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Abstract

Carotid cavernous sinus fistulas are abnormal com-
munications between the carotid system and the
cavernous sinus. Several classification schemes have
described carotid cavernous sinus fistulas according to
etiology, hemodynamic features, or the angiographic
arterial architecture. Increased pressure within the
cavernous sinus appears to be the main factor in
pathophysiology. The clinical features are related to
size, exact location, and duration of the fistula, ad-
equacy and route of venous drainage and the presence
of arterial/venous collaterals. Noninvasive imaging
(computed tomography, magnetic resonance, com-
puted tomography angiography, magnetic resonance
angiography, Doppler) is often used in the initial work-
up of a possible carotid cavernous sinus fistulas. Cere-
bral angiography is the gold standard for the definitive
diagnosis, classification, and planning of treatment for
these lesions. The endovascular approach has evolved
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as the mainstay therapy for definitive treatment in
situations including clinical emergencies. Conservative
treatment, surgery and radiosurgery constitute other
management options for these lesions.
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Core tip: Carotid cavernous sinus fistulas (CCFs) are
abnormal communications between the carotid arte-
rial system and the cavernous sinus. The clinical pre-
sentation of CCFs, which is a direct consequence of
elevation in intracavernous pressure and revised flow
patterns, mostly comprises of ocular findings. Recent
advances in endovascular techniques have resulted in
several therapeutic modalities becoming available and
the endovascular approach has evolved as the primary
treatment option for the management of CCFs. This
review provides detailed information about classifica-
tion, etiology, pathophysiology, clinical presentation,
diagnostic modalities, differential diagnosis, indications
for emergency treatment, post-treatment follow-up
and treatment modalities with emphasis on the endo-
vascular approach in CCFs.
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INTRODUCTION

Carotid cavernous sinus fistulas (CCFs) are abnormal
communications between the carotid arterial system and

the cavernous sinus. Recent advances in endovascular
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techniques have resulted in several therapeutic modalities
becoming available and the endovascular approach has
evolved as the primary treatment option for the man-
agement of CCFs. This review provides an overview
of various treatment modalities with emphasis on the
endovascular approach. Furthermore, we will discuss the
classification, etiology, and clinical presentation including
pathophysiology and symptoms, diagnosis, indications
for emergency treatment and post-treatment follow-up

in CCFs.

CLASSIFICATION AND ETIOLOGY

Several classification schemes have categorized CCFs
according to etiology (traumatic or spontaneous), he-
modynamic features (high versus low flow), or the an-

giographic arterial architecture (direct or indirect). The
angiographic classification defines the angioarchitecture
of the lesion on which a therapeutic strategy can be
planned. According to the angiographic findings, Barrow
et al” provided a detailed anatomical classification which
categorizes CCFs into four distinct types based on their
arterial supply. Type A fistulas are direct communications
between the internal carotid artery (ICA) and the cavern-
ous sinus, usually associated with high flow rates. Indirect
fistulas (types B, C and D) are dural arteriovenous fistulas
fed by the meningeal arteries of the ICA, the external
carotid artery (ECA), or both. Type B fistulas have dural
ICA branches to the cavernous sinus, which are relatively
uncommon. Type C fistulas are supplied solely by the
dural branches of the ECA. The most prevalent form of
indirect CCF is the type D fistula that has dural ICA and
ECA branches to the cavernous sinus. Tomsick subclassi-
fied type D CCFs into type D1 or D2 depending on the
presence of a unilateral or bilateral arterial supply".

Traumatic CCFs often demonstrate a single direct
communication between the ICA and the cavernous
sinus and are almost always found to be type A direct
fistulas. However, spontaneous fistulas usually have mul-
tiple dural feeders and numerous microfistulas within the
cavernous sinus wall”, Spontaneous CCFs may fall into
any of the four angiographic categories defined by Bar-
row et al, because a type A shunt with high-flow char-
acteristics can develop following spontaneous rupture of
an intracavernous ICA aneurysm.

Most direct CCFs occur at the proximal horizontal
intracavernous segment of the ICA in the vicinity of
the inferolateral trunk. With decreasing frequency, CCFs
are found to occur at the junction of the horizontal and
intracavernous ascending segments, posterior ascending
segment, junction of the anterior ascending and hori-
zontal intracavernous segments, and the anterior ascend-
ing segmentm‘

Traumatic disruption of the vessel wall is the most
common etiological factor for direct CCFs. Blunt and
penetrating head trauma as well as iatrogenic damage
(trans-sphenoidal surgery, glycerol rhizotomy, Fogarty
catheter manipulation for carotid angioplasty ez.) may
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lead to direct CCFs™. Approximately 20% of type
A CCFs are not related to a history of trauma and re-
garded as spontaneousW’S]. Spontaneous direct CCFs may
stem from any condition that predisposes the ICA wall
to weaken!”, They are usually caused (formed) by the
rupture of either a cavernous segment aneurysm or a
weakened atherosclerotic arteryr”g]. Predisposing factors
associated with the development of spontancous type A
CCFs are Ehlers-Danlos syndrome, fibromuscular dys-

plasia, and pseudoxanthoma elasticum”""""

. latrogenic
alterations in flow dynamics and vascular pressure are
also suspected to contribute to spontaneous aneurysmal
rupture (following prior contralateral ICA occlusion)'".

Most direct type A CCFs are high-flow shunts. Flow
rates in type A fistulas are variable and depend on the
size of the ostium and venous drainage. Type A fistulas
typically range from 1 to 5 mm in size (average = 3 mm),
typically small enough to be treated with detachable bal-
loons with a mean volume of 0.28 L, equivalent to an
inflated balloon diameter of 7 to 9 mm™"">".

Complete steal, which is defined as the complete ab-
sence of filling of the ICA above the fistula, occurs in 5%
of patients at diagnosism. The complete steal phenome-
non deserves enormous interest because it confirms that
the CCF is of high flow, that the rent is large, and that
the patient has an excellent collateral flow through the
circle of Willis if there are no contralateral deficits' .

