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Pathophysiology and Classification of Dural AVF

QUM|CH L prHE R AlF

o2

Intracranial Dural AVF

Incidence

Dural arteriovenous fistulas (DAVFs) are pathologic shunts between pachymeningeal arteries
and dural venous channel. DAVFs are distinguished from parenchymal or pial arteriovenous
malformations by the presence of a dural arterial supply and the absence of a parenchymal nidus
[1]. The incidence of cranial DAVFs has been estimated 0.15~0.29/100,000 per year [2] and the
intracranial location is reported as transverse sinus (50%), cavernous sinus (16%), tentorium
cerebelli (12%), and superior sagittal sinus (8%) [3]. DAVFs are relatively rare, accounting for
5-15% of all cranial vascular malformation. However, DAVFs can lead to significant morbidity and
mortality due to intracranial hemorrhage and non-hemorrhagic neurologic deterioration related to
leptomeningeal venous drainage [3, 4].

Etiology

The etiology of DAVFs is not fully understood, but the majority of DAVFs in adulthood appear to
be acquired. Different etiologies have been implicated such as trauma, previous craniotomy, and a
hypercoagulable state including malignancy, pregnancy, infection, and prothrombotic genes [5-7].
DAVFs in the pediatric population are thought to be associated with congenital venous anomalies of
the developing venous system or a result of birth trauma, infection, in utero venous thrombosis, or
maternal hormones [8].

Angioarchitecture associated with DAVFs

A meningeal branch of each artery supplying the brain or spinal cord consistently pierce the dura
through a venous sinus or else are surrounded by a venous plexus. When meningeal arteries running
outside the dural layers penetrate the dura, they come much closer to meningeal veins or venous
sinuses running between outer periosteal and inner meningeal layer of dura.

In normal dural sinus [9], dural vessels were more numerous at angles formed by a fusion of two
dural leaves, which were rich in veins of varying sizes communicating with one another. Dural
arteries were not observed inside of the sinuses, but branches of veins occasionally penetrated
through the sinus wall and communicated with their lumens. Even though there is no arteriovenous
anastomosis among the dural vessel, the dural arteries and veins were located close to one
another. This intimate relationship between the meningeal branches and the venous sinuses offers
anatomical opportunity for the development of fistulas [10, 11].

In histologic specimen of experimental DAVF models [9], the affected sinuses were remarkably
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narrowed by thickening of the intima and organized thrombi. Dural veins were markedly dilated and had
communication with one another and with the lumens of the venous sinuses. No direct communication
was observed between dural arteries and venous sinuses. However, fistulas were seen between arteries
with a diameter of about 200um and dilated dural veins near the venous sinuses.

Pathophysiology of Development of DAVFs

While the exact mechanisms are still controversial, venous sinus thrombosis and venous hypertension
have been believed to be associated with the genesis of DAVFs [5, 12-14]. Two etiologic hypotheses
regarding to sinus thrombosis and venous hypertension have been suggested. The first is that physiologic
arteriovenous shunts that are normally present between meningeal arteries and dural venous sinuses
expand to form a pathologic shunt in response to elevated local venous pressure as a result of sinus
thrombosis [15, 16]. The second is that venous hypertension due to outflow obstruction causes
decreased cerebral perfusion and promotes neoangiogenesis [14, 15, 17]. Angiogenic growth factors,
produced as a result of sinus thrombosis, might contribute to the development of DAVFs [14]. Kultulk
et al. [18] proposed a three stage hypothesis for the pathogenesis of DAVFs as initial stage of venous
sinus thrombosis, second stage of angiogenic factor induced microscopic fistula development within
the wall of the thrombosed sinus, and final stage of recanalization of the thrombosed sinus. Whether
the cause or the result of hemodynamic disturbance, venous hypertension and thrombophilic condition
such as venous thrombosis clearly plays a role in the development of DAVFs [7, 19]. Once triggered by
venous hypertension and venous thrombosis, arterial feeder recruitment and development of DAVFs
via neoangiogenesis might proceed. This process is associated with upregulation of hypoxia-inducible
factor-1, vascular endothelial growth factor, stroma-cell derived factor alpha, and MMP-9 [19-21].

Classification

The relationship between the pattern of venous drainage and the natural history of DVAFs leads to
proposal of classifications based on the venous drainage pattern of the shunts [10, 22]. Borden et al.
proposed a classification system incorporating spinal DAVFs on the basis of the site of venous drainage
and the presence of cortical venous drainage (CVD) [10]. Spinal epidural venous plexus corresponds to an
intradural sinus and the spinal perimedullary veins are subarachnoid veins. Borden type | DAVFs exhibit
normal antegrade flow into the dural venous sinus or meningeal vein. Type Il DAVFs are those that drain
into the dural sinus with retrograde flow into the subarachnoid veins. Type Ill DAVFs have retrograde
drainage directly into the subarachnoid veins or an isolated sinus that is completely thrombosed on both
sides of the arterialized segment.

Cognard et al. have classified DAVFs into five types based on the direction of dural sinus drainage, the
presence of CVD, and venous outflow architecture. Cognard Type | DAVFs have an antegrade drainage into
the dural sinus without CVD. Type Il DAVFs are subdivided into type lla (retrograde drainage into a dural
sinus without CVD), llb (antegrade drainage into a dural sinus with CVD), and lla+b (retrograde drainage
into a dural sinus with CVD). Type lll, IV, and V DAVFs have retrograde drainage directly into subarachnoid
vein, ectatic subarachnoid vein, and spinal perimedullary vein, respectively (Table 1).

Table 1. Classification of Dural Arteriovenous Fistulas

Borden Cognard
| Drainage into sinus or meningeal vein | Drainage into a sinus, with antegrade flow
I Drainage into sinus/meningeal vein with retrograde I Drainage into a sinus, with insufficient
flow into subarachnoid vein antegrade sinus drainage and reflux
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lla |Drainage into a sinus, sinus reflux only

llb  |Drainage into a sinus, cortical vein reflux
only

lla+llb Drfainage into a sinus, sinus and cortical vein
reflux

1] Drainage into subarachnoid vein only Il Direct drainage into a cortical vein without
venous ectasia

v Direct drainage into a cortical vein with
venous ectasia

\Y Drainage into spinal perimedullary veins

In either classification scheme, lack or presence of CVD can allow appropriate risk prediction for
therapeutic decision-making. DAVFs without CVD (Borden type |, Cognard type |, lla) have benign natural
history with mild symptoms. Annual risk of hemorrhage has been reported low [23, 24]. The presence of
CVD (Borden types Il and Ill, Cognard types lIb-V) indicates an aggressive feature with an annual incidence
of hemorrhage of 8% and non-hemorrhagic neurological deficit of 6~15% [25, 26]. Rebleeding rate in
DAVFs with CVD reaches up to 35% [27]. Subdividing DAVFs with CVD according to presence of symptoms
may have more predictive value in risk stratification [24]. Asymptomatic DAVFs patients with CVD have
a considerably lower annual hemorrhage risk of 1.5%, while symptomatic patients with CVD have 7.4%
of annual risk. However, DAVFs has been considered to have a dynamic nature. DAVFs without CVD can
develop CVD in the future with ongoing venous stenosis, thrombosis, or increased arterial flow [28, 29].
Spontaneous thrombosis and resolution of DAVFs have also been reported [30].

Spinal Dural AVF

History and Classification of Spinal Arteriovenous Lesions

Since Foix and Alajouanine first described of spinal DAVFs (1926), the evolution of diagnostic tools has led
to examine the angioarchitecture of these spinal vascular lesions better. However, there is still a lack of
consensus in the classification and terminology of the spinal arteriovenous lesions [12]. Spinal vascular
lesions have been described by numerous names such as spinal AV shunt (Di chiro, 1967), extramedullary
and intramedullary vascular malformation (Yasargil, 1975), a spinal epidural angiomatous malformation
draining into intrathecal veins (Kendall, 1977), and spinal arteriovenous malformation (AVM) and divided
into various classifications according to clinical feature, anatomical location and angioarchitecture [31]. In
general, spinal vascular lesions are divided into two categories; arteriovenous shunting lesions including
spinal arteriovenous malformation (AVM) and arteriovenous fistulas (AVF), and non-shunting lesions
including capillary telangiectasia and cavernous malformations. In this chapter, spinal arteriovenous
shunting lesions will be further discussed.

In 1971, Di chiro et al. described the first classification of spinal AV shunts as type | (single coiled vessel),
type Il (glomus), and type Il (juvenile). The majority of type | fistula fit current concept of spinal DAVFs
and the others correspond to intramedullary AVMs. In 1986, a direct spinal AVF (perimedullary fistula
in current terminology) was added as type IV (a direct AV shunt between the anterior spinal artery and
vein that was located ventral to the spinal cord). Rosenblum (1987) established most widely accepted
classification: type | (dural AVF), type Il (intradural intramedullary glomus AVM), type Il (intradural
intramedullary juvenile AVM), and type IV (intradural direct AVF) [32]. Since 1993, type IV intradural direct
AVFs were described as perimedullary AVFs and perimedullary AVFs were further classified according to
the number of feeding arteries and size of AVF; type | with a single feeder and single small AVF, type I
with multiple feeders and multiple medium AVFs, and type lll with multiple feeder and a single giant AVF
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[33]. Now, extradural AVFs were added in this system and subdivided into three types according to the
presence of intradural venous drainage and neurological deficits [34]. Recently, Takai [35] proposed a
revised version of previous classifications (Table 2. Fig. 1). In 2008, Geibprasert and Lasjaunias reported a
classification including intracranial and spinal AVFs in which AV shunts were divided into 3 groups based
on the embryologic development of the venous drainage; the ventral, lateral, and dorsal epidural groups
[36]. Spinal DAVFs are the lateral epidural AVFs.

Table 2. Revised classification of spinal AV shunt by Takai (2017)

Type | Academic name Subtype | Feeder, AVF, and venous drainage
| Dural AVF
I Intramedullary glomus AVM
1l Intramedullary juvenile AYM
vV Perimedullary AVF IVa A single feeder and small AVF

IVb Multiple feeders and medium AVF

IVc Multiple feeders and a giant AVF

\Y Extradural AVF Va With intradural venous drainage

Vb Without intradural venous drainage

Incidence and Clinical Characteristics

Spinal DAVFs are defined by pathologic shunt between a radicular artery and coronal venous plexus of
the spine without an intervening capillary bed. They are the most common type of spinal cord vascular
malformation, accounting for 50% to 85% of all spinal vascular lesions [37]. Spinal DAVFs are reported
to affect 0.5~1/100,000 per year [38, 39] and precise incidence of the rest of spinal vascular lesions is
lacking. Spinal DAVFs are thought to be acquired lesions and preferentially affect middle-aged men. At
least 80% of patients in most series are male [39]. The most frequent location is in the lower thoracic and
upper lumbar area [40] and patients most commonly present with gait abnormality or lower-extremity
weakness and sensory disturbances. Spinal AVM including intramedullary AVMs and perimedullary
fistulas are believed to be congenital and become symptomatic in childhood or early adulthood by steal
or hematoma, whereas spinal DAVF typically present in the fifth and sixth decades [32]. Perimedullary
fistula is a single shunt without a nidus between the spinal artery and the spinal vein and constitutes 20%
of all spinal vascular lesions. In contrast with DAVF, these lesions are located ventrally or dorsally on the
spinal cord and are located intradurally but extramedullarily. Spinal subarachnoid hemorrhage is one of
the occurring signs because of its intradural location, while spinal DAVF seldom presents subarachnoid
hemorrhage. Intramedullary AVM presents compression effects from dilated vessels, steal phenomena,
and catastrophic intramedullary hematoma in young aged patients.

Pathophysiology

The pathophysiology of development of lesions and neurological deterioration is different in patients with
DAVF and those with intradural spinal AVMs. Spinal DAVFs are probably acquired lesions while medullary
AVM's are congenital in nature.

