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A
lthough the FDA has approved several bare-
metal, self-expanding stents to treat carotid
stenoses, no covered stents have been specifi-
cally evaluated or approved for carotid or cere-

brovascular applications (Table 1). Nonetheless, there are
a number of potentially useful applications for covered
stents in the brachiocephalic, carotid, and even intracra-
nial arteries.

As with currently accepted applications for bare-
metal carotid stents, the use of covered stents in carotid
arteries is reserved for patients who are at high risk for
complications with open surgical management of their
specific problem. Similarly, patients may be considered
high risk due to anatomic factors (such as cervical
wounds, infections, tracheostomy, and inaccessible
lesion location) or physiologic factors (cardiac, pul-
monary, or other systemic disease).

The list of potential uses for covered stents in carotid
arteries is similar to covered stent applications in other
vessels, including management of traumatic injury,
aneurysm, pseudoaneurysm, dissection, and in-stent
restenosis.

TR AUM A
Endovascular therapies can be used to manage trau-

matic vascular injuries in the neck. Blunt or penetrating
cervical trauma or skull base fracture may injure the
carotid artery, resulting in acute pseudoaneurysm, hem-
orrhage, or arteriovenous fistula. As with the femoral

artery in the groin, iatrogenic injury is a common cause
of carotid artery injuries in the neck. Inadvertent arterial
puncture or cannulation with a large-bore sheath can
result in hematoma, pseudoaneurysm, or arteriovenous
fistula formation. Endovascular treatment options, in
addition to covered stent placement, can include vessel
occlusion with detachable balloons, glue or coil
embolization of false aneurysms, bare-metal stents for
dissections, and other techniques.1-10

The option of surgical repair may still be best for pene-
trating zone II neck injuries. Between the clavicular heads
and the angle of the mandible, vascular structures are
easily exposed, and direct repair is usually straightfor-
ward. Concomitant injuries to the aerodigestive tract can
be repaired and drained, if needed. Exposure and control
of proximal or distal injuries may be more complicated,
and imaging studies, such as CT or contrast arteriogra-
phy, are used in stable patients to evaluate for vascular
injury. Endovascular repair with covered stents may offer
advantages over open repair of zone I or III neck injuries
because exposure for proximal and distal vascular clamp-
ing may be difficult or hazardous.

The best choice for management of carotid artery
dissections from blunt trauma is controversial. Reports
from large level I trauma centers support the role for
early detection and anticoagulation for blunt carotid
artery injuries.11,12 In a series of six patients with cov-
ered stents placed for internal carotid dissections (both
spontaneous and posttraumatic), Assadian et al
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reported no late complications out to 6 months,
although one patient had a periprocedural transient
ischemic attack.13 In their report and literature review
that included 20 patients treated with covered stents
for traumatic extracranial internal carotid artery
pseudoaneurysms due to penetrating craniocervical
injuries or skull base fractures, Maras et al reported a
15% occlusion rate during follow-up, which they con-
sidered acceptable due to the complexity of the
injuries.5 In a larger series, 46 neurologically stable
patients with blunt carotid artery injury seen at a level I
trauma center over a 9-year period (characterized as
dissections and traumatic pseudoaneurysms), half were
treated with stents, and half were treated with antico-
agulation (if not otherwise contraindicated).14 There
were four complications in 23 patients undergoing
carotid stent placement: three strokes and one subcla-
vian dissection. Based on follow-up angiography in 38
patients (18 patients with stents who received
antithrombotic agents, 20 patients who received
antithrombotic agents alone), Cothren et al concluded
that antithrombotic therapy remains the recommend-
ed therapy for most blunt carotid artery injuries
because carotid stents placed for blunt trauma-
induced carotid pseudoaneurysms had a 21% compli-

cation rate and an observed occlusion rate of 45%. In
contrast, patients treated with antithrombotic agents
alone had an occlusion rate of 5%; asymptomatic
patients treated with antithrombotic agents did not
have strokes. 

