
Carotid Interventions Above and Below
the Bulb
George Magoufis, M.D.,1 and Elias N. Brountzos, M.D.2

ABSTRACT

Atherosclerotic occlusive lesions of the common carotid artery (CCA), the
internal carotid artery (ICA), and the intracranial branches are amenable to angioplasty
and stenting. Non atheromatous occlusive lesions caused by fibromuscular dysplasia,
arteritis, or trauma may also be treated by image guided intervention in selected patients.
Aneurysmal lesions of the CCA, ICA and the intracranial branches of degenerative,
mycotic or traumatic etiologies, as well as carotid cavernous fistulae are mostly best treated
by embolization. Technological developments continuously expand the indications of
interventional treatment in these vascular territories.
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Objectives: Upon completion of this article, the reader will be able to (1) understand the natural history of occlusive and aneurysmal

lesions of the carotid artery above and below the carotid bulb, and (2) understand the indications, the technique, and the results of their

interventional management.
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CAROTID INTERVENTIONS BELOW
THE BULB

Common Carotid Artery Atherosclerotic

Occlusive Disease

Atherosclerosis is the most common pathology of the
extracranial carotid arteries. Most stenotic lesions are in
the internal carotid bulb. Common carotid lesions are
much less frequent, occurring in 1 to 2% of the patients
with symptomatic carotid artery disease.1 Less than 5%
of the patients with carotid bifurcation atherosclerotic
lesions have concurrent common carotid artery (CCA)
ostial lesions; 5% have significant stenoses of the intra-

cranial internal carotid artery (ICA).2 Lesions of the
right CCA are seen less frequently than those of the left
CCA, and usually in combination with innominate
artery lesions.

The patient may be asymptomatic or have symp-
toms similar to those of bifurcation disease: amaurosis
fugax, other transient ischemic attacks (TIAs), and
stroke. Physical examination may reveal diminished
carotid pulses or a proximal neck bruit.3 Noninvasive
imaging is vital to the detection of cerebrovascular
disease in these territories: gray-scale and color Dop-
pler ultrasonography is not recommended for the eval-
uation of the CCA ostium because of its deep location.
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Contrast-enhanced magnetic resonance angiography
(CE-MRA) has a sensitivity of > 90% and a specificity
of > 90% for the detection of significant stenoses.
Similarly high (> 90%) sensitivity and specificity are
reported for computed tomographic angiography
(CTA).

Surgery offers intrathoracic and cervical (extra-
thoracic) open procedures. Intrathoracic operations in-
volve ascending aorta to common carotid bypass using
synthetic grafts or endarterectomy. These operations
have high morbidity and mortality. However, they are
indicated when multivessel aortic arch disease is
present.4 Extra-anatomic operations include carotid-
subclavian bypass and carotid-subclavian transposition,
the former being much more frequently used. These
operations are said to have zero mortality and signifi-
cantly fewer complications. Primary 5-year patency rates
are in the range of 94%.5

The interventional treatment for aortic arch
branches emerged in the 1980s and proved to be success-
ful. Today, stenting has gained widespread acceptance in
the management of bifurcation and proximal ICA lesions
in selected patients.6 The CCA occlusive lesions are
similarly treated by interventional techniques, but in
the literature they are reported (because of their relative
rarity) in the context of brachiocephalic arteries (innomi-
nate, left carotid, left subclavian) or aortic arch branches.

Current guidelines suggest that carotid angio-
plasty and stenting (CAS) with embolic-protection
devices (EPDs) is reasonable and appropriate for symp-
tomatic patients with carotid stenosis of � 70% at high
risk for surgery.7 If performed within trials, the proce-
dure may be performed in high-risk symptomatic pa-
tients with 50 to 70% stenosis and in high-risk
asymptomatic patients with stenosis of � 80%. Criteria
for high risk for surgery include cardiac failure and
unstable angina, contralateral carotid occlusion, recent
myocardial infarction, recurrent stenosis post carotid
endarterectomy, and radiation-induced stenosis. How-
ever, these guidelines apply mostly for bifurcation and
proximal ICA disease, for which surgery is excellent.

