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To make it short!
AVMare [ &

A Congenital

A Not hereditary —
A Made of shunts between arterioles ¢ - ity
A Fed by cortical arteries

A Vein should not be occluded before
of thenidus

AEndovascul ar ven




To make It short!
DAVFs are

A Acquired 4 —

A Secondary to CVT or any sinus al—l

A Made of shunts between normal ¢ | gb

A Fed by meningeal arteries

A Veins can be occluded from the b_

A Endovascular venous occlusion is

AWe dondt car e amt




DAVFEsS

A Physiopathology

A Symptoms and Neurologicasks

A Angio-architectureandClassification
A Diagnosis

A Therapeutic planning
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DAVFES

A Intracranialdural arteriovenoufistulas(DAVFs) are
acquiredransdurahrteriolcvenousshunt.

A Theyaremostoftenencountereih morethan50years
old adultbut maybedisclosedn newborns




DAVFES

A Beforethe middle of the seventiedBAVFs were
consideredscongenital

A Occurrence iryoungchildrenandasymptomatic
necropsyfindingsweresupposedo confirmthisidea

A Thehigherfrequencyof DAVFs atthelevel of theskull
base oatthetentoriumwasthoughtto bedue to the
delayin theembryologicdevelopmenof theexternal
carotidterritory and to thenumerousemissaryeins




DAVFES

A In 1976 and 1978CastaigneshenDjindjian reported
casesecondaryo cranialtraumatismsintracranial
surgery or cerebravenousthrombosis

A Dijinjian andMerlanddescribedrenousanomalies
suggestinginusthrombosis

A Theynotedthatin mostof their patients tinnitusvas
oftenprecededy avarietyof medicalillnesses
surgicalandobstetricprocedure®r headtrauma




DAVFES

A Theypostulatedhatsinusthrombosisnaybethe
Initial eventthatproducepathologicopeningup of
physiologicAV shunt.

A Houseret al.describedwo cases irwhichinitial
angiographyshowedan occlusion of a sinus 13 anc
33 monthsprior to subsequerdngiographic
demonstratiomf atypical DAVF atthesameocation




DAVFES

A Chaudanet al.presentedt patientsvith DAVFs and
previoushistoryof headtrauma. In one aheman
angiographyerformed monthsbeforetraumawas
normal,angiographyneweekaftertraumashowed
occlusion of righjugularveinandangiographyat six
monthsperformedoecaus®f a tinnitusshoweda DAVF

A In anothercases, deadtraumawith a diastasis of the
lamdoidalsuture, initialangiographyvasnormal and six
monthsfollow up angiographyevealeda transverse sinus
DAVF.




How doDAVFs develop?

A Pathogenesis probablygrowthof duralarteriesnormally
presentin thewalls of thesinusegluringthe organizatiorof
anintraluminalthrombus.

A In 1973 ,Kerberand Newtordescribeda vasculametwork
within the duraconsidereds «complexand far inexcessf
theexpectednetabolicneedf a membranéurnishingonly
mechanicakupport»

A Theypostulatedhatthis networkunitestheentiredura as a
singlevasculamunit andprobablyserves tsupplybloodto
theentireduraat a relative constariteadpressure.




How doDAVFs develop?

A The existence of physiological micro arteriovenous shunt
still a matter of debate

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

A Yasuhiro et al. in a histological study of nine cases and fiy

controls demonstrated that the abnormality was a connecg

betweerduralarteries andluralveins within the sinus wall.

A They postulated that sinus hypertension caused by sinus
steneocclusive disease triggers development of AV shunt
within theduralwall.
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How doDAVFs develop?

A Terada et al. created a surgically induced venous
hypertension model in rats by producing a common
carotid to external jugular vein {gass

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




Development of acquired arteriovenous fistulas in rats
due to venous hypertension

TomoaKl TERADA, M.D., RANDALL T. HIGASHIDA, M.D)., VAN V. HALBACH, ML.D.,
CuristorHer F, Dowp, M.D., Mitsunarv Tsuuras, M.D., Normiko Komal, M.D.,
CnAarLEs B. WiLson, M.D., anp Grant B, Higsnima, M.DD.