TRUE ANEURYSMS
True aneurysms of the extracranial carotid arteries are

very uncommon. The few case reports of true aneurysm
treatment with covered stents suggest efficacy and
safety.15-20 Covered stents have been used to treat com-
mon carotid artery21 and internal carotid artery
aneurysm22 associated with Behçet’s disease, an uncom-
mon vasculitis sometimes associated with aneurysm for-
mation.

INTR ACEREBR AL PATHOLOGIE S
Neurointerventionists have used a variety of covered

stents to treat intracranial aneurysms and arteriovenous
fistulae with generally favorable results.7,23-32

PSEUD OANEURYSMS
Most of the experience with covered stent use in the

cervical portion of the carotid arteries has come from the
treatment of nontraumatic pseudoaneurysms. Pseudo-
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TABLE 1.  COMMERCIALLY PRODUCED COVERED STENTS CURRENTLY AVAILABLE IN THE US WITH 
POTENTIAL OFF-LABEL APPLICATIONS MANAGING CAROTID ARTERY PATHOLOGY

Covered

Stent

Manufacturer Approved 

Indications

Stent

Design

Stent 

Material

Covering

Material

Sheath 

Size

Required

(F)

Guide

Catheter

Required

(F)

Guidewire

Size (inch)

Available

Diameters or

Expansion

Range (mm)

Available

Lengths

(mm)

Fluency

Plus

Bard 

Peripheral

Vascular

Tracheobronchial SE* Nitinol† ePTFE‡ 8, 9 .035 6-10 40, 60, 

80

Jostent

Graft-

Master

Abbott

Vascular

Coronary or

saphenous graft

perforation

BE§ Stainless

steel 316L

ePTFE 7 .014 3-5 12, 16, 

19, 26

iCast Atrium

Medical

Tracheobronchial BE Stainless

steel 316L

ePTFE 6, 7 .035 5-12 16, 22, 

38, 59

Viabahn Gore &

Associates

Superficial

femoral artery,

tracheobronchial

SE Nitinol ePTFE 8-12 .025, .035 5-10, 11, 13 25, 50,

100, 150

Wallgraft Boston

Scientific

Tracheobronchial SE Elgiloy** PET†† 9-12 .035 6-10, 12, 14 20, 30, 

50, 70

* SE: self-expanding
† Nitinol: nickel/titanium alloy
‡ ePTFE: expanded polytetrafluoroethylene
§ BE: balloon-expandable

** Elgiloy: nonferromagnetic alloy composed of cobalt, chromium, nickel, and molybdenum
†† PET: polyethylene terapthalate



aneurysms can develop as a consequence of infection,
malignancy, radiation, endovascular therapy, or carotid
surgery.

Presentations of carotid artery pseudoaneurysms can
vary, but they often warrant immediate attention when
they are a complication of a treatment of cancer or infec-
tion. A sentinel bleed in a patient with head and neck
malignancies after surgical or radiation treatment of
these tumors implies risk for acute carotid artery
blowout, a vascular emergency. Endovascular occlusion
of the carotid artery with detachable balloons is an
option for management of carotid blowout, but it is a
poor choice for patients with insufficient collateral to
avoid ischemic stroke. Several investigators have reported
successful short-term management with covered
stents,33-37 although complications of stent occlusion,
vessel erosion and stent extrusion, and septic throm-
boembolism with brain abscess were seen.

Similarly, covered stent placement may be used in the
setting of hemorrhage from a tracheoinnominate fistula
complicating tracheostomy, but infection or secondary
erosion of the trachea by the stent may occur.38

Patients who develop carotid artery complications

after treatment of malignancies may have open wounds,
pharyngocutaneous fistulae, or similar situations that
result in bacterial contamination. Pseudoaneurysms in
these settings likely represent a complication of an
infection of the artery or periarterial tissue. Even though
use of a covered stent might be risky in these situations,
urgent operation in the setting of a hostile neck or in an
acutely ill patient might be worse. The risk of implant
infection is high, but use of a covered stent may be con-
sidered as an acceptable temporizing maneuver, a
means to prevent catastrophic bleeding long enough to
stabilize a patient for later definitive surgical manage-
ment.

