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Abstract

Background: Direct, Type A, cavernous-carotid fistulas (CCFs) are predominantly
caused by head trauma, especially when basilar skull fractures are present.
Transarterial endovascular treatment of direct CCFs is the preferred method of
treatment. Bilateral CCFs are estimated to be present in 1-2% of the cases. The
treatment of bilateral CCFs is difficult often requiring a combination of endovascular
and open surgical approaches. Website:

Case Description: We present a case of traumatic bilateral CCFs presenting with www.surgicalneurologyint.com
vasospasm of the anterior circulation seen on the initial angiogram on day 1 and DOI: o
our treatment paradigm. 10.4103/sni.sni_190_17

: . . . i . Quick Response Code:
Conclusion: This case illustrates the challenges in managing bilateral CCFs as
well as the changes in collateral circulation because of cerebral vasospasm which
affected our treatment paradigm.
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INTRODUCTION embolization can be performed via both the transarterial

and transvenous routes using coils or high-viscosity liquid,
Carotid cavernous fistula (CCF) is an abnormal  with or without balloon assistance, and/or placement of a
communication between the internal carotid artery  covered stent.101172425.27 However, for patients in whom

(ICA), external carotid artery (ECA), or any of their
branches with the cavernous sinus. Type A CCFs are also
considered as direct fistulas, whereas Type B, C, and D

embolization or stent placement is unable to achieve
complete obliteration of the CCE, ICA sacrifice can be

fistulas are indirect. CCFs can occur either spontancously
or because of trauma. Traumatic CCFs (tCCFs) make up
about 75% of all CCFs and occur in 0.2% of the patients
with craniocerebral trauma and approximately 4% of
patients with basilar skull fracture.!'""" The majority of
tCCFs are Type A fistulas.*!* Bilateral direct CCF's occur
in 1-2% of the patients with tCCFs.[3!

of direct CCFs is the
treatment.”’  Endovascular

Endovascular embolization
preferred  method  of
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performed when adequate collateral flow to the anterior
circulation is confirmed via a balloon occlusion testing.”’!

Cerebral vasospasm is a known sequelac of traumatic
brain injury (TBI) both in the presence and absence
of traumatic subarachnoid hemorrhage (tSAH).!'™
Vasospasm following TBI typically occurs earlier following
the ictus than it does in ancurysmal SAH (aSAH).1>1?
Despite its presence in TBI, vasospasm following TBI
tends to cause less clinical sequelac than it does in
aSAH.!"?!

The treatment options for bilateral direct CCFs are
equivalent to the treatment for unilateral CCFs. When
complete occlusion of one of the CCFs in bilateral CCF
1s unachievable, ICA sacrifice is an option only if there is
adequate collateral flow from the contralateral ICA after
obliteration of the contralateral CCE In the acute setting
of bilateral tCCFs, sacrifice of one of the ICAs may be
precluded by vasospasm which reduces collateral flow as
can occur in TBIL Here, we present a case of bilateral
tCCFs and our treatment paradigm in the setting of
concurrent cerebral vasospasm.

CASE REPORT

A 44-year-old male presented as a critical trauma after
his head and chest were pinned against a loading dock by
a semi-truck traveling at 5 miles per hour. Upon arrival,
the patient was in severe hypovolemic shock mainly from
active large volume hemorrhage from the oropharynx. Ile
required nasal and oropharyngeal packing, as well as
aggressive fluid resuscitation with over two dozen units
of blood products. In addition to numerous noncranial
injuries, he suffered multiple skull fractures including
bilateral fractures traversing the carotid canals.

