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Abstract

Background Carotid cavernous fistulae (CCF) are pathological connections between the carotid arteries and the cav-
ernous sinus. Endovascular procedures are the mainstay treatment for CCF. The aim of this report is to evaluate

the efficacy and safety of the combined use of the Pipeline Vantage (PV) flow diverter and transvenous coil emboliza-
tion in the treatment of CCF.

Methods Retrospective,monocentric analysis of three patients who underwent neurointerventional treatment
of clinically symptomatic CCF using a combination of transvenous coil embolization and flow diverter Implantation.
Clinical data, the etiology of the CCF and clinical and radiological follow up were evaluated.

Results Clinical and radiological follow-up were available at 3 and 12 months. One patient experienced clinical
improvement immediatley after the interventions. The other two patients improved within one year after treatment.
No symptomatic complications were recorded. One year after the intervention complete CCF occulsion was docu-
mented in all cases.

Conclusions We report an initial experience for the treatment of direct CCF using the combination of a new genera-
tion Pipeline FD and transvenous coil embolization. The high treatment success rate and low complication rate are
encouraging.
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Introduction

Carotid cavernous sinus fistula (CCFs) are pathological
connections between the carotid arteries and the cavern-
ous sinus. They are usually classified as direct or indirect,
high or low flow, or according to the Barrow classification
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The main symptoms of CCF are double vision due to
pressure damage to the cranial nerves responsible for eye
movement (cranial nerves III, IV and VI) in the cavern-
ous sinus and a pulsatile tinnitus. Proptosis, chemosis,
decreased visual acuity, diplopia, and eye pain due to
obstruction of the outflow of the superior ophthalmic
vein caused by the arterial inflow from the carotid artery
are also common. The choice of treatment depends
mainly on the type of the arteriovenous fistula as well as
the patient’s symptoms. Treatment should be offered for
all high-flow or Barrow type A fistulae, as the likelihood
of the patient’s symptom worsening is high and intracra-
nial hemorrhage due to cerebral venous congestion is a
risk. Stent- or balloon-assisted coil-embolization of the
cavernous sinus is considered the first-line treatment for
direct CCFs.

Flow diverter (FD) has become an important tool for
the treatment of intracranial aneurysms. FD stents differ
from conventional intracranial stents in its finely woven
mesh with greater vessel wall metal coverage, higher
pore density and lower porosity. When implanted in the
parent vessel, the device diverts the flow away from the
aneurysm, causing secondary blood stasis and subse-
quent thrombosis of the aneurysm. After a few months,
neoendothelium forms over the mesh, reconstructing
the parent vessel and completely occluding the aneu-
rysm neck [3, 4]. In recent years, there is a growing trend
towards off-label use of these devices [5]. The aim of this
study is to give an overview for the treatment of CCF and
our experience in using a new generation pipeline FD
with adjunctive transvenous coiling in the treatment of
direct CCE.

Material and methods

Patient selection

Patients undergoing treatment for a direct CCF using
Pipeline Vantage (PV) FD and transvenous coiling were
included in this retrospective, single-center study. Writ-
ten informed consent was obtained for the endovascular
procedure. For each patient, medical history, neurologic

Table 1 Baseline data
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status, demographic data as well as clinical and radiologi-
cal outcomes were evaluated.

Results

Three female patients (51—70 years) were identified.
All patients underwent transarterial FD Implantation
and transvenous coil-embolization. In total 5 FDs were
implanted. Patient and CCF characteristics are summa-
rized in Table 1.

Case illustrations

Casel

In December 2022, a 70-year-old woman underwent a
diagnostic MRI to investigate vestibular loss. An inci-
dental right ophthalmic ICA aneurysm of 6 X 9 mm was
detected. Six months later, the aneurysm was confirmed
by digital subtraction angiography (DSA) (Fig. 1A, 1B)
and the patient underwent aneurysm treatment using
the Pipeline Vantage (PV) FD. FD twisting in the oph-
thalmic ICA genu was adjusted using balloon remodeling
(Fig. 1C, 1D). In the final DSA run after FD deployment,
a dissection of the ICA cavernous segment was observed
(Fig. 1E). However, since the dissection did not compro-
mise blood flow in the ICA conservative therapy was
determined. In November 2023, the patient presented
to the Emergency Department with proptosis, chemo-
sis, tinnitus and decreased visual acuity of the right eye
(Fig. 1F). The subsequent DSA documented a direct CCF
at the level of the ICA dissection with venous drainage to
the superior and inferior ophthalmic veins and the ipsi-
lateral inferior petrosal sinus (Fig. 1G). Treatment of the
CCF was performed by implanting FD in the right ICA
cavernous segment as well as transvenous coiling of the
cavernous sinus.

