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Abstract

Background: The goal of the treatment of direct carotid cavernous fistula (CCF) is to
occlude the arteriovenous shunt and to preserve the patency of the concerned internal
carotid artery (ICA). However, for the ipsilateral post-traumatic fragile cerebrum, coil
embolization plus parent artery occlusion for the high flow direct CCF would be better
for the prevention of hyper-perfusion syndrome and the intracranial hemorrhage. We
experienced such a case and managed it successfully.

Case Description: A 6-year-old boy was suffered from severe head trauma caused by
being hit by a car. He was transferred to our department and diagnosed as left acute
subdural hematoma and acute brain swelling. Emergent evacuation of hematoma and
external decompression was performed. He was cured for the severe brain swelling in
intensive care unit (ICU) for 2 months. Cranioplasty was performed 3 months after the
injury. His right hemi-paresis and aphasia were persisted, so he was transferred to a
rehabilitation hospital. However, 2 years after the head injury, he was referred to our
department for his abducens nerve palsy. He was diaghosed as a symptomatic
post-traumatic direct CCF, which was caused by ruptured left cavernous giant ICA
aneurysm. The direct CCF was treated with coil embolization of the giant aneurysm and
parent artery occlusion.

Conclusions: Coil embolization of the aneurysm and parent artery occlusion for the
post-traumatic direct CCF was a good option to manage the abducens nerve palsy and
the prevention of post-operative hyperperfusion.

(238 words)



Highlight
- A 8-year-old boy was diagnosed as a symptomatic post-traumatic direct carotid

cavernous fistula (CCF), which was caused by ruptured left cavernous giant ICA

aneurysm.
- The direct CCF was treated with coil embolization of the giant aneurysm and parent
artery occlusion.

- For the ipsilateral post-traumatic fragile cerebrum, coil embolization plus parent artery

occlusion for the high flow direct CCF would be better for the prevention of

hyper-perfusion syndrome and the intracranial hemorrhage.



Introduction

Carotid cavernous fistula (CCF) in general represent an abnormal communication
between the internal and/or external carotid arteries and the cavernous sinus, resulting
in venous congestion of the cavernous sinus and the adjacent veins and sinuses™™. The
goal of the treatment of direct CCF is to occlude the arteriovenous shunt and to
preserve the patency of the concerned internal carotid artery (ICA). When there is
insufficient collateral supply from contra-lateral vessels, ICA preservation must be
prioritized, and this may be obtainable with endovascular intervention alone*. However,
we note a recent report about a patient with postoperative lethal intracranial hematoma
due to hyper-perfusion syndrome after shunt obliteration of an ICA high-flow fistula with
preservation of parent artery flow".

Herein we report a case of direct CCF caused by a ruptured post-traumatic left giant
ICA aneurysm in a patient who presented with left abducens nerve palsy 2 years after
severe head trauma due to being hit by a car. We successfully performed coil
embolization with parent artery occlusion (PAO) and the patient’'s abducens nerve palsy

resolved without complications.

Case Report

A 6-year-old boy was suffered from severe head trauma caused by being hit by a car.
He was transferred to our department and diagnosed as with left acute subdural
hematoma and acute brain swelling (Fig 1-A,B). He was comatose but had no
anisocoria, and his vital sign were stable. Emergent evacuation of the hematoma and
external decompression was performed. The severe brain swelling resolved after

treatment in an intensive care unit (ICU) for 2 months. Cranioplasty was performed 3



months after the injury. His right hemiparesis and aphasia were persisted, and he was
transferred to a rehabilitation hospital (Fig 1-C). There were no findings of intracranial
aneurysm on computed tomography (CT) of the head at that point.