These lesions are usually unilateral although bilat-
eral traumatic CCFs occur in approximately 1%-2% of
patients with traumatic CCFs". These unusual bilateral
traumatic CCFs are generally associated with more se-
vere head trauma, are more commonly fatal, and are
therefore less frequentm. Additionally, unilateral fistulas
may occur with bilateral or contralateral orbital symp-
toms, depending on the venous drainage route, via in-
T Direct fistulae are less
likely to resolve spontaneously and may require interven-

tercavernous communication

tion if symptomatic.

Indirect CCFs (types B, C and D) are also called du-
ral fistulas and typically have low flow rates. The major
arterial supply to indirect fistulas arises from the internal
maxillary, middle meningeal, accessory meningeal and
ascending pharyngeal branches of the ECA, as well as
cavernous segment branches of the ICA™M,

Indirect CCFs tend to occur more frequently in post-
menopausal women. The cause of these lesions is still
obscure, but infants presenting with dural fistulas in the
literature furnish some evidence to congenital origin[4’7’16].
Factors that may predispose patients to the development
of dural CCFs include hypertension, diabetes, pregnancy,
trauma and straining, atherosclerotic disease, cavernous
sinus thrombosis, sinusitis and collagen vascular dis-
ease. Trauma is less commonly associated with indirect
CCrs™,

Traumatic indirect CCFs differ from the spontaneous
type because these lesions are usually single-hole fistulas
in which the accessory meningeal artery and middle men-

ingeal artery are found to be the most common feeders!"".
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Table 1 Carotid cavernous sinus fistula

Symptoms and signs
Exophthalmos, proptosis
Cephalic bruit

Conjunctival chemosis, “red eye”
Pain, headache
Trigeminal nerve dysfunction
Elevated intraocular pressure, secondary glaucoma
Diminished visual acuity, visual loss
Subconjunctival hemorrhages
Corneal damage
Intracranial hemorrhage
Otorrhagia
Epistaxis
Differential diagnosis
Vascular pathologies
Marginal sinus fistulas
(with a restriction of venous drainage via the jugular bulb)
Anomalous intracranial venous drainage
(sigmoid sinus hypoplasia/aplasia)
Cavernous sinus thrombosis
Intraorbital lesions
Fibrous dysplasia
Frontal sinus mucocele
Ocular neoplasms
Osteoma
Hemangioma
Inflammatory, allergic and infectious pathologies
Conjunctivitis
Endocrine pathologies
Thyroid ophthalmopathy
Indications for emergency treatment
Angiographic findings
Pseudoaneurysm
Large varix of the cavernous sinus
Venous drainage to cortical veins
Thrombosis of distant venous outflow pathways
Clinical signs and symptoms
Increased intracranial pressure
Rapidly progressive proptosis
Intracerebral, subarachnoid and external hemorrhage
Transient ischemic attack
Treatment modalities
Conservative management
(manual compression therapy and medical therapy)
Surgical management
Stereotactic radiosurgery
Endovascular management
Direct fistula
Transarterial treatment (preferred approach for direct CCF)
Detachable balloon occlusion
Transarterial coil and material embolization
Covered stent graft placement
(endovascular reconstruction of the parent artery)
Parent artery occlusion
Transvenous treatment
Transvenous detachable coil embolization
Liquid embolizing agents (1-BCA, Onyx)
Indirect fistula
Transvenous treatment (preferred approach for indirect CCF)
Transvenous detachable coil embolization
Liquid embolizing agents (n-BCA, Onyx)
Transarterial treatment
Transarterial coil and material embolization

CCF: Carotid cavernous sinus fistula; n-BCA: n-butyl 2-cyanoacrylate.
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PATHOPHYSIOLOGY AND SYMPTOMS

The cavernous sinus normally receives drainage from

the superior and inferior ophthalmic veins as well as
superiorly from the sphenoparietal sinus, sylvian veins,
and cortical veins. The cavernous sinus drains posteriorly
through the inferior petrosal sinus (IPS) and superior
petrosal sinus to the jugular bulb, inferiotly through the
pterygoid plexus #zz emissary veins, and contralaterally
through the contralateral cavernous sinus'™".

A CCF allows highly pressurized arterial blood to
be transmitted directly into the cavernous sinus and
the draining veins, leading to venous hypertension. The
clinical presentation of CCF is a direct consequence of
elevation in intracavernous pressure and revised flow
patterns. The revised venous drainage of the CCFs may
head toward the ophthalmic venous system anteriorly;
the superior petrosal sinus, the IPS, or the basilar plexus
posteriorly; the sphenoparietal sinus laterally; the inter-
cavernous sinus contralaterally; the pterygoid plexus via
the vein of the foramen rotundum and the vein of the
foramen ovale inferiorly. Most often, the direction of the
venous drainage is multidirectional™.

The clinical features of CCFs are related to their size,
exact location, duration, adequacy and route of venous
drainage and the presence of arterial/venous collaterals”,
The symptoms and signs that may be associated with
CCF are listed in Table 1.

The classic presentation for a direct, high-flow CCF is
the sudden development of Dandy’s triad: exophthalmos,
bruit, and conjunctival chemosis. Complete clinical triad
is not always found but most patients present with pro-
ptosis (90%), chemosis (90%), diplopia (50%), cephalic
bruit (25%), pain (25%), trigeminal nerve dysfunction, el-
evated intraocular pressure, and visual loss (up to 50%)".

Elevated pressure in veins draining the orbit may pro-
duce orbital venous congestion, transudation of intersti-
tial fluid into the orbit with resultant proptosis, increased
intraocular pressure due to impaired drainage of the
aqueous humor, and secondary glaucoma. Elevated ve-
nous pressure and intraoculat pressure can compromise
retinal perfusion and result in severely diminished visual
acuity'®. Visual loss is one of the most worrying com-
plications of CCFs and warrants immediate treatment.
Although minor deficits in visual acuity almost have com-
plete resolution after closure of the fistula, severe visual
loss with loss of light perception rarely improves even if
the fistulous communication is obliterated' . Subconjuc-
tival hemorrhages can be seen due to rupture of dilated
arterialized veins and, in addition, increased exposure
of the cornea may cause corneal damage. Intracranial
hemorrhage develops in 5% of patients, probably due
to revised venous drainage into the sphenoparietal sinus
with occlusion of other drainage pathways, resulting in
cerebral cortical venous hypertension™”,

External hemorrhage such as otorrhagia and epistaxis
can be seen in nearly 3% of cases in CCF"”, Between 1%
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and 2% of CCF cases manifest life-threatening massive
epistaxis caused by rupture of a pseudoaneurysmal cav-
ernous sinus varix """, Most CCF cases that present with
epistaxis have a pseudoaneurysm or venous pouch that

entered the sphenoid sinus »iz a communication through

a basal skull fracture™, Bleeding from the veins draining

the ear canal can lead to otorrhagiam].

