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Introduction

Based on the nomenclature of Barrow, carotid-cavernous
fistula (CCF) can be categorized into 4 types (types A-D) (1).
Type A CCFs are direct, high-flow lesions connecting
the internal carotid artery (ICA) directly to the cavernous
sinus. Type A CCFs often result from a single tear in the
carotid artery wall, caused either by trauma or aneurysm
rupture. These are by far the most common type of CCFs,
accounting for approximately 75-80% of CCFs overall.
Types B, C, and D CCFs are all indirect, low-flow lesions
that arise from meningeal branches of either the ICA or
external carotid artery. Type B CCFs arise from meningeal
branches of the ICA, type C CCFs arise from meningeal
branches of the external carotid artery, and type D CCFs
arise from meningeal branches of the ICA or external
carotid artery. Posttraumatic CCFs are the most common
type, accounting for up to 75% of all CCFs. They have been
reported to occur in 0.2% of patients with craniocerebral
trauma and in up to 4% of patients who sustain a basilar
skull fracture (2). Approximately 80% of patients with CCF
have ocular symptoms (3-6). We report 2 rare cases of CCF
without ocular symptoms, mainly manifesting as cerebral
infarction.

Case presentation
Case 1

A 64-year-old male was transferred from another hospital

with a 5-day headache and 2-day right limb hemiparesis
following a traffic accident. On admission, the patient
had hemiparesis of the left limb and aphasia. Physical
examination revealed the following: clear consciousness,
aphasia, free movement of both eyes, no conjunctival
congestion, no pulsating exophthalmos, no intracranial
vascular murmurs, grade I muscular power of the right
limb, and grade V muscular power of the left limb.
Magnetic resonance imaging (MRI) of head showed left
frontal and parietal massive cerebral infarction (Figure 14).
Cerebrovascular digital subtraction angiography (DSA)
suggested moderate stenosis of the left ICA, CCF of the left
ICA (Figure 1B), and no blood flow in the distal left ICA;
the left middle cerebral artery and the anterior cerebral
artery were supplied by the anterior communicating artery
(Figure 1C). The patient’s CCF had low blood flow, and
it could adequately return through the draining veins of
the cavernous sinus, so there was no clinical manifestation
of increased cavernous sinus pressure. The patient had
no ocular symptoms, such as pulsating exophthalmos or
conjunctival congestion. His family members opted for
nonsurgical treatment due to concerns about ischemia-
reperfusion injury to the left cerebral hemisphere after
fistula of the carotid-cavernous was sealed. He was treated
with nimodipine, monosialotetrahexosylganglioside (GM1),
limb function training, and hyperbaric oxygen therapy,
and the muscle power of the right limb recovered to grade
IIT after 3 months. Head MRI showed that the cerebral
infarction had improved (Figure 1D). Rehabilitation
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Figure 1 The imaging data of case 1. (A) Head MRI showing left frontal and parietal massive cerebral infarction. (B) Cerebrovascular

DSA showing moderate stenosis of the left ICA, carotid-cavernous fistula, and no blood flow in the distal left internal carotid artery. (C)

Cerebrovascular DSA showing the left middle cerebral artery and the anterior cerebral artery were supplied by the anterior communicating

artery. (D) Head MRI after 3 months showing the cerebral infarction improved. MRI, magnetic resonance imaging; DSA, digital subtraction

angiography; ICA, internal carotid artery.

treatment was continued at a later stage.

Case 2

The patient, a 45-year-old male, was admitted to the
emergency room with a head and face injury caused by
tireworks. Physical examination on admission revealed
the following: mental coma, ruptured right eye, and grade
1 muscle power of the left limb. Computed tomography
(CT) of the head showed a right frontotemporal parietal
epidural hematoma, a right frontal cerebral contusion, a
right orbital fracture, a skull base fracture, multiple facial
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fractures, and a small left frontal epidural hematoma and
rupture of the right eyeball (Figure 24). After admission,
an emergency craniotomy was performed to remove the
right frontotemporal parietal epidural hematoma plus
decompression of the debridement flap plus removal of the
right eye. A repeat head CT scan on the next day showed
an enlarged left frontal epidural hematoma up to 30 mL.
A craniotomy of the left frontal epidural hematoma was
performed under general anesthesia. After the operation,
the patient’s clear consciousness gradually returned, and the
muscle power of the left limb recovered to grade IV. Sixteen
days later, a head MRI scan showed right parietal cerebral
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Figure 2 The imaging data of case 2. (A) Head CT showing rupture of the right eyeball. (B) Head MRI showing right parietal cerebral

infarction. (C) Cerebrovascular DSA showing right carotid-cavernous fistula. (D) Cerebrovascular DSA after endovascular treatment

showing the fistula was completely embolized. CT, computed tomography; MRI, magnetic resonance imaging; DSA, digital subtraction

angiography.