Two years after the head injury, he was referred to our department for his an
abducens nerve palsy. His head CT without contrast showed a large mass in his left
middle temporal fossa (Fig 1-D). Three-dimensional CT angiography (3D-CTA) and
digital subtraction angiography (DSA) showed a ruptured giant ICA aneurysm and direct
arteriovenous fistula draining to superior petrosal sinus (SPS) and basal vein (Fig 1-E,
Fig 2-A,B). In addition, left ICA angiogram (ICAG) showed no antegrade flow distal to
ICA cavernous portion (Fig 2-A,B). There was no findings of arteriovenous fistulas on
left external carotid artery angiograms (ECAG) (Fig 2-C,D). Collateral flow via the
anterior communicating artery (A-com A) (Fig 2-E) and posterior communicating artery
(P-com A) to the left ICA territory was confirmed (Fig 2-F), and the distance from the
distal neck of the aneurysm to the left ophthalmic artery was very short, i.e., less than
10mm. Head magnetic resonance image (MRI) showed left cerebral brain atrophy, and
there was a possibility of intracranial hemorrhage due to hyperperfusion after
obliteration of the high-flow CCF preserving parent artery flow because the ipsilateral
brain was very susceptible to the sudden hemodynamic change. He was diagnosed as
a symptomatic post-traumatic direct CCF caused by ruptured of a giant left cavernous
ICA aneurysm. We determined that the direct CCF would need to be eliminated for
improvement of left abducens nerve palsy.

We planned the coil embolization with parent artery occlusion for the direct CCF due
to ruptured giant ICA dissecting aneurysm. Under general anesthesia, a 6-French

Destination guiding catheter (TERUMO, Tokyo, Japan) was introduced to left ICA C5



portion via right femoral artery (Fig 3-A). After the introduction of Sceptor C 4mmx10mm
balloon catheter (TERUMO, Tokyo, Japan) to the neck of the aneurysm (Fig 3-B), coill
embolization of the aneurysm and parent artery occlusion were performed with the
double catheter technique with the Excelsior SL-10 STR (Boston Scientific,
Massachusetts, USA) and SL-10 pre-shaped 45° (Boston Scientific, Massachusetts,
USA) (Fig 3-C). Shunt points of the fistula were observed in the posterior portion of the
giant aneurysmal dome. Coil embolization was performed in the aneurysmal dome, not
in the part of the cavernous sinus outside the dome. We aimed not only to promote
recovery of the abducens nerve function, avoiding direct coil mass compression to the
nerve, but also to avoid occluding the drainage route in early phase of treatment for the
prevention of intracranial hematoma due to high pressure in the cavernous sinus.
Finally, PAO was performed distal to the C5 portion of the ICA, proximal to the orifice of
left ophthalmic artery, for the prevention of intracranial hemorrhage due to
hyperperfusion syndrome.

Postoperative DSA confirmed complete obliteration of the direct CCF shunts, rough
packing for the preservation of abducens nerve near the Dorello’s canal (Fig 3-D),and
the intact patency of left ophthalmic artery and P-com A (Fig 3-E), and his abducens
nerve palsy resolved immediately after the procedure, without any perioperative

ischemic or hemorrhagic complications (Fig 3-F,G).

Discussion
According to the Barrow classification, CCFs are subdivided into four different types,
depending on flow rates, etiology, and source of feeding vessels. Direct CCF are

generally characterized by an abnormal arteriovenous communication between ICA and



the ipsilateral cavernous sinus?®. Direct CCF are typically due to a severe blunt or
penetrating head trauma®. Less frequently, they occur spontaneously in the context of
vessel wall connective tissue disease (e. g., Ehlers Danlos syndrome) or after rupture of
a preexisting cavernous ICA aneurysm*® or as a complication following skull base
surgery or endovascular procedures adjacent to the cavernous segment of the ICA (e.
g., balloon angioplasty or stent placement)”™. In our case, the direct CCF occurred as
a result of the rupture of a post-traumatic giant ICA aneurysm, which was unlikely to the
typical direct CCF as the Barrow classification in the point that the duration between the
CCF and the head trauma was very long. In addition, pediatric post-traumatic CCF is

11 We reviewed

very rare, with most cases reported in adolescences and older adults
three such cases reported in the English literature (Table 1). These cases occurred
within 2 months after injury and were managed with transvenous embolization with coils.
All cases, including our case, had good outcome. The goal of the treatment of direct
CCF is to occlude the arteriovenous shunt and te preserve patency of the concerned
ICA; however, in our case, direct CCF occlusion of the arteriovenous shunt as well as
PAQO were required to avoid intracranial hemorrhage due to sudden hemodynamic
stress in the ipsilateral ICA territory, which severely damaged after head trauma. In
addition, we performed balloon occlusion test (BOT) with the Sceptor C balloon catheter
under the sedation with Precedex® infusion and motor evoked potential (MEP)
monitoring. No significant MEP wave changes during the BOT. So we decided it was

possible to perform PAO for the ruptured post-traumatic aneurysm.