Proximal CCA lesions should be treated only
when a patient is symptomatic with a stenosis > 50%.8

Exceptions are be made for high-grade (> 80%) stenoses
in asymptomatic patients in whom the potential for
stroke is high.

The indications for treatment include the follow-
ing:

1. Amaurosis fugax and TIAs
2. Nondevastating stroke with good recovery
3. Critical > 80% asymptomatic stenosis

Relative contraindications include the following:

1. Disabling stroke or dementia

2. Intracranial tumor
3. Intracranial hemorrhage
4. Acute thrombus at the CCA

TECHNIQUE

Lesions in the left CCA can be negotiated with a
selective catheter and a 0.035-inch hydrophilic guide-
wire. After crossing the left CCA lesion with the guide-
wire, the catheter is advanced and placed into the
external carotid artery (ECA) so an exchange stiffer
guidewire (0.035-inch Amplatz; Boston Scientific,
Natick, MA) can be inserted. An 80-cm-long 8F sheath
is inserted over the Amplatz guidewire with its tip just
proximal to the CCA lesion (Figs. 1 and 2). Predilation
of the lesion with an undersized balloon (5 mm� 2 cm)
is usually performed to facilitate the passage of the stent
and also helps determine the vessel diameter. Subse-
quently the stent is inserted and deployed across the
lesion while precision is facilitated by digital subtraction
angiography (DSA) or road mapping performed through
the sheath. Nitinol self-expanding stents are easier to
insert and adapt to the vessel tortuosity. However,
balloon expandable stents are more accurately positioned
in ostial lesions (Figs. 1 and 2). For right CCA lesions,
one initially would selectively catheterize the right sub-
clavian artery and place the stiff guidewire with its tip
into the distal right subclavian artery. With this maneu-
ver the 8F 80-cm sheath can be securely inserted with its
tip into the innominate artery. Crossing of the CCA
lesion can be then performed with a 0.035-inch hydro-
philic guidewire or a 0.014- to 0.018-inch platinum-tip
guidewire. The subsequent steps are similar to those
previously described.8

Some operators have described cervical CCA
access either percutaneously or via surgical cutdown.
The CCA lesion is crossed with the guidewire in a
retrograde fashion. Protection against cerebral embolism
can be established with proximal CCA control (Fig. 3).
These are the indications for this approach4,9,10:

1. Extremely tortuous arch anatomy
2. Aortoiliac-femoral occlusions precluding femoral ac-

cess
3. Failed femoral approach because of ‘‘flush’’ ostial

CCA lesion
4. Tandem CCA and bifurcation lesion treated with

endarterectomy
5. Presence of fresh thrombus at the CCA

Most operators do not use EPDs during CCA
interventions, although it would be logical to believe that
brain embolization may occur during these procedures
despite the low periprocedural stroke rates. There are no
available EPDs for use in the CCA, so smaller diameter
devices designed for the ICA can be used if necessary.
An additional drawback is that the 0.014-inch guidewire
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carrying the EPDmay not be strong enough to support a
CCA intervention, especially in the case of tortuous
anatomy. Antiplatelet medications are routinely admin-
istered before the intervention, and usually they are
prescribed for life after it. Atropine is given in case of
bradycardia development during dilation, although this
should not happen because baroreceptors are mainly
located in the bulb.

The intervention has a high success rate (95%)
and low complication rates even without protection
devices. In a relatively large series of 37 patients with
42 CCA lesions, two patients (4.7%) experienced minor
stroke that resolved completely within 30 days; no
patient had major stroke. Neurological event-free sur-
vival at 2 years was 96� 4%.8

Fibromuscular Dysplasia

The ICA is the second most common site for fibromus-
cular dysplasia (FMD), with the renal arteries the first.
The most common pathological type is medial fibropla-
sia, which angiographically has the typical ‘‘string of
beads’’ appearance.2,11 FMD is a rare cause of cerebro-
vascular symptoms. More commonly it is an incidental
finding or occurs together with atheromatous bifurcation
disease. When the patient is symptomatic, treatment
should be considered. Surgery consists of resection of the
diseased segment or intraoperative dilation with balloons

or rigid dilators. The lesions respond very well to
percutaneous balloon angioplasty.12 Endovascular treat-
ment by PTA is the first-line option for FMD of the
ICA.

