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Spontaneous Aggressive Conversion of Venous Drainage 
Pattern in Dural Arteriovenous Fistula Treated with Onyx 
Embolization
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We report a case of dural arteriovenous fistula (DAVF) that showed 
spontaneous conversion of venous drainage pattern from Borden type II 
to type III within a four month period of follow-up. Upon admission, the 
patient presented with aggravated neurologic status and newly developed 
seizure. After admission, endovascular embolization was performed through 
the middle meningeal artery with Onyx®. Complete obliteration of dural 
arteriovenous shunt was confirmed by angiography, and the patient's clin-
ical symptoms improved. Although most cases of DAVF show benign clin-
ical course and conversion pattern, close follow-up is required to detect 
potential aggravation.
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INTRODUCTION

Dural arteriovenous fistula (DAVF), also called dural 

arteriovenous shunt or malformation, consists of acquired 

lesions within the dura mater.11)19) The etiology and 

natural history of these lesions remain unknown.18)19)23) 

However, the clinical presentations and assessed risk 

of the lesions have been correlated with the associated 

patterns of venous drainage. Cortical venous reflux is 

considered to be one important predictor of clinical 

course.7)8)18) Some authors have reported that some 

patients with DAVF show conversion of angiographic 

venous drainage pattern.4)11)12)18)19) Of these studies, 

most cases have exhibited chronological progression 

with spontaneous occlusion of the arteriovenous shunt. 

Only a small percentage of cases (about 1.7-4%) showed 

conversion to an aggressive lesion with symptomatic 

aggravation.11)18)19) Therefore, in cases with worsening 

symptoms and neurological status, close clinical and 

radiological follow-up is particularly necessary.

We examined a case of spontaneous venous drain-

age pattern conversion from Borden type II to type III 

in a patient with DAVF. The patient presented with 

worsening neurological deficit and newly developed 

seizure within a four month period. The lesion was 

suspected to be caused by sinus thrombosis and re-

routing of cortical venous reflux following venous in-

farction with mild hemorrhagic transformation.

CASE REPORT

A 64-year-old female patient was admitted to our 
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Fig. 1. Initial DSA of the patient (A : AP view of the right ECA angiography, B : AP view of the left ECA angiography) show hy-
pervascular lesion and revealing dural arteriovenous fistula. (A) Right middle meningeal artery and superficial temporal artery supplied 
blood flow into superior saggital sinus via arteriovenous shunt. (B) Left middle meningeal artery supplied blood flow into superior 
saggital sinus via arteriovenous shunt. And there is stenosis at the proximal portion of superior saggital sinus. Cortical venous reflux 
is shown from superior saggital sinus to left cerebral hemisphere. DSA = digital subtraction angiography; AP = anteroposterior; ECA 
= external carotid artery.

institute with mild right hemiparesis, numbness on 

the right upper extremity, nausea, vomiting, and 

dizziness. Neurologic examination revealed grade IV+ 

right-side motor weakness. A magnetic resonance im-

age (MRI) scan of the brain showed multiple small, 

round and tubular low-signal intensity regions on the 

left frontal lobe, a finding suggestive of vascular 

malformation. Initial digital subtraction angiography 

(DSA) identified a hypervascular lesion and arterio-

venous shunting lesion on both external carotid artery 

(ECA) angiograms (Fig. 1). Both lesions suggestive of 

DAVF showed abnormal retrograde flow from the 

middle meningeal artery (MMA) and the superficial 

temporal artery into the superior sagittal sinus, in-

cluding cortical venous reflux via the arteriovenous 

shunt (Borden classification II). We planned to treat 

the lesions with an endovascular approach because 

they were correlated with the patient's symptoms and 

showed cortical venous reflux. However, the patient 

and her family refused further treatment and re-

quested hospital discharge.

