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Abstract  

Objective 
To assess the efficacy of carotid endarterectomy for stroke prevention in asymptomatic and symptomatic patients 
with internal carotid artery stenosis. Additional clinical scenarios, such as use of endarterectomy combined with 
cardiac surgery, are also reviewed. 

Methods 
The authors selected nine important clinical questions. A systematic search was performed for articles from 1990 
(the year of the last statement) until 2001. Additional articles from 2002 through 2004 were included using 
prespecified criteria. Two reviewers also screened for other relevant articles from 2002 to 2004. Case reports, review 
articles, technical studies, and single surgeon case series were excluded. 

Results 
For several questions, high quality randomized clinical trials had been completed. Carotid endarterectomy reduces 
the stroke risk compared to medical therapy alone for patients with 70 to 99% symptomatic stenosis (16% absolute 
risk reduction at 5 years). There is a smaller benefit for patients with 50 to 69% symptomatic stenosis (absolute risk 
reduction 4.6% at 5 years). There is a small benefit for asymptomatic patients with 60 to 99% stenosis if the 
perioperative complication rate is low. Aspirin in a dose of 81 to 325 mg per day is preferred vs higher doses (650 to 
1,300 mg per day) in patients undergoing endarterectomy. 

Conclusion 
Evidence supports carotid endarterectomy for severe (70 to 99%) symptomatic stenosis (Level A). Endarterectomy 
is moderately useful for symptomatic patients with 50 to 69% stenosis (Level B) and not indicated for symptomatic 
patients with <50% stenosis (Level A). For asymptomatic patients with 60 to 99% stenosis, the benefit/risk ratio is 
smaller compared to symptomatic patients and individual decisions must be made. Endarterectomy can reduce the 
future stroke rate if the perioperative stroke/death rate is kept low (<3%) (Level A). Low dose aspirin (81 to 325 mg) 
is preferred for patients before and after carotid endarterectomy to reduce the rate of stroke, myocardial infarction, 
and death (Level A). 
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Additional material related to this article can be found on the Neurology Web site. Go to www.neurology.org and scroll down the Table of 
Contents for the September 27 issue to find the title link for this article. 
 
Extracranial internal carotid artery stenosis accounts for 15 to 20% of ischemic strokes, depending on the population 
studied. Carotid endarterectomy (CE) is the most frequently performed operation to prevent stroke. The last 
statement from the American Academy of Neurology regarding CE was published in 1990.(1) Since then, several 
multicenter trials have been completed and this statement reflects an update on major developments since 1990. 

Methods 
Vascular neurologists were appointed by the Therapeutics and Technology Assessment Subcommittee of the 
American Academy of Neurology. A literature search was performed using Ovid Medline for relevant articles 
published from 1990 to 2001 using the following key words: carotid endarterectomy, carotid stenosis, carotid artery 
diseases, clinical trials. Further details of the search process can be found in appendix E-1 (go to the Neurology Web 
site at www.neurology.org). Standard search procedures were used and subheadings were applied as appropriate. 
Two committee members also reviewed the Cochrane Library statements on CE for symptomatic and asymptomatic 
stenosis in August 2004 to confirm that relevant citations from 2002 to 2004 were identified. 

Table 1: Relevant Formulas 

 Formula 

Number needed to treat (NNT) 100/absolute risk reduction 
Number needed to harm (NNH) 100/absolute risk increase 

 

The initial search was done in July 2001 and identified 1,462 citations. This list was refined further by reviewing 
these citation abstracts with exclusion of the following types of articles: case reports, letters to the editor, review 
articles without primary data, studies addressing CE technical issues, case series from a single surgeon, and non-
English articles. Case series from a single institution were not excluded. This reduced the articles to 186 and each of 
these articles was reviewed independently by two committee members. The committee also stipulated that if a 
pooled analysis of the major symptomatic CE studies or if the results of the Asymptomatic Carotid Surgery Trial 
were published prior to the completion of the committee’s manuscript, these would subsequently be reviewed. For 
some of the clinical questions, additional screening criteria were used before the study was selected for full 
abstraction (see below). The number needed to treat and harm were evaluated in studies as described in table 1. 
Recommendations were generated based on the application of levels of evidence to the abstracted articles 
(Appendices 1 and 2). 

Analysis of the evidence 
Nine clinical questions were identified and they are as follows. 

