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Case Report

Superior sagittal sinus dural 
arteriovenous fistula caused 
by treatment of meningioma 
masquerades as sinus thrombosis
Michael J. Gigliotti, Neel Patel, Scott Simon 

Department of Neurosurgery, Penn State Health Milton S Hershey Medical Center, PA, USA

Dural arteriovenous fistulas (DAVF) are rare acquired lesions resulting from abnormal 
shunting between intracranial dural arteries and venous system. Typically arising 
from structural weakness of the dura and a coinciding trigger factor, DAVFs can pres-
ent with similar clinical and imaging characteristics to sinus thrombosis. A 61-year-
old male with a history of meningioma previously managed with subtotal resection 
and stereotactic radiosurgery presented with progressive right-sided vision loss and 
bilateral papilledema. Initial imaging suggested possible sinus occlusion.  Catheter 
angiogram revealed a Borden-Shucart grade III DAVF of the superior sagittal sinus 
and elevated venous pressures and the patient subsequently underwent endovascu-
lar transarterial intervention twice. We report on the first case of a superior sagittal 
sinus DAVF occurring after surgical resection of a parasagittal meningioma. 
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INTRODUCTION

Dural arteriovenous fistulas (DAVF) are rare acquired lesions defined as an abnor-
mal shunt between the intracranial dural arteries and the venous system, accounting 
for 10% to 15% of all intracranial arteriovenous malformations (AVMs).8)10)15-17) The 
etiology of DAVFs is controversial, as venous thrombosis, intracranial surgery, tumor, 
puerperium, trauma, hypercoagulable state, and congenital causes have been found 
to be associated to these lesions.16) These lesions are thought to arise from structural 
weaknesses of the dura coinciding with a trigger factor, such as venous thrombosis 
or injury due to mass effect from a tumor or local infection causing inflammation, 
fibrosis, and angiogenesis with the body compensating for this by attempts at reca-
nalization.15)16)
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DESCRIPTION OF CASES

A 61-year-old male with a history of meningioma sta-
tus-post subtotal resection with a small residual tumor 
nodule adjacent to the superior sagittal sinus and gam-
ma knife (GK) radiosurgery in 2014 who had been pre-
viously followed every two years for surveillance by the 
neurosurgical department for his residual tumor as well 
as type II diabetes mellitus and atrial fibrillation pre-
sented in May 2020 with intermittently blurry vision in 
his right eye beginning in January 2020. The patient was 
evaluated by ophthalmology, who noted bilateral papill-
edema and magnetic resonance imaging (MRI) revealed 
a left parietal parafalcine meningioma with tumor ex-
tension into the superior sagittal sinus (Fig. 1). A lumbar 
puncture (LP) performed in March revealed an opening 
pressure of 29 mmHg with slightly elevated protein 
without abnormalities in glucose levels or cell counts. 
Follow-up MRI venogram (MRV) revealed occlusion 
of the anterior to mid superior sagittal sinus which was 
attributed to the invasion from the patient’s previous 
subtotal tumor resection (Fig. 1). He was diagnosed with 
sinus occlusion and resulting intracranial hypertension.  
Acetazolamide was trialed for medical therapy, which 
mildly improved the patient’s papilledema, however, vi-
sual field testing revealed enlarging blind spots. 

In early June, the patient underwent six-vessel diag-
nostic cerebral angiogram and venous pressure moni-
toring, which revealed a DAVF at the site of the patient’s 

The natural history of DAVFs are variable, as patients 
may be asymptomatic at all, have benign symptomatolo-
gy for many years, and a small group of cases exhibiting 
aggressive neurological behavior.2) Higher-grade lesions 
(Borden-Shucart grade 2/3, Cognard grade IIb, IIa+b, 
III/IV) are more likely to become symptomatic with 
patients developing cranial neuropathies, visual loss, ret-
ro-orbital pain, and chemosis or proptosis with cavern-
ous (or precavernous) and tentorial DAVFs or pulsatile 
tinnitus, encephalopathy, parkinsonism, and cerebellar 
dysfunction with transverse sigmoid sinus DAVFs.21) 
Treatment of lesions are based on an analysis of the 
patient’s symptoms, medical comorbidities, and risk of 
intracranial hemorrhage and may consist of conserva-
tive management (observation or carotid compression), 
endovascular treatment, surgery, or radiosurgery.17)21) 
With the rise of transarterial embolization with Onyx 
(Medtronic, Irvine, CA, USA), endovascular manage-
ment has become the most popular treatment option in 
patients presenting with DAVF.17) 

DAVF of the superior sagittal sinus (SSS) is even rar-
er, occurring in 4.6% to 11% of all cases.20) As far as we 
are aware this is the first report of SSS DAVF caused by 
treatment of a parasagittal meningioma presenting as 
sinus thrombosis with increased intracranial pressure.  
Treatment with Onyx transarterial embolization cured 
the papilledema.