infarction (Figure 2B). Cerebrovascular DSA showed a right
CCEF 19 days later (Figure 2C). Since the patient’s right
eye had been removed, he had no ocular symptoms. The
main clinical manifestation of the patient’s CCF was right
parietal cerebral infarction. Endovascular embolization was
performed for the treatment of the right CCF one-and-a-
half months later. During the operation, 7 coils and 3 mL of
Onyx (Medtronic, Inc. Minneapolis, Minnesota, USA) were
used to completely embolize the fistula (Figure 2D). One
month after endovascular treatment, the muscle power of
the patient’s left limb had recovered to grade V.

All procedures performed in this study were in
accordance with the ethical standards of the institutional
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and/or national research committee(s) and with the
Helsinki Declaration (as revised in 2013). With adequate
communication, written informed consent was provided by
the patients or their family members for publication of the
case presentation and accompanying images. A copy of the
written consent is available for review by the editorial office
of this journal.

Discussion

CCF is a disease in which the arterial wall of the carotid-
cavernous sinus segment is damaged, resulting in abnormal
arteriovenous communication. The ICA and its meningeal
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branches cross the cavernous sinus. Once these arteries
rupture, the arterial blood flows directly into the venous
sinus, causing the sinus pressure to rise and reverse flow into
the superior ophthalmic vein, which restricts blood flow back
to the eye. This induces ocular symptoms such as pulsatile
exophthalmos, ocular motility disorders, bulbar conjunctival
congestion, and progressive vision loss (1-4). Many patients
are first admitted to ophthalmology departments for
obvious eye discomfort, when in fact it is a neurosurgical
condition. In a very small number of patients, cerebral
ischemia or even cerebral infarction may occur due to
excessive flow of the fistula or poor collateral circulation, as
well as blood leakage from the fistula of the CCE.

Whole-brain DSA is the gold standard for the
diagnosis of CCF, which is also the most important disease
assessment method before surgical treatment. During DSA
examination, whole-brain DSA including bilateral external
carotid arteries should be performed. DSA can clearly show
the fistula and the venous drainage pathway behind the
fistula. A very small number of patients with mild symptoms
and low fistula flow can be cured by compression of the ICA.
However, the vast majority of patients with CCF require
endovascular treatment to embolize the fistula (5-8). The
materials used for embolization are detachable balloons,
laminated stents, spring rings, and Onyx (9-12).

We searched the PubMed database with the keyword
“carotid-cavernous sinus fistula” and “cerebral infarction”,
after which we found only 5 pieces of literature reporting 5
cases of CCF mainly manifested as cerebral infarction; these
5 patients had different causes of cerebral infarction (13-17).
Here, we report 2 patients with CCF without ocular
symptoms and the main clinical manifestation of cerebral
infarction. The first patient had ICA stenosis, so the flow
of the fistula was small, and the blood flowing through the
fistula could be fully returned through the draining vein,
and thus there were no ocular symptoms. The leading
causes of cerebral infarction in patients with carotid stenosis
are carotid plaque shedding or thrombosis. Cerebral
infarction is caused by plaque or thrombus blocking the
middle or anterior cerebral artery. The diameter of plaque
or thrombus is smaller than the diameter of the ICA.
Hence, it will not cause complete blockage of the ICA.
DSA of this patient showed that the left anterior cerebral
artery and middle cerebral artery were unobstructed.
Nevertheless, the distal blood supply of the left ICA was
interrupted. Therefore, the cause of cerebral infarction was
the interruption of ICA blood supply due to CCF. This is
also the world’s first reported case of CCF combined with
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ICA stenosis and massive cerebral infarction (8,9,13-17).
"This patient was not treated with endovascular embolization
due to concerns about the risk of ischemia-reperfusion
injury. Nimodipine, monosialotetrahexosylganglioside,
limb function training, and hyperbaric oxygen therapy were
administered, and the patient’s cerebral infarction symptoms
improved. The second patient also had no ocular symptoms
because the patient underwent ophthalmectomy after a
traumatic eye rupture. The patient’s left limb was slightly
weak, and cerebrovascular DSA indicated that the blood
flow of CCF was large, which led to the decrease of the
forward blood flow of the right ICA. MRI scans of the head
showed focal cerebral infarction in the right parietal lobe.
This patient was treated with endovascular embolization
for CCF with good results. These 2 cases remind us that
patients with head trauma combined with skull base fracture
or mandibular fracture, who have symptoms of cerebral
ischemia and cerebral infarction need to be considered as
having CCF, and cerebrovascular DSA is important for
these patients. If CCF is detected, the patient should be
treated using an appropriate treatment plan.
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