1. Does CE benefit symptomatic patients? 
Two Class I studies have been completed: the North American Symptomatic Carotid Endarterectomy Trial 
(NASCET) and the European Carotid Surgery Trial (ECST) (these trials and other articles reported in results can be 
found in supplementary appendix E-1).(2-4) A third well-designed study, the Veterans Affairs Cooperative Studies 
Program 309 Trial, was stopped prematurely after the initial NASCET results were announced.(5) In the symptomatic 
studies, patients were classified as symptomatic if they had a carotid distribution TIA or nondisabling stroke in the 
preceding 6 months (originally 4 months in NASCET), and these patients were assigned to best medical therapy 
(BMT) or BMT + CE. Aspirin was the recommended antithrombotic agent. In NASCET, patients were required to 
have a 5-year life expectancy to ensure adequate follow-up in both groups. 

Table 2 provides a summary of the main features of the two completed symptomatic studies, NASCET and ECST. 
Although the overall design of the two studies was comparable, one major difference between the two trials was in 
the method of angiographic measurement. NASCET calculated the degree of stenosis using the site of maximal 
narrowing as the numerator, divided by the distal ICA diameter where the vessel walls became parallel and beyond 
any area of post-stenotic dilatation. ECST calculated the degree of stenosis using the diameter at the site of maximal 
narrowing divided by the estimated diameter of the normal carotid bulb. This means for a given level of stenosis, the 
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percentage narrowing would be lower using the NASCET method compared to the ECST method. For example, a 
NASCET 70% stenosis corresponds to an 82% ECST stenosis. 

The principal result of NASCET was a significant benefit of CE in patients with 70 to 99% symptomatic stenosis. 
The 2-year ipsilateral stroke risk was 26% in the medically treated patients and 9% in the BMT + CE group (p 
<0.001). The absolute risk reduction (ARR) was 17.0% and the number needed to treat (NNT) was six at 2 years. In 
patients with 50 to 69% symptomatic stenosis, the 5-year rate of ipsilateral stroke was 15.7% in patients treated with 
BMT + CE and 22.2% in patients who received BMT alone (ARR 6.5%, NNT 15.4, p = 0.045). There was a 
nonsignificant difference in patients with <50% symptomatic stenosis, with a 5-year rate of ipsilateral stroke of 
14.9% in the CE group and 18.7% in the medical therapy group (p = 0.16). Results of ECST were slightly different 
if the comparison was undertaken using the ECST method of stenosis measurement but when the ECST angiograms 
were reanalyzed using the NASCET method, the two trials produced remarkably consistent results.(6,7) 

In the NASCET 50 to 69% group, post hoc analyses found that the benefit was heterogeneous. In the 50 to 69% 
group, there was a greater benefit from CE in men compared to women. For prevention of an ipsilateral stroke of 
any severity or for prevention of a disabling stroke, the NNT was 12 and 16 for men and 67 and 125 for women. In 
addition, there was no demonstrable benefit in patients with retinal stroke or retinal TIA. 

A combined analysis of the symptomatic trials, done by Rothwell et al., included 6,092 patients with 35,000 patient-
years of follow-up.(8) The combined analysis included individual patient data, reassessed the angiograms, and 
standardized the outcomes. Due to differences in the three trials in terms of definition of stroke outcome events and 
disabling stroke, the combined analysis utilized the following NASCET definitions: 1) stroke was defined as any 
cerebral or retinal event with symptoms lasting longer than 24 hours; 2) disabling stroke was defined as a stroke that 
resulted in a Rankin score of 3 or more, or an equivalent rating, at a defined follow-up interval. For all these studies, 
the outcome was ipsilateral stroke or perioperative (30 days) stroke or death. Also, in the three studies represented in 
the combined analysis, the degree of stenosis was proven by contrast angiography. The major conclusions were as 
follows.  

Table 2: Overview of symptomatic trials 

Author 

Year 

Class Rando
mized 

Follow 
up 

month
s 

% 
Stenosi

s 

Treat
ment 
arm 

Cohort 
size 

Crosso
vers 

Ipsilat
eral 

Stroke 
risk 

+perio
p 

stroke 
& 

death 

Periop 
stroke 

& 
death 

Periop 
disabli

ng 
stroke 

& 
death 

Any 
stroke 

Major 
stroke 

or 
death 

CEA + 
BMT 

328 0.3% 9% 5.8% 2.7% 12.6 8.0% NASC
ET 
collabo
rators 
1991 
(403) 

1 Yes 24* 70-99† 

BMT 331 6.3% 26% 3.3% 0.9% 27.6 18.1% 

CEA + 
BMT 

455  9.5% ¶ 7.5% ¶ 3.7%  4.8% ECST 
Collab. 
Group 
1991 
(398) 

1 Yes  70-99‡ 

BMT 323  13.6% 

¶ 
   8.4% 

CEA + 
BMT 

91 0 4.4% 6.5% 4.4%   

BMT 98 3.3 7.1% 2.2% 0   

VA/19
91 
(391) 

