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Endovascular treatment of carotid-cavernous vascular lesions

Tratamento endovascular das lesoes vasculares carotido-cavernosas
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ABSTRACT

Obijective: to evaluate the endovascular treatment of vascular lesions of the cavernous segment of the internal carotidartery (ICA) per-
formed at our institution. Methods: we conducted a descriptive, retrospective and prospective study of patients with aneurysms of the
cavernous portion of the ICA or with direct carotid-cavernous fistulas (dCCF) undergoing endovascular treatment. Results: we included 26
patients with intracavernous aneurysms and ten with dCCF. All aneurysms were treated with ICA occlusion. Those with dCCF were treated
with occlusion in seven cases and with selective fistula occlusion in the remaining three. There was improvement of pain and ocular propto-
sis in all patients with dCCF. In patients with intracavernous aneurysms, the incidence of retro-orbital pain fell from 84.6% to 30.8% after
treatment. The endovascular treatment decreased the dysfunction of affected cranial nerves in both groups, especially the oculomotor one.
Conclusion: the endovascular treatment significantly improved the symptoms in the patients studied, especially those related to pain and

oculomotor nerve dysfunction.

Keywords: Carotid-Cavernous Sinus Fistula. Embolization, Therapeutic. Carotid Artery Injuries.

INTRODUCTION

he treatment of lesions that compromise the
Tcavernous sinus (CS) represents a challenge to
neurosurgeons. Since Dolenc’ has comprehensively
described the microsurgical anatomy, knowledge of the
CS region has spread, allowing the development of new
treatment techniques.

The increasing knowledge of the topographic
anatomy related to the internal carotid artery (ICA)
and its relationships with bones, dura mater (DM),
venous spaces and cranial nerves (CN) changed the
course of neurosurgical performance in CS lesions'. The
development of modern neuroendocrine intervention
techniques has widened the range of therapeutic options
for vascular affections compromising the CS. However,
controversy persists regarding treatment.

The endovascular treatment of such lesions has
presented several changes in recent years, especially due
to the appearance of new technical resources?. Thus, the
constant evaluation of its effectiveness is necessary to
obtain better results, associated with progressively lower

rates of morbidity and mortality.

The objective of the present study is to
evaluate the endovascular treatment of vascular lesions
- aneurysms and fistulas - that affect the intracavernous
internal carotid artery in patients undergoing treatment
in the Sao Paulo Holy Home.

METHODS

The project and the Informed Consent Form
were previously approved by the Ethics in Research
Committee under number 197/10.

Itis a descriptive, retrospective and prospective
study in which we evaluated 39 patients with
intracavernous aneurysms (IcCAA) and direct carotid-
cavernous fistulas (dCCF), of whom 36 underwent
endovascular treatment in the period of January 1, 2009
to December 31, 2012. We performed retrospective
assessment through medical records review and
prospective outpatient visits. All individuals had an
outpatient follow-up for at least one year.

We included

a diagnosis of dCCF who underwent endovascular

in the study patients with

treatment and ICA patients with intractable pain and/or
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Figure 1. Patient with dCCF presenting with proptosis, ocular hypere-
mia and CN VI deficit on the right.

symptoms resulting from changes in CN Ill, IV, V or VI
lasting less than or equal to six months and undergoing
endovascular treatment.

We excluded patients who refused to participate
in the study and patients with incomplete data records or
for whom the variables assessment was impossible. We
included the obtained data in spreadsheets and presented
them in a descriptive way in tables and graphs.

RESULTS

Ten patients underwent endovascular treatment
for carotido-cavernous fistulas, four of them male and
six female. The mean age was 35.3 years. We observed
previous trauma history in nine (90%) patients, with the
mean time interval between the trauma and the definitive
treatment of 6.94 months. ICA occlusion was the method
used in seven cases. The remaining three cases underwent
balloon fistula occlusion. In total, 13 interventions were
performed in the ten patients.

The previous evaluation of the patients with
dCCF showed the presence of pain in nine of them.
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Figure 2. Clinical manifestations in patients with dCCF before and af-
ter endovascular treatment.

Ocular hyperemia, proptosis and oculomotor nerve
involvement were present in all patients (Figures 1, 2
and 3). The trochlear nerve had altered function in four,
the trigeminal in one and the abducent in seven (Figure
3). After the final therapeutic intervention, all patients
presented without pain or ocular proptosis. We observed
discrete residual ocular hyperemia in two patients. The
function of the oculomotor, trochlear, trigeminal and
abducent nerves remained altered in three, one, one and
three patients, respectively (Figures 2 and 3).

