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Abstract 
Background: Covered stents are used endovascularly to seal arterial wall defects 
while preserving vessel patency. This report describes our experience with the 
use of covered stents to treat cervical pathology, and a review of the literature in 
regards to this topic is presented.
Case Description: Two patients presenting with the carotid blowout syndrome 
and one patient with a vertebrojugular fistula were treated with covered stents. 
This allowed for preservation of the vessel and was a treatment alternative to 
cerebral bypass. 
Conclusion: Covered stents provide a viable means of preserving the cervical ves-
sels in selected patients; however, long-term follow-up is necessary to determine 
stent patency and permanency of hemostasis. 
Key Words: Covered stent, carotid blow-out, endovascular, vertebrojugular fistula

INTRODUCTION

Covered stents consist of a synthetic material that 
either covers or is attached to a metallic stent to create 
a graft endoprosthesis. The covering excludes breaches 
to the integrity of the arterial wall, while preserving 
vessel patency. Covered stents have been used to treat 
aneurysms,[43,53,58] traumatic arterial injuries,[79,102,108] and 
arteriovenous fistulas (AVF)[43,79,102,108] of the axillary, 
subclavian, iliac, femoral, and popliteal arteries.

The emergence of neuroendovascular techniques offers 
an alternative treatment for patients in whom surgery 
is contraindicated. Advantages of an endovascular 
approach include: an easier access, less invasiveness, 
performance under local anesthesia, less post-procedural 
pain and disability, and less expense.[79] The Food and 

Drug Administration (FDA) has not approved the use 
of covered stents for neuroendovascular interventions; 
however, these devices offer a potentially less morbid 
alternative in the treatment of complex, extracranial 
disease where surgical options are limited. We describe 
our experience with the placement of covered stents in 
the treatment of the carotid blowout syndrome (CBS) 
and a vertebrojugular fistula (VJF). We also review the 
present literature regarding the use of covered stents in 
extracranial cerebral circulation. 

CASE REPORTS 

The Institutional Review Board approval was obtained 
for the retrospective review of all extracranial 
neuroendovascular interventions between January 2006 
and June 2009. Three patients treated with a covered 
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stent endoprosthesis were identified and their charts 
were reviewed. One patient was diagnosed with VJF. Two 
patients were diagnosed with CBS, one of whom was with 
bilateral CBS. The off-label use of the covered stent was 
disclosed in all cases, and informed consent was obtained 
for all procedures.

Case 1 
A 51-year-old woman presented with a ten-week history 
of persistent left-sided neck pain and pulsatile tinnitus. 
Cerebral angiography demonstrated a large, high-flow 
AVF originating from the left vertebral artery (VA) 
and draining into the internal jugular veins bilaterally 
[Figure 1a]. Retrograde flow from the right VA also 
supplied the fistula [Figure 1b]. Diffuse, advanced 
fibromuscular dysplasia was observed in the cervical 
segments of both the vertebral arteries and was the 
presumed underlying etiology. Flow measurements with 
quantitative magnetic resonance angiography (Q-MRA) 
using the Non-invasive Optimal Vessel Analysis (NOVA) 
software (VasSol Inc., Chicago, IL) demonstrated that the 
fistula was supplied by 744 ml / minute of antegrade flow 
through the left VA and 55 ml / minute of retrograde 
flow through the right VA.

Due to the complexity of the fistula, surgery and 
endovascular coiling were not feasible. Additionally, 
preservation of the VA was preferred given the presence 
of fibromuscular dysplasia. The procedure was performed 
under general anesthesia. Loading doses of intravenous 
Heparin (5000 U) and eptifibatide (180 µg / kg) were 
administered initially and eptifibatide (2 µg / kg / 
minute) was continued throughout the procedure. 
A Fluency Plus covered stent (Bard Inc.; Karlsruhe, 
Germany) was deployed successfully across the fistula. 
Control angiography of the left VA demonstrated 
complete closure of the fistula with preservation of flow 
to the intracranial circulation [Figure 1c], and reversal of 
the contralateral flow from the right VA [Figure 1d]. Post 
procedural Q-MRA demonstrated normalization of the 
antegrade flow through the left VA distal to the fistula 
at 143 ml / minute, with a combined total of 261 ml / 
minute within both vertebral arteries, (the normal range 
of combined vertebral flow was 99 – 281 mg / minute) 
[Figures 1e and f]. 

