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AbsTrACT
Dural arteriovenous fistula (dAVF) accounts for 
approximately 10% of all intracranial vascular 
malformations. While they can be benign lesions, the 
presence of retrograde venous drainage and cortical 
venous reflux makes the natural course of these lesions 
aggressive high risk of haemorrhage, neurological injury 
and mortality. Endovascular treatment is often the first line 
of treatment for dAVF. Both transarterial and transvenous 
approaches are used to cure dAVF. The selection of 
treatment approach depends on the angioarchitecture 
of the dAVF, the location, the direction of venous flow. 
Surgery and, to a lesser extent, stereotactic radiosurgery 
are used when endovascular approaches are impossible or 
unsuccessful.

InTroduCTIon
Dural arteriovenous fistulas (dAVF), also 
referred to as dural arteriovenous malforma-
tions (AVM), are abnormal shunts between 
the arterial and venous systems located 
within the dura. The aetiology of the dAVF is 
unclear in many instances; however, they are 
thought to be acquired after trauma, surgery, 
venous stenosis or sinus thrombosis. Cranial 
dAVFs most commonly occur by dural venous 
sinuses.1 2

Several classification systems have been 
developed to categorise dAVFs, specifically 
by the pattern of venous flow.3 4 Borden and 
colleagues organised dAVFs into three groups 
(table 1): type I dAVFs drain directly into 
venous sinus; type II dAVFs drain into venous 
sinuses but also have retrograde drainage 
into subarachnoid (cortical) veins; and type 
III dAVFs drain directly into subarachnoid 
veins.4 Conversely, Cognard and colleagues 
organised dAVF into five groups (table 1): 
type I dAVFs drain directly into venous sinus 
with anterograde flow; type IIa dAVFs drain 
into the main sinus (anterograde) with addi-
tional retrograde reflux into an associated 
venous sinus; type IIb dAVFs drain into venous 
sinus in anterograde flow with reflux into a 
cortical vein; type IIa+b dAVFs drain into the 
main sinus with reflux into both associated 
venous sinus and cortical vein in retrograde 
flow; type III and type IV dAVFs drain directly 

into cortical veins either without (type III) or 
with (type IV) venous ectasia; type V dAVFs 
drain into the spinal perimedullary venous 
system. In general, dAVFs without cortical 
venous reflux (CVR) (Cognard type I or IIa or 
Borden type I) are considered benign3 and are 
thought to have only a 2% risk of developing 
CVR.5 dAVFs with persistent CVR (Cognard 
type IIb- V or Borden types II and III) are 
aggressive and have been found to have an 
annual mortality of 10.4% with an annual 
haemorrhagic risk of 8.1% and an annual 
non- haemorrhagic neurological deficit risk 
of 6.9%.6 Following an initial haemorrhage, 
rebleeding can be as high as 35% in the first 
2 weeks.7

The location of the fistula and its subse-
quent disruption of normal venous drainage 
can cause changes in flow dynamics to 
produce symptoms. Presenting symptoms 
are variable depending on the location of 
the fistula and can include pulsatile tinnitus, 
bruit, headaches, visual changes, alterations 
in mental status, seizure, myelopathy, cranial 
nerve palsies and motor or sensory deficits. 
Approximately 20%–33% of dAVFs present 
with intracranial haemorrhage.2 6

For diagnosis, CT and MRI are usually 
unremarkable in dAVF. CT scan is often 
useful for determining haemorrhage or 
oedema if present. MRI may also show indi-
rect signs of venous hypertension or CVR, 
such as pial vein engorgement, dilated venous 
pouch or abnormal vascular enhancement.8 
Susceptibility- weighted imaging can clarify 
arteriovenous shunting of dAVF by demon-
strating hyperintense venous signal due to 
rapid wash- in of oxygenated blood.8 Dedicated 
vascular imaging is considered standard for 
diagnosis of a fistula. Brain CT angiography 
(CTA)/CT venography or MR angiography 
(MRA)/MR venography can demonstrate 
asymmetric sinus, engorged arterial or venous 
vessels and enhanced transosseous vessels. 
It can be helpful for treatment planning 
by defining the relation between the dAVF 
shunt and skull anatomy.8 Negative brain 
CTA or MRA does not completely exclude 
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Table 1 Classification of dAVFs: Borden versus Cognard

Natural 
course

Borden classification Cognard classification

Type
Venous 
drainage site CVR Type Venous drainage site

Flow pattern in 
sinus CVR

Benign I Dural sinus No I Dural sinus Antegrade No

Benign       IIa Dural sinus Retrograde No

Aggressive II Dural sinus Yes IIb Dural sinus Antegrade Yes

Aggressive       IIa+b Dural sinus Retrograde Yes

Aggressive III Cortical vein Yes III Cortical vein   Yes without venous 
ectasia

Aggressive       IV Cortical vein   Yes with venous 
ectasia

Aggressive       V Cortical vein with spinal 
medullary drainage

  Yes

CVR, cortical venous reflux; dAVF, dural arteriovenous fistula.

the diagnosis of dAVF. Cerebral digital subtraction angi-
ography (DSA) is the gold standard imaging modality to 
detect and best characterise dAVF.8 A full DSA, including 
internal carotid arteries (ICA), external carotid arteries 
(ECA) and both vertebral arteries, is usually required to 
assess dAVF. Superselective evaluation of smaller arteries 
is also helpful to clarify particular arterial contributions 
and the location of the fistula/shunt.

Because of the benign nature, dAVFs without CVR 
(grades I and II) are often managed conservatively. Treat-
ment can be palliative for patients who suffer from inca-
pacitant tinnitus, ocular symptoms or severe headache. 
Compression therapy is sometimes used as adjunct treat-
ment for dAVF without CVR. Compression of ipsilateral 
carotid artery or occipital artery is performed by contra-
lateral hand three times a day. Depending on the location 
and extent of the dAVF, this management was reported 
to cure dAVFs in 20%–30% of cases.9 10 Various treat-
ment modalities are used to manage aggressive dAVFs, 
including endovascular techniques, surgery, radiosurgery 
or a combination of these treatments.