Historically, endovascular treatment strategies via transvenous or transarterial access
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routes included the use of detachable balloons®®, coils , covered stents

liquid embolic agents® %, Silicon detachable balloons were widely used for the



treatment of direct CCF over many years, until their unexpected withdrawal from the
market in 2004. However, there is one report of a detachable balloon that was
inadequate for the treatment of CCF due to the rupture of a giant aneurysm, similar to
our case®®. Today, detachable coils are frequently used. The complication rates of
endovascular embolization for CCF were different on various centers. Other authors
showed that permanent complication of cerebral infarction is less than 2%®. Permanent
cranial nerve palsy after the procedure occurred in 0-5%"°. Death also was reported at
1.8 to 3%*°. The advantage of endovascular intervention was the possible preservation
of the internal carotid artery which was approximately 70% of cases™.

The standard treatment protocol for direct CCF is to occlude the fistula and preserve
the ICA. However, one review reported four cases with cerebral hyperperfusion
syndrome due to blood flow rerouting into the cerebral parenchyma during
endovascular management in the head and neck region®. Of those cases, one patient
died secondary to acute focal edema and delayed intracranial hemorrhage after stent
grafting for carotid-jugular fistula, and two patients experienced acute intracerebral
hemorrhage after stent grafting with coils for CCF. In our case, the left cerebral
hemisphere was considered to be fragile after severe head trauma, and we were
concerned about intracerebral hemorrhage due to hyperperfusion syndrome if we chose
to treat the direct CCF with preservation of left ICA parent flow. Therefore, we performed
shunt obliteration of the direct CCF with PAO without any peri-procedural complications.

The PAO without intra-aneurysmal packing or sinus packing is another treatment
option for the direct CCF; however, one author reported the possibility of incomplete
shunt obliteration®. For that reason, it may be better to perform both aneurysmal coil

embolization and PAO if it is difficult to obtain enough distal part of arterial distance for



PAOQO only. In the present case, we performed aneurysmal coil embolization including
PAOQO because the distal margin of parent artery was too short to accomplish complete
PAO and, in addition, it would be difficult to access the shunt point again, once simple
PAQO was performed.

Due to the complex anatomy of the cavernous sinus, a transvenous approach to
direct CCF harbors the risk of incomplete fistula occlusion and thereby aggravation of
venous pressure within the orbital or cortical veins. In addition, new channels to open
after outflow occlusion by the transvenous approach, which could increase the risk of
intracranial hemorrhage®?. Moreover, periprocedural protrusion of coil loops in the
parent ICA could lead to thromboembolic events or even inadvertent occlusion of the
ICA®. In the present case, we selected transarterial approach so as not to occlude the
drainage route in early phase of the treatment for the prevention of intracranial
hematoma due to the high pressure in the cavernous sinus.

The use of liquid embolic agents such as Histoacryl (B. Braun, Germany), Onyx
(Medtronic, United States of America), or others for the treatment of direct CCF involves
the injection of these agents into the cavernous sinus. Uncontrolled propagation of the
embolic agent, the unintended occlusion of efferent veins, and injury to the cranial
nerves in the wall of the cavernous sinus are reported complications®”%,

A long-term outcome study showed the dense packing of the cavernous sinus for
CCFs provided reliable regression of acute symptoms after coil embolization of 19
fistulae (13 direct and 9 dural CCFs)*. Nevertheless, 44% of the patients had persistent
cranial nerve deficits with disturbances of oculomotor and visual functions. The authors
ascribed these persisting deficits to the underlying fistula size itself and/or the

space-occupying effect of the coils, as there was a statistically significant correlation



observed between coil volume and persistent diplopia and cranial nerve paresis™. To
reduce the space-occupying effect of the coils, targeted occlusion of the fistulous
compartment of the cavernous sinus became an option. In our case, we carefully
performed coil embolization for the giant aneurysm by packing the coils within the
aneurysmal dome, being careful not to pack the coils in the posterior part of cavernous
sinus outside the dome, which may have compressed directly on the abducens nerve
near Dorello’s canal. Indeed, PAO without cavernous sinus packing is generally better
for the prevention of cranial nerve palsy. However, it was difficult to obtain complete
obliteration of the CCF only PAO because of short distal segment for PAO in our case.
We believed it would be better to perform PAO with intra-aneurysmal coil embolization

for the preservation of cranial nerve functions.

