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Stroke is the third leading cause of death 
in the United States and affects over a half 
million people per year.1 Coastal South 
Carolina is the leader of the “Stroke 
Belt.”2 Stroke is the third leading cause 
of death in South Carolina, accounting 
for 2,832 deaths or approximately 8% of 
the state’s deaths in 2001.3 Cardiovascu-
lar disease (CVD) is the leading cause of 
death and disability in South Carolina. 
In 2001, CVD accounted for approxi-
mately 34% of deaths in South Carolina. 
Although known as a primary cause of 
death in older adults, it is also the leading 
cause of death of South Carolinians aged 
35–44. 

Together, heart disease and stroke account 
for over 90% of all CVD deaths. Accord-
ing to the 2001 CDC mortality data, South 
Carolina had the 23rd highest heart disease 
death rate in the nation and the 2nd high-
est stroke disease death rate. The stroke 
related mortality rate in U.S in 1995 was 
60.1/100K and  in 2001 was 57.4/100K, 
while in SC in 1995 was 75.2/100K and 
in 2001 was 69.7/100K.3 The economic 
costs of CVD in South Carolina are stag-
gering. In 1999, the cost of CVD in South 
Carolina was almost $1.4 billion in direct 
costs (hospital charges). Of these charges, 
$629 million (45%) was for coronary 

heart disease and $15 million (15%) was 
for stroke. The total hospital charges for 
treatment of cardiovascular disease pa-
tients increased by 330% from 1987 to 
1999.3 African Americans, who comprise 
over 30% of South Carolina’s popula-
tion, have heart disease and stroke death 
rates that are approximately 1.5 to 2 times 
higher than the state’s white population. 
This difference is most prominent among 
African American women in South Caro-
lina who, in 2000, were 1.3 times more 
likely to die of heart disease than white 
women.3 The recognized  major risk fac-
tors for heart disease and stroke are high 
blood pressure, high blood cholesterol, 
diabetes, tobacco use, physical inactivity, 
poor nutrition, and obesity, allowing am-
ple prevention opportunities. It is known 
that more than 30% of strokes are caused 
by carotid occlusive disease.1

Since it is a correctable problem, carotid 
artery occlusive disease screening should 
be more widely used. The detection and 
treatment of carotid disease can prevent 
a significant number of strokes. In as-
ymptomatic patients, one has to treat 80 
patients to avoid one stroke within one 
year, but in symptomatic patients with 
stenosis greater than 70%, one has to 
treat only six patients to avoid one stroke 
within two years.12 However, more than 
80% of the strokes related to carotid oc-
clusive disease will not present with red 
flags or recognizable symptoms before 
the stroke event. The traditional method 
of treating carotid stenosis has included 
medical and surgical therapy. Symptom-
atic patients with moderate or asymptom-
atic severe cervical carotid stenosis have 
been treated with carotid endarterectomy 
(CEA). Medical therapy with aspirin and 

more recently with clopidogrel has been 
reserved for mild-to-moderate (asymp-
tomatic) carotid stenosis or non cervical 
carotid stenosis.

First performed about 26 years ago, ca-
rotid artery stenting (CAS) has, until re-
cently, been only a footnote in the man-
agement of carotid artery disease, mostly 
because it was performed at only a few 
institutions, for few selected indications 
and was non reimbursable by insurance 
carriers.4 The perfecting of angioplasty 
techniques, improvement of stent devices 
and more recently the development of 
distal embolic protection devices (EPD), 
CAS has become a viable alternative in 
the treatment of carotid artery occlusive 
disease. Until recently, carotid endarter-
ectomy was the only therapy available 
for carotid revascularization, but with the 
recent developments in CAS in high-risk 
patients, it may actually offer similar or 
better results when all of the data, trials 
and the global carotid artery registry and 
results are reviewed. When evaluating 
CAS versus CEA and the “controversies” 
derived from it, it is important to look at 
the history of CEA and CAS, the trials 
and the future directions.

