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Structured Abstract 
 
Purpose: To evaluate the evidence on screening and treating asymptomatic adults for carotid 
artery stenosis (CAS) for the U.S. Preventive Services Task Force (USPSTF). 
 
Data Sources: PubMed/MEDLINE, the Cochrane Library, EMBASE, and trial registries 
through September 2013; reference lists of published literature; MEDLINE searches for trials 
were updated through March 2014. 
 
Study Selection: Two investigators independently selected studies reporting on asymptomatic 
adults with CAS, including randomized, controlled trials (RCTs) of screening for CAS; RCTs of 
carotid endarterectomy (CEA) or carotid angioplasty and stenting (CAAS) versus medical 
treatment; RCTs of medications versus placebo added to current standard medical therapy; multi-
institution trials or cohort studies reporting harms; relevant systematic reviews; and studies that 
attempted to externally validate risk stratification tools. 
 
Data Extraction: One reviewer extracted data and a second checked accuracy. Two independent 
reviewers assigned quality ratings using predefined criteria.  
 
Data Synthesis: No RCTs compared screening with no screening, CAAS with medical 
treatment, or assessed intensification of medical therapy. Given the specificity of ultrasound 
(range 88% to 94% for CAS ≥50% to ≥70%), its use in low-prevalence populations would yield 
many false-positive results. Only one fair-quality study attempted external validation of a risk 
stratification tool to distinguish persons who are more likely to have CAS; the tool’s 
discrimination was inadequate (c-statistic for ≥50% CAS, 0.60; 95% CI, 0.56 to 0.64). Our meta-
analyses of RCTs comparing CEA with medical therapy found an absolute risk reduction of 5.5 
percent (95% CI, 3.9 to 7.0) for any nonperioperative stroke over approximately 5 years. Meta-
analyses for perioperative (30-day) stroke or death after CEA found rates of 2.4 percent (95% CI, 
1.7 to 3.1) using all trials of CEA, regardless of the comparator; and 3.3 percent (95% CI, 2.7 to 
3.9) using cohort studies (7 studies; n=17,474). Rates of perioperative stoke or death after CAAS 
were similar or slightly higher. Other important potential harms of CEA or CAAS include 
nonfatal perioperative myocardial infarction (approximately 0.8% rate after CEA), cranial nerve 
injury, pulmonary embolism, pneumonia, local hematoma requiring surgery, and psychological 
harms (e.g., anxiety or labeling). Externally validated, reliable risk stratification tools that can 
distinguish persons with asymptomatic CAS who have increased or decreased risk for ipsilateral 
stroke or harms after CEA or CAAS are not available. 
 
Limitations: Medical therapy in trials varied and often lacked treatments that are now standard. 
For this reason, and because advances in medical therapy have reduced the rate of stroke in 
persons with asymptomatic CAS in recent decades, the true reduction of stroke or composite 
reduction of cardiovascular events is unknown. Trials utilized highly selected surgeons. No trials 
focused on a population identified by screening in primary care. Harms may be underreported. 
 
Conclusion: Current evidence does not sufficiently establish incremental overall benefit of CEA, 
CAAS, or intensification of medical therapy beyond current standard medical therapy. Potential 
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for overall benefit is limited by low prevalence in the general asymptomatic population and by 
harms from screening and treatment. Evidence is insufficient to allow reliable risk stratification. 
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Chapter 1. Introduction 
 

Scope and Purpose 

The U.S. Preventive Services Task Force (USPSTF) last reviewed the evidence on screening for 
carotid artery stenosis (CAS) in 20071-3 and has commissioned an update of the evidence review 
to revisit its recommendation. The main purpose of this report is to systematically evaluate the 
current evidence on whether screening asymptomatic adults for CAS reduces the risk for fatal or 
nonfatal ipsilateral stroke and the evidence on harms associated with screening and interventions 
for CAS. Despite a D recommendation from the USPSTF in 2007,3 many surgeries or 
interventions for asymptomatic CAS continue to be performed in the United States, and free 
screenings or those paid for out-of-pocket are offered in public locations across the country.4 
 
The scope and methods of this report differ from earlier USPSTF reviews on this topic by 1) 
using systematic methods for all key questions (KQs) (the previous review reported using 
nonsystematic methods for three of its four questions),2 2) addressing new KQs about the 
availability of valid, reliable risk stratification tools to distinguish a person’s likelihood for 
asymptomatic CAS and to distinguish risk for ipsilateral stroke caused by CAS or for harms 
from surgery or intervention in persons with asymptomatic CAS (recommendations of some 
groups state that screening might be considered for persons with multiple risk factors), 3) adding 
carotid angioplasty and stenting (CAAS) to the included interventions, 4) adding a question 
about the incremental benefit of medical therapy for asymptomatic CAS, and 5) conducting 
quantitative synthesis for many outcomes. 
 

Condition Definition 
 
Carotid artery stenosis refers to atherosclerotic narrowing of the extracranial carotid arteries. It 
typically refers to the internal carotid arteries or the common and internal carotid arteries. A 
“clinically important” degree of stenosis is defined as the percentage of stenosis that corresponds 
to a substantially increased risk for stroke. However, because stroke risk depends on more than 
just the degree of stenosis, it is difficult to set a lower limit on the range that defines potential 
clinical importance. The previous USPSTF recommendation considered clinically important 
CAS as stenosis ranging from 60 percent to 99 percent, but noted that minimum values of 50 
percent and 70 percent have been used in some studies. Asymptomatic patients have no 
significant neurologic symptoms referable to the carotid artery and have not experienced a 
cerebrovascular event (i.e., a stroke or transient ischemic attack). 
 

Prevalence and Burden 
 
Stroke is a leading cause of death and disability in the United States. When considered separately 
from other cardiovascular diseases, stroke ranks as the fourth leading cause of death.5 An 
estimated 7 million Americans age 20 years and older have had a stroke, and—of the 
approximately 800,000 strokes that occur in the United States per year—roughly 75 percent are 
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first attacks.6 Overall age-adjusted prevalence of stroke in 2010 was 2.6 percent.7 Ischemic 
stroke accounts for nearly 90 percent of all strokes in the United States. Carotid artery stenosis is 
a risk factor for ischemic stroke. Because CAS progresses silently, a stroke can be the first 
indication of clinically significant stenosis. About 15 percent of ischemic strokes are caused by 
large artery atherothrombotic disease, which includes CAS.8 Most ischemic strokes are not 
caused by CAS.  
 
Stroke is among the leading causes of long-term disability in the United States.9 Consequences 
of ischemic stroke include hemiparesis, aphasia, depression, and an array of limitations on 
activities of daily living.10 The total cost of stroke in 2008 was $34.3 billion, and the cost of 
stroke from 2005 to 2050 is projected to exceed $2 trillion.11 
 
The previous USPSTF review estimated the prevalence of 60 percent to 99 percent CAS to be 
about 1 percent in the general population of asymptomatic persons age 65 years and older. A 
recent systematic review and meta-analysis of cross-sectional and cohort studies estimated the 
pooled prevalence of asymptomatic CAS at 50 percent or greater to be 4.2 percent (95% CI, 3.1 
to 5.7) and of asymptomatic CAS at 70 percent or greater to be 1.7 percent (95% CI, 0.7 to 
3.9).12 Both age and sex influenced the prevalence estimates. For adults younger than age 70 
years, the pooled prevalence estimates for CAS at 50 percent or greater were 2.2 percent for 
women and 4.8 percent for men; for persons age 70 years or older, estimates were 6.9 percent 
and 12.5 percent, respectively.12 Rates reported in the meta-analysis included complete occlusion 
(i.e., 100% CAS), and the included studies were quite heterogeneous with respect to 
demographics, methods of ascertaining stenosis, and quality. Very few studies sampled U.S. 
general populations, and just four studies, all from outside the United States, contributed data for 
the analysis of CAS at 70 percent or greater.  
 
The best available data from large U.S.-based studies of the general population (Cardiovascular 
Health Study) were published in the 1990s and enrolled adults ages 65 and older.14 Data 
published in 1992 showed prevalence of 75 to 99 percent CAS was 1.07 percent (31/2,906) for 
women and 1.22 percent (27/2,210) for men.13 Rates for 75 to 100 percent CAS were 1.14 
percent and 2.26 percent, respectively. Data published in 1998 suggest an overall prevalence of 
70 to 99 percent CAS to be 0.5 percent, based on prevalence of peak systolic velocity greater 
than or equal to 2.5 m/s.14  
 

Etiology and Natural History 
 
Carotid artery narrowing is most commonly caused by the buildup of fat, cholesterol, calcium, 
and other fibrous substances (commonly known as “plaque”) in the arteries over time. Carotid 
artery stenosis can restrict blood flow to the brain in several ways. This can occur as a result of 
artery-to-artery embolism of atherosclerotic plaque fragments or thrombotic occlusion of the 
internal carotid artery. Common contributors to CAS include hypertension, diabetes, smoking, 
and high cholesterol (particularly a high level of low-density lipoproteins [LDL]).  
 
Several studies have attempted to estimate the rate of progression of asymptomatic CAS and to 
predict neurologic events resulting from CAS.14-19 Many studies have small samples and are 
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unlikely to be representative of the general asymptomatic population. The potential development 
of collaterals complicates determining a direct relationship between CAS and resulting stroke; 
persons with complete occlusion may or may not have a stroke.  
 
The best available data from large U.S.-based studies of the general population (Cardiovascular 
Health Study) showed a 5 percent 5-year risk for fatal or nonfatal ipsilateral stroke for CAS at 70 
percent or greater (n=5,441).14 Smaller studies from single centers in New York (n=425, all 
asymptomatic) and Illinois (n=142/272 asymptomatic) followed patients with 50 to 79 percent 
CAS and reported new ipsilateral strokes in 3.8 percent over a mean followup of approximately 
3.2 years19 or mean annual stroke rates of 2 percent over a mean followup of approximately 3.7 
years.17 Little data on followup beyond 5 years exist; one Canadian cohort study using the 
subgroup that completed at least 5 years of followup (106 persons from an initial cohort of 500) 
reported 10- and 15-year rates of 9.3 percent and 16.6 percent, respectively, for patients with 50 
to 99 percent CAS.20 Thus, the available data indicate that the vast majority of patients with 
asymptomatic CAS will not have a stroke caused by their CAS within 5 or 10 years. 
 
In general, risk factors for ischemic stroke are thought to include age greater than 65 years, male 
sex, hypertension, heart disease, smoking or tobacco use, high blood cholesterol and other lipids, 
physical inactivity, and diabetes mellitus.21 The previous review for the USPSTF indicated that 
there are no validated risk stratification tools to discriminate persons with asymptomatic CAS 
who are at high risk for stroke compared with persons at low risk, although a specific, systematic 
search for these tools was not conducted.1 
 

Rationale for Screening and Screening Strategies 
 
Stroke remains a leading cause of death and disability in the United States. In theory, screening 
might be able to identify asymptomatic CAS for possible treatment before it causes health 
problems. The most common screening test for CAS is carotid duplex ultrasonography, with or 
without confirmatory testing using digital subtraction angiography (the gold standard). Because 
confirmatory testing using digital subtraction angiography can have complications such as 
stroke, it is rarely used in routine clinical practice. Other potential screening or confirmatory tests 
include computed tomography angiography (CTA) and magnetic resonance angiography (MRA).  
 

Treatment Approaches 
 
Potential therapeutic options for asymptomatic CAS include carotid endarterectomy (CEA) and 
medical therapy, CAAS and medical therapy, or medical therapy alone. In CEA, a surgeon 
clamps the internal, common, and external carotid arteries, opens the lumen of the internal 
carotid artery, and removes the plaque. Then, the artery and overlying layers are closed. Many 
surgeons use a shunt to ensure blood supply to the brain during the procedure. The procedure 
may be performed under general or local anesthesia.  
 
In CAAS, an interventionist typically accesses the vasculature by inserting a catheter into the 
femoral artery, up to the aortic arch, and then up the carotid artery. Then, the catheter dilates a 

Screening for Carotid Artery Stenosis 3 RTI International–University of North Carolina EPC 



balloon to open the artery and inserts a stent to hold it open.  
 
Current standard medical therapy to reduce stroke risk has evolved, and it now includes: use of 
3-hydroxy-3-methylglutaryl-coenzyme (HMG-CoA) reductase inhibitors (i.e., statins); control of 
blood pressure with antihypertensives (including newer classes of medications, such as ACE 
inhibitors); glycemic control for persons with diabetes; and use of antiplatelet drugs for vascular 
diseases and risk reduction. Statin therapy, in particular, is thought to have beneficial effects on 
carotid plaque morphology and the inflammatory response.22 Standard medical practice has 
evolved as the evidence on screening for CAS has developed. In general, medical therapy in 
2014 is more aggressive in reaching lower blood pressure and LDL targets than it was 10 years 
ago. Thus, the risk for stroke has decreased with improvements in medical therapy. Lifestyle 
modifications (smoking cessation, increased physical activity, improved diet) may also help 
prevent carotid stenosis–related stroke.21 
 
Decisions between various treatment approaches may involve tradeoffs between benefits and 
risks. For example, surgery or intervention may introduce significant short-term risks of stroke, 
death, or myocardial infarction (MI) (as harms of surgery or intervention) in exchange for long-
term reduction in risks of stroke or death. 
 

Current Clinical Practice in the United States 
 
Large studies involving data from Medicare claims show significant geographic variation in the 
rates of CEA and, to a lesser extent, carotid stenting; however, these studies may be limited by 
their ability to collect detailed information on symptom status. One cohort study of Medicare 
beneficiaries reported rates of 2.8 CEAs per 1,000 beneficiaries and 0.3 CAASs per 1,000 
beneficiaries.23 Substantial geographic variation existed, with a nearly nine-fold difference 
between the highest rate and lowest rates of CEAs across hospital referral regions.23 This same 
study also found considerable variation in the type of diagnostic imaging performed before 
carotid revascularization.  
 
Accurate information on current rates of CEA and carotid stenting for asymptomatic patients in 
the general population is difficult to obtain because detailed data on symptom status may not 
reside in large registries (e.g., Medicare claims data). One study of Medicare beneficiaries in 
New York state linked Medicare claims with medical records (including detailed information on 
symptom status) and found that about three-quarters (72.3%) of patients who underwent CEA in 
2007 were asymptomatic.24 A smaller 2012 study conducted in four urban hospitals found that 
63 percent of CEAs performed within a 2-year period were for asymptomatic patients.25 
Evidence also reveals variation in the use of procedures by physician specialty. A recent analysis 
of carotid stenting in Medicare beneficiaries found that cardiologists perform half of the 
procedures and significant differences were noted in the characteristics of patients treated by 
cardiologists compared with other specialists.26 Population-based utilization rates for carotid 
stenting were significantly higher in hospital referral regions where cardiologists performed most 
procedures compared with regions where other specialists primarily performed the procedures. 
Although detailed symptom status was not available, patients treated by cardiologists had fewer 
neurologic conditions, including less evidence of recent acute stroke or transient ischemic attack, 
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in the 180 days prior to stenting. More than 50 percent of patients treated by cardiologists also 
underwent cardiac catheterization prior to carotid stenting and had carotid and cerebral 
angiography performed simultaneously, suggesting the possibility that routine case findings of 
severe CAS by cardiologists during diagnostic angiography influenced patient selection.26  
 

Previous USPSTF Recommendation 
 
In 2007, the USPSTF recommended that providers should not screen for asymptomatic CAS in 
the general adult population (D recommendation).3 Recommendations from other groups 
similarly discourage screening for the general population. However, several guidelines suggest 
that screening for asymptomatic CAS may be appropriate for patients thought to be at high risk 
(Appendix A). 
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Chapter 2. Methods 

Key Questions and Analytic Framework 

The investigators, USPSTF members, and Agency for Healthcare Research and Quality (AHRQ) 
Medical Officers developed the scope and KQs for this review. The analytic framework 
illustrates the KQs that guided the review (Figure 1). 

Key Questions 

1. Is there direct evidence that screening adults with duplex ultrasonography, CTA, and/or 
MRA for asymptomatic CAS reduces fatal or nonfatal ipsilateral stroke? 

a. Is there direct evidence for persons at decreased risk?  
b. Is there direct evidence for persons at average risk? 
c. Is there direct evidence for persons at increased risk? 
d. Does the evidence differ for subgroups defined by age, sex, race, or ethnicity? 

2. Are externally validated, reliable risk stratification tools available that distinguish 
persons who are more or less likely to have CAS (defined as 60% to 99% stenosis)? 

3a. What is the accuracy and reliability of screening with duplex ultrasonography, used 
alone or followed by CTA or MRA, to detect potentially clinically important CAS 
(defined as 60% to 99% stenosis)? 

3b. Do the accuracy and reliability differ for subgroups defined by age, sex, race, or 
ethnicity? 

4a. Are externally validated, reliable risk stratification tools available that distinguish 
persons with asymptomatic CAS (defined as 60% to 99% stenosis) who are at decreased 
or increased risk for ipsilateral stroke caused by CAS? 

4b. Are externally validated, reliable risk stratification tools available that distinguish 
persons with asymptomatic CAS who are at decreased or increased risk for harms from 
CEA or CAAS? 

5. For persons with asymptomatic CAS (defined as 60% to 99% stenosis), does 
intervention with carotid endarterectomy (CEA) or carotid angioplasty and stenting 
(CAAS) provide incremental benefit beyond current standard medical therapy for 
reduction of fatal or nonfatal ipsilateral stroke? 

a. Is there incremental benefit for persons at decreased risk for ipsilateral stroke 
caused by CAS? 

b. Is there incremental benefit for persons at average risk for ipsilateral stroke 
caused by CAS? 

c. Is there incremental benefit for persons at increased risk for ipsilateral stroke 
caused by CAS? 

d. Does the evidence differ for subgroups defined by age, sex, race, or ethnicity? 
6.  For persons with asymptomatic CAS (defined as 60% to 99% stenosis), does the 

addition of medications (e.g., aspirin, statins) provide incremental benefit beyond current 
standard medical therapy that includes treatment of traditional risk factors (e.g., 
hypertension, hypercholesterolemia) for reduction of fatal or nonfatal ipsilateral stroke? 
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a. Is there incremental benefit for persons at decreased risk for ipsilateral stroke 
caused by CAS? 

b. Is there incremental benefit for persons at average risk for ipsilateral stroke 
caused by CAS? 

c. Is there incremental benefit for persons at increased risk for ipsilateral stroke 
caused by CAS? 

d. Does the evidence differ for subgroups defined by age, sex, race, or ethnicity? 
7a. What are the harms associated with screening or confirmatory testing for asymptomatic 

CAS? 
7b. Do the harms differ for subgroups defined by age, sex, race, or ethnicity? 
7c. Do the harms differ for subgroups defined by comorbidities? 
8a. What are the harms associated with CEA or CAAS for the treatment of asymptomatic 

CAS?  
8b. Do the harms differ for subgroups defined by age, sex, race, or ethnicity? 
8c. Do the harms differ for subgroups defined by comorbidities? 

Contextual Questions  
 
We addressed the following contextual question: What is the accuracy and reliability of 
auscultation for carotid bruit to detect potentially clinically important CAS (60% to 99% 
stenosis)? 
 

Data Sources and Searches 
 
We searched PubMed/MEDLINE, the Cochrane Library, and EMBASE for English-language 
articles published through September 2013. We conducted a targeted update search for trials 
published through March 31, 2014, limited to MEDLINE. We used Medical Subject Headings 
(MeSH) as search terms when available and keywords when appropriate, focusing on terms to 
describe relevant populations, screening tests, interventions, outcomes, and study designs. 
Complete search terms and limits are listed in Appendix B. We conducted targeted searches for 
unpublished literature by searching ClinicalTrials.gov, the Cochrane Stroke Group Trials 
Registry, and the World Health Organization International Clinical Trials Registry Platform 
(WHO ICTRP). To supplement electronic searches, we reviewed the reference lists of pertinent 
review articles and studies that met our inclusion criteria and added all previously unidentified 
relevant articles. We reviewed all literature suggested by peer reviewers or public comment 
respondents and, if appropriate, incorporated it into the final review. 
 

Study Selection 
 
We developed inclusion and exclusion criteria for populations, interventions, comparators, 
outcomes, timing, settings, and study designs27 (Appendix B Table 1). We included studies 
focused on asymptomatic adults with CAS, but also included studies that enrolled both 
symptomatic and asymptomatic subjects if the asymptomatic group was analyzed separately. For 
the population of interest, we did not rigidly consider persons with 60 to 99 percent CAS as a 
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single homogeneous cohort. Rather, we included studies enrolling subjects that went beyond that 
degree of CAS (e.g., VACS [Veterans Affairs Cooperative Study] allowed enrollment of persons 
with 50% to 99% CAS), and we evaluated the available evidence for subgroups in that cohort. 
For example, we evaluated evidence for persons with 80 to 99 percent CAS, if available. For KQ 
1, we searched for randomized, controlled trials (RCTs) comparing screened with nonscreened 
groups. For KQ 2, we included studies that developed risk stratification tools, and then validated 
the tools using an external population. For KQ 3, we focused on systematic reviews, but also 
included primary studies that were published after the included systematic reviews. For KQ 4, 
we searched for cohort studies that developed risk stratification tools, and then validated the 
tools using an external population. We required studies to follow a cohort of adults with 
asymptomatic CAS to develop a tool predicting risk for ipsilateral stroke (KQ 4a) or 
periprocedural harms (KQ 4b). For both KQ 2 and KQ 4, we required that risk stratification tools 
(or “risk prediction tools”) combined multiple variables and allowed us to calculate risk for 
individual patients. Risk stratification tools may include clinical factors (e.g., age, diabetes) and 
anatomic or imaging predictors (e.g., plaque area or morphology, silent embolic events, 
contralateral disease). For KQ 5, we included systematic reviews and RCTs comparing CEA or 
CAAS with medical treatment. For KQ 6, we searched for systematic reviews and RCTs that 
compared the addition of one or more medications to current standard medical therapy (including 
treatment of traditional risk factors) with the addition of placebo to current standard medical 
therapy (including treatment of traditional risk factors). For KQs 7 and 8, we included systematic 
reviews, multi-institution trials, or cohort studies (including registries) reporting rates of relevant 
harms. 
 
Two investigators independently reviewed titles and abstracts; those marked for potential 
inclusion by either reviewer were retrieved for evaluation of the full text. Then, two investigators 
independently reviewed the full texts to determine final inclusion or exclusion. Disagreements 
were resolved by an experienced team member. 
 

Quality Assessment and Data Abstraction 
 
We extracted pertinent information from each article, including information about the methods, 
populations, interventions, comparators, outcomes, timing, settings, and study designs. A second 
team member reviewed all data extractions for completeness and accuracy.  
 
We assessed the quality of studies as good, fair, or poor using predefined criteria (Appendix 
D).28 Two independent reviewers assigned quality ratings for each study. Disagreements were 
resolved by discussion with an experienced team member. 
 

Data Synthesis and Analysis 
 
We qualitatively synthesized findings for each key question by summarizing the characteristics 
and results of included studies in tabular or narrative format. To determine whether meta-
analyses were appropriate, we assessed the clinical and methodological heterogeneity of the 
studies following established guidance.29 We qualitatively assessed the populations, 
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interventions, comparators, outcomes, and study designs of the included studies, looking for 
similarities and differences.  
 
We conducted quantitative synthesis of RCTs comparing CEA with medical therapy using meta-
analyses of relevant outcomes reported by multiple studies. We used random-effects models 
(DerSimonian and Laird) using the inverse-variance weighted method to estimate pooled 
effects.30 We calculated risk differences between groups to reflect the absolute difference 
between CEA and medical therapy. We calculated rates using the number of all randomized 
patients as the denominator to reflect a true intention-to-treat analysis. For ACAS 
(Asymptomatic Carotid Atherosclerosis Study), we used the actual observed numbers of events 
(reported for median followup of 2.7 years) rather than the projected/estimated 5-year rates.31 
For ACST, we used complete data from the 10-year publication.32  
 
We conducted quantitative synthesis of composite outcomes that included key benefits and 
harms and that were the primary outcomes in ACAS and ACST (Asymptomatic Carotid Surgery 
Trial): 1) perioperative stroke or death (within 30 days) and subsequent ipsilateral stroke and 2) 
perioperative stroke or death (within 30 days) and any subsequent stroke. We also conducted 
quantitative synthesis for the following outcomes assessing potential benefits and harms: all-
cause mortality, any stroke or death, ipsilateral nonperioperative stroke (i.e., occurring after the 
perioperative period), any nonperioperative stroke, perioperative stroke or death, and 
perioperative myocardial infarction. 
 