EndovAsCulAr ApproACh
Endovascular approach is the first- line treatment for 
most dAVFs. The mainstay for endovascular treatment 
involves embolisation of the fistulous connection and its 
venous components while preventing adverse effects.11 
Inappropriate embolisation of the fistulous connection 
and venous portions could cause sudden changes in the 
flow dynamics and potentially worsen cortical venous 
flow. Therefore, it is imperative to have an in- depth 
understanding of the fistula and its arterial and venous 
components prior to initiating treatment. The fistulous 
connection can be approached by either transarterial 
or transvenous methods. Although in the past, detach-
able balloons, polyvinyl alcohol, silk sutures and micro-
spheres were used for treatment of cerebral AVM and 
dAVFs they have been widely replaced by current embolic 
agents, including n- butyl-2- cyanoacrylate (n- BCA, glue, 

Trufill, DePuy Synthes, Raynham, MA), Onyx (ev3 Endo-
vascular, Irvine, CA), Squid (Emboflu, Switzerland), 
precipitating hydrophobic injectable liquid (PHIL; 
MicroVention, Aliso Viejo, California) and detachable 
microcoils. Recent advancements have introduced newer 
embolic agents, such as PHIL12 and Squid (Emboflu),13 
and flow diverters, such as the pipeline embolisation 
device (Medtronic Neurovascular, Irvine, California), 
to treat AVFs and inhibit fistula recanalisation in special 
scenarios,14 as described by Castãno et al with the treat-
ment of two Barrow type B indirect carotid cavernous 
fistula (CCF), a version of dAVF. Classic approaches 
described for endovascular treatment of dAVFs include 
transarterial, transvenous or a combination of both tech-
niques. Figures 1 and 2 are two illustrative cases that high-
light the transarterial and combination of transarterial 
and transvenous approach, respectively.

TrAnsArTErIAl EmbolIsATIon
A transarterial approach is the preferred treatment for 
high- grade dAVFs with direct cortical venous drainage or 
in cases in which transvenous approach is limited. Advan-
tages of transarterial embolisation include decreased 
chance of flow redirection into an alternate venous 
pathway, ability to save functional venous system, avoid-
ance of post- treatment de novo dAVF formation from 
venous hypertension and decreased complications 
specific to commonly used transvenous approaches (eg, 
abducens nerve palsy from catheterisation of the superior 
petrosal sinus, and so on).15 Transarterial approaches are 
often done under general anaesthesia with motor paral-
ysis to decrease patient motion. During the procedure, 
patients are anticoagulated with heparin. Heparinised/
non- heparinised saline flushes are additionally used to 
prevent catheter- associated thrombosis and embolic 
events. Various imaging techniques, including superse-
lective microcatheter angiography, three- dimensional 
rotational angiography and high- resolution flat- panel 
CT, are often used to obtain high- resolution images 
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Figure 1 Transarterial embolisation with two- microcatheter technique of a left sigmoid sinus dural arteriovenous fistula (dAVF) 
with precipitating hydrophobic injectable liquid (PHIL). (A) Lateral projection pre- embolisation angiogram, selective left occipital 
artery (OA) injection and (B) left main trunk external carotid artery injection showing multiple arterial feeders arising from the OA 
(solid black arrow) and middle meningeal artery (MMA) (solid white arrow), draining into a common channel (dotted black arrow). 
(C) Lateral road map angiogram showing dual microcatheter technique with positioning of Headway Duo microcatheter within 
the MMA (dashed white arrow) and Scepter C 4×10 mm balloon microcatheter in the OA (dashed black arrow). (D) Unsubtracted 
lateral view showing PHIL cast (dotted white arrow) after single infusion through the MMA with inflation of the Scepter balloon 
(dotted dashed black arrow) to reduce dAVF flow. (E) Final PHIL cast (dotted white arrow) following infusion through the MMA 
and OA. (F) Final lateral digital subtraction angiography (DSA), left common carotid injection showing no residual dAVF.

throughout the procedure.8 In this approach, different 
liquid embolic agents are used: Cyanoacrylic glue, Onyx, 
Squid and PHIL.

In transarterial approaches, microcatheters are tracked 
over microwires to distal locations in feeding arteries, 
with the goal of getting the microcatheter as close to the 
fistula connection as possible. Injection of an embolic 
agent through a compatible dual- lumen balloon catheter 
can be used in certain scenarios to help prevent proximal 
reflux of the embolic agent. 

Cyanoacrylic glue
Cyanoacrylate adhesives are widely used for the emboli-
sation of dAVFs with high flow.15–17 The most common 
agent is n- BCA (commonly referred to as ‘glue’), a liquid 
agent that quickly solidifies when it comes in contact 
with ionic substances, including blood. Ethiodol (ethio-
dised oil), tantalum or tungsten powder is often added 
to n- BCA to make the mixture radiopaque and identi-
fiable on fluoroscopy.16 The concentration of n- BCA is 
an important consideration as it changes the extent of 
migration or penetration of the product before polymeri-
sation. A mixture with high n- BCA- to- Ethiodol ratio (high 

concentration of glue) polymerises more rapidly and 
therefore embolises more proximal targets. A mixture 
with low n- BCA- to- Ethiodol ratio travels further and can 
achieve more distal penetration. Typically, concentrations 
of 25%–33% n- BCA are used.

Prior to embolisation, the microcatheter must be placed 
as close to the fistula target as possible. Ideally, the micro-
catheter should be wedged into the feeding artery to 
create a flow arrest, which helps successfully deliver the 
glue to the fistulous site and allows for permeation of 
the glue to the fistulous collateral networks. Nelson and 
colleagues have reported on this technique and demon-
strated complete occlusion of the fistula in 23 dAVF embo-
lisations.15 Before embolising with glue, microcatheter 
angiography runs are obtained from the final microcath-
eter position to help establish the optimal glue concentra-
tion needed for the embolisation. Prior to injecting the 
n- BCA and Ethiodol mixture, the microcatheter is primed 
by flushing with non- ionic solution, such as 5% dextrose, 
to prevent any glue polymerisation within the catheter 
delivery system. The glue is then injected under direct 
DSA or negative road map as either a continuous column 
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Figure 2 Combined transarterial and transvenous embolisation of a left transverse sinus dural arteriovenous fistula (dAVF) 
with Onyx and microcoils. (A) Lateral projection pre- embolisation angiogram, selective left external carotid artery (ECA) injection 
and (B) right vertebral artery (VA) injection showing multiple arterial feeders arising from the left middle meningeal artery (MMA) 
(solid white arrow), right occipital artery (solid black arrow), right posterior meningeal artery (clear white arrow) and left artery 
of Davidoff and Schechter (dotted white dashed arrow), draining into a common channel (dotted black arrow). (C) Left ECA 
injection showing Scepter XC 4×11 mm microcatheter positioned within the MMA (dashed white arrow). (D) Anteroposterior (AP) 
road map showing Echelon 14 microcatheter positioned through the left transverse sinus and within the venous pouch (clear 
black arrow). Unsubtracted lateral view, (E) showing successful deployment of microcoils within the venous pouch (dotted black 
dashed arrow), (F) showing the Onyx cast after successful infusion through the MMA (dotted white arrow). Postembolisation 
lateral angiogram, (G) right VA injection and (H) left common carotid artery injection showing no residual dAVF.

