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Abstract
Purpose To analyze the angiographic and clinical results
of transarterial embolization with Onyx (Medtronic-Covi-
dien, Irvine, CA) in dural arteriovenous fistulas (DAVFs)
partially fed by arteries arising from the carotid siphon or
the vertebral arteries.
Methods We isolated 40 DAVFs supplied by either the ten-
torial artery of the internal carotid artery (ICA) or the poste-
rior meningeal artery of the vertebral artery. These DAVFs
were embolized with Onyx through the middle meningeal
artery or the occipital artery. We reviewed the occurrence
of reflux into the arteries of carotid or vertebral origin.
Results In all the cases, reflux occurred into the first mil-
limeters of the DAVF arterial feeders arising from carotid
or vertebral arteries but slowly enough to be controlled by
interruption of Onyx injection. Reflux was always mini-
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mal and Onyx never reached the ostium of the arteries. No
cerebral ischemic complications occurred in our series.
Conclusion The behavior of Onyx is clearly different from
that of cyanoacrylate glue, resulting in superior control dur-
ing injection. Reflux into arteries arising from the ICA or
vertebral artery during DAVF treatment always carries a risk
of unintentional non-target embolization of normal cerebral
vasculature but Onyx appears to be safe in this situation.
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Introduction

The use of Onyx (Medtronic-Covidien, Irvine, CA) injec-
tion through an arterial approach for the treatment of in-
tracranial dural arteriovenous fistulas (DAVFs) is a well-
established technique at many institutions and has yielded
very favorable results [1–3]. Recent reports in the litera-
ture have demonstrated that endovascular embolization with
Onyx injection may offer a number of advantages over the
use of cyanoacrylates, including greater control during in-
jection of the embolization agent, longer injection times,
favorable angiographic obliteration and cure rates, fewer
complications related to microcatheter removal, and fewer
overall complications [1, 4]. In addition to these advan-
tages, we believe that, in cases of DAVFs with feeding
arterial vessels arising from the internal carotid or verte-
brobasilar system, which are especially dangerous, the use
of Onyx provides greater control over migration of the em-
bolic agent, thus preventing serious complications [5].

This report describes our results with embolization of
DAVFs with contribution of arterial branches of the inter-
nal carotid or vertebrobasilar system and demonstrates that
Onyx injection is both safe and effective.

Methods

Patients

Between January 2005 and January 2015, the Division of
Interventional Neuroradiology at the Lariboisière Hospital
in Paris, France, performed 94 endovascular procedures for
the treatment of 90 intracranial DAVFs diagnosed in 87 pa-
tients. All fistulas were treated via the endovascular route,
with an initial arterial approach and Onyx as the embolic
agent. From this series, we isolated 40 cases of skull-base
DAVFs fed partially by arterial branches arising from the
internal carotid artery (ICA) or posterior meningeal artery
from the vertebral artery (VA). This subsample comprised
16 women and 24 men, with a mean age of 58 years (range,
36–86 years).

All procedures were performed using digital subtraction
angiography (DSA) on an AXIOM Artis dBC biplane flat-

Table 1 Location and classification of treated DAVFs

Location N IIa IIb III IV V

Transverse 8 0 5 3 0 0

Sigmoid 14 2 6 5 0 1

Tentorial 16 0 0 13 2 1

Foramen mag-
num

2 0 0 1 1 0

Total 40 2 11 22 3 2

detector system (Siemens Medical, Erlangen, Germany) or
single-plane Advantx LCV (GE Healthcare Systems, Mil-
waukee, WI, USA).

Clinical Presentation and DAVF Classification

The most common initial clinical presentation was hem-
orrhage (n = 15), followed by pulsatile tinnitus (n = 10)
and seizure (n = 7). Three patients presented with neural-
gia, and five cases were detected incidentally. After DSA,
the DAVFs were classified as per the Lariboisière Hospital
classification [6].