The endovascular treatment of aneurysms of
the cavernous segment of the internal carotid artery was
performed in 26 patients. In these patients, the history of
previous trauma was observed in three (11.5%) who in
fact had a traumatic pseudoaneurysm.

In the group of patients with non-traumatic
aneurysms, two were male and 21 female. The mean
age of treated patients was 54.35 years (Figure 4). We
observed that the 23 patients of this subgroup had
giant aneurysms. Only one patient (3.9%) had another
aneurysm at the time of diagnosis, which was subjected to
microsurgical clipping prior to ICA therapeutic occlusion.

The therapeutic option used in all patients of
this subgroup was the ICA endovascular occlusion of
with coils. One patient, despite having an ICA occlusion
test negative for deficits, evolved with motor deficit
contralateral to the occluded side 72 hours after the
procedure, being the only complication observed in this
group.

In the preoperative evaluation, retro-orbital and
periocular pain were present in 21 cases (91.3%). We
observed involvement of the oculomotor nerve ipsilateral
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Figure 3. CN function of in patients with dCCF before and after endo-
vascular treatment.
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Figure 4. Distribution of the ages of patients with IcCAA.

to the aneurysm in 21 patients (Figure 5). Trochlear nerve
injury was seen in 47.8% of cases. We found trigeminal
nerve involvement in ten patients (43.4%), and abducent
nerve commitment in 19 (82.6%) (Figure 6).

In the postoperative evaluation, there was
no pain in 15 patients (65.2%). After treatment, retro-
orbital pain was present in 34.8%, with lower intensity.
The involvement of the oculomotor nerve remained in
11 patients (47.8%). The trochlear nerve was clinically
altered in three and the injury of the trigeminal and
abducent nerves was evident in less intensity in four and
eleven patients, respectively (Figure 6).

ThreepatientswithICAtraumaticpseudoaneurysms
were treated with ICA occlusion. Two patients underwent
ICA occlusion with balloons, and one, with coils. We observed
an iatrogenic etiology in one of these cases, resulting from
a previous approach of the Sella region by transsphenoidal
endoscopic surgery. This same patient later evolved with the
formation of dCCF, being therefore included in two of this
work’s groups.

Inthesubgroup of patientswith pseudoaneurysms,
a single patient was submitted to treatment immediately

Figure 5. IcCAA patient presenting left palpebral ptosis due to CN /Il
deficit.

after the traumatic injury, even during the same anesthetic
act, corresponding to the case that suffered injury during
a surgical procedure and, therefore, no complaints were
recorded regarding CN deficits. Another patient had
only a CN VI deficit before treatment. The last patient in
this subgroup had a deficit of CN Il and VI, in addition
to retroocular pain. After treatment, all patients were
symptom-free.

DISCUSSION

The dCCF represent high-flow lesions® and
usually have a traumatic etiology*®, as found in 90%
of the patients in this study. The only patient with this
diagnosis who had no history of trauma supposedly had
the fistula due to the rupture of the IcCCAA. This situation
accounts for up to 25% of dCCF.

The dCCF wusually occurs in young male
patients’, as this is the group most frequently affected
by traumatic brain injury (TBI). Differently, we found
60% females in this study. The mean age of the treated
patients was 35.3 years, corroborating data from the
literature®’. One patient, although not correlated with
TBI, presented dCCF after inadvertent laceration of the
ICA during surgery for resection of a skull base tumor.
This etiology is also well documented in the literature®°,

The only patient who had no traumatic etiology
presented emptying of the balloon used for the selective
dCCF occlusion on the second day after treatment, which
required a new therapeutic session with the need for ICA
occlusion. The emptying of the balloon, often caused by
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Figure 6. CN function in IcCAA patients before and after endovascular
treatment.
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perforation, is usually described in association with dCCF
of traumatic origin, in which bony spicules from fractures
at the base of the skull®'? may cause perforation of the
balloon located in CS, especially when it is inflated.

The time elapsed between the beginning of
the symptoms and the endovascular treatment was up
to 21 months. In this context, we also observed that
patients who remained untreated for a longer period
had a lower possibility of improvement of the signs
and symptoms presented, especially regarding ocular
motricity and conjunctival hyperemia, although without
significant statistical evidence. This observation reinforces
the importance of early diagnosis and treatment.