Surgical Therapy
Cooley, DeBakey and Eastcott are cred-
ited with the first surgical treatment of 
carotid artery occlusive disease in the 
1950s.5 Today, approximately 180,000 
surgical CEA procedures are performed 
annually in the United States. More than 
70% of the patients undergoing CEA are 
asymptomatic. A great deal of confusion 
has ensued concerning the role of CEA in 
the management of carotid artery disease; 
it took forty years to design and perform 
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the randomized trials to validate the in-
dications and efficacy of CEA. Modern 
clinical practice is based on three clini-
cal trials performed in the United States 
and Europe in the early 1990s: the North 
American Symptomatic Carotid Endar-
terectomy Trial (NASCET),6 the Asymp-
tomatic Carotid Artery Study (ACAS)7 
and the European Symptomatic Carotid 
Trial (ESCT).8
\ 
The NASCET trial began enrolling pa-
tients in 1988, and results were first pub-
lished in 1991.6 The trial developed in two 
parts. The first part with 659 symptom-
atic patients, with stenosis 70%-90% and 
compared CEA to aspirin and Coumadin. 
Surgical therapy was clearly superior to 
medical therapy in ipsilateral stroke rates 
(9% vs 26%) and death rates (2.5% vs 
13.1%) over two years. The second part 
of the trial with 2,226 patients divided 
in two groups: moderate stenosis (50%-
69%) and mild stenosis (30%-49%). In 
five years, the moderated stenosis group 
showed a moderate decrease in the risk 

of ipsilateral stroke. CEA did not dem-
onstrate benefit in symptomatic patients 
with mild stenosis. Other complications 
included cranial nerve palsy in 7.6%, neck 
wound hematoma in 5.5%, and wound in-
fection in 3.4% of patients. In the ACAS 
study, 1,662 patients were randomized 
to CEA or aspirin. At five years, the risk 
of stroke or death was reduced by CEA 
(5.1%) compared with aspirin (11%), but 
only 9% of the patients were available 
for follow-up.7 The ESCT study enrolled 
3,024 symptomatic patients in twelve 
European countries and obtained results 
similar to the NASCET.8

On the various trials reported, the pa-
tient’s perioperative risk of any stroke or 
death was about 6% in the symptomatic 
group, whereas it was only 2.3% in the as-
ymptomatic group. Several explanations 
for those results are possible, including 
evaluating low-risk patients, excluding 
individuals over 80 years and those with 
major coronary artery disease, COPD or 
CHF. In addition, the surgeons in these 

trials were high-volume operators, at 
large institutions. Other complex scenar-
ios were also excluded, such as high cer-
vical bifurcation, contralateral carotid oc-
clusion, and restenotic lesions after CEA, 
intracranial stenosis and hostile necks. 
Therefore these numbers more likely rep-
resent low-risk patients in high-volume 
centers with experienced surgeons and 
may not reflect the true state of CEA as 
the time of the trials.

Carotid Stenting Prior-Distal 
Embolic Protection
The first carotid angioplasty was per-
formed by Mathias in 1979, followed by 
the first stent deployment a decade later.4 
Until recently, carotid artery stenting was 
performed in few institutions and mostly 
in patients who were not surgical candi-
dates, either for anatomical or medical 
reasons. The procedures were performed 
with high profile devices unacceptable by 
today’s interventional standards. 

The Carotid Artery and Vertebral Artery 
Transluminal Angioplasty Study (CA-
VATAS), published in 2001,9 compared 
balloon angioplasty (not necessarily 
stenting) to CEA. A group of 504 (mostly 
angioplasty) patients were randomized 
into the endovascular arm. High-risk 
surgical patients were excluded from the 
study. Results demonstrated no difference 
in disabling stroke or death in the endo-
vascular versus the CEA group (6.4% 
vs 5.9%) and no significant difference 
in ipsilateral stroke rate at three years. 
However, the restenosis rate was 14% for 
the endovascular group versus 4% in the 
CEA group, but only 23% of the patients 
in the endovascular group received a stent 
which were of older-generation not de-
signed for carotid work. 

