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T
he patient is a 60-year-old woman with little

known medical history who presented with

loss of control of her left arm, which gradually

improved to mild weakness. Her neurological

and medical evaluation revealed magnetic resonance

imaging (MRI) findings of a stroke in the right internal

capsule and insular cortex. She was additionally found

by magnetic resonance angiography, computed tomo-

graphic angiography, and later angiography to have

negligible bilateral internal carotid artery (ICA)

stenoses but with the presence of calcified plaque, a

severely calcified aortic arch involving all three arch

vessels, and partially flow-limiting embolism to the dis-

tal right M1 segment (Figures 1 through 3). She was

also found to have severe hypertension, atherosclerotic

peripheral vascular disease, renal occlusive disease,

three-vessel coronary arterial disease, and mesenteric

occlusive disease with unintentional weight loss.

Echocardiography revealed normal left ventricular

ejection fraction and no evidence of intracardiac

thrombus or valvular abnormality. 

Initial medical treatment was instituted with clopido-

grel, atorvastatin, low-molecular-weight heparin, and

gradual blood pressure management. Three days later,

the patient developed another clinical episode of loss of

left arm control as well as left leg loss of control and

dysarthria. MRI revealed new diffusion hits in the right

cerebral hemisphere in the frontoparietal lobe (Figure 4).

Given the repeated episodes of neurological events, it

was decided to proceed with endovascular management.

No viable options for surgical management existed, with

the only surgical option involving arch reconstruction

and coronary bypass grafting.

PROCEDUR AL DETAIL S

Endovascular evaluation entailed arch aortography

with a 4-F tennis racquet catheter and angiography via

the right brachial approach evaluating the right carotid

system and not disturbing the finger-like innominate

plaque that may have contained thrombus. The

angiogram showed partially recanalized thrombus in the

right M1 segment with normal flow in the right M2
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Figure 1. Arch aortogram with magnified and delayed views showing severe flow-limiting calcifications of all arch vessels,

high-grade stenosis of the right vertebral artery, and no significant internal carotid bulb stenosis and retrograde flow in the

left vertebral artery (A). CT angiogram showing the dense arch calcification (B). Any potential thrombus is obscured by the

dense calcifications.

A B



TECHNIQUES

NOVEMBER 2010 I ENDOVASCULAR TODAY I 37

branches, a high-grade right vertebral origin stenosis and

retrograde flow in the left vertebral artery, and plaque

without stenosis in the right ICA (Figures 1 and 2). 

Cerebral protection before any intervention was

believed imperative in this case. Manipulation of the

stenotic right vertebral artery, however, was not per-

formed based on risk/benefit evaluation, but it was

believed necessary to place a SpideRx device (ev3 Inc.,

Plymouth, MN) in the right ICA given the two recent

embolic events into this artery, which was widely

patent. The SpideRx was selected given the unique abili-

ty to deliver this filter over a coronary wire placed

through potentially tortuous anatomy, such as the right

common carotid from the right subclavian artery. After

placing the SpideRx filter into the right ICA via the right

brachial approach, the lesion was endovascularly

repaired from the femoral approach. 

A 7-F Shuttle sheath (Cook Medical, Bloomington,

IN) was placed in the aortic arch, and a 4-F catheter was

placed at the origin of the innominate artery, allowing

for placement of a Tad II wire (Covidien, Mansfield,

MA). The sheath tip was placed into the orifice of the

innominate artery interrupting antegrade flow tem-

porarily. The lesion was then completely covered and

stented with an 8- X 38-mm iCast covered stent

(Atrium Medical Corporation, Hudson, NH) that was

postdilated in its distal aspect with a 10- X 40-mm

Admiral balloon (Medtronic Invatec, Frauenfeld,

Switzerland) (Figure 5). The patient tolerated the proce-

dure without clinical or angiographic evidence of

intracranial embolism. Recovery of the SpideRx filter

revealed trapped chronic thrombotic and fibrinous

debris. The patient remains clinically patent with stable

duplex carotid evaluation for the past 24 months. 

She subsequently underwent coronary bypass surgery

after iCast revascularization of her left subclavian artery.

She has additionally had renal, peripheral, and mesen-

teric endovascular interventions.

DISCUSSION

Several large series evaluating the safety of innomi-

nate and great vessel endovascular intervention with-

out distal protection devices have existed in the litera-

ture essentially creating the standard of not using an

embolic protection device (EPD) in arch great vessel

intervention.1-5 This approach and the acceptance of

arch vessel endovascular intervention as a lower-risk

Figure 2. Selective right ICA imaging from the right brachial approach showing no significant right internal carotid bulb steno-

sis and partially recanalized thrombus in the right middle cerebral artery distal to an early large inferior middle cerebral artery

division artery.

