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Abstract: Objective: Routine embolization is not completely effective for patients with complicated traumatic carotid 
cavernous fistula. The aim of this study is to evaluate the clinical outcomes and factors affecting the complica-
tions in balloon-assisted Onyx 18 embolization implemented through transarterial and transvenous approaches. 
Methods: 38 patients who were not suitable for detachable balloon embolization or underwent the embolization 
but were not cured or relapsed were selected for the study. They were treated by injecting Onyx 18 through two 
micro-catheters inserted cavernous sinus through transarterial and transvenous approaches. Results: Angiograms 
taken immediately after the embolization showed that the arteriovenous fistulas disappeared completely in all the 
patients. Internal carotid artery occlusion was observed in one patient due to Onyx diffusion into the carotid artery. 
In another patient, small amount of Onyx was washed to the M4 segment of middle cerebral artery by the blood. 
In other two patients, the glue floated on the arterial wall of internal carotid. After surgery, five (23.7%) patients 
showed new symptoms of oculomotor nerve damage. During the follow-up period, 77.3% of the patents had normal 
oculomotor nerve function, and the recovery speed was found not related to the injection dose or oculomotor nerve 
injury prior to the operation. Conclusion: Simultaneous transarterial and transvenous approach is effective and safe 
for TCCF patients who are not suitable for detachable balloon embolization or are difficult to treat with the emboliza-
tion. During the surgical procedure, micro-catheters should be precisely positioned with minimal injection of Onyx 
18 to reduce complications. 

Keywords: Traumatic carotid cavernous fistula, simultaneous transarterial and transvenous approaches, emboli-
zation, oculomotor nerve

Introduction

Carotid cavernous fistula is an abnormal arte-
riovenous communication formed between 
carotid artery or its branches and cavernous 
sinus due to external factors or spontaneously, 
leading to steal and high venous pressure, and 
a series of clinical symptoms [1-3]. The cause 
of fistula is etiologically spontaneous and most-
ly traumatic (75%). The preferred treatment for 
traumatic carotid cavernous fistula (TCCF) is to 
embolize the fistula with detachable balloon 
[4]. However, most TCCF patients are associat-
ed with skull base fracture, the detachable bal-

loon embolization at their acute stage may 
cause fracture displacement or balloon rupture 
due to being punctured by fracture fragments. 
Therefore, the therapy has high risk of intraop-
erative bleeding and post-operative recurrence. 
If the tear on the internal carotid artery is too 
small, or is located in the lower segment of cav-
ernous sinus, the balloon might not be able to 
enter the fistula point to complete the emboliza-
tion. Transvenous embolization has been the 
preferred method for CCF using Onyx [5]. Often, 
one operation can complete the embolization 
with less long-term complications. However, 
when used for TCCF. It often causes cavernous 

http://www.ijcem.com


Onyx 18 embolization of traumatic carotid-cavernous fistula

19400 Int J Clin Exp Med 2016;9(10):19399-19407

sinus syndromes, due to high volume of the 
steal blood in TCCF with remarkable expansion 
of cavernous sinus and consequently high dose 
of Onyx. During injection, Onyx is easy to flow 
back to the internal carotid artery leading to its 
occlusion. Sometimes the Onyx is difficult to 
diffuse into all venous pathways, resulting in 

weeks), 7 who were recurrent after treatment 
with detachable balloon embolization, 9 whose 
detachable balloons were not able to enter the 
fistula point, and 5 who were treated with the 
embolization because there was obvious drain-
age to the fistula as revealed by cerebral angi-
ography. Among the patients, 29 were male 

Figure 1. Traumatic carotid cavernous fistula with delayed intracranial hem-
orrhage showing extensive reverse drainage in cortical veins. A. Arterial 
phase image of bilateral cavernous sinus; B. Image of eye vein and inferior 
petrosal sinus with slight enhancement of intracranial artery.

declined curative rate. On the 
hand, when Onyx is injected 
transarterially to the cavern-
ous sinus using micro-cathe-
ters, the carotid artery is 
blocked by the balloon to pre-
vent the glue from flowing 
back to the artery with small 
amount of the glue. However, 
since the catheter tip was 
inserted shallowly into fistula, 
the glue may flow back into 
internal carotid artery when 
injected too fast or too hard, 
causing the artery to occlude. 
This method is also consider-
ably risky when retrieving  
the micro-catheters. There- 
fore, neither transvenous nor 
transarterial embolization is 
ideal. To address this issue, 
our hospital has been investi-
gating simultaneous transve-
nous and transarterial app- 
roach to treat complicated 
TCCF patients since January, 
2010. The outcomes are rela-
tively satisfactory. This paper 
is to present clinical manifes-
tations, operational experien- 
ce, surgical efficacy and com-
plications observed, devel-
oped or obtained from these 
patients.

