
Introduction
Dural arteriovenous fistulas (AVF) are pathologic abnormal
vascular connections located with in the walls of a dural
sinus or an adjacent cortical vein, which can have profound
detrimental effects on the underlying brain and cranial
nerves.1,2 Dural arteriovenous fistulas (DAVF) may occur in
the intracranial and spinal compartments of the central
nervous system.3 Most frequently affecting the region of
the transverse and cavernous sinuses, intracranial DAVFs
uncommonly involve the dura of the craniocervicaljunction.4-
6 There remains some confusion and debate regarding proper
nomenclature, pathophysiology, pathoetiologic mechanisms
with other central nervous system vascular malformations,
But this particular type of arteriovenous shunting
malformation has been referred to as both dural AVF and
dural AVM (arteriovenous malformation).7-10 Intracranial dural
AVF accunt for 10-15% of all intracranial artriovenous lesions
but no correlation was observed between age and frequency
of aggressive neurologic symptoms.2,6,11,12 But there is a
higher incidence in women, with a peak incidence occurring
in between 30 to 50 years of age.13, 14 Dural AVF can affect a
variety of cerebral venous structures, which can present at
various clinical stages, ranging from a simple irritating pulse-
synchronous bruit, tinnitus to a disabling neurological deficit
as a result of ischaemia from impaired venous drainage to
life threatening intracranial hemorrhage from venous
hypertension.15,16 So a good understanding of the natural
history of dural AVF is fundamental to decision making about
treatment.

Causal factors
The exact cause for the development of dural AVF is not
clearly known. In particular, it is generally well acknowledged
that most dural AVFs are acquired lesions. Various causes of
acquired dural AVF have been proposed, most related to the
known associated conditions and diseases like trauma,
surgery, infection, certain disease entities such as Osler
Weber Rendue disease  and even pregnancy.17-20 Congenital
form of dural AVF also have been rarely described in the
literature. One popular but highly debatable pathoetiologic
mechanisms relates the event of dural sinus thrombosis, in
which preexisting physiologic arteriovenous shunts convert
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to pathologic shunts. 17,21 A number of similar cases have
been seen in which dural sinus thrombosis was
angiographically documented before the development of a
dural AVF. 2,22,23 It is thought that dural sinus thrombosis
enlarges normally present microscopic arteriovenous shunts
in the wall of the sinus or stimulates the development of
these shunts. The link between dural AVF development and
dural sinus thrombosis in bidirectional because a large
number of dural Avfs display thrombosis of the adjacent
dural sinus or partial thrombosis at the fistula site.2 The
observed thrombosis may be the result of the high turbulent
flow through the fistula or may be the residue of prior
thrombosis.2,24

Pathology and pathophysiology
In cerebral dural AVF, venous hypertension or sinus
thrombosis may alter the balance of pro-angiogenic and anti-
angiogenic substances produced by the brain or the dura.25

Whether one or more angiogenic factors, such as basic
fibroblastic growth factor (bFGF) or vascular endothelial
growth factor  are causative agents for dural AVF genesis or
whether the production of these agents is modulated by the
hemodynamic conditions existing with and around the fistula
is unclear.17,26 Venous hypertension has also been linked to
passive congestion and resultant decreased cerebral perfusion
and ischaemia. The gene responsible for production of
vascular endothelial growth factor, has been shown to contain
a hypoxia sensitive response element in it’s promoter region.27

So, venous hypertension induced ischemia may promote
angiogenesis not by a hemodynamic stimulus but also by
virtue of the resultant ischemia and hypoxia of the underlying
cortex. Such as would be found in a thrombosed sinus. If
angiogenic substances are responsible, then recent advances
in antiangiogenic mediators may be used as anadjuvant
therapy for patients of untreatable dural AVF.28

Histopathologic analysis of surgical specimen of transverse
and sigmoid sinus of dural AVFs showed intimal thickening
of the involved sinuses, arteries and veins with obliteration
of the elastic lamina.29 Hinokuma et al reported enlarged
cortical draining vessels with intimal thickening and elastosis
in the wall of the involved dural sinuses.30,31 Graeb and
Dolman found loose fibrous tissue containing large vascular
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channels with in an occluded superior sagittal sinus.32 The
site of the DAVF was proposed to be within the wall of the
sinus rather than in the sinus. Stenosis of the dural sinus
lumen was thought to be secondary to intimal thickening
and the emergence of abnormal vessels within the sinus
walls.31,32

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 commonly used
classification systems are shown in Tables 1. Djindjian et al
proposed a three-tiered system of classification.33,34 Type 1
lesions drain by the ipsilateral sinus; type 2, toward the
contra lateral sinus; and type 3, by cortical veins. From this
classification we can predict the severity of the presenting
symptoms and the risk for intracranial hemorrhage. Patient
with type 1 lesions are at low risk and usually present with
headache or bruits and rarely neurologic deficits or
hemorrhage. Patient with type 2 lesions are at high risk
hemorrhage, especially if the contralateral sinus is
hypoplastic or stenotic. Patient with type 3 lesions are at
highest risk of brain infarction and hemorrhage.