At 4 months after hospital discharge, the patient 

was readmitted with repeated seizure that had been 

occurring for 3 weeks. The most recent seizure was a 

generalized tonic-clonic seizure with head turning 

and eyeball deviation to the right side; postictal con-

fusion was also shown for 10 minutes. Brain MRI re-

vealed subacute focal cerebral infarction with minimal 

hemorrhagic transformation on the left frontal lobe 

(Fig. 2). Antiepileptic drugs were initially loaded, and 

follow-up DSA was performed after 5 days when the 

patient's seizures were controlled by medication. DSA 

revealed a change of venous drainage pattern of the 

original lesions (Fig. 3). Abnormal venous reflux into 

the superior sagittal sinus was not present in the right 

ECA angiogram. Unexpectedly, only venous drainage 

directly into the subarachnoid cortical vein was ob-

served, without contrast filling in the venous sinus in 
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Fig. 2. Brain MRI performed when second admission after four months later from initial radiologic examination, show subacute focal 
infarction with minimal hemorrhagic transformation. (A) T2-weighted flair image show high signal intensity of left frontal lobe sug-
gesting subacute cerebral infarction. (B) GRE image show multiple small low signal lesions suggesting minimal hemorrhagic 
transformation. (C) Mild gyral enhancement at the left frontal lobe is observed in gadolinium enhancement image. MRI = magnetic 
resonance image; GRE = gradient echo.
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Fig. 3. Follow-up DSA after five months later from initial DSA revealing the change of venous drainage pattern. (A) Disappearance 
of arteriovenous shunting lesion in right ECA (external carotid artery) angiography. (B) Retrograde cortical venous reflux is shown 
without enhancement of superior saggital sinus in AP view of left ECA angiography. (C) There is stenotic lesion between the re-
fluxed cortical vein and superior saggital sinus in lateral view of left ECA angiography. DSA = digital subtraction angiography; ECA = 
external carotid artery; AP = anteroposterior. 

the left ECA angiogram (Borden classification III). 

Mild stenosis between the cortical vein and superior 

saggital sinus remained. We hypothesized that the 

hemiparesis and seizure arose from venous infarction 

with congestion of the left frontal lobe due to pro-

gression and rerouting of the cortical venous reflux 

after venous sinus thrombosis. We planned to treat 

the lesions with trans-arterial endovascular emboliza-

tion with Onyx® (a nonadhesive liquid embolic agent; 

eV3 Neurovascular, Irvine, CA, USA).

Onyx® embolization was performed with successful 

obliteration of the arteriovenous shunt through the 

superselected left MMA in a single session (Fig. 4). 

Abnormal vascular structures, including cortical ve-

nous reflux, did not appear on any follow-up magnetic 

resonance angiography scans. The Glasgow outcome 

scale score was 2 when the patient was discharged, 

an improvement over the hemiparesis from her status 

at admission. Over a clinical follow-up period of 3 

years, the patient did not experience any major 
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Fig. 4. After six days from second admission, Onyx embolization was performed. (A) Superselected left MMA with microcatheter and 
double micro-guidewire. AP view (B) and lateral view (C) after Onyx embolization show disappearance both of arteriovenous shunt-
ing lesion and cortical venous reflux. MMA = middle meningeal artery; AP = anteroposterior. 

problems.

DISCUSSION

Intracranial DAVF constitutes 10-15% of all intracranial 

vascular malformations, yet the natural course and 

pathogenesis of the lesions remain controversial.14)18)19)23) 

It is generally accepted that the presentation of DAVF 

is dictated by the location and pattern of venous 

drainage. Moreover, the cortical venous reflux pattern 

is an important predictor of clinical course.7)8)17) DAVFs 

with an aggressive course have characteristic angio-

graphic features such as cortical or leptomeningeal 

venous drainage and an associated varix.17) In a 

meta-analysis, Awad et al.2) reported a hemorrhage 

rate of 88% and a severe neurologic deficit in 12% of 

100 aggressive cases among 377 patients with DAVF. 

A previous study of Borden types II and III DAVFs 

reported an annual hemorrhage rate of 8.1% and an 

annual mortality rate of 10%.22) Another recent study 

reported an annual incidence of hemorrhage of 7.4% 

for patients presenting with an intracranial hemor-

rhage and 1.5% for those not presenting with 

hemorrhage.19) These discrepancies between the stud-

ies are likely due to demographic differences, different 

patient inclusion criteria, and publication bias. Knowledge 

about the natural disease course and classification 

based on the venous drainage pattern can inform de-

cisions regarding the most appropriate treatment mo-

dality for these patients.

