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BACKGROUND AND PURPOSE: TCCFs are a common complication following craniofacial trauma and are
usually treated by coils or detachable balloons. The use of the liquid embolic agent Onyx as the sole
agent for the treatment of TCCFs has been rarely reported. Herein, we summarized the preliminary
experience and effectiveness of treating TCCFs with Onyx in 23 patients.

MATERIALS AND METHODS: From the 36 type A CCFs treated in our department between September
2005 and March 2011, a total of 23 posttraumatic direct CCFs were treated by using Onyx only via
transarterial approach.

RESULTS: Immediate postprocedural angiograms demonstrated complete occlusion in all patients. All
the patients underwent a single procedure except 1 with bilateral TCCFs. Up to 24-month clinical and
3-month angiographic follow-ups revealed an ongoing complete occlusion without any complications.

CONCLUSIONS: In this series, the use of Onyx for the transarterial embolization of TCCFs was feasible
and effective. Associated adverse events were rare.

ABBREVIATIONS: CCF � carotid cavernous fistula; CS � cavernous sinus; DAVF � dural arterio-
venous fistula; DMSO � dimethyl-sulfoxide; nBCA � N-butyl 2-cyanoacrylate; TCCF � traumatic
carotid cavernous fistula

TCCFs are direct arteriovenous communications between
the ICA and CS, resulting from a traumatic tear of the

cavernous segment of the ICA by skull fracture fragments fol-
lowing craniofacial trauma. TCCFs are always treated with
endovascular therapy because of the high flow rates of the
fistula site. Embolic agents, including detachable balloons,
coils, nBCA, and the nonadhesive liquid embolic agent ethyl-
ene-vinyl alcohol copolymer (Onyx; ev3 Neurovascular,
Irvine, California) are delivered via a transarterial or trans-
venous approach. Currently Onyx is usually used in combina-
tion with other solid embolic agents. The use of Onyx as the
sole embolic agent for TCCFs has been rarely reported.1,2 In
this article, we report our preliminary experience of the use of
Onyx for TCCFs in 23 patients.

Materials and Methods

Patient Population
We reviewed records of 156 patients treated in our department be-

tween September 2005 and March 2011 with 4 types of carotid cav-

ernous fistulas, according to the classification established by Barrow

et al.3 Among these patients, 36 had type A, of whom 23 (15 men and

8 women; age range, 23– 65 years; average age, 36.3 years) were both

posttraumatic and treated with Onyx. For the other 13 patients, 4

were treated with detachable balloons for economic reasons, 8 were

treated with Onyx and coils, and 1 had spontaneous CCF without

trauma.

The onset of first symptom was within 1– 4 months after trauma.

Three patients had undergone treatment with detachable balloon em-

bolization before admission, but recurrences developed or clinical

symptoms persisted due to detachable balloon deflation or residual

fistulas. The study was reviewed and approved by the institutional

review board at Changhai Hospital.

Clinical Presentations
All patients had pulsating tinnitus, proptosis, and significant con-

junctival chemosis. Seventeen had vision problems, such as blurred

vision, diplopia, and hypoposia; 2 also presented with blepharoptosis

and limitation of ocular movement. No cerebral hemorrhage was

identified in these patients. Posttraumatic CT scans of 14 patients

revealed skull fractures, and axial MR imaging of 17 patients demon-

strated dilated superior ophthalmic veins and orbital tissue edema.

Angiographic Features
Complete cerebral angiography of both internal and external carotid

arteries and bilateral vertebral arteries was performed in 23 patients.

To identify the main site of a fistula, we performed an injection from

the contralateral carotid or 1 vertebral artery, while manually com-

pressing the ipsilateral carotid artery. Twelve fistulas were located on

the right ICA and 10 on the left. Only 1 case had TCCFs in the bilateral

ICAs. ICA injection revealed that 17 fistula ostiums were located in

the C3 portion of the carotid siphon and 7, in the C4 portion of the

carotid siphon. Drainage veins included the superior (17/24) and in-

ferior (13/24) ophthalmic veins, superior (20/24) and inferior (19/24)

petrosal sinuses, cortex veins (14/24), and contralateral cavernous

sinuses (12/24). Three angiograms revealed venectasia, and ICA dis-

section was observed in 4 patients.