To allow some comparison of rates of perioperative harms reported in RCTs with those from 
sources that may be more representative of real-world clinical practice, we conducted meta-
analyses of noncomparative cohort studies (including registries) reporting perioperative (30-day) 
stroke or death rates. We also conducted meta-analyses of perioperative stroke or death rates 
reported in trials involving CEA or CAAS, regardless of the comparator. We analyzed rates for 
CEA and CAAS separately. When articles did not report 95 percent confidence intervals for rates 
of perioperative stroke or death, we calculated 95 percent confidence intervals using the Wilson 
method.33 Random-effects models were used to estimate pooled event rates.  
 
The chi-squared statistic and the I2 statistic (the proportion of variation in study estimates due to 
heterogeneity) were calculated to assess statistical heterogeneity in effects between studies.34,35 
An I2 from 0 to 40 percent might not be important, 30 percent to 60 percent may represent 
moderate heterogeneity, 50 percent to 90 percent may represent substantial heterogeneity, and 75 
percent or greater represents considerable heterogeneity.36 The importance of the observed value 
of I2 depends on the magnitude and direction of effects and on the strength of evidence for 
heterogeneity (e.g., p value from the chi-squared test or a confidence interval for I2). 
 
We conducted several types of sensitivity analyses. First, because DerSimonian and Laird 
random-effects models may not perform well for small meta-analyses (when few studies are 
included), we conducted sensitivity analyses using profile likelihood random-effects methods.37-

40 Results for profile likelihood meta-analyses were essentially the same as for our main 
analyses, with some minor variation in width of confidence intervals. Therefore, the results are 
only provided in the appendix of meta-analyses (Appendix F), and are not discussed in the text. 
Next, we did not include studies rated as poor quality in any main analyses, but did include them 
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in sensitivity analyses. Finally, for our meta-analyses of RCTs comparing CEA with medical 
therapy that included perioperative stroke or death outcomes, we conducted sensitivity analyses 
including angiogram-related stroke or death occurring prior to surgery (both ACAS and VACS 
required preoperative confirmatory angiograms) to reflect the harms of the screening cascade if 
confirmatory angiograms are used. Such events were not included in our main analyses. All 
quantitative analyses were conducted using Stata® version 11.1 (StataCorp LP, College Station, 
TX). 
 

Expert Review and Public Comment 
 
A draft report was reviewed by content experts, USPSTF members, and AHRQ Medical 
Officers, and was revised based on comments. 
 

USPSTF Involvement 
 
This review was funded by AHRQ. Staff of AHRQ and members of the USPSTF participated in 
developing the scope of the work and reviewed draft manuscripts, but the authors are solely 
responsible for the content. 
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Chapter 3. Results 

Literature Search 
 
Of the 3,938 unique records identified, we assessed 477 full texts for eligibility (Figure 2). After 
excluding 399 articles (see Appendix C), we included 78 published articles reporting on 56 
studies. Of the included studies (articles), three (12) were RCTs comparing CEA with medical 
management, eight (10) were systematic reviews, one (3) assessed risk stratification tools for KQ 
2, three (4) were primary studies assessing accuracy or reliability of screening for KQ 3, and 41 
(49) were multi-institution studies reporting rates of relevant harms for KQs 7 or 8. We rated the 
quality of 21 studies as poor. Details are provided under the relevant KQs in this chapter, and full 
quality assessments are provided in Appendix D.  
 

Results of Included Studies 
 
Key Question 1. Direct Evidence That Screening for Asymptomatic 
CAS Reduces Fatal or Nonfatal Ipsilateral Stroke 
 
We found no eligible studies that addressed this question.  
 
Key Question 2. Externally Validated, Reliable Risk Stratification 
Tools to Distinguish Persons Who Are More or Less Likely to Have 
CAS 
 
We found one study41 that attempted to externally validate two previously developed tools for 
predicting the likelihood of significant CAS in asymptomatic general populations (Table 1). One 
of the tools42 assigned one point each for the presence of several risk factors (existing coronary 
artery disease [CAD], smoking, hypertension, and high cholesterol) to predict the likelihood of 
CAS at 50 percent or greater. The other tool43 assigned weighted points for each of an 
overlapping set of risk factors (existing CAD = 2 points, smoking = 1 point, high cholesterol = 1 
point, age greater than 65 years = 4 points) to predict the likelihood of CAS at 60 percent or 
greater. The publication that attempted to externally validate both tools used a cohort of 5,449 
persons from the Cardiovascular Health Study.41 Mean age in this cohort was 72 years. Forty-
two percent of the cohort were male, and 82 percent were white. Eight percent reported known 
CAD. 
 
The attempts to externally validate the two risk prediction tools provided limited information 
regarding predictive validity. We rated the external validation of the tool that assigned weighted 
points as poor quality, mainly because its prediction of CAS risk levels and its testing of an 
altered scoring system that differed from those used in the derivation cohort. In the best-quality 
attempted external validation,41,42 persons with the highest risk score were more likely to have 
CAS at 50 percent or greater than persons with lower risk scores (4 points = 21%, 3 points = 8%, 
2 points = 5%, 1 point = 3%, and 0 points = 3%). The likelihood of a positive test was higher in 
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persons with CAS at 50 percent or greater than in persons with CAS less than 50 percent (+LR 6 
for a score of 4). However, the tool’s overall discrimination (i.e., its ability to correctly assign 
persons with CAS at 50 percent or greater to a higher score than persons with lesser CAS) was 
little better than chance (c-statistic, 0.60 [95% CI, 0.56 to 0.64]). A c-statistic less than 0.70 is 
thought to indicate inadequate discrimination.44,45 Calibration, often assessed by plotting the 
predicted risk versus the observed event rate,44 was not reported.  
 
Key Question 3. Accuracy and Reliability of Duplex Ultrasonography 
 
We included three meta-analyses46-48 and three primary studies49-52 assessing the accuracy and/or 
reliability of duplex ultrasonography to detect CAS. Two of the three primary studies were rated 
as poor quality. The most recent good-quality meta-analysis46 included studies published from 
1966 to 2003 and assessed the accuracy of duplex ultrasonography using digital subtraction 
angiography as the reference standard. For detecting CAS at 50 percent or greater, the authors 
reported a sensitivity of 98 percent (95% CI, 97 to 100) and a specificity of 88 percent (95% CI, 
76 to 100). For detecting CAS at 70 percent or greater, the sensitivity and specificity were 90 
percent (95% CI, 84 to 94) and 94 percent (95% CI, 88 to 97), respectively. The 2007 evidence 
report for the USPSTF1 used information from the meta-analysis to estimate the sensitivity and 
specificity for detecting stenosis at 60 percent or greater as 94 percent and 92 percent, 
respectively. The findings of the other meta-analyses and the primary studies are generally 
consistent with these results, however, specificities from two of the primary studies were lower. 
Results of all included studies are provided in Appendix E. The other meta-analyses were either 
relatively outdated (published in 199548) or only included studies published during a selected 
time period (1993 to 200147). None of the included studies reported whether (or what proportion 
of) asymptomatic patients were included. 
 
The reliability of duplex ultrasonography to detect potentially clinically important CAS is 
limited. The good-quality meta-analysis reported wide variation in measurement properties 
between laboratories, with clinically important variation in the magnitude of the variation.46 
Potential sources of measurement heterogeneity include differences in patients, study designs, 
equipment, techniques, or training.46 For example, different methods of classification will 
diagnose CAS at different degrees. The European Carotid Surgery Trial (ECST) method 
compares the diameter of the residual lumen at the site of the maximal luminal narrowing with 
the estimated normal lumen at the same site, however, the NASCET (the North American 
Symptomatic Carotid Endarterectomy Trial) method compares the maximal luminal narrowing 
diameter with the normal diameter of the artery distal to the stenosis. The ECST method 
generally yields a higher degree of CAS than the NASCET method and with clinically important 
differences between the two methods. Two analyses53,54 found that the ECST method resulted in 
between 1254 and 5153 percent more stenoses classified as 70 to 99 percent, than with the 
NASCET method. Sabeti et al.51 studied 1,006 carotid arteries and found poor agreement 
between readers for the differentiation of stenoses less than 70 percent (45% agreement; kappa 
0.26 [95% CI, 0.23 to 0.29]), but excellent agreement for stenosis at 70 percent or greater (96% 
agreement; kappa 0.85 [95% CI, 0.83 to 0.87]). Hwang et al. reported little variability in 
sensitivity, but significant differences in specificity when they compared the ECST with the 
NASCET method.52 Results of duplex ultrasonography screening can also vary based on the type 
of scanner,55 velocity cutpoints and/or ratios used,56 Doppler angle employed,50,57 and inherent 
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variability between facilities and observers.58,59 
 
We did not find any eligible studies that directly addressed whether accuracy and reliability 
differ for subgroups defined by age, sex, race, or ethnicity. 
 
Key Question 4. Externally Validated, Reliable Risk Stratification 
Tools to Distinguish Persons With Asymptomatic CAS Who Are at 
Decreased or Increased Risk for Stroke Caused by CAS or Decreased 
or Increased Risk for Harms From CEA or CAAS 
 
We found no eligible studies that addressed this question. Some publications reported risk 
stratification tools to predict who is at decreased or increased risk for complications from CEA 
or CAAS (see the Discussion section), but those tools have not been externally validated.60-66 We 
found no studies that reported risk stratification tools to predict who is at decreased or increased 
risk for ipsilateral stroke or death caused by CAS.  
 
Key Question 5. Incremental Benefit of CEA or CAAS Beyond Current 
Standard Medical Therapy for Reduction of Fatal or Nonfatal 
Ipsilateral Stroke 
 
We included three RCTs described in 12 publications31,32,67-76 comparing CEA with medical 
therapy and three good- or fair-quality systematic reviews described in five publications.1,2,77-79 
Two systematic reviews were rated as poor quality.80,81 We found no eligible studies that 
compared CAAS with medical therapy and no studies that compared CEA with current standard 
medical therapy. 
 
Trial Characteristics 
 
Table 2 summarizes the characteristics of the RCTs. A total of 5,226 patients were enrolled. 
ACAS and VACS were conducted in North America, and ACST involved 30 countries, 
primarily in Europe. None of the trials focused on a population identified by screening in 
primary care. Mean age of subjects was 65 to 68 years. The vast majority (87% to 95%) of 
subjects were white in the two North American trials (data not reported for ACST). Two thirds 
of enrolled subjects (ACAS and ACST) or more (100% in VACS) were men.  
 
Although subjects were deemed asymptomatic with relation to the ipsilateral carotid artery, 20 to 
24 percent had a history of prior contralateral CEA and 25 to 32 percent had a history of 
contralateral transient ischemic attack or stroke in trials reporting baseline data for these 
characteristics. Requirements for asymptomatic status differed slightly across the trials. For 
example, ACST enrolled subjects with no transient ischemic attack or stroke attributable to the 
ipsilateral artery for the past 6 months; ACAS enrolled persons with no history of 
cerebrovascular events in the distribution of the ipsilateral carotid artery or the vertebrobasilar 
system, and no symptoms referable to the contralateral artery for the past 45 days. For inclusion, 
subjects were required to have at least 50 percent (VACS) or at least 60 percent (ACAS and 
ACST) CAS. 
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Medical therapy varied across trials and was often not clearly defined or standardized. All 
subjects received aspirin in ACAS and VACS. ACAS also included a risk factor discussion and 
modification at randomization, subsequent interviews, and telephone followup. ACST left 
medical therapy to the discretion of clinicians, reporting that it usually included antiplatelet and 
antihypertensive therapy and, in later years of the trial, lipid-lowering therapy. 
 
Surgeons with a history of low complication rates were selected for the three trials. They 
submitted records of their last 50 cases (ACAS and ACST) or previous 24 months of experience 
with CEA (VACS) and were selected based on demonstrated acceptability of morbidity and 
mortality (either based on review by a committee or a morbidity and mortality rate less than 3%). 
In addition, ACAS and ACST trial protocols included stipulations to prevent further enrollment 
by surgeons or institutions that showed unacceptably high morbidity or mortality during the trial. 

Trial Results 
 
Table 3 summarizes the main results of the three trials, and Appendix F includes complete results 
of our meta-analyses. Risk differences represent absolute differences over approximately 5 years. 

Perioperative stroke or death or subsequent ipsilateral stroke. Our meta-analyses found that 2.0 
percent fewer subjects treated with CEA had perioperative stroke or death or subsequent 
ipsilateral stroke compared with subjects in medical therapy groups (risk difference [RD],  
-0.020 [95% CI, -0.033 to -0.007]). 

Perioperative stroke or death or any subsequent stroke. Our meta-analyses found that 3.5 
percent fewer subjects treated with CEA had perioperative stroke or death or any subsequent 
stroke compared with subjects in medical therapy groups (RD, -0.035 [95% CI, -0.051 to -
0.018]). 

All-cause mortality. Our meta-analyses found no difference between CEA and medical therapy 
(RD, 0.01 [95% CI, -0.02 to 0.03]). 

Any stroke or death. Our meta-analyses found that 2.7 percent fewer subjects treated with CEA 
had any stroke or death compared with subjects in medical therapy groups (RD, -0.027 [95% CI, 
-0.051 to -0.003]). 

Ipsilateral stroke (nonperioperative). Our meta-analyses found that 4.1 percent fewer subjects 
treated with CEA had ipsilateral stroke compared with subjects in medical therapy groups (RD,  
-0.041 [95% CI, -0.054 to -0.027]), not including the perioperative period. 

Any nonperioperative stroke. Our meta-analyses found that 5.5 percent fewer subjects treated 
with CEA had any stroke after the perioperative period compared with subjects in medical 
therapy groups (RD, -0.055 [95% CI, -0.070 to -0.039]). 

Quality of life and functional status. None of the included trials assessed quality of life using 
validated instruments (e.g., SF-36), but two reported some information about stroke severity. In 
ACST, more than half (57.8% or 166/287) of nonperioperative strokes were disabling or fatal 

Screening for Carotid Artery Stenosis 14 RTI International–University of North Carolina EPC 



and the proportional reduction in disabling or fatal stroke (RR, 0.61 [95% CI, 0.41 to 0.92]) was 
similar to that for any stroke (RR, 0.54 [95% CI, 0.43 to 0.68]).32 In VACS, mean stroke severity 
scores were 3.6 and 4.1 for the CEA and medical therapy groups, respectively (range not 
reported, p value reported as not statistically significant), indicating minor impairment on 
average (1 to 11 scale, with scores of 1 to 3 indicating no impairment, score of 4 indicating 
minor impairment, and scores of 5 or greater indicating major impairment in at least one domain 
of functioning).73 

Persons at decreased, average, or increased risk for ipsilateral stroke. As described in KQ 4, we 
did not find any externally validated, reliable risk stratification tools to distinguish persons with 
asymptomatic CAS who are at decreased or increased risk for stroke caused by CAS. Therefore, 
evidence does not allow reliable determination of whether the potential benefits of CEA or 
CAAS differ for persons at decreased, average, and increased risk for ipsilateral stroke caused by 
CAS.  

Age, sex, race, and ethnicity. None of the trials reported subgroup information by race or 
ethnicity. The ACAS and ACST provided subgroup analyses for some outcomes by sex and age. 
In ACAS, the estimated 5-year rate of perioperative stroke or death and subsequent ipsilateral 
stroke showed a statistically significant reduction for men (RRR, 66% [95% CI, 36 to 82]), but 
not for women (17% [95% CI, -96 to 65]). Subgroup analyses by age for the same outcome 
showed a significant reduction for persons younger than age 68 years (RRR, 60% [95% CI, 11 to 
82]), but not for persons age 68 years and older (43% [95% CI, -7 to 70]). Subgroup analyses by 
percent CAS (60% to 69.9%, 70% to 79.9%, and 80% to 99.9%) found no statistically significant 
gradation in reduction, but sample sizes were small.  
 
In ACST, reduction in first nonperioperative stroke was statistically significant for both sex 
subgroups (men RR, 0.52 [95% CI, 0.36 to 0.75]; women RR, 0.57 [95% CI, 0.34 to 0.97]). For 
subgroups defined by age, reduction in the first nonperioperative stroke was significant for 
persons younger than age 75 years, but not for persons age 75 and older (age <65 years RR, 0.46 
[95% CI, 0.26 to 0.82]; age 65 to 74 years RR, 0.48 [95% CI, 0.31 to 0.75]; age ≥75 years RR, 
0.81 [95% CI, 0.43 to 1.51]). Subgroup analyses by percent CAS (<70%, 70% to 79%, 80% to 
89%, 90% to 99%) found similar point estimates for patients with varying degrees of CAS. 

Systematic Reviews 
 
Two of the three reviews included good- or fair-quality systematic reviews comparing CEA with 
medical management were conducted prior to the most recent ACST publication,32 and thus had 
preliminary ACST data; these reviews were the last review for the USPSTF2 and a review on 
CEA for asymptomatic CAS from the Cochrane Collaboration.77 The third review compared 
management strategies for asymptomatic CAS and included a meta-regression to evaluate the 
effect of time (to reflect improvements in medical therapy) on incidence rates of stroke.78 The 
investigators found that the incidence rate of ipsilateral stroke was lower in studies that 
completed recruitment from 2000 to 2010 than in studies that completed recruitment in earlier 
years (1.13% vs. 2.38% per year; p<0.001).78 
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Key Question 6. Incremental Benefit of Additional Medications 
Beyond Current Standard Medical Therapy 
 
We found no eligible studies that addressed this question.  
 
Key Question 7. Harms Associated With Screening or Confirmatory 
Testing  
 
The potential harms of screening or confirmatory testing for asymptomatic CAS include harms 
associated with false-positive screening tests (e.g., anxiety, labeling) and harms of any 
confirmatory workup, such as angiography. We found no studies on anxiety or labeling in 
persons with false-positive results. Two RCTs reported strokes after angiography. In ACAS,31 5 
of 414 patients (1.2%) who underwent angiograms developed strokes; one of these five patients 
died subsequently. In VACS,73 3 of 714 patients (0.4%) had nonfatal strokes following 
angiography. Evidence was insufficient to determine whether the harms differ for subgroups 
defined by age, sex, race, ethnicity, or comorbidities. 
 
Key Question 8. Harms Associated With CEA or CAAS  
 
We included three RCTs described in 11 publications31,32,67-75 that compared CEA with medical 
therapy and 41 additional multi-institutional trials or cohort studies (including registries) that 
reported rates of relevant harms for either CEA or CAAS, regardless of the comparator. Of these, 
we rated 17 as poor quality, usually for high risk for selection bias and/or ascertainment bias. 
Characteristics and results of studies rated as poor quality are not described in detail in the main 
report; they are available in Appendix E Tables 2 and 3. Most studies reported perioperative 
death or stroke and did not report on other harms (e.g., nerve injuries, other postoperative harms, 
psychological harms). 

Trial Characteristics 
 
The RCTs comparing CEA with medical therapy are described in Table 2 and KQ 5. 
Characteristics of other included trials are presented in Table 4; these included four RCTs,82-86 
three uncontrolled trials,87-89 one pooled analysis of two uncontrolled trials,90 and one 
nonrandomized trial rated as poor quality.91-93  
 
Two RCTs comparing CEA with different control groups that were not included in KQ 5 provide 
relevant rates of harms following CEA. The first, CASANOVA (Carotid Artery Stenosis with 
Asymptomatic Narrowing: Operation Versus Aspirin trial), was a multicenter RCT conducted in 
Germany in 410 patients randomized to CEA or control.82 Nearly half of the patients randomized 
to the control group eventually received surgery due to development of 90 percent or greater 
stenosis in one artery, development of bilateral stenosis at 50 percent or greater, or development 
of symptomatic CAS.82 The second trial, MACE (Mayo Asymptomatic Carotid Endarterectomy 
trial), compared low-dose aspirin with CEA and no aspirin.83 MACE was terminated early 
because of high rates of MI and transient ischemic attack in the surgical group attributed to 
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aspirin being withheld. We only included these two trials for the perioperative harms for the 
groups assigned to CEA. Both MACE and CASANOVA were conducted in the early 1990s in 
patients with 50 percent to 99 percent CAS, confirmed by angiography. Subjects in both trials 
were predominately male (56% to 63%) and most had hypertension (60% to 64%); 42 to 44 
percent had CAD.  
 
Two other multicenter RCTs compared CEA with CAAS: CREST (Carotid Revascularization 
Endarterectomy Versus Stenting Trial)84,85 and SAPPHIRE (Stenting and Angioplasty with 
Protection in Patients at High Risk for Endarterectomy trial).86 SAPPHIRE required that 
participants have at least one condition suggesting high surgical risk (e.g. age greater than 80 
years, severe pulmonary disease, contralateral carotid occlusion). Participants were similar in the 
prevalence of hypertension (85% to 88%) and diabetes (25 to 33%). More subjects in 
SAPPHIRE had CAD than in CREST (81% vs. 44%). In both trials, interventionalists had to 
demonstrate low complication rates prior to participating.  
 
Three studies used post-marketing surveillance data to provide rates following CAAS: two 
uncontrolled trials (CAPTURE [Carotid ACCULINK/ACCUNET Post Approval Trial to 
Uncover Rare Events trial] and CAPTURE-2)87-89 and one pooled analysis of two uncontrolled 
trials (using CAPTURE-2 and EXACT [Emboshield® and Xact® Post Approval Carotid Stent 
Trial]).90 The CAPTURE registry collected data prospectively from multiple sites that enrolled 
patients deemed high risk for surgery and who elected to undergo CAAS for asymptomatic 
stenosis.87 Similarly, the CAPTURE-2 registry was a postapproval trial designed to capture rare 
events associated with CAAS.88,89 All three studies had pre- and postintervention neurologic 
evaluation and independent adjudication of neurological outcomes. Across all three trials, the 
mean age of participants was 73 years, approximately 38 percent were female, a third had 
diabetes, approximately 90 percent had hypertension, and the mean degree of stenosis was 85 to 
86 percent.  

Observational Study Characteristics 
 
Eight fair-quality, multi-institution cohort studies described in 12 publications reported 
perioperative harms of CEA (Table 4).24,94-104 All eight used Medicare claims or enrollment 
databases to identify included populations; harms were identified using both claims data and 
medical chart review. Most were conducted in Medicare beneficiaries of single states,24,96-104 and 
two studies used data from 10 states.94,95 
 
One cohort conducted during the lead-in (credentialing) phase of CREST included rates of 
postoperative harms following CAAS cases prospectively submitted by 427 potential 
interventionalists prior to selecting operators for the CAAS arm of CREST.105 The study reported 
data on 1,151 patients undergoing CAAS for asymptomatic CAS at 70 percent or greater, 
determined by angiography. 
 
An additional eight fair-quality studies reported in-hospital (but not 30-day) perioperative events 
following CEA or CAAS (Table 4). Three utilized state discharge databases,106-108 and five used 
the Nationwide Inpatient Sample (NIS).109-113 The NIS data originates from a national survey of 
20 percent of all nonfederal hospitals.109,110 The results of these studies are provided in Table 5, 
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with the results of the other studies rated as good or fair quality that reported rates of 
periprocedural harms, but are not included in this text because they only capture in-hospital 
events. 
 
Sixteen other observational studies were rated as poor quality, usually due to high risk for 
selection bias and/or ascertainment bias. These included published data from the National 
Surgery Quality Improvement Program (NSQIP) database,114-117 the Veteran’s Administration 
NSQIP,118,119 the Carotid Artery Revascularization and Endarterectomy (CARE) registry,120,121 
international registries,122-126 and the Society for Vascular Surgery Vascular Registry (SVS-
VR).127-129 Additional details about the results and quality ratings of these studies are provided in 
Appendix D and E, respectively. 

Trial Results  

CEA compared with medical therapy. Table 3 summarizes the main results of the VACS, ACAS, 
and ACST. Appendix F includes complete results of our meta-analyses. 

Perioperative (30-day) stroke or death. Our meta-analysis found that 1.9 percent more persons 
treated with CEA had perioperative stroke or death within 30 days compared with subjects in 
medical therapy groups (RD, 0.019 [95% CI, 0.012 to 0.026]).  

Perioperative (30-day) nonfatal MI. Two of the trials reported this outcome. The ACST found a 
significant increase in events in subjects who were treated with CEA (10 events) compared with 
subjects who were treated with medical therapy (one event) (RD, 0.006 [95% CI, 0.002 to 
0.010]). The VACS reported four events in the CEA group and none in the medical therapy 
group. 