Methods

Patients

38 patients were admitted 
between January, 2010 and 
January to April, 2014, who 
were not suitable for detach-
able balloon embolization or 
difficult to treat with the 
embolization, including 17 in 
post-trauma acute phase (< 2 
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and 9 were female with a mean age of 37 years 
(17-65 years). All patients had a history of cra-
niofacial trauma with a median injury time of 17 
days (3 days-4 years). 33 patients had known 
history of forehead trauma, 19 patients were 
found to loss vision on the injured side immedi-
ately after injury. CT showed that 30 patients 
had clear fractures at the bottoms of anterior 
and middle cranial fossae, 3 had delayed sub-
cortical hemorrhage (1 in temporal lobe, 2 in 
the basal ganglia). 27 cases had unilateral pro-
ptosis and 11 had bilateral proptosis. 15 cases 
had conjunctival edema and pterygium. 17 
patients had oculomotor dysfunctions or eye-
ball fixation on affected side. Intracranial mur-
mur was heard in 36 cases. 3 patients had dis-
order of consciousness, and 2 were hemiple-
gic. Informed consents were signed by the 
attending surgeons and the patients. The treat-
ment protocol was approved by the Ethic 
Committee of Qilu Hospital. 

Imaging examination 

CT examinations were performed for all patients 
and showed that all patents had widen cavern-
ous sinus; 36 of them had the dilation on eye 

veins. Cerebral angiography was performed on 
all patients to confirm the diagnosis. One 
patient was found to have bilateral carotid cav-
ernous fistula. His cavernous sinus was insert-
ed micro-catheter through the left internal jugu-
lar vein. 27 patients were drained from bilateral 
cavernous sinus, 10 from unilateral cavernous 
sinus, and one drained to the other side through 
intercavernous sinus. Subpetrosal angiography 
was conducted in 32 patients, among them, 9 
had obvious drainage in the cortical veins 
(Figure 1). 

Surgical procedure

The right femoral artery was punctured with 8F 
sheath to insert 8F guiding catheter into the 
affected internal carotid artery and left femoral 
vein was punched with 6F sheath to insert 6F 
guiding catheter into the internal carotid vein, 
respectively. Cerebral angiography was carried 
out with 5F universal catheter to locate TCCF 
and venous drainage. For the 38 patients, after 
general anesthesia, 9 patients were attempted 
to embolize with detachable balloons (Balt 
Company, France). Among them, five patients 
were given 1-3 detachable balloons. However, 
the balloons were unable to enter the fistula 
point, these patients were treated with the 
simultaneous arteriovenous approach as 
described below. The 8F or 6F guiding cathe-
ters (Envoy, DePuy) were inserted into the inter-
nal carotid artery, and the hyperglide balloon (4 
mm*20 mm) was placed into the cavernous 
segment of the fistula via the catheter. The 
micro catheter Echalon 10 was bent to right-
angle to fit for PT2 micro-guiding wire to 
advance the head tip of the microcatheter to 
the medial part and the posterior part of the 
cavernous sinus through the arterial guiding 
catheter. The 6F champeron guiding catheter 
was advanced through the femoral vein sheath 
to internal jugular vein on the affected side,  
and then the inner wire of the guiding catheter 
was inserted into inferior petrosal sinus or fixed 
in the opening of inferior petrosal sinus over  
an ultra-election super-slip guide wire. With the 
inner microwire remained not retrieved, the tip 
of a 45 degree-shaped microcatheter Echalon 
10 was inverted over PT2 micro-guiding wire  
to the cavernous sinus through inferior petro-
sal sinus and then placed the micro-guiding  
catheter tip near the anterior part of the cav-

Figure 2. Borrow A-type TCCF resulted from a trau-
matic tear of internal carotid artery and direct com-
munication with cavernous sinus. Blue lines show 
two micro-catheters entering the cavernous sinus via 
femoral vein and femoral artery, respectively. One of 
them is inserted to the anterior cavernous sinus into 
the inferior petrosal sinus and used to transport and 
deposit the micro-coils. The other enters the poste-
rior part of the cavernous sinus via the incision on 
internal carotid artery and is used to transport and 
deposit the micro-coils. While line shows the tempo-
rarily inflated balloon to block the fistula point. Onyx 
18 is slowly injected through the two micro-catheters.
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ernous sinus, which is close to the eye vein 
(Figure 2). 