Conclusion

Endovascular intervention has been currently a treatment of choice for direct traumatic
CCF because of its high cured rate, ability to preserve the carotid artery, and flexibility te
in gaining various access points to the fistulous sites. In our case, we performed
aneurysm coil embolization with PAO for treatment of a direct CCF caused by the
rupture of a post-traumatic ICA giant aneurysm. There was a need for coil embolization
within the giant aneurysm for the preservation of abducens nerve and to prevent
occlusion of the drainage route in the early phase of treatment for the prevention of
intracranial hematoma. In addition, coil embolization plus PAO for high-flow direct CCF
was better for the prevention of hyperperfusion syndrome and the intracranial

hemorrhage in the ipsilateral post-traumatic fragile cerebrum.
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Figure legends

Fig 1. The patient’s initial non-contrast computed tomography (CT) of the head showed
left acute subdural hematoma and acute brain swelling (Fig 1-A: axial view, B: coronal
view). Head CT 3 months after head trauma, showing atrophy of the left brain (Fig 1-C).
Head CT 2 years after head trauma showed a large mass in his left temporal middle
fossa (Fig 1-D). Three-dimensional CT angiography (3D-CTA) showed a dissecting

large internal carotid artery (ICA) aneurysm (Fig 1-E).

Fig 2. Left carotid artery angiogram (CAG) showed a dissecting large internal carotid
artery (ICA) aneurysm and arteriovenous shunt draining to superior petrosal sinus
(SPS) and basal vein, which was diagnosed as the direct CCF secondary to rupture of a
giant ICA aneurysm (Fig 2-A: anterior-posterior (AP) view, B: lateral (Lat) view). Left
external CAG showing no arterial-venous shunts (Fig 2-C: AP view, D: Lat view). Right
CAG showing good circulation to the left ICA region via anterior communicating artery
(A-com A) (Fig 2-E) Left vertebral angiogram showing good collateral flow to the left ICA

region via left posterior communicating artery (Fig 2-F).

Fig 3. A 6-French Er Destination guiding catheter (TERUMO, Tokyo, Japan) was
introduced to the C5 portion of the left ICA (Fig 3-A). After the introduction of a Sceptor
C 4mmx10mm balloon catheter (TERUMO, Tokyo, Japan) into the neck of the
aneurysm (Fig 3-B), coil embolization of the aneurysm and parent artery occlusion are

performed by double catheter technique with an Excelsior SL-10 STR (Boston Scientific,

Massachusetts, USA) and SL-10 pre-shaped 45° (Boston Scientific, Massachusetts,

USA) (Fig 3-C). Complete obliteration of the direct CCF shunts, rough packing for the



preservation of abducens nerve near Dorello’s canal (black arrow, Fig 3-D), and
preservation of right ophthalmic artery patency are confirmed with postoperative DSA
(Fig 3-E); postoperative right CAG showing good collateral flow via A-com A to the left
ICA region (Fig 3-F); postoperative brain magnetic resonance imaging showing no new

lesions (Fig 3-G).



Table 1. Reported cases of pediatric post-traumatic CCF

Author Age Sex Symptoms Duration post-trauma Management Outcome
Yang Y et.al> 6 Male Left eyelid swelling, proptosis, Simultaneousl! TVE with coils Good
ang Y et.a orbital pain, and headache Y
Right proptosis, amaurosis,
conjunctival hyperremia,
Paiva WS et.al® 10 Male opthalmoplegia, absent direct pupillary light 47 days TVE with coils Good
reflex, hypothesia on the territories of V1
and V2 branches of the trigeminal nerve
Pawar N et.al'* 6 Female Right proptosis, chemosis 10 days TVE with coils Good
Aneurysm coil
Presentcase 6 Male Left abducent palsy 2 years embolization with Good

PAO

CCF: Carotid cavernous fistula, TVE: transvenous embolization, PAO: parent artery occlusion
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Abbreviations

carotid cavernous fistula (CCF)

internal carotid artery (ICA)

intensive care unit (ICU)

parent artery occlusion (PAO)

computed tomography (CT)
three-dimensional CT angiography (3D-CTA)
superior petrosal sinus (SPS)

ICA angiogram (ICAG)

external carotid artery angiograms (ECAG)
anterior communicating artery (A-com A)
magnetic resonance image (MRI)

balloon occlusion test (BOT)

motor evoked potential (MEP)

transvenous embolization (TVE)