Age, sex, race, or ethnicity. None of the trials reported subgroup information by race or ethnicity. 
The ACAS and ACST provided some subgroup information for perioperative stroke or death. In 
ACAS, the crude rate of perioperative stroke or death was higher in women than men, but the 
difference was not statistically significant (3.6% vs. 1.7%, p=0.12). In ACST, the perioperative 
hazards of CEA did not differ by subgroups of age, sex, or extent of stenosis (data not reported). 

Rates of perioperative harms after CEA or CAAS. Table 5 summarizes the main results of studies 
rated as good or fair quality that reported rates of periprocedural harms. 
 
Perioperative (30-day) death or stroke after CEA. Our meta-analysis of seven cohort studies 
(n=17,474) that all used Medicare claims data and medical records found a rate of 3.3 percent 
(95% CI, 2.7 to 3.9) for death or stroke in the 30 days after CEA. Sensitivity analysis, including 
poor-quality cohort studies (including vascular registries and NSQIP data), found a rate of 2.8 
percent; statistical heterogeneity was considerable (95% CI, 2.1 to 3.5; I2 = 92.5%). This 
considerable heterogeneity was expected given the significant differences in sample selection, 
ascertainment methods, and quality.  
 
In all trials that included a CEA arm, regardless of the comparator, the rate of 30-day death or 
stroke was 2.4 percent (95% CI, 1.7 to 3.1).  
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Perioperative (30-day) death or stroke after CAAS. One cohort study, the CREST lead-in, found 
a rate of 3.8 percent (95% CI, 2.86 to 5.09) for death or stroke in the 30 days after CAAS. Our 
meta-analysis of trials (n=6,152; 2 trials) found a rate of 3.1 percent (95% CI, 2.68 to 3.56).  
 
Perioperative (30-day) MI after CEA. One cohort study including 1,378 Medicare beneficiaries 
undergoing CEA for asymptomatic CAS at six hospitals in New York state during 1997 to 1998 
reported a 0.85 percent rate of nonfatal MI.99A similar study in Georgia Medicare beneficiaries 
(n=1,002) during 1993 reported a 0.8 percent rate of MI, and a 0.6 percent rate of MI-related 
death.103 One RCT (CREST) reported a 2.2 percent rate of any MI following CEA.85 
 
Perioperative (30-day) MI after CAAS. One RCT (CREST) reported a 1.2 percent rate of any MI 
in the 30 days following CAAS.85 
 
Nerve injuries, infection, and other postoperative harms. In VACS, 3.8 percent of persons 
undergoing CEA (8 of 211) had cranial nerve injuries. Functional recovery was observed in all 
patients, and there was no permanent disability. The CASANOVA trial reported a 1.4 percent 
rate of lung embolism, 4.2 percent rate of permanent cranial nerve damage, 1.4 percent rate of 
pneumonia, and 2.8 percent rate of local hematoma requiring surgery in the 206 patients 
randomized to the immediate surgical arm.82 The total frequency of major complications (e.g., 
death, stroke, minor stroke, MI, permanent cranial nerve damage) in the group randomized to 
immediate surgery was 7.9 percent. The MACE study reported a 1.1 percent rate of minor cranial 
nerve injury in the 36 patients randomized to CEA.83  
 
Age, sex, race, or ethnicity. One cohort study (CREST lead-in) reported a 2.4 percent rate of 
perioperative death or stroke following CAAS for patients younger than age 75 years and 7.5 
percent for persons older than age 75 years. It also reported a perioperative death, stroke, and MI 
rate of 3.3 percent for persons younger than age 75 years and 9.1 percent for persons older than 
age 75 years.105 
 
In a pooled analysis of data from two uncontrolled trials (CAPTURE-2 and EXACT) the rate of 
death or stroke following CAAS in patients younger than age 80 years was 2.9 percent compared 
with a rate of 4.4 percent in persons age 80 years and older.90 

 
Comorbidities. We found one fair-quality cohort study reporting rates of harms by comorbidity 
following CEA for asymptomatic CAS in 1998 and 1999. It reported a 30-day death or stroke 
rate of 7.13 percent in persons with high comorbidity versus 2.69 percent in persons with low 
comorbidity in Medicare beneficiaries at 150 hospitals in New York (6,932 patients).24 High 
comorbidity was defined as any end-stage disease, severe disability, or three or more Revised 
Cardiac Risk Index risk factors (history of ischemic heart disease, congestive heart failure, 
stroke/transient ischemic attack, diabetes requiring insulin, creatinine >2, or undergoing a high-
risk surgery).  
 
Variation in rates of perioperative stroke or death following CEA by center volume. One study of 
Medicare beneficiaries who underwent CEA (350 procedures) during 1993 to 1994 in Oklahoma 
found a combined stroke and death rate at high-volume hospitals (>100 Medicare CEAs over the 
study period) of 3.5 percent, and a stroke and death rate at low-volume centers of 5.2 percent.96 
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A similar study of Medicare beneficiaries undergoing CEA at 115 hospitals in Ohio (167 
procedures) reported a stroke or death rate of 0 percent at high-volume centers and 4.9 percent at 
low-volume centers during 1993 to 1994.97  
 
Variation in rates of perioperative stroke or death following CEA by state. Two studies using 
cohorts of Medicare beneficiaries reported varying rates across 10 states.94,95 Rates ranged from 
2.3 to 6.7 percent using data from 1995 to 199695 and from 1.4 to 6.0 percent using data from 
1998 to 1999.94 
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Chapter 4. Discussion 
 

Summary of Evidence 
 
No studies directly addressed our overarching question (KQ 1), and no studies randomly 
assigned patients, practices, or providers to screening and comparator groups and subsequently 
provided interventions for persons with positive screening results.  
 
Detection of Asymptomatic CAS  
 
Duplex ultrasonography is a widely available, noninvasive screening test with estimated 
sensitivity and specificity of 94 percent and 92 percent, respectively, for detecting CAS at 60 to 
99 percent. Reliability of ultrasound is questionable, as accuracy can vary considerably between 
laboratories. 
 
Use of duplex ultrasonography in a low-prevalence population would result in many false-
positive tests. For example, in a population of 100,000 adults with an asymptomatic CAS 
prevalence of 1 percent, duplex ultrasonography would result in 940 true positives and 7,920 
false positives (Table 6).  
 
If no confirmatory tests are done and all persons with positive tests are referred for intervention, 
many unnecessary interventions and harms would occur. If all positive tests are followed by 
angiography (which is not typically done in clinical practice), up to 1.2 percent of persons will 
have a resulting stroke.31 If all positive tests are followed by MRA (95% sensitivity and 90% 
specificity47), many patients would still be sent for unnecessary intervention. In the example 
above, 792 false positives would still be sent for intervention, almost as many as true positives 
sent for intervention (893). 
 
If externally validated, reliable risk stratification tools were available to distinguish persons who 
are more likely to have CAS, allowing identification of a subset of the population with higher 
prevalence, then the ratio of true positives to false positives for screening with duplex 
ultrasonography (with or without confirmatory testing) would improve. However, the only study 
attempting external validation of such a tool found inadequate discrimination; it was little better 
than chance (c-statistic for ≥50% CAS, 0.60 [95% CI, 0.56 to 0.64]).  
 
Benefits and Harms of Interventions for Asymptomatic CAS 
 
An accurate estimate of overall benefit for the current general primary care population is difficult 
to obtain. Although our meta-analyses of RCTs comparing CEA with medical therapy found an 
absolute risk reduction of 3.5 percent for the composite of perioperative stroke or death or any 
subsequent stroke over approximately 5 years, the applicability of the evidence to current clinical 
practice is substantially limited. Medical therapy was often not clearly defined or standardized, 
was not kept constant during the study, and would not have included treatments now considered 
to be current standard medical therapy, including aggressive management of blood pressure and 
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lipids. To address some applicability limitations of previous studies, including those related to 
current standard medical therapy, the new CREST-2 trial130 (enrollment to begin in 2014) will 
compare both a) CAAS with medical therapy versus medical therapy alone and b) CEA with 
medical therapy versus medical therapy alone. None of the identified trials focused on a 
population found by screening in primary care. Definitions of asymptomatic status varied across 
the trials and included subjects with a history of contralateral stroke or transient ischemic attack 
(25% in ACAS; 32% in VACS; not reported in ACST), nonrecent ipsilateral symptoms, and 
prior contralateral CEA.  
 
The trials comparing CEA with medical therapy used highly selected surgeons, requiring low 
rates of complications to allow participation, and stipulated no further enrollment by surgeons or 
institutions that showed unacceptably high morbidity or mortality during the trial, providing 
some disincentive to report harms. A relatively low perioperative stroke or death rate is required 
for CEA to have a reasonable likelihood of resulting in more benefit than harm for persons with 
asymptomatic CAS; overall benefit depends on surviving the perioperative period without 
experiencing significant harms. Our meta-analyses of trial data found 30-day perioperative rates 
of stroke or death of 2.4 percent for CEA and 3.1 percent for CAAS. Observational data suggest 
higher rates: 3.3 percent for CEA and 3.8 percent for CAAS. Observational data also revealed a 
wide range of these rates for CEA across states, as high as 6.7 percent in some states.95 
 
The potential benefits of CEA or CAAS depend on the risk for an asymptomatic lesion 
eventually resulting in a stroke, and evidence from systematic reviews suggests that this risk has 
decreased in recent decades, most likely due to advances in medical therapy.78,131 The best recent 
evidence suggests that the incidence rate of ipsilateral stroke is nearing 1 percent per year,78 
approaching the rate achieved in the surgical arms of trials comparing CEA with medical 
therapy. This would significantly reduce the potential benefits of surgery. Current medical 
intervention alone has also been estimated to be three to eight times more cost effective.131  
 
In theory, patients at higher risk for ipsilateral stroke might be more likely to benefit from 
surgery or intervention. However, no externally validated, reliable risk stratification tools are 
available that can distinguish persons with asymptomatic CAS who are at decreased or increased 
risk for stroke caused by CAS, despite current standard medical therapy, or for persons at 
decreased or increased risk for harms from CEA or CAAS. One might expect that persons with 
greater reduction of the carotid diameter would have greater potential for benefit (e.g., perhaps 
persons with 80% to 99% CAS vs. 60% to 79% CAS), but subgroup analyses from trials 
comparing CEA with medical therapy found no significant difference by percent CAS.31,32 
 
Notably, the main estimates of overall benefit (i.e., perioperative stroke or death or any 
subsequent stroke) from the trials comparing CEA with medical therapy do not include some 
important harms, such as nonfatal MI. More recently published head-to-head trials comparing 
CEA and CAAS used composite primary outcomes that include periprocedural MI.84,86 The trials 
comparing CEA with medical therapy reported rates of perioperative nonfatal MI of 0.7 percent 
(ACST) to 1.9 percent (VACS).  
 
Other important harms reported in trials or observational studies include permanent cranial nerve 
damage, pulmonary embolism, pneumonia, wound infection, acute renal failure, urinary tract 
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infection, deep venous thrombosis, and local hematoma requiring surgery. Most studies we 
reviewed did not report on harms other than perioperative stroke or death. Thus, lack of reporting 
or underreporting of some harms is possible. Some studies with more detailed reporting of harms 
suggest higher rates of major complications from surgery compared with ACAS, ACST, and 
VACS. For example, 7.9 percent of participants randomized to CEA in the CASANOVA trial 
reported at least one major complication (including death, stroke, pulmonary embolism, MI, or 
permanent cranial nerve damage). It is unclear whether these seemingly high rates were 
identified due to a more complete ascertainment of harms or for other reasons. Studies using 
NSQIP data from 2005 to 2007 reported rates for peripheral nerve injury (0.32%), wound 
infection (0.68%), pneumonia (0.66%),114 and for wound disruption, unplanned intubation, 
pulmonary embolism, acute renal failure, urinary tract infection, deep venous thrombosis, and 
sepsis (<1% each).115 Although we rated the studies using NSQIP data as poor quality, primarily 
due to high risk for selection bias and ascertainment bias, we were concerned that rates of some 
harms reported in these studies underestimate, rather than overestimate, actual rates of harms. 
 
Timing of events is another important concept not addressed by the main estimates of overall 
benefit reported in trials of CEA compared with medical therapy. Consolidating all stroke and 
death events together into one composite outcome does not reflect different values that patients 
may have for a stroke or death caused by surgery than for a stroke or death that is caused by 
natural progression. 
 
Life expectancy is another important consideration when assessing the potential for overall 
benefit. Based on the data from randomized trials, a life expectancy of at least 5 years would be 
needed to have a reasonable chance of benefit of CEA. Somewhat related are issues associated 
with advanced age (older than 75 years). Potential for benefit decreases with advanced age 
because of competing hazards. The mean age of patients in trials comparing CEA with medical 
therapy was in the mid- to upper-60s. But, the mean age of Medicare patients undergoing CEA is 
75 years,23 raising the question of whether many persons having surgical intervention are likely 
too old to benefit. 

Potential Psychological Harms of Screening for CAS 
 
The CAS screening cascade has potential psychological harms. Anxiety and distress occur 
frequently after positive screening tests for many conditions;132-134 this result may also occur 
after positive ultrasound screening for CAS. At least some of these positive screening tests will 
be false positives. The longer-term experience of persons with false-positive results is unknown.  
Some persons may have a “near positive” Doppler screening test. In these situations, standard 
clinical practice will likely involve surveillance over time, with repeated ultrasound testing to 
determine a point where intervention might be considered. The psychological effect of this 
surveillance—prolonging the period of uncertainty before resolution—is potentially problematic, 
although unstudied.  
 
In addition to false-positive screening tests, some persons who would have never had a 
cerebrovascular event will receive positive confirmatory tests and/or proceed to CEA or CAAS. 
These persons will have been overdiagnosed and, likely, overtreated135,136 with CEA or CAAS to 
prevent a problem from which they never would have suffered. In addition to the obvious 
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potential physical harms involved, important psychological harms are possible. Diagnosing a 
person with CAS may lead to anxiety about the possibility of having a stroke; it may also lead to 
intrusive thoughts and distraction about the future, thus disturbing quality of life. If prevalence of 
CAS is about 1 percent, then many more persons will likely experience overdiagnosis than will 
avoid a stroke. We were unable to find research describing the frequency of these important 
potential psychological harms.  
 
Hypothetical Outcomes of a General Population Screening Program 
 
The hypothetical outcomes of a screening program for asymptomatic CAS in the general 
population are illustrated in Table 6. Assumptions used to determine the hypothetical outcomes 
include a CAS prevalence of 1 percent and the use of duplex ultrasonography as the screening 
test followed by confirmatory testing with MRA; this strategy results in a better ratio of benefits 
to harms than no confirmatory testing or angiography confirmation (i.e., best possible scenario 
for screening to show overall benefit2). A detailed list of assumptions is provided below Table 6. 
Hypothetical outcomes were calculated using both trial and cohort results. Trial data for benefits 
and harms suggest that nine major cardiovascular events (composite of perioperative stroke, 
death, MI, and any subsequent stroke) would be prevented over 5 years by screening 100,000 
persons and intervening with CEA. Trial data estimates for benefits and observational data for 
estimates of harms found that screening followed by CEA resulted in net harm (19 more events). 
The hypothetical outcomes likely overestimate the potential benefits of CEA because the 
estimates of benefit come from trials that did not compare CEA with current standard medical 
therapy. Further, the number needed to screen and the net for major cardiovascular events do not 
include cranial nerve injuries, other complications of surgery (pulmonary embolism, pneumonia, 
other infection, local hematoma requiring surgery), or potential psychological harms.  
 
Auscultation for Carotid Bruit 
 
In 1996, the USPSTF concluded that auscultation for carotid bruits has low sensitivity and 
specificity and considerable interobserver variation in the interpretation of key auditory 
characteristics.137 Assessment of carotid bruits was not included in the 2007 systematic review 
because it was determined that the evidence had likely not changed appreciably.1,2 We searched 
the literature covering 1996 to early 2013 and found no evidence that auscultation has improved 
as a screening tool to detect clinically significant levels of asymptomatic CAS. We identified 
four studies reporting screening accuracy by auscultation.138-141 Minimum cutoff values for CAS 
ranged from 50 to 70 percent. All studies used ultrasound as the gold standard for comparison; 
none used angiography. The reported sensitivities ranged from 46 to 77 percent, and specificities 
ranged from 71 to 98 percent. Only two studies involved patients from the general population 
(one in the United States138 and the other in France);139 one study included Swedish patients 
referred to a hospital for carotid surgery investigation,140 and the fourth study was in Chinese 
patients with peripheral vascular disease.141  
 
Limitations 
 
The limitations primarily reflect the published literature. We found no eligible studies addressing 
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our overarching question (KQ 1), questions about externally validated, reliable risk stratification 
tools to distinguish persons with asymptomatic CAS who have increased or decreased risk for 
ipsilateral stroke or of harms after CEA or CAAS (KQ 4), and whether additional medications 
(e.g., aspirin, statins) provide incremental benefit beyond current standard medical therapy 
including treatment of traditional risk factors (e.g., hypertension, hypercholesterolemia)—that is, 
we found no evidence that the potential to intensify medical therapy justifies screening for CAS 
(KQ 6).  
 
Most key issues limiting the applicability of the evidence are described in the Discussion above: 
no trials compared CEA or CAAS with current standard medical therapy, trials used highly 
selected surgeons and participants, certain perioperative harms may be underreported, and 
applicability of the trial evidence to the general asymptomatic primary care population is limited. 
 
Most evidence focused on CEA. We found no trials comparing CAAS with medical therapy. 
Head-to-head trials have reported that CAAS was not inferior to CEA in high-risk patients for a 
composite outcome (death, stroke, or MI within 30 days of intervention or death or ipsilateral 
stroke between 31 days and 1 year; SAPPHIRE, n=334)86 or that the two interventions did not 
differ significantly for a slightly different composite outcome (stroke, MI, or death from any 
cause during the periprocedural period or any ipsilateral stroke within 4 years; CREST, 
n=2,502).84 Several critics have explained why CREST does not actually demonstrate 
equivalence of CEA and CAAS and why it actually shows that CAAS is more risky than 
CEA.142,143 For example, mostly minor MIs (that occurred more frequently in the CAS group) 
were given equal weight to strokes and death in the periprocedural composite endpoint, but not 
in the 4-year, long-term endpoint (and the CAAS group had more MIs over the long-term).142 
 
Some changes in technology, standard medical therapy, surgical procedures, and stroke rates 
may not be reflected in some of the included literature (e.g., studies conducted in the 1990s). 
Recent reviews and meta-analyses found moderate strength of evidence that standard medical 
therapy has reduced the rate of ipsilateral stroke over time.131,143,144 Our review did not evaluate 
the use of carotid intima-media thickness in assessing coronary heart disease risk, but a previous 
review for the USPSTF concluded that evidence does not support its use.145 

 
The single study we identified for KQ 2 had several important limitations. The study tested 
relatively basic prediction tools: simple and weighted scores. Multivariate modeling is likely to 
produce more robust prediction. Next, the scores used a limited number of predictive variables. 
Testing inclusion of additional and alternate clinical variables will be important to improve 
predictive ability. Finally, it used a limited set of validation measures. Testing calibration (the 
ability of the tool to correctly categorize risk compared with observed events) as well as 
discrimination (the ability of the tool to correctly classify persons with disease at higher risk than 
persons without disease) would provide a better sense of the model’s utility in clinical practice. 
 

Future Research Needs 
 
Good-quality studies are needed to establish: 1) an externally validated, reliable risk stratification 
tool to identify populations with higher prevalence of CAS; 2) improved screening strategies for 
CAS that generate fewer false-positive results and unnecessary harms; 3) an externally validated, 
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reliable risk stratification tool to distinguish persons who are more likely to benefit after 
intervention from persons who are more likely to be harmed; and 4) the comparative benefits and 
harms of current standard medical therapy, CEA, and CAAS. 
 
Even if future research develops externally validated, reliable risk stratification tools that identify 
populations with higher prevalence of CAS, such tools would not be sufficient to warrant routine 
screening for asymptomatic CAS. Given the limitations of the applicability of ACST, ACAS, 
and VACS, new trials would be needed to establish whether surgery or intervention have overall 
benefit over current standard medical therapy for the higher prevalence population.131 Similar 
limitations apply to risk stratification tools that distinguish persons who are more likely to 
benefit after intervention from persons who are more likely to be harmed. 
 
Although we found no externally validated, reliable risk stratification tools addressing KQ 4, we 
identified publications that derive risk prediction tools that could be informative for future 
research or could be targets for future external validation.60-66 These tools included risk factors 
and are focused on various outcomes. We did not critically appraise these publications, and they 
may have important limitations. We also identified risk factor studies, particularly for 
associations between clinical or radiologic factors and stroke outcomes in persons with known 
CAS. These studies suggest multiple variables beyond the traditional risk factors that should be 
considered for inclusion and testing in risk prediction models developed in the future (e.g., 
plaque characteristics, genetic markers, embolic signal detection146-150). Future studies should use 
a variety of validation measures.  
 
Our searches of clinical trial registries identified four trials that are ongoing or not yet published 
comparing CEA or CAAS with medical therapy (AMTEC [Aggressive Medical Treatment 
Evaluation for Asymptomatic Carotid Artery Stenosis, NCT00805311], SPACE-2 [Stent-
Protected Angioplasty in Asymptomatic Carotid Artery Stenosis vs. Endarterectomy: Two Two-
Arm Clinical Trials, ISRCTN78592017], ECST-2 [ISRCTN97744893], and NCT00497094) and 
three comparing CEA with CAAS (ACT-1 [Carotid Stenting vs. Surgery of Severe Carotid 
Artery Disease and Stroke Prevention in Asymptomatic Patients, NCT00106938], ACST-2 
[NCT00883402], and NCT00772278). 
 
Despite the potential future research we suggested above, these needs may be relatively low 
priority considering that the potential preventable burden of disease is fairly low from a larger 
resource and public health perspective. Several studies have illustrated that patients with 
asymptomatic CAS are more likely to suffer MI or nonstroke vascular deaths than ipsilateral 
stroke, suggesting that preventive strategies for these patients should perhaps concentrate on 
coronary risk more than stroke.20 In ACST, about five times as many nonstroke vascular deaths 
as nonperioperative stroke deaths were observed (267 and 68 deaths for the medical therapy 
group, respectively; 298 and 39 for the CEA group, respectively).32 
 

Response to Public Comment 
 
A draft version of this report was posted for public comment on the USPSTF Web site from 
February 18 to March 17, 2014. We received a comment from one clinician. The commenter 
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thought that the report should consider that the ability of carotid ultrasound to detect the 
atherosclerotic process could lead to earlier initiation or intensification of medical therapy and 
ultimately to better outcomes. We attempted to evaluate evidence of such possible benefit with 
KQ 6, but we found no evidence that the potential to intensify medical therapy justifies screening 
for CAS. Thus, we did not make changes to the report in response to the comment.  
 
The commenter also recommended that there should be a caveat for patients at higher risk. 
However, externally validated, reliable risk stratification tools are not available. 
 

Conclusion 
 
Asymptomatic CAS has low prevalence in the general adult population. Noninvasive screening 
with ultrasound would result in many false-positive results; confirmatory testing with MRA 
appears to be the best strategy to optimize benefits and harms (compared with no confirmatory 
testing or angiography confirmation), but still yields a significant number of false-positive 
results. Externally validated, reliable risk stratification tools to distinguish persons who are more 
likely to have CAS are not available. Furthermore, current evidence does not sufficiently 
establish incremental overall benefit of CEA beyond current standard medical therapy, primarily 
because medical therapy in trials was ill-defined, varying, and often lacked treatments that are 
now standard. Advances in medical therapy have reduced the rate of stroke in persons with 
asymptomatic CAS in recent decades. No RCTs compared CAAS with medical therapy. 
Externally validated, reliable risk stratification tools that can distinguish persons with 
asymptomatic CAS who have increased or decreased risk for ipsilateral stroke or harms after 
CEA or CAAS are not available. 
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Abbreviations: CAS = carotid artery stenosis; CAAS = carotid artery stenosis; carotid angioplasty and stenting; CEA = carotid endarterectomy; KQ = key question.