Fig. 1. Magnetic resonance imaging (MRI). (A), (B) Axial and coronal view of parafalcine meningioma with tumor extension into the superi-
or sagittal sinus. (C) MRI venogram revealing anterior-to-mid superior sagittal sinus occlusion as a result of tumor invasion of the sinus.   
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previous tumor resection fed by scalp and dural arteries 
(from the right and left superficial temporal, right and 
left meningeal, and right occipital arteries) with a small 
amount of retrograde cortical venous drainage (Bor-
den-Shucart grade III, Cognard grade III; Fig. 2). Venous 

pressure was 53 mmHg and 46 mmHg, 20 mmHg, and 
18 mmHg at the parietal and occipital superior sagittal 
sinus, sinus confluence, and jugular vein, respectively. 
The patient returned one-week later for Onyx 18 bal-
loon-assisted embolization of the left meningeal artery, 
which allowed complete embolization of the feeding 
arteries of the left meningeal artery and right anterior 
branch of the middle meningeal artery and contributing 
to considerable slowing of flow (Fig. 3). However, we be-
lieved there was further contribution from the right pos-
terior branch of the middle meningeal artery and right 
occipital artery and the patient required re-operation in 
2 weeks for further embolization. Repeat angiogram at 
that time revealed continued filling of the fistula from 
the right and left external carotid artery branches, and 
the right occipital artery was utilized as an embolization 
pedicle and check angiography revealed complete oblit-
eration of flow through the occipital artery and inferior 
loop of the middle meningeal artery (Fig. 3). Notably, 
there was continued right-sided feeding of the fistula 
from the left via the occipital artery. 

Repeat angiogram 3 months after his initial emboliza-
tion showed complete resolution of his DAVF (Fig. 4). 
In regard to his vision, the patient was also seen by oph-
thalmology, who noted resolving papilledema. 

Fig. 2. Digital subtraction angiography (DSA), lateral view. Superior 
sagittal sinus dural arteriovenous fistula with the bilateral superfi-
cial temporal, bilateral meningeal, and right occipital arterial feed-
ing vessels and retrograde cortical venous drainage (Borden-Shu-
cart grade III; Cognard grade III).

Fig. 3. Digital subtraction angiography (DSA), lateral view. First embolization leading to complete oblit-
eration of the left meningeal feeding artery and right anterior branch of the middle meningeal artery as 
well as slowing of flow (A). Follow-up embolization 2 weeks later was performed on the right posterior 
branch of the middle meningeal and right occipital artery revealing residual dural arteriovenous fistula 
with continued right-sided feeding from the left via the occipital artery (B). 
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DISCUSSION

DAVFs account for 10% to 15% of all intracranial 
AVMs, with SSS DAVFs accounting for 4.6% to 11% of 
these occurring equally in males and females.8)13)15)20) 
Most of these lesions are considered to be acquired and 
arise idiopathically, however, trauma and sinus throm-
bosis has been attributed as inciting factors associated 
with DAVF development of the SSS.13)20) Conversely, 
surgical intervention has not been reported previously 
as a cause of SSS DAVF.20) We present the first case of a 
SSS DAVF following surgical resection and subsequent 
stereotactic radiosurgery of an intracranial lesion. 

There are several possible explanations as to why sur-
gical resection, stereotactic radiosurgery, and residual 
tumor lead to dural sinus thrombosis and DAVF forma-
tion. With regard to this case in this report, the patient 
had surgical intervention and intracranial tumor, two 
known risk factors for cerebral venous obstruction.9)20) 
When sinus thrombosis occurs, DAVFs may form when 
(1) the dural wall becomes inflamed causing thin-walled 
vessels to form via neovascularization leading to fistu-
lous connections between abnormal thin-walled menin-
geal vessels and the venous lumen or (2) when engorged 
dural venous collaterals cause embryonic arteriovenous 
communication to occur.1)3) Alternatively, apposition of 
muscle blood vessels to the dura following surgery have 

also been proposed to cause postoperative sinus thrombosis  
and ipsilateral DAVFs 2 to 6 years after operative in-
tervention.1)9) The other proposed mechanism in the 
natural history of DAVF formation is arteriovenous 
shunting favoring the recruitment of arterial feeders 
into the nidus with secondary venous hypertension.1) A 
highly vascular tumor such as a meningioma may cause 
arteriovenous shunting via the tumor bed into the dural 
sinus, resulting in increased intraluminal pressure and 
DAVF formation.1)

