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Abstract

Herein, we describe a case of traumatic direct carotid cavernous fistula (DCCF) treated with tar-
get coil embolization using the combined transarterial and transvenous balloon-assisted tech-
nique. The patient was a 59-year-old woman who had been involved in a vehicular accident. She 
was admitted to the hospital due to chemosis and exophthalmos. Cerebral angiography revealed 
a shunt from the internal carotid artery (ICA) to the cavernous sinus (CS), which indicated DCCF. 
Thus, target coil embolization using the combined transarterial and transvenous balloon-assisted 
technique was performed. Angiography was performed 1 week after surgery to confirm the dis-
appearance of DCCF. No recurrence was observed during the 1-year follow-up after treatment. 
Thus, target coil embolization using the combined transarterial and transvenous balloon-assisted 
technique is safe and effective for the treatment of traumatic DCCF.
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Introduction

Endovascular therapy is the first-line treatment for 
direct carotid cavernous fistula (DCCF), and various 
endovascular therapies are used for the management 
of this condition. Transarterial balloon-assisted coil 
embolization has been used for the treatment of 
DCCF,1–6) but not transvenous balloon-assisted coil 
embolization. The transvenous balloon-assisted 
technique has only been utilized for the treatment 
of dural arteriovenous fistula (DAVF) using Onyx 
or N-butyl-2-cyanoacrylate (NBCA) for flow control 
and prevention of migration of embolic materials 
to the adjacent blood vessels.7–11) In all patients with 
such conditions in previous studies, balloon-assisted 
embolization in the transverse sinus7–9) or superior 

sagittal sinus (SSS)10,11) was performed, except in 
one case that underwent balloon-assisted emboli-
zation in the cavernous sinus (CS).

If the shunt point is identified, target embolization 
prevents cranial neuropathy caused by CS packing, 
and fewer coils are also required in these cases. 
Herein, we describe successful treatment of a patient 
with traumatic DCCF with target coil embolization 
using the combined transarterial and transvenous 
balloon-assisted technique. Moreover, the key points 
and efficacy of this technique were discussed.

Case Report

The patient was a 59-year-old woman who hit her 
head after falling while riding a bicycle. The patient 
visited a local physician due to tinnitus, exoph-
thalmos and bruit, and bulbar conjunctival hyperemia 
in her right eye that developed immediately, approx-
imately 3 months, and 4 months after the accident, 
respectively. Magnetic resonance imaging (MRI) 
revealed dilation of the superior ophthalmic vein 
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(SOV). Moreover, magnetic resonance angiography 
(MRA) revealed a venous system, including the 
right CS. The patient was then diagnosed with 
traumatic DCCF and was referred to our hospital 
for treatment. Upon admission, she was alert and 
consciousness and had normal pupillary reflex and 
eye movement. The patient had bruit, exophthalmos, 
and bulbar conjunctival hyperemia in the right eye. 
However, no problems in the eyesight and field of 
vision and eye pressure were observed on ophthal-
mological examination.

Cerebral angiography revealed a shunt from the 
internal carotid artery (ICA) to the CS. However, no 
shunt was observed from the external carotid artery 
and vertebra-basilar arterial system, which indicated 
a Barrow type A CCF. The venous drainage routes 
back flowed to the SOV, and there was minimal blood 
flow via the intercavernous sinus to the contralateral 

CS and intracranial venous reflux, such as reflux from 
the sphenoparietal sinus to the surficial sylvian vein, 
vein of Trolard, and SSS and from the uncal vein to 
the vein of Rosenthal. These findings indicated that 
the CCF could be treated. The shunt had an extremely 
high flow; thus, the shunt point could not be iden-
tified on angiography of the right ICA (Figs. 1A and 
1B). In relation to this, the right ICA was occluded 
with a balloon catheter, and angiography was performed 
retrogradely from the left ICA to identify the shunt 
point (Figs. 1C and 1D).