Abbreviations: CAS = carotid artery stenosis; CAAS = carotid angioplasty and stenting; CEA = carotid endarterectomy; KQ = key question. 
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Figure 2. Summary of Evidence Search and Selection 
 

# of records identified 
through database searching:  

5,076 
 

PubMed: 2,879 
EMBASE: 1,805 
Cochrane: 392 

# of additional records identified through other sources: 
487 

 
Suggestions from public comments: 46 
Gray literature searches (includes ClinicalTrials.gov, 
Cochrane trials registry, and WHO ICTRP): 345 
Handsearches: 96 
 

 Total # of duplicates removed: 
1,625 

# of records screened: 
3,938 

# of records excluded: 
3,461 

# of full-text articles assessed for 
eligibility: 

477 

# of studies (articles) included in 
qualitative synthesis of systematic 

review:  
56 (78*) 

# of full-text articles excluded, with reasons: 
399 

 
Ineligible publication type       8 
Ineligible population   113 
Ineligible screening/intervention    25 
Ineligible comparator      90 
Ineligible outcome       31 
Ineligible setting        2 
Ineligible study design   130 

# of studies included in quantitative 
synthesis of systematic review:  

21 

* Includes methods papers for included trials.  
 
Abbreviation: WHO ICTRP = World Health Organization International Clinical Trials Registry Platform. 
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Table 1. Studies Attempting to Externally Validate Risk Stratification Tools to Distinguish Persons Who Are More or Less Likely to Have 
CAS 

Author, Year 
Country 

Derivation  
Cohort (N) 

External 
Validation 
Cohort (N) 

Predicted 
Outcome 

Model 
Components 

% With Actual 
CAS 

% With CAS by 
Risk Score 

Model Assessment: 
AUROC C-statistic 

Model Assessment: 
Other 

% Studied in 
Effectiveness 
or CE Studies Quality 

Suri, 2008  
United States 

Jacobowitz, 2003 
(394) 
 
Mean age: 71.3 y 
Male: 32% 
White: 86% 
DM: NR  
HTN: 64% 
HChol: 45% 
Sm: 8% 
CAD: 17.3%  
 
Qureshi, 2001 
(887) 
 
Mean age: 66 y  
Male: 31% 
White: NR 
DM: 7% 
HTN: 53% 
HChol: 15% 
Sm: 11% 
CAD: 11 % 

(5,795)  
 
Mean age: 72 y 
Male: 42% 
White: 84% 
DM: NR 
HTN: 54% 
HChol: 57% 
Sm: 11% 
CAD: 8%  

CAS ≥50% 
 
CAS ≥75% 

Jacobowitza: 
Sm, HChol, 
HTN, CAD 
 
Qureshib: 
Age >65 y, 
Sm, HChol, 
CAD 

Suri, full cohort: 
≥50%: 4.2  
50%-74%: 3.2 
≥75%: 1.0 
75%-99%: 0.7 
 
Jacobowitz 
model: 
>50%: 9.6 
>75%: NR 
 
Qureshi model: 
>60%: 18.0 (full 
sample)  
>75%: NR 

 
 
 

Jacobowitz model, 
≥50% by score: 
1: 2.9 
2: 5.1 
3: 8.1 
4: 20.7 
 
≥75% by score: 
1: 0.7 
2: 1.1 
3: 2.1 
4: 3.4 
 
Qureshi model, 
≥50% by score: 
1: 4.0 
2: 5.3 
3: 7.4 
4: 18.9 
 
≥75% by score: 
1: 0.8 
2: 1.8 
3: 2.1 
4: 2.7 

For CAS ≥50%: 
Jacobowitz model: 
0.60 (95% CI, 0.56  
to 0.64) 
 
Qureshi model: 0.56 
(95% CI, 0.53 to 
0.60) 
 
For CAS ≥75%: 
Jacobowitz model: 
0.60 (95% CI, 0.52  
to 0.68) 
 
Qureshi model: 0.58 
(95% CI, 0.50 to 
0.67) 

LR for ≥50% CAS: 
Jacobowitz: 
Score 4: 6 
Qureshic 
Score 4: 5.4 
 
LR for ≥75% CAS: 
Jacobowitz: 
Score 4: 3.7 
Qureshic 
Score 4: 2.9 
 
HL chi square: NA 
 
Net reclassification: 
NA 

NR Fair for 
attempted 
external 
validation  
of 
Jacobowitz 
model 
 
Poor for 
Qureshi 
model 

aJacobowitz risk score: 1 point for each risk factor (range, 0–4); predicts stenosis >50%. 
bQureshi risk score: 1 point for smoking, 2 points for CAD, 1 point for HChol, 4 points for age >65 years; predicts stenosis >60%. 
cAge not used in risk calculation for validation because all participants were older than age 65 years. 
 
Abbreviations: AUROC = area under receiver operating characteristic; CAS = carotid artery stenosis; CAD = coronary artery disease; CE = comparative effectiveness; DM = diabetes 
mellitus; Hchol = hypercholesterolemia; HTN = hypertension; LR = likelihood ratio; M = male; NA = not applicable; N = sample size; NR = not reported; Sm = smoker; W = white. 
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Table 2. Characteristics of Included Randomized, Controlled Trials of CEA Compared With Medical Management for Asymptomatic CAS 

Study, 
year  N Country 

Source of 
Patients 

Medical 
Management 
Description Followup Age 

% 
White 

% 
Male 

% DM 
% HTN 

% HChol 
% Sm 

% CAD 

% Prior 
contralateral 

CEA 

% 
Contralateral 

occlusion 

% 
Contralateral 

TIA/stroke 

Pre-
randomization 
evaluation & 

required 
stenosis Quality 

ACAS, 
1995 

1,662 United States 
& Canada 

U/S labs, 
practitioners 
who found 
bruits or carotid 
stenosis during 
evaluation for 
peripheral 
vascular 
surgery or 
contralateral 
CEA 

All patients received 
325 mg  
of regular or enteric-
coated aspirin daily. 
Also had risk factor 
discussion and 
modification at 
randomization, 
subsequent 
interviews, and 
telephone followup 

2.7 y 67 y 95 66  23 
 64 
 NR 
 26 
 69 

20 9 25 U/S or 
angiogram:  
≥60%  

Good for the 
2.7-y data that 
was based on 
actual events; 
Fair for the 5-y 
estimates; 
only 9% had 
followup to 5 y 

ACST, 
2004 
and 
2010 

3,120 
 

30 countries 
(most in 
Europe; also 
included 
Russia, Israel, 
and 16 
subjects from 
United States) 

Medical and 
surgical clinics  

Left to discretion of 
clinicians, usually 
included antiplatelet 
and antihypertensive 
therapy; in later 
years of the trial, 
lipid-lowering therapy 
was commona 

Median in 
survivors:  
9 y  
(IQR, 6 to 
11)b 

68 y NR 66  20 
 65 
 27 (≥250  
 mg/dL) 
 NR 
 Non-DM  
 CAD: 27 

24 9 NR U/S: ≥60%  Fair 

VACS, 
1993 

444 United States 11 VAMCs, 
patients 
scheduled for 
surgery who 
had 
asymptomatic 
stenoses, 
patients with 
unilateral 
symptomatic 
lesions found  
to have 
contralateral 
asymptomatic 
stenosis on 
arteriography, 
and patients 
with incidental 
cervical bruits 
and positive 
noninvasive 
screening tests 

650 mg aspirin BID, 
reduced to 325 mg 
daily if not tolerated 

4 y 65 y 87 100  27-30 
 63-64 
 NR 
 49-52 
 Hx of MI:   
 25-28 

NR NR 32 Angiogram:  
≥50%  

Good 

aAt study entry, 17% of subjects randomized in 1993 to 1996 were on lipid-lowering therapy; it increased to 58% in 2000 to 2003. At the last followup in 2002 to 2003, >90% of the survivors 
were on antiplatelet therapy, 81% were on antihypertensives, and 70% were on lipid-lowering therapy. At followup in 2002 or 2003, mean blood pressure was 148/79 mm Hg in both groups.  
bFollowup to death or at least year 3 is 98% complete (3,062/3,120). 
 
Abbreviations: ACAS = Asymptomatic Carotid Atherosclerosis Study; ACST = Asymptomatic Carotid Surgery Trial; CAD = coronary artery disease; CEA = carotid endarterectomy; DM = 
diabetes mellitus; Hchol = hypercholesterolemia; HTN = hypertension; N = sample size; PVD = peripheral vascular disease; Sm = smoker; TIA = transient ischemic attack; U/S = 
ultrasound; VACS = Veterans’ Affairs Cooperative Study; VAMC = Veterans Administration Medical Center. 
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Table 3. Main Results of Randomized, Controlled Trials of CEA Compared With Medical Management for Asymptomatic CAS 

Study, 
year  

Require 
preoperative 
angiogram? 

Angiogram 
complication 

rate 

Perioperative  
(30-d) stroke  

or death 

Perioperative 
(30-d)  

nonfatal MI 

Rate of perioperative 
stroke/death & any 
subseqent stroke 

(95% CI) 

Rate of perioperative 
stroke/death & 

subsequent ipsilateral 
stroke (95% CI) 

All-cause 
mortality (#  
of deaths) 

Any stroke  
or death 

QOL or  
functional status 

ACAS, 
1995 

Yes  
 

1.2% (5 
patients had 
CVAs, 1 of 
whom died; 
414 had 
angiograms) 

2.7%a  
 
Sex: 
W: 3.6%  
M: 1.7% 
p=0.12 
 

NR 
 

5-y estimate:  
MM: 17.5% 
CEA: 12.4% 
RRR: 29% (-5% to 
52%) 
ARR: 5.1% 
 
Observed events, 
median 2.7-y  
followup: 
MM: 10.3% 
CEA: 7.3% 
ARR: 3% 
 
By age, sex, race, 
ethnicity: NR 
 
 

5-y estimate:  
MM: 11% (NR) 
CEA: 5.1% (NR)  
RRR: 53% (22% to 72%) 
ARR: 5.9% (NR) 
 
Observed events,  
median 2.7-y followup: 
MM: 6.2% 
CEA: 4% 
ARR: 2.2% 
 
5-y RRR: 
Sex 
W: 17% (-96% to 65%) 
M: 66% (36% to 82%) 
Age 
<68 y: 60% (11% to 82%)  
≥68 y: 43% (-7% to 70%) 

MM: 89 
CEA: 83 

5-y estimate:  
MM: 31.9% 
CEA: 25.6% 
RRR: 20%  
(-2% to 37%) 
ARR: 6.3% 
 
Observed 
events, median 
2.7-y followup: 
MM: 18.6% 
CEA: 15.4% 
ARR: 3.2% 

NR 

ACST, 
2004 
and 
2010 

No  NA 2.9% (2.1 to 3.8)b 
  
No significant 
difference for 
subgroups of age, 
sex, or extent of 
stenosisc 

0.7% 
 

10-y estimate: 
MM: 13.1% 
CEA: 9.2% 
RR: 0.70 (0.57 to 
0.86) 
ARR: 3.9% 
By age, sex, race, 
ethnicity: NRd 

MM: 6.9% 
CEA: 5.3% 
RR: 0.76 (0.57 to 1.00)  
ARR: 1.6%  

MM: 570 
CEA: 610e 

MM: 49.4% 
CEA: 47.2%  
RR: 0.95 (0.89 
to 1.03) 

Proportion of 
nonperioperative strokes 
that were disabling or 
fatal: 57.8% (166/287). 
Reduction in disabling or 
fatal nonperioperative 
stroke: 0.61 (95% CI, 
0.41 to 0.92) 

VACS, 
1993 

Yes  
 

0.4% (3 
nonfatal 
strokes/714 
angiograms)  

4.7%f  
 
By age, sex, race, 
ethnicity: NR 
 

1.9% 
(4/211) 

MM: 12.9% 
CEA: 10.4% 
RR: 0.81 (0.48 to 
1.36) 
ARR: 2.5% 
By age, sex, race, 
ethnicity: NR  

MM: 10.3% 
CEA: 6.6% 
RR: 0.64 (0.34 to 1.21) 
ARR: 3.7%g  

MM: 78 
CEA: 70 

MM: 44.2% 
CEA: 41.2%  
RR: 0.92  
(0.69 to 1.22) 

Mean stroke severity 
scoreh: 
MM: 4.1 
CEA: 3.6 
P: NS 

aDuring the perioperative period, 2.3% of surgical patients (n=19) had a stroke or died (95% CI, 1.28 to 3.32) compared with 0.4% of patients in the medical group (95% CI, 0.0% to 
0.8%). It was estimated that if all 724 patients receiving CEA had undergone arteriography as part of the ACAS (some had an angiogram in the 60 days prior to the study) that 2.7% of 
surgical patients would have had stroke or death from the procedure. 
b2.9% (44 of 1,532 CEAs performed) was the rate of perioperative stroke or death for the immediate CEA group; when including the delayed group that underwent CEA, the rate was 
3.0% (95% CI, 2.4 to 3.9). 
cData not shown; reported in text only in the 10-year followup publication of ACST. The 5-year publication reported rates of 3.6% for women, 2.5% for men, 2.6% for those age <65 years, 
2.6% for those ages 65 to 74 years, and 3.7% for those age ≥75 years; these data are from an online table referenced in the initial results paper from ACST and do not include all 1,532 
CEAs reported in the later publication. The denominator was 1,405 CEAs performed in the immediate CEA group. 
dNot reported by subgroups for this outcome, but reported for some other outcomes. First nonperioperative stroke, by sex: W, 0.57 (95% CI, 0.34 to 0.97); M, 0.52 (95% CI, 0.36 to 0.75). 
First nonperioperative stroke, by age: <65 years at entry, 0.46 (95% CI, 0.26 to 0.82); 65 to 74 years at entry, 0.48 (95% CI, 0.31 to 0.75); ≥75 years at entry, 0.81 (95% CI, 0.43 to 1.51). 
eObtained from online Appendix Table 2A. Cause-specific number of deaths within 10 years for MM (deferral) vs. immediate CEA: perioperative (i.e., after CEA), 3 vs. 17 (p=0.002); 
nonperioperative stroke, 68 vs. 39 (p=0.006); vascular, 267 vs. 298 (p=0.15); neoplastic, 101 vs. 111 (p=0.44); other/unknown, 131 vs. 145 (p=0.33). 
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Table 3. Main Results of Randomized, Controlled Trials of CEA Compared With Medical Management for Asymptomatic CAS 

f30-day operative mortality was 1.9% (4/211), with 3 deaths from MI and 1 from MI followed by stroke. During the perioperative period, 4.7% of surgical patients had a stroke or died, 
when including the complications of arteriography, compared with 1 death due to suicide (0.4%), 1 stroke (0.4%), and 1 TIA (0.4%) in the medical group. 
gIncidence of all ipsilateral neurologic events (TIA, transient monocular blindness, fatal stroke, and nonfatal stroke): MM, 48 (20.6%) vs. CEA, 17 (8%); RR, 0.38 (95% CI, 0.22 to 0.67). 
Incidence of ipsilateral stroke (fatal and nonfatal): MM, 22 (9.4%) vs. 10 (4.7%); 95% CI, NR. 
h1 to 11 scale: 1 to 3 = no impairment, 4 = minor impairment, ≥5 = major impairment in at least one domain of functioning. 
 
Abbreviations: ACAS = Asymptomatic Carotid Atherosclerosis Study; ACST = Asymptomatic Carotid Surgery Trial; ARR = absolute risk reduction; CEA = carotid endarterectomy; CI = 
confidence interval; CVA = cerebrovascular accident; M = men; MI = myocardial infarction; MM = medical management; NA = not applicable; NR = not reported; NS = not significant; RR 
= relative risk; RRR = relative risk reduction; W = women.  
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Table 4. Characteristics of Additional Studies Rated as Good or Fair Quality and Reporting Rates of Periprocedural Complications of 
CEA or CAAS for Adults With Asymptomatic CAS 
 

Study, Year  
Design 

Study Period 

Procedure 
N Total  

(N Asymp) 
Setting and Source 

Population Sample Selection Criteria 
Sample Subjects’ 
Characteristicsa 

Threats to Internal and  
External Validity Quality 

Cohort studies 
Bratzler, 
1996 

Cohort study 
 
1/1993-12/1994 

CEA 
 
813 (347); 774 
patients  

Oklahoma Medicare 
beneficiaries, 8 
hospitals 

Medicare claims used to 
identify all CEA cases. 
 
Asymptomatic defined as no 
prior TIA or stroke in the 
distribution of the operated 
carotid artery. 

Median Age: 73 y 
White: NR 
Female: NR 
DM: 26% 
CAD: 67% 
COPD: 20% 
HF: 10% 
HTN: 71% 
Smoker: 26% 
Stenosis: 96% >60% CAS 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

May have missed nonfatal 
neurologic events occurring after 
discharge that did not result in 
another hospitalization; no 
comprehensive exam by 
neurologist for outcome 
assessment; definition of 
symptomatic CAS required 
documentation of past TIA or 
stroke in the distribution of the 
carotid being operated on. 

Fair 

Cebul, 1998 Cohort study 
  
7/1993-6/1994 

CEA 
 
678 (167) 

Ohio non-HMO 
Medicare 
beneficiaries, 115 
hospitals and at least 
478 surgeons 

Medicare part A claims used  
to identify all non-HMO 
Medicare beneficiaries who 
underwent CEA; random 
sample of the 4120 CEAs 
performed. 
 
Asymptomatic if no record of 
any neurologic symptoms or 
signs; categorized as 
nonspecific symptoms if had 
nonlateralizing symptoms or 
signs (e.g., dizziness, 
dementia) 

Mean Age: 73 y 
White: 94% 
Female: 46% 
DM: 26% 
CAD: NR 
COPD: 15% 
HF: 9% 
HTN: 71% 
Smoker: 31% 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

May have missed nonfatal 
neurologic events occurring after 
discharge that did not result in 
another hospitalization; no 
comprehensive exam by 
neurologist for outcome 
assessment; interrater reliability 
for determining indication for 
surgery (TIA, stroke, 
asymptomatic or nonspecific 
symptoms) of 77% (kappa, 0.69). 

Fair 
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Table 4. Characteristics of Additional Studies Rated as Good or Fair Quality and Reporting Rates of Periprocedural Complications of 
CEA or CAAS for Adults With Asymptomatic CAS 
 

Study, Year  
Design 

Study Period 

Procedure 
N Total  

(N Asymp) 
Setting and Source 

Population Sample Selection Criteria 
Sample Subjects’ 
Characteristicsa 

Threats to Internal and  
External Validity Quality 

Giacovelli, 
2010 

Cohort study 
 
2005-2007 

CEA + CAAS 
 
47,752 total 
CAAS+CEA 
(42,236) 
 
4,919 (4,353) 
used in the 
matched 
propensity 
analysis 
comparing 
CAAS and CEA 

New York and 
California state 
hospital discharge 
databases  

ICD-9 codes to identify  
patients who had CAAS or 
CEA. Uses “present on 
admission” (POA) flag in 
discharge diagnoses to  
identify symptom status. 

Mean Age:b 
CEA: 73 y; CAAS: 71 y 
White: 
CEA: 86%; CAAS: 77% 
Female: 
CEA: 43%; CAAS: 39% 
DM:  
CEA: 27%; CAAS: 30% 
CAD/HF:  
CEA: 44%; CAAS: 57% 
COPD:  
CEA: 14%; CAAS: 13% 
HTN:  
CEA: 71%; CAAS: 74% 
Smoker: NR 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

Used present on admission 
designations to determine 
symptom status at baseline; used 
ICD-9 codes only for outcome 
ascertainment; no 
supplementation with review of 
medical records; in-hospital 
outcomes only. 

Fair 

Giles, 2010 Cohort study 
 
10/2004-
12/2007 

CEA + CAAS 
 
538,958 
(52.937) 
 
CAAS: 56,564 
(49,126) 
 
CEA: 482,394 
(436,895) 

NIS databasec 
 

ICD-9 codes from NIS 
database. 
  
Patients with symptomatic 
carotid stenosis were  
identified by ICD-9 diagnosis 
codes of TIA, amaurosis  
fugax, or stroke. 
 
Patients also classified as  
CMS high risk based on 
prespecified criteria. 

Mean Age: 
CEA: 71 y; CAAS: 70 y 
White: NR 
Female: 
CEA: 43%; CAAS: 40% 
DM: NR 
CAD (Previous MI): 
CEA: 11%; CAAS: 10% 
COPD: 
CEA: 22%; CAAS: 19% 
HF: 
CEA: 7%; CAAS: 11% 
HTN: NR 
Smoker: NR 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

Used ICD-9 codes only for 
outcome ascertainment; no 
supplementation with review of 
medical records; in-hospital 
outcomes only; potential for bias 
due to misclassification of 
symptom status and whether 
stroke was the indication or a 
perioperative harm. 

Fair 
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Table 4. Characteristics of Additional Studies Rated as Good or Fair Quality and Reporting Rates of Periprocedural Complications of 
CEA or CAAS for Adults With Asymptomatic CAS 
 

Study, Year  
Design 

Study Period 

Procedure 
N Total  

(N Asymp) 
Setting and Source 

Population Sample Selection Criteria 
Sample Subjects’ 
Characteristicsa 

Threats to Internal and  
External Validity Quality 

Halm, 2003; 
Rockma, 
2005;  
Halm, 2005; 
Press, 2006 

Cohort study 
 
1/1997-12/1998 

CEA 
 
2,124 (1,413) 
(N varies 
slightly across 
publications) 

6 hospitals in New 
York (4 university  
and 2 community 
hospitals); 67 
surgeons 

Used administrative databases 
from 6 hospitals; consecutive 
CEAs (identified by ICD-9 
codes). 
 
Indication for surgery based  
on acuity of the presenting 
neurologic symptoms in the 12 
months before surgery (stroke-
in-evolution, stroke, carotid 
TIA, asymptomatic, etc.). 

Mean Age: 72 y 
White: 87% 
Female: 43% 
DM: 29% 
CAD: 55% 
COPD: 9% 
HF: 8% 
HTN: 73% 
Smoker: NR% 
Stenosis: 90.1% had 70%-99% 
CAS: 
Prior contralateral CEA: NR 
Contralateral occlusion: 6% 
Contralateral TIA/stroke: NR 

May have missed readmissions  
to other hospitals (only included 
readmissions to the index 
hospital); data from 1 region of 
New York; no comprehensive 
exam by neurologist for outcome 
assessment. 

Fair 

Halm, 2007; 
Halm, 2009 

Cohort study 
(NYCAS) 
 
1/1998-6/1999 

CEA 
 
9,588 (6,932) 

New York state 
Medicare 
beneficiaries; 166 
hospitals; 488 
surgeons 

Any NY state Medicare claims 
for CEA and NY state hospital 
discharge database. 

Mean Age: 75 y 
White: 93% 
Female: 44% 
DM: 30% 
CAD: 62% 
COPD: 19% 
HF: 10% 
HTN: 79% 
Smoker: NR 
Stenosis: 94% with 70%-99%; 
1% with 100% occlusion; 2.9% 
with 60%-69%  
Prior contralateral CEA: NR 
Contralateral occlusion: 5% 
with 100%; 24% with 70%-99%; 
5% with 60%-69% 
Contralateral TIA/stroke: NR 

May have missed nonfatal 
neurologic events occurring after 
discharge that did not result in 
another hospitalization; no 
comprehensive exam by 
neurologist for outcome 
assessment.  
 
Data abstractors had to pass a 
series of quality assurances and 
interrater reliability tests. Data 
reported had kappa from 0.60 to 
1.0. 

Fair 
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Table 4. Characteristics of Additional Studies Rated as Good or Fair Quality and Reporting Rates of Periprocedural Complications of 
CEA or CAAS for Adults With Asymptomatic CAS 
 

Study, Year  
Design 

Study Period 

Procedure 
N Total  

(N Asymp) 
Setting and Source 

Population Sample Selection Criteria 
Sample Subjects’ 
Characteristicsa 

Threats to Internal and  
External Validity Quality 

Hopkins, 
2010 

Cohort study 
(lead-in/ 
credentialing 
phase of 
CREST) 
 
11/2000-4/2008 

CAAS 
 
1,565 (1,151) 

Lead-in case data 
were reviewed 
prospectively for 427 
potential 
interventionalists 

Asymptomatic subjects had to 
have >70% stenosis by 
angiography.  
 
Ascertainment of symptom 
status is unclear; cases were 
submitted by potential 
interventionalists to a 
multidisciplinary committee for 
review.  

Mean Age: 70 y 
White: 88% 
Female: 37% 
DM: 33% 
CAD: 24% with previous CABG 
COPD: NR 
HF: NR 
HTN: 84% 
Smoker: 18% 
Stenosis: 79% 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke:NR 

Unclear whether cases are 
representative of the source 
population.  