Arteritis

The most common vasculitis affecting the carotid ar-
teries is Takayasu’s arteritis. This giant-cell arteritis can
affect the CCA, the subclavian arteries, the aorta, the
splanchnic and renal arteries, and the pulmonary arteries.
The typical patient is a young woman; characteristic
lesions are long smooth stenoses of the CCA and
subclavian arteries. Successful interventional treatment
with percutaneous angioplasty (PTA) has been reported
during the inactive phase of the disease; however the
lesions are frequently less compliant to dilation and high
pressures are required.13,14 Recently the use of cutting
balloon for difficult CCA arteritis has been reported.

Carotid Dissection

Carotid artery dissection (CAD) may occur as a con-
sequence of a congenital problem (Marfan’s syndrome,
Ehlers-Danlos syndrome, FMD), after trauma, or in
apparently healthy vessels. CAD, although a rare case of
stroke, is a common cause for stroke in young patients.
The symptoms may be misleading or delayed. Symptoms

Figure 1 Interventional treatment of an ostial left common carotid artery lesion. (A) An 80-cm-long sheath is inserted over a stiff
guidewire and positioned proximal to the lesion. (B) A balloon-expanded stent is deployed across the lesion.
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include ipsilateral headache, loss of superficial temporal
artery pulse, Horner’s syndrome (ptosis, miosis, unilat-
eral anhydrosis), TIAs, or stroke.2 Strokes secondary to
CAD may have a benign course. Most dissections
eventually resolve; about two thirds of the occlusions
recanalize and one third of the resulting aneurysms
decrease in size within 2 to 3 months or longer. How-
ever, it may lead to hemorrhagic or ischemic stroke with
resulting significant disability.15

Diagnosis can be established with color Doppler
ultrasonography, CTA, MRA, and DSA. The mecha-
nism of stroke development in CAD is embolization of
thrombi that develop on the intimal flap. Another

mechanism is brain hypoperfusion caused by critical
stenosis of the true lumen. The standard treatment is
anticoagulant therapy with a target international nor-
malized ratio of 2.0 to 3.0 for 3 to 6 months after CAD.
Surgical treatment consists of ligation of the carotid
artery with bypass and is reserved for patients unrespon-
sive to anticoagulation.16 Stent placement in the true
lumen with restoration of antegrade flow has been
reported in selected patients: Selective microcatheteriza-
tion of the true lumen is required. The arterial segment
to be stented is long and requires multiple stents in a
telescoping fashion to avoid dissection between stents if
a part of the artery is not stented.15

Figure 2 Interventional treatment of a left common carotid artery (CCA) ostial lesion. (A) Arch digital subtraction angiography (DSA)
using a pigtail catheter depicts a high-grade left CCA ostial lesion. (B) DSA via a long sheath placed in the aortic arch is used to place the
stent accurately; note the guidewire already placed across the lesion. (C) Completion DSA depicts successful recanalization with the use
of a balloon-expandable stent. (Images courtesy of Bryan T. Petersen, M.D., Dotter Interventional Institute, Health and Sciences
University, Oregon.)
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Trauma

Trauma to the carotid arteries is most often due to
penetrating or blunt injury, neck hyperextension, and
blast injuries. Injury may present as spasm, intimal tear,
dissection, thrombosis, transection, pseudoaneurysm,
arteriovenous fistulas, or active extravasation.

Vascular injuries are more common with penetrat-
ing neck injuries than with blunt injuries: 25% of the
patients with penetrating neck injury have a traumatic
vascular lesion, with an overall mortality of 5%. The
incidence of carotid trauma inblunt neck injury is 0.33%.17

The neck is divided into three vascular zones:
below cricoid cartilage to clavicles, cricoid cartilage to
mandibular angle, and above mandibular angle to the
skull base.

Zone 2 injuries are more common (60 to 70%),
but they are accessible to surgery. Zone 1 and 3 require
extensive surgical procedure. The mortality rate of zone
1 injuries is 12%. It is not unusual for trauma to involve
more than one artery (vertebral, branches of the external
carotid artery) and the veins. Symptoms develop imme-
diately or may be delayed by 24 hours to many months
after the injury. The causes of delayed symptoms are
probably emboli originating from the dissection.