Postoperatively the patient remained neurologically intact 
and was started on dual anti-platelet therapy with daily 
aspirin (325 mg) and clopidogrel (75 mg). Eptifibatide 
was discontinued the morning after the procedure. 
On follow-up, the patient’s tinnitus had resolved, and 
angiography at four months demonstrated complete 
exclusion of the VJF and patency of the covered stent.

Case 2 
A 62-year-old male with a history of stage II laryngeal 
squamous cell carcinoma  was treated with total 
laryngectomy, bilateral neck dissection, tracheostomy, 

and adjuvant radiation therapy. The patient suffered 
tumor recurrence in the pharynx, and was being treated 
with palliative chemotherapy. He presented with severe, 
acute bleeding from the mouth and bilateral nares, which 
required emergent intubation and extensive packing of 
the nasal and oral cavities. Angiography demonstrated 
left common carotid artery (CCA) blowout with a 
pseudoaneurysm at the carotid bifurcation [Figure 2a]. 
Circumferential ulceration suggestive of CBS was also 
identified at the bifurcation of the right internal carotid 
artery (ICA). 

Due to surgical scarring, radiation, and tumor recurrence, 
the surgery carried a high risk of morbidity and mortality. 
It was elected to endovascularly reconstruct the carotid 
arteries with covered stents. A Fluency Plus stent-
graft was successfully deployed effectively covering the 
common carotid bifurcation and the proximal aspect of 
the cervical segment of the left ICA. Control angiography 
showed complete exclusion of the pseudoaneurysm as 
well as the external carotid artery [Figure 2b]. 

A Fluency Plus stent-graft was also deployed across 
the right carotid bifurcation. During advancement 
of the Stent, dissection of the proximal CCA was 
noted. Subsequently, two Precise Nitinol stents (Cordis 
Corporation; Miami Lakes, FL) were successfully 
deployed across the iatrogenic dissection. Control 
angiography demonstrated the near-normal caliber of 
the right common carotid artery with the three stents 
in tandem. Systemic heparinization was continued for 
24 hours, after which the patient was maintained on 
dual anti-platelet therapy. Post-procedurally no new 
neurological deficits were identified. He was ultimately 
discharged to a nursing home and was lost to follow-up.

Case 3
A 53-year-old female with a history of stage II squamous 
cell carcinoma of the larynx was treated with radical 
laryngectomy with bilateral neck dissection, tracheostomy, 
and radiation therapy. The patient suffered tumor 
recurrence in the pharynx, and presented with severe, 
acute bleeding from the mouth. She was emergently 
intubated and hemostasis was achieved by packing 
the nasal and oral cavities. Angiography demonstrated 
a left CCA blowout with a pseudoaneurysm at the 
carotid bifurcation. This was treated with endovascular 
deployment of a Fluency covered stent graft with no 
immediate complications and was maintained on dual 
anti-platelet therapy. The patient died six months later 
from cancer recurrence.

REVIEW OF THE LITERATURE

We conducted a systematic review of the English-speaking 
medical literature using the PubMed service of the National 
Library of Medicine / National Institutes of Health and OVID 
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Medline databases to identify all publications documenting 
the use of covered stents in the extracranial cerebral 
circulation. The search included the keywords ‘Stents’[Mesh] 

a b
Figure 2: (a) Left CCA angiogram showing a pseudoaneurysm at 
the carotid bifurcation; (b) exclusion of the pseudoaneurysm after 
deployment of the covered stent

Figure 1: (a) Left VA angiogram showing an AVF draining into bilateral internal jugular veins and diffuse fibromuscular dyspastic change; (b) 
Right VA injection showing retrograde filling of the distal left VA into the right VA-jugular vein fistula, and diffuse fibromuscular dysplastic 
change; (c) after deployment of the stent-graft showing complete occlusion of the AVF with normalization of the antegrade flow within 
the intracranial portion of the left VA; (d) Right VA injection showing no cross flow of contrast into the left intracranial VA; (e) 3 D-imaging 
from a Q-MRA, showing reconstitution of the left VA with no opacification of the fistula; (f) Q-MRA flow maps indicating 151 ml / minute 
of antegrade blood flow within the left VA compared to 744 ml / minute at the baseline