Departments of Radiology and Newrological Surgery, University of California Medical Center, San
Francisco, California; and Depariment of Neuwrological Surgery, Wakayama Medical College,
Wakayvama City, Japan

#= Dyral sinus thrombosis has been hvpothesized as a possible cause of dural artenovenous fistulas (AVE's).
The pathogenesis and evolution from thrombosis to actual development of an AVEF are still unknown. To study
dural fistula formation, a surgically induced venous hypertension model in rats was created by producing an
arteriovenous shunt hetween the carotid artery and the external jugular vein. The external jugular vein beyond
the anastomosis was ligated 2 to 3 months after surgery and angiography was performed to identify any new
acquired AVF's,

Forty-six male Sprague-Dawley rats, cach weighing approximately 300 gm, were used for this study. In
Group [, 22 rats underwent a common carolid artery anastomosis to the external jugular vein, which is the
largest draining vein from the transverse sinus via the posterior facial vein, followed by proximal external
jugular vein ligation. In Group I1, 13 rats underwent the same surgical procedure, followed by contralateral
posterior facial vein occlusion, Group I served as the control group, in which 11 rats underwent only wnilateral
external jugular vein occlusion with or without contralateral posterior facial vein ecclusion. The shunts in Groups
I and II were ligated at 2 to 3 months following surgery, and transfemoral angiography was performed im-
medialely before and afier occlusion.

New acquired AVE's had developed in three rats (13.6%) in Group I, three rats (23.1%) in Group 11, and
no rats (090) in Group 11 One of these newly formed fistulas was located at the dural sinus, analogous to
the human dural AVFE The other five were located in the subcutaneous tissue, including the face and neck.
The dural AVF in the rat was present on follow-up angiography at 1 week after the bypass occlusion. It is
concluded that chronic venous hypertension of 2 to 3 months' duration, withoul associated venous or sinus
thrombosis, can induce new AVF's affecting the dural sinuses or the subcutaneous tissue.

Key Worps - arteriovenous fistula -+ angiogenesis - chronic venous hyoertension -+
acquired dural arteriovenous fistula - rat J Neurosurg B0:884-889, 1094



Finally, two hypotheses can be

proposed for DAVFs pathogenesis:

A The first based on the existence of physiological mic

AV shunts within the sinus wall which can develop al
create an AVF shunt in case of increased sinus pres
most of the time caused by sinus thrombosis.

A The second suggest that venous hypertension caus
obstruction of venous outflow may reduce perfusion
pressure resulting in tissue hypoxia and consequent
angiogenesis
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Finally, DAVFs must be considered more or le
as delayed complication of sinus aggression :
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mainly cerebral venous thrombosis.

Lot of CVT (particularlyatthelevel of the
transverse sinushay beclinically silentor
associateavith minimal headacheand the

diagnosigs obviouslyunderestimated

First DAVFs symptomamay occurmonthsor
yearsafterthe initial CVT




Etiologic factors for CVImust
beresearched

A Cognardet al.: etiologic factor in 26% of the cases
I angiographicallyproven sinus thrombosis
I neurosurgical operations,
I cranial traumatisms,
| otitis or sinusitis, phlebitis of the lower limb
|

" general surgery (particularly gynecologic surgery in the year
preceding DAVF symptoms)

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




How doDAVFs develop?

DAVFs may develop

afterany aggression of the dura mater !

DAVFs may develop
dueto Iincreased venous pressure !
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DAVFES. Symptoms

A From 1930 to 1970:

| Isolated caseeports
I Very wide spectrum of symptoms
I Functionalsymptoms finnitus,headaches)

I Neurological symptoms (Hemorrhages,
seizures, deficits...)




DAVFES. Symptoms

A Pulsatile tinnitus
I Objective (rarely subjective)
| Sudden onset
I Synchronous witlmeart beats

| Stopped by carotid or occipital artery
compression

A Associated with retr@uricular pain




DAVFEsS: Symptoms

I Selzures

I Intracranial hypertension: headaches,
papilloedema

I Cognitiveimpairementdementia
I Venousinfarctions
I Intracranial bleedings: hematoma, SAH

I Progressivanyelopathy

WHY ?




DAVFES: Symptoms

All the symptomsare due to
arterializationof drainingsinus orveins!!!

Sinus: pulsatile tinnitusntracranialhypertensionyenous
dementia

Ophtalmicveins exophtalmiadiplopia decreasedisual
acuity

Corticalveins neurologicaldeficit, seizuresvenous
Infarctions hematomas

Spinalveins Progressivenyelopathy




DAVFEsS

A Physiopathology
A Symptoms and Neurologicasks

A Angio-architectureandClassification

A Diagnosis

A Therapeutic planning




DAVFs: Classification

A Djindjian et Merland1977
I Type I: drainage into a sinus

I Type Il: drainage into a sinus with reflux into
cortical veins

I Type lIlI: direct drainage into cortical veins

I Type IV: direct drainage into dilated cortical
veins with mass effect




DAVFs: Classification

CerebraDural Arterio-venoudistulas clinical and
angiographicorrelationwith arevisited
classification olvenousdrainage.

