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cavernous fistula following severe head trauma:  
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ABSTRACT

Direct carotid cavernous fistulas (dCCFs) 
represent different entitles from sponta-
neous cavernous sinus (CS) dural arte-
riovenous fistulas (CSAVFs). Traumatic 
dCCFs are direct arteriovenous communi-
cations between the internal carotid artery 
(ICA) and cavernous sinus, resulting from 
a traumatic tear of the horizontal or pos-
terior ascending intracavernous segment 
of the ICA by skull fracture fragments. 
They are account for 0.2–0.3% of crani-
ofacial trauma and a serious problem that 
results in neuro-ophthalmologic symp-
toms. Intracerebral hemorrhage followed 
by cortical venous reflux is a most serious 
complication. Although embolization of 
dCCFs with detachable balloons was pre-
viously accepted worldwide as the first-
line therapeutic option because it is tech-
nically simple, these devices are currently 
unavailable and other treatment options 
have included coil embolization of the fis-
tula to preserve the internal carotid artery. 
Therefore, sinus packing by coil emboliza-
tion is now a first-line therapy, but there is 
the disadvantage of neuro-ophthalmologic 
symptoms by nerve palsy occurred in CS. 
In this study, we treated two patients with 
dCCFs caused by severe head trauma who 
underwent dual vessel approach to en-
dovascular targeted coil embolization and 
successful resolution. We concluded that 
dual vessel approach to endovascular tar-
geted coil embolization is an effective and 
safety technique among patients with trau-
matic dCCFs.
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INTRODUCTION

Traumatic direct carotid-cavernous fistulas 
(dCCFs) have direct arteriovenous com-
munications between the internal carotid 
artery (ICA) and cavernous sinus (CS), 
resulting from a traumatic tear of the ICA 
by skull fracture fragments arising from 
craniofacial trauma. (1) Clinical signs and 
symptoms such as cortical venous reflux 
or refractory ocular symptoms, which are 
associated with poor outcomes, warrant 
emergency intervention. Technical ad-
vancements in endovascular equipment 
and embolization agents have contributed 
to the acceptance of endovascular treat-
ment of dCCFs as an effective and safe 
method. Although dense packing of the 
entire CS by coil embolization is currently 
regarded as a first-line therapy to close the 
fistula, tighter and more dense packing of 
smaller areas of the CS using targeted coil 
embolization is a reasonable treatment 
strategy. (2-4)

CASE PRESENTATIONS

Case 1. A 45-year-old man was admitted to 
our emergency department after a motor 
vehicle accident. His previous medical his-
tory was unremarkable. On examination, 
he had a Glasgow Coma Scale (GCS) score 
of eye E1, verbal V1, motor M4, and the di-