Imaging can be performed, in the stable patient,
with ultrasound or CTA, but DSA remains the standard
imaging modality for vascular injuries to the neck.
Conservative treatment with anticoagulation is advo-
cated for most blunt carotid injuries.18 Many (62%)
carotid dissections reverted to normal on follow-up.
However, more severe forms of injury warrant surgical
repair if it is technically feasible. Carotid ligation with or
without extracranial-intracranial bypass may be per-
formed if direct reconstruction is not possible.19

Interventional treatment is increasingly seen as
first-line treatment, however. Carotid pseudoaneurysms
(PAs) can be successfully treated with bare stent place-
ment20 or in combination with coil embolization; the
bare stent securely keeps the coils within the pseudoa-
neurysm21 (Fig. 4A). More recently stent grafts have
been used successfully to exclude CCA PAs and carotid-
jugular fistulae.17,19,22 Self-expanding stent grafts have
been used in the majority of the patients (Fig. 4B).

Carotid Blowout Syndrome

Bleeding from the carotid artery or its branches is a well-
recognized complication following treatment or recur-
rence of head and neck malignancy (Fig. 5A–C). The
majority of these patients are treated conservatively with
end-of-life support measures. Interventional treatment
options include embolization of tumoral neovascularity
derived from ECA branches, occlusion of a major branch
(CCA), or stent grafting of a bleeding PA.23 Before
proceeding with total CCA occlusion, the interventional
radiologist should test the tolerance of CCA occlusion
with angiographic and clinical confirmation of the cer-
ebral collateral supply through the circle of Willis.

Carotid Stump Syndrome

Carotid stump syndrome is a rare cause of cerebrovas-
cular events. In patients with occluded ICA, the carotid
stump is a potential source of emboli that pass through
the ipsilateral ECA into the middle cerebral artery
circulation by way of reversed flow in the ophthalmic
artery.24 The standard treatment is surgical exploration
with exclusion of the ICA stump and endarterectomy of
the ECA. Endovascular treatment with exclusion of the
stump by bridging the CCA into the ECA with a stent
graft has been described in case reports24 (Fig. 6A,B).

CAROTID INTERVENTIONS ABOVE
THE BULB

Intracranial Internal Carotid Artery Occlusive

Lesions

The annual risk of stroke from all causes in patients with
intracranial atherosclerosis ranges from 3.6 to 13%. For

Figure 3 Cervical access for the interventional management of
a right common carotid artery lesion: A surgical cutdown has
been used to expose the artery and allow for cerebral embolic
protection with the use of a sling.
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symptomatic lesions the risk for stroke is higher (15 to
18%).25–27 Cavernous ICA lesions are more frequent,
followed by petrous and supraclinoid lesions. Treatment
of these patients is difficult. Medical therapy for symp-
tomatic intracranial arterial stenoses is not satisfactory;
neither warfarin nor aspirin offer acceptable protection
from stroke25,26. Surgery, however, is not much better. A
randomized study comparing extracranial-intracranial
bypass to medical therapy showed failure of surgery in
reducing the risk of stroke.27

By the late 1990s, the development of improved
microballoon catheters and smaller balloon expandable
stents, initially for coronary applications, led to an
increasing number of reports on the revascularization
of intracranial atherosclerotic lesions. Currently intra-
cranial revascularization is indicated for symptomatic
stenosis > 50% failing best medical treatment.28 Tech-
nical success rates exceed 90% and complication rates
ranging from 0 to 20% have been reported.29–31

At least 4 days before the procedure, the patient is
premedicated with aspirin, 325 mg/day, and clopidogrel,
75 mg/day. The procedure is performed under general

anesthesia and systemic heparinization (5000 IU bolus
and 1000 IU/h continuous infusion) to maintain an
activated clotting time of 200 to 300 s throughout the
procedure. Adjunctive drugs such as IIb/IIIa inhibitors
are used only in patients at very high risk for throm-
boembolic complications.

With the use of a coaxial catheter system, a
flexible micro guidewire with a microcatheter is ad-
vanced through the stenosis and the microcatheter is
positioned distally. Then an exchange length 0.014-inch
micro guidewire is placed through the microcatheter. A
balloon expandable stent is then advanced over the stiff
micro guidewire and positioned across the stenosis
(Fig. 7A,B). The balloon inflation should be done very
slowly to avoid vessel dissection. Accurate sizing of the
stent is essential. A long-term antiplatelet regimen is
recommended.