or a bolus.18 Depending on the position of the microcath-
eter and the distance to the intended target, 5% dextrose 
solution can be simultaneously injected through the guide 
or distal intracranial support catheter to promote more 
distal migration of the glue.17 After embolisation with n- 
BCA, it is important to rapidly remove the microcatheter 
to prevent the catheter from being glued to the vessel.

onyx
Onyx is a liquid mixture of ethylene–vinyl alcohol copol-
ymer suspended in dimethyl sulfoxide (DMSO). All mate-
rials involved in the procedure (catheters, syringes, and 
so on) must be DMSO compatible. Similar to n- BCA, 
tantalum powder is added for radio- opacity. The Onyx 
mixture must be shaken for 20 min to evenly distribute 
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the tantalum and obtain uniform radio- opacity before 
use.19 Onyx precipitates into a viscous substance with a 
characteristic ‘lavalike’ flow pattern on contact with blood 
to cause vessel occlusion.

Onyx can be the preferred treatment option based on 
the type and location of the cerebral dAVF. Although 
the best therapeutic approach for Cognard type II dural 
fistulas, with or without CVR, is transvenous approach, 
transarterial embolisation with Onyx can be useful to 
avoid sacrificing the draining venous sinus in certain 
cases.20–23 For higher grade dAVF (Cognard types III–V), 
transarterial approach with Onyx has demonstrated much 
success.24–26 Compared with n- BCA glue, Onyx is less 
operator dependent, does not require a wedged micro-
catheter position, as the Onyx itself will form a plug that 
helps prevent reflux. The ability to perform prolonged 
injections allows for embolisation of multiple feeders 
forming complex vessel networks from a single injection, 
especially when venous access is limited.11 24–26 Endovas-
cular treatment with Onyx has shown to achieve a higher 
rate of dAVF cure than n- BCA.27 Although transarterial 
embolisation with Onyx can be used to treat indirect CCF, 
transvenous approach is preferred to avoid the risk of 
injury to cranial nerves and penetration into extracranial 
or intracranial dangerous anastomoses.20 23

After establishing an in- depth understanding of the 
anatomy and flow dynamics of the fistula, the microca-
theter must be primed/flushed with DMSO, prior to 
injecting Onyx. The Onyx can then be injected under 
direct visualisation, using a double road map fluoroscopy 
to identify any premature leakage.28 The speed of injec-
tion can be customised to optimise vessel penetration, 
direction and reflux. Once reflux is observed, injection 
should be stopped for approximately 30–90 s to allow the 
Onyx to solidify before proceeding with further injection. 
As reflux creates a desirable plug around the microcath-
eter it can be used to further push Onyx into the fistula. 
Creation of the plug is an important part of the tech-
nique, particularly if the microcatheter tip position is 
more proximal.

Several complications can occur with Onyx injection 
and reflux. Uncontrolled or excessive reflux of Onyx can 
cause retrograde filling and cause inadvertent oblitera-
tion of proximal vasculature and branch points. Addition-
ally, delayed injection after reflux can lead to occlusion or 
entrapment of the microcatheter. Multiple control angio-
grams are often obtained throughout the procedure to 
carefully monitor the progression of the embolisation. 
Because much precision is required to inject Onyx, it is 
not uncommon for treatments through a single pedicle 
to last more than an hour or to separate the embolisation 
into multiple stages.

After the embolisation the microcatheter can be 
removed from the Onyx cast with continuous gentle 
traction. The distal microcatheter tip can be cut and 
left in place if it is entrapped by the Onyx.21 Detachable 
tip microcatheters, such as Apollo (Medtronic Neuro-
vascular), were designed to limit complications during 

catheter withdrawal. The Apollo has a detachable cath-
eter tip that is released on reaching a threshold with-
drawal force, allowing for longer Onyx injections without 
concern for catheter entrapment.

phIl and squid
PHIL (MicroVention) is an iodinated copolymer dissolved 
in DMSO that precipitates to form a non- adhesive mate-
rial when comes into contact with blood. The iodine 
component of PHIL provides radio- opacity without the 
need for tantalum, in which results are thought to result 
in less artifact on CT and eliminate the need for preproc-
edural mixing that is needed for Onyx. PHIL can be used 
in three concentrations, with the lowest concentration 
being used most often for dAVF embolisations.

PHIL is currently not available for commercial use in 
the USA, but there is an ongoing active trial to evaluate its 
effectiveness in treatment of dAVFs. Leyon and colleagues 
described using PHIL in eight cases to treat five cranial 
and three spinal dAVFs with either Apollo (Medtronic) or 
Marathon (Medtronic) microcatheter delivery systems.29 
Lamin and colleagues are also reported using PHIL in 
30 procedures with Apollo, Marathon or Headway Duo 
(MicroVention) microcatheter delivery systems.12

Squid is another liquid embolic agent for treatment 
of dAVF, but currently not available in the USA. Squid 
is an ethylene vinyl alcohol copolymer available in two 
versions: Squid 12 and Squid 18. Squid has 30% less 
tantalum than Onyx and has micronised tantalum, which 
may help better visualise structures behind the embolised 
material and provide a more homogeneous solution than 
Onyx.13 30 Akmangit and colleagues reported a case series 
of using Squid to treat nine dAVFs with Sonic (Balt, Mont-
morency, France), another detachable microcatheter 
delivery system.13 Much like the Onyx, the Squid works in 
a ‘plug and push’ method. In their case series, Akmangit 
and colleagues described13 using Squid 18, which has 
higher density, for the initial plug formation and using 
Squid 12, which has lower viscosity, for distal penetration.

Flow diversion
While flow- diverting stents have been used to treat 
direct CCFs,31 there is limited efficacy for treatment of 
the most common dAVF because of lesion complexity 
including multiple arterial feeders’ origins (ECAs, ICAs 
and vertebral arteries). However, Castãno and colleagues 
reported two cases of indirect CCF (Barrow type B), a 
version of dAVF in which all arterial feeders were origi-
nated from ICA, that were successfully treated with the 
Pipeline Flex embolisation device with shield technology 
(Medtronic).14 Endothelialisation of the flow- diverting 
stent allowed for occlusion of the many arterial branches 
feeding the fistula.

