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a b s t r a c t 

Direct anterior cerebral artery-cavernous sinus fistula is an extremely rare complication 

of head trauma. We describe a male patient (age 49 years) with a history of head trauma 

15 years ago who was hospitalised for a bulging red eye and tinnitus. Digital subtraction 

angiography showed a direct anterior cerebral artery (fork junction A1 - prior passage)- 

cavernous sinus fistula. The patient was treated with arterial endovascular intervention, 

complete sealing of the fistula orifice using coils. He was discharged 5 days later with no 

symptoms of a bulging red eye, ringing in the ears, or nerve paralysis. Re-examination after 

3 months of stable clinical features did not show recurrent fistula. In conclusion, anterior 

cerebral artery-cavernous sinus fistula is an extremely rare lesion, and arterial endovascular 

intervention using coils is a safe and effective method for treatment of such lesion. 

© 2020 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

Introduction 

Intracranial arteriovenous fistula is one of the vascular com-
plications of head trauma. The most common condition is
carotid cavernous fistula (CCF), which has been fully under-
stood and described in the literature [1] . Our paper describes
Abbreviation: CCF, carotid cavernous fistula; ACA, anterior cerebral a
tion angiography. 
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troduce radiologists and neurointerventinal radiologists to an
extremely rare clinical case of an arteriovenous fistula in the
cavernous sinus area, and discuss the results of endovascular
intervention using coils. 
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Fig. 1 – Multi-slice computed tomography image, suspected of left carotid artery – cavernous sinus fistula, unknown carotid 

artery tear, notice of fistula from left ACA into left cavernous sinus. Red arow: Exophthalmy; blue arrow: Dilatation of 
cavernous sinus and ophthalmic vein. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Case presentation 

Clinical findings: A male patient aged 49 years had a history
of traffic accident 15 years prior, with complex facial trauma
and orthopaedic surgery of the lower jaw. He had no other
abnormalities, but imaging data were not available at the time.
Before his admission to the hospital, he experienced symp-
toms including bulging red eye, increased tinnitus in the left
ear, and pain in the left half of his head for about 2 months.
Head multi-slice computed tomography imaging showed re-
mote contusions in both frontal lobes, cranial deformity (old
bone fractures and osteodystrophy), protracted left eye, en-
larged left cavernous sinus, early opacification of artery, and
retrograde venous drainage of the left superior ophthalmic
vein and cerebral cortex vein. Imaging findings suggested di-
rect CCF; the orifice of the ruptured inner carotid was not vis-
ible because of image overlap, and we noted a fistula between
the left ACA A1-anterior communicating artery (AcoA) junc-
tion and the left cavernous sinus ( Fig. 1 ). 

The patient was scheduled to undergo digital subtrac-
tion angiography (DSA) 1 day later. Left carotid angiography
showed that the left A1 artery was located anteriorly (for-
ward) and downward, and there was a direct fistula with the
left cavernous sinus; pouch-like enlargement of the left cav-
ernous sinus; retrograde drainage of the ipsilateral superior
ophthalmic vein, mastoid emissary vein, and cerebral cortex
vein; and no tearing of the left internal carotid artery ( Fig. 2 ).
A scan of the right common carotid artery and left vertebral
artery showed that collateral circulation at the anterior and
posterior communicating arteries was relatively good, with
circulation through the collateral vessels and into the fis-
tula ( Fig. 3 A, B). Bilateral external carotid angiography did not
show the fistula orifice in the cavernous sinus. Therefore, the
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Fig. 2 – The DSA showed cavernous sinus (blue arrow); and fistula between ACA and cavernous sinus (red arrow). A: Left 
carotid artery – coronal view; B: Left carotid artery – sagittal view; C: 3D exposure of left ACA – cavernous sinus; D: Left 
carotid artery – interventional view. 