Treatment and Follow-Up

The treatment protocol established at the Division of In-
terventional Neuroradiology at the Lariboisière Hospital in
Paris, France, was followed [4]. All treatment procedures
were performed with the patient under general anesthesia
and double femoral access, with the first catheter devoted
to the external carotid artery (ECA) and the second to se-
cure control of the ICA or vertebral artery during Onyx
injection. An intravenous bolus of heparin (3000 IU) was
administered at the start of each procedure. A 6 or 5-Fr
guiding catheter was then advanced to the proximal portion
of the ECA and perfused with 3mg/l nimodipine in nor-
mal saline. Selective catheterization was performed using
dimethyl sulfoxide (DMSO)-compatible microcatheters to
perform Onyx embolization. The identification of optimal
working projections is one of the most important steps of
DAVF treatment. The projections need to differentiate the
venous collection system from the feeding arterial branches,
and correct visualization of the venous sinus and cortical
draining vein systems is critical. Adequate visualization of
the ICA and/or VA feeders is also important to avoid exces-
sive reflux into these vessels. Interval follow-up DSA was
performed in all patients 1–6 months after embolization.
All patients were also evaluated clinically.

Results

The majority of the DAVFs treated (38 out of 40, Table 1)
had high-grade features involving either reflux into corti-
cal veins (grade IIB) or direct drainage into cortical veins
(grades III, IV or V).

In 92.5% of cases (n = 37), no significant residual shunts
were observed after Onyx embolization. In 30 DAVFs,
a single microcatheterization was required for treatment
(Figs. 1, 2 and 3). The remaining lesions required a second
microcatheterization in six instances (n = 5), and two fistu-
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Fig. 1 Lateral external (a) and internal (b) carotid artery injection in the early phase, showing a high-flow type IV DAVF of the foramen magnum
with cortical venous aneurysm fed by meningeal branches from the occipital artery and internal carotid. Cast of Onyx (c) after embolization
through the occipital artery, showing arterial reflux without reaching the internal carotid. Final lateral internal carotid artery injection shows
complete occlusion of the DAVF (d)

Fig. 2 Lateral external carotid artery injection (a) and anterior vertebral (b) artery injection in the early phase (a), showing a type III tentorial
DAVF fed by meningeal branches from the middle and posterior meningeal arteries. Note the posterior meningeal arising from the vertebral artery.
Cast of Onyx (c) after embolization through the occipital artery showing reflux to the posterior meningeal artery, without reaching the internal
carotid. Reflux was safely controlled. Final anterior vertebral artery injection shows complete occlusion of the DAVF (d)

las required a third microcatheter placement for treatment
completion. A significant residual shunt was observed in
three patients. In two of these, treatment was completed by
transvenous access and embolization with coil placement
(one during the same procedure) and one was treated by
conventional surgery (Table 2).

A total of 51 arterial pedicles were catheterized. The
middle meningeal artery (MMA) was the main artery
branch targeted (n = 39), followed by the occipital artery
(OA) (n = 12). The average time of Onyx injection was
30min (range, 15–60min), and the average volume in-
jected per pedicle was 2.5ml (range, 0.6–6.5ml). During
all procedures, Onyx reflux occurred up to the first few
millimeters of different DAVF feeding arteries, but was
slow enough to be controlled by interruption of injection.
This reflux was always minimal and Onyx never reached
the vertebral or internal carotid arteries. No cerebral is-
chemic complications occurred in this series. We observed
early complications related to cranial neuropathy in three
patients: two had facial paresis and one had neuropathic
pain in the distribution area of the trigeminal nerve. These
symptoms gradually resolved over the clinical follow-up
period.

Discussion

The embolization of DAVFs through an arterial approach
has, for many years, been reserved as a last resort, used
only when venous embolization was not feasible or con-
ventional surgery was not possible. Part of the problem
was that the embolic materials available until recently were
poorly suited to arterial approaches. In the early 2000s,
the introduction of Onyx, an embolic material with sig-
nificantly improved handling characteristics, revolutionized
possibilities for this technique [5]. In 2006, Rezende et al.
first reported DAVF closure with Onyx in a patient with
a lesser sphenoid wing region fistula with direct cortical
venous drainage [2]. Few other case reports and series have
been published since then [3, 7, 8].