The most comprehensive collection of 
data on CAS was published in 2003 with 
the update of the Global Carotid Artery 
Registry, obtained from twelve countries 
and 53 centers starting in 1997.10 The reg-
istry included 12,254 CAS procedures, 
and approximately 66% of the patients 
did not have the benefit of cerebral em-

Figure 1B. Embolic protection device. “Accunet” the first EPD device approved for 
carotids in United States.

Figure 1A. Carotid stent Acculink, straight and tapered. The tapered stent is useful to 
bridge from the internal carotid to the common carotid, vessels with different diameters.
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bolic protection. The technical success 
rate was 98.9%. The update report indi-
cates that CAS performed with cerebral 
embolic protection yielded a significantly 
lower event rate than without protection, 
both in the symptomatic and asymptom-
atic population. As in the surgical trials, 
asymptomatic patients fared better than 
those who were symptomatic. Restenosis 
rate was approximately 2% per year over 
three years.

Carotid Stenting Post-Distal 
Embolic Protection
The highest risk of the CAS is peri-pro-
cedural stroke from the liberation and 
migration of debris during balloon an-
gioplasty of the carotid stenosis. In the-
ory, prevention of intracranial embolism 
would allow to perform CAS with lower 
risk. The first attempt for distal protection 
was performed by Theron in 1990 using 
an occlusion balloon to avoid distal mi-
gration of clots or plaque fragments.11 

More recently, a number of technical 
refinements and materials enabled the 
development of a variety of embolic pro-
tection devices, which can be used with 
CAS. In 2001, Medicare decided to re-
imburse for CAS procedures, as long as 
performed under a FDA Investigational 
Device Exemption (IDE). Soon after the 
announcement, the industry designed 
a trial for comparing the state of the art 
carotid stenting technology with conven-
tional carotid surgery, called Stenting and 
Angioplasty with Protection in Patients at 
High Risk for Endarterectomy trial, also 
known as the SAPPHIRE study.12 This 
was the first comparative trial of CAS 
with an embolic protection device versus 
CEA. The aim was to demonstrate that 
stenting is not inferior to CEA by a dif-
ference of 3%. 

A group of 747 high risk patients were 
enrolled in a randomized fashion. The 
patients were symptomatic with a >50% 
luminal narrowing or asymptomatic with 
>80% stenosis. The study using the “An-
gioguard” embolic protection device had 
three arms: (1) Randomized CEA vs CAS 

with embolic protection device (N=334), 
(2) Nonrandomized stent arm for patients 
who were refused surgery (N=406), and 
(3) Nonrandomized surgical arm for pa-
tients who were refused CAS (N=7).

At two years, the patients treated with 
CAS with protection devices overall 
fared significantly better than those re-
ceiving CEA in the observed endpoints 
of death, stroke and MI (12.0% vs 20.1%, 
p<0.05). The difference was mostly due 
to MI. There was no significant difference 
between death and stroke, but with a trend 
favoring stenting with protection. The 
symptomatic group did not show a statis-
tically significant difference in freedom 
of major adverse events between CAS 
and CEA (16.8% vs 16.5%). The same 
happened in the asymptomatic group of 
patients (5.4% vs 10.2%, p=0.20), but 
with a trend in favor of CAS. However, at 
30 days CAS patients had a significantly 
lower incidence of adverse clinical events 
in comparison with those who underwent 
CEA for both groups, symptomatic and 
asymptomatic. Cranial nerve injury was 
about 5% in surgical patients and none 
in the CAS group. The data of this trial 
showed that the outcomes of CAS are not 

inferior to the outcomes of CEA and the 
benefits of stenting were clearly durable. 
In April of 2004, the FDA approved ca-
rotid artery stenting, and gave permission 
to Cordis/Johnson & Johnson to market 
a carotid stent and an embolic protection 
device.