However, DAVF is a dynamic disease that can un-

dergo spontaneous angiographic venous drainage pat-

tern conversion. Kim et al.11) reported pattern con-

version as assessed by angiography in 18 of 112 cases 

(16.1%). Among these cases, the conversion rate to an 

aggressive lesion was 4%; all of these cases were asso-

ciated with occlusion of the ipsilateral draining vein. 

Moreover, several reports have described spontaneous 

closure of DAVF without any aggressive treatment.1)5)12) 

On the other hand, a few cases of conversion to ag-

gressive lesions have been reported, and one study 

reported that benign AVFs have a 2% potential for 

angiographically verified conversion.18) Several theo-

ries have been suggested to explain the conversion of 

venous drainage pattern, including sinus thrombosis, 

change of sinus wall structure, and flow dynamics.2)12)16) 

Cerebral sinus thrombosis can cause spontaneous re-

gression with symptom resolution and can also force 

retrograde venous reflux through the cortical veins, 

predisposing the patient to an aggressive clinical 

course.11)18)21) Thus, cerebral sinus thrombosis can pro-

mote the occlusion of venous outflow and result in 

dangerous rerouting. A histological study of DAVF 

suggested that microscopic thrombosis is always pres-

ent, and that localizing thrombosis at the compartment 

or accessory mural channel of the drainage sinus may 
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cause shunt occlusions.15) Stenosis and thrombosis of 

the venous outlets have been reported to forecast later 

worsening of DAVFs. Our case also showed stenosis 

of the venous outlets and ultimately showed sponta-

neous closure of the shunt into the superior saggital 

sinus and aggravated cortical venous reflux from 

Borden type II to type III. 

Endovascular embolization has become the first line 

of treatment in patients with high-risk DAVFs, and 

surgery is considered only if endovascular treatments 

fail or are unfeasible. Trans-arterial approaches with 

embolic materials such as glue (NBCA: N-butyl cya-

noacrylate), particles (PVA: polyvinyl alcohol), or 

Onyx® are performed to enable the embolic material 

to be pushed through the shunt into the proximal ve-

nous outlet. In recent studies, Onyx® has demon-

strated multiple advantages over other materials, with 

reported occlusion rates of 62.5-80%.6)13)20) However, 

in cases of potentially dangerous occult ECA-internal 

carotid artery or vertebral artery anastomosis, devel-

opment of ischemic cranial nerve palsies, or in fistulas 

with multiple feeders, a trans-venous approach is 

recommended.17) Trans-venous approaches can be per-

formed with detachable coils and particles in the most 

proximal venous outlet and have been the treatment 

of choice, especially for carotid cavernous DAVFs.

The shunt locations and cortical venous reflux pat-

terns may predict the clinical manifestations and 

drainage patterns of DAVFs. Superior saggital sinus 

DAVFs, as in our case, represent about 8-13% of all 

intracranial fistulae.10) These DAVFs are often accom-

panied by hemorrhage or progressive neurological 

deficits.24) These fistulae are characterized by bilateral 

supply from the MMA, ophthalmic artery, or posteri-

or meningeal artery with critical venous drainage and 

require aggressive treatment.10) Despite the variety of 

treatment modalities available, trans-arterial emboliza-

tion is recommended in superior saggital sinus DAVFs 

with adjuvant surgery or radiosurgery following failed 

embolization.3)9) In our case, we performed Onyx® 

embolization through the MMA, and successful ob-

literation was achieved in a single session. Due to the 

properties and increased predictability of Onyx®, 

more prolonged injections through single feeders like 

the MMA can be performed compared with other em-

bolic materials.14) Moreover, the excellent flow control 

enables greater injection control, even when the vessel 

diameter is very small. With the newer and eas-

ier-to-navigate micro-catheters and the advent of 

Onyx®, trans-arterial embolization has become the ac-

cepted initial treatment for DAVF.

CONCLUSION

Although most cases of venous drainage pattern 

conversion in DAVF show benign clinical courses and 

do not develop symptoms, aggressive conversion 

sometimes occurs. Therefore, close clinical and radio-

logical follow-up is needed to detect these lesions. 

Angiographic features should be the most important 

factor in deciding treatment modality. Our results in-

dicate that endovascular embolization with Onyx® is 

a reliable treatment with acceptable safety and efficacy. 
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