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IntroductIon

Stroke is the third leading cause of mortality in 
the United States, occurring in approximately 
600,000 people annually.1-2 Accounting for an 

estimated $30 billion annually in treatment and lost pro-
ductivity, approximately every three minutes a person 
in the United States will die from a stroke.3-4 Approxi-
mately 80% of strokes are ischemic in nature, with the 
remaining 20% being hemorrhagic.5

Extracranial internal carotid artery stenosis (EICAS) 
accounts for approximately 25% of ischemic strokes.6 The 

incidence of EICAS is approximately 0.5% in the sixth 
decade and rises to as high as 10% in people aged >80 
years.7-9 The predominant clinical manifestation of EICAS 
is transient ischemic attack (TIA), although the vast major-
ity of EICAS patients are asymptomatic.8,9 Patients with 
symptomatic EICAS are at high risk for ischemic stroke 
if left untreated. Previous literature has shown that even 
in patients with asymptomatic EICAS, the natural history 
of the disease precipitates an annual risk for stroke, stroke 
mortality and coronary ischemic events of 2%, 0.6% and 
7%, respectively, with an overall mortality of 4–7%.10-13 
Consequently, the presence of EICAS necessitates treat-
ment, even in asymptomatic patients.

In this review, the major class-I level studies regarding 
treatment of symptomatic and asymptomatic carotid ste-
nosis patients will be reviewed and analyzed with regard 
to impact on patient management in these two patient 
populations.

treatment modalItIes for eIcas
The degree of stenosis, determined by angiography or 

ultrasound, is classically defined as mild (0–29%), mod-
erate (30–69%) or severe (≥70%) stenosis at the carotid 
bifurcation.14 There are presently three major treatment 
modalities for EICAS: 1) medical management, 2) carotid 
endarterectomy, and 3) carotid angioplasty with stenting. 
A brief description of each modality follows.

medical management
Medical management is by far the most commonly 

utilized treatment of EICAS, traditionally involving 
low-dose aspirin (81–325 mg) taken orally on a daily 
basis.15,16 It is the only modality considered an essential 
aspect of management for any patient with EICAS, and 
is utilized either alone or in conjunction with more inva-
sive treatment modalities. For the majority of studies, 
medical management with low-dose aspirin is referred 
to as best medical treatment.

carotid endarterectomy
Carotid endarterectomy is a surgical procedure per-

formed usually by either a neurosurgeon or a general 
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vascular surgeon. The details of the procedure have been 
described extensively in previous literature.17 Briefly, the 
patient is positioned supine on the operating room table 
with the head extended and turned away from the side 
of operation. Neck extension is facilitated using sev-
eral folded pillowcases between the patient’s shoulder 
blades, and the degree of rotation of the head is deter-
mined by the relationship of the external carotid artery 
and internal carotid artery on preoperative angiography.

Following appropriate anesthesia and intraoperative 
monitoring, a linear skin incision is made at the level 
of the carotid bifurcation (preoperatively determined 
by angiography) along the anterior portion of the ster-
nomastoid muscles. The skin and subcutaneous tissues 
are sharply divided to the level of the platysma, which 
is always identified and sharply divided as well. Self-
retaining retractors are then placed on the medial side 
and left superficially to prevent retraction injury to the 
laryngeal nerves. Dissection proceeds in the mid-por-
tion of the wound down the sternomastoid muscle until 
the jugular vein is identified, which is the key anatomi-
cal landmark. Following retraction of the jugular vein 
with blunt retractors, several small veins are ligated and 
divided, enabling the underlying carotid artery to be visu-
alized and the common carotid artery, external carotid 
artery and internal carotid artery to be isolated. Follow-
ing complete dissection of the internal carotid artery, the 
hypoglossal nerve can be visualized and retracted using 
a vessel loop.17

