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ABSTRACT

BACKGROUND AND PURPOSE: Endovascular treatment of petrous dural AVFs may carry a risk of iatrogenic facial nerve palsy if
the facial nerve arterial arcade, an anastomotic arterial arch that supplies the geniculate ganglion, is not respected or recognized.
Our purpose was to demonstrate that the use of a treatment strategy algorithm incorporating detailed angiographic anatomic
assessment allows identification of the facial nerve arterial arcade and therefore safe endovascular treatment.

MATERIALS AND METHODS: This was a retrospective cohort study of consecutive petrous dural AVF cases managed at Toronto
Western Hospital between 2006 and 2018. Our standard of care consists of detailed angiographic assessment followed by multidis-
ciplinary discussion on management. Arterial supply, primary and secondary treatments undertaken, angiographic outcomes, and
clinical outcomes were assessed by 2 independent fellowship-trained interventional neuroradiologists.

RESULTS: Fifteen patients had 15 fistulas localized over the petrous temporal bone. Fistulas in all 15 patients had direct cortical ve-
nous drainage and received at least partial supply from the facial nerve arterial arcade. Following multidisciplinary evaluation, treat-
ment was performed by endovascular embolization in 8 patients (53%) and microsurgical disconnection in 7 patients (47%). All
patients had long-term angiographic cure, and none developed iatrogenic facial nerve palsy.

CONCLUSIONS: By means of our treatment strategy based on detailed angiographic assessment and multidisciplinary discussion,
approximately half of our patients with petrous AVFs were cured by endovascular treatment, half were cured by an operation, and
all had preserved facial nerve function.

ABBREVIATIONS: EVOH ¼ ethylene-vinyl alcohol copolymer; MMA ¼ middle meningeal artery; TAE transarterial embolization; TVE ¼ transvenous
embolization

The arterial arcade of the facial nerve is an anastomotic arch of
arteries traversing the petrous temporal bone that supplies

the geniculate ganglion and tympanic segment of the facial
nerve.1,2 Care must be taken during embolization from the proxi-
mal aspect of external carotid artery branches to avoid occlusion
of the facial nerve arterial arcade, which may result in iatrogenic
facial nerve (Bell) palsy.3,4 The risk of occluding the facial nerve
arterial arcade is particularly elevated when embolizing petrous

dural AVFs because these lesions are frequently supplied by the
vessels that form the arterial arcade.1,3,5,6

Anatomy
Two arteries form the facial nerve arterial arcade: 1) the petrous
branch of the middle meningeal artery (MMA), and 2) the stylo-
mastoid branch of the posterior auricular or occipital artery
(Fig 1).1,3,7 Branches of these 2 arteries anastomose adjacent to the
geniculate ganglion.2,3 The arcade can be reinforced by the inferior
tympanic artery, a branch of the ascending pharyngeal artery that
travels to the tympanic cavity alongside the Jacobson nerve.5,7

The petrous branch of the MMA usually arises within the first
10mm distal to the entry of the MMA to the middle cranial fossa
via the foramen spinosum but can arise just proximal to the fora-
men.5,8-10 It then extends posterolaterally toward the hiatus of the
facial nerve canal where it gives off small branches to supply the
greater petrosal nerve, which travels in the canal.8,10 The artery
travels within the canal (25%) or external to it (75%), piercing the
petrous bone more laterally before supplying the geniculate
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ganglion by 1–3 small branches and then supplying the second
(tympanic) segment of the intraosseous facial nerve.3,8,10

The stylomastoid artery can arise from the posterior auricular
artery, from the proximal third of the occipital artery, or from a
common trunk of these 2 arteries.1,3 Traveling superiorly through
the stylomastoid foramen and lying anterior or anteromedial to
the facial nerve, it provides arterial supply to the third (mastoid)
intraosseous segment of the facial nerve.7,8,11 The artery then
ascends to the level of the facial genu and the tympanic cavity
where it divides into several branches and provides additional sup-
ply to the second (tympanic) segment of the nerve.7,8 Here, a net-
work of its branches anastomoses with branches of the petrous
branch of the MMA to form the facial nerve arterial arcade (Fig
1).7 These arteries are, in the absence of shunts, most often too
small to be detected on conventional angiography.2