Although the clinical manifestations may overlap,
indirect CCFs often do not demonstrate the classic triad
of symptoms. An ocular bruit may or may not be pres-
ent with these lesions. The onset of symptoms of indi-
rect CCFs is not as drastic as in direct CCFs. The symp-
toms and signs of indirect CCFs progress insidiously
and the majority of cases present with progressive glau-
coma, proptosis or conjunctival injection (red eye)*">2,

The natural evolution of indirect CCFs is variable
and the literature reports spontancous resolution with-
out treatment occurs in 10%-60% of cases, possibly due
to rethrombosis of the involved segment of the cavern-
ous sinus™"”, Although these lesions have a tendency to
resolve spontaneously, patients suffering from progres-
sive vision loss and intractable glaucoma require inter-
ventional therapy. Spontaneous thrombosis of traumatic
indirect fistulas is rare because of higher flow rates than
with the spontaneous typem

Exacerbation and remission of signs and symptoms
are the hallmark of dural CCFs, possibly due to cavern-
ous sinus thromboses and rerouting of venous flow in
various directions'”. Therefore any change in the symp-
toms must be followed up accurately because it may sug-
gest alterations in venous drainage, possibly transitioning
to higher-risk patterns despite overt clinical improve-
ment. The “white eye syndrome” defines the clinical
remission of ocular symptoms due to spontaneous oc-
clusion of venous drainage pathways to the orbit and
potentially leaving only more dangerous venous drainage

15
routes[ ]

DIAGNOSTIC IMAGING AND
PRETHERAPEUTIC EVALUATION

Noninvasive imaging [computed tomography (CT), mag-
netic resonance (MR), CT angiography, MR angiography,
Doppler] often is used in the initial work-up of a pos-
sible CCE. CT scan of the orbit usually demonstrates
proptosis of the affected globe, enlargement of the

extraocular muscles, dilatation and tortuosity of the su-
perior ophthalmic vein (SOV), and enlargement of the
ipsilateral cavernous sinus. A noncontrast head CT scan
also allows for careful examination of possible cranial
injuries, such as bony fractures or intracranial hemato-
mas. MR imaging findings in CCFs are similar to those
seen on CT with the addition of orbital edema and
abnormal flow voids in the affected cavernous sinus. In
the setting of a high-flow fistula and retrograde cortical
venous reflux, MR or CT studies may reveal dilatation of
leptomeningeal and cortical veins. In patients who have
cerebral venous congestion and elevated intracranial
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pressures, cerebral edema and/or hemorrhage may be
encountered™".

While CT angiography can be used as a first-line di-
agnostic tool in evaluating the presence of a CCF it has
some limitations. Despite its ability to reliably delineate
certain draining veins, CT angiography rarely depicts
small feeding arteries in dural CCFs or the exact site of
fistulous communication in direct CCFs. Moreover, this
technique cannot provide information about the blood-
flow characteristics within fistulas™.

Color Doppler imaging can assist in diagnosis and
follow-up of patients with CCFs. Increased velocity with
reversal of the direction of blood flow, arterial pulsa-
tions, and dilatation of SOV ate characteristic ﬁndingsml

Cerebral angiography is the gold standard for the
definitive diagnosis, classification, and planning of endo-
vascular intervention in CCFs. The initial angiographic
evaluation can be used to obtain the following informa-
tion: size and location of the fistula, differentiation of
direct from indirect lesions, presence of any associated
cavernous carotid aneurysm, presence of complete or
partial steal phenomena, assessment of the global corti-
cal arterial circulation and collateral flow through the
circle of Willis, identification of high-risk features (eg.,
cortical venous drainage, pseudoaneurysm, cavernous
sinus vatix), venous drainage patterns, determination of
therapeutic route, associated vascular injuries (eg., trau-
matic pseudoaneurysm, arterial dissection), identification
of any dangerous collateral pathways and evaluation of
carotid bifurcation before compression therapy™ "',

In the evaluation of direct CCFs, identifying the ex-
act location of fistulous communication in the cavernous
ICA can be challenging because of the high flow- related
washout of intra-arterial contrast and instantaneous opa-
cification of the cavernous sinus. Angiographic high-
frame-rate imaging (> 5 frames/s) and rapid contrast
injection rates (7 or 8 mL/s) may assist in evaluating
the morphology of high-flow fistulas. High-flow CCFs
may be difficult to capture in digital subtraction angi-
ography, even with selective high frame rates. Specific
maneuvers can be implemented to slow the fistula flow
and facilitate image capture. The Mehringer-Hieshima
maneuver consists of injecting the ipsilateral ICA and
manual compression of the ipsilateral common carotid
artery while filming at a slower frame rate. Use of this
maneuver slows the rate of opacification of the fistula
and thereby allows better delineation of the fistula site.
Another maneuver consists of using of a double-lumen
balloon catheter in the ipsilateral ICA with slow injection
of contrast at 1 mL/s at one or two frames per second.
Lastly, ipsilateral carotid compression during injection of
the vertebral artery, called the Heuber maneuver, opaci-
fies the fistula through a patent postetior communicating
artery[‘u’1 I,

Tolerance for ICA occlusion should also be assessed
to identify the appropriate therapeutic choices before
embarking on a therapeutic intervention. Balloon test
occlusion is the currently accepted technique for evalu-
ation. After confirmation of ICA occlusion, detailed
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testing of mental status, speech, visual fields, facial
animation, and motor power in all four extremities are
performed. In the absence of significant deficit, the
patient is observed for 15-20 min and re-examined. If
the patient tolerates occlusion at normal blood pressure,
nitroprusside infusion is initiated and titrated to achieve
a mean arterial pressure two thirds of the patient’s base-
line level. The patient is examined again and observed
for 15-20 min. Single proton emission computed tomog-
raphy (SPECT) may be used to rule out significant asym-
metry in perfusion during balloon test occlusion (BTO).
The SPECT evaluation can uncover the risk of suffering
a major stroke after permanent carotid occlusion even in
patients who seem to tolerate BTO during relative hypo-

tensive challenge test!’.

