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Aims: Carotid-cavernous fistulas (CCFs) are abnormal communications between the carotid 

arterial system and the cavernous sinus that occur mainly in elderly. Occasionally, treatment 

of indirect CCFs with conventional endovascular approach through large veins or the inferior 

petrosal sinus may not be possible. In these cases, a direct surgical cut down on to the superior 

ophthalmic vein (SOV) is necessary. We describe three such cases of embolization of CCFs 

through SOV, and their results.

Methods: A retrospective case notes review of treated patients over the past 10 years in one 

tertiary center constituted our methodology.

Results: The fistulas in two cases were successfully coiled with complete obviation of symptoms 

and signs. The third case was complicated due to difficulty in canulating a deeply seated vein 

and so had to be abandoned and catheterized through contralateral superior petrosal sinus and 

treated with liquid embolic material Onyx® successfully.

Conclusion: In cases where conventional access to the cavernous sinus may not be possible 

due to local variations of anatomy, multidisciplinary surgical approaches via the SOV provide an 

alternative route to successfully and safely close a CCF. However, unexpected anatomical varia-

tions could also be encountered within the SOV for which the surgeon should be prepared.
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Introduction
Carotid-cavernous fistulas (CCFs) are abnormal communications between the carotid 

arterial system and the venous cavernous sinus that occur mainly in elderly people, 

leading to hemodynamic dysfunction and cavernous sinus thrombosis. This causes 

anterior and posterior retrograde venous congestion with resultant neuro-ophthalmic 

compromise. Embolization of CCFs through conventional endovascular approach 

may not be possible because of anatomical variations. In such cases an alternative, 

multidisciplinary approach is direct surgical cut down on to the superior ophthalmic 

vein (SOV) to facilitate embolization of the CCFs.

Materials and methods
This is a retrospective case notes review of treated patients over the past 10 years in 

one tertiary center (Department of Ophthalmology, St James University Hospital, 

Leeds, UK). All cases had preoperative three-dimensional (3D) computed tomography 

(CT) scan to visualize the surgical anatomy of SOV. Surgical access was through an 

upper-lid skin-crease incision. The SOV was isolated and cannulated with a 16-gauge 

cannula. This was secured with two 4.0 silk sutures (Figure 1). A high-tension flow 

lead was attached to the 16-gauge cannula and then onto a rotating hemostatic valve. 
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This allowed a Prowler Plus™ micro-catheter to be navigated 

over an Agility™ 14 wire into the most posterior aspect of 

the cavernous sinus where hydrocoils were used to complete 

occlusion of the CCF. In the third case, the cavernous sinus 

was accessed through the contralateral route using a marathon 

micro-catheter, and Onyx® was injected to close the fistula. 

Pre- and postoperative angiography confirmed closure of the 

CCFs after embolization (Figures 2 and 3).

Results
Three female patients (mean age, 72 years; range, 

51–83 years) were treated. Conventional coil embolization 

of the CCF through transfemoral and jugular veins, or 

through the inferior petrosal sinus, was not possible due 

to venous anatomical variation and stenosis of the inferior 

petrosal sinus. A direct surgical approach to SOV, aided by 

preoperative 3D CT scans, was therefore undertaken. The 

fistulas in two cases were successfully coiled with complete 

obviation of clinical symptoms and signs. The third case 

was technically challenging due to difficulty in cannulat-

ing a deeply seated and partially stenosed SOV, which did 

not allow passage of the Agility™ guide wire, and so had 

to be abandoned. The fistula was subsequently closed by 

catheterization through the contralateral superior petrosal 

sinus. Complications of surgical access included temporary 

lid lagophthalmos secondary to wound contracture during 

the follow-up period in the first case, and mild transient 

paresthesia, noted in immediate postoperative period in the 

third case. The second case was uneventful.

Discussion
CCFs have been classified according to the hemodynamic 

properties, etiology, or anatomy of the fistula. Hemodynamic 

classification separates CCFs into high-flow and low-flow 

fistulas. Etiological classification distinguishes spontaneous 

lesions from those occurring due to trauma. Anatomical clas-

sification defines direct CCFs as those arising directly from 

the carotid artery, while indirect CCFs are those originating 

from carotid artery branch vessels.1–3

Figure 1 16 G spinal needled positioned and secured within the superior ophthal-
mic vein.