Rationale for the Study
Petrous dural AVFs drain into cortical veins (most often the
superior petrosal vein, ie, vein of Dandy) rather than
directly into dural venous sinuses.6 They are therefore high-
grade fistulas (Borden III, Cognard III–IV)12,13 and thus warrant
treatment due to their well described risk of subsequent neurologic

deterioration or rupture.6,14 At our
institution, we use management princi-
ples based on detailed angiographic
anatomic assessment and multi-
disciplinary discussion (retrospec-
tively summarized in our treatment
algorithm shown in Fig 2) to avoid iat-
rogenic facial nerve palsy while achiev-
ing angiographic cure. In this study, we
assess the treatment approaches and out-
comes using these principles.

MATERIALS AND METHODS
Ethics approval for this study was
granted by the Research Ethics Board
of the University Health Network,
Toronto (approval No. 19-5018).

Study Design and Selection
Criteria
This was a retrospective study of a
cohort of patients with intracranial
AVFs managed at Toronto Western
Hospital between 2006 and 2018.
Inclusion criteria were the following:
1) confirmed diagnosis of intracra-
nial AVF on DSA with the fistula
point localized over the petrous tem-
poral bone, and 2) follow-up DSA or
time-resolved MRA after an inter-
ventional or conservative manage-
ment. All included cases underwent
data collection and imaging analysis.

Data Collection and Analysis
In all cases, 6-vessel cerebral angiogra-
phy, high-frame-rate magnified acquis-

itions, and 3D rotational angiography with MPRs were
undertaken for treatment planning. Clinical data points were
obtained from the electronic patient records. Baseline and follow-
up DSA and MRA for each patient were independently reviewed
by 2 fellowship-trained interventional neuroradiologists (K.D.B.
and H.K.). Disagreements were resolved by consensus; otherwise,
they were resolved by the supervising senior interventional neu-
roradiologist (T.K.). We assessed the following imaging charac-
teristics of each petrous AVF: location, arterial supply (in
particular supply by vessels that form the facial nerve arterial ar-
cade), venous drainage, Borden12 and Cognard13 classifications,
endovascular approach, embolic agents used, angiographic out-
come after primary treatment, and long-term angiographic
outcome.

Treatment Planning
All AVF cases were discussed in a multidisciplinary conference
among neurologists, radiosurgeons, cerebrovascular neurosurgeons,
and interventional neuroradiologists to decide on management. On
the basis of our review of the conference minutes for these cases, the

FIG 1. DSA images via left external carotid artery injection from a patient with a left petrous AVF
(patient 5) demonstrate the anatomy of the facial nerve arterial arcade. A, Anterior-posterior
projection demonstrates supply to the fistula by the petrous branch of the left MMA (white
arrow), stylomastoid branch of the left posterior auricular artery (black arrows), and the anasto-
motic arcade between these 2 arteries (black-border arrow). B, Lateral projection shows the pet-
rous branch of the MMA (white arrow), stylomastoid artery (black arrow), and the anastomotic
facial nerve arterial arcade (black-border arrow). C, Anterior-posterior projection during selective
injection of the left posterior auricular artery confirms supply to the fistula from the left stylo-
mastoid artery (black arrow). D, Lateral projection during selective left ascending pharyngeal ar-
tery injection demonstrates additional supply to the AVF from its hypoglossal branch (white
arrow).
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primary treatment choice was determined by taking a stepwise
approach. First, consensus agreement was reached that conservative
treatment was not indicated in these cases due to the direct cortical
venous drainage that occurs in petrous AVFs. Second, anatomic fac-
tors were assessed that would allow a safe endovascular treatment
through an arterial, venous, or combined approach. For this article,
we have retrospectively summarized the management principles
outlined in the conference minutes for these cases in a treatment
algorithm, shown in Fig 2.