TrAnsvEnous ApproACh
Before the Onyx era, transvenous approach was the 
mainstay of endovascular treatment for cure of dAVF 
given that transarterial embolisation was successful only 
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in about 50% of cases.22 32 In a modern transvenous 
approach, the affected sinus and affected cortical vein 
are retrogradely catheterised and are occluded using 
microcoils, liquid embolic agents or their combination. 
For transvenous approach, appropriate patient selection 
is crucial to achieve complete occlusion and to avoid 
complications. The selected sinus or cortical vein should 
be wholly involved in drainage of the fistula and without 
participation in normal venous drainage of the brain, and 
this venous pathway should be completely occluded for 
proper treatment.2

Transvenous approach is preferred when a dAVF is 
supplied by small tortuous arteries excluding safe transar-
terial access to fistulous part, when dAVF is only supplied 
by branches directly from the ICA or vertebral artery, when 
dAVF is supplied by arteries with dangerous extracranial 
to intracranial anastomosis, or when the dAVF is supplied 
by nutrient arteries of cranial nerves.33 34 Similarly, a trans-
venous approach is the first line of treatment of an indi-
rect CCF, where there is high probability of dangerous 
anastomosis, involvement of arteries supplying cranial 
nerves and very small feeding arteries to the fistula.34 35 
Type I and II dAVFs of the hypoglossal canal are also the 
very good candidates for transvenous embolisation.36

Various routes to achieve transvenous access are used. 
Transvenous access can be established through the 
femoral vein, internal jugular vein, or direct puncture to 
affected sinus by burr hole, craniotomy, or ultrasound- 
guided puncture of a pericranial venous pouch.37 38 In 
situations of a trapped or thrombosed sinus/vein, a trans-
venous approach can be very challenging. In these cases, 
access could be achieved by crossing or recanalisation of 
a closed venous segment. Examples include traversing an 
ipsilateral occluded/thrombosed inferior petrosal sinus 
to access a trapped fistulous pouch of the cavernous sinus 
or traversing an occluded/thrombosed sigmoid sinus 
for approaching an isolated transverse sinus.39 40 In this 
approach, the interventionalist needs to carefully manage 
the risk of catheter or wire perforation of the thrombosed 
sinus or vein.40 Alternatively, sometimes a contralateral 
approach is possible. For example, contralateral jugular- 
sigmoid system across the torcula can be used.41 Direct 
access of trapped sinus or fistula pouch could be accom-
plished by direct puncture through a burr hole or crani-
otomy.37 Direct access of trapped cavernous pouch in 
indirect CCF can be fulfilled via the foramen ovale punc-
ture or transorbital puncture.42 43 Hybrid angio- operating 
rooms are ideal for this sort of combined endovascular- 
surgical approaches.

Coil embolisation with platinum microcoils is highly 
effective for packing and occlusion of an affected sinus 
or venous pouch, particularly an isolated transverse 
sinus.19 33 Onyx is sometimes required in combination 
with coil to help seal the involved sinus or venous pouch. 
Onyx can be injected via transarterial approach or trans-
venous approach depending on the fistula anatomy.33 44 
Some authors prefer ‘double- catheter technique’, one 
proximal microcatheter for deploying coils and, second, 

distal microcatheter for injecting Onyx after coiling.33 To 
avoid progression of retrograde thrombosis to normal 
cortical veins, some practitioners recommend anticoagu-
lation for a few days after sacrifice of a trapped transverse 
sinus.39

While transvenous Onyx embolisation is reported 
in small case series of dAVFs it is the mainstay of treat-
ment for indirect CCF.33 45 For ethmoidal and ante-
rior cranial fossa dAVF, feeding arteries are often small 
and very tortuous leading to difficult or impossible safe 
superselective transarterial catheterisation.46 In these 
cases, transvenous Onyx embolisation may be safe when 
there is a non- tortuous draining vein allowing catheter 
navigation into the venous pouch.46 47 Albuquerque and 
colleagues described transvenous Onyx embolisation for 
treatment of high- risk transverse- sigmoid sinus dAVF in 
which microcatheter was navigated transvenously into 
the venous pouch and positioned into arterial ostium.46 
In these cases, Onyx penetrated into multiple arterial 
feeders with small reflux into the venous pouch.46 This 
technique is reported to be safe when there is venous 
pouch or isolated sinus.

When a dAVF directly drains into the transverse and/
or sigmoid sinuses and there is no venous pouch, there 
is high chance of Onyx reflux to normal sinus. Signifi-
cant reflux into a normal sinus can lead to pulmonary 
embolism or inadvertent sinus thrombosis. In these situ-
ations, the reconstructive transvenous balloon- assisted 
embolisation (Onyx tunnel technique) was introduced 
as an option. For this technique, a microcatheter and a 
compliant balloon are simultaneously navigated into the 
transverse sinus and placed in the distal end of dAVF.48 
After inflation of the balloon, Onyx 18 was injected at the 
periphery of the balloon to penetrate slowly into feeding 
arteries resulting in an Onyx tunnel leading to complete 
occlusion of dAVFs.48 In this technique, preservation of 
normal cortical veins, such as vein of Labbé, is essential 
to prevent complications such as venous infarction and 
cerebral haemorrhage. A remodelling balloon can also 
be used in the main draining vein to temporarily block 
the antegrade venous drainage during Onyx embolisa-
tion of fistulous venous pouch.49 When venous drainage 
of the brain is dependent on a fistulous transverse sinus, 
reconstruction of the transverse sinus using a stent with 
or without transarterial Onyx embolisation could be a 
good option.50

Major complications of a transvenous approach 
include vessel perforation (particularly during navi-
gation of the wire or catheter), cerebral haemorrhage 
and venous infarction.33 40 46 51 Cranial nerve injury can 
occur during navigation or secondary to thrombosis 
or overpacking and involved venous region.52 Visual 
loss, glaucoma and acute exophthalmos were reported 
following transvenous approach via superior orbital 
vein for treatment of indirect CCF.53 54 Following 
transvenous embolisation of dAVF, venous drainage 
of normal brain could alter and lead to intracranial 
hypertension that can present with worsening of 
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headache, confusion and neurological deficit.51 Medi-
astinal perforation, cardiac embolism and pulmonary 
embolism are the other potential complications of 
transvenous approach.46 51 If the fistula has pial arte-
rial supply, in addition to dural arterial supply, sole 
reliance on a transvenous approach without retro-
grade penetration of pial feeders can result in haem-
orrhage. Similarly, if a fistula has CVR, a transvenous 
approach without retrograde penetration of feeding 
arteries can potentially convert the fistula to a higher 
grade with worsening cortical vein involvement.