After adequate control distal to the plaque has been 
achieved, the common carotid artery is cross-clamped, 
allowing for arteriotomy, plaque visualization and sub-
sequent plaque removal.17 Following removal, a careful 
search is made to locate and remove remaining fragments 
within the vessel wall. Arterial repair is then performed 
with sutures, after which the cross-clamps are removed 
and the suture lines are inspected for leaks. The common 
carotid artery, internal carotid artery and external carotid 
artery are then checked with Dopplers to ensure patency. 
Subsequently, the retractors are removed, and the wound 
is closed in layers, ending the operation.17 Patients are 
then transferred to the intensive care unit and are often 
discharged home within 1–3 days following surgery.

carotid angioplasty with stenting
Carotid angioplasty with stenting is an endovascular 

procedure, usually performed by neurosurgeons, radi-
ologists, vascular surgeons or neurologists who have 
been certified in interventional neuroradiology (usu-
ally through fellowship training). As with carotid end-
arterectomy, the details of carotid angioplasty have been 
extensively described in previous literature.18 In gen-
eral, the patient is positioned supine on the interven-
tional suite table and is placed under conscious seda-
tion via local anesthesia of the femoral artery region. 
Pedal pulses are examined and documented for later ref-

erence, after which a sheath is inserted into the common 
femoral artery and a baseline activated clotting time is 
obtained. Subsequently, preliminary diagnostic angiog-
raphy of both carotid arteries, including the intracranial 
circulation, is performed, and selective catheterization 
of the common carotid artery is performed, often with 
small-diameter catheters along with soft-tipped guide 
wires. Standard angiographic projections (anteroposte-
rior, lateral, ipsilateal anterior oblique) demonstrating 
the carotid bifurcation are then performed, after which 
images are obtained to assess the adequacy of the intra-
cranial collateral circulation.

An intravenous loading dose of heparin is then initi-
ated, after which an exchange guide wire is placed in the 
ipsilateral external carotid artery, and the guiding cath-
eter is advanced over this into the distal common carotid 
artery using a coaxial system.18 The guiding catheter is 
then connected to a continuous pressurized saline and 
heparin flush, after which the internal carotid artery 
is traversed with a microcatheter to reduce the risk of 
embolism and is advanced to the petrocavernous seg-
ment of the internal carotid artery. Subsequently, bal-
loon angioplasty is used to predilate the lesion.

A single, 30-second balloon inflation is performed, 
prior to which intravenous atropine is administered to 
prevent reflex bradycardia or asystole. After this, a road 
map is obtained, and the stent-delivery catheter is then 
advanced over the immobilized guide wire. The stent is 
carefully advanced across the lesion, and when satis-
factorily positioned, it is deployed by immobilizing the 
delivery catheter and expanding the stent (either self-
expanding or balloon expandable). Subsequently, the 
delivery catheter/balloon can be carefully withdrawn 
while ensuring the stent remains stationary.18 Postde-
ployment angioplasty is performed using a high-pres-
sure, semi-compliant balloon to expand regions of resid-
ual stent narrowing, and following stent placement, AP 
and lateral cerebral angiograms are performed to exclude 
any embolic branch occlusion and to document new pat-
terns of flow.

Once the APTT has returned to baseline, the femoral 
sheath is removed. Postoperative hematocrit is obtained, 
and the patient is monitored in the ICU for 12–24 hours. 
Administration of clopidogrel 75 mg/day and aspirin 
325 mg/day is continued indefinitely. Follow-up ultra-
sound exam of the neck is subsequently performed at six 
months to document continued patency, since restenosis 
usually occurs within the first six months of treatment.18

levels of evidence
Research studies provide an objective method of 

evaluating the efficacy of medical and surgical therapies. 
The degree to which a study influences management is 
related to the level of evidence that it provides. There are 
generally five classes of evidence within which research 
studies fall, which are listed in Table 1. Of these classes, 
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class-I evidence (derived from a prospective random-
ized controlled trial) is the most powerful in assessing 
the virtue of a particular treatment modality. This review 
examines the existing class-I evidence for management 
of symptomatic and asymptomatic carotid stenosis.

treatment of symptomatic 
carotid artery stenosis

For patients with symptomatic carotid artery steno-
sis, a number of clinical studies at the class-I level have 
been completed examining the optimal treatment modal-
ities for this patient population.