According to the expansion of cavernous sinus, 
2 to 4 detachable coils with a diameter of 8 to 

amount should not be more than 0.1 mL. This 
angiography and injection procedure might be 
repeated as needed. If the glue was seen not 
having reached the artery, more was injected. 
For complete and final embolization of the fis-

Figure 3. Angiographs showing internal carotid vein and artery during op-
eration. A. Two micro catheters are inserted into the cavernous sinus over a 
ultra-election super-slip guide wire, one reaching near the anterior part of the 
cavernous sinus from the inferior petrosal sinus for micro-coli transportation 
and placement, the other to the posterior part of the cavernous sinus via the 
incision of the vein to fill with the coils. B. The balloon is temporally inflated to 
block the fistula. Onyx 18 is slowly injected through the two micro-catheters.

14 mm were filled in through 
the arterial and venous mic- 
ro-catheters (Figure 3). After 
the placement of coils, the tip 
of micro-catheter was retra- 
ced a little bit to approach  
the internal carotid artery 
incision. If micro-catheter tip 
was too close to the tear, the 
tip needed to advance a little 
deep over the micro-guiding 
wire. After washed with nor-
mal saline and DMSO, Onyx 
18 was first injected slowly 
through the venous micro-
catheter to block the cavern-
ous sinus drainage through 
the eye vein, and then the 
glue was injected slowing 
through the arterial micro-
catheter to block the cavern-
ous sinus drainages to the 
pterygoid plexus, inferior pe- 
trosal sinus, superior petrosal 
sinus and inferior petrosal 
sinus. At this point, Onyx 
might diffuse to the internal 
carotid artery. The balloon 
was then inflated for five min-
utes to block the artery. When 
angiography showed that the 
internal carotid artery was 
completely blocked, more 
glue was injected slowly 
through arterial micro-cathe-
ters to allow it diffuse slowly 
to the balloon position. The 
balloon was deflated and 
checked for TCCF block by 
angiography. In general, there 
might be some arteriovenous 
steals, but the flow would 
have been significantly re- 
duced. The intracranial seg-
ment of internal carotid arte- 
ry could be imaged for confir-
mation. The balloon could be 
re-inflated to inject slowly the 
glue from venous microcath-
eter. For each injection, the 
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tula, the glue needs to be injected from vein. 
This was mainly to prevent the gel from flowing 
back to the internal carotid artery even under 
protection of the balloon. In general, 0.5-2.4 
mL glue may be injected via the artery and 0.8-
3.5 mL from the vein. The total amount of Onyx 
was 1.5 to 5.7 mL with a median of 3.1 mL. The 
post-operative complications were examined 
by ophthalmologists. The patients were fol-
lowed up with monthly visit for 6 months to 4 

patients (29.4%) who had no eye movement 
disorders before operation had the disorder. 
Analysis showed that this is related to the 
amount of Onyx injected (Table 1). In 19 pat-
ents who did not loss version, 16 (84.2%) had 
improved vison.

Follow-up results

Among 22 patients who experienced eye mo- 
vement dysfunction after embolization, 17 

Figure 4. The internal carotid vein and artery after retrieve of micro-catheters 
and balloons after the surgery. A. Anteroposterior and B. Lateral views show-
ing that TCCF is completely embolized and blood is flowing well in the internal 
carotid vein and artery.

years, and examined with di- 
gital subtraction angiography 
after 6 months. The analyses 
were based on 2-sided tests 
with values of P < 0.5 con- 
sidered significant with the 
Fisher’s exact test when 
appropriate. 

Results

Imaging results

Immediately after the surgery, 
angiography showed that the 
arteriovenous fistulas of all 
patients disappeared com-
pletely (Figure 4). One patient 
(2.6%) had Onyx diffused to 
the internal carotid artery, 
resulting in occlusion of the 
artery. However, the commu-
nication compensation of the 
anterior and posterior parts 
was excellent and no symp-
toms were seen. In another 
patient, small amount of On- 
yx was washed to the M4  
segment of middle cerebral 
artery by the blood, which was 
given postoperative anticoag-
ulation and had no symptoms. 
In other two patients (5.2%), 
the glue floated on the arte- 
rial wall of internal carotid. 
They were implanted with 
stents to push the glue back 
the arterial wall. 