Figure 2 Cerebral arteriogram to indicate the position of the carotid-cavernous 
fistula (the point of leakage from the cavernous carotid artery shown in the circle).

Figure 3 Post-embolization angiogram showing absent communication of carotid 
artery and cavernous sinus (ie, carotid-cavernous fistula closed).
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Barrow et al1 defined four types (Types A–D) of CCFs. 

Type A CCFs are direct, high-flow lesions connecting the 

internal carotid artery (ICA) directly to the cavernous sinus. 

Type A CCFs often result from a single tear in the carotid 

artery wall, caused either by trauma or aneurysm rupture. 

These are by far the most common type of CCFs, account-

ing for approximately 75%–80% of CCFs overall. Type A 

CCFs are now less commonly seen, in part due to increased 

motor vehicle safety measures such as the standardization 

of airbags and widespread usage of seat belts. Type B, C, 

and D CCFs are all indirect, low-flow lesions that arise from 

meningeal branches of either the ICA or external carotid 

artery (ECA). Type B CCFs arise from meningeal branches 

of the ICA. Type C CCFs arise from meningeal branches of 

the ECA, and type D CCFs arise from meningeal branches 

of the ICA and ECA.

The prominent features of direct CCFs include acute 

reduction of vision and headache, pulsatile proptosis, orbital 

bruit, conjunctival injection with severe chemosis and orbital 

pain, ophthalmoplegia with resultant diplopia, and other cra-

nial nerve deficits. By contrast, features of indirect CCFs are 

similar, but tend to be less severe and of a chronic nature.4

Symptoms depend on rate of flow, location of venous 

drainage of CCF, inflammation, and pressure within the 

venous system. The pattern of venous drainage may change 

with the development and resolution of thrombosis. Ante-

rior draining fistulas present with ocular symptoms, whilst 

retrograde cortical venous flow presents with neurological 

symptoms because of venous congestion or infarction within 

the supra- or infra-tentorial compartments.4,5

Cerebral angiography is the gold standard investigation, 

which is performed through transfemoral arterial cauteriza-

tion with imaging of common carotid artery, ICA, ECA, 

and vertebral artery.3,5 Other investigations include CT or 

magnetic resonance angiography with 3D reconstruction. The 

goal of CCF treatment is to completely occlude the fistula 

with preservation of normal flow of blood in ICA. Occlu-

sion of the fistula may be achieved with glue, liquid emboli, 

coil, or mesh.6–14 In cases where endovascular treatment is 

impossible or unsuccessful (including an SOV approach), 

open surgical intervention may be warranted.5,15–18

The transvenous endovascular approach is currently 

considered the best therapeutic option for patients with 

symptomatic CCF. Complete dural CCF obliteration can be 

obtained by an inferior petrosal sinus route, which represents 

probably the easiest, shortest, and safest approach even in 

patients with inferior petrosal sinus thrombosis. A superior 

petrosal sinus approach has been reported as an alternative to 

catheterization of the inferior petrosal sinus or of the SOV. 

However, the superior petrosal sinus must be patent, because 

mechanical recanalization has proved hazardous because 

of the anatomical proximity to the vein of Labbé. As an 

alternative to inferior or superior petrosal sinus pathways, 

a facio-ophthalmic route may be used. Only in patients where 

venous access is not possible may transarterial embolization 

be considered. However, a combination of these approaches 

may be needed at times, either because of failure to access 

from one route, or incomplete closure of fistulae. In such 

circumstances, alternative routes have to be identified to 

access the cavernous sinus and close the fistula.19

Reported success rate of complete direct carotid cavern-

ous fistula occlusion using transvenous approach is 87%. 

Théaudin et al19 reported only four patients out of 20 who 

underwent transarterial treatment. All these patients were 

the early cases in their series, suggesting that the experience 

and devices to access the fistula from venous route have 

improved significantly.19

In cases where conventional endovascular access to the 

cavernous sinus may not be possible, due to local variations 

of anatomy, multidisciplinary surgical approaches via the 

SOV provide an alternative route to successfully and safely 

close a CCF. However, unexpected anatomical variations 

could also be encountered within the SOV itself for which 

the surgeon should be prepared.
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