Although complex pathophysiologic mechanisms underlying the development of spinal DAVFs are yet
to be clarified, meningeal venous thrombosis and trauma are implicated in the development of spinal
DAVFs [38]. Conditions associated with vascular fragility such as fibromuscular dysplasia [41] and
neurofibromatosis type 1 [42] are associated with spinal DAVFs. Histopathological examination supported
the theory of venous hypertension as a pathophysiological mechanism in the development of DAVFs and
increased venous congestion as a cause of neurological deterioration [43, 44].
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Segmental arteries from each level of the spinal column gives rise to spinal radicular arteries supplying
the dura (radiculomeningeal arteries) and accompanies the corresponding nerve root in its dural
sleeve. These arteries may continue as a radiculomedullary artery, which accompanies the dorsal and
ventral rami of the nerve root into the thecal sac to supply the anterior and posterior spinal arteries. An
extramedullary, circumferential network of vein known as the coronal venous plexus receives spinal cord
venous outflow and drains into the epidural vein via the radicular/radiculomedullary veins [12, 37]. In
spinal DAVFs, the radiculomeningeal artery within the dural sleeve of the nerve root fistulizes with the
radicular vein and this leads to arterialize the valveless perimedullary venous plexus. An increased venous
pressure, venous congestion, edema, and progressive ascending myelopathy are caused by obstruction of
venous outflow [39]. An increased venous pressure results in a reduced arteriovenous pressure gradient,
intramedullary impairment of autoregulation, and hypoxia [37, 44]. In patients with intradural AVMs,
neurological presentations are probably caused by high-pressure, high-volume, turbulent blood flow
through the intradural nidus and its feeding and draining channels. Increased venous pressure as well as
arterial steal attributes spinal cord ischemia due to reduction of tissue perfusion pressure [45]. Spinal
epidural (extradural) AVFs are very rare, but may cause a compressive myelopathy due to a presence
of a venous pouch in the epidural venous plexus. It may or may not develop venous congestion due to
retrograde intradural venous drainage [46].

Fig. 1. Schematic drawing of spinal AV shunt

|. dural AVF Il. Glomus AVM lIl. Juvenile AVM

Ve, perimedullary AVF
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Pathological vascular anatomy for dural AVF

e
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» Clinical anatomy for safe and effective

. endovascular treatment of dural AVF
Pathological vascular anatomy

for dural AVF

- Dangerous EC-IC anastomoses
- Arterial supply of the cranial nerve

clinical significance

+ Cause of major complication

-Migration of embolic materials into anastomotic channels can result in
embolic strokes or cranial nerve palsies.

Dangerous EC- IC anaStomoses -Most of these anastomotic channels follow the CN along the neural

foramen.

+ “"Potential” anastomoses
- Although they may not be visualized on routine catheter angiographies,
they are always present.
-They will necessarily open under following circumferences

1) increased intra-arterial pressure

(during embelization procedures or superselective injection)
2) in the presence of high-flow shunts
3) major intracranial artery occlusion
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Embryology

! & [}
= ventral sorto(VA) -3 regréssion -» proxisal resaant -> ECA trunk
+ dorsal aorta(DA) -» ICA trumk

= longitudinal neural artery{LMA) -> V8 systes

® Primitive actery that link the VA and DA

~aartic arch(AA) - regression -» dorgal remnant - ICA br, ECA br

® Primitiwe artery that link the prox IIIAA or VA

-hypoglossal artery(Hypa) -> regression -> ascending pharyngeal afapha)

-prcatlantal artery(PA) -» regression -» occipital artery(0A), €1,2 segmental artery Ref 1),2)

AR Embryonic artery
(ECA and ICA branch)

VA - ECA -

HypA AphA

LNA - VA , Vertebral artery = ECA , |
PA 0A
LNA = VA , Vertebral artery - ECA ,

LY At
[~ v <
- R
L L] o
u -y
wew . .
MHT
Ophthalmic Pet ICA br
= Internal carotid anyf
Cphthalmic arery
asllar system
AphA
oA
Cervical a
b tpa
e e e
L o
Ref 3) . e T Wetsbal artary - WA gTEA

EC-IC anastomoses

« Orbital region

1)Proximal internal maxillary collaterals
2)distal internal maxillary collaterals
3)cutaneocus collaterals

+ Cavernous-petrous region
1)ascending pharyngeal collaterals
2)proximal internal maxillary cellaterals
3)distal internal maxillary collaterals

« Upper cervical region
1)occipital collaterals

2)ascending pharyngeal collaterals
3)cervical collaterals

A

Primitive aortic arch{AA] that linked ventral aorta(va) amd dersal acrta(Da).
VA regresses together with the ventral part of A,

ITTAA,DA -» ICA trunk

Dorsal resmants of AA persist as esbyronic arteries.

-ITAA dorsal remnant -» hyold artecy(MA) --- S& --3 FMA/IMA{collaterals with opha)
-1AA dorsal resnant -3 mandibular artery(MA)

VA prox remnant -3 (ventral pharyngeal a.} -» ECA trunk

Ref 4)

Development of stapedial artery

Foaa

Elorgation of MA
Annexation of MA territory by the HA

Crarial growing of 5A (from HA) passing into the middle ear(crus of the stapes)
Extension of tho two branches of the SA: supraorbital(SD8) and maxillomandibular(MxMA) branchos

+ 504 -» orbital br(supraorbital,lacrimal ethomids,frontal a) and HMA
* Extracranially, Wpha annexes MxHA of 3A, forming the proximal stem of the MMA and becoming the ECA

Annexaticn of the SOA by the ophthalmic artery{PDOA,PVOA)

+ Regression of the trans-osseous(swp orbital fissure) segment of the SOA
+ -»leaving anastomotic artery between MM2 and lacrimal a(sphencid a) which penetrate the crbit through

sup arbital fissure

* Regression of the intratympanic segment of the 54
- Remnant of SA : carcticotyspanic artery and sup tympanic a
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MMA-OphA anastomoses Anatomy of the OphA

® MMA-OphA anastomoses

= Meninge-ophthalmic a
= Superficial rec seningeal a of lacrimal a
* Meningolacrimal a

» Contral retinal artery

* Ciliary artery

= Lacrimal artery

* Recurrent meningeal artery
= Anterlor falx artery

* Etheoidal artery

= Muscular branch

Ref 4),5) Ref 5),6)

MMA-OphA anastomoses|

*  Meningo-ophthalmic artery
: Extreme variation of remnant of the embryolegic stapedial artery
: MMA takes over the entire orbital supply
(including central retinal o, ciliary o.)

+ Superficial recurrent meningeal branch of the lacrimal artery
: Anastomoses wit erbital br through the SOF and ant falcine artery

*  Meningeal branch arising from distal Oph
: supply the anteriar fabe
: Anastomosing indirectly with the ant branch of the MMA through the

1. Cphthalmic a

Z. occular DA br

3. Orbital OA br

4. Ant falx a

5. Lacrimal a

6. Muscular br

7. Ant ethsoidal a

8. Acho &

Arrom heads @ choroid blush

% These are always present except for meningo-ophthalmic a.
They are usually not visualized on global injection.

Ref 7) FRef &)

+  Meningolacrimal artery(single arrow)

Recurrent meningeal artery (double arrows)
-Left €CA anglogrpaby in case of Spsilat I€A occlusion
-Opha supplied by MLA and RMA

= Meningo-ophthalmic artery

~Selective injectlion of the MMA(A) and ICA{B)

-Sphencidal artery arises from the WA

It courses along the irner surface of the temporal and sphenoidal bone and enters the orbit
threugh the superior orbital fissuee,

Meningo-ophthalmic artery
Left ECA and TCA angiography
mendngo-cohthalmic a.(black arrow)
chareidal blush{arrowhead)
contributing supply to the entire orbit with the
atsence of the opht from the ICA(white areow)
In this setting, even proxisal occlusion of the
MMA carrles a high risk because the MMA 1s the
sol supply to the distal opha and must be avoided

*  Meningolacrimal artery
=Rt ECA angiography

Ref 4),3)

Ref 8),9)
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« Orbital region

1)Proximal internal maxillary collaterals
2)distal internal maxillary collaterals
3)cutaneous collaterals

» Cavernous-petrous region
1)ascending pharyngeal collaterals
2)proximal internal maxillary cellaterals
3)distal internal maxillary collaterals

» Upper cervical region
1)accipital collaterals

2)ascending pl eal collaterals
3)cervical collaterals

Branches of IMA

ADTA:ant deep temporal a
BA:buccal a

DRacdescending palatine a
I04:infraorbital a

MoTazmiddel depp tesparal &
PSDAzpesterior superior dental a
SPAziphencpalatine o

Ref 8)

Collaterals between
Distal IMA br - OphA

B e

= Ant deep temporal a, infraorbital a. - Inferior br of lacrimal artery

. Superficial tesporal artery
- Middle seningeal artery
. Maxillary artery

. Middle deep tesporal artery
. Inérapebital artary
- Buccal arteries

. Mnterior deep tesporal artery

Ref &)

*  ADTA-lacrimal a

~Left ECA and ICA angicgraphy

<Pt with ballocn embolization of a traumatic ccf
-Anastososis between the ADTA(bLack arrow)
through the LA to Opha(white arrow)

* ADTP-lacrimal a
-ECA anglography
~Occlusion of ipsilat ICA

-anastomosis between ADTA{white arrow) through lacrimal a to ophA(black arrow])
~Charpidal blush{arroshead)

Ref 3).9)

Collaterals between
Distal IMA br -OphA
Sphenopalatine a from IMA o

-ant/post ethmoidal a. of OphA
(through septal arteries)

i

oTA

Infraorbital a
Sphenopa

latine & with nasal br

Ref 6)

« Orbital region

1)Proximal internal maxillary collaterals
2)distal internal maxillary collaterals
3)eutaneous collaterals

» Cavernous-petrous region
1)ascending pharyngeal collaterals
2)proximal internal maxillary cellaterals
3)distal internal maxillary collaterals

» Upper cervical region
1)occipital collaterals

2)ascending pl eal collaterals
3)cervical collaterals
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Collaterals between
STAFA - ophA

+  Both facial artery and superficial temporal artery branches thereby classically
connect to the distal(third) portion of ophA.

:Frontal br of STA - ophA (through supraorbital a)

:Distal end of FA - dorsal nasal artery

Major arteries of the face

Table b Different dhural branches of the OA with their and snastomoses
Table - Summary of the branches of the sphthalmic artery and their ansstomeses to the ECA r =
Ophetulmic Arery Branch Qrgin of the Ophthalmic Branch ECA Branch ‘O Branchei the OA Foramen Dursl Territory of Embolism
Prexsmal locsimal aitiry [ bemschi Sacend portion of 0A MMA [through sperer oetalal fisssrs] [ —— First negment Soperior oristal | Soperior ortstal Indevelitensd trunk  Covebrevasiula secident
Distal lacrimal artery finlerior branch Second portion of 04 Antesior deep temporal artery and infraordital artery IMA) A Frssuire Frssre [lateral
Anterior sthmaidal aneries Third perion of 04 Septal arteries. sphencpalatin artery AL parth aphencid
st athmeadal arienies Sacond o thind pormon of DA Sphencpalatins aery. preawr (alatise anery [IMAL MMA wing i
Suprarital arery Third persion of 04 sTA Suparficial o Second Superios ortetal mwﬂ:nm Po::‘n-.u ethmastal ce:umscm accident. boas
Doreal namal antery Terminal branch of OA Anguiar termination of FA, infracrbital artary l::\plwﬂd m:?-r-mf
wing diviiion]
Wide fosa Medal tentorad
Table | Main snastormoses betmoen e ECA snd the 04 faneccmecil aevery )
fod O beanch ECA branch Anat. F Ang. F Vi Anterior eetimoadal  Thind segment  Antesor Artera conventy  Contralaeral
thmasdsl | tericr
Lacrimal & M SR IR0 0m Y “ anl o el wary) e -
Mzain pe-opbibalmic Ok itsell MALL ND W ) - Anterice cranial Biateral MAAS
Laers] rmscular o MM 1% 12 D - fowaa [medal Powerior
A of the wperior orbital fisssre  Deep rovurren OA Manillary o wD 3% [32) third thmoidal wroary
Lacrimal o Amerior decy semporal D 3.3% (1] grerarkirfin a,:';‘;"m“"
Lacnmal a Tramvere fanal & KD ND artery)
Lacrimal a. Orbital branch of the infracetiad a ND ND - Penterior Third segment  Penterior Arnerior cranal Cortraateral
Lacrimal & Fy pmaticootaal o Lo 220% [10] artery ethmoidl canal posterion
Dorsal masal o Facial & BN 08 A etoaid — nasdal wtery
Dol manad 2 Ortatad beanch of the infracetead 2 66% (10§ (L[R2} proscess artery
Supracchital 5 Superhicial bempoeal 2 ST T Chissmatic groove  MMA [anberior
Supracebinal 4 Iy pomatiooorital a % |10 divisior]
Supraimehiear a Superficial tomporal & % (1]
e st Sphnepaiann s B # OphA anastomoses with branches from ECA and ICA.
Pntcrion ctbmostal 3 Sphenopalatne 3 -
Amat § amstormic Srequoacy, Aag £ asgiographic frequescy, AP s determined.
’ pgraphic frnperacy Ref 31)a7) Ref 18)

+ Orbital region

1)Proximal internal maxillary collaterals
2)distal internal maxillary collaterals
3)cutaneous collaterals

Anastomoses in Cav-Pet region

Arterior
Ophehaimic a. croridl a,

Penterice eorunaaten 3.

