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Methods
A 16-year-old male had a craniofacial trau-

ma following a traffic accident in September
2004. A head CT did not show any brain or
skull base lesions.

In December 2004, because of progressive
proptosis, conjunctival injection, eye pain and a
pulsatile bruit exophthalmus over the left eye, a
head CT was performed. Evidence of both left
cavernous sinus and left superior ophthalmic
vein enlargement suggested the presence of a
high-flow carotid cavernous fistula.

Standard cerebral angiography was per-
formed by a femoral approach to assess the
feeding arteries, the fistulous site and the
drainage.

Angiography confirmed a high-flow Barrow
type A CCF 2 originating from the left cav-
ernous segment of the ICA. The exact site of
the fistula could not be identified; venous efflu-
ence was through the left superior ophthalmic
vein and cortical veins (figure 1A,B). Left
hemispheric arterial communication was filled
by the vertebrobasilar artery and right ICA
(figure 1C-E).

After discussion of the clinical and angio-
graphic findings and the therapeutic options, the
patient requested an endovascular procedure.

Two weeks later the patient underwent an
endovascular treatment. At the first treatment
session a balloon test occlusion (BTO) was per-
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Introduction

A direct carotid cavernous fistula (CCF) is a
high-flow shunt between the internal carotid
artery (ICA) and the cavernous sinus (CS)
caused by trauma or rupture of a preexisting
cavernous aneurysm.

The treatment of choice for CCFs is transar-
terial or transvenous balloon embolization or
coil occlusion of the cavernous sinus with
preservation of the parent artery. When the ve-
nous compartment of the fistula or the fistulous
communication do not allow the use of the bal-
loons or coils, the next treatment option is trap-
ping of the ICA 1.A different technical approach
has recently been introduced using coronary
stent placement into the cavernous segment of
the ICA. We report the failure of a post-trau-
matic CCF treatment by two coronary stent-
grafts, finally resolved with trapping of the ICA.
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Figure 1 Left carotid angiography (A: lateral view, B: A-P
view) showing a CCF with venous effluence through the left
superior ophthalmic vein and cortical veins. Left vertebral
angiography (C: lateral view) and right carotid angiography
(D: A-P view, E: A-P view after manual compression of left
carotid artery) showing left hemispheric arteries filled by
the vertebrobasilar artery and right ICA.
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formed for a neurological and angiographic
evaluation using a 2F non detachable balloon
microcatheter, 6 F guiding catheter via a right
femoral approach and continuous hepariniza-
tion, more than double the baseline activated
clotting time (ACT).

At the second treatment session a detach-
able latex balloon (Goldbal 1 Balt) mounted at
the tip of a 1.8 F microcatheter (Magic Balt)
was used to close the fistula under general
anaesthesia. The site of the fistula communica-
tion was assumed to be in the middle portion of
the cavernous segment of the ICA. The balloon
placed inside the cavernous sinus was inflated
until the maximum pressure without total oc-
clusion of the fistula and with stenosis of the
parent vessel. The venous compartment and
the tear in the ICA was felt to be too large to
guarantee complete closure of fistula with de-
tachable balloons or coils.

At the third treatment session a coronary
stent graft (Jostent 16 x 4.5 mm) was easily
brought through an 8 F catheter, via the left
femoral approach, into the injured cavernous
ICA and bridged the supposed tear.

Angiographic control showed persistence of
the CCF. A second stent graft (19 x 4.5 mm)
was placed next to the first one.

The angiographic control showed only a
slowdown of the flow and persistence of the
fistula (figure 2). The suspicion of ICA stenosis
or occlusion at the level of the stents was con-
firmed by angiographic control of the right
ICA and vertebral artery that showed the ret-
rograde injection of the left carotid siphon and
persistence of a low injection of CCF (figure 3
A,B). Radiographic control (figure 4) showed
a partial offset of the extremities of stent-
grafts.

At the fourth and final treatment session,
trapping of left carotid siphon was performed
with two detachable balloons; the distal one
was brought into the siphon via the posterior
communicating artery and detached next to the
origin of ophthalmic artery. The proximal bal-
loon was released at the end of petrosal carotid
canal resulting in complete closure of the fistu-
la with improvement of left hemispheric circu-
lation by collateral vessels (figure 5A-C).