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.5 Such definition enables more accurate
comparison of clinical and radiological parameters. In
addition, spinal perimedullary venous drainage is specifically
recognized.5 With only three sub-types the Borden
classification is user friendly. In a retrospective review of
102 DAVFs in 98 patients Davies et al. reported a significant
correlation between Borden type and clinical presentation.5

The progression of disease severity with lesion type was
tracked in Cognard‘s cohort of 205 patients. 27 patients had
a type IIa fistula. Of these, 10 (37%) had aggressive clinical
symptoms manifested as headache, papilloedema or visual
disturbance. In the 10 patients with type IIb DAVFs, 3 (30%)
followed an aggressive course. 12 of 18 (67%) patients with
type II a+b disease showed aggressive symptoms, including
an intracranial haemorrhage in 1 case. 19 (76%) of 25 patients
with type III disease had aggressive symptoms, including
10 (40%) presenting with haemorrhage. Twenty nine patients
had type IV DAVFs with direct venous drainage into a cortical
vein with ectasia. Of these, 28 (97%) had aggressive
symptoms, of which 19 (66%) had haemorrhage.5,17 6 of these
patients had symptoms attributable to mass effect from the
ecstatic vein. The presence of direct cortical venous drainage
was therefore a strong predictor of haemorrhage. Of those
12 patients with spinal perimedullary venous drainage, 6
presented with myelopathy.5,17

Table 1: Proposed grading systems for dural arteriovenous fistulas.

Article Grade Pattern of Venous Drainage
Djindjian et al 33,34 1 *Venous drainage to the ipsilateral sinus

2 *Venous drainage to the contralateral sinus
3 *Venous drainage via cortical veins

University of 1 *No venous restriction, normal antegrade venous drainage without retrograde or cortical
California at venous drainage
san Francisco 2 *Antegrade and retrograde venous drainage with or without cortical  venous drainage

3 *Retrograte and cortical venous drainage with or without antegrade venous drainage
4 *Cortical venous drainage only

Borden 17  1 * DAVF drainage into a dural venous sinus or meningeal vein with normal anterograde flow.
Usually benign clinical behaviour.

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

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

Cognard et al 5 I *Venous drainage into a sinus, normal antegrade flow
II *Venous drainage into a sinus, with insufficient antegrade flow and reflux
a - Retrograde venous drainage into a sinus only
b  - Retrograde venous drainage into a cortical vein only
a+b  - Retrograde venous drainage into a sinus and cortical veins
III *Venous drainage in to a cortical vein without ectasia
IV *Venous drainage directly into a cortical vein with venous ectasi Larger than 5mm diameter

and three times larger than the diameter of the draining vein
V *Venous drainage into spinal perimedullary veins

JM Vol. 11, No. 2 Dural Arteriovenous Fistula - A Review

160



  1 - Superior sagittal sinus,
  2 - Inferior sagittal sinus,
  3 – Superior cerebral veins (bridging veins)
  4 – Great cerebral vein (of Galen)
  5 – Straight sinus,
  6 – Confluence of the sinuses,
  7 – Transverse sinus,
  8 – Sigmoid sinus,
  9 – Cavernous sinus,
 10 – Superior anastomotic vein (Labbe’s vein)
 11 – Superior ophthalmic vein.

Fig.-1: Cerebral veins and venous sinuses.

Fig-2: Cognard Type 1 Dural AVF.

Fig.-3: Cognard Type 2a Dural AVF.

Fig.-4: Cognard Type 2b Dural AVF.

Fig.-5: Cognard Type 2a+b Dural AVF.
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Presentation and natural history:
A wide spectrum of symptoms exists, ranging from the benign
to the more aggressive, depend on the specific location of
the lesion, extent of arterial supply and specific pattern of
venous drainage.17,35 Diagnosis may be difficult without
imaging but DAVF should be suspected in patients who
present with tinnitus, cranial bruit, and signs of raised
intracranial pressure such as headache, blurred vision,
bilateral papilloedema, and atrophic optic disc. Individual
lesions may regress spontaneously or follow a benign course
over years. Drainage of a petrous region DAVF to the
transverse or sigmoid sinus commonly produces pulsatile
tinnitus, sometimes in association with an audible bruit.6
Ocular manifestations (eg; opthalmo-plagia, proptosis,
chemosis, decreased visual acuity) arecommonly seen with
carotid-cavernous fistulas.17,36 Treatment is usually
undertaken to protect against ocular and visual
complications.36