Superior bypephysen &

Basal tevters
brarch

Margns trioral @ Eabryonic arterles :
branch * Cav

: PDOA -3 ILT

inerior o Cliv @ PMA =3 MHT

. P TR TA -» lat clival a.
- Cavernous-petrous region et )
1)ascending pharyngeal collaterals | W 7 IRR ) | mecus gt
2)proximal internal maxillary collaterals T Carcaxo-
3)distal internal maxillary collaterals Sepa.
+ Convical part
* Upper cervical region Clival
1)occipital collaterals Petrous Cavernous
2)ascending pharyngeal collaterals IR "'n""ﬂwﬁfh”“l Inferolateral
3)cervical collaterals caml:otmnnl’: a u“.-a]mtu.al 3 Trunk
bz fpha et
™ br ™A br ™
AphA
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« Orbital region

1)Proximal internal maxillary collaterals
2)distal internal maxillary collaterals
3)cutaneous collaterals

+ Cavernous-petrous region

2)proximal internal maxillary collaterals
3)distal internal maxillary cellaterals

» Upper cervical region
1)accipital collaterals

2)ascending pharyngeal collaterals
3)cervical collaterals

Ascending pharyngeal artery

After a short commen trunk, aphA Divides inte twe major trunks.
-ant : pharyngeal trunk(extracranial br)

-Post ineuremeningeal trunk(intracranial br) enters the postericr fossa through the foremen
magrum

Inf tympanic br
Musculospinal artery

Ref &)

=Anteriorly located branches from aphA common trunk
-3 branches : inf/mid/sup pharyn a

These supply the pharyngeal submucosal spaces

- collaterals with AMA, pterygovaginal a. from IMA

- collaterals with rec a of foramen laceraum({from lat clival a.), br of ILT

Collaterals between
Pharyngeal trunk of AphA - pet/cav ICA br

Pharyngeal trunk

Abundant arterial cnastomoses exist with the sphenopalatine system.

Sup br has most important anastemotic routes,

*eustachian tube anastomotic circle
Sup phbr

-connects with mandibular artery from petrous ICA

-anastemesis with AMA and pterygoveginal artery from distal IMA

Carotid canal branch from Sup phbr
-enters fo carotid canal through feram lacrum

-join with recurrent artery of foramen lacerum(=br of lat clival o, arises from £5 of
carotid siphon) end ILT

2

+  Eustachian tube

-Anastomotic arteries:

Ref 12)

-Rt ICA and ECA angiography
-Pesttranvenous colling of CSAAVF

Collaterals between

Sup Phbr{from aphi)-mandibular a(from pet ICA
=Left ICA anglography
-In pt with hypoglossal canal davF

(Black are

amastomotic circle

Ref 3)
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Collaterals between
NM trunk of aphA - LCA, MHT

*  Hypoglessal be
: extends to the posterier fossa to the hypoglossal canal
: supplies the meninges of post fossa and vasa nervorum of CN XTI

+  Jugulor br
: extends to the post fossa to the jugular foramen
:supplies vasa nervorum of CN IX X XT
:leaves the jugular foramen to supply
~ (superiorly)meninges of the int aucitory canal
(medially)dura of inf petrosal sinus and vasa nervorum to CN VT proximal to

(laterally)dura of sigmeid sinus
Both branches give off medicl and lat cliaval br immediately after exiting the
hypoglessal and jugular foramen

These branches anastomoses with clival Branches from lateral clival artery(from cov
I€A) and branches from meningohypophseal trunk.

.

2 branches : jugular br and Hypoglossal br
Rarely, MM trunk may arises from occipital artery or past auricular artery

Dorello’s canal

Ref 11)

Inf tympanic artery

-Arise from main trunk of asc pha o or one of its major br
-Most commonly arises from the prox aspect of MM trunk
-Entera the tymperic cavity through inf fympanic foremen with Jocobson's nerve

<It is close to €N IX and provide rami to the carcticopympenic branch of TCA, vasa nervorum of CH XT, vasa
waserum of ICA,

-Retaing the emryclegic connection of the artery of the third brachial archifAsc ph a) and the hysid arteryler

caroticotympanic a) from the petrous ICA

-Inside midde| ear, crastomoses with sup tympanic aferise from petrous br of MMA), ant tympanic offrom prox
I 4 S 3 IMA), stylomastoid offrom post auricular-O'A), mandibular br{sf ICA)

+ Collaterals between

WM trunk - Lat clival a of cav ICA

-rt aphA angiography

-h trunk(black arrow), LCA(white arrow}

tollaterals between NM trunk - MHT
<Rt ICA and aphh angicgraphy
-In patient with clival MM
- ks »

-Retrograde

white arrow)

of ¢l from sup pha a through eustachian tube

Ref 3)

Ref 11)

Collaterals of aphA

Fu?nm:mn. 1 [ienos anteRy |

B R i

« Orbital region

1)Proximal internal maxillary collaterals
2)distal internal maxillary collaterals
3)cutaneous collaterals

+ Cavernous-petrous region
1)ascending pharyngeal collaterals

« Upper cervical region
1)occipital collaterals

2)ascending pharyngeal collaterals
3)cervical collaterals

Ref 11)
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Collaterals between
ILT/MHT branches IMA branches - ILT, MHT

®  Frox IMA
s MMA -

Lo b - gup be of ILT

Orbital br - antmed br of ILT (SOF)

Petrogquamsus or pest br = marginal & of tentesiad o from ILT o MHT
* AMA - Postercmedial br of ILT (fo ovale)

® Distal IMA
= artery of foramen retundum
= inferalat br of ILT or lot chival o
= Vidion ertery ]
- vidian br of mandibular o frem pet I€A (foramen lacerum)
+ Prerygovaginal ortery
2. sup bro: uwncln[ the roof of cav sinus - collateral with cav br of MMA ~ending at anastemotic circle around the eustachion fube
3.4t bro: a. to S0F - collateral with orbital br of MMA, rec meningeal br of Opha
3. to fo rotundus - collateral with fo rotusdum br of IMA
4.pest br @ 3. to Fo evale - collateral with AMA, carctid be of apha
@, to fo spinosus
*Branches of MHT
5.Recurrent artery of fo lacerum
6.8dd and lat dorsal clival arterles : collateral with jugular br of apha
7.tenotiral marginal artery : collateral with petrosquanosal br of FMA
8.inf hypophyseal artery : hypophyseal br
: inf clival br - collateral with asc clival br of aph Ref 13) Ref 12) ‘

nferalateral trunk and collaterals

» * Anastomoses between IMA and ILT, Opha

-Lt CCA
¢ T R -ease of Left ICA seelusion
‘m::':f Mi’x’"“'l E -a of fo rotundunfarrow), a of SOF from IMA{arrouhead) = Anastemosis be

A of fo w-le{fm- AMA) and a of fo rotundum(from dIMA) to ILT
Vidian a(from IMA) and mm branch of mandibular a
~Left ECA and ICA anglogr =

<Patient with cerebrefacial irlwlm metameric syndrome, AWM of optle nerve
Lo Ok Ref 3),14) .3 of fo ovale(black arrow)), a of fo retundun{white arrow), Vidian afarrow head)

b.Clival MM

L)
+ Anastomoses between IMA and ILT R18
-ICA and ECA angiography Arastomoses between IMA and ILT
~Case of dAVF in cbll v =Lt ECA and ICA angiography
~feoders: MHT (sarginal wmoﬂal a), pet br of MMA, AMA, a of foR, post awricular a, OA ~Tumor stalning by a of FoR and ILT
~Balloon occlusion of ICA -ICA balloon ocelusion at ILT o5 - anastomoses by a of FoRt

reflux fnto dewp rec oph a(double arroud, 3 of foR(uhite arrow), AMA(black arrow) kef 26) kef 26)
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» Orbital region

1)Proximal internal maxillary collaterals
2)distal internal maxillary collaterals
3)cutaneous collaterals

« Cavernous-petrous region
1)ascending pharyngeal collaterals
2)proximal internal maxillary collaterals
3)distal internal maxillary collaterals

« Upper cervical region
1accipital collaterals
2)ascending pharyngeal collaterals

3)cervical collaterals

Embryology

dorsal aorta -> ICA
= ventral aorta -> ECA
= longitudinal neural artery -> vertebral a
® fortic arch -> ECA,ICA br
@ Hypoglossal artery -»> apha
“ proatlantal artery -»> occcipital a

Persistent primitive artery
carotid-vertebrovasilar anastomoses

Ref 6)

1)Occipital collaterals

+  OAis a remnant of the embryelogic type I and IT proatlantal
arteries(=correspond to €1 and C2 segmental arteries)

+ Inthe fetal pericd, both embryclogic arteries serve as a connection routes
between the carotid and VB systems.

+  Full persistence of these segmental a. is extremely rare.

+ posterior anastomotic radicular branches(arise from the horizontal portion of
the OA at both €1 andC2 level)
-These are the major collaterals from the VA to the carotid system
-Often seen in case of CCA ligation or occlusion

+  Stylemasteid artery
-Arise from either the post ouricular or occipital artery

-Supply the meninges of the posterior fossa and forms anastomoses with other menigeal
branches from MMA opha ILT MHT post meningeal artery of VA

1.0a

2.Muscular be

3.5calp br
&.Transosseous br
5.Posterior mendngeal a
6. Muscular br
7.5tylomastodd be

Anastomoses between OA and VA
“VA anglogragy
-O&(black arrow), post radicular br(white arrow) at €1

Ref 6).3)

*  Anastomoses between OA and VA
=04 angiography
-post radicular briarrow) at C2

Ref 3)
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2)Ascending pharyngeal collaterals

*  Remrant of the embryclogic hypeglassal artery
+  Keeps connection with the VA through prox br.

*  Musculospinal br

Lowest, usually most prox br of apha

:anastomoses laterally with €3 radicular anastomotic artery of VA

*  Anastomeses with VA at level of third intervetrebral space(C2-3)
+  Anastomoses with mest superior br of ase cervical artery at C3 and with deep cervical a
+  Supply the vasa nerverum to €N XT and sup sympathetic ganglion

*  Prevertebral br

“located on the ventral surface of the C1-2 vertebrae

:typically arises from the neuromeingeal trunk , but may also arise directly from the main apha
anastomeses with the odonteid arch

:characteristic U shaped curve before anastomosing medially on the surface of the dens with
the €3 collaterals from VA

*odontoid arch system
arterial arcade surrounds the dens and has transverse br that anastomeses
with ant/post asc arteries of dens)

+  Odontold arch system

epidural clival network{double arrow)
hypoglossal branch{asterisk) of apha
odonteid arch{arrow)

WM trunk(double arrowhead)
VA{arrowhead ) "
Anastomoses between hypoplessal br of apha
WA through odenteid arch
WA anglography
pt with hypoglossal canal davF
~feeders from VA at €3 level (white arrow),
hypeglessal br af Apha(arrow head)
* Anastomoses between apha and VA
-RE aphd and 1t VA anglography
-odontedd arch{arrowhead), br from 84 trunk(black arrow) , C3 segment of Wa(white arrow)
2 * Anastomoses between aphd and VA
-Lt aphA and 1t VA anglography
-Musculospinal br(black arrow) at €3 level
-odontold arch (white arrow}from the NM trunk
Ref 3) Ref 3)

Typical persistent hypoglessal artery(arrow)
-Left CCA anglography
-Cervical ICA{arrowhead)

Persistent hypoglossal artery variant
-kt ECA angiography
-hypaglossal br of MMT{black arrow), PICA{arrow head)

Ref 6), 18)

3)Cervical collaterals

+  Asc cervical o, deep cervical a are majer anastometic channels of VA at C2-4
levels.

= Both arise from the subclavian a.

*  AscCA typically originates from thyrocervical trunk

+  DeepCA from costocervical trunk

5 rt CCA

B ort VA

71t va

& 1t thyrocervical

9 rt and let int thoraci a
18 rt thyrocervical

12 rt costocervical

Ref 6)
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Summary of the major EC-IC anastomoses

Table 1 Smmmary of fhe majoe g3t 0nd inTacrarial anastemon.