Figure 3. Consecutive CT angiograms showing poor opacifi-

cation of the right MCA branches consistent with an embol-

ic/thrombotic event.
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procedure was demonstrated by Criado et al in their

landmark article in 1996.6 Other literature has cited

spontaneous embolization events from innominate

intervention, which certainly raises the possibility of

embolization with intervention.7,8 It is most likely that

there have not been enough great vessel cases ana-

lyzed for firm recommendations. A large number of

cases would be required to show this risk reduction. It

is likely that a substantial number of events occur in

the arch before treating the diseased arch vessel.9

It is worthwhile to note that the value of EPD use in

carotid intervention has been debatable with the majori-

ty of United States operators believing as though EPDs

are essential with significant statistical decline in stroke

events compared to historical controls in the same cen-

ters.10-12 In European trials, including SPACE13 and the

more recently published ICSS,14 EPDs were believed to

have resulted in worse outcomes, with both trials evalu-

ating symptomatic patients only. Symptomatic patients

would seem to benefit greatest from EPD use because

they are thought to have an unstable carotid lesion. In

contradistinction, in the EVA-3S trial, the safety commit-

tee halted the study on endovascular intervention on

symptomatic carotids because of a 3.9-fold higher stroke

event risk in the nonprotection patients.15 

Earlier reports have documented a low risk of embol-

ic events in occluded innominate and subclavian arter-

ies. Mathias evaluated 46 patients with subclavian

occlusions including five patients with right subclavian

occlusions and reported no cerebral events.16 In Hüttl’s

evaluation of 89 patients with innominate disease with

five occlusions, only one cerebral embolic event

occurred.9 This event occurred in a stenotic artery

before balloon dilatation and likely represented an

arch embolic event. All other cases were successful

without embolization. In Sullivan’s review of great ves-

sel intervention, only left common carotid interven-

tion with combined endarterectomy resulted in stroke

events, presumably secondary to platelet aggregation

of the stent during clamping.5

Because great vessel cases are not common or stan-

dard, each case and its associated risks must be evaluat-

ed individually. In cases of higher risk for embolization,

such as common carotid, innominate, and right subcla-

vian intervention, the risks and difficulty of placing an

Figure 5. Endovascular intervention images showing initial SpideRx wire in the right ICA via brachial approach, subsequent

engagement of the innominate lesion with the sheath advanced partially across the lesion interrupting flow and final place-

ment of an 8- X 38-mm iCast polytetrafluoroethylene-covered stent.The stent after covering the lesion was molded gradually

and gently with a 10-mm X 4-cm Admiral balloon.

Figure 4. MRI diffusion sequence showing the new infarcts

in the right hemisphere centrum semiovale (frontoparietal

lobe).



EPD should be evaluated and compared to surgical

alternatives. It is noteworthy that even in vertebral

artery lesions that have been previously believed to be

safe to dilate without embolic protection, some investi-

gators have demonstrated transcranial Doppler embolic

events. Qureshi et al found distal embolism after verte-

bral artery stenting with ischemic complications and

reported a 58% incidence of embolic signals with verte-

bral artery percutaneous transluminal angioplasty.17

There are now mounting cases in the literature that

have demonstrated the feasibility and utility of EPD use

in great vessel cases. Stiefel et al used dual EPDs in

recanalization of an occluded innominate stent.18

Although they did not report any debris in the EPD,

they showed the feasibility and technique of EPD use in

these cases.

The role of covered stents in preventing distal

embolization is theoretical and debatable. In the saphe-

nous vein graft coronary data, the first generation of

covered stents resulted in a higher distal embolization

rate presumably secondary to the larger size of the cov-

ered stents and greater frequency of predilatation caus-

ing distal embolization.19 The significantly lower fre-

quency of embolization with primary stenting without

predilatation was demonstrated by Amor et al in their

evaluation of subclavian artery lesions.20

The iCast stent is unique in that the profile is similar

to uncovered stents secondary to the ultrathin polyte-

trafluoroethylene. In this case, the use of embolic pro-

tection and a covered stent to trap embolic debris was

believed to be the best combination. The iCast stent

has been used successfully to trap thrombus in a renal

ostial stenosis containing thrombus.21

CONCLUSION

With the advent of a newer generation of EPDs, the

feasibility and utility of EPD use in multiple arch cere-

brovascular interventions can now be accomplished

and should likely become a first choice in higher-risk

cerebrovascular arch interventions. Surgical distal pro-

tection of the carotid arteries is also a viable choice and

should be implored whenever endovascular means are

not feasible. The use of lower-profile covered stents in

select cases to trap thrombus has demonstrated utility.

Higher-risk endovascular cases are feasible and appro-

priate when all risks, benefits, and alternatives are

explored for selected cases such as this. ■

Larry Horesh, MD, is with the Savannah Vascular

Institute in Savannah, Georgia. He has disclosed that he

holds no financial interest in any product or manufactur-

er mentioned herein. Dr. Horesh may be reached at (912)

629-7800; lhoresh@yahoo.com. 