Follow-up CT angiography performed three
days after the endovascular treatment con-
firmed the complete occlusion of the fistula,
the correct position of balloons and a partial
offset of covered stents (figure 6).

No neurological complication was noted.
Full regression of ophthalmologic symptoms
was achieved in two weeks.

Discussion

Most CCFs occur following skull base trau-
ma or aneurysm rupture. Symptoms and seque-
lae are caused by arterialization of venous out-
flow from the CS and include proptosis, pul-
satile bruit exophthalmus, ophthalmoplegia,
impaired visual acuity and intracranial haemor-
rhage.

Since 1981 3, CCF have been successfully
treated with preservation of the internal
carotid artery (ICA), usually achieved by plac-
ing detachable balloons in the venous compart-
ment by arterial route through the vessel tear.
The CS must be large enough to receive one or
more detachable balloons, but sometimes it
must be smaller to allow access of balloons.
However if the size of the fistula is too large
and the embolization balloon may retract to
the parent ICA causing a partial or complete
occlusion. Precautions must be taken to avoid
intracranial balloon detachment or migration.
Teng et Al. 4 suggested using a double balloon
technique when the orifice of the fistula is too
small for the passage of the deflated or slightly
inflated balloon, or when the width of the cav-

Figure 2 Left carotid angiography, after releasing of two
stent-grafts into cavernous segment of ICA, showing the
persistence of the fistula.
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ernous sinus is smaller than the tear of the por-
tant vessel (combination of a large fistula with
a small CS). Moreover a delayed spontaneous
deflation of the balloon over some weeks is ex-
pected. This results in a rate of pseudoa-
neurysms or pouch formation at the site of the
healed CCF as high as 30% 5.

Since 1991 detachable coils have been pro-
posed as an alternative procedure via transar-
terial 6 or transevenous routes 7. The disadvan-
tages of coil occlusion are an increased cost of
the technique and possible coil occlusion of

critical parenchymal veins afferent to the cav-
ernous sinus. The mesh of coils within the cav-
ernous sinus should present, in case of large
communications, an interface to the parent ves-
sel, like an endovascular occlusion of intracra-
nial aneurysms, with the risk of clot formation
and acute thromboembolic complications that
can be reduced with heparinization and an-
tiplatelet therapy. Halbach et Al. 6 described
some failures of the platinum coil procedure in
CCFs. In one case, finally treated with endovas-
cular trapping of ICA, the cast of platinum
coils previously released into the CS projected
through the fistula into the parent artery. In a
second one the closure of anterior drainage
was achieved, but complicated by distal migra-
tion of platinum coils with aggravation of ocu-
lar symptoms.

Endovascular cavernous sinus embolization
with balloons or coils may be responsible for
cranial nerve palsy. Sencer et Al. 8 reported a
case with mechanical compression of the later-
al rectus muscle by balloons. These difficulties
could be resolved with an intracranial covered
stent.

In 2001 Weber et Al. 9 described a case of di-
rect carotid cavernous fistula cured by en-
dovascular porous coronary stent. This kind of
device is highly flexible and easily follows the
curves of vessels.

In 2002 Kocer et Al. 10 reported a case of an
iatrogenic carotid cavernous fistula successfully

Figure 3 Right carotid angiography (A) and left vertebral angiography (B) after left ICA stenting, showing retrograde in-
jection of the left carotid siphon and persistence of slow injection of CCF.

Figure 4 Radiographic film (lateral view); partial offset of
the extremities of stent-grafts.
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treated with endovascular stent-graft (Jostent
12 x 4 mm).

Covered stent or stent-graft provides water-
proof sealing of the bridged vessel segment 11. It
would provide ideal features for many neu-
rovascular purposes such as aneurysms, vessel
wall dissections and arteriovenous fistulas.
Stent-graft has a cover of polytetrafluoroethyl-
ene, used for many years as a graft material
during vascular surgery 12. It has a low incidence
of complications, including acute stent throm-
bosis. Use of this device is the therapy of choice
for acute coronary rupture.