Extracravial Irtracrarsal
Major artery Lncasen Mrasch Branch Artery
Err—— Foumal W Trtatal branchs, amir branch | Ophtraime arry
(anteror tulew aery]
ot bractas [
Petrous banch O VI spoly
Fannd AMA Aty of forarun ovale ar
Dol Vi arary Pamroea ICA
Des Awry of feraram 1tardom ar
s v deen oo sl ateny Ophtraima; smeny
Sepmricial tmporsl artery Fromtal branch Sapracetital brarch Ophthaima: sy
Mazendeg phanegral stey Pl tak Supancr pharyngas srtery Carst Seanch [loegmen. Latersl cinal sty
i
Sewrsmanngeal tud  (doniod ach Verisbral artery IC1]
*  Anastososes between ascCA and Wi Hrpoglesial and paguiar branch Massgubpagryieal tres of L4
R astomoses between ascCA and VA »::mam- Styomaicsd b N VI ey
WA at €2 level{black arrow) futeclivion] ey AT ickiade e sy [rovwer— [ree———
Asoendeg and deep el Veneral atery O30T

o
B ML it bl s ey AU ey g ey, LT, siemiried T, (04, soecs Lottty O Do rrm

* Anastomoses between cervical segmental artery
and OA, VA

=1t subclavian artery angiography

Pt with sewere stenosis of left CCA and VA

Ref 3),18) Ref 3)

Arterial supply of the Cranial nerves References)
Tabie 1 1) Bertli L, Rabert TBetuli L, et ol i of the bum cis systerr a pi
Radial Anat. 2001
@ Lasjaunias P, ot al Surgical Neurs-angiagraphy, 3 editicn
3 Gabpeasint 5, Posgpech S, Armiting D, Keing T Gedarasrt S, ot al. Dangersus extracranial intsacinial snastomoses snd
m— faarbmrpieshagens supply 1o the crenksl nervex veiiels e ol rvecki b Mo AFNR Am J Newrcradied 2009
g Sl oy £l Borasa 5, Smajda 5, Ciccio G, Rebert T.Bonasa 5, ot al Stapedial Artery. From Embryology to Cifferent Posible Adut
" e aat Suparior orbital fasure  Opbthalmic. or Lavimal, or MMA Corfpuration. ANR Am | Meursradicl. 2020
Arteromedial branch of the BT 51 Gadloud P, Gregg L Ruz DS.Gailloud P, o¢ sl Developmental anatceny. angi a2 climical of orbital artarial
" ASCA Superion orbital fisre  Ophihale o Liorienal, of MMA Mﬂm_.m-_uwmn; Cin b Am. 2009
Arterceedial branth of the &Y eetcsial branches o T e
v Rermnant of the AT Superior orbital fawre  Ophihaimic or Lauriral, of MMA ; o e exth
' Arteromedial branch of the BT bemorisl brasches. ] h-ull-l’.ﬁ-gul M.&mo!-h«ll-t«d Anug,‘g tha waristions of the orbital blood supply srd hermodymamic furg
oot h
w - eery of the foramen rotunm it macilar arrys ] 'msmwumuumv hahaes . Sacu Varcms S, ot . bl it funcicasl s o soatont o
V., Aewnant of the Periterion brmech of the ILT, 10 the Foramen ovale Acceiiary meningeal ey ~
‘wigeming arery wcrrry mesingesl winey ot masair arers m T K 5. Palo G K . tBvgge o Aestomy in 01
w Clkwal artevies rom ICA Superion prbital fasre Clival arterien. from 10 Bomasia § Smajda 5, Ciccio G, Acbert T Bonana § ot al Anstomic Anabyis of of the
MAT and anneromedial beanch meuromeningesl trank of APA Ophthalme Arvery AINR Am | Neurcradiol 2001
of the LT 1) Huckrs-Bey L Durishs CL Uk L, Mark LP. Smith MM, Srotmans M, &mhm&wnumeql.agh
va Auitory artery Facial Canl Petrexa beanch of MiA i 1 Newranadiol 2002
branch of e AKCH, Facial Canal Stysomanced artesy Smm posterior T e K ASyama . rygomgnal MR ek st d-tul ey}
. o:-ob antery o Neureintery Surg. 20
- - Aenail ey Pl 13 Mmswgmumuwm #t al. Embeskization o and ol the
e s imisimal saratid ey AINA AT I Neworsdo, 1995
e et e e btk e S 0 o
[ o Forman 15 orome H et al Ane ol he Superio Ol e A Undecrie Srnch fom o regopuarive et of e Madary
* - e Fore Mf.:”.,“ g ol A Arbery 16 the Celral Apes Correting with the Aneromvedial Branh of the Irsiolateral Trurk, AR Am J Nrurorsdiol 2015
x artebual artery hagutar Faramen Neurnmaningesl trank of APA 16 Myamoto M. Inferolateral trunic and s clinkcal
Fars renvona) ugusar branch 17 Ozae A Perwiea , Kriegs T, Teukgeat F, Lagjuanias P.Ozanre &, ot . Arterial vascularization o the eranial nerves,
X erebial anery rrpogh Caral Newomeningeal unk of AFA Neutcimaging Clins N Am. 2008
Mrypoglomsal teanch) 1% Namba CMamba K Caeotid 15 Ther Segeental Progerty Meurcl Med Chir (Tokyol.
Adbawatad A, Bt ara, 3 e AL 2
[rrp—— [ Ref 17)
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Clinical features and natural history, treatment
indication
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SESSION | ANATOMY AND PATHOPHYSIOLOGY OF DURAL D ura arterloveno us ﬁStU | a (dAVF )
ARTERIOVENOUS FISTULA

dAVF can ocour anywhere within dura mater
1. PATHOPHYSIOLOGY

2 VASCULAR ANATOMY Efa‘;is;:sease — limited the sizes of case series examining the untreated clinical course
3. CLINICAL FEATURES, NATURAL HISTORY, AND TREATMENT Incidence: 0,16 - 0.29/100 000 adults/year
INDICATION

10-15% of intracranial vascular malformations

Age; fifth and sixih decades

Female predominance, dAVF men are more likely to display aggressive NEx and
present hemarnhage

Jitye Song, MD., PhD

Location & venous drainage pattern determines their clinical presentation and potential
for sericus sequlae

Ajou Univers

Stroke, 2015, 46 2017-7025, Miar et al

Clinical Features, Natural History and Treatment Indication Clinical Features, Natural History and Trealment Indication

Clinical features

Clinical features S,

seizure, dementia, parkinsonism, cerebellar symptoms, apathy, cranial nerve
abnormalities, rarely tri inal Igia, cervical myelopath

global or focal (or both) neurological deficits that may be transient or progressive
Related to the presence of associated CVD and venous eongestion in the
affected vascular territory

Clinical features: variable
dAVF can occur anywhere within dura mater
Symptom (Sx) : depending on their location, arterial supply, degree of arteriovenous

Hemorrha:
shunting, magnitude of flow, and most importantly, their vencus drainage pattern. Overallg:emomlage presentation: 10-34%
8 - 10-
Sk () Risk factor : cortical venous drainage (CVD), presentation, lecation (posterior
i fi . male sex, and i age.
incidental finding on angiography ossa). male sex, and increasing

generally small or located near the occiput and are not aiw CVD

Sx (+)
Mild sympitoms
headache, pulsatile tinnitus
acular symptoms

Youmnans, 7 edlfion, pST4-
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Clinical Features, Natural History and Treatment Indication

Fretun Finsar] i Lineatemr of Vorssn Ot

Copmrrcan wiuss fn 3. ardericr Procions
i Y o v Crumoss
emorens et
Fatrrortatl pan
Vs acaty ecien
Traraarsosiyreed s Ptk tre
Buparcs SgR S o S s
o wyvie P
Sanres
Dererna
Putrons s Coma
Genvcal myskcpaty
Gortonl voine Fernintigs st i 4.
vt o Yourmans, 7 eolition, pS5T.

ASNA, 2004 HK et al

Clinical Features, Natural History and Treatment Indication

Headache

Commen initial symptom
Unilateral on the side of the dAVF or generalized
frequently exacerbated by physical activity or changes in position
Mechanism
gorgement of innervated venous with dural sinus distention

brain edema secendary to venous hypertension

compression of the tigeminal nerve

inflammation as a result of venous thrombosis
More worrisame causes of headaches include associated hemarrhage, hydrecephalus,
or p ¥ 1o g ized venous hypertension

Youmans, T ediion, pA514

Clinical Features, Natural History and Treatment Indication
Ocular symptom

MIC Sx of cavernous sinus(CS) dAVF are ocular symptoms caused Dy anterior venous
drainage

Stroke 2005 Suh ef of.

Clinical Features, Natural History and Treatment Indication
Ocular symptom

1) Orbital Sx
?|H: €8s 2 FE 2| retrograde venous flow and/or pressure from CS
Z &b Chemosis, exophthalmos, periorbital pain, eyelid swelling

Chemosis (| swelling of conjunctiva)

Exopthalmos {bulging eye)

Stroke 2005 Suh ef of.

Clinical Features, Natural History and Treatment Indication
Ocular symptom

2) Cavernous Sx
2| H: Cranial nerve deficit due to bulging or elevated pressure of CS and/or to the
steal phenomencn of blooad supply to the cranial nerve
4 diplopia, ptosis, anisocona, ophthalmoplegia

Stroke 2005 Suh ef of.

Clinical Features, Natural History and Treatment Indication
Ocular symptom

3) Ocular Sx
7| #: increased venous pressure draining the eyeball
=1
decreased vision ( subjective symplom or interocular difference of >0.2)
increased intraccular pressure (>20mmMHg or interocular difference of >5mmHg)
eyeball pain, retinal hemarrhage

Visual loss - one of the most serious consequences of CSdAVF
retinal ischemia
intaorbital venous pressure & 2}
intaocular pressure = |

Stroke 2005 Suh ef of.
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Clinical Features, Natural History and Treatment Indication
Ocular symptom

4) Cerebral Sx
2| F: reflux of A-V shunt into superficial MCV or petrosal vein in to
the peri phalic vein and bellar vein — ion or venous

the basal ganglia, stem, cerebellum
2 &h geizure, hemorrhage

RSNA, 2004, 24.1637- 1653 HK. of al
Neuroradiology, 2009, Mar 5173 175-81 HK. ot al

Clinical Features, Natural History and Treatment Indication
Ocular symptom

CS dAVFZ} CHE dAVF 2t CHEE
extradural location ( others, between 2 dural walls in the cranial cavity)
postmenopausal female (others; males experience transverse sigmoid sinus);
suggesting the possibility of hormonal influence
benign clinical symptoms
due to varous venous drainage route : supericr ophthalmic vein, superficial
MCV, IPS, coronary sinus to contralateral CS

spontaneous regression : 10%—50% of cases

Stroke 2005 Suh ef of.
RENA, 2004 HE. of ol

Clinical Features, Natural History and Treatment Indication
Ocular symptom

Aggressive neurclogic symptoms
ir ial b rhage are ext: iy rare but can occur in association with
di VEMNoUS ¢
a) cortical venous reflux without other venous drail {her icir ion)

b) dominant deep venous drainage (hemarrhage, edema)
¢) thromboesis of the central retinal vein (blindness)

Siroke 2005 Suh ef o,
RENA, 2004 HKE. ol #f

Clinical Features, Natural History and Treatment Indication
Ocular symptom

Surg Neurod, 2004, 62.72:75, Han el o

Clinical Features, Natural History and Treatment Indication
Pulsatile tinnitus

M/C initial Sx in the transverse-sigmaid (Tv-5) sinus location.