Given the risk of infection in these potentially infected
sites, empiric long-term antibiotic administration may be
reasonable.33,35,37,39 Use of a vein-covered stent may also
potentially reduce the late risk of prosthetic infection.40

Later operation may be needed to resect, replace, or
bypass the arterial segment if an implant becomes infect-
ed, although the short life expectancy of many of the
patients with advanced cancer who develop a carotid
blowout may mean that endovascular therapy provides a
suitable solution to their acute problem. Covered stents
may also be advantageous when a pseudoaneurysm is
not surgically accessible with standard techniques (eg, in
the petrous segment for which polytetrafluoroethylene
[PTFE]-covered stent placement has been reported for
managing a pseudoaneurysm that developed after recur-
rent middle ear infections) (Figure 1).41

Other endovascular approaches for the management
of carotid pseudoaneurysm in patients with threatened
carotid blowout include coil embolization or injection of
acrylic glue, and direct puncture with instillation of glue
has been used to obliterate continued pseudoaneurysm
flow after covered stent placement.34,42 Published data on
these approaches are anecdotal.

Pseudoaneurysm formation can also be a late compli-
cation of carotid artery stenting for a radiation-induced
stenosis. Operative repair in this setting could be chal-
lenging due to postradiation fibrosis. Successful use of a
covered stent for reintervention in such a case has been
reported.43

Reported experiences with use of covered stents for
carotid pseudoaneurysms that formed as late complica-
tions after prior carotid artery surgery suggest, as might
be expected, less risk of stent infection.39,44,45 False
aneurysms in this setting may result from late disruption
of a suture line, which does not necessarily involve infec-
tion (Figure 2). Reoperation may be considered, but for
the high-risk patient, a covered stent may offer a nonsur-
gical option to prevent further growth and potential rup-
ture of the false aneurysm. This may become the treat-
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Figure 1. An example of a self-expanding covered stent, the

Symbotic ePTFE covered nitinol stent available in Europe

(Boston Scientific Corporation, Natick, MA).



ment of choice in the physiologically compromised
patient or when the anatomy precludes direct surgical
access with adequate proximal and distal control.

The endovascular approach may be advantageous if
surgical access to the pseudoaneurysm is difficult
because of its very low or high location in the neck
(Figures 3 and 4). Still, the long-term durability of covered
stents in such applications is unknown. Periprocedural
and late complications of stent thrombosis and throm-
boembolic stroke have been reported,46 so covered stent
use for management of carotid pseudoaneurysms, even
in the absence of infection, should be considered to be a
high-risk intervention, offered only after consideration of
alternative surgical approaches. 

RE STENOSIS
The use of covered stents to treat restenosis after

carotid artery stenting is an option, but angioplasty or
use of a second bare-metal stent remain more common
strategies. Outcomes with covered stent treatment of
stenosis after carotid artery stenosis for atherosclerotic
disease have not been reported in the literature.

TECHNICAL CONSIDER ATIONS
No commercially available covered stent is FDA-

approved for carotid artery applications, but use of sev-
eral different devices has been reported in the literature.
Except, perhaps, when a very short stent will suffice, bal-
loon-expandable covered stents should be used with
caution in mobile segments because balloon-expandable
stents may be permanently deformed by compression or
kinking due to movement. Use of more flexible self-
expanding stent designs has been favored. 

Descriptions of “homemade” covered stents for carotid
applications have included PTFE or saphenous vein seg-
ments sutured to balloon-expandable Palmaz stents or
attached to nitinol stents.47 Vein stent grafts may be less
likely to become infected, but they are cumbersome to
construct and challenging to deliver. With the variety of
PTFE-covered, balloon-expandable, and self-expanding
stents now commercially available, the homemade ver-
sions are essentially obsolete, except perhaps for use in a
potentially infected site.

Devices are most frequently delivered from femoral
arterial access using long sheaths. Covered stents that can
be used in extracranial carotid arteries include designs
compatible with delivery over .035-inch, .018-inch, and
.014-inch guidewires. Distal embolic protection is not
generally thought to be necessary because most carotid
lesions treated with covered stents have less embolic
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Figure 2. Duplex ultrasound evaluation of a pseudoaneurysm

of the carotid artery 9 months after carotid endarterectomy

with Dacron patch closure.

