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BACKGROUND AND PURPOSE: Onyx was developed for embolization of central nervous system AVMs
but is increasingly used extracranially because of its unique physical properties. We review our
experience and results with the use of Onyx for the treatment of fast-flow extracranial vascular lesions.

MATERIALS AND METHODS: We retrospectively analyzed clinical and imaging records of 22 patients
who underwent 71 extracranial embolizations from March 2007 through January 2010. The diag-
noses were the following: cervicofacial AVM (n � 18), traumatic fistula (n � 3), and vessel laceration
(n � 1). In 62 of 71 procedures (87%), Onyx was the sole embolic agent; it was delivered trans-
arterially in 67/71 and percutaneously in 4/71 procedures. Clinical goals included amelioration of
pain and control of bleeding. The clinical efficacy of embolization was judged by symptom control,
and adverse events were assessed by clinical examination and history, both postembolization and
4 weeks postprocedure.

RESULTS: Cessation of acute bleeding was achieved in 13/14 cases, with 1 case of immediate
recurrent massive epistaxis prompting reintubation and further embolization. Control of subacute
bleeding episodes and pain was achieved for all patients. Following staged embolization, 7 patients
underwent surgical resection without significant blood loss. Surgeons reported high satisfaction with
the intraoperative handling properties of Onyx. Transient swelling, local tenderness, or numbness was
encountered after 7 procedures. There were no stuck catheters, vessel dissections, or vessel ruptures
and no skin discoloration.

CONCLUSIONS: Staged Onyx embolization was clinically efficacious in managing extracranial fast-flow
vascular malformations and lesions, with low associated morbidity.

ABBREVIATIONS: AVF � arteriovenous fistula; AVM � arteriovenous malformation; DMSO �
dimethyl-sulfoxide; FDA � US Food and Drug Administration; LECA � left external carotid artery;
n-BCA � n-butyl cyanoacrylate; PTEN � phosphatase and tensin homolog; PVA � polyvinyl alcohol;
STA � superficial temporal artery

Ethylene-vinyl alcohol copolymer, dissolved in the organic
solvent DMSO and mixed with micronized tantalum pow-

der to provide fluoroscopic visualization (Onyx; ev3, Irvine,
California), is a liquid embolic agent that was granted Human-
itarian Use Device approval of the FDA for the presurgical
treatment of central nervous system arteriovenous malfor-
mations in 2005. Its application in the endovascular treatment
of intracranial AVMs was first described by Taki et al1 and
Terada et al2 in the early 1990s, followed by a larger series
reported by Weber et al,3 Mounayer et al,4 Katsaridis et al,5

and Pierot et al.6 Different formulations of Onyx are avail-
able, with a lower concentration of the copolymer resulting
in increased fluidity and more distal lesional penetration and
a higher concentration resulting in a more viscous liquid.3

Onyx potentially combines the positive aspects of other em-
bolic agents, allowing distal penetration, like PVA particles,

and providing permanent occlusion similar to that in n-BCA.
Because of its unique physical properties, Onyx has gained
increasing popularity for use in managing extracranial vascu-
lar anomalies in recent years.7-9

The aim of this retrospective study was to present the clin-
ical efficacy and safety of Onyx when used for embolization of
various extracranial arteriovenous and arterial lesions, either
as the sole embolic agent or in combination with other non-
absorbable particulates and liquids or coils. Most of these
extracranial vascular lesions were challenging because of
their complexity, requiring multidisciplinary treatment. We
report here the largest series to date of patients (n � 22) with
extracranial fast-flow vascular anomalies who underwent
Onyx embolization.

Materials and Methods
With permission of the institutional review boards of Children’s Hos-

pital and Brigham and Women’s Hospital, we retrospectively ana-

lyzed the clinical and imaging records of 22 patients who underwent

71 embolizations for extracranial vascular anomalies of the head and

neck, from March 2007 through January 2010. Indications for embo-

lization included acute hemorrhage (cases 1, 9, 11, 16 –18, and 21;

n � 14 sessions); recurrent episodic hemorrhage or oozing (cases 2, 5,

8, 9, 11, 12, 15, 16, and 21; n � 35 embolizations); discomfort or

pain (cases 3, 4, 6, 7, 10, 13, 14, 19, 20, and 22; n � 22 sessions), either

in isolation or related to progressive tissue enlargement; impending

Received July 2, 2010; accepted after revision October 21.