Recruitment of arterial feeders by the dAVF and its close proximity to the middle ear.
&%l 7H= (bruit can often be auscultated over the cranium)

ICAjugular vein'occipital artery p Al 22| 7F EOIECEH (clue to Dx)
CVDZ} dominant drainage 21 EiA(6 M= SEECH (3% LK 2])

increased flow volume or stenosis of the
vessal lumen — result of turbulence in
the blood flow — the turbulent flow is
transmitted directly to the inner ear and
hence causes the pulsatile tinnitus

Youmans, 7 salfion, paST4-

Clinical Features, Natural History and Treatment Indication
Pulsatile tinnitus: Cause

Ieiracranial BTy (el
Prrnsstent sapsal antiry st arery drssechrntererisy e A,

Lateraised ICA A

Fiblomuscluar dysplasia of P arcid anery

Versus duguar Bl atnermaktion Trarsvarss sgened d AVF
e P
Cavemous snus o AVFIOCF
Ratenaly placed st snis g F g )

i

Vascular Tumor  Barsgangiora (gom Us Tpanc of Gomis upuan
Supenion sermeciGular canal defscence

ncapanguss

Inflammatony hyperemia Sanmse [mastodtn. pagel s deeasa)

Jowmal of Laryrgalegydotalogy. 7006, 120-93-97, Livanage et al
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Clinical Features, Natural History and Treatment Indication Clinical Features, Natural History and Treatment Indication
Pulsatile tinnitus Aberrant ICA
Tv-5 dAVFE

Clinical Features, Natural History and Treatment Indication Clinical Features, Natural History and Treatment Indication

NHND
Aberrant ICA .

seizure, dementia, parkingonism, cerebellar symptoms, apathy, cranial nerve
abnemalities, rarely trigeminal neuralgia, cervical myelopathy
global or focal (or both) neurclogical deficits that may be transient or progressive

related to the presence of asscciated CVD and venous congestion in the affected
vascular territory

related to brospinal fluid malak plion
cranial nerve palses

because of an arterial steal phenomenon of occasionally mass effect from an
enlarged arterial feeder

extra-axial hemorrhage in the cervical spine, as well as cervical and upper thoracic

myelopathy
CA, courses adscent 1o jugular bt y—— WM ody plate Mong hyepanic poitien  Okricope -.rmlr\lScf
bopi g
Clinical Features, Natural History and Treatment Indication Clinical Features, Natural History and Treatment Indication

NHND NHND

WNS 2019, 121 E543-553 frito et ai

WNS 2019, 121 E543-553 frito et ai
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Clinical Features, Natural History and Treatment Indication

NHND

WNS 2019 120 E443.553 frto et ai

Clinical Features, Natural History and Treatment Indication

NHND

WNS 2019 120 E443.553 frto et ai

Clinical Features, Natural History and Treatment Indication

NHND

WNS | 2019, 121 E543-553 fro et al

Clinical Features, Natural History and Treatment Indication

NHND

WNS | 2019, 121 E543-553 fro et al

Clinical Features, Natural History and Treatment Indication

NHND

BM case rep, 2074; Ful st ai

Clinical Features, Natural History and Treatment Indication

NHND

Stroke, 2015, 46:2017-2025, Mier et al
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Clinical Features, Natural History and Treatment Indication Clinical Features, Natural History and Treatment Indication
Hemorrhage
-
ot et 0 et Natural History
H hage is the initial p ion of DAVF in up to 34% of patients, most =

commenly eccurning in men between the ages of 50 and 70 years.
Patients with retrograde cortical venous drainage have a higher likelihood of initially
presenting with hemorrhage
Rare disease — limited the sizes of case series examining the untreated clinical course
of dAVF

Incidence: 016 - 0.28/100 000 adults/year

T% =15% of intracranial vascular malformations

Qverall annual hemorrhage risk for unruptured dAVF @ 1.5% to 2%/yr

Individual patient risk depends on several factors
Venous drainage pattern (cortical venous drainage(CVD))
Presenting symptom
Venous ectasia

Lecation Voumans, TP adition, pSS14.
Neurssurgery, 2012:71:594-602, 5.4 Gross ot ol
Yoursans, 7 sdition, pS514- Neurcsurgical Focus, 2008,26.€14 Zipfel et al
Clinical Features, Natural History and Treatment Indication Clinical Features, Natural History and Treatment Indication
Venous drainage pattern Venous drainage pattern
Borden type |; benign

TABLE 1. Barden aempan Bgn 3

Borden Cognara Satomi ef al (68 observation <112 Pt with Borden type | dAVF)

[ Dvainage it a dural venous sinus ' Dvainage into a dural venous s Observation :68/112 (60.7%)

i iE ey e e Tolerable/stable ; 67/68 (98.5%) & Seizure as a result of ICH after GVD
- eyl development | 1(1.5%)
" Deainage into a dural venous sinus (] Drainage: into) 2 dural wenous sinus with Leng term fiu in 50 Patients: Change in venous drainage pattern: 5 ( 2; CVD {+)
with comical vencu mflu antegrade sinus Now and omical venoi reflus )
Ba+b Drainage into & dural venous sinus with
tetrogade sinus Mow ard conical wenous reflux Palliative treatment : 44/112 (39.3%) (due to unbearable Sx or pressing
L Lo . Loy gg e — ophthalmalegical Sx )
v Spinal perimedullary venous drainage

Mo hemorrhage & no NHND over mean filu of 27.9 mo
Progressed to CVD ; 4% (2/50}
MNew NHMD: 1.5% (1/68)

Clinical Features, Natural History and Treatment Indication Clinical Features, Natural History and Treatment Indication

Venous drainage pattern Venous drainage pattern
Borden type |; benign Borden Type Il or Il dAVF |- ==

CVD (+) few natural history studies

Gross et al (16 cbservation < 24 Borden type |< 56 patients with 70 dAVF)
No hemorrhage for 409 lesion- years
Progressed to CVD ; 0 .
Meta-analysis) CVR developed: 1.4%
spontaneous resolution; 39 (3124, 13%)

P

TABLE 2. Demographic and Hemoerhage Data for Patkents in Our Cohort Stratified by Borden Type” - -

Borden Mean Annual Annvast
Type  AEVF  MF Ratie  Agey Location NHND Eleeds  Elerd Rate
1 el 155 a8 ’Ts 0 NHND &05 o a o o - -
5555 0 Hem
4 Oher
3 Cw
Neurosurgery, 2012 71 594-607, B A Gross of al Neurosurgery, 2012 71 594-607, B A Gross of al
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Clinical Features, Natural History and Treatment Indication

Venous drainage pattern

Borden Type Il or lll dAVF

Mata-Analysis 25 Irer il w% %
K HHND: 30%

A% (1%) By (3%

Neurcsurgery, 2012.71-894-607, BA Geoss of al

Clinical Features, Natural History and Treatment Indication

Presenting symptom

Ziphelotal Asymplomatic + CVD (+]  1.4-1.8% fyr
NHND or hemerrhage 74T By
Blusers et al Hemerhage (-]
Hemarhage
Soderman et al 32 Hemorrhage Tyt
(85 Borden type 1o Il GAVF) 53 No Hemormhage 1.5yt
Stroen e al n HemeerhagaNHND T.E%AT 4%y 28%yr
(24 Borden type Wor Il dANF) 7 Sx () / tineitus) orbital Sx 14301 O%iyy ey
Meta-Analysis B () / tineitus orbital Sx 2%yr 0% for B8 5 lesion-year
54 Barden type llor NAVF €3 NHND 0%y 20% Iy
Hamoerhage AB%lyr
Hemeorrhage (-] 3.0%yr

Clinical Features, Natural History and Treatment Indication

Presenting symptom

TABLES.
Arteriavensus Fhindas
Ancaal New Acouaal
o S aAVE D Kate Bleed Rate
[ —— Belters ot af* - s
Sodderman of al’ £ e 1En1
Strom et o e ALy 8]
Coment n ] s
Tetal 15 sy
Devctty adjeritedt rate (5% CO 007 B8 a0 BAl a0
W previonss hemonhage. minimaly Bolters et af" £ VA
s o p——" somat of " o 1P 0
Curens E ass 065
Total @ s 110w
Darectly adjurited rate (5% C) Ll Qor o a8
Woa prrrnes e Bulters et 2 " s
previcus NN
Strcm ot o 7 v o
Curern 1" w2 w2
Total w a0
Dawstly adjentrsd e (7% CO 020 3060460 Q10 QOCFOAT
Previous hemorthage Belters et o n
Soddesrran ex al’ ] ] a0
Strom et o 4 w128 w2
Curners wr o4 ma
Total " o4z
Dwectly adjursted rane [¥5% OO L] 046 10180137

Neurosurgery, 201271 594-607, £ A Gross ef &l

Clinical Features, Natural History and Treatment Indication

Presenting symptom & venous ectasia

TARLS & Rarise for Dursd
- Type Bwn o VB
Sbady Frasstatian WHHD Pressntation Type Typs 1l or Il Mo Vemoun Ectasia
Buinens et ol 27 -t 080 BaR 206 @ 0m TA3 (L8135
o TR
Strom ot o 1208 BI1RE £11 0843} ] A6 LY
Lurent 1 (bdtara [XPETLIRIT 148 00 01 11
et effecrs 125 (B-155 I T T BT 212
Bandom witects 153 0-11.7) 78 1T 15 00501 £37 2131800
e [—p——— e g i panercturn.

Neurosurgery, 201271 594-607, £ A Gross ef &l

Clinical Features, Natural History and Treatment Indication
Presenting symptom & venous ectasia

NS

A malti-institutional analysis of the untreated course of Powesie
cerehral dural arterievenons fistulas A sk =

B i s, 8 P 2. Aot B8 s . el 31 i
e T skt UL Aot P e, WS, PO Tt . Jrvn, W

L
CB

NS, Z078:929 19141199 BA Gross et &l

Clinical Features, Natural History and Treatment Indication
Presenting symptom & venous ectasia

;
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Clinical Features, Natural History and Treatment Indication

Location

Clinical Features, Natural History and Treatment Indication

Cavernaus dAVF

aeons Treatment indication

very low overall risk of hemorthage

Anterior fossa, tentorial, petrosal dAVF
Vast majority were type Il

Tan 7, of Dural Pl Based on patient characteristics, symptom severity, and risk of
Highly aggressive I serious sequelae (CVD/presentation/venous ectasia/location)
Lawton at al Laation Total No. "I:-DI“:! :’:::I '::u:;
hemonhagic presentation in 55% (17 of | ammwes s 2 S a4 0 a0 Low-grade lesions with severe debilitating symptoms (eg,
1) for tentonial dAVF Tootor 5 0 soa wme severe tinnitus or visual symptoms resulting in poor quaﬁty of
Sopetor gl i 17 S08 404 T life) are candidates for treatment
o 1S AV 4

Conservative treatment/ Endovascular therapy (transvenous
ftransarterial) Radiation therapy / Surgery

Neurosurgery, 2012 71,504.802, BLA Gross ot al
Stroke, 2018, 46 2017-2025, Miar ot al

Clinical Features, Natural History and Treatment Indication

Cavernous sinus dAVF

Clinical Features, Natural History and Treatment Indication

Cavernous sinus dAVF

Benign clinical course
Sponlanecus regression in 10-50%

Conservative management for 1-3 months with close clinical Sx and image Ty
New Sx or progression of existing Sx
Dangerous dranage patiems

Should be aware that the kow-risk dranage patterns of dural AVFs develop into high-nsk patterns
with progressive thrombosis of restriction of the cavernous sinus outiet withaut symplom change

CSdAVF Sl S2H5 &8 ges Ay

1) increased ICP

2) rapicly progressing proptosis

3) ciminished visual acuity

4) hemonhage, TIAs

5) dangerous vencus patiems
@) corfical wenous reflux withod! oéher venous drainages (hemarhages infarcton )
() deeninant deep vencus drainage (hemorriage, edema)
i) of the central

RSNA, 2004 HK ot al

Clinical Features, Natural History and Treatment Indication

Cavernous sinus dAVF

Clinical Features, Natural History and Treatment Indication

/

Cavernous sinus dAVF Gt

v

- N
)
ISR
FI56 - %f%
Sx) headache, possible ataxia o

Rt ECA angiogram after TVE through occluded IPS

MISE
Sx) mild chemosis, proptosis, diplopia

RSNA, 2004 H ¥ of af

RSNA, 2004 H ¥ of af
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Clinical Features, Natural History and Treatment Indication

Transverse sigmoid dAVF

Mast common symptoms are banign (pulsatile tanitus and headacha)
Transverse-sigmoid sinus dural AVFs are more frequently associated with hemorrhagic
and NHND than are C5 dural AVFs

All transverse-sigmoid sinus dural AVFs are considered to require treatment because of
the low rate of spontansous regression without symptomatic events and the relatively
high rate of aggressive symptoms

Clinical Features, Natural History and Treatment Indication

Tentorial dAVF

Retrograde leptomeningeal venous drainage system only
high risk of aggressive neuralegic symptoms
Hemorrhage rate: 60% to T4% (19%/yr)
NHMD: (10%/yr)

Tahla |
Syemptoms of Intraceanial Dural AVEs
Location
Caverncus  Transverse-Sigmead  Tentoriam  Supenior Sagitsl  Anterior Fosa
[ r— Sisus (%) S (%) %) Sieus (%)
Oxular mymptoms w7
Cranial nesve deficits ey T-12 1417
40-50 8042 To-88
#-T6 24 % 13-4
38 1228 -
3 10-20 142 Y 531
Boaracranial hemorhage  Kare 15-28 60-T4 i o
Demenna . Rase 5 .