Differential diagnosis

The differential diagnosis of CCF includes a wide spec-
trum of pathologies (Table 1), so patients may be evalu-
ated for endocrine, inflammatory, infectious and neoplas-
tic etiologies before the presence of vascular pathology is
recognized, especially in the eatly phase of the disease.

Intraorbital lesions (osteoma, hemangioma, fibrous
dysplasia, frontal sinus mucocele, ocular neoplasms) may
cause ocular pain, exophthalmos, and ophthalmoplegia
although, bruits are not typically presentm.

Ocular findings of CCF may also mimic those asso-
ciated with allergic/infectious conjunctivitis and thyroid
ophthalmopathy. However, ocular involvement in hyper-
thyroidism typically occurs bilaterally*",

Imaging techniques (e.g., MR, CT) displaying promi-
nent vessels within the orbit can lead the clinician to
consider vascular etiologies. Vascular pathologies that
can result in SOV dilatation include marginal sinus fistu-
las with a restriction or obstruction of venous drainage
via the jugular bulb™ anomalous intracranial venous
drainage such as sigmoid sinus hypoplasia/ aplasia[24], and
thrombosis of the cavernous sinus. Cerebral angiogra-
phy must be performed to achieve a definitive diagnosis.

INDICATIONS FOR EMERGENCY
TREATMENT

Halbach ¢z al'"” reviewed angiographic and clinical data
from 155 CCF patients to determine angiographic fea-
tures associated with increased risk of morbidity and
mortality. These features comprise the presence of a
pseudoaneurysm, large varix of the cavernous sinus, ve-
nous drainage to cortical veins, and thrombosis of other
venous outflow pathways distant from the fistula.

Varix of the cavernous sinus and pseudoaneurysm
can both present with subarachnoid hemorrhage. Angio-
graphic differentiation between a cavernous sinus varix
and a pseudoaneurysm may be difficult or impossible.
However, the clinical onset can be helpful to the differ-
entiation process. The onset of the pseudoaneurysm is
usually coincidental with trauma, as opposed to the de-
layed onset of the cavernous sinus varix, which develops
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after the occlusion of venous outflow pathways“()].

Massive cortical venous drainage can eventually result
in hemorrhagic venous infarction and endovascular treat-
ment should, therefore, be performed immediately"".

Clinical signs and symptoms that are associated with
poor prognosis include increased intracranial pressure;
rapidly progressive proptosis, which may signify spon-
taneous thrombosis of venous outflow pathways to the
orbit; diminished visual acuity; hemorrhage (e.g., intra-
cerebral, subarachnoid and external hemorrhage; otor-
rhagia or epistaxis); and transient ischemic attacks; which
may signify cerebral ischemia or impaired autoregulation
in cerebral perfusion, secondary to the chronic steal phe-
nomenon caused by the fistulous communication. The
delineation of angiographic high-risk findings and rec-
ognition of the poor prognostic clinical features (Table 1)
should warrant emergent and aggressive interventional
treatment to improve outcome*>"”.

TREATMENT MODALITIES

The treatment modalities include conservative manage-
ment, which consists of medical management and manu-
al compression therapy; surgical management; stereotac-
tic radiosurgery and endovascular repair zia a transarterial
or transvenous route (Table 1).

Conservative management
A complete set of diagnostic angiographic evaluations is
required for choosing the appropriate treatment modal-
ity. While higher risk fistulas deserve the most aggtressive
approach in order to eradicate the fistula, low-risk le-
sions with mild symptomatology may not require active
intervention and can be managed conservatively. Patients
with low-risk lesions can be given reassurance, educated
regarding potential changes in symptoms, and allowed
time for potential spontaneous closure of the fistula"’
Spontaneous resolution of dural fistulas can occasion-
ally occur within days to months after symptomatic pre-
sentation secondary to further thrombosis of the involved
segment of the cavernous sinus. Therefore, an accepted
practice is to treat the patient’s ocular symptoms medi-
cally with prism therapy or patching for diplopia, topical
B-adrenergic blockers and acetazolamide for elevated in-
traocular pressure, lubrication for proptosis-related kera-
topathy, and/or systemic corticosteroids if needed'”.
Furthermore, manual external carotid-jugular com-
pression therapy may be initiated as a noninvasive treat-
ment for indirect CCFs. The patient is instructed to
compress the carotid artery and jugular vein with the
contralateral hand for a period of 10 s while sitting or
lying down, four to six times each hour'. The aim of
the compression therapy is the transient reduction of ar-
teriovenous shunting by decreasing arterial inflow while
simultaneously increasing the outlet venous pressure,
thereby promoting spontaneous thrombosis within the
fistula™!. Use of the contralateral hand ensures that if
ischemia develops, the symptomatic arm will fall away
from the neck, thus allowing cortical revascularization

April 28,2013 | Volume 5 | Issue 4 |



Korkmazer B et a/. Endovascular treatment of CCF

immediately®. Intermittent self-administered manual
carotid-jugular compression alone can result in a cure
in 30% of patients with spontaneous CCFs"*. How-
ever, this treatment is usually ineffective in the high-flow
CCFs, which usually require endovascular intervention.