Endovascular therapy: We planned to conduct 
transarterial and transvenous coil embolization with 
the transarterial balloon-assisted technique to prevent 
coil mass migration to the ICA if the fistula is not 
large. To prevent ischemic complications, 100 mg 
of aspirin was administered 1 day before surgery. 
Under general anesthesia, a 7-Fr shuttle sheath 

Fig. 1  (A and B) Preoperative angiography revealed a high flow shunt from the ICA to the cavernous sinus and 
remarkable intracranial venous reflux. The shunt has an extremely high flow; thus, it could not be identified on 
angiography of the right ICA (A: A-P view, B: lateral view). (C and D) Preoperative angiography revealed that 
the right ICA was occluded with a balloon catheter, and angiography was performed retrogradely from the left 
ICA to identify the shunt point (C: A-P view, D: lateral view). (E and F) Intraoperative working angle on angi-
ography of the left internal carotid artery (E: 3D-digital subtraction angiography, F: left-front oblique view). IPS: 
inferior petrosal sinus, Lt ACA: right anterior cerebral artery, Lt ICA: left internal carotid artery, Rt ACA: right 
anterior cerebral artery, Rt ICA: right internal carotid artery (arrowhead). 
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(Cook Medical, Indianapolis, IN, USA) was inserted 
into the right femoral artery and was placed in the 
right ICA. A 6-Fr sheath was inserted into the left 
femoral vein and a 6-Fr Fubuki (Asahi Intecc Co., 
Ltd., Aichi, Japan) in the inferior petrosal sinus. A 
4-Fr short sheath was inserted into the right brachial 
artery and a 4-Fr diagnostic catheter in the left ICA 
for angiography. The working angle was determined 
via a three-dimensional (3D) image analysis (Figs. 
1E and 1F).

In total, 5000 units of heparin were administered 
intravenously. The transarterial placement of an 
SL-10 90° (Boston Scientific, Natick, MA, USA) to 
the shunt point with a 7-Fr shuttle sheath was 
performed using a Chikai Black 0.014 (Asahi Intecc 
Co., Ltd.). The transvenous placement of an SL-10 
45° to the CS component of the vicinity of the 
fistula with a 6-Fr Fubuki was performed using a 
Chikai Black 0.014. To prevent migration of the 
coils to the ICA, HyperGlide 4 mm/10 mm (Micro 
Therapeutics, Irvine, CA, USA) was placed in the 
ICA, and the Prowler select plus straight (Cordis 

Neurovascular, Miami Lakes, FL, USA) was set in 
the middle cerebral artery using Chikai Black 0.014 
for stent waits (Fig. 2A). The coil was inserted using 
the transarterial and transvenous microcatheter 
approaches with the transarterial balloon-assisted 
technique (Fig. 2B).

Because coils migrate easily to the frame outside, 
which is the dorsal component of the CS, and the 
tip of the SL-10 45° (transvenous microcatheter) 
was placed in the frame outside, HyperForm 4 mm/ 
7 mm (Micro Therapeutics) was used instead of the 
SL-10 45°, and the balloon was inflated in the CS 
to perform combined transarterial and transvenous 
balloon-assisted coil embolization (Figs. 2C, 2D, 
and 2E). In all, 15 coils with a total length of 113 cm 
were used. Because finishing coils migrate easily 
to the ICA, Enterprise VRD 4.5 mm/25 mm was 
placed over the fistula (Fig. 2F). Loading with 300 mg 
of clopidogrel was administered immediately after 
surgery. Therapy with 100 mg/day of aspirin and 
75 mg/day of clopidogrel was continuously provided. 
The shunt flow had decreased on the current 