Best medical therapy versus 
carotid endarterectomy

Only two class-I studies have been completed com-
paring medical management versus carotid endarterec-
tomy: the North American Symptomatic Carotid Endar-
terectomy Trial (NASCET), and the European Carotid 
Surgery Trial (ECST).14,19-21 A third trial, the Veterans 
Affairs Cooperative Studies Program 309 Trial, was also 
started but was stopped midway following the results of 
NASCET and ECST.22

The NASCET trial involved 50 centers throughout 
the United States and Canada.14,19 Patients meeting the 
definition of symptomatic carotid stenosis in this study 
had to exhibi carotid distribution TIA or nondisabling 
stroke in the 4–6 months prior to trial entry. All patients 
had to have a minimum five-year life expectancy in 
order to be included. Criteria for permanemt exclusion 
included: 1) an intracranial lesion more severe than the 
surgically accessible carotid lesion, or 2) cerebral infarc-
tion depriving all useful functions in the affected terri-
tory. Patients were excluded on a temporary basis if they 
exhibited one of the following: 1) ucontrolled hyperten-
sion, diabetes or unstable angina; 2) myocardial infarc-
tion within the previous six months; or 3) signs of pro-
gressive neurological dysfunction. For the purposes of 

NASCET, best medical therapy was defined as a daily 
oral dose of low-dose aspirin. Patients deemed eligible 
were randomized to aspirin alone or aspirin + carotid 
endarterectomy.

The results of NASCET revealed the following for 
patients with 70–99% stenosis: a two-year ipsilateral 
stroke risk of 24.5% in the medical group versus only 
8.6% in the surgical group. This yielded an absolute risk 
reduction of carotid endarterectomy of 15.9%, which 
was statistically significant (P<0.001). Furthermore, the 
number needed to treat was six, meaning that for every 
six patients treated with carotid endarterectomy + aspi-
rin instead of aspirin alone, one ipsilateral stroke was 
prevented at two years following surgery. The findings at 
five years were remarkably similar: the ipsilateral stroke 
risk at five years in the medical group was 28% versus 
13% in the surgical group, with a number needed to treat 
of six. The 30-day surgical ipsilateral stroke/death rate 
was 5.8% at both two and five years. 

For patients with 50–69% stenosis, the two-year 
ipsilateral stroke risk in the medical group was 14.6% 
versus only 9.3% in the surgical group, for an absolute 
risk reduction of 5.3% (p<0.05) and a number needed 
to treat of 19. The five-year ipsilateral stroke risk was 
similar: 22.2% in the medical group, 15.7% in the surgi-
cal group, a statistically significant absolute risk reduc-
tion of surgery (p<0.05) and a number needed to treat of 
15. The 30-day surgical ipsilateral stroke/death rate was 
5.8% at both two and five years.

For patients with 0–49% stenosis, the results were 
less convincing: the two-year ipsilateral stroke risk was 
11.7% in the medical group and 10.2% in the surgical 
group, a difference that was not significant. This insig-
nificance was also found for the five-year ipsilateral 
stroke risk, which was 18.7% in the medical group and 
14.9% in the surgical group. The 30-day surgical ipsi-
lateral stroke/death rate was 6.5% at both two and five 
years for these patients.

table 1. levels of evidence classifying the impact of research studies

level of evidence design of research study examples
Class I Randomized, controlled trial  Prospective study involving predetermined 

eligibility criteria and outcome measures 
in which receipt of the treatment under 
evaluation is randomized.