ameter of his pupils was 3 mm. Computed 
tomography (CT) revealed cranio-facial 
fractures, traumatic subarachnoid hemor-
rhage, and severe lung injuries. The patient 
underwent intracranial pressure (ICP) 
monitoring, the initial ICP was 21 cmH2O. 
His ICP was consistently maintained at be-
low 20 cmH2O in the intensive care unit. 
On day 14 after injury, the patient under-
went maxillomandibular fixation for facial 
fractures. On day 16, his physical exami-
nation revealed chemosis, conjunctival hy-
peremia, and exophthalmos of the left eye. 
Contrast-enhanced CT (CECT) images 
revealed enhancement of the left CS and 
left superior ophthalmic vein (SOV) (fig-
ure 1A,B). Diagnostic angiography dem-
onstrated drainage of the dCCF directly 
into the left CS, SOV, intercavernous sinus, 
and bilateral inferior petrosal sinus (IPS) 
(figure 1C,D). A fistula at the cavernous 
portion of the left ICA was detected using 
three-dimensional (3D) digital subtraction 
angiography (figure 1C). A balloon occlu-
sion test (BOT) was performed to confirm 
the tolerance of the patient to temporary 
interruption of blood flow; however, after 
15 minutes of the test, neurological exami-
nation was abnormal.
Endovascular treatment was performed 
under general anesthesia. The patient un-
derwent systemic heparinization, and acti-
vated clotting time (ACT) was maintained 
between 200 and 300 s. First, a trans-arteri-
al approach was adopted with a 7-Fr. guid-
ing catheter (Launcher, Medtronic, Tokyo, 
JP) placed into the left ICA via a right fem-
oral approach, followed by superselective 
catheterization into the CS from the ICA 
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through the fistula using a microcatheter 
(Headway, Termo, Tokyo, JP) (figure 2A). 
Subsequently, a trans-venous approach 
was adopted using a 6-Fr. guiding catheter 
(Launcher, Medtronic, Tokyo, JP) inserted 
into the internal jugular vein via a right 
femoral approach, followed by superselec-
tive catheterization of the left CS around 
the fistula through the left IPS using an-
other microcatheter (SL-10, Stryker, To-
kyo, JP) (figure 2B). Coil embolization was 
initiated via a trans-arterial microcatheter 
using 3D microcoils deployed in the left 
CS around the fistula (figure 2C). Continu-
ous packing into the initial coil proceeded 
smoothly in a distal-to-proximal approach 
until the microcatheter was deviated to the 
ICA (figure 2D). After trans-arterial em-
bolization, coil embolization was addition-
ally performed to fill the coil mass tighter 
using the trans-venous microcatheter in 
a distal-to-proximal approach until the 
fistula flow completely ceased. We dem-
onstrated this by performing angiography 
of the right ICA, showing that targeted coil 
embolization had been achieved (figure 
2E). Although a guidewire balloon cath-
eter was introduced into the ICA to deal 
with accidental bleeding and as a marker 
of fistulous location, we did not inflate it. 
The patient’s symptoms resolved rapidly in 
the following 5 days and he was discharged 
without further complications. He contin-
ues to remains free of symptoms 2 years 
after embolization.
Case 2. A 47-year-old man was transferred 
to our neurosurgery department from 
another hospital. He had suffered cranio-
facial fractures, traumatic subarachnoid 
hemorrhage, and a work-related brain in-
jury 5 months earlier. On examination, he 
had a GCS score of E2V1M4. His physical 
examination revealed chemosis, conjunc-
tival hyperemia, and exophthalmos of the 
right eye. CECT images revealed a marked 
enhancement of the CS and right SOV 
(figure 1D-F). Diagnostic angiography 
demonstrated dCCF draining directly into 
the right CS, SOV, intercavernous sinus, 
inferior ophthalmic vein, and superficial 
cerebral vein. (figure 4C,D). A fistula was 
detected at the clinoid portion of the right 
ICA (figure 3A). BOT was positive, result-
ing in an abnormal neurological examina-
tion.
Endovascular treatment was performed 
under general anesthesia. The patient 
underwent systemic heparinization with 
ACT of 200–300 s. First, a trans-venous 
approach, via direct puncture of the right 
SOV, was performed, followed by superse-
lective catheterization into the CS around 
the fistula using a microcatheter (Echelon, 

Figure 1.
Case 1. Contrast-enhanced CT imaging reveals an enhancement of the cavernous sinus 
(black *), and right superior ophthalmic vein (white arrow) (A), and the fistula (black 
arrow) as an indication of a carotid-cavernous fistula (B). Magnetic resonance imaging 
(MRI) revealed no revascularization after 2 years from the onset (C).
Case 2. Contrast-enhanced CT imaging reveals a proptosis and an enhancement of the 
cavernous sinus (black *), and right superior ophthalmic vein (white arrow) (D, E). 
Magnetic resonance imaging (MRI) revealed no revascularization after 1 year from the 
onset (F).