Fig. 2  (A) Transarterial balloon placement in the right ICA (arrowheads) and transvenous placement of a micro-
catheter to the cavernous sinus component of the vicinity of the fistula via the inferior petrosal sinus (arrows). 
(B) Schema of transarterial and transvenous coil embolization with transarterial balloon assisted technique. (C) 
Coil embolization using the combined transarterial and transvenous balloon-assisted technique. (D and E) Schema 
of coil embolization using the combined transarterial and transvenous balloon-assisted technique. (F) Enterprise 
VRD 4.5 mm/25 mm was placed over the fistula to prevent migration of coils to the ICA. Arrow: proximal and 
distal marker of the stent. ICA: internal carotid artery. 
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angiography compared with the preoperative angi-
ography. However, the shunt was still observed in 
the site. Angiography performed after heparin was 
reversed with protamine revealed the presence of 
a mild shunt (Fig. 3). Treatment was completed 
with the anticipation of thrombus formation with 
the disappearance of the shunt.

During the postoperative course, tinnitus and bruit 
disappeared immediately after surgery. Postoperative 
computed tomography scan revealed no apparent 
hemorrhagic complications. MRI on the day after 
surgery revealed the absence of complications, 
including acute-phase cerebral infarction, and improve-
ment of SOV dilation. MRA revealed that the venous 
system disappeared. Moreover, exophthalmos and 
bulbar conjunctival hyperemia were not observed a 
few days after surgery. Angiography on the 7th day 
after surgery revealed that the shunt had completely 
disappeared (Fig. 4). The patient did not present 
with neurological deficits and was discharged on 
postoperative day 12. The administration of clopi-
dogrel as an antiplatelet drug was completed 6 months 
after surgery. Subsequently, only aspirin was contin-
uously administered. No recurrence was observed 1 
year after surgery. The patient provided informed 
consent for this case report.

Discussion

The first-line treatment for DCCF includes endovascular 
therapies, such as transarterial or transvenous emboli-
zation and embolization with stenting. The endovascular 

treatment for DCCF using a detachable balloon was 
first reported by Serbinenko et al. in 1974.12)

Meanwhile, Guglielmi et al.13) have first described 
the treatment of DCCF using transvenous coil embo-
lization in 1992. Since then, the outcomes of tran-
sarterial coil embolization have been excellent.2,4,14–16) 
As a small fistula does not require several coils, 
coil embolization may be useful. In contrast, a large 
fistula needs more coils, and the coils may migrate 
to the parent artery, and patients are then at risk 
of long-term cranial neuropathy due to mass effect. 
Therefore, the technique may not be effective for a 
large fistula.1) Another technique using Hydro coil 
has been proposed to reduce the number of coils.17)

Stent-assisted coil embolization has been performed 
to prevent migration of coils to the parent artery.3) 
Morón et al.3) have performed transarterial balloon 
and stent-assisted coil embolization in five patients 
with a DCCF and have achieved complete occlusion 
of the fistula in all cases. All patients underwent 
transvenous embolization using coils. However, two 
received NBCA intravenously during the last stage 
of treatment. In addition, the use of flow diverting 
stent for DCCF has been reported.18)

Gonzalez et al.1) have reported about five patients 
treated using transarterial balloon-assisted emboli-
zation, including two who were diagnosed with 
DCCF. Among them, one underwent Onyx emboli-
zation and one Onyx and coil embolization. Occlu-
sion of the fistula was achieved in both cases.

Some reports have shown the use of transarterial 
balloon-assisted coil embolization for the treatment 

Fig. 3  Angiography performed immediately after surgery revealed the presence of the residues of a mild shunt, 
and intracranial venous reflux was observed on angiography of the right internal carotid artery (A: A-P view, B: 
lateral view). 
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of DCCF. However, transvenous balloon-assisted coil 
embolization has not been described previously. 
The transvenous balloon-assisted technique for the 
treatment of a DAVF using NBCA or Onyx has been 
used for flow control and prevention of migration 
to the adjacent blood vessels.7–11) All patients under-
went balloon-assisted embolization in the transverse 
sinus7–9) or SSS.10,11) Only the patient in our case 
underwent balloon-assisted embolization in the CS.