1 Yes 11.9 50-99† 

BMT 98 3.3% 7.1% 2.2% 0%   
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CEA + 
BMT 

570    7.9% 16.8%  ECST 
Collab. 
Group 
1996 
(244) 

1 Yes 96* 50-69‡ 

BMT 372     14.2%  

CEA + 
BMT 

1108 1.9% 13.3%   19.8% 14.9% NASC
ET 
collabo
rators 
1991(1
37) 

1 Yes 60* 50-69† 

BMT 1118 7.0% 18.7%   26.4% 20.1% 

CEA + 
BMT 

389    8.0% 16.2%  ECST 
Collab. 
Group 
1996 
(244) 

1 Yes 96* 30-49 ‡ 

BMT 259     10.4%  

CEA + 
BMT 

240  11.3%¶ 3.3% ¶ 1.7%% 17.1%¶ 36.7%¶ ECST 
Collab. 
Group 
1991,1
998 
(398,15
5) 

1 Yes  0-29‡ 

BMT 179  5.6%¶ 0 0 12.8%¶ 30.7%¶ 

CEA + 
BMT 

1707   6.7%    <50† 

        
CEA + 
BMT 

371   8.4%    50-69† 

        
CEA + 
BMT 

581   6.2%    ≥70† 

        
CEA + 
BMT 

148   5.4%    

CE 
Trials 
2003 

  65 

Near 
occlusi
on         

* Estimated using Kaplan–Meyer survival curves. † Measured using narrowest diameter compared to normal upstream internal carotid diameter. ‡ Measured using 
narrowest diameter compared to estimated original carotid diameter. ¶ Stroke lasting >7 days. CEA = carotid endarterectomy; BMT = Best medical therapy. 

 

Benefit for CE was shown for: 50 to 69% stenosis, ARR of 4.6% (over 5 years), NNT = 22. ≥70% stenosis (not near 
occlusion), ARR of 16% (over 5 years), NNT = 6.3. 

Near occlusion, ARR of 5.6% over 2 years (p = 0.19) but only –1.7% (p = 0.9) over 5 years. Near occlusion is 
defined as the angiographic appearance of a collapsed internal carotid artery (ICA) distal to the stenosis, faster 
filling in the external carotid artery compared to the ICA, and preferential filling of the intracranial circulation via 
collaterals. 

CE was not beneficial for symptomatic patients with 30 to 49% angiographic stenosis and surgery was harmful for 
symptomatic patients with <30% stenosis (2.2% absolute increase in stroke risk). In the combined analysis, the 
overall rate of perioperative stroke or death for all surgical patients within 30 days of trial surgery was 7.1%, giving 
a number needed to harm (NNH) of 14. As mentioned above, the robust benefits of future reduction in stroke risk 
for patients with severe stenosis and to a lesser extent for patients with 50 to 69% stenosis justified the surgical risks. 

2. Does CE benefit asymptomatic patients? 
Three Class I studies are available: the Asymptomatic Carotid Atherosclerosis Study (ACAS), the Veterans Affairs 
Study, and the Asymptomatic Carotid Surgery Trial (ACST).(9-11) Two other studies were either completed or 
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planned but these were either stopped prematurely (Mayo Clinic trial) or poorly designed (Carotid Artery Stenosis 
with Asymptomatic Narrowing: Operation Vs Aspirin [CASANOVA] study). 

The Mayo Asymptomatic Carotid Endarterectomy (MACE) study was prematurely stopped after only 71 patients 
due to a high rate of myocardial infarction (22%) in the surgical group.(12) This was likely due to the trial policy of 
withholding aspirin from the surgical group. 

The CASANOVA study had a suboptimal study design and conduct.(13) A total of 410 patients with 50 to 90% 
stenosis were enrolled. There was a high rate of crossovers. A total of 17% of the surgical patients never received a 
CE and 20% of the medical patients were given a unilateral or bilateral CE. In addition, there were many criteria for 
which medical patients could receive a CE, including progression of stenosis to >90%. This deprived the study of 
the high risk patients who were of greatest interest and confused the overall interpretation of the data. 

The Veterans Affairs study enrolled 444 men with angiographically proven 50 to 99% asymptomatic stenosis.(10) 
There was a nonsignificant trend favoring CE for prevention of ipsilateral stroke (9.4% vs 4.7% at 4 years). 
However, this was a secondary endpoint. The primary endpoint included TIA, which most clinicians consider as an 
inappropriate endpoint since, by definition, TIA does not leave the patient with any lasting clinical deficit. The 30-
day perioperative stroke and death rate was 4.7%, equating to a NNH of 21. 