Clinical outcomes

After operation, intracranial 
murmur disappeared and con-
junctival edema and proptosis 
were reduced in all patients. 5 
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Table 2. Relationship between recovery time of 
oculomotor nerve symptom and amount of Onyx 
injected for TCCF Embolization

Recovery time Cases
Amount of Onyx 

injected Fisher’s 
exact test

< 3.1 mL ≥ 3.1 mL
< 37 days 12 4 8
≥ 37 days 5 1 4
Do not restore 5 2 3
Total 22 7 15 P > 0.05

(77.3%) were recovered for the movement func-
tion within 5 to 75 days, with the median time 
of 37 days. The recovery speed was found not 
associated with the amount of Onyx injected 
(Table 2, P > 0.05), nor with existence of the 
disorders before the surgery (Table 3, P > 0.05). 
5 patients were followed up for more than 6 
months, and their eye movement function were 
still not restored. The five patients had eye 
movement disorders before operation. Another 
5 patients whose eye movement disorders 
were caused by the embolization therapy 
restored the function within the follow-up 
periods. 

Three patients with cerebral hemorrhage were 
given symptomatic treatments and their hema-
toma disappeared. Among them, two patients 
had reduced limb muscle strength before the 

surgery and the strength was basically restored 
after operation. No pseudoaneurysm formation 
was observed in the treated patients.

All the data were grouped by median. Difference 
between the groups were compared using the 
Fisher’s exact test with values of P < 0.5 con-
sidered significant.

Discussion

TCCF is a most common arteriovenous com- 
munication formed between carotid artery or 
its branches and cavernous sinus due to ex- 
ternal factors such as car accidents. It can rap-
idly occur with a few days or weeks after the 
trauma, and accounts for 75% of carotid cav-
ernous fistula [6, 7]. In 1985, Barrow classified 
TCCF into four types: Type A fistulas are direct, 
high-flow shunts between the internal carotid 
artery and the cavernous sinus, which usually 
occur after trauma or the rupture of a carotid 
cavernous aneurysm; Type B are dural shunts 
between meningeal branches of the internal 
carotid artery and the cavernous sinus; Type C 
are dural shunts between meningeal branches 
of the external carotid artery and the cavernous 
sinus; and Type D are dural shunts between 
meningeal branches of both the internal carot-
id artery and external carotid artery and the 
cavernous sinus [8]. This classification is very 
useful for treatment planning. In type A TCCF, 
the fracture is often a single, large rapture with 
most of the diameter being < 5 mm with aver-
age of 3 mm. It may form two fistulas proximal 
and distal to the fracture. For these patients, 
floating balloon embolization is a favorable 
option [9, 10]. However, for patient with a large 
rupture, floating balloon will block the internal 
carotid artery. In Onyx embolization via artery, 
even the artery is protected by the balloon, the 
glue is very easy to flow back to the internal 
carotid artery, resulting in occlusion of internal 
carotid artery [11, 12]. This type of patients are 
mostly simultaneous with serious fracture of 

Table 1. Relationship between oculomotor nerve injury and amount of Onyx injected for TCCF Emboli-
zation

Patient without oculomotor nerve symptoms before operation Cases
Amount of Onyx injected Fisher’s 

exact test< 3.1 mL ≥ 3.1 mL
No symptom after operation 16 14 2
With oculomotor nerve symptom after operation 5 1 4
Total 21 15 6 P = 0.01

Table 3. Relationship between preoperative 
oculomotor nerve injury and oculomotor recovery 
time after TCCF Embolization

Recovery time Cases

Preoperative 
oculomotor nerve 

injury
Fisher’s 

exact test
Yes No

< 37 days 12 10 2
≥ 37 days 5 2 3
Do not restore 5 5 0
Total 22 17 4 P > 0.05
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skull base. If balloon embolization is used in 
acute period of trauma, it can lead to the dis-
placement of skull base fracture, leading to a 
risk of acute hemorrhage [13]. Therefore, for 
patients who had early symptoms after trauma, 
or had difficulty to float the balloon into the fis-
tula point or may have internal carotid artery 
occlusion once the balloon is inflated, we have 
used the simultaneous arteriovenous approach 
[14, 15]. Type B patients often have several fis-
tulous openings with low flow, whose blood sup-
ply is from the middle meningeal artery of the 
external carotid artery branch or ascending 
pharyngeal artery. For them, arterial emboliza-
tion is often difficult and easy to relapse. 
However, they can be treated successfully by 
micro-coil embolization of cavernous sinus 
through intravenous approach [16].