ASNA, 2004 HK et al

Clinical Features, Natural History and Treatment Indication

Tentorial dAVF

Clinical Features, Natural History and Treatment Indication

Superior sagittal sinus dAVF

frequently associated with restrictive change of the superior sagittal sinus and
retrograde cortical venous drainage, aggressive neurologic symptoms are seen in one-
half of cases

Venous congestion of the bilateral frontal lobes due to a supenor sagittal sinus dural
AWF can cause dementia

The dementia can be misdiagnosed as a psychogenic or degenerative disorder but can
be cured after treatment of the dural AVF

Clinical Features, Natural History and Treatment Indication

Anterior fossa dAVF

wvenous drainage pattern similar to that of tentorial dural AVFs with retrograde
leptomeningeal drainage and are frequently associated with hemorrhage or NHND

Clinical Features, Natural History and Treatment Indication

Anterior fossa dAVF

JHNS, 200547455157, Cha ot af
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Endovascular treatment of dural AVF

Dural AVF of the cavernous sinus K (Z4A4H)
Dural AVF of transverse-sigmoid sinus, tentorial, clival, etc O] (HIELH)

Spinal AVF LS (M2LH)







Session Il. Endovascular treatment of dural AVF

Endovascular Treatment for Dural AVF of the
Cavernous Sinus

Endovascular treatment is the first-line treatment modality for dural arteriovenous shunts (DAVSSs)
with the low complication rate and the favorable long-term outcome. With advancements of
endovascular techniques and materials, numerous routes of access are available. Endovascular
strategies must be carefully tailored to the individual patient The approach to an individual DAVSs is
dictated by a variety of factors including operator's preference for a specific embolic agent, angio-
architecture of the fistula, clinical symptoms, and routes of access available.

Endovascular treatment strategies for dural AVF of the cavernous sinus (CS) can be divided into
trans-arterial and trans-veous approach. Generally trans-arterial embolization alone has limited
effectiveness, more often palliative or preparative treatment before more definite therapy. But,
with the availability of Onyx as new highly penetrable embolic agent, there has been a resurgence of
interest in trans-arterial approaches. Under appropriate circumstances, trans-venous embolization
is highly effective to achieve curative obliteration of high-risk DAVSs.

| would like to review endovascular approaches for DAVSs of CS by Topology, and share our limited
experiences during the last 5 years.

li
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Endovascular treatment of dural arteriovenous
fistula: dural AVF of the transverse-sigmoid,
tentorial, clival, etc.

Currently, treatments for dAVFs include surgical resection, endovascular treatment, stereotactic
radiosurgery or a combination of these treatment. Among them, endovascular therapy is generally
the first-line treatment for dAVF. The mainstay for endovascular treatment involves embolization
of the fistulous connection and its venous components. Either a transarterial, transvenous, or
combined accesses are currently being used with their respective pros and cons. The selection of
treatment approach depends on the angioarchitecture of the dAVF, the location, the direction of
venous flow. The author presents personal experience in endovascular treatment of various dAVFs
and reviews the literature focusing on technical and safety aspects of the procedure
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Spinal DAVF:
Conceptual Understanding
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Spinal DAVF: Conceptual Understanding

= Spinal DAVF homologs

+ Spinal DAVF in general

= Spinal DAVF patho-anatomy

=Myth of Foix-Alajouanine syndrome

* Aminoff-Logue disability scale

* Spinal DAVF treatment outcome: Curable Cause of Paraplegia

Dural arteriovenous shunts: a new classification of
craniospinal epidural venous anatomical bases

* Ventral epidural group (n=150): a female predominance, more benign
clinical presentations, lower rate of cortical and spinal venous reflux,
and no cortical and spinal venous reflux without restriction of the
venous outflow.

* Dorsal epidural group (n=67): a lower mean age and a higher rate of
multiplicity.

* Lateral epidural group (n=03): presented later in life with a male
predominance, more aggressive clinical presentations, and cortical and
spinal venous reflux without evidence of venous outflow restriction,

Pierre Lasjaunias 2008 Seroke

Spinal dural arteriovenous fistulas:
A congestive myelopathy...

= Spinal dural arteriovenous fistula is a rare and enigmatic disease entity.
+ The clinical ires and structural changes have been recognized sinee 1926
* The pathophysiology and the essentials of treatment, since 1974,
= Up to the present day it is unknown why these fistulas develop.

* The fistula between a radicular artery and the corresponding radicular vein
within the dural reet sleeve leads to’congestion of the venous outflow of the
spinal cord and eventually ischaemia,

* Patients, who are mostly middle-aged men, develop a progressive
myelopathy, which at the early stages of the disease often mimics a
polyradiculopathy or anterior horn cell disorder.

* By the time involvement of upper motoneurons or sacral scgments makes
the diagnosis of SDAVE incscapable, patients sufler from considerable

neurological deficits.

2006 Brain
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Spinal dural arteriovenous fistulas:
A congestive myelopathy...
* The diagnosis relies on MRI.
= swelling of the spinal cord: a centrally located hyperintense signal on T2W1
= enlarged and tortuous veins: hypointense *flow void” phenomena dorsal 1o the cord

+ Catheter angiography, to determine the exact location of the fiswla and the angio-
architecture, on which the mode of treatment depends.

* If the arterial feeder of the fistula is a tributary of the anterior spinal artery,
embolization is not possible.

= After embolization recanalization may occur, but this is rarely seen after
filling of the draining vein with glue.

* Alternatively, operation is a sale and permanent mode ol treatment.

200 Brain

Spinal dural arteriovenous fistulas:
A congestive myelopathy...
* No prognostic factors have been reliably established.

= Muscle strength and gait disturbances respond better to treatment than
pain and symptoms related to damage of sacral segments.

* In any middle aged male patient with ascending motor or sensory
deficits in the legs. SDAVE should be considered in order to prevent
irreversible handicap.

200 Brain

Spinal DAVF: Where is the shunt?

SpDAVF: Microangiographic Study

« In all of the lesions the artery split into daughter vessels that coalesced
one to three times to form a skein of arterial loops in the dura that
invariably emptied into a medullary vein without an intervening
capillary plexus.

* Several medium-to-small collateral vessels arising from adjacent
intercostal or lumbar arteries were commonly present in the dura and
converged at the site of the AVIY to join a single medullary vein,

* These results show that spinal dural AVMs are direct AVFs that link
the dural branch of the radiculo-medullary-dural artery with the
intradural medullary vein.

1996 § Neurvsurg

Legacy and current understanding of the
often-misunderstood Foix-Alajouanine syndrome
* The traditional understanding of this clinical syndrome is as a progressive
spinal cord venous thrombosis related to a spinal vascular lesion, resulting
in necrotic myelopathy. However, spinal venous thrombosis is extremely rare
and not a feature of any common spinal vascular syndrome.

.

A translation and review of the original 42-page French report revealed 2 young
men who had presented with progressive and unrelenting myelopathy
ultimately leading to their deaths.

-

Pathological analysis demonstrated endomesovasculitis of unknown origin,
including vessel wall thickening without evidence of luminal narrowing,
abliteration of cord vessels, or thrombosis,

* Foix and Alajouanine also excluded the presence of intramedullary AVM.

2009 ) Neurosurg

Legacy and current understanding of the
often-misunderstood Foix-Alajouanine syndrome

* At the time, DAVFs had not been described, and therefore this type of
lesion was not specifically sought,

* In retrospect, it seems possible that both patients had progressive
myclopathy due to Type | DAVEs.

* In the decades since that original report, numerous authors have
included spinal cord venous thrombosis as a central feature of Foix-
Alajouanine syndrome.

* The inclusion of thrombosis in the clinical picture of this syndrome is
not only incorrect but may leave one with the impression of’
therapeutic futility, thus possibly preventing successful surgical or
endovascular therapy.

2009 ] Neurosurg
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Legacy and current understanding of the Legacy and current understanding of the
ofien-misunderstood Foix-Alajouanine syndrome often-misundersiood Foix-Alajouanine syndrome
* Summary of Cases * Thrombosis as a feature of Foix-Alajouanine syndrome is a myth that

* Case 1(M29), Case 2 (M2T)

* Pathelogical Findings
= Extensivi
cord nec

has been perpetuated most likely because the original report was
written in French.

1 both cases revealed myelitis and spinal . K . ) ) .
most prominent at the level of the lumbosacral * lFoix and Alajouanine excluded the presence of vascular malformations.
prominence. rlnal cord abnormalities primarily involved the gray matter within the cord (page 31). They also stated that no thrombesis was
but also included the white matier. These findings progressively diminished in identified: “Nous avons enfin que . . . il n’y a pas thrombose dans nos
a rostral dircetion and disappeared in the region of the midthoracic cord. e 12 -
Extensive hypertrophy ulpthc intradural vessels predominantly involved cas” (page 12).
veins on the surface ol the cord as well as both extra- and intramedullary

5. mul 10 a lesser extent some arteries. Histological analysis of the aflected
S E vasculitis with necrotizing tendencies”™ and
considerable hypertrophy of the media. The vessel lumens were widely patent.

200% ) Meurcsurg 200% ) Meurcsurg

TABLE 1: Aminoft-Logue disability scales for gait and micturition Natural History of Spinal DAVF
Descrition Score = No prospective studies of the natural history of untreated SDAVFs.

gait * Such studics, difficult to justify; Treatments are simple, safe, and cffective.

anal

leg weakness, abaormal stance of gadt wia restriction of * To deduce the natural history through retrospecti

is of paticnts
lacal mator actity with spinal vascular r ormations who were st

before the
thus before a diagnosis

restnicled exercise lolerance 2 introduction of select arteriography {an
nesd for a cane or some support for walking 3 or treatment of SDAVE),
need for 2 canes or crutches for walking 4 * In 1974 Aminoff and Logue reported on a series of 60 cases with a clinical
unable 1o stand, confined to bed o wheelchair 5 diagnosis of spinal vascular malformations
micturition * I/5, nun.lmbul.ﬂor\ or zlmhulen with crutches after 6 months
nomal 1} s of onset of gait impairment
urinary hesitancy, urgency, increased frequency, or altered 1 cted in their activities within 3 years of symptom onset
sensalon * General agreement:
Wﬁsw urinary incantinence of retention é = Myelopathy due to SDAVFE is progressive without fistula treatment
total uringry incontinence or persistent refention 3

2012 Newrosury Focus

Brabn (1930) 91, 199-H10 CLINICAL FEATURES OF SPINAL VASCULAR MALFORMATIONS

L3 e (1) 9T, 21218 THE PROGNOSIS OF PATIENTS WITH SPINAL VASCULAR

MALFORMATIONS
ML 1. AMINGFF asm \'ALZNIINE LOGUE
e of Newsbgs, Gueen Souae, London WL}

M. 1. AMINOFF o VALENTINE LOGUE
From rhe Noviomal Mowpisal for Nervows Discases, Molds Vale Mompial, Loadon W5, and
TaBLE IX.—DEVELOPMENT OF NEUROLOGICAL DisABLITY e ol o Hemralog, Qo Syuers, Lasskn WER)

(1) Progressive course In making this study, wel d for ical hat the degree of disability provides

m :DWS& a useful index of the course of the discase, so we have assessed the degree of disability in our
gsruldbu:‘::r::: steadlly ive 1 incident (other than pain) jg patients on two or more occasions. Disturbances of gait were common, due to weakness and/or
Gradual onset, p ive course interrupted by acute deterioration 5 Insaul‘hah;x We h.wes::ilodt;ht{s;]ns(ll_wtufhuuknm ah;;;amml stance or:::. without

8 . ¥ activi exercise requires one stick or some

Acute onset, steadily progressive course 5 support for walking; (4) requires crutches or 2 sticks for walking; (5) umlble o smnd confined to
{2) Non-progressive course bed or wheeldmr Disturbances of micturition haw been classified as s UTEENCY OF
Acute onset 7 q : ional urinary i ion; severe—iotal urinary
— i Disordered umllrol of defmcation has been similarly

@0 classified as umd—oumnmuon moderale—occash wcal incontinence or severe intractable

constipation; severe—fxcal incontinence.
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onset; ¢, Within the peried of follow-up.

Fia. 1.—Severity of gait disorder. a, Six months afler its onset; B, At or within three years of its

Prognosis/Outcome of Spinal DAVF

+ Following successful su or endovascular treatment of SDAVFs, almost 90%
of patients experience stabilization of or improvement in their symptoms.

= 530 of patients had symptom improvement afler treatment, 34% had no change, and

+ 11% had neurological deterioration.

+ When improvement occurs, patients gain 1-2 points on average on the Aminofl-
Logue disability scale for ambulation.