Factors favoring an attempt at primary transarterial embo-
lization (TAE) included the following: 1) accessible nonarcade
arterial feeders supplying the AVF, 2) a direct arteriovenous
fistulous point without an intervening nidus, and 3) a reason-
able safety margin (for our purposes defined as the ability to
place the distal end of the embolization microcatheter a mini-
mum of 20mm distal to the origin of or communication
points with vessels of the facial nerve arterial arcade) for
reflux of the embolic agent while preserving facial nerve arte-
rial supply. The choice of a minimum distance of 20mm was
based on our experience of the working margin required to
safely withdraw the microcatheter once glue begins to reflux
and, for pressure-cooker/ethylene-vinyl alcohol copolymer
(EVOH) approaches, the minimum detachable tip length

available in a dimethyl-sulfoxide-

compatible microcatheter (15mm tip,
Apollo Onyx Delivery Microcatheter;

Medtronic, Irvine, California).
In the absence of favorable features

for TAE, transvenous embolization
(TVE) would be considered if there
was an accessible draining vein that
could be safely occluded. In the remain-
ing cases or if endovascular treatment
was unsuccessful, microsurgical discon-
nection was recommended.

RESULTS
Fifteen patients (5 women; mean age,
63.5 years) had 15 dural AVFs with
the fistulous point localized over
the petrous temporal bone (8.7%
of all patients with dural arteriove-
nous fistulas managed at our center).
Clinical presentations are detailed in
On-line Table 1. All 15 petrous shunts
had direct cortical venous drainage
(Borden type III),1 6 were Cognard
type III (cortical venous drainage), and
9 were Cognard type IV (ie, with corti-
cal venous ectasia).13 Angiographic
characteristics are detailed in On-line
Table 2.

Arterial Supply and Venous
Drainage
All 15 patients (100%) demonstrated

arterial supply to the AVF from either or both vessels involved in
the facial nerve arterial arcade. The petrous branch of the MMA
was seen in 13 patients (87%), while the stylomastoid artery was
seen in 9 cases (60%); both vessels were involved in 7 cases (47%).
Additional nonarcade supply to the fistulas discussed herein is
outlined in On-line Table 2. The venous drainage outflow path-
ways were through cortical veins in all cases (superior petrosal
vein, n=13; subtemporal vein, n=2). The detailed drainage pat-
terns are summarized in On-line Table 3.

Primary Treatment Choice
Using the treatment strategy algorithm outlined in Fig 2, the mul-
tidisciplinary conference opinion for the primary treatment
approach was TAE in 8 cases, TVE in 3 cases, and an operation
in 4 cases. One patient initially declined an operation and chose
the alternative option of gamma knife radiosurgery but subse-
quently underwent microsurgical disconnection because of resid-
ual AVF filling 2 years later.

Treatment Outcomes
The primary and secondary treatments undertaken, curative
treatment, complications, and long-term angiographic and func-
tional outcomes are summarized in On-line Table 4.

FIG 2. Retrospective summary of our treatment strategy algorithm for petrous dural AVFs.
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Of the 8 patients with primary TAE, 5 had angiographic
cure after a single session. All 5 of these patients were treated
using liquid embolic agents (glue 4, EVOH 1) to occlude the
fistulous point, with the microcatheter placed distally in the
squamous (nonpetrous) branch of the middle meningeal ar-
tery in all cases and additional glue embolization via the
meningohypophyseal trunk in 1 case. An example of TAE
(patient 3) using EVOH via the squamous branch of the
MMA is demonstrated in Fig 3.

One case with TAE with angiographic cure (patient 1) was
complicated by pial arterial infarction due to the passage of glue
droplets across an external carotid–internal carotid anastomosis,
in this case most likely between the squamous branch of the mid-
dle meningeal artery and the lateral tentorial branch of the
meningohypophyseal trunk. The TAE session was aborted in 2
cases due to inability to gain a distal or safe microcatheter posi-
tion (patients 2 and 13), and in a third case (patient 5), only par-
tial fistula reduction was achieved; these cases underwent

curative surgical treatment. All 3 cases
of primary TVE (patients 7, 14, and
15) were cured using a reverse pres-
sure-cooker technique (On-line Figure).

Microsurgical disconnection was rec-
ommended as the primary treatment
in 4 cases in which an endovascular
approach was deemed too dangerous
(Fig 2) and as the secondary treatment
in 3 unsuccessful TAE cases (see above).
In all 7 cases, an extended retrosigmoid
approach was used to expose and
occlude the draining petrosal vein with
subsequent angiographic cure. One
primary surgical case (patient 6) was
complicated by hemorrhagic venous
infarction of the ipsilateral cerebellum.