AND (‘Vertebral Artery’[Mesh] OR ‘Carotid Artery 
Injuries’[Mesh] NOT ‘Intracranial Arterial Diseases’[Mesh] 
NOT ‘Subclavian artery’[MESH] NOT ‘Carotid-Cavernous 
Sinus Fistula’[Mesh]. Additionally, the reference lists of the 
relevant articles were checked until no further publications 
were found. These publications are summarized in  
Table 1.[1,2,4,5,7,8,11,13,15,16,19,25,27–32,34,35,37,38,41,42,45,49,51,52,54,57,59–63,65,66,68–

73,75–77,79,80,82–85,87,89–92,94–98,100,101,103,104,106,109,112–114] 

DISCUSSION

Indications for covered stents 
A total of 150 patients, including the present cases, 
were endovascularly implanted with 164 covered 
stents for the treatment of extracranial disease of the 
carotid or vertebral arteries [Table 1]. Publication 
bias may have resulted in the underestimation of 
these figures, as failed procedures are occasionally not 
publicized. The most commonly reported indications 
included 81 pseudoaneurysms, 27 cases of CBS, and 
23 AVFs. Additional reported indications included 

a b c d

fe
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dissections, carotid-airway fistulas, in-stent stenosis, and 
atherosclerosis [Table 1]. 

A pseudoaneurysm forms secondary to vessel wall trauma 
that results in a periarterial hematoma contained in 
the ingrowth of the fibrotic tissue. As the center of the 
hematoma dissolves, a potential space for blood flow is 
created, which under arterial pressure gradually enlarges 
to form an aneurysmal sac.[9] Blood may also dissect 
through the subintimal or subadventitial space narrowing 
the true lumen of the vessel.[22] Pseudoaneurysms may 
be caused by blunt or penetrating craniocervical trauma, 
spontaneous dissection, and as a rare complication of 
carotid endarterectomy.[20] The most common clinical 
presentations include thromboembolic symptoms[78] or a 
pulsatile cervical mass or bruit on physical examination. [74] 
Treatment is recommended to reduce the risk of stroke 
and rupture.

Arteriovenous fistulas involving the extracranial carotid 
and vertebral arteries are rare.[27,107] Like pseudoaneurysms, 
these lesions most commonly occur secondary to blunt 
or penetrating neck trauma.[50] Iatrogenic lesions are 
caused by an arterial puncture with concomitant damage 
to an adjacent vein.[102] Other causes include systemic 
diseases such as neurofibromatosis[98] and fibromuscular 
dysplasia,[39] which is the presumed etiology in our 
patient. Treatment is necessary, because shunting through 
the high-flow AVF may result in cardiac overload. [44] 
Additionally, as seen in our patient, vertebral AVFs 
may produce a continuous or pulsatile tinnitus also 
necessitating treatment.[10]

Carotid blowout syndrome is a term used to describe a 
rupture of the extracranial carotid artery or its branches. 
Patients commonly present with acute transoral or 
transcervical hemorrhage.[14] CBS is a rare, but life-
threatening complication of head and neck cancer 
occurring in 4.3% of these patients.[67] The etiological 
factors related to previous surgery and adjuvant radiation 
therapy have been implicated.[67,93] Our patients with CBS 
presented with life-threatening bleeding that necessitated 
packing and acute parent vessel reconstruction with 
covered stents.

