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, Abstract—Background: A posttraumatic carotid
cavernous fistula can remain unrecognized and ultimately
present with symptoms characteristic for a middle cerebral
artery stroke. Progressive neurologic deterioration can
occur until the condition is diagnosed and treated. If unrec-
ognized and untreated, permanent damage may result. Case
Report: A 46-year-old white man with the history of a motor
vehicle crash 6 months prior presented with complaints of
acute onset of expressive aphasia and seizure-like activity
for 3 days. On presentation, the patient was noted to have
moderate proptosis and chemosis of the left eye. Magnetic
resonance imaging of the brain showed an arteriovenous fis-
tula arising from the anterolateral precavernous left inter-
nal carotid artery. This was directly communicating with
the adjacent cortical veins along the medial aspect of the
left temporal lobe, resulting in venous congestion in the
left frontal opercular region, the left insula, and subinsular
tracks. The patient underwent an intracranial coil emboliza-
tion of a left carotid cavernous fistula. No complications
were encountered, and the patient had near-complete reso-
lution of neurologic deficits and left eye proptosis. Why
Should an Emergency Physician Be Aware of This?:
Although posttraumatic carotid cavernous fistula is a rare
condition, it is important to be aware of this entity because
immediate diagnosis and treatment may improve out-
come. � 2015 Elsevier Inc.
, Keywords—posttraumatic head injury; carotid
cavernous fistula; coil embolization
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INTRODUCTION

Carotid cavernous fistula (CCF) occurs between the carotid
artery and the cavernous sinus. It is usually due to the
rupture of the internal carotid artery within the cavernous
sinus, and occursmore frequently after a fracture of the cra-
nial fundusby trauma.According toBarrowet al.,CCFs are
categorized into four main classification types: type A –
direct, high-flow shunts between the internal carotid artery
(ICA) and the cavernous sinus; type B – indirect, low-flow
communication between meningeal branches of the ICA
and cavernous sinus; type C – indirect, low-flow dural
shunts between meningeal branches of the external carotid
artery (ECA) and the cavernous sinus; and type D – indi-
rect, low flow shunt between meningeal branches of both
the ICA and ECA and the cavernous sinus (1–3).

CCF is a rare but serious condition; patients usually
experience progressive ocular complications, and may
even develop intracerebral hemorrhage (3). Therefore,
early detection, immediate attention, and intervention
are imperative to decrease the morbidity and mortality
in these patients.

CASE REPORT

A 46-year-old white man with no significant past medical
history, other than a motor vehicle collision (MVC)
r 2014;
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Figure 2. Magnetic resonance imaging (MRI) study of the
brain shows abnormal enhancement as well as fluid-
attenuated inversion recovery (FLAIR) hyperintensity in the
inferior aspect of the left frontal lobe extending to the anterior
aspect of the left temporal lobe in the left periventricular
white matter (arrows). This involves the insular and subinsu-
lar regions. Multiple linear areas of enhancement are seen in
an area of FLAIR hyperintensity, which appear to be vessels
and veins with more matted enhancement involving the left
insula.
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6 months prior, presented to the Emergency Department
complaining of acute neurological disturbances. At the
time of the collision, the patient sustained extensive bilat-
eral facial fractures including zygomaticomaxillary frac-
tures, LeFort fractures with the main fracture line
extending horizontally through the maxilla to the ptery-
goid plates, with fracture of both pterygoid plates. Frac-
tures involved the maxillary walls on both sides, both
medial and lateral orbital floors, diastatic fractures of
both lateral walls of the orbit, and fractures of both zy-
gomas. Also, he had a fractured right mandible. In addi-
tion, he sustained facial, rib, and femur fractures with a
pneumothorax.

At the time of presentation he was complaining of
acute onset of expressive aphasia and possible seizure-
like activity for the previous 3 days, as well as persistent
headache since the accident. He described a sensation of
‘‘hearing his brain running.’’ According to the patient’s
sister, he was noted to have a facial droop and tongue de-
viation to the left, which was new for him.

The physical examination was significant for expres-
sive aphasia, facial droop, left eye proptosis with chemo-
sis (Figure 1), and a tongue deviated to the left. His pupils
were round and equally reactive to light, and no eyeball
pulsation was noted. The anterior eye chambers were
normal in both eyes, and his vision was 20/40 in both
eyes. Left deep scleral vessel injection was present.

A computed tomography scan of the head was unre-
markable except for a small area of encephalomalacia
in the left frontal lobe related to the interval resolution
of intra-axial hemorrhage from the initial MVC. The pa-
tient was admitted to the hospital and a brain magnetic
resonance imagining study (Figure 2) and magnetic reso-
nance angiogram (Figure 3) showed an arteriovenous fis-
tula arising from the anterolateral precavernous left ICA
directly communicating with adjacent cortical veins
along the medial aspect of the left temporal lobe. This fis-
tula was producing venous congestion in the left frontal
Figure 1. Left eye proptosis, chemosis (arrow), and signifi-
cant scleral vessels injection.
opercular region, the left insula, and subinsular tracks.
The left ICA appeared to be significantly larger than the
right ICA, which could be attributed to turbulent flow at
the level of the carotid bulb. An electroencephalogram
(EEG) demonstrated electrographic focal seizures arising
from the left frontal region, likely reflective of an under-
lying structural lesion.