ACAS enrolled 1,662 patients with 60 to 99% stenosis with the stenosis defined angiographically for the surgical 
group and primarily with ultrasound for the medical group.(9) Patients were randomized to BMT or BMT + CE. The 
study was halted by the Data Safety and Monitoring Board after 2.7 years median follow-up because of a projected 
5.9% ARR at 5 years favoring CE (NNT = 17). The 5-year projected rate of ipsilateral stroke was 11.0% for the 
medically treated patients and 5.1% for the surgically treated patients (53% relative risk reduction, p = 0.004). For 
major ipsilateral stroke (defined as a Glasgow scale of 2 or higher) or any perioperative major ipsilateral stroke, the 
5-year projected rates were 6.0% for the medically treated patients and 3.4% for the surgical patients (p = 0.12). The 
perioperative stroke rate was 2.3%, providing a NNH of 43. The very low perioperative stroke/death rate of 2.3% 
has not been achieved in most recent observational studies or in the Aspirin and Carotid Endarterectomy (ACE) trial 
(n = 1,512, stroke and death = 4.6%).(14)

The ACST was a randomized study of immediate CE vs indefinite deferral of CE with a 5-year follow-up at 126 
centers in 30 countries. Determination of stenosis was made by carotid ultrasound and expressed as percent diameter 
reduction. Eligibility included carotid artery diameter reduction of at least 60% on ultrasound and no symptoms 
within the past 6 months. Enrollment began in 1993 and continued until 2003 and there is planned 10-year follow-
up. A total of 3,120 patients were randomized, 1,560 into each group. Combining the perioperative events (stroke 
and death within 30 days) and the nonperioperative strokes, the net 5-year risks were 6.4% (immediate CE) vs 
11.8% (deferred CE) for all strokes [net gain 5.4% (95% CI, 3.0 to 7.8) p , 0.0001] and 3.5% vs 6.1% for fatal or 
disabling strokes (Rankin > 2) [net gain 2.5% (0.8 to 4.3), p = 0.004]. The gain mostly involved non-perioperative 
carotid territory ischemic strokes [2.7% vs 9.5%; gain of 6.8% (4.8 to 8.8), p < 0.0001)]. The benefit was seen in 
both contralateral and ipsilateral carotidterritory strokes. Subgroup analyses showed that the benefits were 
significant for those younger than 65 years, those between 65 and 74 years, but uncertain for those older than 75 
years. The study included 2,044 men and 1,076 women. Men and women both benefited but there were only a total 
of 40 (12 vs 28 strokes in the surgical and medical groups) nonperioperative strokes in women so the results were 
not as definite (p = 0.02). The 5-year benefit of CE appeared to be as great for those with <80% diameter reduction 
(mean 69% stenosis) as for those with 80 to 99% (mean 87%) reduction. There was no significant difference in 
results in those patients who were never symptomatic (7.1% absolute 5-year gain) compared to those with symptoms 
greater than 6 months previously (4.6% absolute 5-year gain).  

A significant difference between ACAS and ACST was the primary endpoint. ACAS and the previous symptomatic 
trials utilized ipsilateral stroke as the primary endpoint whereas ACST included all strokes, including contralateral 
events and vertebrobasilar strokes. If the ACST analysis was limited to ipsilateral stroke only, the absolute benefit 
would be reduced.  

3. Is emergent CE beneficial in patients with progressing stroke of <24 hours? 
Four Class IV studies were identified that met the criteria. In three of the studies, neurologic improvement was noted 
in 81 to 93% of patients who underwent emergent CE. At one institution, however, a postoperative stroke and death 
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rate of 20% was reported for urgent CE. Overall, these studies were fairly small, lacked objective evaluation of the 
reported neurologic outcomes, and one study was clouded by coexisting treatments including emergent 
thrombolysis. 

4. What are the most important clinical variables that impact the risk/benefit ratio? 
None of the identified trials had clinical variables that impact risk/benefit as predetermined endpoints. Two variables 
that stand out in post hoc analyses are sex and nature of the presenting symptoms. In both the NASCET 50 to 69% 
group and in ACAS, there was no benefit shown for CE in women. A subgroup analysis from NASCET also 
demonstrated that patients presenting with retinal ischemia (amaurosis fugax or retinal infarction) have a lower 
subsequent stroke risk compared to patients with hemispheric events.(15) In a pooled analysis of the three 
symptomatic studies, the authors identified male sex (p = 0.003), age (p = 0.03), and study entry within 2 weeks of 
the last symptomatic event (p = 0.009) as modifiers of CE benefit,(16) with the greatest benefit found in men, patients 
above age 75 years, and those randomized within 2 weeks of their last symptomatic event. 