Data from the literature demonstrate clinical
exuberance in the presentation of dCCF'3. The most diverse
clinical signs, such as conjunctival hyperemia and ocular
proptosis, were present in all patients in the study. In
addition, retro-ocular pain was a frequent symptom, present
in 90% of patients. The rates of CN impairment found in
this study are similar to those reported in publications?’, as
well as of symptoms improvement after treatment.

Somepatientshavedevelopedophthalmoplegia.
This is most commonly explained by the involvement
of CNs responsible for extrinsic ocular movements?’.
However, this condition is facilitated by the appearance
of edema of the intraorbital and periocular structures
generated by venous engorgement3.

Diagnostic suspicion of dCCF is based on
clinical findings'. When one suspects this condition, CT
scan of the skull is usually requested as the first imaging
examination, which may reveal ocular proptosis and, in
contrast phase, venous engorgement and tortuosity of
the involved ophthalmic vein, as well as CS™. This was
the case with this study patients. All were submitted to
CT scan of the skull showing the mentioned changes. The
diagnostic sequence is based on carotid arteriography
(CA), which, in addition to confirming the presence of
the fistula and its venous drainage, is of fundamental
importance for classification and therapeutic planning’. It
is also useful in the investigation of other vascular lesions,
such as: CS pseudoaneurysms and varicose veins’, or
thrombosis of other venous sinuses.

As to management, once diagnosed, all cases
were referred for endovascular treatment. Although
there is report of cases of dCCF spontaneous cure',
there is currently no room for doubt as to whether or
not to indicate treatment®'3. There is also consensus
regarding the indication of endovascular intervention as a
treatment®®. Currently, authors differ basically regarding
the necessity or not of the treatment immediately after
the fistula diagnosis, and the best endovascular technique
to be used.

For some authors, such as Halbach et al.’e,
treatment should be early, especially if there is intracranial
hemorrhage, epistaxis, increased intraocular pressure,
reduced visual acuity or progressive proptosis. The
authors who advocate treatment at a later stage claim
that, because of recent trauma, the ICA may present a
high reactivity to endovascular navigation, which would
lead to an increased risk of endothelial injury. In this
study, patients were treated in the late phase.

Once the endovascular approach is indicated,
the ideal treatment for dCCF is its exclusion from
circulation, with preservation of blood flow by the ICA3>&1
and this was the goal sought. Thus, we attempted the
placement of a latex disposable balloon within the CS for
selective fistula occlusion as the initial procedure for all
patients. However, the selective occlusion of dCCF with
preservation of the flow by the ICA was only definitively
achieved in 30% of the patients. The high failure rate
(70%) in the preservation of ICA flow differs significantly
from that recorded in the literature, which predicts a
failure rate of around 10 to 20%"".

The most common cause of failure of dCCF
balloon selective occlusion is the presence of bone spicules
within the CS, which would result in the balloon perforation
after its positioning in the CS™. This usually occurs at the
time of balloon insufflation. Balloon perforation at the
time of inflation did not occur in this series. One of the
cases presented emptying of the balloon in the late phase,
corresponding to the only one not having TBI. Another
acceptable explanation, which is consistent with the reality
found, would be the difficulty of positioning the balloon
inside the CS. Such a situation may be related to the small
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size of CS, which would make it difficult to inflate the
balloon?, or even to the large dimensions of the fistulous
orifice, which may have progressed during the time elapsed
until diagnosis and treatment.

Patients submitted to dCCF balloon occlusion
displayed no significant complications. There were no
residual fistulas or thromboembolic complications that,
although rare, are described®. However, one patient
evolved with intracavernous pseudoaneurysm formation,
which remained stable during angiographic follow-up for
two years.

In cases of failure of the selective fistula
occlusion, patients were candidates for ICA therapeutic
occlusion. In most cases, this was accomplished with the
placement of detachable balloons occluding the fistular
tunnel and the ICA. In these patients, the ICA flow was
directed almost exclusively to the fistula, and no occlusion
test was required. We observed no complications related
to ICA occlusion in this subgroup.

In the group of patients with intracavernous
aneurysms, there was a predominance of female gender
(84.6%). This situation is in agreement with the existing
publications'?°, although there is no known explanation
for this. These lesions usually affect patients in the 5th
and 6th decades of life?°, and are commonly manifested
by CNs compressive symptoms'. In this sample, the mean
age at symptoms presentation was 52.2 years?%?'. If only
the group of non-traumatic ICA patients was considered,
the mean age was 54.4 years. The increase in the age
range of this subgroup is expected, since non-traumatic
lesions affect older patients?°.