More aggressive form of DAVF may manifest as focal
neurological deficits, seizure, headache, a dementia-type of
syndrome or cerebral haemorrhage, including subarachnoid,
subdural or intraparenchymal bleeds.17,37Such features are
usually considered to be due to venous hypertension,
although neurological deficits may be secondary to arterial
steal.17 In a meta-analysis of 360 dural AVFs the tentorial
incisura was the most ominous location, with 31 out of 32
cases associated with haemorrhagic or non haemorrhagic
stroke.17,37 However the pattern of venous drainage was
considered of paramount importance in predicting aggressive
behaviour. Angiographic features that appear to be associated
with aggressive behaviour comprise leptomeningeal
retrograde venous drainage, variceal or aneurysmal venous
structures, and galenic venous drainage. Treatment of DAVFs
with these features warrants serious consideration.17,37,38

The risk of conversion from a benign to an aggressive DAVF
is small but sufficient to warrant repeat angiography if the
clinical picture appears to progress.38

Imaging:
CT, MRI and angiography all have roles to play in the
investigation of patients with a possible DAVF. Because the
clinical and imaging features can be non-specific, the
diagnosis of a DAVF is often delayed or missed, but for
detection of these fistulas, digital subtraction angiography
is the method of choice, allowing the dynamic assessment
of cerebral circulation.39 Occasionally plain films can
demonstrate grooving within the skull vault due to chronic
compression from enlarged middle meningeal vessels.17 If
haemorrhage is suspected, non-enhanced CT is a pre-
requisite. Venous congestion may appear as an area of low

Fig.-6: Cognard Type 3 Dural AVF.

Fig-7: Cognard Type 4 Dural AVF.

Fig.-8: Cognard Type 5 Dural AVF.
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density on CT. In most institutions CT is more readily available
and cheaper than MRI and so becomes the first-line
investigation of patients presenting with tinnitus, headache
or other vague neurological symptoms. Multi-detector CT
angiography (MDCTA) can now provide high resolution
detail of vascular anatomy.39 T2 weighted MRI is more
sensitive to the white matter changes of venous congestion
or infarction when compared to CT. It has the drawback of
being less sensitive to the changes of acute haemorrhage. If
dilated cortical veins are present they may be seen on
conventional spin echo sequences and visualised using MR
angiographic techniques such as phase contrast venography
or contrast enhanced MR angiography.39,40 Carotid duplex
sonography can be used as the initial screening tool for
diagnosis in patients having symptoms related to dural
AVFs.41

Benign disease, without cortical venous reflux can be missed
using both CT and MRI, if there is a strong clinical suspicion
of a fistula, Digital subtraction angiography (DSA) is the
method of choice for detection of cerebral dural
arteriovenous fistulas. A recently introduced contrast-
enhanced two-dimensional dynamic MR angiographic
technique allows projection images similar to those obtained
by radiographic DSA to be acquired at a subsecond frame
rate with a high in-plane resolution.39,40

Treatment:
Treatment is dependent on the clinical picture, temporal
progression and the grade of fistula.42 A multidisciplinary
approach involving a interventional neurologist,
neurosurgeon and neuroradiologist is required. High risk
radiographic features, such as cortically diverted venous
drainage, patient with visual loss, hemorrhage or infarction
require prompt therapy. Treatment options generally involve
disrupting the abnormal vascular conduits by using a
combination of modalities, including surgical disconnection,
radiosurgery, and transarterial and transvenous embolization.
The goal of treatment of high risk fistulas should be complete
obliteration. On the other hand low risk fistulas can be treated
conservatively.

1. Conservative treatment:
There are many reported cases of spontaneous regression
of dural AVFs, which might be caused by thrombosis of the
sinus or fistula, is frequently associated with cavernous sinus
dural AVFs; therefore, some dural AVFs can be treated
conservatively if benign in nature.6,43 These patients are
also instructed to avoid antiplatelet agents (aspirin, NSAID),
because these would interfere with blood clot formation and
spontaneous closure. Occipital artery or carotid artery manual
compressions have been reported to occasionally lead to

obliteration of the DAVFs, but this procedure has some life
threatening complications.

2. Radiation therapy:
Recent studies of the efficacy of stereotactic radiosurgery
have reported relatively good results, with complete
occlusion in 44%–87% of cases without serious
complications.6,44,45 Advantages of this technique include
less invasive and fewer short-term complications, whereas a
disadvantage is the delayed response (approximately 6–12
months) after irradiation. The combined use of stereotactic
radiosurgery and transarterial embolization (TAE) with
particles can enhance the effectiveness of this technique
and reduce the risk of complications during the follow-up
period.6,46 The careful use of radiosurgery seems justified
when other approaches, including embolization and
microsurgery have failed.