In addition to dural sinus occlusion, vascular insult 
as a consequence of radiation therapy has been well 
documented and may have potentiated the formation of 
fistula formation in this case. In animal models receiv-
ing between 2 to 2000 Gy radiation, progressive endo-
thelial loss occurs due to apoptosis in a dose-dependent 
fashion.14) While the direct physiological consequence 
is disruption of the blood-brain barrier, long-term mor-
phological changes include endothelial proliferation, 
basement membrane thickening, adventitial fibrosis, and 
vessel dilation.1) When large doses of radiation are ad-
ministered, blood vessel wall necrosis and inflammation 
of the vasa vasorum can increase the risk of fistula for-
mation between affected blood vessels and neighboring 
structures.14) There is evidence that radiation-induced 
changes from SRS are likely to occur at higher doses, 
increased SRS margin, and with comorbidities such as 

Fig. 4. Digital subtraction angiography (DSA), lateral view in (A) arterial phase from external carotid artery injection, (B) arterial phase from 
internal carotid artery injection, and (C) venous phase following internal carotid artery injection. Follow-up angiography 3 months after ini-
tial embolization demonstrates complete obliteration of the dural arteriovenous fistula.
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diabetes, however, there is little available data demon-
strating the long-term vascular impacts of SRS.11)14)18) 

Venous hypertension due to DAVF is generally rec-
ognized to determine clinical presentation and can be 
misdiagnosed as a dural sinus thrombosis.6) Unique to 
this case was venous hypertension leading to signs of 
intracranial hypertension as well as initial MRI veno-
gram findings of dural sinus thrombosis without DAVF. 
Proper diagnosis is critical in order to avoid contraindi-
cated therapies, especially due to the risk of intracranial 
hemorrhage from anticoagulation therapy in lesions 
associated with retrograde venous flow and the poten-
tial for acute tonsillar herniation and death due to rapid 
changes in CSF dynamics in patients with DAVF.5)19) To 
correctly distinguish isolated intracranial hypertension 
from benign intracranial hypertension and to avoid di-
agnostic confusion, diagnostic angiography should be 
strongly considered in patients with findings on nonin-
vasive imaging consistent with dural sinus thrombosis 
prior to initiating therapy.5)19) As has been previously 
published, MRV, which relies on the direction of flow 
to determine sinus patency, should not be viewed as de-
finitive, especially when previous intervention upon the 
dural sinus makes fistula a possibility.19)

Therapies for DAVF include conservative monitoring, 
transarterial embolization, transvenous occlusion, direct 
surgery, and SRS.17) Management largely depends on the 
grade of lesions, as patients with type I lesions do not 
have aggressive neurologic events in 97% to 98% of cases 
and can be managed conservatively with observation 
only or ipsilateral carotid or occipital artery compres-
sion.15)17) In high grade lesions, such as the one presented 
here, there is evidence that conservative therapies such 
as acetazolamide does not increase cerebral blood flow 
due to a reduced pressure gradient between the cere-
bral arteries and veins, thus blunting its effects.6) Also, 
higher-grade DAVFs with cortical venous reflux exhibit 
a higher long-term risk and intracranial hemorrhage 
necessitating curative treatment to achieve complete dis-
connection between arteries and veins.17) In particular, 
SSS DAVFs with cortical venous drainage increases the 
risk of hemorrhage more than DAVFs in other locations 

and should be treated aggressively (i.e. requiring com-
plete occlusion).7) Care must be taken to consider the 
angiographic appearance of the lesion as well as the fea-
sibility of safe endovascular access. The transvenous ap-
proach is advantageous in large, complex DAVFs when 
a portion of the normal draining dural sinus is isolated 
from the normal venous anatomy and may be consid-
ered when the brain is well drained by other venous 
channels.16)21) Alternatively, the transarterial approach 
is usually effective for treating small DAVFs and lesions 
associated with venous occlusions or significant venous 
stenosis that may limit a transvenous approach.21)

The location of the DAVF in this case, at the SSS, 
allowed for easy transarterial access via the middle 
meningeal artery and provides a navigable access to 
microcatheterization.20) In this case, the utilization of 
Onyx, a liquid embolic agent, due to the ability to posi-
tion the microcatheter more proximally to the fistulous 
point within a feeding artery, its ability to penetrate 
more distally to the fistula, and retrograde embolization 
of multiple feeder vessels, providing a success rate of 
50% to 90%.16)17) However, our patient required repeated 
treatment due to numerous small feeding arteries, which 
has been shown to result in a lower rate of complete oc-
clusion.4)12)

CONCLUSIONS

The development of the SSS DAVF in our case was 
likely multifactorial and is the first reported case of an 
SSS DAVF following surgical intervention and SRS. 
Moreover, as has been previously published, MRV, 
which relies on the direction of flow to determine sinus 
patency, should not be viewed as definitive, especially 
when previous intervention upon the dural sinus makes 
fistula a possibility.19)
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