Cervical carotid bifurcation should be examined for
atherosclerotic changes using color Doppler or angiog-
raphy before initiation of compression therapy[ | Con-
traindications to manual carotid-jugular compression
are symptomatic bradycardia with carotid compression,
significant cortical venous drainage which may result in
venous infarction or hemorrhage during compression
therapy as well as clinical features that can signify dif-
ficulty in tolerating transient occlusion of ipsilateral ICA
such as atherosclerotic stenosis, ulceration of the carotid
artery, history of cerebral ischemia'™”.,

The possible adverse effects of carotid compression
may include hemodynamic or thromboembolic compli-
cations, vasovagal reactions, intracranial/retinal hemor-
rhage, clinical deterioration known as the “paradoxical
worsening phenomenon”, vertebral artery occlusion, bra-
chial plexus/supraclavicular nerve injury and temporary
monocular blindness during carotid compressionm. If
the decision not to treat a CCF interventionally is made,
the patient must be carefully followed for elevated intra-
ocular pressure, progressive visual deterioration,ﬂrgf:]uro—

logical deficits and high-risk angiographic features ™.

Surgical management

Early treatments for CCF consisted of various surgical
approaches such as ligation of the CCA, surgical trap-
ping of the fistula, and surgical transvenous packing,
Although surgical management can be useful for both
direct and indirect CCFs, its role is limited because of
associated morbidity from cranial nerve deficits and re-
sidual fistulous communications. Indications for surgical
repair include compromised proximal arterial access that
prevents endovascular repair or causes it to fail. Surgi-
cal management remains a consideration for salvage of
failed endovascular treatments'™’.

Complete angiographic documentation of the fistula
and BTO should be performed during preoperative eval-
uation. The appearance and condition of the superficial
temporal artery should also be noted because extracra-
nial-to-intracranial bypass can be required to augment
blood flow when surgical sacrifice is unavoidable.

Radiosurgery

Stereotactic radiosurgery has emerged as an alterna-
tive treatment option and has been investigated for the
treatment of CCFs in several institutions. Gamma knife
radiosurgery can be used either alone or as an adjunct
therapy before/after endovascular intervention”™*, Al-
though preliminary data show that radiosurgery is a safe
and effective alternative treatment for indirect CCFs,
the 22-mo average lag between treatment and complete
symptom relief is a significant drawback®". Further-
more, an inability to manage emergencies and traumatic
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fistulae inhibit the usage of radiosurgery as a first line

treatment'”.

Endovascular management

Recent advances in endovascular technology have made
available a number of different treatment options for
CCFs. As a result of these advances, the endovascular
approach has evolved as the primary treatment option
in clinical emergencies and following the failure of con-
servative therapy. Although the clinical manifestations
of direct and indirect fistulas may overlap, their natural
history and method of endovascular treatment are often
significantly different. The treatment choice is made ac-
cording to the type, exact anatomy of the fistula, size
of the arterial defect, and operator/institutional prefer-
ences.

Direct fistulas occur from a tear in the cavernous
segment of the ICA or, less commonly, from the intra-
cavernous rupture of an ICA aneurysm. The goal of
treatment in direct CCFs is to occlude the tear between
the ICA and the cavernous sinus while preserving the
patency of the ICA. This goal can be accomplished by
cither transarterial obliteration of the fistula with a de-
tachable balloon, transarterial or transvenous obliteration
of the ipsilateral cavernous sinus with coils or other em-
bolic material, or deployment of a covered stent across
the fistula. Rarely, if the defect is large and cannot be
repaired, the ICA may need to be sacrificed or trapped'”.

Indirect fistulas consist of small dural arteriovenous
shunts between the meningeal branches of the ICA,
the ECA, or both, and the cavernous sinus. The goal
of treatment in this condition is to interrupt fistulous
communications and decrease pressure in the cavernous
sinus. This can be accomplished by occluding the arterial
branches supplying the fistula (transarterial emboliza-
tion) or, more commonly, by occluding the cavernous
sinus that harbors the fistulous communications (trans-
venous embolization)”. The following sections provide
a brief overview of the various endovascular options for
the treatment of CCFs.

Endovascular repair: Direct CCFs

Detachable balloon occlusion: After Prolo and Han-
berry described the use of a fixed balloon catheter to
block a CCF in 1971, Serbinenko ef 2/ reported the first
case of successful embolization of a CCF from an en-
dovascular approach using a detachable silicone balloon
with preservation of the ICA™. The use of detachable
balloon catheters has ushered a new age in the treatment
of type A direct CCFs. Transarterial balloon detachment
has been accepted as the endovascular treatment of
choice for direct CCFs since the 1980s.

The small-diameter vessels that often make up du-
ral fistulas usually do not allow the introduction of a
balloon. However, the large carotid defect commonly
present in type A CCFs frequently permits transarterial
balloon occlusion of the fistula with preservation of the

ICA™,
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Figure 1 A thirty one-year-old man who was diagnosed with carotid cavernous sinus fistula which developed secondary to a motor vehicle accident. A:
Digital subtraction angiogram view of left internal carotid artery (ICA) revealed laceration in the anterior loop and associated direct carotid cavernous sinus fistula; B:
Balloon detachment failed because of the site and small calibre of the fistula orifice. Coil embolization of the fistula was then performed with preservation of the ICA; C:
Post-procedural left ICA injection showed lack of residual filling, preservation of parent artery and detached coils at the site of fistula.

The technique for detachable silicone balloon occlu-
sion of a CCF involves transfemoral access to the proxi-
mal CCA with a 7-French guide catheter or long 6-French
sheath. Next, the uninflated balloon is advanced to the
distal end of the guide catheter; at this point, roadmap
imaging is used for further balloon positioning. The
balloon offers the advantage of being able to be flow-
directed through the fistula and into the cavernous sinus.
The balloon is inflated to a volume larger than the orifice
of the fistula to prevent its retrograde prolapse into the
ICA and then is detached”. Following successful balloon
deployment, cerebral angiography is repeated to ensure
closure of the fistula and patency of the ICA. A single
silicone balloon is usually sufficient for most CCFs.
However, multiple balloons may be required in the set-
ting of a large tear in the ICA.