Endovascular Procedure
All the procedures were performed with the patients under general

anesthesia. A 6F Envoy guiding catheter (Cordis Endovascular,
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Miami Lakes, Florida) was introduced through the femoral artery into

the ICA where the fistula was located. Then a HyperGlide balloon (4

mm in diameter and 20 mm in length; ev3 Neurovascular) was placed

across the fistula ostium, and an Echelon-10 (ev3 Neurovascular)

microcatheter was superselectively navigated into the CS through the

fistula. The balloon was inflated under road-mapping, and it was

confirmed that the balloon totally covered the fistula by CS injection

through the Echelon-10 microcatheter and/or ICA injection through

the guiding catheter. Onyx-18 or Onyx-34 was injected under real-

time road-mapping. When the unwanted cast of Onyx was observed,

we stopped injection for 30 seconds to 2 minutes to solidify the Onyx

polymerization; the injection was then restarted.4 During the proce-

dure, the balloon was deflated and angiography was performed

through the guiding catheter to confirm total occlusion of the fistula.

All the interventional procedures were performed by extensively ex-

perienced interventional vascular neurosurgeons (J.L., Y.X., Q.H.,

B.H., W.Z.).

Results
In all 23 patients, transarterial embolization by using Onyx
was technically successful. There was only 1 case with bilateral
fistulas that were treated by a staged procedure to reduce the
risk of hyperperfusion, due to concern about the great change
of cerebral hemodynamics after total occlusion of the fistula.
As for the other 22 cases with fistulas in 1 ICA, immediate
postembolization angiograms confirmed complete occlusion
with good preservation of the ICA in single procedure, with a
success rate of 100%. A significant improvement was obtained
with resolution of pulsating tinnitus, eye symptoms, and neu-
rologic deficits within 2–7 days in all cases, and no new neu-
rologic signs were observed on discharge from the hospital.

The 3-month follow-up digital subtraction angiography in
9 patients and MR angiography in 8 patients confirmed stable
obliteration with good preservation of the ICA. None of the 23
patients experienced recurrent pulsating tinnitus and eye
symptoms during and up to a 24-month clinical follow-up. In
this series, the volume of Onyx was 3.6 – 4.7 mL (3.94 mL on
average). The total time of Onyx injection was 27–70 minutes.
No microcatheter retention or other complications occurred
during or after the procedure, such as embolic or hemorrhagic
complications, hypotension, and bradycardia because of trigemi-
nocardiac reflex.5 All the follow-ups were performed by 2 neurol-
ogists from the neurology department of our clinical center (B.D.,
Y.W) as a part of usual clinical care.

Discussion
Endovascular treatment for TCCFs aims at total occlusion of
the fistulous communications to decrease the pressure in the
CS and improve cerebral perfusion. However, controversy still
exists regarding the optimal treatment strategy for these le-
sions. Transarterial embolization with detachable balloons
used to be the standard treatment of TCCFs.6,7 The reported
cure rate with balloon embolization of direct CCFs is 88%–
99%,8-10 and the ICA preservation is 88%–98%.8,11 However,
technical problems of detachable balloons, such as early de-
tachment, deflation, and rupture of the balloon caused by
bone fragments, may result in some severe complications or
recurrence of the fistula.10 Among the 23 patients in our series,
3 had been treated by detachable balloon embolization before