Intracavernous aneurysms usually have their
genesis linked to hemodynamic and atherosclerotic
factors?®. A small proportion of the cases may be
associated with TBI or direct ICA lesions?°, in these
situations being called traumatic pseudoaneurysms.
We observed three patients with diagnosed traumatic
pseudoaneurysms, representing 11.5% of the cases. Two
of them were caused by closed head trauma and only one
due to inadvertent ICA surgical injury.

All cases but the previously mentioned patient
who suffered direct ICA injury during the surgical

procedure were diagnosed from the compression
symptomatology of the CN affected in the CS region. This
is the most common presentation™?!. Thus, the patients
had a clinical picture of retroocular pain, diplopia,
ophthalmoparesis and trigeminal neuropathy in different
degrees. The same symptoms and signs were found by
other authors who investigated aneurysms involving the
itracavernous Carotid Artery™?'. Although described in
the literature’, none of the intracavernous ansurisms in
this study were manifested by spontaneous subarachnoid
hemorrhage (SSH).

SSH from an IcCAA is a rare phenomenon?.
When present, it most often results from the expansion
of the aneurysms into the subarachnoid space. This
expansion occurs most frequently in aneurysms originating
from the C2 segment of the ICA. Another mechanism
for its occurrence would be erosion of the lateral wall by
the giant aneurysms, or even of the medial wall, causing
hemorrhage through the sellar diaphragm?3.

According to Choulakian et al.?, to display CN
compressive symptoms, the IcCAA should have diameters
greater than 15mm. In our sample, 23 of the 26 aneurysms
were considered giant (greater than 25mm), confirming
this affirmation. The three remaining aneurysms were, in
fact, pseudoaneurysms, with their symptoms associated
with cranial trauma.

According to Vasconcellos et al.?°, the most
commonly encountered IcCAA symptoms were, in
decreasing order of frequency: headache, diplopia due
to CN IV dysfunction, retro-orbital pain, visual deficit
and photophobia. In this study, the most commonly
affected CN, in descending order of frequency, were:
oculomotor, abducent, trochlear and trigeminal. Still,
retro-orbital pain was present in 84.6%. As for pain,
this group of patients with severe pain was the most
benefited by the treatment, considering that no patient
had uncontrollable pain after the endovascular therapy.
The improvement in CN symptomatology obtained
with endovascular treatment is in agreement with that
found in the literature?>?%. There was improvement in the
function of at least one CN in all patients. This high rate
of clinical improvement is also justified by the treatment

Rev. Col. Bras. Cir. 2017, 44(1): 046-053



Aguiar
Endovascular treatment of carotid-cavernous vascular lesions

51

being instituted at an early stage, when the symptoms
had a less than six-month duration.

Regarding the diagnostic sequence employed,
the majority of patients with IcCAA came to the service with
complaints regarding CN compression, such as diplopia
and painful ophthalmoplegia. These patients were initially
submitted to head CT, which most of the time showed an
intracavernous expansive lesion, adjacent to the ICA, with
arterial flow. Magnetic resonance imaging (MRI) of the brain
was performed to complement the diagnosis, which was
able to better characterize the lesion, as well as to identify
the presence of intra-aneurysmal thrombi. In sequence,
cerebral angiography was performed with the purpose of
diagnostic confirmation and therapeutic planning, often
already associated with the ICA occlusion test.

From the conception of the present study, we
onlyincluded patientswho underwentlcCAA endovascular
treatment by ICA occlusion. Thus, all treatment candidates
were previously submitted to ICA occlusion test. Studies
have shown that approximately 25% of the patients
undergoing carotid occlusion without having undergone
a carotid occlusion test developed cerebral infarctions
and about 12% of them died as a result of the occlusion
of one of the ICA. After incorporation of the occlusion
test, these percentages were drastically reduced?’. In this
sample, 29 ICA occlusion tests were performed and only
three patients presented deficits after temporary ICA
occlusion. These patients were excluded from the study
and referred for surgical treatment through bypass.

However, even patients who adequately
tolerate this test may subsequently develop some type of
deficit related to the artery occlusion. Only one patient
had a late ischemia, with hemiparesis contralateral to
the occluded carotid artery. This index is lower than
the expected, based on data from the literature, which
indicate a rate of up to 22%%.

It is worth mentioning that the ICA therapeutic
occlusion for IcCAA represents a procedure with low
morbidity and mortality, taking into account that the
alternatives, especially the microsurgical clipping or
vascular bypass, have morbidity rates of around 5-10%
and mortality rates of 3-10%%.