Conventional surgical treatment
Although standard surgical procedures on the extracranial 
carotid and vertebral arteries are generally straightforward, 
complex lesions such as those previously discussed pose 
unique challenges. Historically, surgical options for the 
treatment of extracranial pseudoaneurysms included 
vessel ligation, extracranial–intracranial bypass, and direct 
vessel repair; however, these surgeries are technically 
challenging. In particular, ICA pseudoaneurysms 
near the skull base necessitate extensive exposures to 
achieve proximal and distal control, which may result 
in significant morbidity and mortality.[21,33] Direct repair 
of VA pseudoaneurysms is also associated with high A
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morbidity and mortality due to the anatomic depth 
of the vessel, extensive periarterial plexus, prevalence 
of collateral blood flow, and risk of vertebrobasilar 
ischemia. [12,24,40] 

Surgical treatment of AVFs is similarly difficult. Ideally, 
the procedure entails interruption of the fistula with 
arterial and venous reconstruction.[86,88] However, the 
technical challenge and consequent morbidity related to 
surgical exposure are similar to those of pseudoaneurysm 
repair.[29] Furthermore, the large caliber of the extracranial 
carotid and vertebral arteries produces large shunts 
and pressure differences. This results in rich arterial 
and venous collateral formation and arterialization of 
the thin-walled veins, which makes surgery even more 
delicate. If the fistula cannot be fully trapped, ligation of 
the affected vessel is the only other surgical option.

Surgical management of CBS involves emergent ligation 
of the affected common or proximal internal carotid 
artery; however, vessel sacrifice increases the risk of 
stroke.[46] Additionally, these patients are generally high 
risk candidates for general anesthesia. Furthermore, 
identification of the source of bleeding can be extremely 
difficult due to the tumor bulk, coexisting infection or 
dense scarring secondary to the previous treatment. 
Consequently, these procedures have been associated 
with a 60% incidence of neurological complications and 
40% overall mortality.[14,17]

Advantages of covered stents in the extracranial 
vessels
Preserving vessel patency is ideal when treating vascular 
lesions of the extracranial cerebral circulation. Sacrificing 
extracranial cerebral vessels increases morbidity and 
mortality, especially in patients with poor collateral 
circulation.[23,56] Indeed, iatrogenic vertebrobasilar 
insufficiency has been reported after deliberate sacrifice of 
one vertebral artery, even after an antecedent balloon test 
occlusion suggested its safety.[3] Additionally, preservation 
of the complete extracranial cerebral vasculature is 
desirable in young patients[49,90] and patients with systemic 
vasculatides or connective tissue disorders, where future 
neurovascular lesions must be anticipated[62,91,98]

Because of the risk of surgical complications, endovascular 
approaches are useful for extracranial cerebral 
vasculature. Balloon occlusion and coil embolization are 
commonly used endovascular techniques; however, these 
procedures sacrifice the parent vessel. Another technique 
is overlapping bare metal stents, which has been used 
to trigger hemodynamic changes that accelerate the 
thrombosis of dissecting pseudoaneurysms; however, this 
technique has limited utility in cases of an expanding 
pseudoaneurysm or active bleeding, where an immediate, 
blood-tight seal is required. Covered stents circumvent 
these limitations by immediately excluding breaches of 
the vessel wall while maintaining parent vessel patency. 

History of covered stents in the extracranial 
vessels
The earliest covered stent used for neurovascular 
intervention was the Craggstent (Boston Scientific 
Corp., Natick, MA), later renamed the Passager 
endograft, which was used in two cases to treat carotid 
artery pseudoaneurysms.[71,77] This device consisted of 
a self-expanding Nitinol stent covered by a polyester 
fabric designed and marketed for bypass grafting in 
the iliac and superficial femoral arteries. The primary 
disadvantage of this device was that the delivery 
catheter was too short to allow a percutaneous approach 
from the groin, thus necessitating direct puncture of 
the CCA. Early neurovascular interventions were also 
performed with homemade devices made of Gortex,[97] 
PTFE[45,85] or autologous-vein[69] grafts sutured to balloon-
expandable Palmaz stents (Johnson and Johnson, New 
Brunswick,  NJ). 