Class II Nonrandomized controlled trials  Similar to class I but without randomization
Class III Observational studies with controls •  Retrospective interrupted time studies with 

controls
  • Case-control studies with controls
  • Cohort studies with controls
Class IV Observational studies without controls  Similar to class III but without controls; also 

includes: 
• Case series 
• Case reports

Class V Expert opinion Invited commentary
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The ECST involved 97 centers in 15 European coun-
tries, with several similarities to NASCET, including def-
inition of symptomatic carotid stenosis, inclusion crite-
ria, exclusion criteria, definition of best medical therapy 
and group randomization.20,21 A main methodologic dif-
ference between the two trials relates to the manner by 
which carotid stenosis was defined. In the NASCET trial, 
stenosis was defined as: (site of maximal narrowing) / 
(distal internal carotid artery diameter where vessel walls 
became parallel and beyond any degree of poststenotic 
dilatation), whereas in the ECST trial, the definition of 
stenosis was (site of maximal narrowing) / (estimated 
diameter of the normal carotid bulb).14,16,19-21 Therefore, 
the percentage of stenosis is lower using the NASCET 
rather than the ECST method—a 16% NASCET ste-
nosis = 30% ECST stenosis, while a 50% NASCET = 
70% ECST stenosis, and a 70% NASCET = 82% ECST 
stenosis.16,23

The ECST results revealed that for 70–99% steno-
sis (ECST criteria), the three-year stroke/death risk in 
the medical group was 22% versus only 12% in the sur-
gical group. This yielded an absolute risk reduction for 
carotid endarterectomy of 10%, which was statistically 
significant (p<0.001). The 30-day surgical ipsilateral 
stroke/death rate for patients with this degree of steno-
sis was 7.5%; however, for moderate and mild stenoses 
(using ECST criteria), the results at four and three years 
for stroke/death risk found surgery to be harmful versus 
best medical therapy alone.

These results are likely due to the overestimation 
of stenosis by the ECST, meaning that, for example, 
patients deemed with 30% stenosis on ECST would by 
NASCT criteria have only 16% stenosis, making them 
far less likely to benefit from surgery over aspirin alone. 
Consistent with this hypothesis is that subsequent stud-
ies reanalyzing the ECST angiograms using NASCET 
criteria found the results of both studies to be remark-
ably similar.24,25

The concordant results of NASCET and ECST estab-
lished aspirin + carotid endarterectomy as the gold stan-
dard treatment modality for patients with symptomatic 
carotid stenosis of ≥70% and established aspirin alone as 
the gold standard for patients with symptomatic carotid 
stenosis of <50%. In patients with 50–69% symptom-
atic stenosis, subgroup analyses have determined any of 
the following characteristics to enhance the benefit of 
carotid endarterectomy + aspirin over aspirin alone: 1) 
male sex, 2) hemispheric rather than retinal TIA presen-
tation, 3) higher degree of stenosis, 4) plaque ulceration, 
5) presence of white-smatter changes (leukoaraiosis) on 
head CT, 6) absence of collateral pathways to the dis-
tal internal carotid artery, 7) intracranial atherosclerosis 
(“tandem” lesions), 8) contralateral carotid occlusion, 
and 9) intraluminal thrombus.19,23,25-33

carotid endarterectomy versus 
carotid angioplasty with stenting

The findings from NASCET and ECST have estab-
lished carotid endarterectomy as the gold standard for 
invasive management of symptomatic carotid steno-
sis patients beyond best medical therapy. Therefore, for 
carotid angioplasty with stenting to become a legitimate 
competitor with carotid endarterectomy, class-I data are 
required to demonstrate the noninferiority of stenting to 
carotid endarterectomy for this patient population.

To this end, two recently completed trials providing 
class-I evidence have addressed the issue of stenting ver-
sus surgery for symptomatic carotid stenosis patients: 
the Stent-Protected Angioplasty versus Carotid Endar-
terectomy (SPACE) trial, and the Endarterectomy ver-
sus Angioplasty in Patients with Symptomatic Severe 
Carotid Stenosis (EVA-3S) trial.34,35

The SPACE trial was a randomized noninferior-
ity trial involving 35 institutions throughout Germany, 
Austria and Switzerland.34 Each institution was required 
to compile a multidisciplinary team including an inter-

table 2. summary of the class-I evidence regarding optimal management of symptomatic and 
asymptomatic carotid stenosis