* Th I.lrw-l} accounted for by an improvement in motor symploms, the symploms that
tend to respond best to treatment, which occurs in approximately two-thirds of treated
patients,

* \cnsan ymptoms such as numbness, dysesthesia, or burning pain tend 1o

Emm. Iéss than motor symptoms, but improvement has been reported in 12%—

Yo of patients.
watients at least have stabilization of sensory symptoms, these worsen in
- E i 3 use of significant pain,

- ‘- hincter disturbances tend to recover less well, rcm'unlng impaired in up to
3% of those affected and improving in only 15%

2012 Newrosurg Focus

Outcome Predictors of Spinal DAVF

* One consistent finding in the literature is that patients with severe
preope ¢ neurological deficits have worse functional outcomes when
compared with those with mild or moderate preoperative impairment.
+ Paticnts with preoperative gait disability scores of 2-3 improve more than those in
other grade categories.
= Only 11% of patients who have severe preoperative disability (defined by a total
score of 6-8 on the combined Aminoff-Logue disabilit scalé for gait an
micturition) have substantial improvement postoperat
mild ility (score 0-3) improve, and 29% of those with moderate disabi lity
(score of 4-5) improve.

* Nevertheless, clinical recovery is possible even for patients with severe
deficits, including paraplegia.

* Treatments should not be withheld [rom patients who are severely
allecied, because they still may benefit from surgery.

2012 Newrosury Focus

. while T8% of those with

Curable Cause of Paraplegia: Spinal DAVF

= O1'42 patients with spinal dural arteriovenous fistulae treated in our
institution (surgery or endovascular treatment), 6 were paraplegic
preoperatively (Grade IV on the McCormick scale and Grade V on
the Aminoff scale, Grade 5 of modilied Rankin Scale with motor
ASIA between 0 and 10 for both lower limbs). Their clinical history
revealed that paraplegia appeared progressively within a period of <3
months.

* 3 patients showed almost normal walking (Grade 1 on the
MeCormick scale, 1 on the Aminoft scale, Grade 1 of modified Rankin
Scale) and 3 were able to walk with a cane (Grade 1T on MeCormick,
Girade HI on Aminof? scale, Grade 2 of modified Rankin Scale).

2008 Stroke

Outcome Predictors of Spinal DAVF

* Success of the treatment procedure undoubtedly influences outcomes.
* Complete and permanent fistula obliteration provides the best chance for symptomatic
improvement and a favorable outcome,
* In the past, endovascular treatment has been criticized because of low initial
success rates and high fistula recurrence rates (up to 83% with the use of
polyvinyl aleohol ).

the use of iquid adhesive embolization,
+ The initial success rate of embolization was 69% in | recent
depending on whether penetration of the proximal

5 required.
* Recanalization—a complication more often seen in endovascular therapy
compared with microsurgical clipping—is another consideration,

« In 1 recent study of 26 patients treated endovascularly. 19% had recanalization and all had
AcCompPany Ing worsening I'It.'LIH'I]lI_IgIL'-'ll symploms,

2012 Newrosurg Focus

* More recent data indicate a higher success rate and lower recanalization rates with

udy and has ranged from 30%

SpDAVE: SNUH Experiences (2004 to 2019)

* Of the 71 patients, 56 underwent initial EVT. Complete occlusion was
achieved by initial EVT in 37 of 56 patients (66.1%).
= ASpA/PSpA (n=6): Too small/tortuous feeder (n=9)
= Multiple feeders, more frequently observed in patients with incomplete
ocelusion than complete occlusion after initial EVT (73.7% vs. 27%, p< 0.001).

* The remaining 15 patients underwent surgery as initial treatment.

« Among 19 patients with incomplete occlusion upon initial EVT, 14
underwent additional surgery, 13 of whom (92.9%) obtained improved
or stationary functional outcomes.

* Recurrence was observed in 8 of 37 (21.6%) patients with complete
occlusion upon initial EVT.

Cowrsesy af Loe HS & Chumg CK (subminedy
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ALS {iotal) differance (pre-post)

Conresy of Lew 1S & Chumg CK rabmired)

Py If EVT is the first-line choice...

* If endovascular treatment is the first-line choice, it should be planned

in combination with preparation for open microsurgery in the same
H DSV [ . institution for patients in whom embolization fails.
- . 1 * Because angiographic evaluations alone cannot predict the risk for
T recanalization, the embolization east position must be evaluated by CT
. b g . —— immediately after the intervention to determine whether it is in the
i I intradural proximal radiculomedullary vein as well as within the dura
mater.

t

I the embaolic material does not penetrate the intradural proximal vein,
surgical treatment should be Efrmrmcd as soon as possible to try and
block an AVE permanently before the progression of incurable

Sugey W oy EVT  COby@VT OBy EVT  ICOby EVT neurological deficits.
ety " M=) +REEVT  + Cosenaton
L M=3) & Fechowip

=15 =2 2015 ) Neurosurg
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Endovascular treatment of dural AVF Naoya Kuwayama (University of Toyama, Japan)
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Endovascular treatment of dural AVF

Veterans Health Service

\e o Fedical Center

Cranial Dural AVF:

Endovascular Treatment

Moon Hee HAN, MD, PhD

Department of Neurosurgery,
VHS Medical Center, Seoul, Korea

Cranial Dural AV Fistula

+ Abnormal connection between dural arteries and veins
within the dura.

Cranial Dural AV Fistula
Pathophysiology

Neurological symptoms by

Venous hypert. [ infarction
1 Increased IC pressure
Cerebral hemorrhage

A-V communication | s

Local symptoms by
Venous dilatation
Venous congestion

Increased blood flow Treatment Goal

e b  Health Service

LS

Cranial Dural AV Fistula

A-V communication | =

!

Local symptoms by

Venous dilatation
Venous congestion
Increased blood flow

o Miecica Conte

li
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Cranial Dural AV Fistula
Pathophysiology

Neurological symptoms by

Venous hypert. / infarction
Increased IC pressure
Cerebral hemorrhage

Treatment Goal

Classification of DAVF - Cognard et al. Radiology 1995;194:671
p—— e

S 2

Cranial Dural AV Fistula
Locations
» Cavernous sinus - most common

o Transverse and sigmoid sinuses

« Superior sagittal sinus and Falx cerebri
« Straight sinus and Torcula herophili

« Anterior and posterior cranial bases

« Marginal s., SPS, condylar v., convexity

N J Medic

Cranial Dural AV Fistula

LYS, 53/M-s

64




Session lll. "Meet-the-Expert" session

LYS, 53{M-

\

Classification of DAVF - Geibprasert et al. Stroke 3008;39:2783
B ™ cine e

Cranial Dural AV Fistula

Endovascular Treatment

» Transarterial routes
- Liquids (co-EVA, n-BCA), Particles

« Transvenous routes
- Coils (detachable, pushable), Liquids

KJ Hose

Cavernous Dural AV Fistula

Arterial Feeders of Cavernous Sinus

i

B Yy A
+ Middle meningeal A. _"&"' \ ’ V’«
+ Sphenopalatine A. o,

« Acc. Meningeal A.

« Inferolateral trunk
« Mening. hypophy. T.
« Asc, Pharyngeal A.

[ Joe

3CA Lipiodol
: Pl ot
pushiteehniques

li
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Cavernous Dural AV Fistula

Venous Endovascular Routes

« Inferior petrosal sinus

- ipsilateral or contralateral

» Superior ophthalmic vein
- direct or trans-facial

Weteram Health Service
Medical Center

Weteram Health Service
Medical Center

Wetersm Health Service
Medical Center

Weteram Health Service
Medical Center
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[\venousiroute

Cavernous Dural AV Fistula

_ Venous Endovascular Routes

White JB et al, AJNR 20072811415 e

s Inferior petrosa

- ipsilatera

posteri

« Superior ophthc
-direct or

Wb g Fasith Sarvicn
Medical Conter

Cranial Dural AV Fistula

« Cavernous
« Transverse
« Superior say <g
+ Straight sin; q
- Anterior an

.
« Marginal s.

Veteram Health Sarvice Veteram Health Sarvice

Medical Centar Medical Centar

KiHR6g/Mdizziness)nauseavomitingstinnitus KiHR6g/Mdizziness)nauseavomitingstinnitus

[
|
|
|
|
|
|
|

REIMAN RO|OccipitallAt

Weteram Health Service
Medical Center
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Cranial Dural AV Fistula

Target Points of Occlusion

» Location and extent of A-V connection
» Cerebral circulation and ven. hypertension

« Major clinical problems

O
s

Cranial Dural AV Fistula

compressionlofiright!STA/OA

ihe, seizure
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Cranial Dural AV Fistula
Pathophysiology
AngiographigEvaltuation
feedinglarteries
drainingiveins

Original Article Jossrssal of MeurcraBoligy 2012 o-pub sl of print
Endovascular management of multiple intracranial dural
arteriovenous fistulas

Ching=Chang Chen®, Young Dae Cha™*, Dong Hyun Yoo®, Jusun Moon®, Jeongjun Lee”,
Hyun-Seung Kang®. Jeong Eun Kim*, Won-Sang Cho*. Moon Hee Han™*

iYlocationlofiAViconnection

[y —
e b, o, i
[ d b

Vetarans eslth Service
Medic sl Contar
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Endovascular treatment of dural AVF

Naoya Kuwayama

University of Toyama, Japan

The 25th Annual Meeting of The |apanese Soclety for Nouroendowv:

TRy RN 1

Endovaécﬁm

of dural AVFs

KoeNES2021(WEB) 2021.2.27
MNaoya Kuwayama, Univ. of Toyama

i Mysteries ...
> Incidence ?
» Acquired/congenital ?
> Pathogenesis
> Pathophysiology?
> Physiological AV shunt?
> Trigger?
> Occlusive sinus lesion?

Mystries of
dural AV fistulas

RESULTS-1 ; geographical distributi

0.16/year in Scotland (Stroke34, 2003)

st questionnaires; 1815 cases
Incidence; 0. 3 pt/year/10P

0.40/y/105 (309)
4% 0.35/y/105 (312) ,
0.31/y/105 (186) 5
0.19/y/105 (431)

¢ 0.34/y/105 (359)

0.30/y/105 (218)
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w..Pathophysiology..

AV fistula between
dural artery & dural vein

®

wwnlPrinciple.of Tx...

Sinus occlusion
does not treat AVF itself

®

Session lll. "Meet-the-Expert" session

w..Histopathology...

: s Yo
& ~Fiziulz),

”~
dhural artery

elupr il wair,

Cranial dura: dural artery ¢ dural vein
Hori E, Kuwayama N: Histopathological
aspect of the non-sinal type dAVF.
Neurologia Medico Chirurgica, 2007

Feeder occlusion
does not treat AVF itself

wwnlPrinciple.of Tx...

Glue/Onyx penetration
can treat AVF itself

n
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Endovascular
treatment

ww.Cavernous sinus..

Consensus: TVE standard
= Outflow occlusion
= Selective shunt occlusion
= Superselective occlusion
Onyx is not indicated

superficia
uncal vein
anterior ponto-

mesencephalic ~ petrosal vein

Cavernous
sinus

superficialtMCV
/ / uncal vein

. DS}
. | = petrosal vein

o \ps

pterygoid pleXus

ww...Cavernous sinus..

Consensus: TVE standard
= Outflow occlusion
= Selective shunt occlusion
= Superselective occlusion
Onyx is not indicated
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w.Selective sinus occlusior w.Selective sinus occlusior

i TOF: CS AAVE.