Wojak et al treated 71 symptomatic intracranial
lesions. Periprocedural events were 4.8%. At follow-up
annual stroke rate in the treated territory was only
1.8%.31 Similarly the results of the Stenting of Symp-
tomatic Atherosclerotic Lesions in the Vertebral or

Figure 4 Interventional techniques for the treatment of a common carotid pseudoaneurysm. (A) A bare stent is deployed across the
pseudoaneurysm neck to ‘‘trap’’ the coils within its sac. (B) A stent graft is deployed across the pseudoaneurysm neck to exclude it form
the circulation.
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Intracranial Arteries (SSYLVIA) trial were encourag-
ing, with 95% technical success rate and no mortality.
Thirty days and 1-year stroke rates were 6.6% and 7.3%,
respectively.32 More recently good results were re-
ported with the use of a new self-expanding stent
specifically designed for the intracranial vasculature.33

Traumatic Carotid Cavernous Fistulae

Traumatic carotid cavernous fistulae (TCCFs) are sec-
ondary to rupture of the ICA wall toward the cavernous
sinus caused by direct or indirect trauma. In some
patients there will be no history of trauma or only minor
trauma, and one may suspect a traumatic rupture of a
preexisting aneurysm or angiodysplasia.34 TCCFs result
in reversal of the venous drainage from the cavernous

sinus. The symptomatology depends on the route of
venous drainage. Reversed flow into the ophthalmic vein
system produces exophthalmus, chemosis, dilated con-
junctival veins, lid engorgement, venous retinopathy,
increased intraocular pressure with secondary glaucoma,
and visual loss. Drainage to the sphenoparietal sinus
with reflux to the superficial or deep Sylvian venous
system may produce venous hypertension with potential
risk of intracranial hemorrhage. Drainage into the pter-
ygoid venous plexus may result in epistaxis.34

The diagnosis of the TCCF is confirmed by
computed tomography and/or magnetic resonance
imaging. Evaluation of the extent of cranial injury can
be made as well as the degree of proptosis and assessment
of ophthalmic veins, lateral bulging of the cavernous
sinus, and dilation of its tributaries. DSA determines the

Figure 5 A computed tomography (CT) scan of the superior thorax and neck in a patient with advanced breast sarcoma. The tumor is
invasive and surrounding the great vessels on the left (A). This caused low-grade bleeding and required external artery embolization. The
patient was later admitted with a large hemorrhage that at angiography was coming from the left common carotid artery (B). After
discussion with the patient and her family, the bleeding was stopped by inserting a stent graft (C).
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exact site of ICA wall laceration and evaluates the venous
drainage of the fistula.

The endovascular approach to TCCFs is the
treatment of choice. For traumatic laceration of the
ICA siphon, the use of detachable balloons is the best
available method of treatment. The balloon enters the
cavernous sinus and with progressive inflation occludes
the fistula while preserving carotid flow (Fig. 8). In the

largest reported series, the fistulae were cured in 85 to
98% of cases, with 1.3 to 9% recurrence rate, which
usually responded well to a second endovascular treat-
ment.35 If the preservation of the ICA flow is technically
impossible, sacrifice of the ICA at the exact point of the
fistula after a tolerance test will prevent collateral filling
or recanalization of the TCCF. The venous approach is
very useful in the subacute and chronic stages when the

Figure 7 Interventional treatment of an occlusive lesion of the cavernous internal carotid artery (ICA). (A) Selective left ICA digital
subtraction angiography (DSA) in a symptomatic patient depicts high-grade stenosis of the cavernous part of the ICA. (B) Successful
recanalization with a stent. The symptoms resolved.

Figure 6 Interventional treatment of carotid stump syndrome. (A) A guidewire is inserted into the external carotid artery. (B) A stent
graft is deployed across the stump of the occluded internal carotid to exclude it from the circulation.
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acquired venous wall thickening allows for safer cathe-
terization. The approach to the sinus is feasible through
the inferior petrosal sinus or even through retrograde
ophthalmic vein catheterization.