The other trial was the Acculink for Re-
vascularization of Carotids in High-Risk 
Patients study (ARCHeR) by Guidant 
(Figure 1). It was a prospective trial, or a 
registry, with CAS without embolic pro-
tection in one arm, and in the two other 
arms the use of a refined stent system and 
embolic protection, using the AccuLink 
carotid stent and the Accunet embolic 
protection device in high-risk surgical 
patients. There were three arm trials, 
enrolling 581 patients who had >50% 
symptomatic stenosis or 80% asymptom-
atic luminal blockage with some specific 
risk-factors.13 The primary endpoints of 
death, MI and stroke at up to two years in 
ARCHeR II and II were 8.3% and 10.2%. 
At one year, the incidence of major stroke 
and death was 2.5% in ARCHeR II (with 
distal protection) and 3.8% in ARCHeR 
I (without cerebral embolic protection). 
The results of this trial were presented 

Table 1. Importance of learning curve in carotid angioplasties. Clinical experience 
over a period of 10 years with 924 patients (independent neurologic evaluation).16

Year Angioplasties Complications
1989/1991 111 8.8%
1992/1994 196 4.8%
1995/1999 617 2.0%

Table 2. Overall complication rates after carotid artery stenting with and without 
embolic protection devices according to several experts .13

# Cases S/D rate - No  
Embolic Protection

S/D rate - With  
Embolic Protection

Henry, M. 315 4.9% 2.2%

Roubin, G. 1276 6.9% 1.8%

Wholey, M H 10653 5.3% 2.3%

Mathias, K 405 3.0% 1.3%

German Registry 1353 2.8% 2.0%

*Global Registry. S/D rate = Stroke/Death rate

Carotid Artery Angioplasty and Stenting:  
Interventional Radiology Point of View



The Journal of the South Carolina Medical Association120

to the FDA and in November 2004 the 
federal agency approved the “AccuLink 
Carotid Stent” and the “Accunet Embolic 
Protection System.”

There are several other trials, such as SE-
CuRITY, BEACH and CABERNET,14 
showing basically the same results, with 
similar rates of major adverse cardiac 
events and the rate of complications simi-
lar or better to those found in the SAP-
PHIRE and ARCHeR trials. So far, ca-
rotid stenting has been shown to be a safe, 
effective and durable method of treatment 
for carotid disease.

As of this writing, another randomized 
trial comparing CAS and CEA in low-
risk patients, (ACT I, Abbott) has been 
closed and the results presented to the 
FDA, generating approval (September 
2005) for the “XACT carotid stent” and 
the “Emboshield” embolic protection de-
vice. The results of this trial are still to be 
published. Currently another large study, 
Carotid Revascularization Endarterec-
tomy versus Stenting Trial (CREST), is 
under way, comparing CAS and CEA in 

low-risk patients. The results are anxious-
ly awaited.

In the United States, CMS decided to cov-
er only high-risk, symptomatic patients 
with >70% carotid stenosis,15 different 
from the inclusion criteria for the, above 
mentioned, trials. Asymptomatic patients 
are not covered regardless of the severity 
of the carotid disease.

Recent Advancements in 
Carotid Stenting
Since 2001, there have been major techno-
logical advances in carotid stenting. The 
current devices are specifically designed 
for use in carotid arteries. The advent of 
cerebral protection devices has signifi-
cantly reduced the incidence of cerebral 
embolic events. There are several embol-
ic protection devices, although only two 
currently available in the United States. 
These are very low profile devices which 
allow passage through the carotid stenosis 
with minimal disturbance of the plaque or 
ulceration, causing minimal high inten-
sity transient signals (HITS) as observed 
by transcranial Doppler studies. The stent 

delivery system profile is in general, be-
low 5.0Fr size and the stents are made of 
nitinol, and are more flexible. The main 
advantage of nitinol is the increased flex-
ibility and continuous expansion to the 
pre set size due to the temperature of the 
blood. An additional advancement in the 
stent technology was the development of 
the tapered stents which allow the treat-
ment of carotid arteries with greater dis-
crepancy in size between the common ca-
rotid and internal carotid arteries.‘ Drug 
eluting stents are not available yet for ca-
rotids, but research is under way.