admission to our hospital, with total occlusion in 2 patients
and partial occlusion in 1 patient. However, postprocedural
symptoms, including pulsating tinnitus, proptosis, and che-
mosis, recurred in 1–3 months. Angiographic follow-ups in all
these cases demonstrated deflation of the balloon and recur-
rence of the fistula. The FDA approved the first detachable
balloons, Silicone Mini Balloon (Becton-Dickinson, Ruther-
ford, New Jersey), for peripheral vessel occlusion in 1982, and
in 1990 the manufacturer withdrew this device for financial
reasons.12 Detachable balloons (DSB; Boston Scientific-Tar-
get, Fremont, California) for intracranial use were approved
by the FDA in 1991. Because of balloon valve leaks, these were
withdrawn from use in United States13; however, the balloon
remains in clinical use for the treatment of TCCFs in many
other countries, especially in China. Coils, especially hydro-
gel-coated coils, for the embolization of TCCFs were reported
to be safe, effective, and controllable and a stable method of
maintaining high carotid artery patency.14 However, the cost
of this therapy is so high that many patients cannot afford it,
especially in developing countries like China. Moreover, it is
difficult to identify herniation of coil loops in the ICA when
the fistula ostium is too large. To some extent, stent-assisted
coil embolization for TCCFs may solve this technical prob-
lem,15 but anticoagulant and antiplatelet therapy after stent
placement may decrease the complete occlusion rate of the
fistula. In recent years, the covered stent also became available
for patients with TCCFs whose fistulas cannot be successfully
occluded with detachable balloons or detachable coils.16-18 Its
main drawback for intracranial use is the limited longitudinal
flexibility, and more investigation is required to further de-
velop its specifications and indications.17

Onyx is a liquid mixture of ethylene-vinyl alcohol copoly-
mer and suspended tantalum powder for radiopacity in a
DMSO solvent. Mixed in varying proportions, the manufac-
turer can produce Onyx in different concentrations for differ-
ent vascular disorders. This nonadhesive embolic polymer
precipitates and solidifies in the vessel as DMSO diffuses away
in blood. The nonadhesive nature of Onyx permits a long and
controlled infusion. The direction of the Onyx casting in the
vessel changes as the injection speed slows down. Therefore,
Onyx can be cast in the sinus or vessels adequately. Onyx em-
bolizations become the preferred treatment for brain AVMs
and DAVFs, and its safety and efficacy have been fully
evaluated.19-22

TCCFs are different from spontaneous cavernous sinus
DAVFs. The latter are often complicated and with a bilateral
arterial or both internal and external carotid artery supply.
The feeding artery is often so tiny that the transarterial ap-
proach still remains a technical challenge. The former are the
direct communications between ICA and CS, where emboli-
zation via a transarterial approach is very convenient because
the microcatheter may be easily navigated to the CS through
the fistula with a guidewire. Although the use of Onyx is well-
controlled with long injection features, it has a potential risk of
occluding ICA-external carotid artery anastomoses.23 How-
ever, injection resistance in the CS is low and especially for
TCCFs, the fistula is directed to the CS. Accordingly, the risk of
misembolization of pre-existing collateral vessels is also rela-
tively lower than that in cavernous sinus DAVFs. Therefore,
the avoidance of Onyx reflux to the ICA from the CS through
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the fistula ostium is the key to avoiding severe embolic com-
plications. In our series, we used a nondetachable balloon
within the ICA to cover the fistula ostium before Onyx injec-
tion and confirmed total coverage with angiography of CS
injection through the microcatheter and/or ICA injection
through the guiding catheter.

Despite the protection of nondetachable balloons, there is
no denying that a tiny quantity of Onyx may spill over the
ostium and cast between the artery and the nondetachable
balloon at the end of the Onyx injection, but the quantity of
the excess Onyx is too tiny to be observed. What bothered us
was that the flaking of the Onyx might cause new infarctions.
We are delighted that no ischemic complications occurred,
and all the treated ICAs were well preserved among these 23
patients.