Patient Population class-I evidence recommendations
Symptomatic NASCET trial (1991) 1. Carotid endarterectomy (CEA) + aspirin (ASA) for stenosis 
Carotid Stenosis ECST trial (1991)  ≥70% is better than ASA alone 
 SPACE trial (2006) 2. ASA alone for stenosis < 50% is better than ASA + CEA 
 EVA-3S trial (2006) 3. Individualized medical judgment for 50-69% stenosis
  4.  Carotid angioplasty with stenting + ASA is inferior to CEA 

+ ASA with regard to stroke and death rates at 30 days 
postprocedure

Asymptomatic ACAS trial (1995) 1. CEA + ASA is better than ASA alone for ≥60% stenosis at 
Carotid Stenosis ACST trial (2004)  two and five years of follow-up
 SAPPHIRE trial (2004) 2.  Carotid angioplasty with stenting + ASA is not inferior to 

CEA + ASA in patients with ≥80% stenosis with regard to 
incidence of stroke, death or myocardial infarction at 1 
year postprocedure
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ventionalist, a surgeon and a stroke neurologist. Patient 
entry criteria involved: 1) hemispheric or retinal TIA 
within the previous 180 days, and 2) carotid stenosis 
on ultrasound of ≥50% by NASCET standards. The pri-
mary endpoints of this study were ipsilateral stroke or 
death of any cause between randomization and 30 days 
following treatment, consistent with NASCET and pre-
vious class-I trials.14,34 Patients deemed by the multidisci-
plinary team as candidates for either stenting or surgery 
were randomized towards one or the other; all patients 
received aspirin preprocedure.

Endpoint comparison between the randomized groups 
revealed a 6.8% risk in the stenting and a 6.3% risk in the 
surgery group, a difference not significant (p=0.09) to 
prove noninferiority of stenting versus carotid endarter-
ectomy at 30 days postprocedure. The overall incidence 
of ipsilateral stroke within 30 days of intervention was 
6.5% for the stenting group and only 5.1% for the carotid 
endarterectomy group. Although this difference was not 
significant, the trend towards better outcomes in the sur-
gery group in this analysis gave support to the inferiority 
of stenting versus carotid endarterectomy in this patient 
population. In the final analysis, the SPACE trial failed to 
prove the noninferiority of stenting versus carotid endar-
terectomy as measured by stroke/death rates at 30 days 
postprocedure in symptomatic carotid stenosis patients.

The EVA-3S trial was a similar randomized non-
inferiority trial, involving 30 institutions throughout 
France.35 Entry criteria included hemispheric/retinal TIA 
or nondisabling stroke within the previous 120 days, and 
evidence of ≥60% NASCET criteria carotid stenosis on 
angiography or ultrasound/magnetic resonance angi-
ography. Similar randomization criteria to the SPACE 
trial by a multidisciplinary team from each institution 
was performed, with the same primary endpoints of the 
SPACE and NASCET trials.

The results of EVA-3S were dramatic, as the trial was 
stopped short (after 527 patients) of the intended 872 
patients to be enrolled for reasons of safety and futility. 
Endpoint comparison between groups at 30 days revealed 
a risk of 9.6% in the stenting group and only 3.9% in 
the surgery group. The absolute risk increase of stent-
ing was 5.7%, and for every 17 cases treated with stent-
ing rather than surgery, one additional stroke or death 
occurred at 30 days post-procedure.35 These results were 
sufficient to prove that the difference between stenting 
and surgery was not significant to prove the noninfe-
riority of stenting versus carotid endarterectomy at 30 
days post-procedure (p=0.09). The overall incidence of 
disabling stroke within 30 days of intervention in the 
stenting group was 3.4% but only 1.5% in the carotid 
endarterectomy group. As in the SPACE trial, although 
this difference was not significant, the trend towards bet-
ter outcomes in the surgery group lended support to the 
inferiority of stenting versus carotid endarterectomy.34,35