Increasing experience with this technique has resulted
in the successful primary treatment of many DAVFs using
Onyx, with reported occlusion rates ranging from 62.5% to
100% [1–5, 9]. In our series, we had a 92.5% occlusion rate
with Onyx injection. Most fistulas were treated with injec-
tion of a single pedicle, preferably by the meningeal artery,
followed by meningeal branches from the occipital artery.
Of the three fistulas that could not be approached transarte-
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Fig. 3 Lateral internal (a) and external (b) carotid artery injection in the early phase, showing a type IIa sigmoid DAVF fed by meningeal branches
from the middle meningeal artery and meningohypophyseal trunk (thin arrow). The asterisks demonstrate early flow to the lateral sinus. Lateral
view of initial steps of Onyx injection from the middle meningeal artery (c), showing reflux to the petrosal branch of the middle meningeal artery
(black arrow). Cast of Onyx (d) after embolization through the middle meningeal artery, showing reflux to the petrosal branch (black arrow). Final
lateral internal carotid artery injection shows complete occlusion of the DAVF (e). Axial Maximum intensity projection (MIP) reconstruction of
CT images (f) demonstrates reflux to the meningeal petrosal branch (black arrow). This patient developed facial paresis, which gradually resolved
over the clinical follow-up period

Table 2 Results after transarterial or transvenous endovascular or surgical treatments

Location N Cured with
1 Onyx injec-
tion

Cured with
≥2 Onyx injec-
tions

Failure to occlude with
transarterial Onyx
injection

Transvenous
embolization

Surgical treat-
ment

Transverse 8 6 2 0 0 0

Sigmoid 14 10 3 1 1 0

Tentorial 16 12 2 2 1 1

Foramen magnum 2 2 0 0 0 0

rially, two were successfully finalized by venous access and
coil placement and the other was treated by conventional
surgery. It is noteworthy that our success rate was higher
than in our previous publication [4], in which we described
treatment of our first cases and that we included fistulas
without a dangerous supply. This is probably attributable
to the learning curve. Even fewer published series have
compared Onyx to other methods. Rabinov et al. found sig-
nificantly higher efficacy with Onyx compared with n-Butyl

Cyanoacrylate (n -BCA) in a series of 56 DAVFs. Patients
embolized with Onyx underwent surgery less frequently
compared with those treated with n -BCA [10]. More re-
cently, in 2016, Choo and Shankar compared the outcome
of DAVF treated by an endovascular approach with Onyx
arterial embolization versus n -BCA and coil embolization.
The odds of not requiring post-embolization surgery were
significantly higher in the Onyx group (81.8% vs. 22.2%),
and the complication rate tended to be lower with Onyx
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(9.1%) than with n -BCA (22.22%) [11]. In a series of 170
DAVFs treated by different endovascular modalities, Balt-
savias and Valavanis reported that in 49 patients treated only
with cyanoacrylate by an arterial approach, only 1 had em-
boli to the middle cerebral artery during arterial emboliza-
tion by a meningeal branch. The number of patients with
feeding branches arising from ICA or VA was not reported.
The authors reported that the event occurred through migra-
tion of collateral circulation to the ICA. In this case, the pa-
tient had a severe infarction in the MCA territory [12]. Kim
et al. also described a migratory event with cyanoacrylate,
this time during vertebral artery embolization of the occip-
ital artery. At the end of the procedure, the vertebral artery
was sacrificed by coil embolization, with no clinical impact
on the patient [13]. In these situations, we believe the flow
characteristics of Onyx provide greater control. The behav-
ior of injected glue is sometimes unpredictable, and glue
embolization carries a risk of embolic migration to the ICA
and VA or cortical veins [14]. Onyx has the characteristics
of a gelling solution, formulated as a polymer suspended
in a solvent. On injection into an artery, the volatile car-
rier diffuses away within the arterial blood flow and the
polymer is deposited within the artery. In practice, the pro-
gression of this deposition process can be controlled very
accurately [15]. By interrupting injection, the operator can
actually redirect the embolus away from its original course.
Thus, Onyx provides the ability to control the DAVF em-
bolization process with greater accuracy. By capitalizing on
this property of Onyx, DAVFs with multiple arterial sup-
plies can be embolized, by allowing the embolic material
to diffuse into the feeding arteries in a controlled fashion
before it can affect the draining venous system.