5. What are the most important radiologic factors that impact the risk/benefit ratio? 
Overall, several studies addressed issues such as status of the contralateral carotid artery, angiographic appearance 
of the ICA, and other factors. The highest level data regarding contralateral occlusion came from the NASCET and 
ACAS studies. These analyses found that for symptomatic patients, if there is a contralateral occlusion, the surgical 
complication rate is higher than if the contralateral ICA is patent but there is still a better outcome compared to 
medical management for patients with 70 to 99% stenosis.(17) Conversely, for patients with asymptomatic stenosis, if 
there is a contralateral occlusion, the only randomized evidence suggests that patients do slightly better with medical 
management (2.0% absolute increase in risk with CE at 5 years).(18)

For patients with angiographic near-occlusion, the pooled analysis of the symptomatic studies suggests that CE is 
associated with a trend toward benefit at 2 years but no clear benefit at 5 years (1.7% trend favoring medical 
treatment at 5 years).(8) It should be recognized that BMT patients in NASCET with severe stenosis, including those 
with near-occlusion, were offered CE after the 2-year results were made available. Only Class IV evidence or below 
was available for other factors such as influence of carotid siphon stenosis or posterior circulation stenosis. 

6. What is the ideal dose of aspirin preoperatively in patients undergoing CE? 
The ACE trial enrolled 2,849 subjects into a double-blind randomized clinical trial comparing 81 mg, 325 mg, 650 
mg, and 1,300 mg of aspirin, starting before carotid endarterectomy, and continued for 3 months (Class I).(14) The 
combined rate of stroke, myocardial infarction, and death was the primary outcome. This endpoint was lower in the 
low-dose groups (81 mg and 325 mg) than in the high-dose groups (650 mg and 1,300 mg) at 30 days (5.4 vs 7.0%, 
p = 0.07) and at 3 months (6.2 vs 8.4%, p = 0.03). Another trial enrolled 232 subjects to 75 mg aspirin or placebo 
started before CE and continued for 6 months (Class I).(19) Although likely underpowered, this trial demonstrated 
fewer strokes without recovery in those subjects randomized to aspirin compared with placebo at 1 month (zero 
strokes vs 7 strokes, p = 0.003) and 6 months (2 strokes vs 11 strokes, p = 0.01). 

7. What is the evidence/practice gap? Can trial results be achieved in practice? 
Only studies with at least 100 patients were included in the final analysis. Some previous publications have raised 
concerns that the CE results achieved in the clinical trials may not be reproducible in routine clinical practice. This 
is referred to as the evidence/practice gap. To address this issue, 33 total articles within this category were identified 
and 17 were excluded for the reason mentioned above. Several methodologic shortcomings in these articles were 
identified, including the following: inconsistency in the time horizon (inpatient vs 30 day results), inconsistency in 
the method of reporting (self-report from one’s own records vs “vascular database” vs medical record audit), 
difficulty in drawing conclusions about symptomatic status of the patients and degree of stenosis. “Appropriateness” 
studies and studies on volume/outcome relationships were also not well represented. Due to the methodologic 
shortcomings in this area, we recommend further high quality studies to evaluate these issues in the future (see 
Future research). 

8. What are the data regarding CE concurrent with or prior to coronary artery bypass graft (CABG)? 
The initial search identified 48 studies for review and 9 of these met criteria for inclusion (50 or more subjects). 
There are no randomized clinical trials addressing this question and the best available evidence comes from 
retrospective case control (Class III) and case series (Class IV) reports (table 3). Some studies compared findings 



Carotid Endarterectomy: An Evidence-based review   September (2 of 2) 2005 NEUROLOGY 65   Page 7  

between groups with different surgical strategies, but because prospective criteria were not applied, a selection bias 
is likely that precludes making definitive conclusions. 

Table 3: Carotid endarterectomy (CE) - coronary artery bypass grafting (CABG) studies  

 

Report#, 1st 
author, year 

 

Class Group 
Perioperative 

Stroke (%) 
Perioperative 

MI (%) 
Perioperative 

Death (%) 
Long-term 

survival (%) 

824, 1979* 
 
III 

Simultaneous CE-
CABG (N=51) 0 3.9 5.9 NR 

 
 Staged CABG 

then CE (N=84) 0 2.4 1.2 NR 

931, 1992* 
 
III 

Simultaneous CE-
CABG (N=52) 1.9 0 3.8 91 at 6 yrs 

 
 Staged CE then 

CABG (N=45) 0 8.8 4.4 87 at 6 yrs 

896, 1996 
 
IV 

Simultaneous CE-
CABG (N=100) 0 1 4 NR 

17, 1996 
 
IV 

Simultaneous CE-
CABG (N=100) 9 6 8 73 at 5yrs 

813, 1997* 

 
 