In summary, all 15 patients had
long-term angiographic cure, and none
developed iatrogenic facial nerve palsy.
Approximately half of these patients
(n=8) had cure by endovascular treat-
ment, and half (n=7), by microsurgical
disconnection. Two patients (patient 1:
TAE and patient 6: an operation) had
significant treatment-related neurologic
complications resulting in permanent
worsening of their mRS at presentation
by 1 point.

DISCUSSION
Endovascular treatment of petrous
AVFs supplied by vessels of the facial
nerve arterial arcade is associated with
certain strategic and technical chal-
lenges to preserve facial nerve function.
In our cohort, all patients with petrous
AVFs had at least partial arterial supply
to the fistula from vessels of the facial

nerve arterial arcade. In addition, these patients warranted inter-
ventional treatment due to direct cortical venous drainage in all
cases, in keeping with the known venous drainage pattern of lateral
epidural shunts into cortical veins.15 Because of these challenges,
some groups have adopted a primary surgical approach for petrous
AVFs.14,16,17 Use of the principles outlined retrospectively in our
treatment strategy algorithm (Fig 2) resulted in endovascular cure
in approximately half of cases (8/15: 53%) and surgical cure in the
other half (7/15: 47%), with preserved facial nerve function in all
cases.

Surgical Treatment
Surgical management of AVFs is based on the principle that
microsurgical disconnection of the draining vein will cure the
AVF.18 Lawton et al17 recommended use of an extended retrosig-
moid approach for petrosal AVFs to expose and occlude the
superior petrosal (Dandy) vein as it enters the superior petrosal
sinus. This involves lateral positioning for a vertical trajectory to

FIG 3. DSA and transarterial embolization using EVOH copolymer of a right-sided Borden III/
Cognard IV petrous dural AVF. All images are in the lateral projection. A, Right external carotid ar-
tery injection demonstrates arterial supply to the AVF from the squamous temporal branch of
the right MMA (black-border arrow) from an enlarged petrous branch of the MMA (white arrow)
and from an enlarged stylomastoid artery (black arrow). Note that the facial nerve arterial arcade
is formed by the latter 2 vessels. B, A microcatheter is present in the squamous branch of the
MMA (black-border arrow). Microcatheter injection DSA from a distal point in the vessel dem-
onstrates the fistulous point (white arrow) entering an ectatic petrosal varix. C, Spot film follow-
ing EVOH embolization via the squamous branch of the MMA demonstrates the EVOH cast
(black arrow) across the fistulous point and into the venous sac. The proximal marker of the
detachable tip is visible (white arrow). D, Magnified right common carotid artery injection follow-
ing embolization demonstrates the subtracted EVOH cast (black-border arrow) with no remnant
filling of the AVF. The petrous branch of the MMA (white arrows) and the stylomastoid artery
(black arrow) remain patent after treatment. The patient had preserved facial nerve function
postprocedure.
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the cerebellopontine angle and anterior mobilization of the ske-
letonized sigmoid sinus, allowing ideal visualization of the pet-
rous-tentorial angle.14,17,18 In the series of Lawton et al of 8
patients with petrosal AVFs, all patients underwent presurgical
TAE to minimize blood loss.17 Therefore, when safe to do so, an
attempt at endovascular treatment is still the recommended pri-
mary approach.6,18

The surgical goal of disconnecting the superior petrosal vein
carries a risk of cerebellar venous infarction if the ipsilateral cere-
bellum is dependent on the petrosal vein complex for drainage.19

This complication is well-described following petrosal vein sacri-
fice during microvascular decompression for trigeminal neuralgia
(4%–7% in larger series).19,20 The rate of neurologic deterioration
following an operation for petrosal AVFs may be even higher
(13%–33% in small series, including facial nerve palsy, hemipare-
sis from venous infarct, and death from intraoperative cerebellar
edema).17,21 Surgical management of petrosal AVFs, therefore,
requires careful assessment of the cerebellar venous drainage pat-
tern on DSA to ensure that the petrosal vein can be safely
sacrificed.