Once diagnosed, TCCF should be treated with 
the goals to protect the eye version to prevent 
further deterioration, protect or restore the eye 
movement, to treat exophthalmos, to eliminate 
intracranial murmur, and to prevent cerebral 
hemorrhage or cerebral ischemia to ensure  
the blood supply in cerebral tissue [17, 18]. 
Removable coils and Onyx 18 are proven and 
effective methods for embolization of TCCF [19, 
20]. In this study, Hyperglide balloon was used 
as an auxiliary measure to temporally block the 
blood flow in internal carotid artery, and remov-
able coil was used to reduce the blood flow 
from the orificium fistulae, followed by injection 
of Onyx 18 to complete block the fistula. The 
balloon can facilitate diffusion of Onyx 18, pre-
vent intraoperative displacement of coils and 
occlusion of internal carotid artery by Onyx 
glue.

The cavernous sinus is a complete and trabe- 
cular venous channel. Because of the trabecu-
lae, cavernous sinus is separated into many 
cavities, and the interventional micro-catheter 
need to be placed into or near the responsible 
cavities to achieve the best effect [21]. The ori-
ficiums of superior petrosal sinus and inferior 
petrosal sinus, and basilar venous plexus are 
located in the posterior chamber of cavernous 
sinus and the ophthalmic veins enter from 
anterior chamber of cavernous sinus. This ana-
tomical relationship between the cavernous 
sinus and vein drain provides the anatomical 
basis for venous drain direction of CCF [22]. 
The choice of TCCF approach has been well 

agreed. Most researchers agree to approach 
direct fistula from artery and indirect fistula 
from vein. For direct fistula with especial nar-
row, tortuous and broken artery, venous 
approach is also considered to be effective 
[23]. For most patients anyone of the approach-
es can achieve satisfactory outcomes. In our 
study, we used a simultaneous arteriovenous 
approach, where micro-coils were delivered 
and Onyx was injected through two micro-cath-
eters, respectively. This way, at least one or 
even two micro-catheters are ensured to be in 
or near the “responsible cavity”. The intrave-
nous micro-catheter tip is placed in the anterior 
chamber to easily block the reflux of eye venous 
blood, and the arterial micro-catheter is placed 
in posterior chamber to effective to block the 
reflux to cortical venous pathway and reduce 
the risk of cortical venous hypertension and 
hemorrhage. At the same time, the fistula is 
completely embolized with Onyx injected from 
intravenous micro-catheter. This would most 
effectively prevent glue from flowing back into 
the internal carotid artery and thus prevent 
internal carotid artery from being blocked. The 
intimal purpose of this method is to avoid the 
setbacks from either arterial or venous 
approach to ensure effective treatment of TCCF 
with minimal amount of Onyx injection for less 
cavernous sinus symptoms. In this group of 
patients, only 1 patient (2.6%) had internal 
carotid artery occlusion, much lower than 
12.5% reported in the literature [24].

Because of the connective trabecular tissue in 
cavernous sinus, use of only micro-coil may be 
sometimes difficult to achieve a tight emboliza-
tion or multiple micro-coils may be needed, 
which may increase the risk of cranial nerve 
palsy [25]. Onyx 18 as liquid embolic agent has 
an advantage to compensate the drawbacks 
from the micro-coils. Different from solid, it is 
dispersible and can reaches the cavity space 
that is not reachable by the coil. On the other 
hand, micro-coil can change the hemodynam-
ics in cavernous sinus to prevent excessive dis-
persion of Onyx 18, and reduce the adverse 
consequences of distal embolization caused  
by Onyx 18 [6, 26]. In this group of patients, we 
find that new onset of oculomotor nerve symp-
toms is related to the amount of Onyx 18 inject-
ed, suggesting that by using the simultaneous 
approach, the amount of Onyx 18 injected can 
be reduced to minimize the complications.
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Conclusion

Our study has shown that the simultaneous 
transarterial and transvenous approach for 
TCCF treatment can not only increase the suc-
cess rate of one-time operation, but also re- 
duce the amount of embolic materials used, 
especially the amount of glue. Although there is 
a tendency to prove that the patients who use 
less amount of Onyx would have a quicker ocu-
lomotor nerve recovery, the number of cases in 
this group are not enough to show statistical 
difference, and more clinical validations are 
still needed.
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