Fair 

Karp, 1998 Cohort study 
 
1/1993-12/1993 

CEA 
 
1,945 (1,002) 

Georgia Medicare 
beneficiaries 

Georgia Medicare claims;  
ICD-9 codes used to identify 
patients who underwent CEA. 
 
Asymptomatic defined  
following ACAS (absence of 
symptoms in distribution of  
the operated carotid artery). 

Mean Age: 72 y 
White: 91% 
Female: 47% 
DM: 20% 
CAD: NR 
COPD: 24% 
HF: 8% 
HTN: NR 
Smoker: NR 
Stenosis: 22% had 56%-75%; 
70% had >75%  
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

May have missed nonfatal 
neurologic events occurring after 
discharge that did not result in 
another hospitalization; no 
comprehensive exam by 
neurologist for outcome 
assessment. 

Fair 

Kresowik, 
2000 

Cohort study 
 
1/1994-12/1994 
and 6/1995-
5/1996 

CEA 
 
2,063 CEAs 
(671 CEAs; 
1994 only: 159) 
 

Iowa Medicare 
beneficiaries, 30 
hospitals; 79 
surgeons 

Claims for CEA (ICD-9) from 
Medicare Provider Analysis 
and Review (MEDPAR) Part A 
claims; Part B files for CPT 
codes also used. 
 
Considered asymptomatic if no 
history prior to CEA of CV 
symptoms or events in either 
the anterior or posterior 
circulations.  

Median Age: 74 y 
White: NR 
Female: 40%-41% 
DM: NR 
CAD: NR 
COPD: NR 
HF: NR 
HTN: NR 
Smoker: NR 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

May have missed nonfatal 
neurologic events occurring after 
discharge that did not result in 
another hospitalization; no 
comprehensive exam by 
neurologist for outcome 
assessment. 

Fair 
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Table 4. Characteristics of Additional Studies Rated as Good or Fair Quality and Reporting Rates of Periprocedural Complications of 
CEA or CAAS for Adults With Asymptomatic CAS 
 

Study, Year  
Design 

Study Period 

Procedure 
N Total  

(N Asymp) 
Setting and Source 

Population Sample Selection Criteria 
Sample Subjects’ 
Characteristicsa 

Threats to Internal and  
External Validity Quality 

Kresowik, 
2001 

Cohort study 
 
6/1995-5/1996 

CEA 
 
10,561 (3,891); 
10,030 patients 
 
 

Medicare 
beneficiaries from 10 
US statesd 

Used ICD-9 code for CEA 
among Medicare Provider 
Analysis and Review 
(MEDPAR) Part A claims. 
 
Considered asymptomatic if  
no history prior to CEA of CV 
symptoms or events in either 
the anterior or posterior 
circulations.  

Mean age: 74 y 
White: NR 
Female: 43% 
DM: NR 
CAD: NR 
COPD: NR 
HF: NR 
HTN: NR 
Smoker: NR 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

May have missed nonfatal 
neurologic events occurring after 
discharge that did not result in 
another hospitalization; no 
comprehensive exam by 
neurologist for outcome 
assessment. 

Fair 

Kresowik, 
2004 
 
 

Cohort study 
 
6/1995-5/1996 
and 6/1998-
5/1999 

CEA 
 
19,690 (1995-
1996: 3,891; 
1998-1999: 
4,093) 
 
 

Medicare 
beneficiaries from 10 
US statesd 

ICD-9 code for CEA among 
Medicare Provider Analysis 
and Review (MEDPAR) Part A 
claims. 
 
Considered asymptomatic if 
there was no history prior to 
CEA of CV symptoms or 
events in either the anterior or 
posterior circulations.  

Median Age: 74 y 
White: NR 
Female: 43%-44% 
DM: NR 
CAD: NR 
COPD: NR 
HF: NR 
HTN: NR 
Smoker: NR 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

May have missed nonfatal 
neurologic events occurring after 
discharge that did not result in 
another hospitalization; no 
comprehensive exam by 
neurologist for outcome 
assessment. 

Fair 
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Table 4. Characteristics of Additional Studies Rated as Good or Fair Quality and Reporting Rates of Periprocedural Complications of 
CEA or CAAS for Adults With Asymptomatic CAS 
 

Study, Year  
Design 

Study Period 

Procedure 
N Total  

(N Asymp) 
Setting and Source 

Population Sample Selection Criteria 
Sample Subjects’ 
Characteristicsa 

Threats to Internal and  
External Validity Quality 

McPhee, 
2007 
 
 

Cohort study 
 
1/2003-12/2004 

CEA + CAAS 
 
259,080 
CEAs/CAASs 
(238,389 CEAs/ 
CAASs) 
 
245,045 CEAs 
(226,111 CEAs)  
 
14,035 CAASs 
(12,278 
CAASs) 

NIS (Nationwide 
Inpatient Sample)c 

ICD-9 codes from NIS 
database  
 

Mean Age: 
CEA: 71 y; CAAS: 71 y 
Median Age: 
CEA: 72 y; CAAS: 72 y 
White: NR 
Female: 
CEA: 43%; CAAS: 41% 
DM:  
CEA: 25%; CAAS: 26% 
CAD/MI: 
CEA: 12%; CAAS: 12% 
COPD: 
CEA: 19%; CAAS: 15% 
HF: 
CEA: 6%; CAAS: 9% 
HTN: 
CEA: 71%; CAAS: 67% 
Smoker: NR 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

Before 10/2004 no specific CAAS 
ICD-9 code existed, so required  
2-step method to identify CAAS 
procedures with potential for 
misclassification. 
 
Used ICD-9 codes only for 
outcome ascertainment; no 
supplementation with review of 
medical records; in-hospital 
outcomes only; potential for bias 
due to misclassification of 
symptom status and whether 
stroke was the indication or a 
perioperative harm. 

Fair 

McPhee, 
2008 

Cohort study 
 
2005 

CEA + CAAS 
 
135,701 
(122,986) 
 
CEA: 122,786 
(111,684) 
 
CAAS: 12,914 
(11,302) 

NIS databasec ICD-9 codes from NIS 
database  

Mean Age:b 
CEA: 71; CAAS: 72 
White: NR 
Female: 
CEA: 43%; CAAS: 37% 
DM: 
CEA: 27%; CAAS: 27% 
CAD/MI: 
CEA: 11%; CAAS: 12% 
COPD: 
CEA: 21%; CAAS: 18% 
HF: 
CEA: 7%; CAAS: 11% 
HTN: 
CEA: 72%; CAAS: 66% 
Smoker: NR 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

Used ICD-9 codes only for 
outcome ascertainment; no 
supplementation with review of 
medical records; in-hospital 
outcomes only; potential for bias 
due to misclassification of 
symptom status and whether 
stroke was the indication or a 
perioperative harm. 
 
 

Fair 
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Table 4. Characteristics of Additional Studies Rated as Good or Fair Quality and Reporting Rates of Periprocedural Complications of 
CEA or CAAS for Adults With Asymptomatic CAS 
 

Study, Year  
Design 

Study Period 

Procedure 
N Total  

(N Asymp) 
Setting and Source 

Population Sample Selection Criteria 
Sample Subjects’ 
Characteristicsa 

Threats to Internal and  
External Validity Quality 

Timaran, 
2009 

Cohort study 
 
2005 

CEA + CAAS 
 
CAAS:13,093 
(11,836)  
 
CEA:122,984 
(113,514) 

NIS databasec 
 

ICD-9 codes from NIS 
database  

Median Age: 
CEA: 72 y; CAAS: 72 y 
White: NR  
Female: 
CEA: 43%; CAAS: 38% 
DM: 
CEA: 29%; CAAS: 28% 
Previous MI: 
CEA: 12%; CAAS: 11% 
COPD: 
CEA: 21%; CAAS: 18% 
HF: 
CEA: 8%; CAAS: 12% 
HTN: 
CEA: 76%; CAAS: 69% 
Smoker: NR 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

Used ICD-9 codes only for 
outcome ascertainment; no 
supplementation with review of 
medical records; in-hospital 
outcomes only; potential for bias 
due to misclassification of 
symptom status and whether 
stroke was the indication or a 
perioperative harm. 

Fair 

Vouyouka, 
2012 

Cohort study 
 
2007-2009 

CEA + CAAS 
 
20,613 CEAs/ 
CAASs 
(18,519)  
 
CEA: 18,320 
(16,576) 
 
CAAS: 2,263 
(1,943) 

New York and Florida 
state discharge 
databases to identify 
women who 
underwent CEA or 
CAAS  

ICD-9 codes to identify  
patients who had CAAS or 
CEA. Uses POA flag in 
discharge diagnoses to  
identify symptom status.  

Mean Age:b 72 y 
White: 90% 
Female: 100% 
DM: 30% 
CAD: 37% 
COPD: 2% 
HF: 6% 
HTN: 80% 
Smoker: NR  
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

Used present on admission 
designations to determine 
symptom status at baseline; used 
ICD-9 codes only for outcome 
ascertainment; no 
supplementation with review of 
medical records; in-hospital 
outcomes only. 

Fair 
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Table 4. Characteristics of Additional Studies Rated as Good or Fair Quality and Reporting Rates of Periprocedural Complications of 
CEA or CAAS for Adults With Asymptomatic CAS 
 

Study, Year  
Design 

Study Period 

Procedure 
N Total  

(N Asymp) 
Setting and Source 

Population Sample Selection Criteria 
Sample Subjects’ 
Characteristicsa 

Threats to Internal and  
External Validity Quality 

Young, 
2011  

Cohort study 
 
2006-2007 

CEA + CAAS 
 
249,592 (all 
asymptomatic) 
 
CAAS: 31,197 
(all) 
 
CEA: 218,395 
(all) 

NIS databasec ICD-9 codes from NIS 
database. 
 
Asymptomatic precerebral 
stenosis codes as indication  
for CAS/CEA, excluding TIA  
as indication for CAAS/CEA. 
 
Also stratified patients by age 
<80 years and ≥80 years. 

Mean Age:  
71 y; CEA: 71 y; CAAS: 71 y 
White: 
66%; CEA: 65%; CAAS: 68% 
Female: 
43%; CEA: 43%; CAAS: 40% 
DM: 
31%; CEA: 31%; CAAS: 30% 
CAD (previous MI):  
50%; CEA: 49%; CAAS: 57%  
COPD: 
18%; CEA: 19%; CAAS: 18% 
HF: 
8%; CEA: 7%; CAAS: 12% 
HTN: 
79%; CEA: 79%; CAAS: 75% 
Smoker: 
34%; CEA: 35%; CAAS: 27% 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral stenosis: 
17%; CEA: 17%; CAAS: 20% 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

Used ICD-9 codes only for 
outcome ascertainment; no 
supplementation with review of 
medical records; in-hospital 
outcomes only; potential for bias 
due to misclassification of 
symptom status and whether 
stroke was the indication or a 
perioperative harm. 

Fair 
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Table 4. Characteristics of Additional Studies Rated as Good or Fair Quality and Reporting Rates of Periprocedural Complications of 
CEA or CAAS for Adults With Asymptomatic CAS 
 

Study, Year  
Design 

Study Period 

Procedure 
N Total  

(N Asymp) 
Setting and Source 

Population Sample Selection Criteria 
Sample Subjects’ 
Characteristicsa 

Threats to Internal and  
External Validity Quality 

Yuo, 2013 Cohort study 
 
2005-2009 

CEA + CAAS 
 
30,317 (all 
asymptomatic) 
 
CAAS: 3,476 
(all) 
 
CEA: 26,841 
(all) 
 

California hospital 
discharge data 

ICD-9 codes to identify  
cerebral revascularization 
procedures. Symptom status 
determined by presence 
ofadmission or diagnosis  
codes for hemispheric cerebral 
ischemia or ophthalmic artery 
occlusion or embolism. 

Age >70 y:  
CEA: 66%; CAAS: 62% 
White:  
CEA; 90%; CAAS: 83% 
Female:  
CEA: 43%; CAAS: 44% 
DM, complicated:  
CEA: 5%; CAAS: 4% 
Previous MI: NR 
COPD:  
CEA: 20%; CAAS: 17% 
HF:  
CEA: 8%; CAAS: 11% 
HTN, complicated:  
CEA: 10%; CAAS: 11% 
Smoker: NR 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

Used present on admission 
designations to determine 
symptom status at baseline; used 
ICD-9 codes only for outcome 
ascertainment; no 
supplementation with review of 
medical records; in-hospital 
outcomes only 

Fair 

Trials 
Brott, 2010 ; 
Silver, 2010 

RCT (CREST) 
 
12/2000-
7/2008; 
asymptomatic 
patients were 
only included 
from 2005 
forward 

CEA + CAAS 
 
CEA: 1,240 
(587) 
 
CAAS: 1,262 
(594) 
 
 
 

Multicenter (117 
sites) 
 

Asymptomatic patients had to 
have at least 60% stenosis by 
angiography, at least 70% by 
ultrasound, or at least 80% by 
CT or MR angiography (if the 
stenosis by ultrasound was 
initially read as 50%-60%). 
Asymptomatic defined as 
symptoms referable only to the 
hemisphere contralateral to the 
target vessel or symptoms in 
either hemisphere >180 days 
prior to randomization, or 
vertebrobasilar symptoms only. 

CEA/CAASe 
Mean Age: 70/69 y 
White: 95%/94% 
Female: 33%/36% 
DM: 34%/33% 
CAD: 44%  
COPD: NR 
HF: NR 
HTN: 88%/88% 
Smoker: 22%/26% 
Stenosis: 92%/93% with ≥70% 
stenosis 
Prior contralateral CEA: NR 
Contralateral occlusion: 3%/2% 
Contralateral TIA/stroke: NR 

Unclear whether cases are 
representative of the source 
population. 
  
A comprehensive training and 
credentialing process was 
required of participating 
interventionalists; only those with 
low complication rates were 
invited to participate in the study.  

Fair 
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Table 4. Characteristics of Additional Studies Rated as Good or Fair Quality and Reporting Rates of Periprocedural Complications of 
CEA or CAAS for Adults With Asymptomatic CAS 
 

Study, Year  
Design 

Study Period 

Procedure 
N Total  

(N Asymp) 
Setting and Source 

Population Sample Selection Criteria 
Sample Subjects’ 
Characteristicsa 

Threats to Internal and  
External Validity Quality 

CASANOVA 
study group, 
1991 

RCT 
 
1982-1988 

CEA: 410 (all) 
 
216 in the 
group in which 
all patients had 
CEA 

Patient population 
recruited from 
ultrasound labs 

Asymptomatic stenosis >50% 
and <90% 
 
Exclusion of MI within past 6 
months, renal failure,  
dementia, severely limited life 
expectancy 

Mean age: 64 
White: NR 
Female: 27% 
DM: 26% 
CAD: 44% 
COPD: NR 
HF: NR 
HTN: 59% 
Smoker: 29% 
Stenosis: 100% had >50% and 
<90%; 50% had >70% 
Prior contralateral CEA: 27%  
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

Subjects from one arm of an RCT; 
unclear how representative 
subjects were of overall source 
population. 

Fair 

Chaturvedi, 
2010 
Matsumura, 
2010 

Uncontrolled 
trial 
(CAPTURE-2) 
 
3/2006-1/2009 

CAAS: 5,297 
(4,337) 
 
<80 y: 4,131 
(3,388)  
 
≥80 y: 1,177 
(949) 

CAPTURE-2 is  
"post-approval" trial 
to capture rare 
events  

Asymptomatic patients had to 
have >80% stenosis to have 
CAAS. 
 
Asymptomatic patients had no 
TIA, amaurosis fugax, or  
stroke in the territory supplied 
by the target vessel within 180 
days. 

Mean Age: 73 yf 
White: NR 
Female: 39% 
DM: 37% 
CAD: 74% 
COPD: 23% 
HF: 19% 
HTN: 89% 
Smoker: 22% 
Stenosis: 86% 
Prior contralateral CEA: 17% 
Contralateral occlusion: 17% 
Contralateral TIA/stroke: NR 

Unclear whether cases are 
representative of the source 
population 

Fair 

Fairman, 
2007 

Uncontrolled 
trial 
 
10/2004-
03/2006 

CAAS: 3,500 
(3,018) 

CAPTURE registry: 
prospective 
multicenter registry 
(353 
interventionalists) 
that enrolled high risk 
surgical patients  
from 144 sites in US 

CAPTURE registry data 
evaluating stroke rates by 
various criteria (timing, age, 
symptom status). 
 
Asymptomatic if no TIA, 
amaurosis fugax, or stroke in 
the hemisphere supplied by  
the target vessel within 180 
days before procedure. 

Mean age: 73 y 
White: NR 
Female: 39% 
DM: 35%  
CAD: NR 
COPD: NR 
HF: 17% 
HTN: 88% 
Smoker: 21% 
Stenosis: mean, 85% 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

Unclear whether cases are 
representative of the source 
population 

Fair 
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Table 4. Characteristics of Additional Studies Rated as Good or Fair Quality and Reporting Rates of Periprocedural Complications of 
CEA or CAAS for Adults With Asymptomatic CAS 
 

Study, Year  
Design 

Study Period 

Procedure 
N Total  

(N Asymp) 
Setting and Source 

Population Sample Selection Criteria 
Sample Subjects’ 
Characteristicsa 

Threats to Internal and  
External Validity Quality 

Gray, 2009 Pooled analysis 
of data from 2 
uncontrolled 
trials 
 
CAPTURE-2 
(3/2006-
ongoing as of 
publication) 
 
EXACT 
(11/2005-
4/2007) 

CAAS 
 
Combined: 
6,320 (5,558) 
 
EXACT: 2,145 
(1,932) 
 
Capture-2: 
4,175 (3,627) 

CAPTURE-2 and 
EXACT databases; 
280 sites and 672 
investigators 
 
Both are post-
marketing registries 
of CAAS (2 specific 
devices) 

No specific inclusion or 
exclusion criteria.  
 
Asymptomatic patients had no 
TIA, amaurosis fugax, or  
stroke in the territory supplied 
by the target vessel within 180 
days. 

Combined: 
Mean Age: 73 y 
White: NR 
Female: 38% 
DM: 36% 
CAD: 72% 
COPD: 20% 
HF: 18% 
HTN: 90% 
Smoker: 20% 
Stenosis: 86% 
Prior contralateral CEA: NR 
Contralateral occlusion: 15% 
Contralateral TIA/stroke: NR 

Stroke outcomes assessors were 
masked, but MI and death were 
reported by the sites. 

Fair 

MACE study 
group, 1992 

RCT 
 
1987-1990 

CEA: 36 in 
surgical arm  

Mayo Clinic sites 
(Rochester, 
Jacksonville, 
Scottsdale) 

Exclusions: age <18 y, women 
of childbearing age, unstable 
angina or MI in last 6 months, 
afib/flutter, severe valvular 
disease, moderate to severe 
CHF, severe COPD, cancer, 
other terminal illness, 
dementia, other psychiatric 
illness, renal failure, 
uncontrolled HTN or DM 

Age: 69% >65 y 
White: 97% 
Female: 44% 
DM: 19% 
CAD: 42% 
COPD: 0 
HF: 0 
HTN: 64% 
Smoker: 25% current; 67% ever 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

Subjects from one arm of an RCT Fair 

Yadav, 
2004 

RCT  
(SAPPHIRE) 
 
8/2000-7/2002 

CEA + CAAS:  
334 (96) 
 
CEA: 167 (46) 
 
CAAS: 167 (46) 

Multicenter (29 sites) Symptom status was  
assessed by a neurologist. 
Asymptomatic patients were 
required to have >80% 
stenosis. All participants had  
to have one high risk criteria 
(e.g. severe pulmonary 
disease, age >80 y). 

Mean Age: 73 y 
White: NR 
Female: 33% 
DM: 26% 
CAD: 81% 
COPD: 15% 
HF: 18% 
HTN: 85% 
Smoker: 17% 
Stenosis: NR (inclusion criteria 
require >80% in asymptomatic 
patients) 
Prior contralateral CEA: NR 
Contralateral occlusion: 24% 
Contralateral TIA/stroke: NR 

Unclear whether cases are 
representative of the source 
population. Highly selected 
surgeons and interventionalists; 
participating interventionalists had 
to demonstrate a low complication 
rate with CEA or CAAS in order to 
participate in the trial. Unclear 
whether symptom status was 
determined using valid and 
reliable methods. 

Fair 
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Table 4. Characteristics of Additional Studies Rated as Good or Fair Quality and Reporting Rates of Periprocedural Complications of 
CEA or CAAS for Adults With Asymptomatic CAS 
 
Note: Data are for followup years; reported ages are the mean unless otherwise specified. 
 
a Sample characteristics are of entire cohort (symptomatic and asymptomatic patients) unless otherwise noted. 
b Characteristics are for the asymptomatic subgroup, not whole sample. 
c Database of abstracted discharge data from national survey of 20% of all nonfederal hospitals in United States; linked to American Hospital Association annual survey of hospitals; 
asymptomatic if principal discharge diagnosis was CAS “without mention of stroke” with no accompanying secondary diagnoses for TIA. 
d Arkansas, Georgia, Illinois, Indiana, Iowa, Kentucky, Michigan, Nebraska, Ohio, and Oklahoma. 
e Patient characteristics are given for asymptomatic patients. 
f These are for the asymptomatic patient population. 
 
Abbreviations: ACAS = Asymptomatic Carotid Atherosclerosis Study; CAAS = carotid angioplasty and stenting; CABG = coronary artery bypass graft; CAD = coronary artery disease; 
CAS = carotid artery stenosis; CEA = carotid endarterectomy; CHF = congestive heart failure; COPD = chronic obstructive pulmonary disease; CPT = Current Procedure Terminology; 
CT = computed tomography; CV = cerebrovascular; DM = diabetes mellitus; HF = heart failure; HMO = health maintenance organization; HTN = hypertension; ICD = International 
Classification of Diseases; MI = myocardial infarction; MR = magnetic resonance; N = sample size; NIS = Nationwide Inpatient Sample; NR = not reported; RCT = randomized, 
controlled trial; TIA = transient ischemic attack; U/S = ultrasound. 
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Table 5. Results From Additional Studies Rated as Good or Fair Quality and Reporting Rates of Periprocedural Complications of CEA or 
CAAS for Adults With Asymptomatic CAS 

Study, Year Method of Outcome Assessment In-Hospital Rates 30-Day Rates 
Cohort studies 
Bratzler, 1996 Standard data collection form; abstractors 

used administrative data and medical 
records; also used MedPRO data to identify 
patients who died or were readmitted with a 
principal diagnosis of stroke within 30 days. 

NR Combineda stroke or death: 
Overall: 3.7% 
Highb volume hospitals: 3.5% 
Low volume hospitals: 5.2% 
 
Stroke: 
Overall: 2.6% 
High volume hospitals: 2.8% 
Low volume hospitals: 1.7% 
 
Death: 
Overall: 1.2% 
High volume hospitals: 0.7% 
Low volume hospitals: 3.4% 

Cebul, 1998 Administrative data and chart review; trained 
nurse reviewers to identify outcomes during 
hospitalization; Medicare Provider Analysis 
and Review claims to identify all deaths and 
readmissions within 30 days of CEA, and the 
records of those were reviewed for 
occurrence of strokes. 

NR Stroke or death: 
Overall: 2.4% 
High  volume hospitals: 0% 
Low volume hospitals: 4.9% 
 
Being operated on in a higher volume hospital 
conferred a 71% reduction in risk for 30-day 
stroke or death, controlling for indications, 
comorbid conditions, and surgeon’s volume (OR, 
0.29 [95% CI, 0.12 to 0.69]). 
 
Outcomes did not differ significantly by surgeon 
volume. 

Giacovelli, 2010 ICD-9 codes  
 

Postoperative stroke (Propensity 
matched): CEA: 1.75%; CAAS: 2.04% 
 
Postoperative TIA (Propensity 
matched): CEA: 0.30%; CAAS: 0.32% 
 
Postoperative mortality (Propensity 
matched): CEA: 0.39%; CAAS: 0.55% 
 
Combined postoperative stroke/death 
(Propensity matched): CEA: 1.93%; 
CAAS: 2.37% 

NR 
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Table 5. Results From Additional Studies Rated as Good or Fair Quality and Reporting Rates of Periprocedural Complications of CEA or 
CAAS for Adults With Asymptomatic CAS 

Study, Year Method of Outcome Assessment In-Hospital Rates 30-Day Rates 
Giles, 2010 ICD-9 codes 

 
 

Postoperative stroke: CEA: 0.6%; 
CAAS: 1.0% 
 
Postoperative mortality: CEA: 0.4%; 
CAAS: 0.8% 
 
Combined postoperative stroke/death: 
CEA: 0.9%; CAAS: 1.6% 

NR 

Halm, 2003; 
Rockma, 2005; 
Halm, 2005; 
Press, 2006 

Abstracted from inpatient and outpatient 
medical records, including all readmissions; 2 
investigators independently reviewed records  
of all those who sustained strokes or TIAs, 
including 1 neurologist. 