C. Cognard, YP. Gobin, L. Pierot, AL. Ballly, E|
Houdart A. CasascpJ.Chiras JJ.Merland

Radiology, 1994, 194: 67680




Type I:

No neurological risks
Dond take any therapeut
risk !

Dond occlude the sinus
| f ] t0OSsS used
and cortical veins not
arterialized




Typella:

Risk of severe ICH
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; ore aggressive trea

Dond occlude the sinus In
front of the origin of the vel
of Labbelf not
arterialized+++




Typellb, I, IV, V.
Cortical venous draina

Risk of hemorrhage, venou
Infarction +++

DAVF cure required !

~ o |

i
R MY '
&9 JOy

N n':t"
TYPE IV F

e

/0

.

2%




Typelll, IV, V:
Direct corticalvenous drainage
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Thegoal Is to reach the origin of the draining vel




Typellb, I, IV, V:
Cortical venous drainage

A 10.4 %annualmortality rate
A 8.1%annualrisk for hemorrhage

A 6.9%annualrisk for nonhemorrhagic

neurologicaldeficit

Clinical course of cranial dural arteriovenous fistulas with long term persistent reflux. Van
terBrugge KG, Willinsky RA, Wallace MC. Stroke 2002 May 33(5): B33




Cortical venous drainage DAVF

Risk of rebleeding has been evaluated at 35!
the 2 weeks following the initial hemorrhag

0
je

Duffau H, Lopes M, Janosevic V, et al.
Early rebleeding from intracranial dural arteriovenous fistulas:
report of 20 cases and review of the literatdrdeurosurgl999;90:7834
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Take home ssage!
Ruptured DAVF: do the treatmer

11

In the acute phase +++

28.05.2003




65 YO Male
Seizures




65 YO Male
Seizures




Decisionto treat
the patient 3veekslater.




Take home msage!
Non Ruptured DAVF: do the
treatment ASAP +++

15 Days laterg
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Diagnosis

In case of objective pulsatile tinnitus:

v

Doppler US ?
CT or CTA?
MR and MRA?
DSA diagnostic and therapeutic?




Diagnosis

In case oheurologicakymptomgd
veindrainage

v

CT
MR

Dilatedveins

ue to cortica




5CEQL MAGNETOM VI:
MAY-1043 : : H-SP-CR Vi

+ : F










Diagnosis

In case of progressivayelopathy

v

MR

v

Hypersignall 2 spinalcord

v

Angio










Keepin mind
It canbea DAVF !
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Take Home:

Progressive Myelopathy with MR signs |of

spinal DAVF andhormalspinalangio
Cerebralangiois mandatory !'!
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Classification of venous drainage

Type of venous drainage

v

Neurological risk

Risk of the treatment adapted to the neurologic
risk




CavernousinusDAVFs




Cavernoussinus

Only Type |, lIb

Coils'venousapproch

Take home message!
Avoid arterial injection of Onyx at the level
of the cavernous sinus+++




Cavernous Sinus DAVFs

Venous approach and sinus occlusion with colls

Multiple approaches possible !

Use the patent pathway to the cavernous sinus

If all occluded tryrecanalyzdhe inferior petrosal
sinus !




Type INla DAVFs
Non cavernousinus

The goalis to occludethefistulaand topreserve
the sinus:

Arterial E° Onyxwith sinusballoon
protection

Arterial andvenousapproach




Today. Arterial Onyx undersinusballoonprotection




Typellb
Cortical Venous drainage
The disease Is risky
The treatment is not!
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A Sinus occlusion
A Arterial or venous approach
A With coils or Onyx




A smus or avein WhICh 1S arterlallzed C
be occluded with no risk!

Typellb
Sinus coils occlusion




A Typellb
A ICH rapidly worsening

A Visualloss papiloedems
A Ventricularshunting










Inject Onyx very slowly at the beginning

I | =

| n | ct, st op, |

Then Onyx becomes pasty and can b
Injected without any risk of migration!

Typellb
65Y0
Transient aphasi




~ 19.3ccin 90 mi

Take home message!
Arterial injection for sinus
Onyx Occlusion easier

than sinus recanalization
+++
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Vein of Galen Typédlb?



A Complex DAVF ?




Direct fistulas:
Flow control with a balloon
catheter (Scepter Ralloon)!
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11 cc Onyx In 70 mr

—

A Simple DAVF !