Extradural Carotid Artery Aneurysms

The most commonly affected area is the cavernous
segment of the ICA followed by the petrous and the
cervical segment. Aneurysms of the CCA are most
frequently traumatic. Aneurysms involving the cervical
portion of the ICA mostly are congenital or develop-
mental, followed by traumatic, atherosclerotic, and my-
cotic pseudoaneurysms. At the level of the petrous
segment of the ICA, the cause is most often traumatic,
secondary to blunt trauma or iatrogenic following bi-
opsy, and rarely dysplastic in origin. Finally, at the level
of the cavernous ICA, they are frequently congenital in
origin. Large aneurysms that are partially thrombosed
are usually atherosclerotic or developmental in origin.36

Giant Cavernous ICA Aneurysms

Two major types are encountered: saccular and fusiform.
All are thought to result from aberrant vascular remodel-
ing and secondary healing responses to vessel wall injury
by chronic hemodynamic stress. Abnormal vessel healing
from a chronic atherosclerotic dissection or other entities
such as Ehlers-Danlos syndrome, Marfan’s syndrome,
polycystic kidney disease, and osteogenesis imperfecta are
associated with fusiform giant aneurysms and partially
thrombosed aneurysms of the cavernous ICA.36

The most common presentation is mass effect on
adjacent structures in 39 to 75% of patients. Subarach-
noid hemorrhage (SAH) may occur in 25 to 70% of
patients.37 The 5-year cumulative rupture rates for
patients with no history of SAH with giant aneurysms
are 40 to 50%. When a giant aneurysm presents with
SAH, the cumulative frequency of rebleeding at 14 days
is 18.4%.38 The objectives of treatment are protection
from bleeding, reduction of mass effect, and prevention
of thromboembolic complications.

Figure 8 Detachable balloon occlusion technique for the treatment of a traumatic carotid cavernous fistula (TCCF) in a patient with
diplopia and headaches following head injury. (A) Lateral projection of left internal carotid artery (ICA) digital subtraction angiography
(DSA) depicts the TCCF. The laceration is located at the C5 segment. (B) Nonsubtracted images depict two detachable balloons
deployed into the left cavernous sinus. (C) Completion DSA depicts complete sealing of the TCCF with good ICA flow.
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The currently available techniques for interven-
tional management of giant aneurysms are deconstruc-
tive with sacrifice of the parent artery and reconstructive
with isolation of the aneurysmal lumen from the intra-
cranial circulation.

DECONSTRUCTIVE TECHNIQUES

Deconstructive methods include parent artery occlusion
and aneurysmal trapping. The endovascular approach is

advantageous compared with surgical parent artery oc-
clusion, not only because it allows better occlusion to the
aneurysm, reducing the chances of leaving significant
collateral flow and persistent filling and growth, but it
also permits simultaneous assessment of the adequacy of
the collateral circulation.39 A balloon occlusion tolerance
test is required before the parent artery occlusion. Even
after successful balloon occlusion test, delayed ischemic
complications may occur in 4 to 15% of cases.40 When

Figure 9 Treatment of an internal carotid artery (ICA) aneurysm using stent and coils. (A) Lateral projection of the left ICA digital
subtraction angiography (DSA) depicts wide neck aneurysm arising from the C5 segment of the ICA. (B) Lateral digital spot view depicts
a self-expandable stent placed across the aneurysm neck, allowing for secure aneurysmal sac coil occlusion through the stent struts. (C)
Lateral projection of the completion DSA depicts occlusion of the aneurysm.
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Figure 10 Stent-graft treatment of a traumatic internal carotid artery (ICA) pseudoaneurysm (PA) following biopsy of the right
parapharyngeal space. (A,B) Lateral projection and 3D reconstruction of a right common carotid artery (CCA) digital subtraction
angiography (DSA) depicts a wide-neck high cervical segment ICA PA. (C) Anteroposterior digital radiograph depicts the stent graft. (D)
Lateral projection of the completion DSA depicts exclusion of the PA.
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the patient cannot tolerate the balloon test occlusion,
surgical bypass with the superficial temporal or occipital
artery may be considered.41