Transarterial Embolization
The treatment goal for curative TAE is occlusion of the fistulous
point and the foot of the draining vein.22 A safe TAE approach to
petrosal AVFs is optimized by detailed analysis of high-frame-
rate magnified angiography and 3D rotational angiography with
MPRs.23,24 Anatomic factors that best allow safe TAE are outlined
in the Materials and Methods section and in Fig 2.25,26 If such
favorable factors are not present, then TVE may be considered.27

Otherwise, a primary surgical disconnection is suggested by our
group (Fig 2).

The advantage of glue in petrosal AVFs is the ability to rapidly
penetrate the fistulous point while minimizing reflux toward the
facial arcade if a distal wedged position can be achieved.25

However, if a distal perifistulous microcatheter position cannot
be achieved or the microcatheter is not retrieved at the appropri-
ate moment of the injection, there may be glue inflow or reflux
into the facial nerve arterial arcade. Other complications may
involve gluing of the microcatheter tip so that it cannot be
retrieved or nontarget embolization of pial arteries across exter-
nal carotid–internal carotid anastomoses (ie, branches of the
inferolateral or meningohypophyseal trunks), resulting in arterial
infarction (as occurred in patient 1 in our series).1,28 Thus, the
use of liquid embolic agents requires extensive experience with
the agent, a distal microcatheter position, and a thorough knowl-
edge of the external carotid–internal carotid anastomoses and
cranial nerve supply in this region.1,25,28

EVOH can be injected more slowly without the need for rapid
removal of the microcatheter (Fig 3), but it is associated with lon-
ger radiation times and risks of reflux into both external carotid–
internal carotid anastomoses and cranial nerve supply.29,30

EVOH was used for TAE in 1 patient in our series (patient 3, Fig
3) with injection performed via the squamous branch of the
MMA through a detachable-tip microcatheter. The use of detach-
able-tip microcatheters, which can also be combined with a pres-
sure-cooker technique, in which a coil/glue plug is deployed over
the detachable tip by a second microcatheter to minimize EVOH

reflux, allows controlled embolization if there is a reasonable ana-
tomic safety margin back to the facial arcade (the shortest avail-
able detachable-tip length is 15mm).31 The presence of an
intervening nidus between the embolization point and the venous
drainage increases the potential for reflux of the embolic agent
across nidal channels into the facial nerve arterial arcade (Fig 2
and On-line Figure).

Transvenous Embolization
TVE of petrosal AVFs may be considered when there are relative
anatomic contraindications to TAE or TAE has failed to occlude
the fistula.27 Safe TVE requires successful navigation of the
microcatheter to the foot of the draining vein, limited tortuosity
of the draining vein, and absence of normal cortical venous
drainage into the target vein (Fig 2 and On-line Figure).32 To
achieve retrograde flow of the embolic agent toward the fistula
point, a reverse pressure-cooker (dual microcatheter) technique
(On-line Figure) or a dual-lumen balloon may be required.32-34

Given the need for navigation in pial veins, this approach requires
experience to prevent potentially catastrophic venous hemor-
rhagic complications and, thus, in the authors’ opinion, should
be performed only in centers with experience in pial transvenous
approaches.

Utility of Our Treatment Strategy Algorithm
Our retrospective treatment-strategy algorithm (Fig 2) is based on
detailed angiographic assessment and multidisciplinary discussion,
with the aim of primary TAE or TVE when safe to do so. Safe
microsurgical disconnection requires careful evaluation of the ve-
nous drainage of the cerebellum on preoperative DSA to ensure
nondependence on the petrosal vein complex. Advancements in
detachable-tip microcatheters, liquid embolics, and treatment
strategies (eg, pressure-cooker technique) potentially allow greater
rates of endovascular cure.17,35

Limitations
This study is limited by its retrospective nature and relatively
small sample size.

CONCLUSIONS
Petrous AVFs are always supplied by arteries of the facial nerve
arterial arcade and always have cortical venous drainage. This
raises the risk of iatrogenic facial nerve palsy via endovascular ar-
terial routes during clinically necessary treatments. Using the
principles outlined in our treatment-strategy algorithm, approxi-
mately half of our patients were cured by endovascular treatment,
half were cured by an operation, and all had preserved facial
nerve function.
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