From the Departments of Radiology and Neurosurgery (R.T., I.W.), Brigham and Women’s
Hospital, Boston, Massachusetts; Vascular Anomalies Center (J.B.M., A.K.G., D.B.O.),
Departments of Plastic Surgery (J.B.M., A.K.G.), and Otolaryngology (R.R.), Children’s
Hospital Boston, Boston, Massachusetts; and Neurointerventional Division (D.B.O.), Chil-
dren’s Hospital Boston, Harvard Medical School, Boston, Massachusetts.

Please address correspondence to Darren Benjamin Orbach, MD, PhD, Neurointerventional
Radiology, Main South 1-CB 1113, Children’s Hospital Boston, 300 Longwood Ave, Boston,
MA 02115; e-mail: dorbach@childrens.harvard.edu

Indicates article with supplemental on-line table.

DOI 10.3174/ajnr.A2439

IN
TERVEN

TIO
N

A
L

ORIGIN
AL

RESEARCH

AJNR Am J Neuroradiol ●:● � ● 2011 � www.ajnr.org 1

 Published March 31, 2011 as 10.3174/ajnr.A2439

 Copyright 2011 by American Society of Neuroradiology.



necrosis secondary to ischemia or chronic infection; or functional

impairment.

The embolization procedures were similar to our protocol for

central nervous system AVMs.10 All sessions were performed in a

biplane angiographic unit with patients under general anesthesia. Af-

ter obtaining informed consent, we administered an antibiotic and

corticosteroid immediately before the procedure to prevent second-

ary infection and minimize soft-tissue swelling. Vascular access was

obtained through the common femoral artery, and a 5F vascular

sheath was introduced. Other than in cases of acute hemorrhage, the

patient was heparinized. The sheath, guiding catheter, and micro-

catheter were continuously flushed via a pressure bag with heparin-

ized saline.

Diagnostic angiography was performed with a 5F Envoy catheter

(Cordis, Miami Lakes, Florida), positioned selectively in the internal,

external, and vertebral arteries. Subsequently, a Marathon or Ultra-

Flow microcatheter (ev3) was coaxially advanced over a microwire to

the nidus or fistulous point. After the microcatheter was flushed with

saline, the microcatheter dead space was filled with DMSO. Under

road-mapping, we injected Onyx by using the “plug and push” tech-

nique.5 This allowed the formation of a short cast of Onyx 34 around

the microcatheter tip in the initial injection, with only a small amount

of reflux. Once an adequate plug was formed, Onyx 18 was substituted

for Onyx 34 and injected in a controlled fashion to form a lavalike

mass, which followed the path of least resistance into the nidal

compartments.

For patients with acute severe hemorrhage, embolization con-

tinued until the hemorrhage stopped and did not resume after re-

moval of any packing that had been placed for tamponade. Emboli-

zation continued until the AVM compartment related to the

hemorrhage was thoroughly treated—that is, when control angiogra-

phy revealed neither further opacification of nidal vessels nor arterio-

venous shunting within the target compartment. Given that almost all

the lesions were large and multicompartmental, treatment in cases in

which the presenting symptom was episodic moderate hemorrhage or

pain was staged. As many compartments of the AVM were targeted,

before embolization, as could be treated while keeping the total cal-

culated skin entrance dose at �1 Gy. When embolization was deemed

sufficient, the microcatheter was pulled, and control angiography was

performed. All subsequent staged treatments after the first began with

angiographic assessment of the interval stability of the previously em-

bolized target. If a small amount of asymptomatic residual AVM was

seen in a location particularly vulnerable to loss of normal soft tissue

(ear, tip of the nose), further treatment was deferred. Following staged

embolization, 7 patients underwent surgical resection.

For reduction of flow in direct AVFs, coils were used, followed

by Onyx embolization. In cases with intended coil deployment, an

Echelon microcatheter (ev3) was used instead of a Marathon or

UltraFlow microcatheter. In immediate preoperative embolizations,

PVA particles were used with or without Onyx.