Figure 2.
Left carotid artery angiogram showing a left carotid-cavernous fistula with multiple 
routes of venous drainage (A). A fistula detected at the clinoid portion of the right 
internal carotid artery (white arrow head), and the superior ophthalmic vein (white *). 
A trans-arterial microcatheter into the CS through the fistula (B, C; black arrow) and a 
trans-venous microcathter into the cavernous sinus (CS) (C, D; white arrow) through a 
guiding catheter (*). Packing of partial compartment around the fistula of the CS using 
trans-arterial microcatheter (D). Left internal carotid artery (ICA) angiogram revealed 
that the fistula flow completely ceased with reduction of the number of coils used (E).
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Covidien, Tokyo, JP) (figure 3B). Sub-
sequently, a trans-arterial approach was 
performed, with a 6-Fr. guiding catheter 
(Launcher, Medtronic, Tokyo, JP) placed 
into the right ICA via a right femoral ap-
proach, followed by superselective cath-
eterization from the ICA into the CS 
through the fistula using a microcatheter 
(Headway, Termo, Tokyo, JP) (figure 3C). 
First, coil embolization was performed 
via trans-orbital microcatheter using 3D 
microcoils deployed in the left CS around 
the fistula. Continuous packing of the CS 
proceeded smoothly in a distal-to-proxi-
mal approach (figure 3D). After trans-ve-
nous embolization, coil embolization was 
densely packed using the trans-arterial 
microcatheter in a distal-to-proximal ap-
proach until the fistula flow ceased. This 
was demonstrated by angiography of the 
right ICA, showing that targeted coil em-
bolization had been achieved (figure 3E). 
The patient’s symptoms resolved rapidly 
in the following 4 days, and he was dis-
charged to the previous hospital without 
further complications. He remains free of 
symptoms 1 year after embolization.

DISCUSSION

To the best of our knowledge, this is the 
first report accompanied by radiological 
images of a dual vessel approach to en-
dovascular targeted coil embolization for a 
traumatic dCCF following severe multiple 
traumas.  Traumatic dCCF is different from 
spontaneous CS dural arteriovenous fistu-
las (CSAVFs), and it can result in signifi-
cant neuro–ophthalmologic morbidities, 
such as motor paralysis, unconsciousness, 
and blindness as the disease progresses, or 
mortality. (1,2) Spontaneous CSAVFs are 
often complicated, with a bilateral arterial 
or both internal and external carotid artery 
supply. The feeding artery is often so tiny 
that the trans-arterial approach remains a 
technical challenge. dCCFs have direct ar-
teriovenous communications between the 
ICA and the CS, resulting from a traumatic 
tear of the ICA by skull fracture fragments 
arising from craniofacial trauma. dCCFs 
account for 0.2%–0.3% of craniofacial 
trauma, (1) and intracerebral hemorrhage 
is the most serious complication. As a re-
sult of a traumatic tear of the horizontal 
or posterior ascending intracavernous 
segment of the ICA, CS and SOV dilation 
are signs indicative of arteriovenous shunt 