NR Death: 0.57 
 
Nonfatal stroke: 1.69 
 
Death/stroke: 2.26 
 
Nonfatal MI: 0.85 

Halm, 2007; 
Halm, 2009 

Medicare claims; ICD-9 codes; hospital 
records. Research nurses abstracted data 
from index admission and all readmissions 
within 30 days of surgery for death, stroke, or 
TIA. Confirmed by 2 study physicians 
(including a neurologist). Disagreements 
resolved by consensus. 

NR Death and stroke: 3.01% 
 
Death or stroke in those with high comorbidity: 
7.13%c 
 
Death or stroke rate in those without high 
comorbidity:  2.69%c 

Hopkins, 2010 
CREST  
(lead-in/ 
credentialing) 

Stroke severity was judged by a single 
physician based on chart review. 

NR Death, stroke and MI: 4.8% 
Death, any stroke: 3.8% 
Death, major stroke: 1.8% 
Death: 0.5% 
Major stroke: 1.6% 
Minor stroke: 2.0% 
 
Age ≤75/ >75 
Death, stroke and MI: 3.3%/9.1% 
Death, any stroke: 2.4%/7.5% 
Death, major stroke: 1.2%/3.2% 
Death: 0.5%/0.7% 
Major stroke: 1.1%/2.9% 
Minor stroke: 1.2%/4.3% 
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Table 5. Results From Additional Studies Rated as Good or Fair Quality and Reporting Rates of Periprocedural Complications of CEA or 
CAAS for Adults With Asymptomatic CAS 

Study, Year Method of Outcome Assessment In-Hospital Rates 30-Day Rates 
Karp, 1998 Claims and medical records. Trained medical 

abstractors pulled from medical records; a 
physician reviewed all records in which the 
abstractor determined that the patient had a 
stroke to verify and to determine the severity; 
Deaths from Medicare claims and from Social 
Security files if the patient died at home. 

NR All strokes:d 2.4% 
Moderate/severe strokes: 1.0% 
Stroke-related death: 0.2% 
MI: 0.8% 
MI-related death: 0.6% 
 
Statistically significant increase in morbidity, 
mortality, and less severe complications at 
hospitals performing 10 or less CEAs. 

Kresowik, 2000 Abstraction from medical records by trained 
abstractors for index hospitalization and any 
readmissions; Medicare beneficiary data set  
to identify deaths within 30 days. 

Combined stroke or death:  
Overall: 2.8% 
1994: 2.5% 
1995-1996: 2.9% 

Combined stroke or death: 
Overall: 3.4%  
1994: 3.8% 
1995-1996: 3.3% 

Kresowik, 2004 
 
 

MEDPAR files; ICD-9 codes; Medicare 
Enrollment Database to identify deaths; 
comprehensive review of all medical records 
for the index hospitalization and all admissions 
within 30 days by trained abstractors.  

NR Combined stroke or death: 
1995-1996: 4.1% 
1998-1999: 3.8% 
 
Death:  
1995-1996: 1.1% 
1998-1999: 1.0% 
 
Combined stroke and death rates (1998-1999) 
ranged from 1.4% to 6.0% across 10 states; 3 
states differed significantly from the mean. 

Kresowik, 2001 MEDPAR files; ICD-9 codes; Medicare 
Enrollment Database to identify deaths; 
comprehensive review of all medical records  
for the index hospitalization and all admissions 
within 30 days by trained abstractors; 
independent review of strokes by 2 clinicians 
with expertise in stroke; subset of those 
classified as having no stroke was also 
independently reviewed by 2 clinicians. 

NR Combined stroke or death: 3.7%e 
 
Death: 1.1% 
 
Combined stroke and death rates ranged from 
2.3% to 6.7% across 10 states; 2 states differed 
significantly from the mean. 
 
Mortality rate ranged from 0.5% to 2.5% across 10 
states; 1 state differed significantly from the mean. 

McPhee, 2007 
 
 

ICD-9 codes.  Postoperative stroke: CEA: 0.86%; 
CAAS: 1.8% 
 
Postoperative mortality: CEA: 0.34%; 
CAAS: 0.44% 
 
Postoperative MI: CEA: 1.7%; CAAS: 
2.0% 

NR 
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Table 5. Results From Additional Studies Rated as Good or Fair Quality and Reporting Rates of Periprocedural Complications of CEA or 
CAAS for Adults With Asymptomatic CAS 

Study, Year Method of Outcome Assessment In-Hospital Rates 30-Day Rates 
McPhee, 2008 ICD-9 codes 

 
 

In-hospital mortality: CEA: 0.38%; 
CAAS: 0.57% 
 
Postoperative stroke: CEA: 0.88%; 
CAAS: 1.6% 

NR 

Timaran, 2009 ICD-9 codes 
 
 

Postoperative stroke: CEA: 1.0%; 
CAAS: 1.8% 
 
In-hospital mortality: CEA: 0.5%; CAAS: 
0.7% 

NR 

Vouyouka, 2012 ICD-9 codes Postoperative stroke: CEA: 1.54%; 
CAAS: 2.62%; Propensity Matched: 
CEA: 2.05%; CAAS: 2.67% 
 
Postoperative mortality: CEA: 0.33%; 
CAAS: 0.82%; Propensity Matched: 
CEA: 0.39%; CAAS: 0.78% 
 
Combined postoperative stroke/death: 
CEA: 1.71%; CAAS: 3.09%; Propensity 
Matched: CEA: 2.17%; CAAS: 3.11% 

NR 

Young, 2011  ICD-9 codes In-hospital stroke: CEA: 0.88%; CAAS: 
1.31% 
 
In-hospital death: CEA: 0.39%; CAAS: 
0.57% 
 
Combined in-hospital stroke/death: 
CEA: 1.16%; CAAS: 1.69% 
 
In-hospital cardiac complications: CEA: 
1.86%; CAAS: 2.15% 
 
Combined in-hospital stroke/death/ 
cardiac complications: CEA: 2.90%; 
CAAS: 3.66% 

NR 

Yuo, 2013 ICD-9 codes In-hospital stroke: CEA: 1.5%; CAAS: 
3.2% 
 
In-hospital death: CEA: 0.5%; CAAS: 
1.4% 
 
Combined in-hospital stroke/death: 
CEA: 1.8%; CAAS: 4.1% 

NR 

Screening for Carotid Artery Stenosis  59  RTI International–University of North Carolina EPC 



Table 5. Results From Additional Studies Rated as Good or Fair Quality and Reporting Rates of Periprocedural Complications of CEA or 
CAAS for Adults With Asymptomatic CAS 

Study, Year Method of Outcome Assessment In-Hospital Rates 30-Day Rates 
Trials 
Brott, 2010 ; 
Silver, 2010 

Neurological exam, including NIHSS 
assessment and TIA-stroke questionnaire. 
Study committees unaware of treatment 
assignment adjudicated stroke and MI events.   
 
 
 

NR CAAS:  
All patients/patients <80 y  
MI: 1.2%/0.9% 
Any stroke: 2.5%/2.4% 
Major stroke: 0.5%/0.5% 
Minor stroke: 2.0%/1.8% 
Any stroke or death: 2.5%/2.4% 
Any stroke, death or MI: 3.5%/3.1% 
 
CEA:  
MI: 2.2%/2.2% 
Any stroke: 1.4%/1.5% 
Major stroke: 0.3%/0.4% 
Minor stroke: 1.0%/1.1% 
Any stroke or death: 1.4%/1.5% 
Any stroke, death or MI: 3.6%/3.7% 

CASANOVA 
study group, 
1991 

CT scan, neurologic consultant blinded to 
group assignment.   
 

NR Death: 1.4% 
Stroke or death: 3.2% 
Minor stroke: 0% 
Lung embolism: 1.4%  
MI: 0.0% 
Cranial nerve damage (permanent): 4.2% 
TIA: 1.9% 
Cranial nerve damage: 1.4% 
Pneumonia: 1.4% 
Local infection: 0% 
Local hematoma (requiring surgery): 2.8% 
Other major complication: 1.9% 
Other minor complication: 0.9% 
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Table 5. Results From Additional Studies Rated as Good or Fair Quality and Reporting Rates of Periprocedural Complications of CEA or 
CAAS for Adults With Asymptomatic CAS 

Study, Year Method of Outcome Assessment In-Hospital Rates 30-Day Rates 
Chaturvedi, 
2010 
Matsumura, 
2010 

Neurologic assessment at baseline, 24 hours, 
and 30 days using Health Stroke Scale by an 
independent neurologist (nonoperator). All 
strokes and suspected strokes were 
adjudicated by an independent Clinical Events 
Adjudication Committee. Death and MI 
reported by sites. 

NR Death/stroke/MI: 3.0% 
Death/stroke: 2.8% 
Death/major stroke: 1.2% 
 
Death: 0.7% 
All stroke: 2.3% 
 
Major stroke (all): 0.7% 
Major ipsilateral stroke: 0.6% 
Major contralateral stroke: 0.1%  
 
Minor stroke (all): 1.6% 
Minor ipsilateral stroke: 1.4% 
Minor contralateral stroke: 0.2% 
 
MI: 0.3% 

Fairman, 2007 Neurologic assessment at baseline, 24 hours, 
and 30 days using Health Stroke Scale by an 
independent neurologist (nonoperator). All 
strokes and suspected strokes were 
adjudicated by an independent Clinical Events 
Adjudication Committee (2 independent 
neurologists). Death and MI reported by sites. 

NR Stroke: 4.1% 
Major stroke: 1.6% 
 
 

Gray, 2009 Neurologic assessment at baseline, 24 hours, 
and 30 days using Health Stroke Scale by an 
independent neurologist (nonoperator). All 
strokes and suspected strokes were 
adjudicated by an independent Clinical Events 
Adjudication Committee. Death and MI 
reported by sites. 

NR Full asx sample: 
Death and stroke: 3.2% 
Death and major stroke: 1.3% 
 
In asx patients age <80 y: 
Death/stroke: 2.9% 
Death/major stroke: 1.1% 
Death: 0.8% 
Minor stroke: 1.8% 
Major stroke: 0.6% 
 
In asx patients with unfavorable anatomic factors: 
Death/stroke: 2.7% 
Death/major stroke: 0.8% 
Death: 0.3% 
Minor stroke: 1.9% 
Major stroke: 0.5% 
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Table 5. Results From Additional Studies Rated as Good or Fair Quality and Reporting Rates of Periprocedural Complications of CEA or 
CAAS for Adults With Asymptomatic CAS 

Study, Year Method of Outcome Assessment In-Hospital Rates 30-Day Rates 
MACE study 
group, 1992 

Occurrence and severity of endpoints were 
adjudicated by 2 participating neurologists and 
surgeons who were not involved in the 
management of the patient and who were 
unaware of the treatment arm; included phone 
interview 30days after intervention. 

NR TIA: 4% 
Stroke: 4% 
MI: 8.3% 
Minor cranial nerve injury: 11% 

Yadav, 2004 Neurological examination, including NIHSS 
assessment. Major adverse clinical events 
were adjudicated by an independent, blinded 
clinical events committee.  

NR CEA:  
Death, stroke or MI: 10.2% 
 
CAAS:  
Death, stroke or MI: 5.4% 

Data are for followup years; reported ages are the mean unless otherwise specified. 
 
a The article also reports HTN (3%), wound hematoma (2%), pneumonia (2%), TIA (1%), return to operating room (1%), nerve palsy (1%), acute CHF (<1%), MI (<1%), wound infection 
(<1%), and other (3%), but the data were not reported separately by symptom status. 
b High volume = more than 100 Medicare CEAs over the 2 years. 
c High comorbidity = end stage disease, severe disability, or ≥3 Revised Cardiac Risk Index risk factors. 
d Article also reports “less serious complications”: hematoma (4%) and pneumonia (1.5%), but does not separate by symptom status. 
e The 1995-1996 data are also included in Kresowik 2004, but results were adjusted for independent clinician validation in Kresowik 2001 (i.e., Kresowik 2004 results were unadjusted, 
so the numbers are not identical). 
 
Abbreviations: CAAS = carotid angioplasty and stenting; CEA = carotid endarterectomy; CHF = congestive heart failure; COPD = chronic obstructive pulmonary disease; CV = 
cerebrovascular; HTN = hypertension; ICD = International Classification of Diseases; MI = myocardial infarction; N = sample size; NR = not reported; TIA = transient ischemic attack; 
U/S = ultrasound. 
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Table 6. Projected 5-Year Outcomes of Screening 100,000 Asymptomatic Adults for CAS With 
Duplex Ultrasonography Followed by Confirmatory Testing With MRA 
 
Screening Cascade 
Component Variable CEA Medical Treatment 
Detection 
 

Patients with CAS, n 1,000 1,000 
Positive screening test result (false positive/true 
positive), n (n/n) 

8,860 (7,920/940) 8,860 (7,920/940) 

Patients sent to surgery after MRA confirmation (false 
positive/true positive), n (n/n) 

1,685 (792/893) NA 

Benefitsa Any nonperioperative stroke for those with true 
positive test results, n 

53 102 

Harms Perioperative strokes or death, estimated using trial 
results; using cohort results (false positive/true 
positive), n (n/n) 

41 (19/22); 57 (27/30) 14 (7/7); 2 (1/1) 

Nonfatal perioperative MI, estimated using trial 
results; using cohort studies (false positive/true 
positive), n (n/n) 

14 (7/7); 14 (7/7) 1 (1/1); 1 (1/1) 

Cranial nerve injuries  64 (30/34) 0 (0/0); 0 (0/0) 
Other complications of surgery: pulmonary embolism, 
pneumonia, other infection, local hematoma requiring 
surgery 

≤1% estimated each NA 

Potential psychological harms Unknown Unknown 
Net for major 
cardiovascular events 
avoided or causedb 

Perioperative stroke/death/MI or any subsequent 
stroke in patients with either false positive or true 
positive results: using trial results; using cohort 
results, n 

108; 124 117; 105 

Difference between CEA and medical therapy, using 
trial results; using cohort results 

9 fewer events;19 
more events 

10 more events; 19 
fewer events 

NNS To prevent 1 major cardiovascular event over about 5 
years: using trial results; cohort results 

11,111; net harm NA 

Projected benefits and harms were determined for the 1,685 people who would be sent for CEA after MRA confirmation. When 
relevant, projected outcomes are shown as overall and in parentheses for people who had false positives and those who had true 
positives to illustrate how many people would undergo unnecessary intervention with resulting harm. 
 
Assumptions were as follows:  
1) The true prevalence is 1% in the general asymptomatic primary care population of adults age 65 years and older. 
2) Outcomes table based on our findings for CEA; our results suggest that projected outcomes for CAAS are similar or worse; 
projected outcomes for CAAS were not included in the table. 
3) Screening test is carotid duplex ultrasonography, with sensitivity and specificity for CAS of 60% to 99% and 0.94 and 0.92, 
respectively.  
4) Confirmatory test is MRA (sensitivity, 0.95; specificity, 0.90).47 
5) Rate for any nonperioperative stroke for those with true positive test was based on our meta-analysis, which found a risk 
difference of -0.055, with rates of 5.9% for the CEA group and 11.4% for the medical therapy group. 
6) Perioperative stroke or death rate for CEA is 2.4% when using trial results and 3.3% when using cohort studies of the general 
population of surgeons and patients. 
7) Perioperative stroke or death rate for medical therapy is 0.79% when using trial data and 0.09% when using observational data. 
We did not estimate zero events for perioperative (i.e., 30-day) stroke or death for the medical therapy group, because some people 
will have events during that time period.  
8) Perioperative nonfatal MI rate for CEA is 0.79% (pooled estimate from ACST and VACS) and 0.056% for medical therapy based 
on trial results, regardless of whether the test was a true positive or false positive; we estimated a rate of 0.825% for CEA when 
using cohort studies.99,103 
9) Cranial nerve injury rate for CEA is 3.8% (as in VACS). The authors reported that functional recovery was observed in all cases 
and there was no permanent disability. Certainty of this estimate is low as few fair-quality trials or observational studies reported 
data. One study (CASANOVA) reported higher rates of permanent cranial nerve injury (4.2%).82 Another study reported a rate of 
1.1% for minor cranial nerve injuries.83 
10) Patients with false positive screening results receive no benefit from either medical therapy or CEA. 
 
a Estimates for benefits were based on trial data that have limited applicability to current clinical practice, primarily because medical 
therapy in trials was ill-defined, varying, and would not have included treatments that are now standard medical therapy. Further, 
advances in medical therapy have reduced the rate of stroke in people with asymptomatic CAS in recent decades. The true rates for 
benefit are unknown, and likely less than those reported in trials. 
b Does not include some important harms from above: cranial nerve injuries, other complications of surgery (pulmonary embolism, 
pneumonia, other infection, local hematoma requiring surgery), or potential psychological harms. 
 
Abbreviations: CAAS = carotid angioplasty and stenting; CAS = carotid artery stenosis; CEA = carotid endarterectomy; MI = 
myocardial infarction; MRA = magnetic resonance angiography; NNS = number needed to screen. 
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Appendix A. Summary of Recommendations for Screening of Asymptomatic CAS Proposed by 
Expert Panelsa 

Recommendation 
Grade/Level of 

Evidence Interpretation of Recommendation 
American Heart Association/American Stroke Association21 
Population screening for asymptomatic carotid 
stenosis is not recommended. 

Class III; Level of 
Evidence Bb 

Procedure is not effective and may be 
harmful; evidence from single randomized 
trial or nonrandomized study 

The usefulness of carotid stenting as an 
alternative to carotid endarterectomy (CEA) in 
asymptomatic patients at high risk for the 
surgical procedure is uncertain. 

Class IIb; Level of 
Evidence C 

Recommendation’s usefulness and efficacy 
are less established; only diverging expert 
opinion, case studies, or standard of care 

Joint guidelines from multiple U.S. societies (including the American College of Cardiology, American 
Heart Association, American Stroke Association, American College of Radiology, and the Society for 
Vascular Surgery)151 

It is reasonable to perform duplex 
ultrasonography to detect hemodynamically 
significant carotid stenosis in asymptomatic 
patients with carotid bruit.  

Class IIa; Level of 
Evidence Cb 

Recommendation in favor of treatment or 
procedure; very limited populations have 
been evaluated 

Duplex ultrasonography to detect 
hemodynamically significant carotid stenosis 
may be considered in asymptomatic patients 
with symptomatic peripheral arterial disease, 
coronary artery disease, or atherosclerotic aortic 
aneurysm, but because such patients already 
have an indication for medical therapy to 
prevent ischemic symptoms, it is unclear 
whether establishing the additional diagnosis of 
extracranial carotid and vertebral artery disease 
in those without carotid bruit would justify 
actions that affect clinical outcomes.  

Class IIb; Level of 
Evidence C 

Recommendation’s usefulness and 
efficacy is less established; only limited 
populations have been evaluated 

Duplex ultrasonography might be considered to 
detect carotid stenosis in asymptomatic patients 
without clinical evidence of atherosclerosis who 
have ≥2 of the following risk factors: 
hypertension, hyperlipidemia, tobacco smoking, 
family history in a 1st-degree relative of 
atherosclerosis manifested before age 60 years, 
or family history of ischemic stroke. However, it’s 
unclear whether establishing a diagnosis of 
extracranial carotid and vertebral artery disease 
would justify actions that affect clinical outcomes.  

Class IIb; Level of 
Evidence C 

Recommendation’s usefulness and 
efficacy are less established; only limited 
populations have been evaluated 

Carotid duplex ultrasonography is not 
recommended for routine screening of 
asymptomatic patients who have no clinical 
manifestations of or risk factors for 
atherosclerosis.  

Class III; Level of 
Evidence C 

Recommendation’s usefulness and 
efficacy are less established; only limited 
populations have been evaluated 

Society for Vascular Surgery Guidelines152 
Routine screening is not recommended to 
detect clinically asymptomatic carotid stenosis 
in the general population. Screening is not 
recommended for presence of a neck bruit 
alone without other risk factors.  

Grade I, Level of 
Evidence Ac 

Risk clearly outweighs benefit, based on 
high-quality evidence 

Screening for asymptomatic clinically significant 
carotid bifurcation stenosis should be 
considered in certain groups of patients with 
multiple risk factors that increase the incidence 
of disease as long as the patients are fit for and 
willing to consider carotid intervention if a 
significant stenosis is discovered. Such groups 
of patients include those with clinically 
significant peripheral vascular disease and 
those age ≥65 years with a history of ≥1 of the 
following atherosclerotic risk factors: coronary 
artery disease, smoking, or 
hypercholesterolemia. 

Grade I, Level of 
Evidence B 
 

Benefit clearly outweighs risk, based on 
moderate-quality evidence 

Screening for Carotid Artery Stenosis  64  RTI International–University of North Carolina EPC 



Appendix A. Summary of Recommendations for Screening of Asymptomatic CAS Proposed by 
Expert Panelsa 

Recommendation 
Grade/Level of 

Evidence Interpretation of Recommendation 
Carotid screening may be considered in patients 
prior to coronary artery bypass. Screening is 
most likely to be fruitful if the patient is age ≥65 
years, has left main disease, or has a history of 
peripheral vascular disease. The strongest 
indication for screening these patients from the 
data available is to identify patients at high risk 
of perioperative stroke. 