The learning curve of the procedure is 
also very important. Mathias showed 
that experience with carotid angioplasties 
and high volume of procedures increases 
the success and reduces dramatically the 
complication rates, even without embolic 
protection devices (Table 1).16 However, 
the experience of individual authors and 
the available registries show dramatic 
reduction in the complication rates with 
the use of the embolic protection devices  
(Table 2).9

Figure 2 A. MRA of the carotids showing a tight stenosis of the left carotid artery with ulceration. B. Left carotid angiogram 
confirmed the MRA, showing a >70% stenosis of the left internal carotid associated with a deep and wide ulceration. The patient 
was having repeated TIAs with motor symptoms and amaurosis. C. Left carotid angiogram showing the result of the stenting with 
enlargement of the stricture and coverage of the ulcer. The patient became totally asymptomatic as verified at the 6 months follow up.

A B C
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The MUSC Experience
The Division of Vascular and Interven-
tional Radiology at the Medical University 
of South Carolina has been working with 
revascularization of supraaortic, cervical 
branches and carotid artery angioplasty 
and stenting for more than ten years and 
accumulated expertise in managing carot-
id artery obstructive disease, particularly 
in high-risk patients (Figure. 2).17-21 Our 
outcomes are comparable or better than 
the above-mentioned trials. In a group 
of 54 symptomatic patients with steno-
sis greater than 70%, treated by carotid 
stenting, in the past five years, no stroke, 
myocardial infarction or death were ob-
served within 30 days of the procedure. 
Stent placement was successful in 100% 
of the patients and in only one patient, 
we failed to place the protection device. 
Only one stent occlusion and one resteno-
sis developed at one year follow up, and 
the latter was treated by new angioplasty 
and stenting. Since 2002, we have been 
using embolic protection devices, which 
increased significantly the safety of the 
procedure (Figure 2). Currently we use 
the FDA approved devices for high risk, 
symptomatic patients, and we are starting 
to participate in the EXACT trial which 
will include high-risk, asymptomatic pa-
tients with stenosis greater than 80%, as 
well as the symptomatic patients with 
stenosis greater than 50%. Participation 
in this trial will open a window of oppor-
tunity for treating other patients in need, 
who are not covered by the CMS reim-
bursement rules.

Conclusions
Carotid endarterectomy is still the main-
stream treatment for carotid obstructive 
disease, and many critics have viewed ca-
rotid artery stenting as a niche procedure, 
which will not withstand the test of time; 
however, a lot of data and experience 
has been accumulated in the last several 
years, which appear to be proving other-
wise. 12-14

Why should we consider recommending 
carotid stenting? With carotid stenting, 
we can avoid general anesthesia, avoid a 

neck incision, and avoid the risk of post-
operative infection, cranial nerve injuries, 
and other surgical complications. CAS is 
a shorter, less invasive procedure, with 
less blood loss, a shorter length of hospi-
tal stay, and a shorter recovery period. Le-
sions that are difficult to treat with CEA 
such as high cervical lesions, behind the 
mandible, and lesions that are below the 
clavicle can also be treated by stenting. 
As it has been recently demonstrated,12-14 
the less invasive stenting procedure may 
offer an alternative treatment to open 
surgery with low morbidity and low mor-
tality rates. The paradigm is definitely 
changing.