Computed tomography (CT) of the head revealed
hemorrhage  throughout the basal cisterns, trace
hemorrhage within the fourth ventricle, and a thin
retroclival hematoma. On CT angiography (CTA), there
was suspicion of a focal tear in the cavernous right ICA
and faint contrast blush at the left cavernous sinus
suspicious for CCE The angiogram revealed bilateral
CCFs, left worse than right. There was no evidence
of retrograde venous drainage into the right superior
ophthalmic vein (SOV) or the right inferior petrosal sinus
at this time [Figure la]. The left ICA drained into both
the cavernous sinus and the bony venous channels within
the petrous bone and clivus with retrograde flow into the
left SOV. There was no evidence of retrograde cortical
venous drainage on either side. There was evidence of
vasospasm of the Al segment of the left anterior cerebral
artery (ACA) [Figure 1b]. Transarterial coil embolization of
the larger left CCF was attempted once the catheter was
directed across the tear in the ICA; however, after 3 coils
were deployed, subsequent coil deployment resulted in the

http://www.surgicalneurologyint.com/content/9/1/7

Figure |: (a) Anterior-posterior and lateral cerebrocervical
angiograms of right ICA injection showing right ICA dissection
and CCF near the petrous and cavernous portion of the right ICA
without drainage into the superior ophthalmic vein or into the
inferior petrosal sinus. (b) Angiogram of left ICA injection on day |
of admission and angiogram of right ICA injection on day 21.There
is vasospasm of the left Al segment near its origin on day | which
resolved by day 21

stretching and herniation of the coil into the carotid artery
necessitating retrieval. The procedure was aborted. Given
the presence of vasospasm in the left Al segment, thought
to be a hypoplastic Al at the time, left ICA sacrifice was
deemed unsafe. The patient was then transferred to the
ICU for management of intracranial pressure (ICP); a
follow-up CT later that evening showed a right epidural
hematoma which required evacuation [Figure 2].

The patient was monitored closely in the ICU, and he
needed medical management of his ICP. He had bilateral
movement to central pain by day 4, and we had no
indication that he was symptomatic from vasospasm.
Ie was kept normotensive and normovolemic and was
monitored closely.

On day 12, after his ICP was well-controlled, he was
taken back to the angiography suite where transvenous
embolization of the left SOV was performed via left
internal jugular vein access to protect the left eye. An
attempt was made to embolize the right SOV as well via
the right internal jugular vein. However, despite multiple
attempts, the microcatheter could not be navigated
anteriorly into the right SOV. Although postprocedural
arteriograms  revealed successful embolization of the
left SOV, there was retrograde filling of the right SOV
which was not previously observed [Figure 3a]. There was
evidence of mild-to-moderate vasospasm involving the
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Figure 2: Follow-up head CT on the day of admission shows extensive
SAH as well as an epidural hematoma that required evacuation

left ICA, M1, and Al [Figure 3b], whereas the vasospasm
involving the right was less severe [Figure 3c]. There was
retrograde corticovenous drainage from the left ICA CCF
but not from the right.

The patient was returned to the angiography suite on day
13 for attempted transvenous embolization of the left
cavernous sinus and CCE Multiple attempts to protect
the cavernous left ICA using a Scepter C balloon were
unsuccessful as the catheter and balloon could not be
navigated beyond the fistula site. Because the left ICA
could not be protected, transvenous embolization of the
CCF was aborted. Sacrifice of the left ICA was not a viable
option at the time due to poor collateral supply from the
right anterior circulation to the left anterior circulation.

The right SOV was embolized via direct SOV cut-down
access on day 19. Cerebral angiogram showed resolution
of the vasospasm in the left Al segment and improved
collateral flow from the left anterior circulation to the
right across the anterior communicating artery (Acomm).
The amount of arteriovenous shunting on the right ICA
was significantly reduced. On the left, anterograde flow
into the anterior circulation was significantly reduced
likely because of the improved collateral supply. There
was still evidence of retrograde corticovenous drainage
into the left superficial middle cerebral vein.