sTErEoTACTIC rAdIosurgEry
Stereotactic radiosurgery (SRS) is usually reserved as 
a last salvage option for treatment of dAVF. Endothe-
lial cell damage and thrombosis are suggested as 
the main mechanisms of dAVF occlusion by radia-
tion.55 As with SRS for treatment of cerebral AVMs, 
obliteration of a dAVF could take many months, and 
during this latent period the risk of haemorrhage 
remains.56–59 Accordingly, low- risk dAVFs (Cognard 
grade 1 or Borden grade 1) could be good candidates 
for SRS. They showed a higher rate of obliteration by 
radiosurgery without haemorrhage during the latent 
period.56 It can also be a complementary treatment 
when endovascular therapy and surgery have failed.56 
SRS can be used for high- grade AVF when endovas-
cular or surgical approaches are too dangerous or 
have failed.55 Complete obliteration is reported in 
50%–93% of dAVF, treated by SRS.56–58 60 SRS results 
in higher rates of complete obliteration and symptom 
improvement in indirect CCFs than in dAVFs of the 
transverse and sigmoid sinuses.57 The average latency 
period of dAVF closure following SRS was reported 
as 23 months.59 After SRS for dAVF, annual rate of 
rebleeding was reported as high as 2.6%,60 but this will 
depend on the starting fistula grade. For follow- up, 
annual MRI is recommended and angiography is 
mandatory for accurate diagnosis of complete dAVF 
obliteration.56 57 Complications include cranial nerve 
palsy, brain oedema, haemorrhage during the latency 
period and radiation effect.56 57 60

surgEry
While endovascular techniques are often considered 
first- line therapy for treatment of dAVFs, surgery 
remains an alternate effective and safe option.61 For 
dAVF of the transverse- sigmoid sinus, surgery involves 
a wide exposure and skeletonisation of the involved 
sinus by isolation and coagulation of dural arterial 
feeders and arterialised cortical veins.61 The affected 
sinus can be completely removed if it is non- functional 
and does not participate in venous drainage of the 
normal brain. Care must be taken during surgery to 
avoid significant blood loss, particularly in complex 
fistulas with highly developed and hypertrophied 
networks of arterial feeders. In non- sinus dAVF, the 

cortical draining vein is disconnected from the fistula 
point by clips or coagulation.61 62 Frameless stere-
otactic navigation is helpful to localise the fistulous 
connection during craniotomy.63 Occlusion of dAVF 
during surgery is usually confirmed by indocyanine 
green angiography with or without intraoperative 
DSA.64

In few locations, such as anterior cranial fossa 
and ethmoidal dAVF, surgery is thought to be more 
successful than endovascular approaches.65 However, 
surgery is usually reserved for cases in which endo-
vascular approaches have failed to completely cure 
the lesion.66 Long- term morbidity and mortality of 
dAVF surgery are reported to be as high as 13%.63 
The major complications of surgery include infec-
tion, hydrocephalus, cerebrospinal fluid leak, stroke, 
cranial nerve palsy and severe blood loss.63 Preoper-
ative embolisation can be helpful to reduce surgical 
blood loss.

ConClusIons
Endovascular treatment is generally the first- line 
treatment for dAVF. Prior to intervention, a complete 
understanding of the fistula angioarchitecture is 
required. This involves identification of feeding 
arteries, the fistula connection point, venous drainage 
pathways and the direction of venous flow. Endovas-
cular approaches are performed from arterial, venous 
or combined pathways depending on the location and 
anatomy of a fistula. Surgery and to a lesser extent 
SRS remain as alternative treatment options, particu-
larly when an endovascular approach is unsuccessful 
or considered dangerous. Follow- up angiography is 
required to confirm long- term occlusion of dAVF and 
the durability of treatment.

Twitter Humain Baharvahdat @humainbv and Alexander L Coon @dralexandercoon

Contributors HB is involved in writing and editing the manuscript. GPC is involved 
in editing and reviewing the manuscript. ALC is involved in reviewing the article. 
YCO and WJK are involved in drafting and preparing figures and tables. AM is 
involved in drafting and editing the manuscript.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests GPC is a consultant for Medtronic, Stryker and MicroVention. 
ALC is a consultant for Medtronic, Stryker, MicroVention and InNeuroCo.
patient consent for publication Not required.
provenance and peer review Commissioned; internally peer reviewed.

open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https:// creativecommons. org/ 
licenses/ by/ 4. 0/.

orCId ids
Humain Baharvahdat http:// orcid. org/ 0000- 0002- 1154- 8843
Alexander L Coon http:// orcid. org/ 0000- 0002- 1105- 4333

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://svn.bm

j.com
/

S
troke V

asc N
eurol: first published as 10.1136/svn-2019-000269 on 21 N

ovem
ber 2019. D

ow
nloaded from

 

https://twitter.com/humainbv
https://twitter.com/dralexandercoon
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-1154-8843
http://orcid.org/0000-0002-1105-4333
http://svn.bmj.com/


8 Baharvahdat H, et al. Stroke & Vascular Neurology 2019;0. doi:10.1136/svn-2019-000269

Open access 

RefeRences
 1 Sakaki T, Morimoto T, Nakase H, et al. Dural arteriovenous fistula of 

the posterior fossa developing after surgical occlusion of the sigmoid 
sinus. Report of five cases. J Neurosurg 1996;84:113–8.

 2 McConnell KA, Tjoumakaris SI, Allen J, et al. Neuroendovascular 
management of dural arteriovenous malformations. Neurosurg Clin N 
Am 2009;20:431–9.

 3 Cognard C, Gobin YP, Pierot L, et al. Cerebral dural arteriovenous 
fistulas: clinical and angiographic correlation with a revised 
classification of venous drainage. Radiology 1995;194:671–80.

 4 Borden JA, Wu JK, Shucart WA. A proposed classification for 
spinal and cranial dural arteriovenous fistulous malformations and 
implications for treatment. J Neurosurg 1995;82:166–79.

 5 Satomi J, van Dijk JMC, Terbrugge KG, et al. Benign cranial dural 
arteriovenous fistulas: outcome of conservative management based 
on the natural history of the lesion. J Neurosurg 2002;97:767–70.

 6 van Dijk JMC, terBrugge KG, Willinsky RA, et al. Clinical course of 
cranial dural arteriovenous fistulas with long- term persistent cortical 
venous reflux. Stroke 2002;33:1233–6.