The combined transarterial and transvenous 
balloon-assisted technique was used previously as 
an alternative for the plug of Onyx infusion for 
DAVF.4,10) However, the purpose was different. In 
the present case, we used transarterial balloon- 
assisted technique during coil embolization from 
arterial and both venous side for target embolization, 
because the fistula is not large in preoperative 
angiography. We performed coil embolization from 
the arterial and both venous sides, and a frame was 
established. However, finishing coils migrate easily 
to the frame outside. Therefore, we used the trans-
venous balloon-assisted technique and then the 
combined transarterial and transvenous balloon- 
assisted technique at the middle. The migration of 
the coil to the frame outside was minimized, and 
the coil mass was compacted. Thus, target emboli-
zation was considered effective.

The case that the construction of a frame with 
only coil embolization using double catheter tech-
nique with both transarterial and transvenous 
microcatheters possibly exists. If coil migration to 
the frame outside is not considerable, without 

balloon-assisted embolization is continued for that 
case. However, it is thought that the transvenous 
balloon-assisted technique is useful when coil 
migration to the frame outside is considerable. 
Short-segment coil embolization using double balloon 
technique in an experimental vascular model has 
been reported,19) and we performed double balloon 
technique with reference to it. Moreover, finishing 
coils migrate easily to the ICA; thus, transarterial 
balloon is slightly overinflated. However, the coil 
mass slightly moves when the balloon is deflated. 
Then, the stent is finally placed in the ICA.

The risks of using the balloon approach include 
bleeding due to injury in the venous sinus and 
cranial neuropathy particularly in the CS. In previous 
reports7–11) of transvenous balloon-assisted technique, 
high-compliance balloons, which are designed to 
assist with coil embolization of intracranial wide-
neck aneurysms, are preferred, but non-compliant 
balloons, such as Copernic (BaltExtrasion, Montmo-
rency, France), have been used as their safety has 
been reported.7) Caution must be taken when the 
balloon is inflated so as not to overinflate and 
rupture the sinus. To prevent this complication, an 
undersized balloon should be used, and caution is 
required to prevent overinflation. In our case, 
HyperGlide 4 mm/10 mm was used based on the 
size of the fistula, and the postoperative outcome 
was excellent without complications.

If the fistula is not large, target embolization 
decreases the risk of cranial neuropathy caused by 
CS packing and reduces costs by decreasing the 

Fig. 4  On the 7th day after surgery, the shunt had completely disappeared on angiography of the right internal 
carotid artery (A: A-P view, B: lateral view). 
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number of coils used, although the number and 
length of coils based on the sizes of the CS and 
fistula is difficult to compare. This technique can 
prevent CS packing using coil, and a normal venous 
flow can be maintained via the CS. This technique 
can prevent CS packing using a coil, and target 
embolization is then achieved and can reduce the 
number and length of the coils.

The case of transvenous coil embolization with 
transarterial balloon-assisted technique during target 
embolization for DCCF has been reported.20) However, 
coil embolization with double catheter technique 
from arterial and venous both sides during target 
embolization for DCCF has not been reported. In this 
case, the treatment in only double catheters was 
useful and safe; in fact, we performed the transvenous 
balloon-assisted technique for rescue because the 
filling coil migrates easily to the outside of the frame. 
Treatment in only double catheters may be possible 
using a frame made with different coil size.

Conclusion

In this case report, we described a successful treat-
ment of a DCCF using the combined transarterial and 
transvenous balloon-assisted techniques, which 
promoted an effective target embolization. This report 
first showed that the balloon-assisted technique can 
be used for the treatment of fistula in the CS. The 
procedure has a risk of injury to the CS. However, 
no complications were observed in our case. Fewer 
coils are required using this approach; thus, we 
believe that the technique is effective for target embo-
lization. Transvenous balloon-assisted technique in 
the CS was possible; however, safety was not estab-
lished. Studies including a higher number of cases 
and safety examination are necessary in the future.
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