- shunt point at the emissary velnn

- €5 I% the autlét of the dralning veln

< SMCV Is draining Into the involved €5

Selective packing
was planned —

%
Before TVE
-

4 hours after TVE
i —

Increased exophthalmos, hyperemia, chemosis

13
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EJV
— STV
— frontal V
— Angular V
— SOV

Fsubar Kopach Dand 155

w..Tips of catheterization

Tri-axial catheter
= 6/7F + DAC + micro (Echelon)
= short connector

5F DAC
Echelon-14
Chikai-14

| Hemostatic valve
T conector

Type-I dAVE: 65M (tinnitus

o y '__.. & T
WS S A >

} RV

W -

initial Sy Ty

Transverse-
sigmoid sinus

TAE or TVE

74M (dementia): isolated TS->¢




Transverse-
sigmoid sinus

Current stream
TVE = Onyx TAE

Session lll. "Meet-the-Expert" session

Onyx
Approved for dural AVF
in Japan, 2019
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Lateral

tentorium

1 week later
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recent cases (n=21)
2015.2 - 2018.10

initial cases (n=12)
2014.2 - 2014.11

total obliteration
subtotal obliteration

partial obliteration

Borden Type | Type | Type | Tyoe | Trpe il Type 1l
»

initial angiographic 1otal cbiiteration rate
27% 67%

initial cases (n=12) s (n=21)
2014.2 - 2014.11 3

total obliteration
subtotal obliteration

partial obliteration

Borden Type | Type I Type | Tyoe | Trpe il Type 1l

initial angiographic 1otal cbliteration rate
27% 67%

ion of treatment and a detailed analysis of
recurrence, and clinical outcomes in an endovascular
library of 260 dural arteriovenous fistulas

Bradley A. Gross, MD, Felipe C. Albuguerque, MD, Karam Moan, MD, and
Cameren G. McDougall, MD

OBJECTIVE

RESULTS A

BA, NS 126:1884, 2007 (jrom Barse

Institute)

v Cavernous sinus, CCJ, ACB and spinal lesions are out
of indication

IENAENN Y IWVE 2000

OCCIUSIONHEIE VS VIBD0)

SRSHINEWVSHIPo)

Spinal

dural/epidural
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g nal EDAVF. 88F (paraparesi

p {\n\"

Do not give him even a drople.r of the bfood

Spinal EDAVE: 88F (paraparesi

The 25th Annual Meeting of The |apanese Soclety for Neuros

KoeNES2021(WEB) 2021.2.27
Maoya Kuwayama, Univ. of Toyama
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Interesting or complicated cases

presentation of dural AVF

2pg: A2I| (M=), 31F (BRI'S2E3)

Case Presentation 1 212 (AMITH)
Case Presentation 2 Y= (M=)
Case Presentation 3 1E= (L)
Case Presentation 4 sl (Fald)
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Case of Dural Arteriovenous Fistula

I'ZI.O

0=

=1 -
AN MEZEAEH B2}

o=

=}

Ba si'iziwum

YO\QII

UNIVERSITY

Case of Dural Arteriovenous Fistula

v Opening of dormant channel between meningeal A & V
by venous thrombosis / hypertension

KEUN YOUNG PARK, MD. PAD. Kerber (1973), Brainin (1983)

Dept. of Neurosurgery, Severance Hospital
Yonsel Urlhwnrwlege of Medicine

v Neovascularization within the dura mater by
angiogenetic factors (VEGF & bFGF)

Soeeramea— Rothbart (1996), Uranishi (1999)

=) =)

Background Background

Sinus thrombus
- Venous congestion
- Orbital/Ocular Sx.
- Seizure
- Hemorrhage

dAVF = Venous disease

81
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Mural J— .

Mural \ channel k'\Mmm

channel | channet

Mk

M. Shapiro et al. AJNR. 2018. M. Shapiro et al. AJNR. 2018.

2021 KoNES EA| 20 & 2021 KoNES EA| 20 &

M/54

2020.08.24 1 Month
Qut-Car TA

2021 KoNES £A2+2% 2021 KoNES £A2+2%

4 Month, 1st Seizure T ICA angiogram
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2021 KoNES &A|E+0 & 2021 KoNES &A|E+0 &

RT ECA angiogram LT ICA angiogram

2021 KoNES EA| 20 & 2021 KoNES EA| 20 &

1 & @ x, a5 2021 KoNES EA| 2508
H

5 Month, 2nd Seizure
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Transvenous embolization
{E) ok
SRRSO
i) 27 )

2021 KoNES EA| 20 &

2021 KoNES £A2+2%

2021 KoNES £ 252§
Transarterial embolization

e

| Mural
channel
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2021 KoNES &A|E+0 &

Conclusions

* Understanding of pathogenesis of dAVF

* Understanding of anatomy of dAVF

* Fistulous point and Mural channel

85
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Multiple fistula points in cavernous sinus dural
arteriovenous fistula
ol a-

a
HFelnt

o O

RIZECh

The patient visited the neurology department of our hospital with typical cavernous sinus (CS)
dural arteriovenous fistula (dAVF) symptoms. Routine transfermoral cerebral angiography (TFCA)
was performed and three major fistula points were presented. This CS dAVF occurred around the
cavernous sinus, resulting in bilateral lesions, and the posterior compartment of CS is the main
drainage sinus. Symptoms appear only on the left side with a drainage pattern. First of all, | planned
a transvenous embolization through inferior petroleum sinus (IPS). Navigating through IPS was not
difficult, but several trials with microwires found a main fistula point. The microcatheter reached
the main lesion and a detachable coil was placed in the main hole of the lesion. Follow-up images
showed almost occlusion on right external carotid angiography (ECAG). The left ECAG showed
another unexpected lesion on top of the problem | was thinking of. That point was unreachable with
the microcatheter and microwire, and the posterior compartment of the CS was filled with pushable
coils. Final angiography showed complete occlusion of CS dAVF. The patient was satisfied with the
improvement in symptoms. Paradoxical exacerbation was seen 2 days after the procedure, but all
symptoms improved 1 month later. IPS was a good therapeutic route for CS dAVF, and the angio-
anatomical features were thoroughly evaluated on magnetic resonance imaging and TFCA. It is too
difficult to return to the initial lesion after winding the coil. We need to consider the pattern/pattern
of the draining vein and the caliber/path of the feeding artery.
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My experiences of PHIL In Dural AVFs

My experiences of PHIL
In Dural AVFs

SHRCfSD 1Y

Several concerns about embolization
using Phil for DAVF M/25 S-ICH

1. Venous obstruction due to poor contral
2. Poor visualization
3. Poor penetration via AVF network

4. Attachment of a microcatheter on a feeder

87
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Coil embg,— -

2nd Phil embo
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l%_‘ Pré embo

Post. embo
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Post. op 6mos late
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58/F S-ICH

Lt. ECA (OA)

Rt. ECA

Session V. Interesting or complicated cases presentation of dural AVF

Brain eCT

Rt. VA

Lt. OA (Phil embo)

9N
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Post. embo

Rt. ECA

Coil embo

Post Embo

In my experience

« Phil Injection(DMSQ) into the scalp vessels make a severe
pain.

* So general anesthesia is needed.

= It is difficult to penetrate through skull.




Session V. Interesting or complicated cases presentation of dural AVF  F——

45/M S-ICH around C-P angle CTA

Rt. ECA Rt. ICA Rt. AICA

Feeder: MHT Feeder: AICA

MMA

93
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In my experience Patients characteristics
- ot el
Toray PAISE ot it 1 rygepaarvn o o, Epsimaes No |0 |48 Sx ICH erfembo) Other plication o, tcame
DMSO allergy of rdcatital cysthn 4t s poretaieg eetache 4 vanca crugn, Wany
o Headache, Rt MMA(Phil Craniotomy
e 1 usmars o T s o ARSD). B Lt. motor weakness o Tt i}‘:‘%‘;:ll And clipping X Good
T Tt Sy semais vt i ] MO0 T T P 3 [OF)
achpme Dizziness Lt. OA (Phil)
— Sabce 2158 F | Headache | © | &t va Coil * Good
» ouso,
— Rogudiay Rt MMA(PhIl)
I Addverse reactions of dimethyl sulfoside i eachorn v it sl e o berrtis Aoty 3 |as | m ';‘.“‘".“"‘e' 0| RtiCA Radiosurgery X Good
wviow: 2 approved] betamen IZINeSs Rt AICA
P pp——y o .
accnncs ouso mar

Several concerns about embolization
using Phil for DAVF

1. Venous obstruction due to poor control

Catheter attachment

2. Poor visualization
3. Poor penetration via AVF network

4. Attachment of a microcatheter on a feeder

DMSO COMPATIBLE MICROCATHETERS

Microcatheter MicroVention Medtronic Balt Stryker

Thanks for your attention

Datachable Tip Cotheler

Dual Lumen Balleon

Wire Directed Catheter " Excalsior™ X117
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DSA - Rt ECA DSA - Lt ica (i )KoNES

DSA -Ltica G KoNES DSA - LuECA COKoNES
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Q-Guard

Topical Hemostatic Dressing / Bleeding Control / Kaolin
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microcoil

B Rondom Complex Shape Technology

B [ow Coil Profile — 0.009" Primary Wind
B Complete Product Offering

Catalog Secondary
Number Diameter (mm)

GLM910010 1 1

GLM910015 1 15
GLM910020 1 2

GLMQ10025 1 25
GLM910030 1

GLM910040 1 4

GLM9156020 15 2

GLM916025 15 25
GLM915030 15 3

GLM916040 15 4
GLM920030 2 3

GLM920040 2 4
GLM920060 2 6

GLM925035 25 35
GLM925045 25 45
GLM925055 25 55
GLM930040 3 4
GLM930060 3

CERENOVUS

PART OF THE golvmunqgo%mwn FAMILY OF COMPANIES

https://www.jnjmedicaldevices.com/en-US



Perclose ProGlide”

Suture-Mediated Closure System

10 MILLION+
REPAIRS'

DON’T
JUST CLOSE.
REPAIR.

*January 2020 Finance Report. Data on file at Abbott

*On Nov. 8, 1993, the first (Perclose) patent was filed for the percutaneous suture vascular closure device.
The Perclose portfolio includes all percutaneous suture closure devices. Data on file at Abbott.

©2020 Abbott. All rights reserved. KR EV 0012 - EN 06/20
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coil system

optimal design,
optimal detachment
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Optima Coil System is manufactured by Balt USA, 29 Parker, Irvine, CA 92618. The Opfima Coil System i
the endovascular embolization of intracranial aneurysms and other nevrovascular abnormalities such as arte
malformations and arteriovenous fistulae. The Optima Coil System is also intended for vascular occlusion
within the neurovascular system to permanently obstruct blood flow to an aneurysm or other vascular ma
arterial and venous embolizations in the peripheral vasculature. The content of this document, in particul

trademarks and logos are BALT S.A.S and affiliates” sole property. Consequently, oll representation and/ 9 \
whether in part or in full is forbidden and would be considered a violation of BALT S.A.S and affiliates” copyrig \
intellectual proprietary rights ©2018 BALT S.A.S and offiliates all rights reserved. This document with os L

are non-contractual and are solely dedicated to healthcare professionals and BALT S.A.S and offiliates” d s

products commercialized by BALT S.A.S ond offiliates shall exclusively be used in accordance with the packa
have been updated and included in the boxes. Optima Coil System is Class III CE marked (DQS CE0297) accord| _
Medical Device Directive 93/42,/EEC Annex |l Section 4 since July 2017 (535003 W). (05/2018). inspiring I1nnova tion
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Cerebroprotein hydrolysaate 10 mL / 20 mL

(85 - 23] Y=510|0F =AMR|I, HES & H7ISHN, 29 ALY, =AY, £5 £ o) [8Y - 8] YUHOZ 57| 29| 1Y S0 T3t 2T}, - Y=xot0|0H
CQIER|OY, HEF & H7ISHO 1 5~20mL - FHBO| e(=HTE, bRt 5 & QM) 1 10~50mL « A0} : 1~2mL E07|7H2 Y F0IZ 10~0Y0|Lf, S&f A% FOfsH= O OjA FIT0| gis
W7HR| E045HH, F0f S5 Y S00M = 2~33] F0i= WS = ACE 2} X|2F7| MO0l X|27|712F9] {FUV|S =0t H, FojR, Foisls, £07|7k2 Ay 3 S0 2} X5
S 4 Ut SmUNKIE ZKFAL 10mL7IKIE FHUFAGIL, 10mLOIA Z[11 30mL7IAIE 0.9%M2AEFAN, SN 5%E=E FAY = BAER 400 FHEOZ 251610 2 60710
ZXA MG YUY FUSIH TR A YA AZf L= HIEILIHQF SAIS0E £ QLOLt S0l X1 SafeliAl= OF ECt. [0JgHEZ] 1) MRIHES : S5 E2H Y27| BS(IRuts,
ALHUEZ, £5, 50| §F, MXISE, LY, S12QE, SExE, QF & QAN S4)0| HEEICE 2) HAAAA 1 SEH MoK SQA(ZAN], 28, SHUZ)0| LEE & 9T} 3) A5P7|7
CE ASHE| ASEd, HAL, BiH|, 7%, & 0| LIERD 4 QICf, 4) £O0{29| : LY Jii2F XAA0| HUL|QICt 5) 7|EH: S8/ TS E, HHSE?IEE, 2], 12, B8,

=0

REF, I, 023, 249 20|, ASR UK (0 28, 7|F, $87| 2e) SO| BUEACH, THUA} ZR0| B 3t BE|Qict

7| MEA BT HRE 253, CS 902 (MTS, 0| M2]) / T. 080-447-4700 / F. 02-6455-0740 / www.huons.com @ H uons