 7 Duffau H, Lopes M, Janosevic V, et al. Early rebleeding from 
intracranial dural arteriovenous fistulas: report of 20 cases and 
review of the literature. J Neurosurg 1999;90:78–84.

 8 Mossa- Basha M, Chen J, Gandhi D. Imaging of cerebral 
arteriovenous malformations and dural arteriovenous fistulas. 
Neurosurg Clin N Am 2012;23:27–42.

 9 Halbach VV, Higashida RT, Hieshima GB, et al. Dural fistulas involving 
the transverse and sigmoid sinuses: results of treatment in 28 
patients. Radiology 1987;163:443–7.

 10 Halbach VV, Higashida RT, Hieshima GB, et al. Dural fistulas involving 
the cavernous sinus: results of treatment in 30 patients. Radiology 
1987;163:437–42.

 11 Macdonald JHM, Millar JS, Barker CS. Endovascular treatment 
of cranial dural arteriovenous fistulae: a single- centre, 14- year 
experience and the impact of Onyx on local practise. Neuroradiology 
2010;52:387–95.

 12 Lamin S, Chew HS, Chavda S, et al. Embolization of intracranial dural 
arteriovenous fistulas using PHIL liquid embolic agent in 26 patients: 
a multicenter study. AJNR Am J Neuroradiol 2017;38:127–31.

 13 Akmangit I, Daglioglu E, Kaya T, et al. Preliminary experience with 
squid: a new liquid embolizing agent for AVM, AV fistulas and 
tumors. Turk Neurosurg 2014;24:565–70.

 14 Castaño C, Remollo S, García- Sort R, et al. Treatment of Barrow 
type ‘B’ carotid cavernous fistulas with flow diverter stent (Pipeline). 
Neuroradiol J 2017;30:607–14.

 15 Nelson PK, Russell SM, Woo HH, et al. Use of a wedged 
microcatheter for curative transarterial embolization of 
complex intracranial dural arteriovenous fistulas: indications, 
endovascular technique, and outcome in 21 patients. J Neurosurg 
2003;98:498–506.

 16 Guedin P, Gaillard S, Boulin A, et al. Therapeutic management 
of intracranial dural arteriovenous shunts with leptomeningeal 
venous drainage: report of 53 consecutive patients with emphasis 
on transarterial embolization with acrylic glue. J Neurosurg 
2010;112:603–10.

 17 Moore C, Murphy K, Gailloud P. Improved distal distribution of 
n- butyl cyanoacrylate glue by simultaneous injection of dextrose 
5% through the guiding catheter: technical note. Neuroradiology 
2006;48:327–32.

 18 Morris P, ed. Practical Neuroangiogarphy. Philadelphia: Lippincott 
Williams &Wilkins, 2007.

 19 Kirsch M, Liebig T, Kühne D, et al. Endovascular management of 
dural arteriovenous fistulas of the transverse and sigmoid sinus in 
150 patients. Neuroradiology 2009;51:477–83.

 20 Arat A, Cekirge S, Saatci I, et al. Transvenous injection of Onyx 
for casting of the cavernous sinus for the treatment of a carotid- 
cavernous fistula. Neuroradiology 2004;46:1012–5.

 21 Lv X, Jiang C, Li Y, et al. Results and complications of transarterial 
embolization of intracranial dural arteriovenous fistulas using Onyx-
18. J Neurosurg 2008;109:1083–90.

 22 Dawson RC, Joseph GJ, Owens DS, et al. Transvenous embolization 
as the primary therapy for arteriovenous fistulas of the lateral and 
sigmoid sinuses. AJNR Am J Neuroradiol 1998;19:571–6.

 23 He H- W, Jiang C- H, Wu Z- X, et al. Transvenous embolization with 
a combination of detachable coils and Onyx for a complicated 
cavernous dural arteriovenous fistula. Chin Med J 2008;121:1651–5.

 24 Nogueira RG, Dabus G, Rabinov JD, et al. Preliminary experience 
with onyx embolization for the treatment of intracranial dural 
arteriovenous fistulas. AJNR Am J Neuroradiol 2008;29:91–7.

 25 Jiang C, Lv X, Li Y, et al. Endovascular treatment of high- risk tentorial 
dural arteriovenous fistulas: clinical outcomes. Neuroradiology 
2009;51:103–11.

 26 Cognard C, Januel AC, Silva NA, et al. Endovascular treatment 
of intracranial dural arteriovenous fistulas with cortical venous 
drainage: new management using Onyx. AJNR Am J Neuroradiol 
2008;29:235–41.

 27 Rabinov JD, Yoo AJ, Ogilvy CS, et al. ONYX versus n- BCA for 
embolization of cranial dural arteriovenous fistulas. J Neurointerv 
Surg 2013;5:306–10.

 28 Gao K, Yang X- jian, Mu S- qing, et al. Embolization of brain 
arteriovenous malformations with ethylene vinyl alcohol copolymer: 
technical aspects. Chin Med J 2009;122:1851–6.

 29 Leyon JJ, Chavda S, Thomas A, et al. Preliminary experience with 
the liquid embolic material agent PHIL (precipitating hydrophobic 
injectable liquid) in treating cranial and spinal dural arteriovenous 
fistulas: technical note. J Neurointerv Surg 2016;8:596–602.

 30 Gioppo A, Faragò G, Caldiera V, et al. Medial tentorial dural 
arteriovenous fistula embolization: single experience with embolic 
liquid polymer squid and review of the literature. World Neurosurg 
2017;107:1050.e1–7.

 31 Pradeep N, Nottingham R, Kam A, et al. Treatment of post- traumatic 
carotid- cavernous fistulas using pipeline embolization device 
assistance. J Neurointerv Surg 2016;8:e40.

 32 Halbach VV, Higashida RT, Hieshima GB, et al. Transvenous 
embolization of dural fistulas involving the transverse and sigmoid 
sinuses. AJNR Am J Neuroradiol 1989;10:385–92.

 33 Natarajan SK, Ghodke B, Kim LJ, et al. Multimodality treatment of 
intracranial dural arteriovenous fistulas in the Onyx era: a single 
center experience. World Neurosurg 2010;73:365–79.

 34 Suzuki S, Lee DW, Jahan R, et al. Transvenous treatment of 
spontaneous dural carotid- cavernous fistulas using a combination of 
detachable coils and Onyx. AJNR Am J Neuroradiol 2006;27:1346–9.

 35 Alexander MD, Halbach VV, Hallam DK, et al. Long- Term outcomes 
of endovascular treatment of indirect carotid cavernous fistulae: 
superior efficacy, safety, and durability of transvenous coiling over 
other techniques. Neurosurgery 2019;85:E94–100.