Given the new evidence of collateral flow from the left
ICA to the right anterior circulation via the Acomm,
at this point the plan became to sacrifice the left ICA
because it was the main contributor to the CCE. A balloon
occlusion test of the left ICA showed that the venous
phase of the left anterior circulation delayed by 1.75 s
compared to the right side. Therefore, it was determined
that sacrifice of the left ICA was feasible. Because the left
ICA distal to the fistula could not be casily accessed, the
left cavernous sinus was aggressively embolized through
a transvenous route using coils. After transcavernous

http://www.surgicalneurologyint.com/content/9/1/7

Figure 3: (a) Lateral cerebral angiogram of right ICA injection
showing early venous drainage through the right CCF with
retrograde filling of the right SOV. Note evidence of vasospasm
along the right communicating portion of the ICA and the right
MI.(b) Anterior-posterior cerebral angiogram of left ICA injection
showing no flow into the left ACA due to severe vasospasm of the
left Al segment and mild to moderate vasospasm of the left ICA
and MI segment of the left MCA. (c) Anterior-posterior cerebral
angiogram of right ICA injection showing mild vasospasm of the
right ICA and M| segment of the right MCA.There is no evidence
of retrograde cortical venous drainage

embolization, there was significant reduction of the
arteriovenous flow but a channel remained patent to the
distal left anterior circulation. There was concern that
coils from the tranvenous embolization could be a source
for emboli to the left MCA circulation. Therefore, the
proximal left ICA was occluded using amplatzer vascular
plugs. Postprocedural angiogram revealed adequate
perfusion of the left anterior circulation from the right
ICA. Although there was no longer any evidence of
retrograde corticovenous drainage on the left, the right
superficial middle cerebral vein filled retrograde from the
right ICA injection [Figure 4].

A remaining concern at this point was the retrograde
cortical venous drainage to the right superficial middle
cerebral vein. The site of the fistula could not be accessed
from the right inferior petrosal sinus, and although coils
were deployed in the cavernous sinus during the cut-down
access of the left SOV, it did not cure the fistula. Viable
treatment options for treating the residual fistula directly
included accessing the cavernous sinus directly via needle
puncture through the orbit or surgically accessing of the
right superficial middle cerebral vein. Because treatment
of the fistula site could result in coils herniating into the
right carotid artery or stenosis of the carotid artery from
external pressure caused by the coil mass, we elected not
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Figure 4: Anterior-posterior cerebral angiogram of right ICA
injection after left ICA and left cavernous sinus occlusion showing
antegrade flow into both anterior circulation.The venous phase on
the left was delayed by | second compared to the right side.There
continues to be evidence of retrograde cortical venous drainage
from the right cavernous sinus into the right superficial middle
cerebral vein

to attempt to treat the fistula site directly. Instead, we
performed a right craniotomy and ligated the arterialized
right superficial middle cerebral vein at the fistula
site [Figure 5a and b] to protect the brain from potential
venous infarction. The patient tolerated the procedures
well and was discharged to a rchabilitation facility. On
follow-up, the patient lost vision in his right eye likely
from venous infarction but maintained vision in the left
eye. He also had a left 6™ nerve palsy likely secondary to
the coil pack in the cavernous sinus. Ile was otherwise
neurologically intact and completely independent.

Follow-up cerebral angiogram at 6 months revealed
interval healing of the residual right CCE  There
continued to be adequate collateral flow into the left
anterior circulation from the right via the Acomm.
However, there was residual filling of the left CCF via
retrograde flow from the right anterior circulation across
the Acomm [Figure 6]. There was retrograde cortical
venous drainage on the left side. An attempt to access
the fistula site transvenously through the inferior petrosal
sinus was unsuccessful; therefore, the right ICA was
used to access the distal left ICA via the Acomm, and
the ophthalmic portion of the left ICA was embolized
using coils and onyx. No residual left CCEF was seen
but there remained slight filling of the right CCF which
drained directly into the right inferior petrosal sinus.
A subsequent follow-up angiogram 6 months later showed
healing of this residual fistula.