The Wallgraft (Boston Scientific, Natick, MA), which 
consists of a PET (Dacron; E.I. duPont de Nemours and 
Co., Wilmington, DE) covered self-expanding cobalt 
super alloy stent, is more widely used. The longitudinal 
flexibility of this device allows for better conformability 
to the tortuous arterial walls than the homemade 
devices;[45] however, the Wallgraft has several important 
disadvantages. First, PET is highly immunogenic,[26,48,55] 
which animal studies suggest, increases the rate of 
vessel thrombosis.[64] Second, the Wallgraft delivery 
system requires a 9-French arterial sheath in the carotid 
and vertebral arteries, which may increase the risk of 
pseudoaneurysms or groin hematomas at the femoral 
puncture site. Finally, the PET covering is initially porous 
until a clot forms to seal the fabric. In acute bleeding 
situations, such as CBS, the fabric does not seal rapidly 
enough to prevent exsanguination.[99]

Newer self-expanding devices include the Fluency and 
Viabahn, which were FDA approved for the treatment of 
tracheobronchial strictures in 2003 and 2005, respectively. 
Both are composed of a Nitinol stent covered with 
PTFE. These devices are more flexible, conform more 
easily to the vessel walls, and the PTFE covering is 
less thrombogenic. In recent times, these devices have 
become available in long delivery sheaths necessary 
for placement in the extracranial cerebral circulation; 
however, large delivery sheaths are still required. Other 
self-expanding devices have been used including the 
Symbiot,[52,62] which is only available in Europe, and the 
Corvita Endoluminal Stent-Graft,[109] which did not come 
into the market. The primary advantage of self-expanding 
stents is that they re-expand after external compression. 
Therefore, self-expanding stents are preferred for the 
carotid artery[81] and at the carotid bifurcation, to 
accommodate the difference in diameters between 
the common and internal carotid arteries.[11] In all our 
cases, four Fluency stents were used, which were all self-
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expanding and configured appropriately to match the size 
of the CCA, ICA, and VA, with immediate angiographic 
reconstruction of the parent vessel and isolation of the 
pseudoaneurysm / fistula connection.

Commercially available balloon-expandable covered 
stents are also available [Table 2]. The most common 
of these devices is the Jostent Coronary Stent Graft 
(Abbott, Redwood City, CA), which was FDA approved 
in 2001. This device consists of a PTFE graft sandwiched 
between two stainless steel stents. Also available is the 
iCAST (Atrium Medical Corporation, Hudson, NH), a 
PTFE-covered, single stainless steel stent, which was FDA 
approved in 2005, for the treatment of tracheobronchial 
strictures. An advantage of a balloon-expandable 
deployment system in treating AVFs is the ability to 
over-dilate the vessel. [90] This firmly fixes the stent, thus 
avoiding an endoleak between the graft and vessel wall. 
However, the several drawbacks to these devices are 
that they are expensive, lack flexibility, are susceptible 
to mechanical distortion, and require high deployment 
pressure.[31] The latter is particularly important when 
treating fragile vessels.[45] 

Technical success
Table 3 summarizes the outcomes of previously reported 
cases. In our literature review, three technical failures 
were reported,[15,59,61,62] resulting in a technical success rate 
of 98.2%. Kwok et al.,[52] reported carotid artery rupture 
during deployment of a balloon-expandable covered stent 
for the treatment of CBS. The authors postulated that 
the cause of the rupture was due to the high pressure 
required to inflate the stent in an artery already torn by 
normal blood pressure. In another patient treated for 
CBS, Lesley et al.,[61] reported a vein-covered Palmaz stent 
that failed to deploy. Finally, surgeons treating a patient 
with Ehlers-Danlos Syndrome type IV were unable to 

treat an ICA aneurysm just below the skull base, because 
the Symbiot covered stent would not negotiate the vessel 
tortuosity.[62]

Complications associated with covered stents
Immediate complications occurred in 15 of 164 
procedures (9.1%). Embolic complications during covered 
stent placement are due to dissection or rupture and 
embolization of the atheromatous plaque. Two patients 
(1.2%) described by May et al.,[71] and Chang et al.,[15] 
suffered embolic strokes, the former during treatment of 
a pseudoaneurysm post carotid endarterectomy, and the 
latter for CBS. Six additional patients experienced post-
procedural transient ischemic attacks.[5,31] 

Dissections were encountered in three cases (1.8%). [28,45,83] 
Duane et al.,[8] reported an ICA dissection during 
covered stent placement for the treatment of a traumatic 
pseudoaneurysm. The patient was maintained on 
anticoagulation therapy, because endovascular treatment 
was delayed in order to allow healing of the operative site; 
however, at follow-up the stent was thrombosed. Priestley 
et al.,[83] reported a VA dissection during treatment for an 
AVF that resolved spontaneously by six months. Hoppe 
et al.,[45] reported a dissection of the CCA in a patient 
being treated for CBS. The dissection was treated with 
two bare self-expanding Nitinol stents and a follow-up 
angiography demonstrated normal luminal integrity.