 36 Spittau B, Millán DS, El- Sherifi S, et al. Dural arteriovenous fistulas 
of the hypoglossal canal: systematic review on imaging anatomy, 
clinical findings, and endovascular management. J Neurosurg 
2015;122:883–903.

 37 Caplan JM, Kaminsky I, Gailloud P, et al. A single burr hole approach 
for direct transverse sinus cannulation for the treatment of a dural 
arteriovenous fistula. J Neurointerv Surg 2015;7:e5.

 38 Layton KF. Embolization of an intracranial dural arteriovenous fistula 
using ultrasound- guided puncture of a pericranial venous pouch. 
Proc 2009;22:332–4.

 39 Wong GKC, Poon WS, Yu SCH, et al. Transvenous embolization for 
dural transverse sinus fistulas with occluded sigmoid sinus. Acta 
Neurochir 2007;149:929–36.

 40 Naito I, Iwai T, Shimaguchi H, et al. Percutaneous transvenous 
embolisation through the occluded sinus for transverse- sigmoid 
dural arteriovenous fistulas with sinus occlusion. Neuroradiology 
2001;43:672–6.

 41 Komiyama M, Ishiguro T, Matsusaka Y, et al. Transfemoral, 
transvenous embolisation of dural arteriovenous fistula involving the 
isolated transverse- sigmoid sinus from the contralateral side. Acta 
Neurochir 2002;144:1041–6.

 42 Dashti SR, Fiorella D, Spetzler RF, et al. Transorbital endovascular 
embolization of dural carotid- cavernous fistula: access to cavernous 
sinus through direct puncture: case examples and technical report. 
Neurosurgery 2011;68:75–83.

 43 Gil A, López- Ibor L, Lopez- Flores G, et al. Treatment of a carotid 
cavernous fistula via direct transovale cavernous sinus puncture. J 
Neurosurg 2013;119:247–51.

 44 Shi Z- S, Loh Y, Gonzalez N, et al. Flow control techniques for Onyx 
embolization of intracranial dural arteriovenous fistulae. J Neurointerv 
Surg 2013;5:311–6.

 45 Bhatia KD, Wang L, Parkinson RJ, et al. Successful treatment of six 
cases of indirect carotid- cavernous fistula with ethylene vinyl alcohol 
copolymer (Onyx) transvenous embolization. J Neuroophthalmol 
2009;29:3–8.

 46 Albuquerque FC, Ducruet AF, Crowley RW, et al. Transvenous to 
arterial Onyx embolization. J Neurointerv Surg 2014;6:281–5.

 47 Spiotta AM, Hawk H, Kellogg RT, et al. Transfemoral venous 
approach for Onyx embolization of anterior fossa dural arteriovenous 
fistulae. J Neurointerv Surg 2014;6:195–9.

 48 Kerolus MG, Chung J, Munich SA, et al. An Onyx tunnel: 
reconstructive transvenous balloon- assisted Onyx embolization 
for dural arteriovenous fistula of the transverse- sigmoid sinus. J 
Neurosurg 2018;129:922–7.

 49 Ye M, Zhang P. Transvenous balloon- assisted Onyx embolization of 
dural arteriovenous fistulas of hypoglossal canal. Neuroradiology 
2018;60:971–8.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://svn.bm

j.com
/

S
troke V

asc N
eurol: first published as 10.1136/svn-2019-000269 on 21 N

ovem
ber 2019. D

ow
nloaded from

 

http://dx.doi.org/10.3171/jns.1996.84.1.0113
http://dx.doi.org/10.1016/j.nec.2009.07.014
http://dx.doi.org/10.1016/j.nec.2009.07.014
http://dx.doi.org/10.1148/radiology.194.3.7862961
http://dx.doi.org/10.3171/jns.1995.82.2.0166
http://dx.doi.org/10.3171/jns.2002.97.4.0767
http://dx.doi.org/10.1161/01.STR.0000014772.02908.44
http://dx.doi.org/10.3171/jns.1999.90.1.0078
http://dx.doi.org/10.1016/j.nec.2011.09.007
http://dx.doi.org/10.1148/radiology.163.2.3562824
http://dx.doi.org/10.1148/radiology.163.2.3562823
http://dx.doi.org/10.1007/s00234-009-0620-x
http://dx.doi.org/10.3174/ajnr.A5037
http://dx.doi.org/10.5137/1019-5149.JTN.11179-14.0
http://dx.doi.org/10.1177/1971400917695319
http://dx.doi.org/10.3171/jns.2003.98.3.0498
http://dx.doi.org/10.3171/2009.7.JNS08490
http://dx.doi.org/10.1007/s00234-006-0059-2
http://dx.doi.org/10.1007/s00234-009-0524-9
http://dx.doi.org/10.1007/s00234-004-1244-9
http://dx.doi.org/10.3171/JNS.2008.109.12.1083
http://www.ncbi.nlm.nih.gov/pubmed/9541321
http://www.ncbi.nlm.nih.gov/pubmed/19024093
http://dx.doi.org/10.3174/ajnr.A0768
http://dx.doi.org/10.1007/s00234-008-0473-8
http://dx.doi.org/10.3174/ajnr.A0817
http://dx.doi.org/10.1136/neurintsurg-2011-010237
http://dx.doi.org/10.1136/neurintsurg-2011-010237
http://www.ncbi.nlm.nih.gov/pubmed/19781359
http://dx.doi.org/10.1136/neurintsurg-2015-011684
http://dx.doi.org/10.1016/j.wneu.2017.08.050
http://dx.doi.org/10.1136/neurintsurg-2015-011786.rep
http://www.ncbi.nlm.nih.gov/pubmed/2494858
http://dx.doi.org/10.1016/j.wneu.2010.01.009
http://www.ncbi.nlm.nih.gov/pubmed/16775294
http://dx.doi.org/10.1093/neuros/nyy486
http://dx.doi.org/10.3171/2014.10.JNS14377
http://dx.doi.org/10.1136/neurintsurg-2013-011011.rep
http://dx.doi.org/10.1080/08998280.2009.11928549
http://dx.doi.org/10.1007/s00701-007-1264-4
http://dx.doi.org/10.1007/s00701-007-1264-4
http://dx.doi.org/10.1007/s002340100550
http://dx.doi.org/10.1007/s00701-002-0997-3
http://dx.doi.org/10.1007/s00701-002-0997-3
http://dx.doi.org/10.1227/NEU.0b013e3182073cc5
http://dx.doi.org/10.3171/2013.4.JNS121504
http://dx.doi.org/10.3171/2013.4.JNS121504
http://dx.doi.org/10.1136/neurintsurg-2012-010303
http://dx.doi.org/10.1136/neurintsurg-2012-010303
http://dx.doi.org/10.1097/WNO.0b013e318199c85c
http://dx.doi.org/10.1136/neurintsurg-2012-010628
http://dx.doi.org/10.1136/neurintsurg-2012-010642
http://dx.doi.org/10.3171/2017.5.JNS17287
http://dx.doi.org/10.3171/2017.5.JNS17287
http://dx.doi.org/10.1007/s00234-018-2059-4
http://svn.bmj.com/