3. Endovascular intervention:
TAE with Particles:
Transarterial embolization of feeding artery through external
carotid branches with particle can easily performed, which
can reduce shunt flow. However, complete cures are difficult
from this method because of the existence of feeding arteries
that cannot be catheterized and the recruitment of a blood
supply from collateral arteries.47 Therefore, this method is
generally used to relieve symptoms or in combination with
other procedures such as irradiation, surgery, or transvenous
embo-lization (TVE).6,48 Several agents are available to
embolize; likes, polyvinyl alcohol particles, liquid adhesive
(N-butyl-cyanoacrylate) and absolute dehydrated ethanol
(EtOH).

Transvenous Coil Embolization:
This embolization must be considered in patients with fistulas
of the transverse and sigmoid sinuses. For curative purposes
TVE with coils is used and many studies have reported it to
be very useful (complete occlusion in 80%–100% of
cases).6,49 But this procedure sometimes associated with,
serious complications like; vessel injury and intracranial
hemorrhage have also been reported.49 Inadequate
embolization leads to a worsening of symptoms. Critical
assessment of diagnostic images and clinical conditions is
also important for successful procedures. Previously this
procedure was performed by direct surgical or transfemoral
introduction of thrombogenic material into fistulae.51

TAE with n-butyl-2-cyanoacrylate:
TAE with n-butyl-2-cyanoacrylate has been applied to
complex dural AVFs that are not accessible with percutaneous
transvenous catheterization. Some authors emphasize
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techniques that involve wedging a microcatheter into the
main feeding artery to inject a diluted (20%–25%) mixture of
n-butyl-2- cyanoacrylate and iodized oil, and the preparatory
devascularization of other minor feeding arteries by
embolization with polyvinyl alcohol particles to avoid
fragmentation of the glue column by competing inflows.52

Although results are relatively good, TAE with n-butyl-2-
cyanoacrylate requires experience in using this material, and
some authors have reported a 5%–20% complication rate.53

Other options such as surgical approaches and a combination
of TAE and radiosurgery should also be considered when
treating complex dural AVFs.

Stent Placement:
Recently, in a small number of patients are treated with stent
placement with restrictive changes of the sinuses in the
treatment of dural AVFs.54 Theoretically, the radial force of
the stent can restore antegrade sinus flow and close shunts
within the sinus wall. Some dural AVFs have been
successfully treated with stents, but the long-term results
are not yet known. Currently available stents with sufficient
diameter are relatively large (over 6 F) and have a stiff shaft.
Although this procedure has some difficulties during
introduce the stent into the affected area of the sinus due to
the acute angle of the sigmoid sinus and the irregular
narrowing of the lesion.

4.  Surgery:
Nowadays interventional procedures have become a first-
line treatment for dural AVFs.6 Surgical treatment of DAVFs
is considered primarily for lesions that have presented with
hemorrhage or which have prominent cortical venous
drainage and are believed surgically accessible.55 However,
some difficult cases require surgical techniques (eg, sinus
isolation and resection) in combination with interventional
procedures. Other cases, dural AVFs of the anterior cranial
fossa involved, can be treated more easily and safely with
surgical disconnection of the venous drainage.56 The goal
of the operation is to physically interrupt arterial channels
within the dura mater that directly enter the involved
sinuses.57 A new technique for the treatment of dAVFs is
use, in which the affected sinuses are skeletonized and
isolated with the placement of a dural interpositional graft.
This modification can be useful in preventing the recurrence
of fistulas by imposing a mechanical barrier between native
dura mater and the sinus while maintaining the patency of
the involved sinuses.57

Conclusion
Dural AVF is one of the potentially complex disease of
nervous system with a wide range of clinical presentation.

Location of the lesions is very important in determining the
presentation, treatment facilities and prognosis. For proper
treatment, it is ideal to do cerebral DSA. Which gives us
detail information’s about the lesion. In the past, dural AVFs
have been treated with a variety of approaches, including
surgical resection, venous clipping, transcatheter
embolization, radiation therapy, or a combination of these
treatments. But now a day endovascular approach can be
used exclusively in case of DAVFs in cavernous, inferior
petrosal and marginal sinus, on the other hand open surgery
is the choice in case of DAVF in ethmoidal dural region.
Proper knowledge of drainage patterns, the risk of aggressive
symptoms, recent technical advances, and current treatment
strategies is essential for the treatment of intracranial dural
AVFs.
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