References
American Heart Association. Heart and 
stroke facts: 1994 statistical supplement. 
Dallas: American Heart Association; 1993. 
Lackland DT, Egan BM, Jones PJ. Impact 
of nativity and race on “Stroke Belt” mortal-
ity. Hypertension 1999;34:57-62.
CDC. National Center for Chronic Disease 
Prevention and Health Promotion. http://
www.cdc.gov/nccdphp/factsheets/Chronic-
Disease/south_carolina.htm
Mathias K, Jager H, Hennigs S, Gissler HM. 
Endoluminal treatment of internal carotid 
artery stenosis. World J Surg 2001;25:328-
36.
DeBakey ME. Carotid endarterectomy re-
visited. J Endovasc Surg 1996;3:4
Beneficial effect of carotid endarterectomy 
in symptomatic patients with high-grade ca-
rotid stenosis. North American Symptomat-
ic Carotid Endarterectomy Trial Collabora-
tors. N Engl J Med 1991;325:445-453.
Endarterectomy for asymptomatic carotid 
artery stenosis. Executive Committee for 
the Asymptomatic Carotid Atherosclerosis 
Study. JAMA 1995;273:1421-1428.
Randomized trial of endarterectomy for re-
cently symptomatic carotid stenosis: final 
results of the MRC European Carotid Sur-
gery Trial (ECST). Lancet 1998;351:1379-
1387
 Wholey MH, Al-Mubarek N, Wholey MH. 
Updated review of the global carotid artery 
stent registry. Catheter Cardiovasc Interv 
2003;60:259-266.
Endovascular versus surgical treatment in 

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

patients with carotid stenosis in carotid and 
vertebral artery transluminal angioplasty 
study (CAVATAS): a randomized trial. Lan-
cet 2001;357:1729-1737.
Theron J, Courtheoux P, Alachkar F, et al. 
New triple coaxial catheter system for ca-
rotid angioplasty with cerebral protection. 
AJNR 1990;11:869-877.
Yadav JS, Wholey MH, Kuntz RE, et al. 
Protected carotid-artery stenting versus end-
arterectomy in high-risk patients. N Engl J 
Med 2004;351:1493-1501.
Wholey MH. Oral presentation, 29th An-
nual Scientific Meeting of the Society of 
Interventional Radiology (SIR). Phoenix, 
Arizona, March 25, 2004.
Hopkins LN. For the CABERNET Inves-
tigators. CABERNET 30-day trial results 
from the use of a novel carotid stent and em-
bolic protection system. Oral presentation at 
the Veith Symposium, New York, NY, No-
vember 2004. http://www.veithsymposium.
org/pdf2004/282.pdf
http://www.cms.hhs.gov/media/press/re-
lease.asp?Counter=1391.
Mathias KD, Jaeger M. How much cerebral 
embolization occurs during CAS? Oral pre-
sentation at the International Symposium on 
Endovascular Therapy, Miami Beach, FL, 
January 2001.
Uflacker R. Angioplasty of the carotids (ch 
6). In Interventional Radiology, Uflacker R 
and Wholey MH. McGraw-Hill, Inc. New 
York. 1991, Pag. 443-451.
Selby JB, Matsumoto AH, Tegmeyer CJ, 
et al. Balloon angioplasty above the aortic 
arch: Immediate and long-term results. Am 
J Roentg (AJR) 1993;160:631-635.
Parodi JC, LaMura R, Ferreira LM, Men-
dez MV, Cerosimo H, Schonholz C. Initial 
evaluation of carotid angioplasty and stent-
ing with three different cerebral protection 
devices. J Vasc Surg 2000;32:1127-1136.
Parodi JC, Schonholz C, Ferreira LM, 
Mendaro, Ohki T. Seat belt and air bag tech-
nique for cerebral protection during carotid 
stenting. J Endovasc Therapy 2002;9:20-
24.
Schonholz C, Uflacker R, Mendaro E, Par-
odi JC, Guimaraes M, Hannegan C, Selby 
JB. Techniques for carotid artery stenting 
under cerebral protection. J Cardiovasc 
Surg 2005;46:201-217. n

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Carotid Artery Angioplasty and Stenting:  
Interventional Radiology Point of View