 9Baharvahdat H, et al. Stroke & Vascular Neurology 2019;0. doi:10.1136/svn-2019-000269

Open access

 50 Levrier O, Métellus P, Fuentes S, et al. Use of a self- expanding stent 
with balloon angioplasty in the treatment of dural arteriovenous 
fistulas involving the transverse and/or sigmoid sinus: functional 
and neuroimaging- based outcome in 10 patients. J Neurosurg 
2006;104:254–63.

 51 Ertl L, Brückmann H, Kunz M, et al. Endovascular therapy of low- 
and intermediate- grade intracranial lateral dural arteriovenous 
fistulas: a detailed analysis of primary success rates, complication 
rates, and long- term follow- up of different technical approaches. J 
Neurosurg 2017;126:360–7.

 52 Klisch J, Huppertz HJ, Spetzger U, et al. Transvenous treatment 
of carotid cavernous and dural arteriovenous fistulae: results 
for 31 patients and review of the literature. Neurosurgery 
2003;53:836–57.

 53 Devoto MHet al. Acute exophthalmos during treatment of a 
cavernous sinus- dural fistula through the superior ophthalmic vein. 
Arch Ophthal 1997;115:823–4.

 54 Miller NR. Severe vision loss and neovascular glaucoma complicating 
superior ophthalmic vein approach to carotid- cavernous sinus fistula. 
Am J Ophthalmol 1998;125:883–4.

 55 See AP, Raza S, Tamargo RJ, et al. Stereotactic radiosurgery of 
cranial arteriovenous malformations and dural arteriovenous fistulas. 
Neurosurg Clin N Am 2012;23:133–46.

 56 Cifarelli CP, Kaptain G, Yen C- P, et al. Gamma knife radiosurgery for 
dural arteriovenous fistulas. Neurosurgery 2010;67:1230–5.

 57 Yang H- che, Kano H, Kondziolka D, et al. Stereotactic radiosurgery 
with or without embolization for intracranial dural arteriovenous 
fistulas. Neurosurgery 2010;67:1276–85.

 58 Wu H- M, Pan DH- C, Chung W- Y, et al. Gamma knife surgery for the 
management of intracranial dural arteriovenous fistulas. J Neurosurg 
2006;105:43–51.

 59 Koebbe CJ, Singhal D, Sheehan J, et al. Radiosurgery for dural 
arteriovenous fistulas. Surg Neurol 2005;64:392–8.

 60 Söderman M, Edner G, Ericson K, et al. Gamma knife surgery for 
dural arteriovenous shunts: 25 years of experience. J Neurosurg 
2006;104:867–75.

 61 Collice M, D'Aliberti G, Arena O, et al. Surgical treatment of 
intracranial dural arteriovenous fistulae: role of venous drainage. 
Neurosurgery 2000;47:56–66.

 62 Thompson BG, Doppman JL, Oldfield EH. Treatment of cranial dural 
arteriovenous fistulae by interruption of leptomeningeal venous 
drainage. J Neurosurg 1994;80:617–23.

 63 Kakarla UK, Deshmukh VR, Zabramski JM, et al. Surgical treatment 
of high- risk intracranial dural arteriovenous fistulae: clinical outcomes 
and avoidance of complications. Neurosurgery 2007;61:447–57.

 64 Schuette AJ, Cawley CM, Barrow DL. Indocyanine green 
videoangiography in the management of dural arteriovenous fistulae. 
Neurosurgery 2010;67:658–62.

 65 Giannopoulos S, Texakalidis P, Mohammad Alkhataybeh RA, et al. 
Treatment of ethmoidal dural arteriovenous fistulas: a meta- analysis 
comparing endovascular versus surgical treatment. World Neurosurg 
2019;128:593–9.

 66 Oh SH, Choi JH, Kim B- S, et al. Treatment outcomes according 
to various treatment modalities for intracranial dural arteriovenous 
fistulas in the Onyx era: a 10- year single- center experience. World 
Neurosurg 2019;126:e825–34.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://svn.bm

j.com
/

S
troke V

asc N
eurol: first published as 10.1136/svn-2019-000269 on 21 N

ovem
ber 2019. D

ow
nloaded from

 

http://dx.doi.org/10.3171/jns.2006.104.2.254
http://dx.doi.org/10.3171/2016.2.JNS152081
http://dx.doi.org/10.3171/2016.2.JNS152081
http://dx.doi.org/10.1227/01.NEU.0000083551.26295.AB
http://dx.doi.org/10.1001/archopht.1997.01100150825035
http://www.ncbi.nlm.nih.gov/pubmed/9645734
http://dx.doi.org/10.1016/j.nec.2011.09.011
http://dx.doi.org/10.1227/NEU.0b013e3181eff6f7
http://dx.doi.org/10.1227/NEU.0b013e3181ef3f22
http://dx.doi.org/10.3171/sup.2006.105.7.43
http://dx.doi.org/10.1016/j.surneu.2004.12.026
http://dx.doi.org/10.3171/jns.2006.104.6.867
http://dx.doi.org/10.1097/00006123-200007000-00012
http://dx.doi.org/10.3171/jns.1994.80.4.0617
http://dx.doi.org/10.1227/01.NEU.0000290889.62201.7F
http://dx.doi.org/10.1227/01.NEU.0000374721.84406.7F
http://dx.doi.org/10.1016/j.wneu.2019.04.227
http://dx.doi.org/10.1016/j.wneu.2019.02.173
http://dx.doi.org/10.1016/j.wneu.2019.02.173
http://svn.bmj.com/

	Updates in the management of cranial dural arteriovenous fistula
	Abstract
	Introduction
	Endovascular approach
	Transarterial embolisation
	Cyanoacrylic glue
	Onyx
	PHIL and Squid
	Flow diversion

	Transvenous approach
	Stereotactic radiosurgery
	Surgery
	Conclusions
	References