RECONSTRUCTIVE TECHNIQUES

Reconstructive techniques include embolization with
coils or liquid embolic materials with or without ad-
junctive techniques such as balloon protection or stent
placement. Since the introduction of the Guglielmi
detachable coil (GDC), this type of embolization has
replaced balloon embolization, particularly when parent
artery preservation is attempted.42 However, the rate of
complete occlusion and the long-term success for large
and giant aneurysms are very limited. Complete embo-
lization of giant aneurysms using GDC coils is achieved
only in 24.1%, with a 69% rate of residual necks.43 Also,
recanalization due to coil compaction can be as high as
90% in giant aneurysms treated by coil embolization.
Thus giant aneurysms may require either multiple em-
bolization sessions44 or additional surgical procedures.

One of the most useful evolutions to overcome
these difficulties was the introduction of the remodeling
technique by Moret et al in 1997.45 A protection balloon
is placed across the aneurysmal neck while a micro-
catheter is positioned inside the aneurysm. The coils are
placed into the aneurysm while the balloon is inflated
intermittently, to prevent their migration into the parent
artery and to facilitate higher packing density. Also
major improvements in the coil technology such as 3D
coils and bioactive and hydrogel coils have widened the
range of aneurysms that are regarded as suitable for
endovascular therapy.

The development of intravascular stents may
overcome important limitations in the treatment of giant
or wide neck aneurysms.46 The stent is placed across the
aneurysmal neck, and then a microcatheter is advanced
through the struts and positioned inside the aneurysm.
The stent works as a scaffold allowing higher packing
density (Fig. 9). One of the most significant limitations
of this technique is the difficulty in deployment of the
stent in the parent artery, particularly in large fusiform
aneurysms, as well as the necessity of antiplatelet therapy
before and after the procedure, which may become a
limitation in cases of ruptured aneurysms. Thromboem-
bolic complications related to stent placement may also
be a problem.46

As an aneurysm enlarges, the neck frequently
occupies an increasing proportion of the circumference
of the parent vessel wall. This makes closure of the neck
and healing reconstruction of the vessel wall more
problematic. Considering the limitations of balloons
and even coils to succeed complete occlusion of these
aneurysms, liquid embolic materials (Onyx; Micro Ther-
apeutics, Irvine, CA) seem to be an alternative treatment
in very dysplastic vessels at the level of the wide neck.47

The adjunctive use of a stent may improve the morpho-

logic results. Also, covered stents placed across the
aneurysm neck may be considered in the treatment of
giant fusiform aneurysms, although further studies and
technical developments are needed to accurately define
the best treatment strategy.

Traumatic ICA Pseudoaneurysms

Traumatic PA of the ICA is a rare but serious compli-
cation following blunt or penetrating trauma.48 Patients
with PAs are at risk of distal thromboembolism, con-
tinued enlargement with vessel occlusion, and rebleeding
with intracranial or extracranial hemorrhage.49 Aggres-
sive management of these lesions is generally advocated
to prevent life-threatening hemorrhage and throm-
boembolic phenomena.50 Historically, treatment of
ICA PAs after penetrating injuries has been primarily
surgical.51 The currently preferred surgical method is
excision of the damaged arterial segment with recon-
struction of the ICA. For inaccessible Pas, anticoagula-
tion and proximal ligation with or without ECA-ICA
bypass have been proposed.52 Except for bypass proce-
dures, several cases reports of using bare stents and
secondary coiling of ICA pseudoaneurysms have been
published in recent years with promising results.53 In-
dications for stent placement include enlarging pseudoa-
neurysms and dissections that progress despite full
anticoagulation. The use of stent grafts seems very
appealing because it secures immediately the incompe-
tent arterial wall segment while preserving the parent
artery19 (Fig. 10A–D). The stent graft has advantages,
especially in cases of pseudoaneurysms that lack sur-
rounding support. There are some reports on the pre-
liminary use of stent grafts in the intracranial carotid
arteries using coronary stent grafts.53–55 However, the
currently available stent grafts are not optimized for
neuroendovascular use because their limited flexibility
is a drawback while their usable diameter is too small for
wide ICAs. At present, the use of stent grafts is an
individual decision; stent grafts that are designed and
developed for intracranial vessels are necessary before
their use can be recommended on a broader basis.
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