Furthermore, the EVA-3S trial revealed that a sig-

nificantly greater proportion of strokes occurred on the 
same day of the procedure in the stenting group than in 
the surgery group (p=0.05). Therefore, the EVA-3S trial 
concluded that in patients with symptomatic carotid ste-
nosis of ≥60%, carotid stenting was inferior to carotid 
endarterectomy with respect to the incidence of stroke 
and death at 30 days postprocedure. These results, in 
concordance with the SPACE trial, support the superi-
ority of carotid endarterectomy over carotid angioplasty 
with stenting in patients with symptomatic carotid ste-
nosis (Table 2).

asymptomatic carotid stenosis
The debate regarding optimal management of carotid 

stenosis in asymptomatic patients remains as intense as 
for symptomatic patients, with more at stake due to the 
fact that the vast majority of carotid stenosis patients are 
asymptomatic.8,9 To address this debate, a number of stud-
ies providing class-I evidence have been performed.

Best medical therapy versus carotid 
endarterectomy

Three class-I studies comparing medical management 
with carotid endarterectomy are the most respected with 
regard to evaluation of treatment modalities: the Veterans 
Affairs Study, the Asymptomatic Carotid Atherosclero-
sis Study (ACAS), and the Asymptomatic Carotid Sur-
gery Trial (ACST).36-38 Of note, two other class-I studies 
have attempted to address this literature but have been 
generally discarded. The first of these, the Mayo Asymp-
tomatic Carotid Endarterectomy Trial (MACE), was pre-
maturely stopped after only 71 patients, due to the high 
myocardial infarction rate (22%) in the surgical group.39 
This rate was likely due to the trial policy of withhold-
ing aspirin from patients receiving surgery.16,39 The sec-
ond was the Carotid Artery Stenosis with Asymptomatic 
Narrowing: Operation versus Aspirin (CASANOVA) 
trial.40 The study design and conduct of this trial were 
suboptimal for two major reasons. The first was the high 
rate of crossovers: 17% of the surgical patients never 
received carotid endarterectomy, and 20% of the medical 
patients received either unilateral or bilateral carotid end-
arterectomy. The second was that there were many crite-
ria for which medical patients could receive surgery. This 
confused the overall interpretation of the data, because 
it deprived the study of the high-risk patients previously 
examined in carotid stenosis class-I studies.16,40

The first major class-I study for asymptomatic 
carotid stenosis was the Veterans Affairs study, which 
enrolled 444 men with angiographically proven 50–99% 
asymptomatic stenosis.36 Patients were randomized as 
in previous trials (aspirin versus aspirin + carotid end-
arterectomy). Although the results revealed fewer neu-
rological events for the surgical versus medical groups 
at four-year follow-up (8% vs. 20%; p<0.001), these 
events included TIA, which is considered inappropri-
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ate by most clinicians because TIA by definition does 
not result in any lasting clinical deficit. Examination of 
the results excluding TIA and focusing on the primary 
endpoints used in previous class-I studies revealed that 
although the rate in the medical group was 9.4% versus 
4.7% in the surgical group at four years, these results 
were not significant.23,36

Subsequently, the ACAS study involved 1,662 asymp-
tomatic patients with 60–99% stenosis, with inclusion, 
exclusion and randomization criteria similar to that of 
previous class-I studies.37 In the surgical group, steno-
sis was defined angiographically, while in the medical 
group ultrasound was the primary diagnostic modality. 
Patients were randomized to aspirin alone versus aspirin 
+ carotid endarterectomy. The results were dramatic, as 
the trial was stopped by the Data and Safety Monitor-
ing Board after <3 years, due to the projected Kaplan-
Meier estimate of five-year 5.9% absolute risk reduc-
tion favoring surgery, with a number needed to treat of 
17.37 The five-year projected rate of ipsilateral stroke in 
the medical group was 11%, more than twice the 5.1% 
rate in the surgical group, and statistically significant 
(P=0.004) with a relative risk reduction of 53%. The 
five-year projected rate of major ipsilateral stroke in the 
medical group was 6% compared with 3.4% in the surgi-
cal group; however, this difference was not statistically 
significant (P=0.12).