The advantage of balloon occlusion of a CCF is
the ability to occlude the fistula rapidly with preserva-
tion of the ICA. However, technical difficulties can be
encountered. The size of the cavernous sinus and the
fistula may affect the success rate of detachable-balloon
embolization of a CCFE The cavernous sinus must be
large enough to accommodate the detachable balloon/
balloons for embolization. The size of the fistula must
be smaller than the inflated balloon, but large enough
to allow access for a deflated or partly inflated balloon.
However, the size of the fistula should not be too large,
because the embolization balloon may retract to the ICA
on inflation in the cavernous sinus"". To provide easier
navigation of the balloon into the cavernous sinus and
prevent protrusion of the inflated balloon through the
fistula site to narrow the adjacent ICA lumen, Teng e#
a" developed a double-balloon technique.

Inadequate embolization may be seen due to early
balloon detachment, deflation or rupture by contact
with a bony fragment™™". As a rare complication, the
balloon can migrate to the venous side of the treated fis-
tula resulting ophthalmoplegic signs due to mechanical
compression of cranial nerves in close proximity to the

L3233
cavernous sinus .
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Coil and material embolization: Transarterial em-
bolization with coils or other embolic material now is
the mainstay of endovascular treatment for high-flow
direct CCFs, given the limited availability of detach-
able balloons!”. Transarterial CCF embolization can be
performed with the same technique as aneurysmal em-
bolization. Embolization can be achieved with detach-
able platinum coils, silk and liquid embolic agents such
as #n-butyl cyanoacrylate (#-BCA), and ethylene-vinyl
alcohol copolymer (EVOH)". The standard transarterial
approach consists of placing a guiding catheter in the
cervical ICA. Next, a microcatheter is superselectively
advanced into the cavernous segment of the ICA and
through the tear into the cavernous sinus. Through this
microcatheter, embolic material is placed into the cav-
ernous sinus'”,

Detachable platinum coils are preferred because of
their reliable and controlled deployment (Figure 1). The
coils can be adjusted easily or removed if the placement
is not optimal. Dense coil packing is performed using
the same principles as aneurysm coiling, Thrombogenic,
nontetrievable fibered microcoils can also be used but
these are associated with the risk of coil deposition into
the ICA if the microcatheter recoils into the parent
artery during placement[()]. The advantages of coil occlu-
sion of CCFs, when compared with balloon emboliza-
tion, include ease of access and availability of a variety
of sizes of the embolic device. Potential disadvantages
include slower gradual occlusion of the fistula, which in-
creases procedure time, and the risk of incomplete fistu-
la occlusion with loss of transarterial access; a loss which
would then require a second transvenous approach'.
The transvenous approach is discussed more thoroughly
under the heading “transvenous embolization”.

Complications of transarterial coil embolization in-
clude thromboembolus, ICA compromise by protruding
coil mass, and ICA dissection. For preventing the retro-
grade herniation of the embolic material into the parent
artery and distal intracranial circulation, the assistance
of a nondetachable balloon (balloon-assist technique)
or a porous stent may be preferred especially in the set-
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Figure 2 A fifty two-year-old woman who presented with galactorrhea due to hypophyseal adenoma underwent transsphenoidal surgery. During the opera-
tion internal carotid artery laceration and massive arterial hemorrhage occurred. A: T1 W C+ coronal magnetic resonance imaging view demonstrating hypointensity at
the left hypophyseal region which was consistent with hypophyseal adenoma; B: Immediate defect source analysis revealed a defect at the anteromedial wall of right
internal carotid artery (ICA) and associated carotid cavernous sinus fistula; C: Position of the stent-graft closing the orifice of the fistula; D: Postprocedural right ICA
injection demonstrating complete obliteration of the fistula and concentric luminal stenosis at the petrous segment associated with mechanic vasospasm secondary to
guide-wire and stent manipulation; E: Third month control angiography revealed regular parent artery contours, absence of recurrent fistula filling and intimal hyperpla-
sia within the stent.

ting of a large tear in the ICA™, Stents also allow initial dovascular technique, their usage as a widely accepted
reconstruction of the damaged segment of the ICA and method in traumatic CCF is limited due to lack of con-
increase the ability to successfully treat fistulas without figurations compatible with intracranial use and long-
parent artery sacrifice””. term safety data.
Covered stent graft placement: Recent advances in Parent artery occlusion: Arterial sacrifice may be re-
endovascular techniques such as placement of polyfluo- quired as a life-saving emergency treatment when endo-
rotetracthylene-covered stents have created alternatives vascular occlusion of a direct CCF with preservation of
to ICA sacrifice in traumatic arterial damage, especially the ICA is not feasible due to extensive traumatic vessel-
in the setting of an unsuccessful balloon test occlusion wall damage, active hemorrhage or a rapidly expanding
study. Covered stent grafts can be extremely useful for hematoma of the soft tissues. Emergency surgical occlu-
the immediate obliteration of a direct CCFE, while pre- sion of ICA has been relegated to historical status with
serving ICA patency (Figure 2). Additionally, they may the advance of therapeutic endovascular techniques,
decrease the risk of ischemic stroke by preserving the which can be performed immediately after diagnostic
involved artery while simultaneously sealing the site of therapy under local anesthesia, thereby allowing moni-
the fistula®"*!. Covered stent grafts have the technical totization of the neurological status'™**.
disadvantage of limited longitudinal flexibility, making If a decision to perform endovascular arterial sacti-
it difficult to navigate them through the tortuosity of fice is made, assessment of the collateral flow and pa-
the intracranial vasculature. Furthermore, the irritation tient’s ability to tolerate ICA occlusion is paramount. In
caused by the stiffness of covered stents may frequently cases of complete steal presenting without any ischemic
lead to periprocedural vasospasms, especially at the ends symptom, the quality of collateral flow through circle of
of the stent (Figure 2). Intra-arterial nimodipine and Willis is confirmed and a test occlusion may be unneces-
papaverine infusion can be used for the prevention and sary. If anterior and posterior communicating artery col-
resolution of these vasospasms™*”". laterals are found to be patent, the safety of parent ar-
The complications of this procedure include endoleak, tery occlusion is also high. Otherwise, balloon occlusion
coverage of vital perforators, dissection and rupture™., test is recommended to ensure distal perfusion from
Although covered stent grafts offer a promising en- collateral circulation before permanent occlusion™”.
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Figure 3 A thirty one-year-old male patient with right ophthalmoplegia following head trauma was found to have a direct carotid cavernous sinus fistula. A,
B: Frontal (A) and lateral (B) digital subtraction angiogram views of right internal carotid artery (ICA) demonstrating laceration of ICA, pseudoaneurysm in the cavern-
ous ICA and direct carotid cavernous sinus fistula; C: After considering the presence of the pseudoaneurysm, two detachable balloons were positioned to occlude the
parent artery; D: Right CCA digital subtraction angiogram after balloon occlusion of the ICA showing complete obliteration of the fistula; E, F: Posttreatment left ICA (E)

and left vertebral artery (F) injections demonstrating reconstruction of the right ICA area.