The patient was then started on levetiracetam 1000 mg
intravenous on hospital day 2, and his expressive aphasia
significantly improved within approximately 24 h. The
patient underwent a transvenous cerebral angiography,
as requested by Neurosurgery, which confirmed a direct
carotid cavernous fistula, which was seen between the
left internal carotid artery cavernous section and the left
cavernous sinus (Figure 4). The major drainage was
through an enlarged inferior petrosal sinus, as well as
some retrograde filling of a significantly enlarged left
cortical vein, which was causing engorgement of the
cortical surface veins.



Figure 3. Magnetic resonance angiogram of the brain shows
an arteriovenous fistula (arrow) arising from the anterolateral
aspect of the precavernous left internal carotid artery,
directly communicating with adjacent cortical veins.

Figure 4. Brain arteriogram prior to coil. Direct carotid
cavernous fistula between the left internal carotid artery
cavernous section and the left cavernous sinus. The major
drainage is through an enlarged inferior petrosal sinus as
well as retrograde filling of a significantly enlarged left
cortical vein. Large arrow is on the fistula and the small ar-
rows are on a huge cortical vein.
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The patient then underwent an intracranial Codman
coil embolization of the left carotid cavernous fistula.
Postembolization left internal carotid artery cerebral
angiogram was performed, showing a complete absence
of the previously seen retrograde filling of the enlarged
left cortical vein and absence of retrograde filling of
pial venous structures on the cortical surface (Figure 5).
No complications occurred during or after the coiling
procedure. The patient was discharged after a 10-day hos-
pital stay in stable condition, and he was instructed to
follow up with Neurosurgery.

DISCUSSION

The estimated incidence of traumatic brain injury (TBI) in
the United States is 1.5 million per year. Approximately
0.2–0.3% of these TBIs are complicated by CCF (2,3).
Barrow et al. classified CCF into direct/Type A and
Indirect (Types B, C, D) (1). Direct CCF, which most
commonly occurs in TBI patients, is a high-flow fistula
that develops between the internal carotid artery and
cavernous sinus (4,5). Symptomatic direct CCF may be
caused by any severity and a wide variety of traumatic
brain injury mechanisms (penetrating, or nonpenetrating
injuries associated with basal or facial skull fractures
related to MVC, falls, fights, orbitocranial perforating
injuries, etc.). Spontaneous direct CCF is rare, and
usually it occurs in patients with underlying pathology
that affects vasculature (connective tissue disease such as
Ehlers-Danlos syndrome, systemic vasculopathy due to
chronic hypertension, preexisting aneurysm of ICA) (6).
Increased venous pressure leads to the classic symptom
triad of CCF: exophthalmos, conjunctival injection, and
an audible orbital bruit. However, symptoms and signs
may range from isolated ocular manifestations to life-
threatening brain edema and intracranial hemorrhage
(4,5,7–9).

The etiology and pathogenesis of indirect CCF are
controversial. In contrast to direct CCF, they usually
become symptomatic spontaneously. Factors that report-
edly may predispose to development of symptomatic indi-
rect CCF include: pregnancy, hypertension, atherosclerotic
vascular disease, and connective tissue disorders. Head
trauma may also lead to indirect CCF formation.



Figure 5. Image after the coiling procedure. A left internal ca-
rotid artery cerebral angiogram with traditional angles and
magnification showed a complete absence of the previously
seen retrograde filling of enlarged left cortical vein and
absence of the previously seen retrograde filling of pial
venous structures on the cortical surface. The internal ca-
rotid artery is at the large arrow and coil at the small arrow.
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This case is notable because the patient presented to
the ED months after the initial head injury with acute
onset of symptoms that were consistent with a lesion in
middle cerebral artery distribution. Because the patient’s
focal neurologic deficit symptoms improved with the
initiation of levetiracetam therapy and then had nearly
completely resolved after surgical management of the fis-
tula, we concluded that his stroke-like presentation was
actually a seizure manifestation. In fact, the EEG that
showed focal activity arising from the left frontal region
highly suggested a seizure disorder. However, other
possible causes of the seizure manifestation included
venous congestion, a steal phenomenon from the ICA
due to the CCF, or even a combination of underlying path-
ologic changes that were all secondary to the original
head injury.

Early detection and neurosurgical intervention is war-
ranted for all suspected CCF. It leads to prevention of
complications such as intracranial hemorrhage, as well
as irreversible partial or total vision loss. Very few cases
have been reported in which blindness was reversed post-
transvenous embolization (10). Timely intervention usu-
ally results in almost complete resolution of presenting
symptoms. However, spontaneous closure of CCF had
been reported in literature (11).

Endovascular approach has replaced the traditional
surgical approach as the modality of choice due to its
safety and high success rate in treating CCF. The goal
of endovascular embolization is to completely occlude
the abnormal fistula while maintaining patency of the in-
ternal carotid artery.

Although transarterial embolization with a detachable
balloon is the standardmethod of treating direct CCF,with
reported success rates of 75–88% in preserving the
patency of the parent ICA, a transvenous approach or uti-
lization of coil may be necessary in cases where the size of
the cavernous sinus and the fistula may lead to failure of
embolization via traditional approach and recurrence of
CCF (12,13). Near resolution of the patient’s symptoms,
as well as physical findings, were observed shortly after
the endovascular procedure. This improvement was
probably secondary to resolution of brain edema due to
reversal of blood flow through dural veins.

WHY SHOULDAN EMERGENCY PHYSICIAN BE
AWARE OF THIS?

The diagnosis of CCF should be kept in mind while eval-
uating a patient with focal neurological deficits as well as
new onset of seizures, because it is a treatable condition
in the setting of timely diagnosis.
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