Endovascular procedure

A long 6F neuron max sheath was introduced through
the left femoral artery to the right ICA. Due to ICA
elongation, a distal access catheter (DAC) Navien 5f was
introduced to the distal cervical ICA. Access to the ICA
distal to the dissection was achieved using Synchro 14

No. Age [years] gender Etiology Number of flow  Adjunctive Fistula occlusion Increased intraocular pressure
diverters/Size venous coiling and/or decreased visual acuity
1 70 female jatrogenic 1/4.5x25 mm yes immediate yes
2 69 female idiopathic 3/4.5x16 mm yes on follow up imaging no
5.5x16 mm
6x30 mm
3 51 female traumatic 1/5x30 mm yes on follow up imaging no
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Fig. 1 Casel

microwire and Phenom 27 Microcatheter. A PV FD 4.5
% 25 mm was then deployed over the dissection (Fig. 1H).
After FD Implantation, a right femoral venous access was
obtained. Then a 6 F Envoy catheter was introduced to
the right internal jugular vein. A DAC Phenom plus cath-
eter with Excelsior SL 10 microcatheter and Synchro 14
microwire were then introduced to the facial vein and
subsequently to the ophthalmic vein (F ig. 1I). The cav-
ernous sinus at the level of the fistula was then occluded
with 3 Target Coils. On the final DSA run, the fistula was
cured (Fig. 1]).

Radiographic and clinical follow up

One day after the procedure there was a rapid improve-
ment of the clinical symptoms on the right eye and
the tinnitus disappeared. Clinical and MRI follow up
3 months after the procedure confirmed complete recov-
ery of the symptoms and no signs of fistula-recurrence.
Dual antiplatelet therapy (DAPT) was modified to Ace-
tylsalicylic acid (ASA) 100 mg daily. Clinical follow up
one year after the procedure was uneventful.

Casell

In January 2023, a 69-year-old woman presented in the
emergency department with a pulse-synchronous tin-
nitus in the left ear and left-sided neck pain. MRI exam
performed as part of the diagnostic work-up showed
increased flow voids in the cavernous sinus and middle

cranial fossa along the bony borders of the left sphenoidal
sinus and lateral orbital funnel. DSA confirmed the diag-
nosis of a direct left CCF (Barrow A type) with no evi-
dence of cerebral or orbital congestion (Fig. 2A and 2B).
In addition, a left paraclinoidal ICA aneurysm of 3 mm
was documented. A decision was made to treat the fistula
as well as the left ICA aneurysm with flow diverter and
adjunctive transvenous coil embolization.

Endovascular procedure

A 6f long neuron max sheath was introduced through the
right femoral artery and advanced to the left ICA. A DAC
Navien with Phenom 27 microcatheter and Synchro m14
microwire were then advanced to the distal ICA. Three
PV FDs (4.5 X 16 mm, 5.5 X 16 mm and 6 X 30 mm) were
placed from the ophthalmic to petrous ICA segments
(Fig. 2C). Final DSA Run documented persistent high-
flow direct CCF (Fig. 2D).

Five Weeks later, a second intervention was per-
formed. A Neuron max long sheath was introduced via
right femoral vein into left internal jugular vein. A DAC
5f Sofia with Excelsior SL 10 microcatheter and synchro
14 microwire were then advanced in to the inferior pet-
rosal sinus and then in to the cavernous sinus. Coilem-
bolization of the left cavernous sinus und intercavernous
sinus was performed. On the final DSA run the high flow
fistula was still observed with orbital venous congestion
(Fig. 2E).
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Fig.2 Casell

Radiographic and clinical follow up
After the intervention intraocular pressure was normal,
so further embolization was not carried out.
Postinterventional clinical and radiological follow
up was available at 3 months and at one year. No com-
plication were documented. DAPT therapy was modi-
fied three months after the intervention to 100 mg ASA
daily. After discontinuation of the DAP medication rapid
improvement of tinnitus occurred. DSA performed one
year after the intervention documented complete occlu-
sion of the fistula and patent left ICA (Fig. 2F and 2G).