Additional immediate complications were reported by 
Chang et al.,[15] who described two cases (1.8%) of acute, 
asymptomatic thrombosis of the CCA after covered 
stent deployment for the treatment of CBS. In one case 
the thrombosis was successfully lysed by intravenous 
glycoprotein IIb / IIIa inhibitor infusion. Also, Lim et 
al.,[62] reported a patient with Ehlers-Danlos Syndrome 
type IV, treated for a carotid dissecting pseudoaneurysm, 
who died five hours after the procedure from a previously 

Table 3: Self-expanding covered stents used in extracranial neurovasculature

Device Manufacturer Construction Comments

Craggstent Boston Scientific Corp. (Natick, MA) Nitinol stent covered with polyester fabric Also known as Passager endograft
Wallgraft Boston Scientific Corp. (Natick, MA) Cobalt super alloy stent covered with PET
Fluency Bard (Tempe, AZ) Nitinol stent covered with PTFE
Viabahn / Hemobahn Gore and Associates (Flagstaff, AZ) Nitinol stent covered with PTFE
PET =  polyethylene terephthalate; PTFE = polytetrafluoroethylene

Table 2: Balloon-expandable covered stents used in extracranial neurovasculature

Device Manufacturer Construction Comments

Jostent coronary stent graft Abbott (Redwood city, CA) PTFE graft sandwiched between two 
stainless steel stents

iCAST Atrium Medical Corporation (Hudson, NH) PTFE covered single stainless steel stent
Symbiot Boston Scientific (Natick, MA) Nitinol stent covered with PTFE Only available in europe
Corvita endoluminal stent-graft Corvita corp. (Miami, FL) Braided, metallic mesh tube covered with 

layers of polycarbonate urethane fibers
Did not come to market

PTFE = polytetrafluoroethylene
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undiagnosed ruptured abdominal aortic aneurysm. Such 
remote vascular complications have been reported during 
neurointerventional procedures in these patients;[47,105] 
however, the authors did not encounter any difficulties 
traversing the abdominal aorta. Finally, Kwok et al.,[59] 

reported rupture of the target vessel during covered stent 
deployment as discussed a little earlier in the text.

Seven of the 25 patients (28%) treated for CBS suffered 
re-hemorrhage after initial hemostasis was achieved with 
covered stent implantation.[15,45] Four patients suffered 
re-hemorrhage secondary to disease progression,[40,54] 
between 19 days and two months after the initial 
treatment. One patient suffered a fatal re-bleed two days 
after treatment, possibly from inadequate covered stent 
placement due to the patient’s critical clinical status. 
Another patient suffered a re-bleed nine days after 
covered stent placement, due to a residual flow around 
the device. Attempted balloon angioplasty expansion 
of the stent caused it to rupture, resulting in massive 
extravasation. The re-bleed in one patient was attributed 
to disseminated intravascular coagulation, as there were 
no complications associated with the placement of a 
covered stent. Other reported delayed complications 
included one patient who developed multiple brain 
abscesses secondary to septic thrombosis of the carotid 
artery[40] and one patient treated with a PTFE covered 
Palmaz stent, who developed a small type-1 endoleak, 
three days after the procedure.[91]