Grade II, Level of 
Evidence B 

Benefits and risks are more closely 
matched and more dependent on specific 
clinical scenarios as well as physician and 
patient preferences, based on moderate 
quality evidence 

a These selected recommendations are most relevant to this review and not meant to be comprehensive. Some recommendations 
have been summarized.  
b Recommendations are made using the GRADE (Grades of Recommendation Assessment, Development and Evaluation) system. 
c Recommendations based on ACCF/AHA Task Force on Practice Guidelines.  
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Appendix B. Search Strategy 

Initial Searches  

1/14/13 PubMed 

Search Query Items 
found 

#1 Search ("Carotid Stenosis"[Mesh] OR "carotid stenosis" OR "carotid artery stenosis") 13181 

#2 Search asymptomatic 100045 

#3 Search (#1 and #2) 2650 

#4 Search "Mass Screening"[Mesh] 92506 

#5 Search (#3 and #4) 52 

#6 Search "Carotid Stenosis/ultrasonography"[Mesh] 2304 

#7 Search "Ultrasonography"[Mesh] 230227 

#8 Search (#3 and #7) 590 

#9 Search "Endarterectomy, Carotid"[Mesh] 6297 

#10 Search (#3 and #9) 1139 

#11 Search "Angioplasty"[Mesh] 51935 

#12 Search (#3 and #11) 451 

#13 Search "Magnetic Resonance Angiography"[Mesh] 15076 

#14 Search (#3 and #13) 86 

#15 Search ("Angioplasty, Balloon"[Mesh] OR "balloon dilation") 47673 

#16 Search (#3 and #15) 228 

#17 Search "Stents"[Mesh] 47106 

#18 Search (#3 and #17) 602 

#19 Search ("CT angiography"[tiab] OR “computed tomographic angiography”[tiab]) 6410 

#20 Search (#3 and #19) 32 

#21 Search "Carotid Stenosis/radiography"[Mesh] 1613 

#22 Search (#3 and #21) 236 

#23 Search (#5 or #6 or #8 or #10 or #12 or #14 or #16 or #18 or #20 or #22) 3798 

#24 Search ("Randomized Controlled Trial"[Publication Type] OR "Single-Blind Method"[MeSH] OR 
"Double-Blind Method"[MeSH] OR "Random Allocation"[MeSH] OR trial[tiab]) 

615495 

#25 Search (#23 and #24) 448 

#26 Search (("review"[Publication Type] AND "systematic"[tiab]) OR "systematic review"[All Fields] 
OR ("review literature as topic"[MeSH] AND "systematic"[tiab]) OR "meta-analysis"[Publication 
Type] OR "meta-analysis as topic"[MeSH Terms] OR "meta-analysis"[All Fields]) 

101498 

#27 Search (#23 and #26) 68 

#28 Search (#25 or #27) 498 

#29 Search ("stroke"[MeSH Terms] OR "stroke"[All Fields] OR "brain infarction"[All Fields] OR 
"cerebrovascular disorder"[All Fields] OR "cerebrovascular disease"[All Fields] OR "CVA"[All 
Fields] OR "cerebral infarction"[All Fields] OR "ischemic stroke"[All Fields] OR (("stroke"[MeSH 
Terms] OR "stroke"[All Fields]) AND ("ischemia"[MeSH Terms] OR "ischemia"[All Fields] OR 
"ischemic"[All Fields])) OR "cerebrovascular accident"[All Fields]) 

201437 

#30 Search ("risk"[MeSH Terms] OR "risk assessment"[MeSH Terms] OR "risk adjustment"[MeSH 
Terms] OR "risk assessment"[MeSH Terms] OR ("risk"[All Fields] AND "assessment"[All 
Fields]) OR "risk assessment"[All Fields] OR ("assessment"[All Fields] AND "benefit"[All Fields] 
AND "risk"[All Fields]) OR ("assessments"[All Fields] AND "benefit"[All Fields] AND "risk"[All 
Fields])) 

799562 

#31 Search (#3 and #29 and #30) 818 

#32 Search (#31 and #24) 132 

#33 Search ("Case-Control Studies"[MeSH] OR "Cohort Studies"[MeSH] OR "comparative 
study"[pt] OR "Epidemiologic Studies"[MeSH] OR "Cross-Over Studies"[MeSH] OR "Follow-Up 
Studies"[MeSH] OR “observational study” OR “observational studies” OR "cohort"[tw] OR "case 
control"[tw]) 

2911595 

#34 Search (#31 and #33) 484 

#35 Search (#32 or #34) 524 

#36 Search (#5 or #6 or #8 or #14 or #20 or #22) 2774 

#37 Search (#36 and #26) 29 

#38 Search ("Endarterectomy, Carotid/statistics and numerical data"[Mesh]) 769 
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Appendix B. Search Strategy 

Search Query Items 
found 

#39 Search "Endarterectomy, Carotid/adverse effects"[Mesh] 1573 

#40 Search (#23 or #38 or #39) 5322 

#41 Search (harm OR harms OR adverse effect* OR adverse event* OR complication* OR death 
OR stroke OR "Myocardial Infarction"[Mesh] OR “myocardial infarction” OR (unnecessary AND 
“carotid endarterectomy”) OR "Kidney Failure, Chronic"[Mesh] OR "Renal Insufficiency"[Mesh] 
OR "Cranial Nerve Diseases"[Mesh] OR "Cranial Nerve Injuries"[Mesh] OR (neck AND 
hematoma*)) 

3944352 

#42 Search (#40 and #41) 4080 

#43 Search (comment[pt] OR editorial[pt] OR letter[pt] OR news[pt]) 1348329 

#44 Search (#25 or #27) Filters: Humans 494 

#45 Search (#25 or #27) Filters: Humans; English 458 

#46 Search (#25 or #27) Filters: Humans; English; Adult: 19+ years 283 

#47 Search (#46 NOT #43) 283 

#48 Search (#32 or #34) Filters: Humans 524 

#49 Search (#32 or #34) Filters: Humans; English 485 

#50 Search (#32 or #34) Filters: Humans; English; Adult: 19+ years 414 

#51 Search (#50 NOT #43) 413 

#52 Search (#36 and #26) Filters: Humans 28 

#53 Search (#36 and #26) Filters: Humans; English 26 

#54 Search (#36 and #26) Filters: Humans; English; Adult: 19+ years 7 

#55 Search (#54 NOT #43) 7 

#56 Search (#40 and #41) Filters: Humans 4056 

#57 Search (#40 and #41) Filters: Humans; English 3666 

#58 Search (#40 and #41) Filters: Humans; English; Adult: 19+ years 2606 

#59 Search (#58 NOT #43) 2548 

#60 Search (#47 or #51 or #55 or #59) 2667 
 
1/14/13 Cochrane Library 
ID Search Hits 
#1 [mh "Carotid Stenosis"] or "carotid stenosis" or "carotid artery stenosis"  817 
#2 asymptomatic  5592 
#3 #1 and #2  254 
#4 [mh "Mass Screening"]  4250 
#5 #3 and #4  7 
#6 [mh "Carotid Stenosis"/US]  109 
#7 [mh Ultrasonography]  6706 
#8 #3 and #7  47 
#9 [mh "Endarterectomy, Carotid"]  442 
#10 #3 and #9  121 
#11 [mh Angioplasty]  3950 
#12 #3 and #11  36 
#13 [mh "Magnetic Resonance Angiography"]  338 
#14 #3 and #13  4 
#15 [mh "Angioplasty, Balloon"] or "balloon dilation"  4135 
#16 #3 and #15  19 
#17 [mh Stents]  2939 
#18 #3 and #17  49 
#19 "CT angiography" or "computed tomographic angiography"  242 
#20 #3 and #19  3 
#21 [mh "Carotid Stenosis"/RA]  52 
#22 #3 and #21  11 
#23 #5 or #6 or #8 or #10 or #12 or #14 or #16 or #18 or #20 or #22  242 
#24 "Randomized Controlled Trial" or rct or "Single-Blind Method" or "Double-Blind Method" or 

"Random Allocation" or trial  
716586 
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Appendix B. Search Strategy 

ID Search Hits 
#25 #23 and #24  220 
#26 (review and systematic) or "systematic review" or ([mh "review literature as topic"] and 

systematic) or "meta-analysis" or [mh "meta-analysis as topic"] 
36928 

#27 #23 and #26  47 
#28 #25 or #27  226 
#29 [mh stroke] or stroke or "brain infarction" or "cerebrovascular disorder" or "cerebrovascular 

disease" or CVA or "cerebral infarction" or "ischemic stroke" or (stroke and (ischemia or 
ischemic)) or "cerebrovascular accident"  

28247 

#30 [mh risk] or [mh "risk assessment"] or [mh "risk adjustment"] or (risk and assessment) or "risk 
assessment"  

46693 

#31 #3 and #29 and #30  111 
#32 #31 and #24  99 
#33 "Case-Control Studies" or "Cohort Studies" or "comparative study" or "Epidemiologic Studies" 

or "Cross-Over Studies" or "Follow-Up Studies" or "observational study" or "observational 
studies" or "cohort" or "case control"  

200532 

#34 #31 and #33  57 
#35 #32 or #34  104 
#36 #5 or #6 or #8 or #14 or #20 or #22  141 
#37 #36 and #26  12 
#38 [mh "Endarterectomy, Carotid"/SN]  15 
#39 [mh "Endarterectomy, Carotid"/AE]  110 
#40 #23 or #38 or #39  322 
#41 harm or harms or adverse effect* or adverse event* or complication* or death or stroke or [mh 

"Myocardial Infarction"] or "myocardial infarction" or (unnecessary and "carotid 
endarterectomy") or [mh "Kidney Failure, Chronic"] or [mh "Renal Insufficiency"] or [mh "Cranial 
Nerve Diseases"] or [mh "Cranial Nerve Injuries"] or (neck and hematoma*)  

229088 

#42 #40 and #41  295 
#43 comment:pt or editorial:pt or letter:pt or news:pt  6335 
#44 #28 not #43  223 
#45 #35 not #43  104 
#46 #37 not #43  12 
#47 #42 not #43  293 
#48 #44 or #45 or #46 or #47  330 
 
1/14/13 Embase 
Search Query Items 

Found 
#52 #45 OR #47 OR #49 OR #51 AND [embase]/lim 1,805 
#51 #50 NOT #43 AND [embase]/lim 1,618 
#50 #42 AND ([adult]/lim OR [aged]/lim) AND [humans]/lim AND [english]/lim AND [embase]/lim 1,652 
#49 #48 NOT #43 AND [embase]/lim 45 
#48 #37 AND ([adult]/lim OR [aged]/lim) AND [humans]/lim AND [english]/lim AND [embase]/lim 45 
#47 #46 NOT #43 AND [embase]/lim 252 
#46 #35 AND ([adult]/lim OR [aged]/lim) AND [humans]/lim AND [english]/lim AND [embase]/lim 254 
#45 #44 NOT #43 AND [embase]/lim 430 
#44 #28 AND ([adult]/lim OR [aged]/lim) AND [humans]/lim AND [english]/lim AND [embase]/lim 432 
#43 ‘editorial’/exp OR ‘letter’/exp AND [embase]/lim 902,998 
#42 #40 AND #41 AND [embase]/lim 3,297 
#41 Harm OR harms OR adverse AND effect* OR 'adverse outcome'/exp OR 'adverse event' OR 

'adverse events' OR complication* OR 'death'/exp OR 'stroke'/exp OR 'heart infarction'/exp OR 
'myocardial infarction'/exp OR (unnecessary AND 'carotid endarterectomy'/exp) OR 'chronic 
kidney failure'/exp OR 'kidney failure'/exp OR 'cranial neuropathy'/exp OR 'cranial nerve 
injury'/exp OR ('neck'/exp AND hematoma*) AND [embase]/lim 

2,755,904 

#40 #23 OR #38 OR #39 AND [embase]/lim 5,265 
#39 ‘carotid endarterectomy'/exp AND 'adverse outcome'/exp AND [embase]/lim 33 
#38 ‘carotid endarterectomy'/exp AND 'health statistics'/exp AND [embase]/lim 2 
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Search Query Items 
Found 

#37 #36 AND #26 AND [embase]/lim 420 
#36 #5 OR OR #6 OR #8 OR #14 OR #20 OR #22 AND [embase]/lim 3,859 
#35 #32 OR #34 AND [embase]/lim 650 
#34 #31 AND #33 AND [embase]/lim 433 
#33 ‘cohort analysis'/exp OR 'comparative study'/exp OR 'epidemiological study' OR 'crossover 

procedure'/exp OR 'follow up'/exp OR 'case control study'/exp OR 'observational study'/exp OR 
'observational studies'/exp OR cohort AND [embase]/lim 

1,315,793 

#32 #31 AND #24 AND [embase]/lim 371 
#31 #3 AND #29 AND #30 AND [embase]/lim 1,290 
#30 ‘risk’/exp OR 'risk assessment'/exp OR 'risk adjustment'/exp OR ('risk'/exp AND assessment) 

OR (assessment AND benefit AND 'risk'/exp) OR (assessments AND benefit AND 'risk'/exp) 
AND [embase]/lim 

1,043,208 

#29 ‘stroke’/exp OR 'brain infarction'/exp OR 'cerebrovascular disease'/exp OR 'cerebral 
infarction'/exp OR 'brain ischemia'/exp OR ischemic OR 'ischemia'/exp OR 'cerebrovascular 
accident'/exp OR 'cva'/exp AND [embase]/lim 

742,015 

#28 #25 OR #27 AND [embase]/lim 1,385 
#27 #23 AND #26 AND [embase]/lim 671 
#26 ‘review’/ exp OR (systematic AND 'review'/exp) OR 'systematic review'/exp OR ('literature'/exp 

AND 'review'/exp AND systematic) OR 'meta analysis (topic)'/exp OR 'meta analysis'/exp AND 
[embase]/lim 

1,328,033 

#25 #23 AND #24 AND [embase]/lim 987 
#24 ‘randomized controlled trial'/exp OR 'single blind procedure'/exp OR 'double blind 

procedure'/exp OR 'random allocation'/exp OR trial AND [embase]/lim 
1,012,147 

#23 #5 OR #6 OR #8 OR #10 OR #12 OR #14 OR #16 OR #18 OR #20 OR #22 AND [embase]/lim 5,239 
#22 #3 AND #21 AND [embase]/lim 3 
#21 ‘carotid artery obstruction'/exp/dm_rt AND [embase]/lim 11 
#20 #3 AND #19 AND [embase]/lim 94 
#19 ‘computed tomographic angiography'/exp AND [embase]/lim 17,301 
#18 #3 AND #17 AND [embase]/lim 626 
#17 ‘stent’/exp AND [embase]/lim 76,186 
#16 #3 AND #15 AND [embase]/lim 74 
#15 ‘carotid angioplasty'/exp OR 'balloon dilatation'/exp AND [embase]/lim 8,331 
#14 #3 AND #13 AND [embase]/lim 159 
#13 ‘magnetic resonance angiography'/exp AND [embase]/lim 18,209 
#12 #3 AND #11 AND [embase]/lim 707 
#11 ‘angioplasty’/exp AND [embase]/lim 50,229 
#10 #3 AND #9 AND [embase]/lim 1,414 
#9 ‘carotid endarterectomy'/exp AND [embase]/lim 10,608 
#8 #3 AND #7 727 
#7 ‘echography’/exp AND [embase]/lim 376,374 
#6 ‘carotid artery obstruction'/exp AND 'echography'/exp AND [embase]/lim 3,724 
#5 #3 AND #4 AND [embase]/lim 10 
#4 ‘mass screening'/exp AND [embase]/lim 100,488 
#3 #1 AND #2 AND [embase]/lim 2,998 
#2 asymptomatic AND [embase]/lim 106,122 
#1 ‘carotid artery obstruction'/exp OR 'carotid stenosis'/exp OR 'carotid artery stenosis'/exp AND 

[embase]/lim 
19,804 

Additional searches (for drugs) for KQ 6 (PubMed and Cochrane Library) 
4/11/13 PubMed 
Search Query Items 

found 
#19 Search "Carotid Stenosis"[Mesh] OR "carotid stenosis" OR "carotid artery stenosis" 13363 

#20 Search asymptomatic 101659 

#21 Search (#19 and #20) 2691 
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Appendix B. Search Strategy  

#22 Search ("Aspirin"[Mesh] OR "Hydroxymethylglutaryl-CoA Reductase Inhibitors" 2173853 
[Pharmacological Action] OR statins[tiab] OR "Platelet Aggregation Inhibitors"[Mesh] 
OR "Drug Therapy"[Mesh] OR "drug therapy"[subheading]) 

#23 Search (#21 and #22) 240 
#29 Search ("Chemicals and Drugs Category"[Mesh]) 10950565 
#30 Search (#21 and #29) 508 
#31 Search (#30 NOT #23) 318 
#32 Search ("Randomized Controlled Trial"[Publication Type] OR "Single-Blind 625507 

Method"[MeSH] OR "Double-Blind Method"[MeSH] OR "Random Allocation"[MeSH] 
OR trial[tiab]) 

#33 Search (#31 and #32) 18 
#34 Search (#31 and #32) Filters: Humans 18 
#35 Search (#31 and #32) Filters: Humans; English 15 
#36 Search (#31 and #32) Filters: Humans; English; Adult: 19+ years 13 
#37 Search (("review"[Publication Type] AND "systematic"[tiab]) OR "systematic 19048 

review"[All Fields] OR ("review literature as topic"[MeSH] AND "systematic"[tiab]) OR 
"meta-analysis"[Publication Type] OR "meta-analysis as topic"[MeSH Terms] OR 
"meta-analysis"[All Fields]) Filters: Humans; English; Adult: 19+ years 

#38 Search (#31 and #37) Filters: Humans; English; Adult: 19+ years 0 
#39 Search (Chlorthalidone[mesh] AND #31) 0 
#40 Search (Chlorthalidone[mesh] and #21) 0 
#42 Search (Hydrochlorothiazide[mesh] AND #21) 3 
#43 Search (#42 and (#32 or #37)) Filters: Humans; English; Adult: 19+ years 3 
#44 Search (#43 NOT (#23 or #36)) Filters: Humans; English; Adult: 19+ years 0 
#45 Search ("Lisinopril"[Mesh] AND #21) Filters: Humans; English; Adult: 19+ years 0 
#46 Search ("Atenolol"[Mesh] AND #21) Filters: Humans; English; Adult: 19+ years 0 
#47 Search (Metoprolol[Mesh] AND #21) Filters: Humans; English; Adult: 19+ years 0 

4/11/13 Cochrane Library (3 results; 1 Cochrane review and 2 trials. All 3 were retrieved in 
previous searches.) 
ID  Search  Hits 
#1 [mh "Carotid Stenosis"] or "carotid stenosis" or "carotid artery stenosis" 827 
#2 asymptomatic 5655 
#3 #1 and #2 260 
#4 [mh Aspirin] or [mh "Hydroxymethylglutaryl-CoA Reductase Inhibitors"] or (statins:ti or 200682 

statins:ab) or [mh "Platelet Aggregation Inhibitors"] or [mh "Drug Therapy"] or [mh /DT] 
#5 #3 and #4 35 
#6 [mh "Pharmacologic Actions"] 156873 
#7 #3 and #6 23 
#8 #7 not #5 3 

CAS Gray Literature Searches 

A) WHO ICTRP (International Clinical Trials Registry Platform) search 2-12-13 
1. 16 results for Title search: “carotid stenosis” OR “carotid artery stenosis” 

2. 32 results for Condition search: “carotid stenosis” OR “carotid artery stenosis” 

B) ClinicalTrials.gov search 2-12-13 (94 trials) 
( ( "carotid stenosis" OR "carotid artery stenosis" AND asymptomatic ) AND ( "Mass Screening" OR screening OR 
Ultrasonography OR "carotid endarterectomy" OR Angioplasty OR "Magnetic Resonance Angiography" OR 
"balloon angioplasty" OR "balloon dilation" OR stent* OR "CT angiography" OR "computed tomographic 
angiography" OR radiography ) ) [ALL-FIELDS] 

C) We said we would search Cochrane Stroke Group Trials registry, but I could not figure out how to search for 
trials specifically within that group, so I repeated a search in Cochrane Central Register of Controlled Trials 
(CENTRAL) limited to trials and groups, but did not limit to study types except to remove editorials, letter, 
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comments, news; and found 170 results. I checked this against our original Cochrane search and it should add 120 
new citations and discard 50 duplicates. Here is the search: 

2/11/13 Cochrane Trials Search  
ID Search Hits 
#1 [mh "carotid stenosis"] or "carotid stenosis" or "carotid artery 

stenosis"  
822 

#2 asymptomatic  5618 
#3 #1 and #2  258 
#4 [mh "mass screening"]  4337 
#5 #3 and #4  7 
#6 [mh "carotid stenosis"/US]  109 
#7 [mh ultrasonography]  6749 
#8 #3 and #7  47 
#9 [mh "endarterectomy, carotid"]  446 
#10 #3 and #9  124 
#11 [mh angioplasty]  3972 
#12 #3 and #11  38 
#13 [mh "Magnetic Resonance Angiography"]  340 
#14 #3 and #13  4 
#15 [mh "angioplasty, balloon"] or "balloon dilation"  4150 
#16 #3 and #15  19 
#17 [mh stents]  2971 
#18 #3 and #17  51 
#19 "CT angiography":ti or "CT angiography":ab or "computed 

tomographic angiography":ti or "computed tomographic 
angiography":ab  

186 

#20 #3 and #19  2 
#21 [mh "carotid stenosis"/RA]  52 
#22 #3 and #21  11 
#23 #5 or #6 or #8 or #10 or #12 or #14 or #16 or #18 or #20 or #22  244 
#24 comment:pt or editoral:pt or letter:pt or news:pt  6182 
#25 #23 not #24 in Trials and Cochrane Groups 170 
 
Bridge Searches 
9/27/13 and 10/3/13 
Search Query Items 

found 
#1 Search ("Carotid Stenosis"[Mesh] OR "carotid stenosis" OR "carotid artery stenosis") 13743 

#2 Search asymptomatic 104694 

#3 Search (#1 and #2) 2770 

#4 Search "Aspirin"[Mesh] 36926 

#5 Search (#3 and #4) 73 

#6 Search "Hydroxymethylglutaryl-CoA Reductase Inhibitors"[Mesh] 18957 

#7 Search "Hydroxymethylglutaryl-CoA Reductase Inhibitors" [Pharmacological Action] 27130 

#8 Search (#6 or #7) 27130 

#9 Search (#3 and #8) 39 

#10 Search (#3 AND statins[tiab]) 39 

#11 Search (#9 or #10) 63 

#12 Search "Platelet Aggregation Inhibitors"[Mesh] 25236 

#13 Search (#3 and #12) 79 

#14 Search "Drug Therapy"[Mesh] 1006539 

#15 Search "drug therapy"[subheading] 1621742 

#16 Search (#14 or #15) 2176937 

#17 Search (#3 and #16) 159 

#18 Search (#5 or #11 or #13 or #17) 251 

#19 Search ("Randomized Controlled Trial"[Publication Type] OR "Single-Blind Method"[MeSH] OR 645662 
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Appendix B. Search Strategy 

"Double-Blind Method"[MeSH] OR "Random Allocation"[MeSH] OR trial[tiab]) 
#20 Search (#18 and #19) 69 

#21 Search (("review"[Publication Type] AND "systematic"[tiab]) OR "systematic review"[All Fields] 
OR ("review literature as topic"[MeSH] AND "systematic"[tiab]) OR "meta-analysis"[Publication 
Type] OR "meta-analysis as topic"[MeSH Terms] OR "meta-analysis"[All Fields]) 

114200 

#22 Search (#18 and #21) 13 

#23 Search (#20 or #22) 79 

#24 Search (#20 or #22) Filters: Humans 76 

#25 Search (#20 or #22) Filters: Humans; English 72 

#26 Search (#20 or #22) Filters: Humans; English; Adult: 19+ years 44 

#27 Search (“retraction”[All Fields] OR “Retracted Publication”[pt] AND #18) 0 

#28 Search (#20 or #22) Filters: Publication date from 2013/01/01 to 2013/12/31; Humans; English; 
Adult: 19+ years 

2 

03/10/13 Cochrane Update Search for Statins (4 New) 
ID Search Hits 
#1 [mh "Carotid Stenosis"] or "carotid stenosis" or "carotid artery 

stenosis"  
853 

#2 asymptomatic  5775 
#3 #1 and #2  268 
#4 [mh Aspirin]  657 
#5 #3 and #4  4 
#6 [mh "Hydroxymethylglutaryl-CoA Reductase Inhibitors"]  2444 
#7 #3 and #6  2 
#8 #3 and (statins:ti or statins:ab)  2 
#9 [mh "Platelet Aggregation Inhibitors"]  2762 
#10 #3 and #9  12 
#11 [mh "Drug Therapy"] or [mh /DT]  202679 
#12 #3 and #11  32 
#13 #5 or #7 or #8 or #10 or #12 from 2012 to 2013 4 

9/27/13 PubMed (63 results) and Retractions (3) (KQs 1-5, 7, and 8 search [separate/additional 
searches were conducted for KQ 6]) 
Search Query Items 

found 
#1 Search "Carotid Stenosis"[Mesh] OR "carotid stenosis" OR "carotid artery stenosis" 13732 

#2 Search asymptomatic 104580 

#3 Search (#1 and #2) 2768 

#4 Search "Mass Screening"[Mesh] 95673 

#5 Search (#3 and #4) 53 

#6 Search "Carotid Stenosis/ultrasonography"[Mesh] 2371 

#7 Search "Ultrasonography"[Mesh] 238537 

#8 Search (#3 and #7) 619 

#9 Search "Endarterectomy, Carotid"[Mesh] 6520 

#10 Search (#3 and #9) 1188 

#11 Search "Angioplasty"[Mesh] 53078 

#12 Search (#3 and #11) 469 

#13 Search "Magnetic Resonance Angiography"[Mesh] 15908 

#14 Search (#3 and #13) 90 

#15 Search ("Angioplasty, Balloon"[Mesh] OR "balloon dilation") 48723 

#16 Search (#3 and #15) 235 

#17 Search "Stents"[Mesh] 49701 

#18 Search (#3 and #17) 640 

#19 Search ("CT angiography"[tiab] OR “computed tomographic angiography”[tiab]) 7038 

#20 Search (#3 and #19) 36 

#21 Search "Carotid Stenosis/radiography"[Mesh] 1664 

#22 Search (#3 and #21) 246 

#23 Search (#5 or #6 or #8 or #10 or #12 or #14 or #16 or #18 or #20 or #22) 3937 

#24 Search ("Randomized Controlled Trial"[Publication Type] OR "Single-Blind Method"[MeSH] OR 645006 
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Appendix B. Search Strategy 

Search Query Items 
found 

"Double-Blind Method"[MeSH] OR "Random Allocation"[MeSH] OR trial[tiab]) 
#25 Search (#23 and #24) 462 

#26 Search (("review"[Publication Type] AND "systematic"[tiab]) OR "systematic review"[All Fields] 
OR ("review literature as topic"[MeSH] AND "systematic"[tiab]) OR "meta-analysis"[Publication 
Type] OR "meta-analysis as topic"[MeSH Terms] OR "meta-analysis"[All Fields]) 