For superficial lesions, in which access to the nidus could not be

obtained by transarterial means, Onyx was injected percutaneously.

In these cases, transarterial angiography was obtained, as described

above. A compartment of the AVM was then cannulated under fluo-

roscopic guidance by using a 20-ga intravenous catheter/needle sys-

tem (Angiocath; Becton Dickinson, Sandy, Utah), which was secured

with Steri-Strips (3M Nexcare, St. Paul, Minnesota) and attached to

continuous flush via a rotating hemostatic valve and extension tub-

ing. Intralesional positioning of the angiocatheter was typically ap-

parent due to vigorous arterial flashback but was documented by

means of injection of a small amount (1–2 ml) of dilute contrast

material, saved as a roadmap image. A Marathon microcatheter over

an X-pedion microwire (ev3) was then advanced through the angio-

catheter into the lesion and navigated to an optimal target location,

flushed with DMSO, and then used to embolize the AVM with Onyx.

The presence of the microcatheter allowed both optimal targeting of

the injection site and the operator to stand at some distance from the

fluoroscopy tube during potentially prolonged injections. Further de-

scription of the embolization technique, with illustrative examples, is

described elsewhere.11

After embolization, the patient was allowed to wake up, extu-

bated, and monitored for local pain, swelling, or any deficits over-

night. All patients had clinical follow-up by phone within 2 weeks

of the embolization and were seen in clinic for a 4-week follow-up

visit. If no further embolization was planned, they were seen for

follow-up again at 6 months after the last procedure.

Results
Among the 22 patients, there were 9 females (mean age,
21.2 years; median, 15 years; range, 6 – 43 years) and 13 males
(mean age, 28.0 years; median, 26 years; range, 11– 65 years),
as shown in the On-line Table. Eighteen patients had AVMs:
maxillofacial (n � 8), mandibular (n � 5), nasal (n � 3), and
scalp (n � 2).

A subset of 5 patients presented with extensive cervico-
facial AVMs (cases 8, 10, 11, 12, and 16 in the On-line Table: 3
males and 2 females with a mean age of 21.8 years and a me-
dian age of 22 years). All 5 patients had undergone previous
embolizations at another institution; 3 also had partial resec-
tions. Onyx was used as the endovascular embolization agent
in all sessions, with the exception of 1 patient who was treated
during her first stage at our institution, before we had ever
delivered Onyx percutaneously, with transarterial and percu-
taneous n-BCA on an emergency basis for massive scalp hem-
orrhage (case 8); Onyx was used alone in the subsequent 4
staged embolizations. In another patient with an extensive
right facial AVM (case 16), Onyx alone was used for the first 6
staged embolizations, while PVA particles were used in the last
session for preoperative embolization. In all 5 patients, elimi-
nation of episodic bleeding and pain was achieved after a me-
dian of 6 staged Onyx embolizations (range, 3–9).

Three patients had posttraumatic AVFs (cases 6, 18, and 19
in the On-line Table), and 1 patient had a facial artery lacera-
tion (case 17). Complete embolization, with no angiographic
residual and total elimination of symptoms, was achieved in
those 4 patients in a single stage of embolization, by using
Onyx alone in 2 and Onyx after deployment of detachable coils
in 1 patient with an AVF of the right STA. One patient (case 2)
with a small premaxillary and upper lip AVM was likewise
treated in 1 session alone, with no angiographic residual.

Embolization was nearly complete in 8 patients with AVMs
(cases 5, 8, 9, 10, 11, 12, 16, and 21) with significantly reduced
arteriovenous shunting on control angiography. The median
number of embolizations required to achieve near-complete
embolization was 6, ranging from 3 to 9. Five of these patients
(cases 5, 8, 11, 12, and 16) underwent surgical resection with
reported minor intraoperative blood loss and no need for
transfusions. The surgeons also noted satisfaction with the in-
traoperative visualization and handling properties of Onyx, as
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well as with the increased visual contrast lent to the AVM by
the black color of the Onyx.

Embolization was clinically well-tolerated by all patients,
without evidence of systemic toxicity. Transient local swelling,
tenderness, or numbness following Onyx embolization of
facial AVMs were encountered following 7 procedures in 5 pa-
tients (cases 5, 9, 11, 16, and 21). Corticosteroid was adminis-

tered for several days to 1 patient for pain and swelling and was
tapered after resolution of symptoms.