Subacute thrombosis and intimal hyperplasia leading 
to in-stent stenosis or vessel occlusion are the primary 
complications associated with covered stents. The 
graft material may delay endothelialization[26] resulting 
in thrombotic occlusion of the stented vessel.[6] 
Additionally, traumatized vessels are hypercoagulable. 
Placement of a covered stent further retards the flow, 
which may compound the risk of occlusion.[18] Other 
factors contributing to stent occlusion include graft 
material,[26,48,55] small vessel size, dissection, and under-
dilation of the stent.[84] In contrast, the synthetic layers of 
the covered stents theoretically act as mechanical barriers 
that allow only minimal intimal hyperplasia. However, 
end-stent stenosis is more common with covered stents 
compared to conventional stents,[36] and it has been 
suggested that stenosis primarily occurs adjacent to a 
bend or kink.[111] There is no evidence to suggest an 
appropriate time to stop dual anti-platelet therapy. There 
is no consensus in the reviewed published literature 
regarding the type and duration of anti-platelets and / or 
anti-coagulation therapy. In some of the published data, 
patients were treated with aspirin alone; other reports 
indicate treatment with aspirin and plavix, others with 
aspirin and warfarin. The duration of anti-coagulation 
and / or anti-platelets vary from one month to lifetime 
treatment. Keeping in mind the large area of synthetic 
graft material exposure to the circulation, and based 

on the best evidence from conventional carotid artery 
stenting literature for atherosclerotic carotid artery 
disease, all our patients were maintained on dual anti-
platelet therapy for six months, and thereafter continued 
on aspirin alone. 

The long-term patency of covered stents in extracranial 
cerebral circulation is unknown. Nine of the 109 patients 
who underwent angiographic follow-up developed total 
occlusion of the stented vessel,[15,28,45,49,71,72,79] which gave 
an overall occlusion rate of 8.3%. These cases included 
four ICA pseudoaneurysms, one VA pseudoaneurysm, 
and four patients with CBS. Occlusion was asymptomatic 
in all nine patients. Follow-up in the patients with 
pseudoaneurysms ranged from two to twenty-three 
months. Duane et al.,[28] cited persistent narrowing at the 
end of the stent due to an intimal flap as the possible 
cause of the occlusion. Huttl et al.,[49] described total 
occlusion of a Jostent in the VA at two months, which was 
attributed to mechanical distortion caused by external 
mechanical compression. Four cases of subacute carotid 
thrombosis were reported in patients treated for CBS;[15,45] 
nevertheless, the use of covered stents for immediate 
hemostatic control in CBS is a reasonable alternative to 
surgical ligation or permanent balloon occlusion.

In-stent stenosis due to intimal hyperplasia was 
described in an additional three cases of traumatic 
ICA pseudoaneurysms,[34,73,79] as also one case of a VA 
pseudoaneurysm with multiple AVFs.[92] McNeil et al.,[73] 
and Flood et al.,[34] each reported 50% ICA in-stent 
stenosis following placement of a Wallgraft and Jostent 
at 10 months and one year, respectively. Parodi et al.,[79] 
reported 90% ICA in-stent stenosis following placement 
of a vein-covered Palmaz stent, which progressed to 
complete occlusion 39 months after initial covered stent 
placement. Sancak et al.,[92] reported 50% VA re-stenosis 
at 18 months successfully treated by balloon angioplasty. 

Additional neurovascular applications
With newer generations of covered stents, intracranial 
applications might be expanded. Wang et al.,[110] recently 
reported 10 patients with direct carotid cavernous fistulas 
treated with covered stent implantation. Technical 
failure occurred in one patient due to the rigidity of 
the covered stent and tortuosity of the ICA. A second 
patient had recurrence of symptoms the morning after 
the procedure necessitating ipsilateral ICA occlusion with 
detachable coils. Of the remaining eight patients, follow-
up angiography ranging from five to forty-eight months 
showed complete exclusion of all direct carotid cavernous 
fistulas and stent patency without in-stent stenosis. 

CONCLUSION

Covered stents are useful for extracranial 
neuroendovascular interventions in selected patients, 
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for the treatment of a variety of lesions, especially 
pseudoaneurysms, AVFs, and CBS. However, larger 
studies are required to determine the true incidence of 
periprocedural complications. The three cases described 
in this article, and a review of the present literature, 
suggest that embolic events and dissections are the most 
frequent immediate complications. Studies evaluating 
the long-term safety, stent patency, and permanency 
of hemostasis are also needed. The widespread use of 
covered stents requires the development of more flexible 
devices with longer delivery systems, specifically designed 
for neuroendovascular intervention.
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