III 

Simultaneous CE-
CABG (N=255 
with unstable 
angina) 3.9 4.7 3.5 NR 

 

 Staged CE then 
CABG (N=257 
without unstable 
angina) 1.9 4.7 1.6 NR 

875, 1997 
 
IV 

Simultaneous CE-
CABG (N=304) 4.3 0 5.3 NR 

832, 2000 
 
IV 

Simultaneous CE-
CABG (N=408) 

1.4 within 3 
months NA 3.4 NR 

836, 2000 
 
IV 

Simultaneous CE-
CABG (N=340) 3.2 0.6 2.6 79 at 5 yrs 

840, 2000 
 
IV 

Simultaneous CE-
CABG (N=313) 2.2 3.2 8.9 NR 

Qualified studies on CE before or simultaneous with CABG. * - Statistical comparison between the two surgical groups of interest not reported; 
MI =  myocardial infarction; NR – not reported 

There were nine studies with 50 or more subjects having simultaneous CE-CABG totaling 1,923 subjects. These 
studies included subjects with a combination of stable and unstable coronary artery disease and symptomatic as well 
as asymptomatic carotid artery disease. The carotid artery disease was usually greater than 70% stenosis or there 
was an ulcerated plaque. The overall average perioperative complication rate is 3.0% stroke (range 0 to 9%), 2.2% 
myocardial infarction (range 0 to 6%), and 4.7% death (range 2.6 to 8.9%). Three studies reported long-term 
survival and the 5- to 6-year survival among 492 subjects ranged between 73 and 91%. In the only study with more 
than 50 subjects where CE preceded the CABG, 257 patients with stable coronary artery disease were studied and 
the perioperative stroke rate was 1.9%, for myocardial infarction 4.7%, and for death 1.6%. Thus, the perioperative 
complication rates appear similar in CE before or simultaneous with CABG based on reports with retrospective data, 
although the death rates with combined CE-CABG are higher than with CE alone.  

9. How long should one wait after a stroke to perform CE? 
It should be recognized that NASCET and ECST excluded patients with no useful function in the ipsilateral carotid 
territory and randomization was delayed in patients who were drowsy or had significant edema on neuroimaging 
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studies. There have been six retrospective cohort studies comparing the timing of CE in patients after a stroke (table 
4). Of these six studies, four studies were retrospective reviews from a single institution, one study included two 
institutions, and another study was a subgroup analysis of the NASCET trial. The total sample sizes ranged from 45 
to 201 subjects. The total number of subjects included in the comparative analyses was 641, 307 in the early group 
and 334 in the late group. Four of the studies defined early surgery as less than 6 weeks from the stroke and two 
studies defined early surgery as less than 4 weeks from the stroke. None of the studies found any differences in the 
outcomes in terms of operative morbidity and longerterm follow-up. There were significant limitations in the 
designs of these studies. Only the NASCET subgroup analysis had randomized patient assignment. Three of the 
studies (references 117, 112, and 80 from table 3) had differences in baseline characteristics between the group and 
adjustments were made in terms of the outcome assessment. Finally, sample sizes were small across all studies. 

In the pooled analysis of the three symptomatic CE studies, the Carotid Endarterectomy Trialists Collaboration 
found that patients who were randomized in the trials within 2 weeks of the last symptomatic event had greater 
benefit from CE.(16) This finding held up in both the severe (70 to 99%) stenosis group and the 50 to 69% stenosis 
group. It should be reiterated, however, that only patients with TIA or nondisabling stroke were enrolled in these 
trials. 

Table 4 Timing of Carotid Endarterectomy 

Design, 
Class,Study 

# 

Population 
sample 

Total 
sample 

Early 
Group 

(< 6 
wks) 

Late 
Group

(> 6 
wks) 

Comparison 
of Groups 
at Baseline 

Blinded 
outcome 

assessment 

Outcome 
differences 

Adjustments 
made 

 

Retrospective, 
IV (117) 

One 
institution, 
1981 to 
1998 

207 86 121 Comparable 
except race 

No No 
differences 

No Hoffmann 

Retrospective, 
IV (425) 

Two 
institutions, 
1978 to 
1988 

129 82 47 Comparable No No 
differences 

No Piotrowski 

Retrospective, 
II (326) 

NASCET 
trial 

100 42* 58 Comparable Yes No 
difference 

No Gasecki 

Retrospective, 
IV (343) 