Recurrent massive epistaxis occurred in 1 patient with a
very extensive nasal, maxillary, and orbital AVM (case 11,
Fig 1) immediately after embolization, prompting rapid rein-
tubation and re-embolization. Recurrent mild epistaxis after
staged embolization was encountered in 4 patients (cases 9, 11,

Fig 1. A 22-year-old man (case 11) with a giant left craniofacial AVM, which was initially diagnosed at 3 weeks of age with gum line overgrowth and recurrent epistaxis. The symptoms
were controlled with embolizations and partial maxillectomy. The lesion and accompanying epistaxis progressed more aggressively in his late teens. Embolization was performed in 9 stages,
via the right ascending pharyngeal artery, the left ophthalmic artery, and the right internal maxillary artery, with markedly decreased nidus and no further epistaxis. Lateral views in early
arterial (A ) and late arterial (C ) phases as well as unsubtracted frontal (B ) and lateral (D ) views of the Onyx cast and a lateral view of the postembolization appearance in the midarterial
phase (E ) are shown.
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15, and 21) and spotting from the gums, in 1 patient (case 5),
albeit with markedly reduced frequency and volume and a
marked decrement in severity of pain.

There were no cases of stretched, sheared, or retained cath-
eters or fragments. There were no vessel dissections or rup-
tures. There were no cases of skin discoloration discernible on
clinical examination and none reported by a patient or family
member.

During treatment of 1 patient with an extensive left nasal/
cheek/periorbital AVM and recurrent episodes of epistaxis,
there was stretching of a coil that had been deployed at the site
of a fistulous component of the lesion, in preparation for in-
jection of Onyx (case 21). The coil fractured in the main
feeder, the infraorbital branch of the left internal maxillary
artery, and made further embolization via this route, includ-
ing injection of Onyx, impossible. The patient was subse-
quently embolized via other left internal maxillary branches,
via branches of the right internal maxillary artery, and via per-
cutaneous cannulation of the AVM.

Discussion
Extensive craniofacial AVMs are especially difficult to man-
age because of disfigurement, functional impairment, and risk
of life-threatening hemorrhage.12-15 It is often impossible to
achieve a satisfactory therapeutic result in a single treatment
session. Management is often complicated by prior failed
treatment attempts, most frequently termination of attempted
resection in the past because of uncontrollable intraoperative
hemorrhage.16 Because of the rarity of the craniofacial AVMs
and the relative lack of understanding of their pathogenesis,15

no standard treatment has been established. As a result, vari-
ous interventional options and treatment algorithms have
been proposed.13 Although there have been reports of embo-
lization therapy alone achieving successful results in selected
cases with smaller craniofacial AVMs, the outcome is usually
palliation rather than “cure” for large lesions.17,18 Some authors
have proposed a management algorithm for large cranio-
facial AVMs, chiefly involving preoperative embolization with
n-BCA and PVA several days before resection,18 resulting in
control of large craniofacial AVMs with acceptable esthetic
results.

Arat et al8 reported the largest series to date by using Onyx
as a primary or preoperative embolization agent. There were
9 patients in their series: 3 with craniofacial AVMs and 6 with
AVFs. They were successful in treating all AVFs by using Onyx
as the primary embolization agent; however, the outcome was
less favorable for the 3 patients with AVMs.

One reported major difficulty encountered was reflux of
Onyx over the microcatheter,8 also reported as a significant
technical problem for embolization of intracranial AVMs.
Onyx reflux results in difficult retrieval of the microcatheter,
potentially resulting in vessel dissection or rupture, or shear-
ing of the distal microcatheter segment. In our experience, the
difficulty with proximal reflux of Onyx could be ameliorated
by using the plug and push injection method. The Onyx plug
formed in the initial injection not only acted as a physical
barrier to prevent any significant proximal reflux during the
subsequent injections but also promoted distal nidal penetra-
tion by increased proximal resistance in the feeding artery.