DISCUSSION

The preceding case highlights two unique features which
alter the management of CCl's — bilateral CCI's and
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Figure 5: (a) Microscope photograph showing the arterialized
right superficial middle cerebral vein. (b) Microscope photograph
showing the right superficial middle cerebral vein after it was
clipped, cauterized, and cut

concurrent cerebral vasospasm. Reports indicate that up
to 90% of patients with CCF's can be treated successtully
with a combination of transarterial embolization,
transvenous embolization, or ICA sacrifice.?”! Bilateral
CCFs, which may be present in up to 2% of CCL' cases,
limit which of these options can be safely performed.!*!
Specifically, ICA sacrifice cannot be used as a primary
treatment modality until one CCF is repaired to prevent
possible anterior circulation stroke. Further, it may be
increasingly difficult to use coils or liquid embolics
because these may herniate across the cavernous sinus,
through the contralateral CCE and cause occlusion of
the contralateral carotid artery. Balloons cannot be used
simultaneously on both sides. Use of stents is an option;
however, transvenous coil pack may still herniate through
the stent or may crush the stent compromising flow. In
addition, a large coil mass in the cavernous sinus may
make it difficult to monitor the integrity of both carotid
arteries during transvenous embolization.

Cerebral vasospasm is a known sequelac of TBI both in
the presence and absence of tSAIL Vasospasm has been
detected angiographically in up to 41% of patients with
tSAH and by ultrasonography in up to 68%.[1:0518.19.22.2625]
In this population, vasospasm can begin within 24 h of
the trauma and last anywhere from a few hours up to
30 days.*721 Despite this, only 3.9-16.6% of the patients
with radiographic evidence of vasospasm following TBI
display clinical evidence of vasospasm. 612232529
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Figure 6: Three-month follow-up anterior-posterior cerebral
angiogram of right ICA injection reveals good collateral flow into
the left anterior circulation via the Acomm with retrograde flow
through the residual left CCF into the cavernous sinus

In the present case, cerebral vasospasm was found to
occur within hours of the trauma and continued for at
least 13 days post-trauma. It was difficult initially to
distinguish cerebral vasospasm from hypoplastic Als
which are typical variants of the circle of Willis that limit
collateral flow. However, because narrowing was also seen
in the ICA and MCA, vasospasm was casier to distinguish.
The presence of vasospasm in these arteries severely
limited our ability to definitively treat the patient’s more
symptomatic CCF with early ICA sacrifice. Therefore, the
patient’s CCFs had to be managed more conservatively
until the cerebral vasospasm ceased. Because we had no
indication that he was symptomatic from vasospasm,
we did not monitor TCDs. In addition, we did not have
very effective tools to manage vasospasm in this setting.
Angioplasty and/or intra-arterial infusion of verapamil
were not good options because we did not have access
to the distal intracranial vessels due to the injury. We
felt that proximal infusion will mostly be shunted to the
venous system and using pressors to treat the vasospasm
may Increase venous hypertension resulting in venous
infarction of the retina or the brain. We did attempt
nimodipine but the patient became hypotensive even
with a 2-mg dose so we aborted this effort.

This case illustrates these challenges, especially because
the patient did not appear to have adequate collateral
flow to sacrifice the severely injured left ICA. Vasospasm
added to the complexity of this case not only because
management of vasospasm was difficult in the setting
of bilateral direct CCFs but also because the vasospasm
affected the collateral flow and limited the treatment
options for the left CCE. We propose that, if preservation
of the injured carotid is not an option, patients such as
this can initially be managed by protecting the brain and
retina from venous hypertension with focal embolization
until vasospasm has resolved. At this time, collateral

http://www.surgicalneurologyint.com/content/9/1/7

circulation can be reassessed and sacrifice of the injured
cavernous ICA may become a good option to definitive
treatment of the direct CCE Another significant point
to consider is that, if one of the injured carotid arteries
is treated via sacrifice, the contralateral side must be
treated with much care because any compromise of flow
in this vessel can result in devastating bilateral anterior
circulation infarction.
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