Fig. 3 – The DSA showed anterior communicating artery (black arrow) and posterior communicating arteries (red arrow). A: 
Right common carotid artery, flow between anterior communicating artery and fistula orifice; B: Left vertebral artery, flow 

through posterior communicating artery into fistula orifice. 
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Fig. 4 – Endovascular treatment with microcath head (blue arrow) and coils inside cavernous sinus and fistula (red arrow). A: 
Microcath head inside cavernous sinus image; B: After fistula thrombogenic clogging – interventional view. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

patient had a direct fistula going from the left ACA into the
left cavernous sinus. The position of the neck of the fistula
was determined on 3-dimensional imaging; the neck diam-
eter was 4.5 mm, and the left cavernous sinus was dilated
with a diameter of about 20 mm. We decided to treat the
patient immediately with an option for access through the
artery. 

Endovascular treatment: The dual-guiding Neuro Max
088 (Penumbra Inc.) and 6-French (F) Navien catheter
(Covidien/Medtronic) were positioned at the C3 segment of the
left internal carotid artery to reveal the position of the neck of
the fistula and preserve the ACA and anterior communicat-
ing artery. Then the 1.7-F microcatheter (curved head, 45 de-
grees; Echelon) was used with a 0.014” Transcend microwire
(Stryker) to approach the left ACA, through the fistula orifice
into the left cavernous sinus so the the microcatheter head
would be placed in the middle of the sinus pouch. Here, we
proceeded to release coils (sizes 20/50 × 3, 18/40 × 2, 12/40);
they coiled around inside the cavernous sinus pouch and cre-
ated a resting spot so we could release and extract the mi-
crocatheter head near the neck of the fistula. Then we con-
tinued releasing coils (sizes 8/30, 7/30) close to the neck of
the fistula ( Fig. 4 A). Examination of both internal carotid ar-
teries showed that the flow was completely blocked, ACA and
anterior communicating artery were preserved, and circula-
tion to the brain was not slow or blocked ( Fig. 5 A-C). Clini-
cally, the patient improved immediately after the interven-
tion: the aching, bulging red eye was reduced and tinnitus was
relieved. 

Outcome: The patient was discharged after 5 days with
stable clinical features and laboratory test results. Follow-
up examination after 3 months showed that the clinical and
imaging features were improved. The patient no longer had
symptoms of ACA-cavernous sinus fistula. Magnetic reso-
nance imaging also showed completed occlusion of circula-
tion ( Fig. 6 ). 
Discussion 

The term CCF refers to the common anomalous pathology be-
tween the carotid artery and cavernous sinus, and Barrow’s
classic classification of CCF is based on arterial blood sup-
ply and includes 4 groups: a, b, c, and d [3] . Most arteriove-
nous fistula lesions in the cavernous sinus belong to 1 of
these 4 groups. Nevertheless, there are many reports of cases
of arteriovenous fistula lesions outside the four categories
mentioned above, such as posterior communicating artery-
cavernous sinus fistula (8 cases) [4] and trigeminal embryonic
artery-cavernous sinus fistula (10 cases) [5] . Fundamentally,
CCFs are direct branches from the internal carotid artery lo-
cated inside or close to dural cavernous sinuses. However, our
case of ACA-cavernous sinus fistula is very rare and rarely re-
ported in the literature. 