Caselll

In June 2023, a 51-year-old woman suffered a road traf-
fic accident while riding her e-bike. She sustained a com-
plex skull base fracture involving the bilateral petrous
temporal bones and carotid canal (Fig. 3A). The accelera-
tion trauma resulted in a dissecting aneurysm of the left
ICA in pars lacerum (C3 segment) and a traumatic direct
carotid cavernous sinus fistula on the right, with venous
drainage mainly to the cavernous sinus and right supe-
rior petrosal sinus (Fig. 3B). The decision was made to
treat the fistula and the aneurysm with FDs. In addition

Fig.3 Caselll
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venous coil embolization of the right cavernous sinus was
carried out.

Endovascular procedure

Through a right femoral access a 6 F Neuron max sheath
was introduced to the right ICA. A DAC Navien 5F with
Phenom 27 microcatheter and Synchro 14 microwire
were then advanced to the M1 Segment of the middle
cerebral artery (MCA). Then, a PVFD 5% 30 mm was
deployed in the ICA covering the ophthalmic and cavern-
ous ICA segments (Fig. 3C). Following that, a 6 F Envoy
catheter was advanced through a left femoral sheath to
the left internal jugular vein. Excelsior SL 10 microcath-
eter and a Synchro 14 microwire were then advanced
through the superior petrosal sinus to the right cavern-
ous sinus. 10 Target Coils were then deployed in the
right cavernous sinus. In the final DSA run reduced vol-
ume shunting through the fistula was observed and ICA
opacification was enhanced (Fig. 3D).

Radiographic and clinical follow up

Postinterventionally, no symptomatic complications were
documented. On control MRI performed after the inter-
vention, persistent flow voids in the right cavernous sinus
and dilated ophthalmic vein on the right side were still
observed (Fig. 3E and 3F). Three months following the
procedure DAPT was discontinued and the MRI follow
up documented resolution of the fistula (Fig. 3G and 3H).
Patient’s symptom of tinnitus resolved. One year after the
procedure no adverse events were reported and follow up
MRI did not show any signs of fistula-recurrence.

Dual antiplatelet therapy

All patients received a loading dose of 100 mg ASA and
600 mg clopidogrel the night before the procedure. On
the morning of the procedure, a repeat loading dose of
100 mg ASA and 300 mg clopidogrel was administered.
Starting the day after the procedure, patients received a
maintenance regimen of 100 mg ASA and 75 mg clopi-
dogrel for 3 months, followed by indefinite monotherapy
with 100 mg ASA once daily. Platelet function tests were
not performed.

Safety and efficacy

In all three cases, FD implantation was uneventful. Suc-
cessful FD deployment was achieved in all cases and no
periprocedural complications were documented. Clinical
and radiological follow up for all patients was available
at 3 and 12 months. Complete CCF treatment was doc-
umented on follow up imaging and there were no signs
of fistula- recurrence. Ocular symptoms and tinnitus
remained resolved in all patients.
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Discussion

CCF is a rare disease with an overall incidence rate of
0.37 per 100,000 per year [6]. Clinical signs and symp-
toms associated with a poor prognosis include increased
intracranial pressure, rapidly progressive proptosis,
decreased visual acuity, cerebral hemorrhage and tran-
sient ischemic attacks. The latter are often caused by
impaired autoregulation of cerebral perfusion as a result
of the chronic steal phenomenon caused by the fistulous
connection [7, 8]. Halbach et al. collected angiographic
and clinical data from approximately 155 CCF patients
to identify features that warrant immediate and aggres-
sive interventional treatment [9]. Angiographic features
include the presence of a pseudoaneurysm, a large cav-
ernous sinus varix, venous drainage into the cortical
veins, and thrombosis of other venous outflow pathways
distant from the fistula. In particular, cortical venous
congestion carries a risk of hemorrhage and should
therefore be treated [10].

There are different treatment options for CCF; con-
servative treatment, which mainly consists of manual
compression, or endovascular intervention (transarte-
rial or transvenous), which is the mainstay treatment
approach. Although the clinical manifestations of direct
and indirect fistulae may overlap, the endovascular treat-
ment methods are quite different. The choice of treat-
ment depends on the type and anatomy of the fistula
and the size of the arterial defect. While direct fistulae
are caused by a rupture in the cavernous segment of the
ICA or, less commonly, by the intracavernous rupture of
an ICA aneurysm, indirect fistulae are small dural arte-
riovenous shunts between the meningeal branches of the
ICA, ECA (or both) and the cavernous sinus. Accord-
ingly, the aim of treatment of direct CCFs is to close the
fistula between the ICA and the cavernous sinus while
maintaining patency of the ICA. For indirect fistulae, the
aim is to interrupt the fistulous connections and reduce
the pressure in the cavernous sinus. The following sec-
tions provide a brief overview of the endovascular treat-
ment options of direct and indirect CCFs.