However, TCCFs usually follow a traumatic tear of the cav-
ernous segment of the ICA by skull fracture fragments, so the
location and the size of the fistula ostium are very difficult to
ascertain due to the high flow rates, especially in the case of
total arterial steal. Furthermore, the superselective navigation
of a nondetachable balloon to the distal ICA may be difficult
due to a large fistula because of high rates of blood flow of the
fistula. Under such circumstances, pre-embolization with a
detachable balloon could be performed first. The detachable
balloon in the CS decreases the blood flow rates of the fistula
and facilitates the navigation of the protective balloon, and at
the same time, pre-embolization with a detachable balloon
may reduce the volume of Onyx and the injection time. In
addition, the Onyx casting around the detachable balloon also
protects the balloon from rupture by bone fragments. In 1

case, as depicted in Fig 1, the patient underwent detachable
balloon embolization before being admitted to our depart-
ment, and angiograms demonstrated deflation of the balloons
and a total arterial steal. In the treatment procedure, it was
very difficult to navigate the guidewire of the nondetachable
balloon across the fistula site superselectively to the distal part
of the ICA. Therefore, we performed an unplanned pre-em-
bolization with a detachable balloon first to decrease the blood
rate of the fistula ostium. Afterward, we successfully posi-
tioned the protective nondetachable balloon within the ICA
and occluded the fistula completely with 3.6 mL of Onyx-34.
The 3-month digital subtraction angiography confirmed the
complete occlusion of the TCCFs.

Delayed cranial nerve palsy has been reported with the use
of coils24 and nBCA.25 We were concerned about the same
complication with the use of Onyx, especially that the solvent
DMSO might have neurotoxicity26 on cranial nerves in the CS.
Nevertheless, after an up-to 24-month follow-up, there was no
demonstrated aforementioned complication among these 23
patients. The reasons might be as follows: First, for a direct
CCF, we just needed to occlude the ostium of the fistula; there-
fore, there should be more Onyx around the ostium instead of
in the CS and less compression to the nerves in the CS. Second,
we did find delayed cranial nerve palsies with the use of Onyx
for the treatment of cavernous sinus DAVFs due to devascu-
larization of the vasa nervorum. The risk of misembolization
of pre-existing collateral vessels with the use of Onyx for the
treatment of TCCFs is relatively smaller than that in cavernous
sinus DAVFs as mentioned above.

The change of cerebral hemodynamics after complete oc-

Fig 1. A, The fistula ostium is definitely identified by the pressing test of the left ICA. B, Pre-embolization with a detachable balloon first. C, Onyx-34 is injected under the protection of
a nondetachable balloon within the ICA. D, The Onyx cast postembolization. E, Immediate angiogram reveals complete occlusion. F, The 3-month digital subtraction angiography confirms
complete occlusion of the TCCF.
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clusion of the fistula may result in hyperperfusion syndrome.
Thus for patients with bilateral fistulas and total arterial steal,
a staged procedure may be very important to reduce the risk of
hemorrhagic reperfusion, as in the case demonstrated in Fig 2.

There are some limitations to our study. Because of high
blood rates of fistulas, even in total arterial steal, the damaged
side of the cerebral hemisphere is in a state of relative hypo-
perfusion. Pre- and postoperative MR imaging should have
been performed to identify asymptomatic cerebral infarction
related to nondetachable balloons and flaking of solidified
Onyx around the ostium, even though there is no significant
relationship between balloon inflation practices and ischemic
events, as reported by Spiotta et al,27 and no new ischemic
events were observed in any of these 23 patients either. Be-
sides, long-term follow-up and larger case series are needed for
further evaluation of the safety and efficacy of Onyx for the
transarterial balloon-assisted embolization for TOCFs.

Conclusions
In this series, the use of Onyx for the transarterial balloon-
assisted embolization of TCCFs was feasible and effective. As-
sociated adverse events were rare.

Disclosures: The authors report no conflict of interest concerning the materials or methods
used in this study or the findings specified in this article.
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