Of note was the 30-day perioperative stroke/death 
rate of 2.3%; this became a major contention of criti-
cism of the ACAS trial, due to the skepticism that this 
low rate may not be matched by routine clinical prac-
tice.41 In fact, ACAS rejected 40% of initial applicant 
surgeons and subsequently barred some surgeons who 
had adverse operative outcomes during the trial.42 A ret-
rospective meta-analysis comparing the operative risks 
of ACAS with those of 46 surgical case series publishing 
operative risks for asymptomatic carotid stenosis from 
the time period of ACAS to five years after ACAS publi-
cation revealed that the surgical mortality in ACAS was 
eight times lower than the comparative literature (0.14% 
vs. 1.11%; p=0.01), with a risk of stroke/death in ACAS 
being three times lower (1.5% vs. 4.3%) among compa-
rable studies in which a neurologist graded the outcome 
(p<0.001).43

The third and most recent study was the ACST trial, 
in which 3,120 patients were enrolled. Eligibility crite-
ria included: minimum 60% stenosis on ultrasound and 
no symptoms within the previous six months.38 Patients 
were randomized to immediate surgery versus indefi-
nite deferral of surgery (1,560 patients to each group). 
The results were quite significant; the net five-year 
risk of stroke in the deferred group was 11.8%, com-
pared with only 6.4% in the immediate surgery group 
(P<0.0001). Subdividing with regard to fatal/disabling 
stroke also yielded significant results, as the immedi-
ate surgery group had risk of 3.5% compared with 6.1% 

in the delayed surgery group (P=0.004). The net five-
year risk of nonperioperative carotid territory ischemic 
stroke was 2.7% in the immediate surgery group versus 
9.5% in the deferred group, for an absolute risk reduc-
tion of 6.8% (P<0.0001). Definitive benefit of surgery 
was seen in patients <75 years of age but was uncertain 
in patients ≥75 years old.38

Furthermore, for net five-year risk of stroke, ACST 
found no significant different between patients with 
60–79% stenosis versus patients with 80–99% steno-
sis, and found no difference between patients who had 
never been symptomatic versus those symptomatic >6 
months previously. A significant difference between 
ACST and the other two class-I asymptomatic carotid 
stenosis studies is that the primary endpoint included all 
strokes (i.e. contralateral, vertebrobasilar), not just ipsi-
lateral strokes.16,38

carotid endarterectomy versus 
carotid angioplasty with stenting

The findings from these studies, particularly the 
ACST, established carotid endarterectomy as efficacious 
in asymptomatic carotid stenosis of ≥60%. Thus far, 
only one class-I study has attempted to compare carotid 
angioplasty and stenting with carotid endarterectomy for 
patients with asymptomatic carotid stenosis: the Stent 
and Angioplasty with Protection in Patients at High Risk 
for Endarterectomy (SAPPHIRE) trial.44 However, even 
in this trial, only 71% of the patients were asymptom-
atic, so there is yet to be a completed study with class-I 
evidence involving purely asymptomatic patients exam-
ining stenting versus surgery.44

The SAPPHIRE study was a randomized noninferi-
ority trial involving 29 institutions throughout the United 
States, and a multidisciplinary team at each institution 
(comprised of a stroke neurologist, a physician trained 
in carotid endarterectomy and a physician trained in 
carotid stenting) deemed 334 high-risk patients as ideal 
candidates for either stenting or surgery. If any mem-
ber of the team felt that a patient was not a good candi-
date for stenting or surgery, that patient was not included 
in the trial.44 Coexisting conditions in this trial defining 
patients as high-risk included: significant cardiac or pul-
monary disease, lateral laryngeal nerve palsy, previous 
radical neck surgery or radiation therapy, contralateral 
carotid artery occlusion, recurrent stenosis after previous 
carotid endarterectomy, and age >80.44 Patients had to 
have either symptomatic stenosis of 50% or asymptom-
atic stenosis of 80% on ultrasound. Two-hundred-thirty-
eight (71%) of the 334 patients were asymptomatic.