One 
institution, 
1980 to 
1990 

85 28 57 Not 
mentioned 

No No 
differences 

Yes Makhoul 

Retrospective, 
IV (112) 

One 
institution, 
1991 to 
1998 

75 49* 26 Greater 
vascular risk 
factors in 
early group  

No No 
differences 

No 
 

Kahn 

Retrospective, 
IV (80) 

One 
institution, 
1986 to 
1996 

45 20 25 More 
stenosis in 
early group 

No No 
differences 

No Parrino 

* < 4 weeks, > 4 weeks 

Perioperative morbidity and mortality 
The Class I studies discussed above for patients with symptomatic and asymptomatic stenosis serve as a benchmark 
for desirable surgical results. In the severe group with 70 to 99% stenosis in NASCET, the perioperative stroke and 
death rate was 5.8%. In ACAS, the stroke and death figure was 2.3%. In the pooled analysis of the symptomatic 
studies, the stroke and death rate was 7.1% and in the ACST, it was 3.1%. Based on these results and statements 
from other professional groups,(20) recommendations are given below for maximal acceptable levels of perioperative 
morbidity and mortality for CE in symptomatic and asymptomatic patients. Due to the importance of the surgical 
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complication rate in the risk/benefit equation, it is recommended that hospitals or government regulatory bodies 
should provide risk adjusted CE morbidity and mortality data to referring physicians. 

Recommendations 
1. CE is established as effective for recently symptomatic (within previous 6 months) patients with 70 to 99% ICA 

angiographic stenosis (Level A). CE should not be considered for symptomatic patients with less than 50% 
stenosis (Level A). CE may be considered for patients with 50 to 69% symptomatic stenosis (Level B) but the 
clinician should consider additional clinical and angiographic variables (Level C, see below). It is recommended 
that the patient have at least a 5-year life expectancy and that the perioperative stroke/death rate should be <6% 
for symptomatic patients (Level A). Medical management is preferred to CE for symptomatic patients with 
<50% stenosis (Level A). 

2. It is reasonable to consider CE for patients between the ages of 40 and 75 years and with asymptomatic stenosis 
of 60 to 99% if the patient has an expected 5-year life expectancy and if the surgical stroke or death frequency 
can be reliably documented to be <3% (Level A). The 5-year life expectancy is important since perioperative 
strokes pose an up front risk to the patient and the benefit from CE emerges only after a number of years. 

3. No recommendation can be provided regarding the value of emergent CE in patients with a progressing 
neurologic deficit (Level U). 

4. Clinicians should consider patient variables in CE decision making. Women with 50 to 69% symptomatic 
stenosis did not show clear benefit in previous trials. In addition, patients with hemispheric TIA/stroke had 
greater benefit from CE than patients with retinal ischemic events (Level C). Clinicians should also consider 
several radiologic factors in decision making about CE. For example, contralateral occlusion erases the small 
benefit of CE in asymptomatic patients whereas in symptomatic patients, it is associated with increased 
operative risk but persistent benefit (Level C). CE for patients with angiographic near-occlusion in symptomatic 
patients is associated with a trend toward benefit at 2 years but not associated with a clear long-term benefit 
(Level C). Patients operated on within 2 weeks of their last TIA or mild stroke derive greater benefit from CE 
(Level C). 

5. Symptomatic and asymptomatic patients undergoing CE should be given aspirin (81 or 325 mg/day) prior to 
surgery and for at least 3 months following surgery to reduce the combined endpoint of stroke, myocardial 
infarction, and death (Level A). Although data are not available, it is recommended that aspirin (81 or 325 
mg/day) be continued indefinitely provided that contraindications are absent. Aspirin at 650 or 1,300 mg/day is 
less effective in the perioperative period. The data are insufficient to recommend the use of other antiplatelet 
agents in the perioperative setting. 

6. At this time the available data are insufficient to declare either CE before or simultaneous with CABG as 
superior in patients with concomitant carotid and coronary artery occlusive disease (Level U). 

7. For patients with severe stenosis and a recent TIA or nondisabling stroke, CE should be performed without 
delay, preferably within 2 weeks of the patient’s last symptomatic event (Level C). There is insufficient 
evidence to support or refute the performance of CE within 4 to 6 weeks of a recent moderate to severe stroke 
(Level U). 

Recommendations for future research 
Although the quality of data for CE decision making has improved since the last statement from the American 
Academy of Neurology in 1990, our review highlighted persisting areas of deficiency pertaining to CE. Future 
research should address these areas, including the setting of urgent CE in patients with progressing stroke, the 
appropriateness of CE in community settings, the management of coexisting carotid and coronary artery disease, and 
the timing of CE in patients with recent stroke. In addition, data are needed on newer antiplatelet agents in the 
perioperative setting.  