1.  Brountzos EN, Malagari K, Kelekis DA. Endovascular treatment of occlusive lesions of the
subclavian and innominate arteries. Cardiovasc Intervent Radiol. 2006;29:503-510. 
2.  Brountzos EN, Petersen B, Binkert C, et al. Primary stenting of subclavian and innominate
artery occlusive disease: a single center’s experience. Cardiovasc Intervent Radiol.
2004;27:616-623.
3.  Hadjipetrou P, Cox S, Piemonte T, Eisenhauer A. Percutaneous revascularization of athero-
sclerotic obstruction of aortic arch vessels. J Am Coll Cardiol. 1999;33:1238-1245.
4.  Motarjeme A. Percutaneous transluminal angioplasty of supra-aortic vessels.
J Endovasc Surg. 1996;3:171-181.
5.  Sullivan TM, Gray BH, Bacharach JM, et al. Angioplasty and primary stenting of the subcla-
vian, innominate, and common carotid arteries in 83 patients. J Vasc Surg. 1998;28:1059-1065.
6.  Criado FJ, Twena M. Techniques for endovascular recanalization of supra-aortic
trunks. J Endovasc Surg. 1996;3:405-413.
7.  Moustafa RR, Antoun NM, Coulden RA, et al. Stroke attributable to a calcific embolus
from the brachiocephalic trunk. Stroke. 2006;37:e6-8. Epub 2005 Nov 23. 
8.  Nakajima M, Yasaka M, Minematsu K. Mobile thrombus from a ruptured plaque in the
brachiocephalic artery. J Stroke Cerebrovasc Dis. 2008;17:423-425.
9.  Hüttl K, Nemes B, Simonffy A, et al. Angioplasty of the innominate artery in 89 patients:
experience over 19 years. Cardiovasc Intervent Radiol. 2002;25:109-114.
10.  Garg N, Karagiorgos N, Pisimisis GT, et al. Cerebral protection devices reduce
periprocedural strokes during carotid angioplasty and stenting: a systematic review
of the current literature. J Endovasc Ther. 2009;16:412-427.
11.  Kastrup A, Gröschel K, Krapf H, et al. Early outcome of carotid angioplasty and stenting
with and without cerebral protection devices: a systematic review of the literature. Stroke.
2003;34:813-819.
12.  Pandey AS, Koebbe CJ, Liebman K, et al. Low incidence of symptomatic strokes after
carotid stenting without embolization protection devices for extracranial carotid stenosis: a
single-institution retrospective review. Neurosurgery. 2008;63:867-873.
13.  Jansen O, Fiehler J, Hartmann M, Bruckmann H. Protection or nonprotection in carotid
stent angioplasty: the influence of interventional techniques on outcome data from the SPACE
trial. Stroke. 2009;40:841-846.
14. Bonati L, Jongen L, Hallern S, et al. New ischaemic brain lesions on MRI after stenting or
endarterectomy for symptomatic carotid stenosis: a substudy of the International Carotid
Stenting Study (ICSS). Lancet Neuro. 2010;9:353-362.
15.  Mas JL, Chatellier G, Beyssen B; EVA-3S Investigators. Carotid angioplasty and stenting
with and without cerebral protection: clinical alert from the endarterectomy versus angio-
plasty in patients with symptomatic severe carotid stenosis (EVA-3S) trial. Stroke.
2004;35:e18-e20.
16.  Mathias KD, Lüth I, Haarmann P. Percutaneous transluminal angioplasty of proximal
subclavian artery occlusions. Cardiovasc Intervent Radiol. 1993;16:214-218.
17.  Qureshi AI, Kirmani JF, Harris-Lane P, Albuquerque FC. Vertebral artery origin stent
placement with distal protection: technical and clinical results. AJNR Am J Neuroradiol.
2006;27:1140-1145.
18.  Stiefel MF, Park MS, McDougall CG, et al. Endovascular treatment of innominate artery
occlusion with simultaneous vertebral and carotid artery distal protection: case report.
Neurosurgery. 2010;66:E843-E844; discussion E844.
19.  Stankovic G, Colombo A, Presbitero P, et al. Randomized evaluation of polytetrafluo-
roethylene-covered stent in saphenous vein grafts: The randomized evaluation of polytetraflu-
oroethylene covered stent in saphenous vein grafts (RECOVERS) trial. Circulation.
2003;108:37-42.
20.  Amor M, Eid-Lidt G, Chati Z. Endovascular treatment of the subclavian artery: stent
implantation with or without predilatation. Catheter Cardiovasc Interv. 2004;63:364-370.
21.  Yerra L, De A, Jolly N. Covered stents in renal artery interventions. J Invasive Cardiol.
2010;22:E70-73.

TECHNIQUES

40 I ENDOVASCULAR TODAY I NOVEMBER 2010

“There are now mounting cases in 

the literature that have demonstrated

the feasibility and utility of EPD use

in great vessel cases.”