Patients were then randomized to stenting or surgery, 
with both groups receiving low-dose aspirin starting 72 
hours prior to the procedure and continuing indefinitely. 
Of note, the primary endpoint of this study included 
the cumulative incidence of stroke, death or myocardial 
infarction within 30 days, or ipsilateral stroke between 
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31 days and one year—the same endpoints as NASCET 
and previous class-I trials with the exception of the 
inclusion of myocardial infarction.

Primary endpoint comparison at one year postint-
ervention revealed the risk in the stenting group to be 
12.2% compared with 20.1% in the surgery group. This 
difference was significant (P=0.05) to prove noninferior-
ity of stenting versus carotid endarterectomy at one year 
posttreatment. The overall incidence of stroke within 
one year of treatment was 6.2% in the stenting group 
and 7.9% in the surgery group, a difference that was not 
significant (P=0.60). Similarly, the incidence of ipsilat-
eral stroke at one year was 4.3% in the stenting group 
and 5.3% in the surgery group, a difference that was 
also not significant (P=0.09 for major stroke; P=0.34 
for minor stroke). However, the trend towards stenting 
leading to reduced stroke incidence compared with sur-
gery lent support to the noninferiority of stenting versus 
carotid endarterectomy at one year of follow-up.44

The criticisms of the SAPPHIRE trial include its 
small sample size (334 pateints) compared with pre-
vious class-I data in this patient population (≥1,000 
patients), and the relatively short follow-up (one year) 
compared with previous studies comparing medical 
management with carotid endarterectomy (2–5 years in 
NASCET, ECAS, ACST, etc.). However, the biggest crit-
icism relates to the inclusion of myocardial infarction in 
the primary endpoint, since this was not previously used 
in class-I carotid stenosis studies. Without this variable, 
the endpoint comparison between the stenting and sur-
gery groups would have not been significant (5.5% vs. 
8.4%; P=0.36 rather than 0.05) to prove noninferiority 
of stenting versus carotid endarterectomy.44,45 The inclu-
sion of myocardial infarction was likely due to practical 
considerations, as otherwise the study would not have 
been powered to adequately detect differences in stroke 
or death between the stenting and surgery groups.45,46

future directions
Since the NASCET trial, medical management of 

carotid stenosis has considerably improved, due to the 
introduction of statins and newer antiplatelet agents.41 
Two recent retrospective case series have demonstrated 
the value of such improved regimens for improving out-
comes following carotid endarterectomy: one demon-
strating the role of preoperative statin use in decreasing 
the number of carotid endarterectomy patients initially 
presenting with stroke/TIA, and the second demonstrat-
ing operative-day glucose levels >200 as independently 
predictive of stroke/TIA, myocardial infarction and 
death following carotid endarterectomy.47,48 Therefore, 
future class-I studies will be necessary to determine the 
role of these newer medical agents in the management of 
both symptomatic and asymptomatic carotid stenosis. 

conclusIon
For patients with symptomatic carotid artery steno-

sis, class-I data support aspirin + carotid endarterectomy 
as the gold standard of care at both two and five years 
postoperatively for patients with ≥70% stenosis, and 
aspirin alone for patients with <50% stenosis. Carotid 
angioplasty with stenting is associated with significantly 
more morbidity and mortality than carotid endarterec-
tomy for symptomatic carotid artery stenosis patients at 
30 days postintervention. For patients with asymptom-
atic carotid artery stenosis, class-I data support aspirin 
+ carotid endarterectomy for patients with ≥60% ste-
nosis as efficacious at five years postsoperatively, yet 
for asymptomatic patients with ≥80% stenosis, carotid 
angioplasty with stenting is not inferior to carotid end-
arterectomy at one year postintervention. Improvements 
both in medical therapy and carotid stenting technolo-
gies will require future studies to provide class-I evi-
dence for determining the optimal treatment modalities 
for symptomatic and asymptomatic carotid artery steno-
sis patients.
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