There are several other important areas for further investigation pertaining to CE. One area of current investigation 
is how CE compares to less invasive, endovascular treatment with stenting in patients with symptomatic and 
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asymptomatic carotid stenosis.(21) The Stenting and Angioplasty with Protection in Patients at High Risk for 
Endarterectomy (SAPPHIRE) study reported improved outcomes in patients at high risk for surgery who were 
treated with carotid stenting.(22) In low to medium risk patients, the Carotid Revascularization Endarterectomy vs 
Stent Trial (CREST) is comparing CE vs carotid stenting in patients with symptomatic, 50 to 99% angiographic 
stenosis.(23) An amendment to include patients with severe asymptomatic stenosis in CREST has recently been 
approved. Several other trials are in progress as well. 

Also, the role of cerebral hemodynamics in risk stratification for patients with carotid stenosis was not emphasized 
in the recent multicenter trials. It would be of great interest to examine indices of vasoreactivity and cerebral 
perfusion in future studies of patients with both symptomatic and asymptomatic carotid stenosis.(24) 

Medical treatment for atherosclerosis has evolved considerably since the original CE trials. In studies such as 
NASCET and ECST, statins were not in widespread use and only a minority of patients was aggressively treated 
with lipid lowering agents. A panel of experts has recommended statins for patients with a LDL of >100 mg/dL and 
symptomatic carotid stenosis or carotid stenosis of >50%.(25,26) Other agents have also been approved for stroke 
prevention such as newer antiplatelet agents and angiotensin receptor blockers. There is a paucity of data on stroke 
rates in patients with carotid stenosis who receive an aggressive treatment regimen with statins, newer antiplatelet 
agents, and targeted blood pressure lowering. Intensive medical therapy of this type may erase the small benefit of 
CE in patients with asymptomatic stenosis or 50 to 69% symptomatic stenosis.(27) Studies to address this issue are 
needed 

Disclaimer 
This statement is provided as an educational service of the American Academy of Neurology. It is based on an 
assessment of current scientific and clinical information. It is not intended to include all possible proper methods of 
care for a particular neurologic problem or all legitimate criteria for choosing to use a specific procedure. Neither is 
it intended to exclude any reasonable alternative methodologies. The AAN recognizes that specific patient care 
decisions are the prerogative of the patient and the physician caring for the patient, based on all of the circumstances 
involved. 
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Appendix 1 
Classification of evidence 

Class I: 
Prospective, randomized, controlled clinical trial with masked outcome assessment, in a representative population. 
The following are required: 

1. primary outcome(s) clearly defined 
2. exclusion/inclusion criteria clearly defined 
3. adequate accounting for drop-outs and cross-overs with numbers sufficiently low to have minimal potential for 

bias 
4. relevant baseline characteristics are presented and substantially equivalent among treatment groups or there is 

appropriate statistical adjustment for differences 

Class II: 
Prospective matched group cohort study in a representative population with masked outcome assessment that meets 
a-d above OR a RCT in a representative population that lacks one criterion a-d. 
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Class III: 
All other controlled trials (including well-defined natural history controls or patients serving as own controls) in a 
representative population, where outcome is independently assessed, or independently derived by objective outcome 
measurement. 

Class IV: 
Evidence from uncontrolled studies, case series, case reports, or expert opinion. 

Appendix 2 
Classification of recommendations 

A = Established as effective, ineffective, or harmful for the given condition in the specified population. (Level A 
rating requires at least two consistent Class I studies.) 

B = Probably effective, ineffective, or harmful for the given condition in the specified population. (Level B rating 
requires at least one Class I study or at least two consistent Class II studies.) 

C = Possibly effective, ineffective, or harmful for the given condition in the specified population. (Level C rating 
requires at least one Class II study or two consistent Class III studies.) 

U = Data inadequate or conflicting given current knowledge, treatment is unproven. 

Appendix 3 
Therapeutics and Technology Assessment Subcommittee Members: Douglas S. Goodin, MD (Chair); Yuen T. So, 
MD, PhD (Vice-Chair); Carmel Armon, MD, MHS; Richard M. Dubinsky, MD, MPH; Mark Hallett, MD; David 
Hammond, MD; Cynthia Harden, MD; Chung Hsu, MD, PhD (ex-officio); Andres M. Kanner, MD (ex-officio); 
David S. Lefkowitz, MD; Janis Miyasaki, MD; Michael A. Sloan, MD, MS; James C. Stevens, MD. 
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