Anatomically, the cavernous sinus is located on either side
of the sellar turcica; its inner and lower walls are adjacent to
the skull base, and its upper and outer walls are covered by
dura mater. The A1 segment of the ACA is a component of the
circle of Willis, which is located in the basal basin, above the
sellar turcica, usually on the optic chiasm (70%) or optic nerve
(30%) [6] , quite separate from the location of the cavernous si-
nus. In the event of a fistula between the ACA and cavernous
sinus after injury, physicians are more inclined to assume that
two concurrent lesions have occurred simultaneously, which
is the formation of a pseudoaneurysm at the lower edge of
the ACA-ACoA junction, in parallel with tearing of the dura
mater of the cavernous sinus. Over time the pseudoaneurysm
grows bigger, extending downwards and lying within the left
cavernous sinus, surrounded by the connective tissue and sur-
rounding structures. Later, the phenomenon of rupture occurs
at the bottom of the pseudoaneurysmal sac within the sinus
[ 7 ,8 ], which causes arteriovenous fistula with a characteris-
tic clinical presentation: blood flow drains in the cavernous
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Fig. 5 – Series of images after intervention, preserved ACA and anterior communicating artery (blue arrow: coils closing 
fistula). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sinus and venous system, there is no subarachnoid haemor-
rhage because of the connective tissue, and dura mater of the
cavernous sinus is sealed. Because of the lack of image data
during the period before clinical presentation, the above sce-
nario is only hypothetical. The mechanism behind the forma-
tion of ACA pseudoaneurysm after head injury, either due to
a fragment of a sphenoid bone fracture or a tearing force, is
actually quite rare [9] . The simultaneous occurrence of tear-
ing of the dura mater of the cavernous sinus and pseudoa-
neurysmal rupture within the cavernous sinus is even more
rare in reality. In a case report by Sakamoto et al. [2] , com-
puted tomography angiography of a head trauma patient with
subarachnoid haemorrhage showed a fairly clear image of the
AcoA aneurysm. The detection of the AcoA-cavernous sinus
fistula was accidental on DSA, and there were no character-
istic clinical manifestations because of the small flow circu-
lation. In our case, the morphology of the pseudoaneurysm
was unclear, but the ACA fistula orifice flowed directly into
the enlarged left cavernous sinus with a high flow through the

shunt.  
Surgery carries many risks because of the involvement of
many neurological components in the cavernous sinus, and
radiation surgery is not effective with a direct high-flow shunt.
In cases where the direct fistula lesion of the carotid artery
is within the cavernous sinus, endovascular intervention is
currently the procedure of choice, with the two most com-
mon materials being detachable balloons or coils [10] . In this
case, use of a balloon was not possible because of the dis-
tance of the tear-orifice position and the vessel segment be-
hind the cavernous sinus had many zigzag bends. Hence, we
chose to treat the patient with an endovascular intervention
via artery access and to use Guglielmi detachable coils. With
the fistula orifice located at the AcoA-A2 junction, use of the
coils must ensure closure of the fistula orifice without block-
ing the A1 and anterior communicating artery. We chose an
interventional site at which the border of the fistula neck and
A1 were clearly exposed, and then we proceeded to approach
and release the coils into the cavernous sinus as treatment
for a giant aneurysm; the difference here is that there was no
need for coil release into the aneurysm because it would cause
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Fig. 6 – MRI scan 3 months after intervention showed normal cerebral vascular, no existing ACA - cavernous sinus flow (red 

arrow: artefact of coils on T2W hemo; orange arrow: close of fistula; blue arrow: ancient of frontal contusion due to 

traumatism). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

extensive mass effect and would not be successful. Thus, the
goal of simply blocking the tear flow is sufficient. However,
because of the enlargement of the cavernous sinus and high
pressure flow inside, we chose the maximum coil sizes, which
helped us quickly create the resting spot in the cavernous si-
nus, forming the fulcrum for the coils that gradually accumu-
lated to the fistula neck later. For the finishing coils, we chose
coil sizes that corresponded to the aneurysm size near the
neck segment, and we tried to perform a controlled release
under DSA guidance (smart marks). 

Conclusion 

ACA-cavernous sinus fistula following head trauma is very
rare in the literature, and it is hypothetically thought to be
formed by ACA pseudoaneurysm, which then ruptures into
the cavernous sinus. We described a rare clinical case of di-
rect ACA-cavernous sinus fistula for which endovascular in-
tervention via arterial access with use of coils was effective
and safe. 
Informed consent 

Written informed consent for publication of this case was ob-
tained from the patient. 
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