The treatment of IcCAA with ICA occlusion,
although not the ideal option, is considered by many
authors as the choice for this type of lesion?', with up to
90% improvement in the CNs compressive symptoms?'.
All The patients in the study showed improvement of at
least one affected CN.

The efficacy of carotid occlusion to induce
thrombosis of the aneurysm is inversely proportional
to the degree of existing collateral circulation. Thus, the
more proximal the ICA aneurysm, the lower the potential
influence of an eventual collateral flow, and therefore the
greater the expectation of treatment success?. Therefore,
carotid occlusion tends to be more effective for aneurysms
of the petrous and cavernous segment because of the small
number and caliber of the arterial branches. Aneurysms of
the ophthalmic segment (paraclinoid) can also be treated
by ICA occlusion, but the chances of thrombosis are
smaller, especially due to the presence of the retrograde
flow through the ophthalmic artery?.

ICA occlusion is believed to be more effective
than the common carotid artery occlusion for IcCAA
treatment?®, although occlusion at one or other location
is associated with similar incidences of aneurysmal
thrombosis, reduced aneurysm volume and reduction
of bleeding rates?®. In the present study, all patients
underwent selective ICA occlusion, considering that the
preservation of the external carotid flow may be important
for the maintenance of adequate cerebral flow.

Although not performed in the study patients,
there are other options for the endovascular treatment of
IcCAA. The use of flow diversion stent has emerged as an
alternative in the search for the ideal treatment model of
such lesions, since it aims to exclude the aneurysm from
the circulation, preserving the ICA blood flow??. Although
it may represent the standard IcCAA treatment, even
the use of these stents can be followed by ischemic or
hemorrhagic complications, often fatal. Other options,
such as IcCAA endoscopic embolization, while attempting
to preserve the ICA flow, showed no significant benefit in
relation to CN compression symptomatology?'.

Another aspect related to the ICA therapeutic
occlusion in the treatment of IcCAA is the potential
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hemodynamic overload of the intracranial circulation,
which may lead to the appearance of de novo aneurysms.
It is believed that 1-10% of patients undergoing carotid
occlusion will develop de novo aneurysms, which
represents a rate higher than the expected for the general
population?®®, In addition, the presence of multiple
aneurysms is associated with the appearance of new
aneurysmal lesions, contributing to the theory of the
concomitant occurrence of structural weakness of the
vessel wall. Notably, the only patient in the series who
developed a de novo aneurysm during the study was the

one with multiple aneurysms.

RESUMDO

Based on the analysis of the results obtained
under the conditions of the present study, we conclude
that the dCCF endovascular
an improvement in retroocular pain, proptosis and

treatment provided
hyperemia, and of the symptoms related to the
involvement of CN Ill, IV and VI. In patients with IcCAA,
endovascular treatment showed improvement of the pain
and of the symptoms related to CN IV, V and, mainly, llI
and VI. Thus, endovascular treatment of direct carotid-
cavernous fistulas and aneurysms of the intracavernous
portion of the internal carotid artery has been shown to
be a safe method, with low complication rates.

Objetivo: avaliar o tratamento endovascular de lesdes vasculares da artéria carétida interna (ACI), segmento cavernoso, realizado na
Santa Casa de Sao Paulo. Métodos: estudo descritivo, retrospectivo e prospectivo, de pacientes com aneurisma da porcao cavernosa
da ACI ou com fistulas carotido-cavernosas diretas (FCCd) submetidos a tratamento endovascular. Resultados: foram incluidos 26
pacientes com aneurismas intracavernosos e dez com FCCd. Todos os aneurismas foram tratados com oclusdo da ACI. Os com FCCd
foram tratados com oclusao, em sete casos, e com oclusao seletiva da fistula nos outros trés. Houve melhora da dor e proptose ocular
em todos os pacientes com FCCd. Nos pacientes com aneurisma intracavernoso, a incidéncia de dor retro-orbitéria caiu de 84,6% para
30,8% apds o tratamento. Apos o tratamento endovascular houve uma melhora importante da disfuncao de nervos cranianos afetados
em ambos os grupos, sobretudo no nervo oculomotor. Conclusao: o tratamento endovascular trouxe melhora para os pacientes deste
estudo, especialmente nos critérios dor e acometimento do nervo oculomotor.

Descritores: Fistula Carotidocavernosa. Embolizacao Terapéutica. Lesdes das Artérias Carotidas.
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