ICA occlusion can be performed with various endo-
vascular techniques such as coil, balloon (Figure 3) and
vascular plug embolization. Occlusion of the ipsilateral
ICA is performed with coil embolization in a distal-to-
proximal approach to prevent the retrograde arterial fill-
ing of the fistula from the supraclinoid ICAP, Recently,
the Hydrocoil Embolization System (HES) has been in-
troduced, which can achieve high rates of volumetric oc-
clusion compared with that in platinum coils. The HES
device consists of a carrier platinum coil coupled with
an expandable hydrogel material that increases in volume
on contact with blood and facilitates vessel sacrifice, de-
creasing the procedure and fluoroscopy times. Hydrogel-
coated detachable coils can be utilized to achieve rapid,
precise, targeted parent artery occlusion procedures,
even in short segments of vessel ™",

Fistula entrapment can be performed with the aid
of two ballons, which are positioned proximal and distal
to the fistula. If it is impossible to navigate either a bal-
loon or a microcatheter beyond the fistula to allow distal
control, a microcatheter is navigated into the supracli-
noid segment of the carotid artery viz the anterior or
posterior communicating arteries with the aid of marked
retrograde flow to the fistula. Thereby, endovascular
trapping of the traumatic CCF can be performed by a
combination of proximal balloon occlusion and distal
trapping with coils®™”. Deployment of a vascular plug
is an alternative method but this device is limited to oc-

clusions below the base of the skull because of the poor
navigability in the distal ICA™.

K
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Endovascular repair: Indirect (type B, C, D) CCFs
Transvenous embolization: Although transvenous em-
bolization is an alternative technique in direct CCFs that
cannot be treated by transarterial route, it is the preferred
treatment for indirect CCFs. For indirect CCFs, trans-
venous techniques have precedence over transarterial
methods because of their simplicity, lower ischemic risk,
higher success rates and capability to cure the fistula in a
single session. The aim of the transvenous approach is to
catheterize the abnormal cavernous sinus superselectively
and to occlude the fistula without rerouting venous drain-
age to cortical structures'™"?!,

Navigation through the venous system and mechani-
cal perforation are technical challenges in this procedure.
Furthermore, usage of the transvenous approach in the
acute fistula stages may be hazardous because the venous
walls have not undergone wall thickening vz arterializa-
tion®.

Current microcatheter technology permits access to
the cavernous sinus »iz multiple routes. The most com-
monly used venous pathway for cannulation of the cav-
ernous sinuses is zia the IPS. This transvenous route is
usually used from a posterior direction through the inter-
nal jugular vein and the IPS up to the pathologic shunts
of the cavernous sinus™""”. Anatomically, catheterization
of the cavernous sinus through the IPS is feasible in the
great majority (99%) of cases. However, accessibility of
the cavernous sinus through the IPS can become techni-
cally difficult as the disease progresses. Difficulties may
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Figure 4 A forty-year-old woman with chemosis of the left eye and diplopia was found to have a dural carotid cavernous sinus fistula. A, B: Frontal (A) and
lateral (B) injections of the right common carotid artery demonstrating left dural carotid cavernous sinus fistula with antegrade drainage; C: Access to the fistula site
through the contralateral (right inferior petrous sinus) transvenous route and positioning of the microcatheter; D: Coil embolization within the microcather extending
into the venous compartment of the fistula; E: Posttreatment frontal digital subtraction angiogram view of right internal carotid artery demonstrating obliteration of the

fistula and lack of residual filling.

result from occlusion of the IPSs due to longstanding
venous hypertension, prior embolization, or both!"**!!
Because the drainage of the pons and brainstem may be
via the IPS, and any damage to these veins may result in
fatal venous thrombosis, the catheterization of the IPS
merits special attention!”,

Anterior approach through the SOV via the facial
vein provides a convenient alternative pathway for trans-
venous embolization of dural CCFs when cannulation
of the IPS is not successful, thereby increasing the tech-
nical success rate'"”.

Less commonly used transvenous approaches are
through the lateral pterygoid plexus, superior petrosal
sinus, cortical veins, the inferior ophthalmic vein or the
contralateral IPS (Figure 4) or SOV with access into the
ipsilateral cavernous sinus through the circular sinus™""”,

Alternatively, in extremely difficult cases of venous
occlusion, stenosis, or marked tortuosity, access to the
cavernous sinus can be provided by combined surgical
and endovascular approaches (Figure 5),

Direct transorbital puncture or indirect puncture
through the superior or inferior ophthalmic vein allows
straightforward access to the cavernous sinus'™. Surgi-
cal access also may be obtained into the SOV, superficial
middle cerebral vein, or sphenoparietal sinus leading to
the cavernous sinus. Quifiones ez a/*" proposed surgi-
cal exposure of the SOV and retrograde venous cath-
eterization in indirect CCF patients who present with
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decreased visual acuity and predominant anterior venous
drainage. Surgical exposure permits direct visibility and
immobilization of the SOV, with less risk of rupture of
the arterialized vein than with direct puncture. This ap-
proach also allows immediate control of possible orbital
hemorrhage. The potential risks of the direct puncture
or surgical exposure are orbital hemorrhage, nerve dam-
age and laceration of the ICA resulting in direct CCE,
globe puncture, and infection"**.,

Sonographically guided direct percutaneous access
through the facial vein can be performed to eliminate
the risk of complications, such as intra- or retro-orbital
hemorrhage, cranial nerve damage, subarachnoid or in-
tracranial hemorrhage, and arterial damage, which may
result from direct puncture of the SOV or the cavernous
sinus. Reduction in radiation exposure and ease of man-
ual compression of the puncture site after the procedure
are additional advantages of this procedure although
the small diameter of the facial vein may cause technical
limitations™*!!. Following successful catheterization of the
cavernous sinus, various embolic materials such as coils,
#-BCA, and EVOH, can be used either alone or in com-
bination.