We found that the availability of a posterior branch of the
MMA is critical to the success of Onyx embolization for
tentorial DAVFs. The posterior branch of the MMA is a rel-
atively straight vessel and is often enlarged when feeding
a DAVF. These characteristics enable distal catheterization
adjacent to the point of the fistula, unlike in other common
feeders, such as the OA, which is often excessively tortu-
ous making distal catheterization difficult if not impossible.
Conversely, the size of the dorsal branches of the MMA is
not a limiting factor as long as the catheter can be navigated
into the branch; therefore, although this branch may be very
small and appear to play no role in feeding the artery, this
approach can still be worth trying [4].

Distal catheterization almost in a wedge position enables
forward progression of the embolic material, while limiting
reflux to a minimum. When embolizing from the posterior
MMA branch it is critical to avoid reflux, which should
not be allowed in the proximity to the level of the fora-
men spinosum to avoid inadvertent compromise of the ar-
terial supply to the trigeminal and facial nerves [5]. More
recently, dual lumen balloon microcatheters have become

available that allow unopposed forward penetration of Onyx
without the time-consuming effort of plug formation, while
concurrently decreasing the risk of premature proximal re-
flux [16].

In 2014 Chapot et al. described a technique for perma-
nent control of reflux called the pressure cooker technique
(PCT) [17]. Although this technique allows definitive con-
trol of reflux, it has some drawbacks. Its potential dangers
are basically related to the need for simultaneous position-
ing of two microcatheters in the feeding artery, with sub-
sequent greater manipulation. A modified PCT was also
described in 2016, using double microcatheterization with
a detachable catheter tip and a second microcatheter to en-
able application of glue on the fragile portion of the first
microcatheter [18].

The OA has been reported to be a poor option for the
embolization of DAVFs. Arterial feeders from the OA are
transosseous, resulting in poor flow control and Onyx pen-
etration into the shunt. The use of a dual lumen balloon
catheter with injection of Onyx through the OA may help
overcome this limitation by increasing proximal resistance
and enhancing distal penetration; however, navigation and
especially inflation of this type of balloon catheter in such
a small artery might be associated with a significant risk of
complications, including vessel rupture [16, 19]. In our se-
ries, we had no embolic complications related to inadvertent
migration of the embolic agent into the internal carotid or
vertebrobasilar system. This is probably due to the nature
of the Onyx product. It should be noted that in all cases
in our series, we established bilateral femoral access and
placed a second catheter in the internal carotid or vertebral
artery system to perform control angiography and monitor
for dangerous reflux. The reflux reached close proximity to
the ostium of the carotid/vertebral feeding branch in some
cases, but never entered the parent artery. Another important
technical consideration is that we do not use intraluminal
balloons to protect the parent artery.

In our series, complications were observed in three pa-
tients. All were related to cranial nerve injury (two with
facial palsy and one with trigeminal neuralgia), and all had
resolved partially or completely at the last clinical follow-
up. These complications can be attributed to excessive re-
flux of Onyx in the middle meningeal artery up to the fora-
men spinosum or excessive retrograde diffusion of Onyx
into other arterial feeders, which may have induced occlu-
sion of the vasa nervorum and subsequent cranial nerve
injury [4]. Other complications reported in the literature,
such as Onyx migration into the heart and pulmonary ar-
teries, venous infarction and hemorrhage [9, 20, 21], were
not observed in our series. Although some authors have de-
scribed rare recurrences of DAVF in patients treated with
Onyx [21], we had no recurrence in our series. We always
aimed for total closure of the arteriovenous shunt, knowing
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that fistulas partially treated with arterial Onyx injection
rarely progress to total occlusion, unlike DAVFs treated
with cyanoacrylate [13, 14, 22].

In conclusion, the material properties of Onyx are clearly
different from those of cyanoacrylate glue, resulting in su-
perior control during injection. As reflux into arteries aris-
ing from the carotid siphon or vertebral artery during DAVF
treatment carries a risk of unintended non-target emboliza-
tion into normal cerebral arteries, Onyx appears to be safe
in this situation.
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