. Second, cortical vein rethrombosis 
could be involved in dAVF formation. Although the overall 
venous pressure was decreased by mechanical thrombectomy, 
local venous hypertension could occur due to partial venous 
stagnation induced by thrombus in the cortical vein, which 
caused the dAVF. Regarding the nonsupportive point for this 
hypothesis, there was no dAVF resulting from cortical vein 
thrombosis in the aforementioned study.[10] ird, a large-bore 
aspiration catheter could have been the cause. In animal studies 
and validation of human venous sinus specimens from patients 
with dAVF, the expression of angiogenic factors such as vascular 
endothelial growth factor and basic fibroblast growth factor 
was clarified, and these factors were predicted to be involved 
in the pathogenesis of dAVF formation.[13,14] In addition, other 
animal studies have reported that vascular endothelial injury 
promotes angiogenesis.[4] erefore, it is possible that the large-
bore aspiration catheter caused mild mechanical injury to the 
venous endothelial cells, which promoted angiogenic factors 
and was involved in dAVF formation. While this de novo dAVF 
could be explained mainly by these three mechanisms, the 
fact that some venous congestion remained after mechanical 
thrombectomy would most likely support the first mechanism 
of insufficient venous pressure reduction.

In summary, we encountered a rare case of de novo dAVF 
after mechanical thrombectomy for severe CVT. Although 
neurological disorders caused by CVT were improved by 

Figure  4: (a and b) Left internal and external carotid angiograms 
showed high-grade dural arteriovenous fistulas directly draining 
into the left cortical vein (arrows). (c and d) e shunt was 
completely occluded. Arrows indicate Onyx cast.
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mechanical thrombectomy, multiple factors were present 
that could cause de novo dAVF, such as insufficient venous 
pressure reduction, cortical venous re-thrombosis, and large-
bore catheter treatment. In this case, early diagnosis and 
intervention could have prevented intracranial hemorrhage 
and nonhemorrhagic aggressive symptoms due to dAVF. 
We must be aware that even if venous pressure reduction 
appears to be achieved for CVT patients, high-grade dAVF 
could still occur following CVT. erefore, careful follow-up 
is warranted.

CONCLUSION

We present a rare case of de novo dAVF after mechanical 
thrombectomy for severe CVT. Even if CVT improves by 
mechanical thrombectomy, there is a need to keep in mind 
the occurrence of de novo dAVF.
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