Jostent, provided by Jomed, barely follows
the curves of intracranial vessels. It can be used
to reach only the first segment of intracranial
ICA, the intracavernous segment. This poor
navigability is closely connected to the length
of device. For this reason we started using a
small Jostent (16 x 4.5 mm), too short for the
size of the tear. The second stent (19 x 4.5 mm)
was placed next to the first one but its release
was not perfect. That resulted in partial offset
of their extremities with consequent ICA ste-
nosis and persistent CCF, leading us to perform
an endovascular trapping.

Figure 5 Left carotid angiography A) Left vertebral angiog-
raphy B) and right carotid angiography (C: A-P view) and
after endovascular trapping showing the closure of the fistu-
la with improvement of left hemispheric circulation by col-
lateral vessels.

Figure 6 CT angiography after trapping, showing the de-
tached balloons at the stent-grafts and a partial offset (white
arrow) of stent-graft
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Although the therapeutic goal is the occlu-
sion of the fistula with preservation of the ICA,
in case of failure of a preservative procedure or
further difficulties during an endovascular tre-
atment, trapping must be considered 1. There-
fore previous balloon test occlusion must be al-
ways performed.

Without any type of temporary test occlu-
sion, the incidence of stroke after permanent
carotid artery occlusion ranges from 17% to
30% 13.

Conclusions

There are few reports in the literature of
treatment of CCF with a stent-graft. When a
traditional endovascular procedure cannot be
performed, the stent-graft could be used before
trapping, always after balloon test occlusion.
We expect a positive outcome from the initial
experiences. Future technical developments of
this device will cancel some of current limita-
tions, responsible for our failure.

Dr Giuseppe La Tessa
via S. Carlo,66
81100 Caserta - Italy
E-mail address: glatessa@libero.it
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I congratulate the authors om the final result of the treatment, without clinical com-
plications. I have some comments to make regarding the understanding of the pathology
and the decisions made to conduct the treatment of this lesion:

1. Difficulty to see the hole of the CCF. Sometimes it is difficult to determine the hole
of the fistula by injecting the ipsilateral ICA, even using high speed imaging acquisition (up
to seven or more frames per second). In most cases, the best way to see the hole is by in-
jecting the VA in lateral view, with compression of the ipsilateral ICA if necessary.

2. Balloon test occlusion. In this case, there is a spontaneous almost complete steal
phenomenon, then the BTO is not necessary. Where the balloon is placed has a many im-
plications. Placed below the fistula the flow in the distal ICA will be reversed toward the le-
sion and may be causing a low flow in the middle cerebral artery.

3. Detachable balloon. The Goldbal 1 is too small to treat this high flow lesion. The
best is to use a larger balloon, which must be positioned close to the fistula hole and inflat-
ed in this position. In figure 3C we can see the initial part of the CS and it seems that a larg-
er balloon could be positioned and occlude the lesion. Sometimes, more than one balloon
may be necessary or we can associate coils to occlude the residual shunt. Glue can be in-
jected into the coil mesh to occlude the residual shunt, or even Onyx, as I have used in a
very large hole case to preserve the ICA lumen. Detachable balloons are still the best way
to treat these lesions.

4. Stent-graft. I think the use of stents in children and young adults is not recommend-
ed. Maybe its use is reasonable in emergency situations of life-threatening lesions when we
have no other option. We do not know what will occur with the stent in the long term. It is
clear that the first stent was positioned distally to the fistula hole (compare fig 3C and 6)
and the second one proximally. Better visualization of the fistula hole is necessary! The fail-
ure of treatment with the stent-graft is due to the incorrect positioning of the stent and be-
cause it was too small – as a rule, we have to have at least 1 cm in each size of the lesion to
occlude it with a stent-graft.

5. Detachable balloon through the PCom. I think it is very dangerous to detach a bal-
loon by this route. The traction over the basilar trunk may cause rupture of perforators. An
attempt to cross the stents with a balloon could be made or coils could be considered to oc-
clude the ICA distally.

Finally, I think that the new materials on the market have to be used, but we can
change our strategies only when the old one is not good. New devices have an indication
for use, and in present case, I think we have many other options before using a very hard,
inflexible device to treat this simple lesion.
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