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To make it short!

AVM are 

ÅCongenital 

ÅNot hereditary

ÅMade of shunts between arterioles and veinules(Nidus)

ÅFed by cortical arteries

ÅVein should not be occluded before complete occlusion 

of the nidus

ÅEndovascular venous approach shouldnôt be done



To make it short!

DAVFs are 

ÅAcquired

ÅSecondary to CVT or any sinus agression

ÅMade of shunts between normal arterioles and veins

ÅFed by meningeal arteries

ÅVeins can be occluded from the beginning

ÅEndovascular venous occlusion is the goal

ÅWe donôt care about arteries
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DAVFs

ÅIntracranialdural arteriovenous fistulas(DAVFs) are 

acquiredtransdural arteriolo-venousshunt. 

Å Theyare mostoftenencounteredin more than50 years

old adultbut maybedisclosedin newborns. 



ÅBeforethe middle of the seventies, DAVFs were
consideredas congenital

ÅOccurrence in youngchildrenand asymptomatic
necropsyfindingsweresupposedto confirm this idea

ÅThe higherfrequencyof DAVFs at the levelof the skull
base or at the tentoriumwasthoughtto bedue to the 
delayin the embryologicdevelopmentof the external
carotidterritoryand to the numerousemissaryveins

DAVFs



ÅIn 1976 and 1978, CastaignesthenDjindjian reported

cases secondaryto cranialtraumatisms, intracranial

surgery, or cerebralvenousthrombosis

ÅDjinjian and Merlanddescribedvenousanomalies 

suggestingsinus thrombosis. 

ÅTheynotedthatin mostof theirpatients tinnitus was

oftenprecededby a varietyof medicalillnesses, 

surgicaland obstetricproceduresor headtrauma

DAVFs



ÅTheypostulatedthatsinus thrombosismaybethe 

initial eventthatproducepathologicopening-up of 

physiologicAV shunt. 

ÅHouseret al. describedtwo cases in which initial 

angiographyshowedan occlusion of a sinus  13 and 

33 monthsprior to subsequentangiographic

demonstrationof a typicalDAVF at the samelocation 

DAVFs



ÅChaudaryet al. presented4 patients with DAVFs and 
previoushistoryof headtrauma. In one of theman 
angiographyperformed2 monthsbeforetrauma was
normal, angiographyone weekaftertrauma showed
occlusion of right jugularveinand angiographyat six 
monthsperformedbecauseof a tinnitus showeda DAVF

ÅIn anothercases, a headtrauma with a diastasis of the 
lamdoidalsuture, initial angiographywasnormal and six 
monthsfollow up angiographyrevealeda transverse sinus 
DAVF. 

DAVFs



How do DAVFs develop?

ÅPathogenesisis probablygrowthof dural arteriesnormally
presentin the wallsof the sinusesduringthe organizationof 
an intraluminalthrombus. 

ÅIn 1973, Kerberand Newton describeda vascularnetwork 
within the dura consideredas «complexand far in excessof 
the expectedmetabolicneedsof a membrane furnishingonly
mechanicalsupport»

ÅTheypostulatedthatthis network unitesthe entiredura as a 
single vascularunit and probablyserves to supplybloodto 
the entiredura at a relative constant headpressure. 



ÅThe existence of physiological micro arteriovenous shunts is 
still a matter of debate 

ÅRoland et al. considered those shunts as short and wide 
capillaries rather than true AV shunts. 

ÅYasuhiro et al. in a histological study of nine cases and five 
controls demonstrated that the abnormality was a connection 
between duralarteries and duralveins within the sinus wall. 

ÅThey postulated that sinus hypertension caused by sinuses  
steno-occlusive disease triggers development of AV shunts 
within the duralwall. 

How do DAVFs develop?



ÅTerada et al. created a surgically induced venous 
hypertension model in rats by producing a common 
carotid to external jugular vein by-pass

ÅNew acquired AV shunt developed in 13 to 23% of 
the rats showing that sinus hypertension itself 
without sinus thrombosis may produce DAVFs 
development

How do DAVFs develop?





ÅThe first based on the existence of physiological micro-
AV shunts within the sinus wall which can develop and 
create an AVF shunt in case of increased sinus pressure 
most of the time caused by sinus thrombosis. 

ÅThe second suggest that venous hypertension caused by 
obstruction of venous outflow may reduce perfusion 
pressure resulting in tissue hypoxia and consequent 
angiogenesis

Finally, two hypotheses can be 

proposed for DAVFs pathogenesis: 



Finally, DAVFs must be considered more or less 

as delayed complication of sinus aggression and 

mainly cerebral venous thrombosis. 

Lot of CVT (particularlyat the levelof the 

transverse sinus) maybeclinically silentor 

associatedwith minimal headachesand the 

diagnosisis obviouslyunderestimated. 

First DAVFs symptomsmayoccurmonthsor 

yearsafterthe initial CVT



Etiologic factors for CVT must 

be researched 

ÅCognardet al.: etiologic factor in 26% of the cases

ïangiographicallyproven sinus thrombosis

ïneurosurgical operations,

ï cranial traumatisms, 

ïotitis or sinusitis, phlebitis of the lower limb 

ïgeneral surgery (particularly gynecologic surgery in the year 
preceding DAVF symptoms)

ÅTsai et al. reported angiographic signs of sinus 
thrombosis in 39% of the cases



DAVFs may develop 

after any  aggression of the dura mater !

DAVFs may develop 

due to increased venous pressure !

How do DAVFs develop?
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ÅFrom 1930 to 1970: 

ïIsolated case reports

ïVery wide spectrum of symptoms 

ïFunctional symptoms (tinnitus, headaches)

ïNeurological symptoms (Hemorrhages, 

seizures, deficits...)