Figure 3. Three-dimensional rotational angiography volume

rendered image of a posttraumatic pseudoaneurysm of the

internal carotid artery at the base of the skull.The imaging

modality offers means for precise measurement, facilitating

procedural planning.

“The use of covered stents to treat

restenosis after carotid artery stent-

ing is an option, but angioplasty or

use of a second bare-metal stent

remain more common strategies.”



potential than carotid bifurcation atherosclerotic lesions,
but some reports include descriptions of embolic protec-
tion device use in this setting.19

The proximal common carotid artery may be
accessed with a small surgical cutdown if aortic or
iliofemoral occlusive disease or challenging arch anato-
my make femoral access impractical.48 The direct cervi-
cal approach (using either general or local anesthesia)
also allows for more precise deployment and suture
closure of the arterial puncture site, a potential advan-
tage when using large sheaths. If needed, flow in the
internal carotid artery can be arrested or reversed with
clamping of the common and external carotid arteries.

Selection of appropriately sized covered stents is essen-
tial because successful exclusion of aneurysms or
pseudoaneurysms requires complete apposition of the
stent to the vessel wall proximal and distal to the lesion.
Undersized stents may not seal. Use of excessively over-
sized self-expanding stents may lead to infolding or scal-
loping of the graft material, which may become a nidus
for thrombus formation, leading to thrombosis or
thromboembolism. Calibrated measurements from arte-
riography, use of rotational angiography with three-
dimensional reconstructions,49 or intravascular ultra-
sound (IVUS) can be used to make precise measure-
ments of arterial diameters.50 IVUS has not been widely
used for carotid artery evaluations due to concerns
about embolization risk with repeated or prolonged
instrumentation of the carotid artery, but the risk is
probably low when the vessel is not atherosclerotic. IVUS
may be useful after stent deployment, guiding post-
deployment balloon dilation to ensure vessel wall apposi-
tion by the device.

PHARM ACOTHER APY
No specific data guide the periprocedural or postproce-

dural drug therapy with covered stent use. Empirically,
most interventionists elect long-term combined
antiplatelet therapy with aspirin and clopidogrel.
Observations of early stent thrombosis occurring without
use of antiplatelet and antithrombotic therapies (not used
because of specific contraindications) suggest that
antiplatelet and antithrombotic therapies are important
adjuncts.8 Long-term use of vitamin K antagonists (war-
farin) is not generally recommended after covered stent
placement.

FOLLOW-UP IM AGING
Almost no published information is available on late

outcomes with the use of covered stents in the carotid
arteries. Given the uncertainty about what to expect,
long-term clinical and imaging follow-up should be pro-
vided. Some combination of duplex scanning, plain films,
and CT angiography should be used at regular intervals
to look for late complications such as kinking of the
device, stenosis or kinking of the native vessel, thrombus
formation, flow around the covered stent (endoleak),
strut fracture,51 or device malpositioning.

CAUTIONS
Caution should be exercised in using covered stents in

off-label applications. Use in a contaminated or poten-
tially infected field risks infection of the implant, which
can lead to infective arteritis, periarteritis, infectious
complications from septic embolic, hematogenous
spread of infection, pseudoaneurysm, or hemorrhage.
Thrombosis or thromboembolism can cause stroke.
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Figure 4. Internal carotid artery pseudoaneurysm before (A), during (B), and after (C) deployment of a balloon-expandable

6-mm x 22-mm ePTFE covered stent (iCast). The patient was a 53-year-old woman who presented with neck pain but no

other neurologic symptoms 6 months after a minor fall.
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Although published case reports suggest good short-
and mid-term results from the use of carotid stents in
head and neck sites, there are no long-term data on
their durability, especially in cervical locations subject
to movement. The possibility of device compromise
from strut fracture,51 compression, stenosis,2,52 deforma-
tion,53,54 kinking, or other mechanical problem should
be considered. Therefore, use of covered stents for
carotid artery applications should be avoided, if possible,
especially in younger patients and those for whom lower-
risk surgical treatment are reasonable alternatives. ■
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