We achieved complete embolization in only 4 patients,

with AVFs (n � 2), facial artery laceration (n � 1), and a
maxillary AVM (n � 1), with a single stage of Onyx emboliza-
tion because of a well-defined fistulous point or nidus isolated
to 1 single compartment of the head and neck.

In contrast, because of their complexity, craniofacial AVMs
require multiple staged embolizations to reduce the risk of
excessive exposure to radiation, intravenous contrast, and
Onyx, in 1 single session, with the number of stages required
depending on the age of the patient and the size and complex-
ity of the lesion. We targeted the most symptomatic region
initially and, in almost all instances, waited at least 4 weeks
between each session to allow the DMSO to clear. We typically
limit the contrast dose to 4 mL/kg body weight in elective cases
(�7 ml/kg for urgent cases), radiation exposure is limited to
1 Gy per session for elective cases, and maximum Onyx dosage
is, as recommended by the manufacturer, �1 mL per 10
pounds (4.54 kg) of body weight.

Proximal embolization of feeding arteries of any AVM is
contraindicated because it promotes recruitment of nearby
arteries to supply the lesion and limits any future endovascular
access to the nidus.19 It is important to carefully position the
microcatheter tip distally to avoid proximal arterial ligation in
multistaged embolizations.

Given its dark color, superficial Onyx embolization, and
especially subcutaneous extravasation, can cause blackish dis-
coloration of the skin.8 We did not encounter cutaneous ne-
crosis or marked discoloration in any patient. When Onyx is
used preoperatively to reduce blood loss, the surgeon should
be aware that sparks may result if the material comes in con-
tact with monopolar electrocautery. We have not found this to
be problematic, and our surgical colleagues continue to use
electrocautery during resection in Onyx cases.

The results of using Onyx for embolization of craniofacial
AVMs in a multistaged fashion are promising. Immediate
postembolization angiography showed successful reduction
in the nidal size. Subsequent angiography demonstrated that
areas embolized in the previous stage remained occluded,
without recanalization or re-expansion of the lesion.

While some authors have suggested the best therapeutic
result is achieved for treatment of a craniofacial AVM by com-
bined preoperative embolization with surgery, a “total cure”
for an extensive craniofacial AVM may not be achievable be-
cause of the extensive area covered and viable structures in-
volved.14 Instead, in patients in whom a complete cure is not
possible, the therapeutic goal should be tailored to the pa-
tient’s expectations, which may emphasize the best cosmetic
results achievable and effective long-term symptomatic con-
trol. Multistaged embolization can also serve as presurgical
devascularization, whether or not the ultimate goal of resec-
tion was a total cure.

Gomes17 described alternate approaches to malformations
in which transarterial access is limited due to prior surgical
ligation or embolization or in fast-flow lesions with a large
venous component.17,20 We used percutaneous cannulation
and embolization with Onyx in 4 procedures, with excellent
results in all 4 cases, and no evidence of skin discoloration.

We did not encounter nontarget embolization or pulmo-
nary complications following Onyx embolization. In fast-flow
shunts, we used coils to form the initial meshwork through
which the column of Onyx advanced, thereby lowering the
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risk of inadvertent venous migration (cases 6, 12, and 20).
Local reactions to Onyx, in the form of swelling, local tender-
ness, or numbness, followed 7 procedures, requiring cortico-
steroid therapy in 1 patient; all completely resolved within
days. As mentioned previously, stretching of a coil occurred in
1 patient; Niemann et al21 reported coil stretching in 0.7% of
coil embolizations.

The recurrence rate of AVM symptoms and signs after
Onyx embolization is unknown. A recent report by Liu et al22

documents near-universal (98%) recurrence in patients with
extracranial AVMs after embolization with agents other than
Onyx (with an 81% recurrence rate after resection). Whether
Onyx embolization will result in a lower recurrence rate
remains to be determined with intermediate and long-term
follow-up studies.

In summary, our experience by using Onyx for extracranial
vascular anomalies shows promising results, particularly for
extensive complex craniofacial AVMs. Staged embolizations
with Onyx were safe and clinically effective. The permanence
of the results in this cohort remains to be determined.

Conclusions
With knowledge of the angioarchitectural characteristics of
extracranial vascular anomalies that are suitable for the treat-
ment with Onyx, symptom control and few complications are
possible with a multistaged approach.
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