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I
ntracranial dural arteriovenous fistulae (DAVF) are
uncommon lesions. Their true incidence is unknown,
although selected series suggest that they occur only

one tenth as frequently as intraparenchymal arteriove-
nous malformations (AVM).1 Since many may remain
clinically silent or involute spontaneously the incidence
may be an underestimate.2 DAVF tend to present later in
life than AVMs, lending support to the theory that these
are acquired lesions, although presentation can be at any
age.3 A presentation with aggressive neurological symp-
toms is more common in males. 

The fistula represents an abnormal connection between
dural arteries or pachymeningeal branches of cerebral
arteries and dural veins. Occasionally, as a fistula grows or
becomes more diffuse, pial recruitment from parenchy-
mal vessels can occur. In addition, dilatation of cortical
veins may occur, predisposing the patient to intracranial
haemorrhage. Previous surgery, ear infection and head
trauma have all been cited as potential causes, although
the common predisposing factor appears to be venous
sinus thrombosis.4 Venous thrombosis promotes venous
hypertension, which acts as the initiating factor opening
up microscopic vascular connections within the dura.5

Maturation of these channels secondary to progressive
venous stenosis or occlusion results in the development of
direct shunts between the arteries and dural veins.6 In
addition, a second complementary mechanism of DAVF
evolution may occur with the release of angiogenic
growth factors such as vascular endothelial growth factor
(VEGF) and basic fibroblast growth factor (bFGF) pro-
moting neovascularisation and development of a DAVF. 

Presentation and natural history
A wide spectrum of symptoms exists, ranging from the
benign to the more aggressive. Individual lesions may
regress spontaneously or follow a benign course over years.
Drainage of a petrous region DAVF to the transverse or sig-
moid sinus commonly produces pulsatile tinnitus, some-
times in association with an audible bruit. Depending upon
the pattern of venous drainage such patients may be man-
aged conservatively. Cavernous sinus DAVFs may develop
orbital signs such as congestion, chemosis and ophthalmo-
plegia. Treatment is usually undertaken to protect against
ocular and visual complications. 

More aggressive behaviour may manifest as focal neu-
rological deficits, a dementia-type of syndrome or cere-
bral haemorrhage, including subarachnoid, subdural or
intraparenchymal bleeds.7 Such features are usually con-

sidered to be due to venous hypertension, although neu-
rological deficits may be secondary to arterial steal.8 In a
meta-analysis of 360 dural AVFs the tentorial incisura was
the most ominous location, with 31 out of 32 cases asso-
ciated with haemorrhagic or non-haemorrhagic stroke.7

However the pattern of venous drainage was considered
of paramount importance in predicting aggressive behav-
iour.7 Angiographic features that appear to be associated
with aggressive behaviour comprise leptomeningeal retro-
grade venous drainage, variceal or aneurysmal venous
structures, and galenic venous drainage.7,9 Treatment of
DAVFs with these features warrants serious consideration.  

In a longitudinal study of 117 patients with no evidence
of cortical venous drainage followed over 348 patient
years, observational management rather than interven-
tion was chosen for 73 (62.4%). Five of these patients were
lost to follow up. 50 patients underwent repeat angiogra-
phy due to a change in symptoms. In two of these cases
cortical venous reflux was seen. This appears to indicate
that the risk of conversion from a benign to an aggressive
DAVF is small but sufficient to warrant repeat angiogra-
phy if the clinical picture appears to progress.9

PET based regional cerebral blood flow (rCBF) studies
indicate that impaired rCBF may be important in the
pathogenesis of neurological symptoms. In patients with
normal cortical venous drainage, values for regional cere-
bral blood flow (rCBF), regional cerebral metabolic rate
of oxygen (rCMRO) and regional oxygen extraction frac-
tion (rOEF) were normal. Studies in patients with neuro-
logical symptoms and cortical venous drainage, showed
reduced rCBF and mildly or markedly increased rOEF.10

Classification
Various classification methods have been adopted that
attempt to explain the significance of the angiographic
anatomy; namely, the pattern of venous drainage and the
clinical presentation and outcome. The two commonly
used classification systems are shown in Tables 1 and 2.
With only three sub-types the Borden classification is user
friendly.3 However, the Cognard system is more detailed
and elaborates on the direction of flow, whether normal
(anterograde) or retrograde and the presence or absence
of cortical venous recruitment. Such definition enables
more accurate comparison of clinical and radiological
parameters. In addition, spinal perimedullary venous
drainage is specifically recognised.11

In a retrospective review of 102 DAVFs in 98 patients
Davies et al. reported a significant correlation between
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Type I DAVF drainage into a dural venous sinus or meningeal vein with normal anterograde flow.  Usually benign clinical behaviour.

Type II Anterograde drainage into dural venous sinus and onwards but retrograde flow occurs into cortical veins.  
May present with haemorrhage.  

Type III Direct retrograde flow of blood from the fistula into cortical veins causing venous hypertension with a risk of haemorrhage.

Table 1: The Borden Classification system.

Type I (Figure 1) Normal anterograde flow into a dural venous sinus.

Type IIa Drainage into a sinus with retrograde flow within the sinus

Type IIb (Figure 2) Drainage into a sinus with retrograde flow into cortical vein(s)

Type II a + b Drainage into a sinus with retrograde flow within the sinus and cortical vein(s)

Type III (Figure 3) Direct drainage into a cortical vein without venous ectasia

Type IV (Figure 4) Direct drainage into a cortical vein with ectasia >5mm and 3x larger than the diameter of the draining vein

Type V (Figure 5) Direct drainage into spinal perimedullary veins

Table 2: The Cognard classification system.