in dCCFs; additionally, CSAVFs generally 
present with a low flow compared with the 
high flow seen in dCCF.
Endovascular treatment of dCCFs is gen-
erally accepted as a safe and effective meth-
od owing to technological advancements 
in endovascular equipment and emboliza-
tion agents. (2-4) Although embolization 
of CS with technically simple, detachable 
balloons was previously accepted world-
wide as the best therapeutic option, these 
devices are presently unavailable; cur-
rently, other treatment options include 
coil embolization of the fistula to preserve 
the ICA. (5,6) Dense packing of the whole 
CS by coil embolization is now considered 
to be  first-line therapy, but cranial nerve 
palsy sometimes occurs  as a result. Analy-
sis of the long-term outcome of patients 
undergoing coil embolization of CSAVFs 
revealed that up to 44% of patients had 
persistent cranial nerve deficits with ocu-
lomotor disturbance and visual dysfunc-
tion. (7) These permanent symptoms were 
associated with the space-occupying effect 
of the coil density in CS, and a coil volume 
of >200 mm3 was reported to be a critical 
factor. (7,8) Furthermore, dense packing 
of large areas of the CS includes not only 
the element of high cost for the amount of 
coils used but also difficulties in determin-
ing the optimal volume of coils. Therefore, 
as an alternative to dense CS packing, tar-
geted coil embolization aimed at treating 
only the affected area is a reasonable strat-
egy to reduce the number of coils used; in 
addition, morbidity rates are decreased by 
decreasing coil volume. (4) For targeted 
coil embolization, a careful delineation 
of the precise fistulous point is essential. 
Although dCCF are difficult to diagnose, 
the patient’s clinical history and magnetic 
resonance imaging (MRI) results are very 
important tools for diagnosis. MRI is more 
sensitive than CT imaging in the detec-
tion of radiological signs in patients with 
traumatic brain injury. However, a recent 
report demonstrated that the detection of 
SOV dilation on CT occurs in 86%–100% 
of cases, which is similar to detection rates 
of MRI T2-weighted sequences (75%–
100%). (9) In the present study, we detect-
ed the fistulous point using CECT. There-
fore, when dCCFs are suspected in patients 
with head trauma, obtaining multiplanar 
reconstruction from CECT images is use-
ful to ascertain the complex arterial supply 
and optimize decisions for therapy. (10)
Methods of coil embolization using a dou-
ble microcatheter technique were first re-
ported by Baxter et al. for the treatment 
of cerebral aneurysm, particularly large or 
wide-necked aneurysms. (11,12) If there 

Figure 3.
Right carotid artery angiogram showing a right carotid-cavernous fistula with multi-
ple routes of venous drainage (A). A fistula detected at the clinoid portion of the right 
internal carotid artery (white arrow), and the superior ophthalmic vein (white *). Pho-
tograph showing direct puncture of the right superior ophthalmic vein (arrow) using 
an 18-gauge puncture needle (B). A trans-orbital microcathter into the cavernous sinus 
(CS) (C, D; black arrow), and a trans-arterial microcatheter into the CS through the 
fistula (c; white arrow). An uncal vein outflow occlusion (d; arrow head), and packing 
of partial compartment of the CS (D). Right ICA angiogram revealed that the fistula 
flow completely ceased with reduction of the number of coils used (E).
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is any evidence of coil instability within 
the aneurysm or significant impingement 
of coil loops on the parent artery was ob-
served in the initial attempts at emboliza-
tion, this technique enables intervention-
alists to advance a second microcatheter 
into the aneurysm, allowing two coils to 
be braced across the aneurysmal neck 
before the detachment of either coil. The 
main goal of endovascular treatment is to 
occlude the tear (fistula) between the ICA 
and CS and preserve the patency of the 
ICA. Coil embolization using a balloon-
assisted technique is generally accepted in 
dCCFs to prevent coil protrusion or mi-
gration into the ICA. However, it may be 
difficult to perform this technique in pa-
tients with no cerebral tolerance for circu-
lating arrests of the ipsilateral ICA. (13,14) 
In this study, both patients had positive 
BOT results; therefore, balloon-assisted 
coil embolization was unsuitable due to 
the high risk of complications. Therefore, 
we performed a double microcatheter/dual 

vessel technique for targeted coil emboli-
zation to preserve the patency of the ICA, 
and the results were successful without us-
ing a balloon.
Although covered stents, liquid embolic 
agents, and microvascular plugs may be 
an alternative treatment option for dC-
CFs without a space-occupying effect, the 
available stents are inflexible and have not 
been approved for this indication. (15)

CONCLUSION

Dual vessel approach to endovascular tar-
geted coil embolization appears to be safe, 
and targeted coil embolization technique 
is effective among patients with traumatic 
dCCF caused by severe head trauma an as 
an adjunct for sinus packing.
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