The advantages of coils include their radiopacity,
ease of use, and the ability to redeploy or remove the
devices if the initial placement is not optimal. However,
there may be difficulty in achieving adequate volumettic
packing or complete occlusion, especially in septated
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Figure 5 In extremely difficult cases of venous occlusion, stenosis, or marked tortuosity, access to the cavernous sinus can be provided by combined
surgical and endovascular approaches. A, B: Left external carotid artery lateral (A) and left internal carotid artery lateral (B) digital subtraction angiogram views
of an uncovered dural carotid cavernous sinus fistula which has antegrade drainage; C: Posterior access to the fistula site was not feasible, so access was gained
through the superior ophthalmic vein following surgical angular vein cut-down; D: Coil detachment through a microcatheter into the fistula site; E: Posttreatment left

common carotid artery injection revealed lack of residual filling of the fistula.

cavernous sinuses. Moreover, the reported rates of cra-
nial nerve paresis are higher with coil embolization,
probably because of their mass effect’”. Consequently,
transvenous liquid embolic agents are being used in-
creasingly, either alone or in combination with platinum
coils. EVOH has the capability of mechanical occlusion
without vessel wall adhesion. Its nonadhesive nature de-
creases the risk of microcatheter retention and allows a
slow single injection of embolic agent with concomitant
angiogram checks. It must be remembered that EVOH
has a propensity for retrograde filling of arterial feeders
and must be used cautiously in order to prevent retro-
grade reflux into the ICA and ECA branches™*.

7#-BCA has the advantages of rapid polymerization
and permanent occlusion of the injected feeders. How-
ever, in contrast to EVOH, catheter repositioning during
embolization and the reflux-hold-reinjection technique
cannot be performed in embolization with #-BCA. Pro-
longed injections are not possible and as they may risk
gluing the catheter because of the adhesive nature of
#-BCA™, The polymerization of #-BCA is accompa-
nied by heat production, which may lead to a degree of

. - |6
angionecrosis'”.

Transarterial embolization: Transarterial embolization
of indirect low-flow CCFs generally is cumbersome be-
cause of the small size, complex anatomy, and multiplic-
ity of arterial feeders. Multiple staged sessions may be
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necessaty because of technical difficulties associated
with superselective distal access into small-sized arte-
rial feeders. Additionally, potential complications (e.g.,
thromboembolic stroke, cranial nerve palsies) restrain
the choice of the transarterial approach as the mainstay
treatment of spontancous indirect CCFs. Therefore,
transarterial embolization is typically used only to reduce
arterial inflow before transvenous occlusion for high-
flow indirect CCFs and as a viable alternative after fail-
ure of transvenous attempts'”’,

The management strategy for traumatic indirect
CCFs differs from that for spontaneous indirect CCFs.
For traumatic lesions, transarterial embolization may
be preferred because the single arterial supply is large
enough to provide access to the feeder and cavernous
sinus by microcatheter. The transvenous approach is
reserved for cases in which failure or recurrence of the
fistula is observed and arterial access to the site of the
fistula is not feasible!"”.

Transarterial techniques involve distal catheterization
of the small meningeal branches supplying the fistula.
Ideally, placement of the superselective microcatheter
is performed with the microcatheter tip as close as pos-
sible to the point of fistulous communication. Once a
satisfactory microcatheter position is achieved, liquid
embolic agents (»-BCA, EVOH) are injected under fluo-
roscopic control with the goal of occluding the fistulous
connections and penetrating the cavernous sinus. Al-
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though coils and particulate agents have been used, these
agents used alone cannot provide permanent occlusion
of the fistula".

POSTOPERATIVE IMAGING AND
FOLLOW-UP

While ocular symptoms resolve rapidly following suc-

cessful treatment, patients may become transiently more
symptomatic due to propagation of thrombus through-
out the cavernous sinus and extending into the SOV. This
clinical deterioration is called the “paradoxical worsen-
ing phenomenon” and can be observed in patients after
transarterial embolization, gamma knife radiosurgery or
conservative treatment. Although disconcerting to the pa-
tient, such symptoms usually resolve spontaneously over
time. A brief course of corticosteroids may help to re-
duce inflammation associated with sinus thrombosis*".
Severe progression of the ocular manifestations in
the carly postoperative period and recurrence of symp-
toms may suggest recurrent CCE In cases where recur-
rent CCF is suspected, control cerebral angiography
should be performed and possible re-treatment should
be planned. After complete resolution of the ocular
manifestations, additional control imaging and follow-up
is not required.
In patients who were treated by the placement of a
covered stent, stent-graft patency should be followed
[35.44] Long-
term follow-up is necessary in CCF cases treated by

carefully as long-term safety data are lacking

parent artery occlusion to monitor the possible develop-
ment of hemodynamic aneurysm in the anterior com-
municating artery, due to increased flow and alteration in
hemodynamics.

Patients who have fistulas demonstrating cortical
venous rerouting or partially treated CCFs may show
clinical deterioration. In such cases, urgent examination
should be performed and treatment should be planned
if required. Acute onset of focal neurological deficit de-
serves immediate clinical evaluation and control imaging.

CONCLUSION

With advances in catheter design, embolic agents, and

fluoroscopic imaging equipment, interventional neu-
roendovascular techniques have become the preferred
treatment modality for carotid cavernous fistulas and
favorable long-term outcomes have been achieved. The
endovascular approach should be tailored to individual
cases according to the type, exact anatomy, and extent of
each fistula. With increasing knowledge about novitious
endovascular techniques, such as placement of covered
stent grafts, higher success rates can be achieved with
preservation of the ICA even in urgent cases.
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