DAVFs: Symptoms



ÅPulsatile tinnitus

ïObjective (rarely subjective)

ïSudden onset

ïSynchronous with heart beats 

ïStopped by carotid or occipital artery 

compression

ÅAssociated with retro-auricular pain 

DAVFs: Symptoms



ïSeizures

ïIntracranial hypertension: headaches, 

papilloedema

ïCognitive impairement, dementia 

ïVenous infarctions

ïIntracranial bleedings: hematoma, SAH

ïProgressive myelopathy

WHY ?

DAVFs: Symptoms



- Sinus: pulsatile tinnitus, intracranialhypertension, Venous

dementia

- Ophtalmicveins: exophtalmia, diplopia, decreasedvisual

acuity

- Cortical veins: neurologicaldeficit, seizures, venous

infarctions, hematomas

- Spinal veins: Progressive myelopathy

All the symptomsare due to

arterializationof drainingsinus or veins!!! 

DAVFs: Symptoms
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ÅDjindjian et Merland1977

ïType I: drainage into a sinus 

ïType II: drainage into a sinus with reflux into 

cortical veins

ïType III: direct drainage into cortical veins 

ïType IV: direct drainage into dilated cortical 

veins with mass effect

DAVFs: Classification



DAVFs: Classification

CerebralDural Arterio-venousfistulas: clinical and 

angiographiccorrelationwith a revisited

classification of venousdrainage. 

C. Cognard, YP. Gobin, L. Pierot, AL. Bailly, E. 

Houdart, A. Casasco, J. Chiras, JJ. Merland.

Radiology, 1994,  194: 671-680



Type I:

No neurological risks

Donôt take any therapeutic 

risk !

Donôt occlude the sinus 

if itôs used to drain the brain 

and cortical veins not 

arterialized!



Type IIa :

More aggressive treatment !

Risk of  severe ICH

Risk of Venous dementia

Donôt occlude the sinus in 

front of the origin of the vein 

of Labbeif not 

arterialized+++



Type IIb, III, IV, V:

Cortical venous drainage

Risk of hemorrhage, venous 

infarction +++

DAVF cure required !



The goal is to reach the origin of the draining vein

Type III, IV, V:

Direct cortical venous drainage



Type IIb, III, IV, V:

Cortical venous drainage

Å10.4 % annualmortality rate 

Å8.1% annualrisk for hemorrhage

Å6.9% annualrisk for non hemorrhagic

neurologicaldeficit

Clinical course of cranial dural arteriovenous fistulas with long term persistent reflux. Van Dijk, 

terBrugge KG, Willinsky RA, Wallace MC. Stroke 2002 May 33(5): 1233-6



Risk of rebleeding has been evaluated at 35% in 

the 2 weeks following the initial hemorrhage 

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 Neurosurg1999;90:78-84

Cortical venous drainage DAVFs



28.05.2003

14.05.2003

Escaic. Ray.

14.05.2003

Take home message!

Ruptured DAVF: do the treatment 

in the acute phase +++



65 YO Male

Seizures



65 YO Male

Seizures



Decisionto treat

the patient 3 weekslater.



15 Days later

Take home message!

Non Ruptured DAVF: do the 

treatment ASAP +++
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Diagnosis

In case of objective pulsatile tinnitus:

Doppler US ?

CT or CTA?

MR and MRA?

DSA diagnostic and therapeutic?



Diagnosis

In case of neurologicalsymptomsdue to cortical 

veindrainage

CT

MR

Dilatedveins









Diagnosis

In case of progressive myelopathy

MR

HypersignalT2 spinal cord

Angio







Keepin mind

It canbea DAVF !



Take Home:

Progressive Myelopathy with MR signs of 

spinal DAVF and normalspinal angio

Cerebral angiois mandatory ! !
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Classification of  venous drainage

Type of venous drainage

Neurological risk

Risk of the treatment adapted to the neurological 

risk 



Cavernoussinus DAVFs



Take home message!

Avoid arterial injection of Onyx at the level 

of the cavernous sinus+++

Cavernoussinus

Only Type I, IIb

Coils/venousapproch!



Cavernous Sinus DAVFs

Venous approach and sinus occlusion with coils !

Multiple approaches possible !

Use the patent pathway to the cavernous sinus !

If all occluded try recanalyzethe inferior petrosal 

sinus !



Type I/IIa DAVFs

Non cavernoussinus

The goal is to occludethe fistulaand to preserve

the sinus:

Arterial E° Onyx with sinus balloon

protection

Arterial and venousapproach



Today: Arterial Onyx undersinus balloonprotection



Type IIb

Cortical Venous drainage

The disease is risky

The treatment is not!

ÅSinus occlusion 

ÅArterial or venous approach

ÅWith coils or Onyx



Type IIb

Sinus coïls occlusion

A sinus or a vein which is arterialized can 

be occluded with no risk!



ÅType IIb

ÅICH rapidlyworsening

ÅVisual loss, papiloedema

ÅVentricularshunting





7 cc in 54 mn



Inject Onyx very slowly at the beginning!

Inject, stop, inject stop éé!

Then Onyx becomes pasty and can be 

injected without any risk of migration!

Type IIb

65 Y0

Transient aphasia



Take home message!

Arterial injection for sinus 

Onyx Occlusion easier 

than sinus recanalization 

+++

9.3 cc in 90 min



Vein of Galen Type IIb?  



A Complex DAVF ?  



Direct fistulas:

Flow control with a balloon 

catheter (Scepter C balloon)!

A Simple DAVF !  

Catheterization with Echelon 10 on Terumo 12 !



11 cc Onyx  in 70 mn

A Simple DAVF !  