Endovascular therapy: direct CCFs

Serbinenko et al. published the first case of successful
endovascular embolization of a CCF using a removable
silicone balloon with preservation of the ICA [11] How-
ever, If the fistula is too large, the embolization balloon
can shift back into the ICA when inflated in the cavern-
ous sinus [12]. Typically, inadequate embolization can
occur due to premature detachment of the balloon, defla-
tion or rupture due to contact with a bone fragment [13].
Due to the limited availability of detachable balloons,
transarterial embolization with coils or other embolic
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material is now the mainstay of endovascular treatment
of direct high-flow CCFs [14]. Embolization can be per-
formed with coils and liquid embolic agents [14]. In
the standard transarterial approach, a guide catheter is
inserted into the cervical ICA. A microcatheter is then
advanced superselectively into the cavernous segment
through the tear in the ICA. The embolic material is then
delivered into the cavernous sinus via the microcatheter
[14]. Detachable coils are preferred due to their reliable
and controlled placement. Common complications of
transarterial coil embolization include thromboembo-
lism, impaired ICA flow dynamics due to protruding
coil mass and ICA dissection [7]. To prevent retrograde
herniation of embolic material into the parent artery
and distal intracranial circulation, support with a non-
detachable balloon (balloon-assisted) or a porous stent
(stent-assisted) may be considered [7, 14].

Endovascular therapy: Indirect CCFs

Transvenous embolization is the preferred treatment
approach for indirect CCFs. The aim is to catheterize
the cavernous sinus superselectively and close the fis-
tula without diverting venous outflow to cortical struc-
tures [7, 14]. Different embolic materials such as coils
and liquid embolic can be used alone or in combination.
The advantages of coils include their radiopacity, ease
of application and the ability to reposition or remove
them if the original placement proves to be suboptimal.
Limitations include the difficulty of achieving complete
occlusion with adequate volumetric packing as well as
increased risk of cranial nerve palsy [14]. Therefore,
transvenous liquid embolic agents are increasingly being
used, either alone or in combination with platinum coils.
Unfortunately, liquid embolic agents have a tendency to
retrograde fill the arterial supply and must therefore be
used with caution [14].

Flow Diversion

FD stents have much denser mesh than conventional
stents and act as a scaffold by reconstructing the origi-
nal vessel wall due to neointima building. Originally,
FDs were designed to treat complex aneurysms, such
as broad-based, fusiform or giant aneurysms. None of
the commercially available FDs are formally approved
by the FDA for the treatment of CCF. However, some
have been successfully used off-label either as sole or in
combination with coils for the treatment of direct CCFE.
The advantages of the FD are based on two effects: first,
FD forms a scaffold which ensures protection of the
parent vessel during transvenous embolization. Due
to the smaller mesh size of the FD, coil protrusion into
the parent vessel is less likely when coil embolization
is combined with FD compared to other stents, and
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subsequently may reduce thromboembolic complica-
tions. In addition, the flow diversion effect in addition to
neointima formation induced by the FD favors thrombo-
sis of incompletely occluded fistulae. The disadvantages
of this method are manageable. As all braided stents,
FDs could be difficult to deploy in tortuous vessels. More
importantly, DAPT is required for a period of time after
FD implantation and prolonged obliteration of the fistula
is to be expected.

Fourth generation PVFD was used in our study. This
device has several modifications over its predecessor
designed to improve insertion, visibility, distal opening as
well as deployment. Compared to the Pipeline Shield FD,
the wires of the PVFD have a smaller diameter and the
device has a thinner wall [15]. This characteristic has the
potential to promote endothelial growth over the struts
of the FD and thus improve the flow diversion effct.

Initial endovascular treatment attempts of CCF using
FDs have been made. In 2017, Wendl et al. published
a collective of 14 patients treated with FD for direct
CCF between 2011 and 2015 [16]. Overall 59 FDs were
implanted. 10/14 patients were free from ocular symp-
toms (71%), 2 had residual proptosis, and no patient
had clinical deterioration at the last follow up. They
also reported two asymptomatic occlusions of the ICA
that were related to an interruption of antiaggregation.
Despite the use of many FDs, complete occlusion of the
ICA only occurred weeks to months later, making long-
term and continuous anticoagulation necessary.

Conclusion

Our report provides an alternative therapeutic strat-
egy for the treatment of direct CCF utilizing a new gen-
eration PV FD in combination with transvenous coil
embolization. The high treatment success rate and low
complication rate are encouraging. Further studies with
larger cohorts are needed to further validate safety and
efficacy.
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