113879 

#27 Search (#23 and #26) 75 

#28 Search (#25 or #27) 518 

#29 Search ("stroke"[MeSH Terms] OR "stroke"[All Fields] OR "brain infarction"[All Fields] OR 
"cerebrovascular disorder"[All Fields] OR "cerebrovascular disease"[All Fields] OR "CVA"[All 
Fields] OR "cerebral infarction"[All Fields] OR "ischemic stroke"[All Fields] OR (("stroke"[MeSH 
Terms] OR "stroke"[All Fields]) AND ("ischemia"[MeSH Terms] OR "ischemia"[All Fields] OR 
"ischemic"[All Fields])) OR "cerebrovascular accident"[All Fields]) 

213772 

#30 Search ("risk"[MeSH Terms] OR "risk assessment"[MeSH Terms] OR "risk adjustment"[MeSH 
Terms] OR "risk assessment"[MeSH Terms] OR ("risk"[All Fields] AND "assessment"[All 
Fields]) OR "risk assessment"[All Fields] OR ("assessment"[All Fields] AND "benefit"[All Fields] 
AND "risk"[All Fields]) OR ("assessments"[All Fields] AND "benefit"[All Fields] AND "risk"[All 
Fields])) 

843578 

#31 Search (#3 and #29 and #30) 861 

#32 Search (#31 and #24) 138 

#33 Search ("Case-Control Studies"[MeSH] OR "Cohort Studies"[MeSH] OR "comparative 
study"[pt] OR "Epidemiologic Studies"[MeSH] OR "Cross-Over Studies"[MeSH] OR "Follow-Up 
Studies"[MeSH] OR “observational study” OR “observational studies” OR "cohort"[tw] OR "case 
control"[tw]) 

3019090 

#34 Search (#31 and #33) 508 

#35 Search (#32 or #34) 551 

#36 Search (#5 or #6 or #8 or #14 or #20 or #22) 2868 

#37 Search (#36 and #26) 29 

#38 Search ("Endarterectomy, Carotid/statistics and numerical data"[Mesh]) 813 

#39 Search "Endarterectomy, Carotid/adverse effects"[Mesh] 1666 

#40 Search (#23 or #38 or #39) 5541 

#41 Search (harm OR harms OR adverse effect* OR adverse event* OR complication* OR death 
OR stroke OR "Myocardial Infarction"[Mesh] OR “myocardial infarction” OR (unnecessary AND 
“carotid endarterectomy”) OR "Kidney Failure, Chronic"[Mesh] OR "Renal Insufficiency"[Mesh] 
OR "Cranial Nerve Diseases"[Mesh] OR "Cranial Nerve Injuries"[Mesh] OR (neck AND 
hematoma*)) 

4084165 

#42 Search (#40 and #41) 4269 

#43 Search (comment[pt] OR editorial[pt] OR letter[pt] OR news[pt]) 1407811 

#44 Search (#25 or #27) Filters: Humans 515 

#45 Search (#25 or #27) Filters: Humans; English 478 

#46 Search (#25 or #27) Filters: Humans; English; Adult: 19+ years 293 

#47 Search (#46 NOT #43) 293 

#48 Search (#32 or #34) Filters: Humans 551 

#49 Search (#32 or #34) Filters: Humans; English 512 

#50 Search (#32 or #34) Filters: Humans; English; Adult: 19+ years 439 

#51 Search (#50 NOT #43) 438 

#52 Search (#36 and #26) Filters: Humans 29 

#53 Search (#36 and #26) Filters: Humans; English 27 

#54 Search (#36 and #26) Filters: Humans; English; Adult: 19+ years 7 

#55 Search (#54 NOT #43) 7 

#56 Search (#40 and #41) Filters: Humans 4245 

#57 Search (#40 and #41) Filters: Humans; English 3832 

#58 Search (#40 and #41) Filters: Humans; English; Adult: 19+ years 2732 

#59 Search (#58 NOT #43) 2673 

#60 Search (#47 or #51 or #55 or #59) 2795 

#61 Search (#60 AND (2012/12/14:2013/09/27[edat])) 63 

#62 Search (#21 or #31 or #42) 5732 

#63 Search (#62 AND (“retraction”[All Fields] OR “Retracted Publication”[pt])) 3 
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KQ 6 Search Update for Additional Drugs (1 new RCT and 0 retractions. The 1 new RCT was a 
duplicate with the search above and was discarded.) 
Search Query Items 

found 
#1 Search ("Carotid Stenosis"[Mesh] OR "carotid stenosis" OR "carotid artery stenosis") 13732 

#2 Search asymptomatic 104580 

#3 Search (#1 and #2) 2768 

#4 Search ("Aspirin"[Mesh] OR "Hydroxymethylglutaryl-CoA Reductase Inhibitors" 
[Pharmacological Action] OR statins[tiab] OR "Platelet Aggregation Inhibitors"[Mesh] OR 
"Drug Therapy"[Mesh] OR "drug therapy"[subheading]) 

2222027 

#5 Search (#3 and #4) 251 

#6 Search ("Chemicals and Drugs Category"[Mesh]) 11152919 

#7 Search (#3 and #6) 533 

#8 Search (#7 NOT #5) 332 

#9 Search ("Randomized Controlled Trial"[Publication Type] OR "Single-Blind Method"[MeSH] 
OR "Double-Blind Method"[MeSH] OR "Random Allocation"[MeSH] OR trial[tiab]) 

645006 

#10 Search (#8 and #9) 19 

#11 Search (#8 and #9) Filters: Humans 19 

#12 Search (#8 and #9) Filters: Humans; English 16 

#13 Search (#8 and #9) Filters: Humans; English; Adult: 19+ years 14 

#14 Search (("review"[Publication Type] AND "systematic"[tiab]) OR "systematic review"[All Fields] 
OR ("review literature as topic"[MeSH] AND "systematic"[tiab]) OR "meta-analysis"[Publication 
Type] OR "meta-analysis as topic"[MeSH Terms] OR "meta-analysis"[All Fields])) Filters: 
Humans; English; Adult: 19+ years 

20306 

#15 Search (#8 and #14) Filters: Humans; English; Adult: 19+ years 0 

#16 Search (Chlorthalidone[mesh] AND #8) 0 

#17 Search (Chlorthalidone[mesh] AND #3) 0 

#18 Search (Hydrochlorothiazide[mesh] AND #3) 3 

#19 Search (#18 AND (#9 or #14)) 3 

#20 Search (#18 AND (#9 or #14)) Filters: Humans 3 

#21 Search (#18 AND (#9 or #14)) Filters: Humans; English 3 

#22 Search (#18 AND (#9 or #14)) Filters: Humans; English; Adult: 19+ years 3 

#23 Search (#22 NOT (#5 or #13)) Filters: Humans; English; Adult: 19+ years 0 

#24 Search ("Lisinopril"[Mesh] AND #3) Filters: Humans; English; Adult: 19+ years 0 

#25 Search ("Atenolol"[Mesh] AND #3) Filters: Humans; English; Adult: 19+ years 0 

#26 Search ("Metoprolol"[Mesh] AND #3) Filters: Humans; English; Adult: 19+ years 0 

#27 Search (#13 AND (2013/03/11:2013/09/27[edat])) Filters: Humans; English; Adult: 19+ years 1 

9/27/2013 Cochrane Library Update Search  
ID Search Hits 
#1 [mh "Carotid Stenosis"] or "carotid stenosis" or "carotid artery stenosis"  853 
#2 asymptomatic  5772 
#3 #1 and #2  268 
#4 [mh "Mass Screening"]  4548 
#5 #3 and #4  7 
#6 [mh "Carotid Stenosis"/US]  112 
#7 [mh Ultrasonography]  6996 
#8 #3 and #7  48 
#9 [mh "Endarterectomy, Carotid"]  461 
#10 #3 and #9  129 
#11 [mh Angioplasty]  4239 
#12 #3 and #11  38 
#13 [mh "Magnetic Resonance Angiography"]  350 
#14 #3 and #13  5 
#15 [mh "Angioplasty, Balloon"] or "balloon dilation"  4026 
#16 #3 and #15  19 
#17 [mh Stents]  3110 
#18 #3 and #17  54 
#19 "CT angiography" or "computed tomographic angiography"  275 
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ID Search Hits 
#20 #3 and #19  3 
#21 [mh "Carotid Stenosis"/RA]  53 
#22 #3 and #21  11 
#23 [mh Aspirin] or [mh "Hydroxymethylglutaryl-CoA Reductase Inhibitors"] or (statins:ti or 

statins:ab) or [mh "Platelet Aggregation Inhibitors"] or [mh "Drug Therapy"] or [mh /DT]  
204690 

#24 #3 and #23  38 
#25 [mh "Pharmacologic Actions"]  160591 
#26 #3 and #25  25 
#27 #26 not #24  3 
#28 #5 or #6 or #8 or #10 or #12 or #14 or #16 or #18 or #20 or #22 or #27  255 
#29 "Randomized Controlled Trial" or rct or "Single-Blind Method" or "Double-Blind 

Method" or "Random Allocation" or trial  
750415 

#30 #28 and #29  230 
#31 (review and systematic) or "systematic review" or ([mh "review literature as topic"] and 

systematic) or "meta-analysis" or [mh "meta-analysis as topic"]  
43560 

#32 #28 and #31  51 
#33 #30 or #32  236 
#34 [mh stroke] or stroke or "brain infarction" or "cerebrovascular disorder" or 

"cerebrovascular disease" or CVA or "cerebral infarction" or "ischemic stroke" or 
(stroke and (ischemia or ischemic)) or "cerebrovascular accident"  

29927 

#35 [mh risk] or [mh "risk assessment"] or [mh "risk adjustment"] or (risk and assessment) 
or "risk assessment"  

50215 

#36 #3 and #34 and #35  117 
#37 #36 and #29  104 
#38 "Case-Control Studies" or "Cohort Studies" or "comparative study" or "Epidemiologic 

Studies" or "Cross-Over Studies" or "Follow-Up Studies" or "observational study" or 
"observational studies" or "cohort" or "case control"  

206465 

#39 #36 and #38  61 
#40 #37 or #39  109 
#41 #5 or #6 or #8 or #14 or #20 or #22  146 
#42 #41 and #31  12 
#43 [mh "Endarterectomy, Carotid"/SN]  16 
#44 [mh "Endarterectomy, Carotid"/AE]  115 
#45 #28 or #43 or #44  339 
#46 harm or harms or adverse effect* or adverse event* or complication* or death or 

stroke or [mh "Myocardial Infarction"] or "myocardial infarction" or (unnecessary and 
"carotid endarterectomy") or [mh "Kidney Failure, Chronic"] or [mh "Renal 
Insufficiency"] or [mh "Cranial Nerve Diseases"] or [mh "Cranial Nerve Injuries"] or 
(neck and hematoma*)  

237643 

#47 #45 and #46  310 
#48 comment:pt or editorial:pt or letter:pt or news:pt  6431 
#49 #33 not #48  233 
#50 #40 not #48  109 
#51 #42 not #48  12 
#52 #47 not #48  308 
#53 #49 or #50 or #51 or #52 from 2012 to 2013 20 
 
9/27/13 Gray Literature Updates 
 
ClinicalTrials.gov yielded 6 results 
(“Mass Screening" OR screening OR Ultrasonography OR "carotid endarterectomy" OR Angioplasty OR "Magnetic 
Resonance Angiography" OR "balloon angioplasty" OR "balloon dilation" OR stent* OR "CT angiography" OR 
"computed tomographic angiography" OR radiography) [ALL-FIELDS] AND ( ( "carotid stenosis" OR "carotid 
artery stenosis" AND asymptomatic ) AND ( "01/12/2013" : "09/27/2013" ) [FIRST-RECEIVED-DATE] ) [ALL-
FIELDS] 
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Cochrane Trials Search (2 of the 3 results were trials and were saved, but both were duplicates 
with other update searches [the main Cochrane library update above].) 
ID Search Hits 
#1 [mh "Carotid Stenosis"] or "carotid stenosis" or "carotid artery stenosis"  853 
#2 asymptomatic  5772 
#3 #1 and #2  268 
#4 [mh "Mass Screening"]  4548 
#5 #3 and #4  7 
#6 [mh "Carotid Stenosis"/US]  112 
#7 [mh Ultrasonography]  6996 
#8 #3 and #7  48 
#9 [mh "Endarterectomy, Carotid"]  461 
#10 #3 and #9  129 
#11 [mh Angioplasty]  4239 
#12 #3 and #11  38 
#13 [mh "Magnetic Resonance Angiography"]  350 
#14 #3 and #13  5 
#15 [mh "Angioplasty, Balloon"] or "balloon dilation"  4026 
#16 #3 and #15  19 
#17 [mh Stents]  3110 
#18 #3 and #17  54 
#19 "CT angiography" or "computed tomographic angiography"  275 
#20 #3 and #19  3 
#21 [mh "Carotid Stenosis"/RA]  53 
#22 #3 and #21  11 
#23 #5 or #6 or #8 or #10 or #12 or #14 or #16 or #18 or #20 or #22  253 
#24 [mh Aspirin] or [mh "Hydroxymethylglutaryl-CoA Reductase Inhibitors"] or (statins:ti or 

statins:ab) or [mh "Platelet Aggregation Inhibitors"] or [mh "Drug Therapy"] or [mh /DT]  
204690 

#25 #3 and #24  38 
#26 [mh "Pharmacologic Actions"]  160591 
#27 #3 and #26  25 
#28 #27 not #25  3 
#29 #23 or #28  255 
#30 comment:pt or editoral:pt or letter:pt or news:pt  6273 
#31 #29 not #30 from 2013 to 2013 3 
 
9/27/13 WHO ICTRP (International Clinical Trials Registry Platform) Search Update  
1) 0 results for Title search: “carotid stenosis” OR “carotid artery stenosis” limited to trials with 

registry dates between 12/01/2013 - 27/09/2013 
2) 0 results for  Condition search: “carotid stenosis” OR “carotid artery stenosis” limited to trials with 

registry dates between 12/01/2013 - 27/09/2013 

4/24/2014 Targeted MEDLINE Update Search  
Search Query Items 

found 
#1 Search ("Carotid Stenosis"[Mesh] OR "carotid stenosis" OR "carotid artery stenosis") 14210 

#2 Search asymptomatic 108605 

#3 Search (#1 and #2) 2859 

#4 Search "Mass Screening"[Mesh] 98103 

#5 Search (#3 and #4) 56 

#6 Search "Carotid Stenosis/ultrasonography"[Mesh] 2424 

#7 Search "Ultrasonography"[Mesh] 244873 

#8 Search (#3 and #7) 628 

#9 Search "Endarterectomy, Carotid"[Mesh] 6674 

#10 Search (#3 and #9) 1213 

#11 Search "Angioplasty"[Mesh] 53821 
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#12 Search (#3 and #11) 476 

#13 Search "Magnetic Resonance Angiography"[Mesh] 16545 

#14 Search (#3 and #13) 94 

#15 Search ("Angioplasty, Balloon"[Mesh] OR "balloon dilation") 49374 

#16 Search (#3 and #15) 236 

#17 Search "Stents"[Mesh] 51808 

#18 Search (#3 and #17) 651 

#19 Search ("CT angiography"[tiab] OR “computed tomographic angiography”[tiab]) 7542 

#20 Search (#3 and #19) 38 

#21 Search "Carotid Stenosis/radiography"[Mesh] 1711 

#22 Search (#3 and #21) 250 

#23 Search (#5 or #6 or #8 or #10 or #12 or #14 or #16 or #18 or #20 or #22) 4028 

#24 Search ("Randomized Controlled Trial"[Publication Type] OR "Single-Blind Method"[MeSH] OR 
"Double-Blind Method"[MeSH] OR "Random Allocation"[MeSH] OR trial[tiab]) 

670734 

#25 Search (#23 and #24) 471 

#26 Search ("review"[Publication Type] AND "systematic"[tiab]) OR "systematic review"[All Fields] 
OR ("review literature as topic"[MeSH] AND "systematic"[tiab]) OR "meta-analysis"[Publication 
Type] OR "meta-analysis as topic"[MeSH Terms] OR "meta-analysis"[All Fields]) 

125426 

#27 Search (#23 and #26) 77 

#28 Search (#25 or #27) 529 

#29 Search ("stroke"[MeSH Terms] OR "stroke"[All Fields] OR "brain infarction"[All Fields] OR 
"cerebrovascular disorder"[All Fields] OR "cerebrovascular disease"[All Fields] OR "CVA"[All 
Fields] OR "cerebral infarction"[All Fields] OR "ischemic stroke"[All Fields] OR (("stroke"[MeSH 
Terms] OR "stroke"[All Fields]) AND ("ischemia"[MeSH Terms] OR "ischemia"[All Fields] OR 
"ischemic"[All Fields])) OR "cerebrovascular accident"[All Fields]) 

224012 

#30 Search ("risk"[MeSH Terms] OR "risk assessment"[MeSH Terms] OR "risk adjustment"[MeSH 
Terms] OR "risk assessment"[MeSH Terms] OR ("risk"[All Fields] AND "assessment"[All 
Fields]) OR "risk assessment"[All Fields] OR ("assessment"[All Fields] AND "benefit"[All Fields] 
AND "risk"[All Fields]) OR ("assessments"[All Fields] AND "benefit"[All Fields] AND "risk"[All 
Fields])) 

878928 

#31 Search (#3 and #29 and #30) 884 

#32 Search (#31 and #24) 141 

#33 Search ("Case-Control Studies"[MeSH] OR "Cohort Studies"[MeSH] OR "comparative 
study"[pt] OR "Epidemiologic Studies"[MeSH] OR "Cross-Over Studies"[MeSH] OR "Follow-Up 
Studies"[MeSH] OR “observational study” OR “observational studies” OR "cohort"[tw] OR "case 
control"[tw]) 

3108166 

#34 Search (#31 and #33) 524 

#35 Search (#32 or #34) 567 

#36 Search (#5 or #6 or #8 or #14 or #20 or #22) 2935 

#37 Search (#36 and #26) 30 

#38 Search ("Endarterectomy, Carotid/statistics and numerical data"[Mesh]) 844 

#39 Search "Endarterectomy, Carotid/adverse effects"[Mesh] 1715 

#40 Search (#23 or #38 or #39) 5681 

#41 Search (harm OR harms OR adverse effect* OR adverse event* OR complication* OR death 
OR stroke OR "Myocardial Infarction"[Mesh] OR “myocardial infarction” OR (unnecessary AND 
“carotid endarterectomy”) OR "Kidney Failure, Chronic"[Mesh] OR "Renal Insufficiency"[Mesh] 
OR "Cranial Nerve Diseases"[Mesh] OR "Cranial Nerve Injuries"[Mesh] OR (neck AND 
hematoma*)) 

4190723 

#42 Search (#40 and #41) 4378 

#43 Search (comment[pt] OR editorial[pt] OR letter[pt] OR news[pt]) 1458299 

#44 Search (#25 or #27) Filters: Humans 526 

#45 Search (#25 or #27) Filters: Humans; English 489 

#46 Search (#25 or #27) Filters: Humans; English; Adult: 19+ years 303 

#47 Search (#46 NOT #43) 303 

#48 Search (#32 or #34) Filters: Humans 566 

#49 Search (#32 or #34) Filters: Humans; English 527 

#50 Search (#32 or #34) Filters: Humans; English; Adult: 19+ years 453 

#51 Search (#50 NOT #43) 452 

#52 Search (#36 and #26) Filters: Humans 30 

#53 Search (#36 and #26) Filters: Humans; English 28 
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#54 Search (#36 and #26) Filters: Humans; English; Adult: 19+ years 8 

#55 Search (#54 NOT #43) 8 

#56 Search (#40 and #41) Filters: Humans 4354 

#57 Search (#40 and #41) Filters: Humans; English 3928 

#58 Search (#40 and #41) Filters: Humans; English; Adult: 19+ years 2804 

#59 Search (#58 NOT #43) 2745 

#60 Search (#47 or #51 or #55 or #59) 2870 

#61 Search (#60 AND (2013/03/01:2014/03/31[edat])) 81 

#62 Search (#21 or #31 or #42) 5889 

#63 Search (#62 AND (“retraction”[All Fields] OR “Retracted Publication”[pt])) 3 

 

Search Query Items 
found 

#1 Search ("Carotid Stenosis"[Mesh] OR "carotid stenosis" OR "carotid artery stenosis") 14210 

#2 Search asymptomatic 108605 

#3 Search (#1 and #2) 2859 

#4 Search ("Aspirin"[Mesh] OR "Hydroxymethylglutaryl-CoA Reductase Inhibitors" 
[Pharmacological Action] OR "Hydroxymethylglutaryl-CoA Reductase Inhibitors" [Mesh] OR 
statins[tiab] OR "Platelet Aggregation Inhibitors"[Mesh] OR "Drug Therapy"[Mesh] OR "drug 
therapy"[subheading]) 

2273767 

#5 Search (#3 and #4) 257 

#6 Search ("Chemicals and Drugs Category"[Mesh]) 11386211 

#7 Search (#3 and #6) 548 

#8 Search (#7 NOT #5) 344 

#9 Search ("Randomized Controlled Trial"[Publication Type] OR "Single-Blind Method"[MeSH] 
OR "Double-Blind Method"[MeSH] OR "Random Allocation"[MeSH] OR trial[tiab]) 

670734 

#10 Search (#8 and #9) 20 

#11 Search (#8 and #9) Filters: Humans 20 

#12 Search (#8 and #9) Filters: Humans; English 17 

#13 Search (#8 and #9) Filters: Humans; English; Adult: 19+ years 15 

#14 Search ("review"[Publication Type] AND "systematic"[tiab]) OR "systematic review"[All Fields] 
OR ("review literature as topic"[MeSH] AND "systematic"[tiab]) OR "meta-analysis"[Publication 
Type] OR "meta-analysis as topic"[MeSH Terms] OR "meta-analysis"[All Fields])) Filters: 
Humans; English; Adult: 19+ years 

21895 

#15 Search (#8 and #14) Filters: Humans; English; Adult: 19+ years 0 

#16 Search (Chlorthalidone[mesh] AND #8) 0 

#17 Search (Chlorthalidone[mesh] AND #3) 0 

#18 Search (Hydrochlorothiazide[mesh] AND #3) 3 

#19 Search (#18 AND (#9 or #14)) 3 

#20 Search (#18 AND (#9 or #14)) Filters: Humans 3 

#21 Search (#18 AND (#9 or #14)) Filters: Humans; English 3 

#22 Search (#18 AND (#9 or #14)) Filters: Humans; English; Adult: 19+ years 3 

#23 Search (#22 NOT (#5 or #13)) Filters: Humans; English; Adult: 19+ years 0 

#24 Search ("Lisinopril"[Mesh] AND #3) Filters: Humans; English; Adult: 19+ years 0 

#25 Search ("Metoprolol"[Mesh] AND #3) Filters: Humans; English; Adult: 19+ years 0 

#26 Search (#5 and (#9 or #14)) Filters: Humans; English; Adult: 19+ years 46 

#27 Search (#13 or #22 or #26) Filters: Humans; English; Adult: 19+ years 61 

#28 Search (#13 or #22 or #26) 61 

#29 Search (#27 AND (2013/03/01:2014/03/31[edat])) Filters: Humans; English; Adult: 19+ years 4 

#30 Search ((#5 or #7 or #18) AND (“retraction”[All Fields] OR “Retracted Publication”[pt])) 0 
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Appendix B Table 1. Inclusion and Exclusion Criteria 

 Inclusion Exclusion 
Populations Asymptomatic adults with CAS that is potentially clinically important 

(defined as 60% to 99% stenosis). Asymptomatic indicates that patients 
have no significant neurologic symptoms referable to the carotid artery and 
have not experienced a cerebrovascular event (i.e., a stroke or transient 
ischemic attack).  
 
We will include studies that enroll both symptomatic and asymptomatic 
subjects, but that analyze the asymptomatic group separately. 
 
Among asymptomatic subjects, some trials enroll a minority of subjects 
who have not had symptoms for some specified time period (e.g., the past 
180 days), but who had prior symptoms or cerebrovascular events.  
Although our focus is on people who have never had cerebrovascular 
events, we will include such studies if they enroll 70% or more of subjects 
who never had symptoms referable to the carotid artery and never had a 
cerebrovascular event into the “asymptomatic” group. 

Children and adolescents; 
symptomatic adults with 
CAS; adults with history of 
transient ischemic attacks 
or stroke; studies of people 
with carotid occlusion; 
studies of people 
undergoing CABG and 
others confined to a 
focused population, such as 
those with radiation 
exposure or PVD; people 
with remote CEA or CAAS 
undergoing surveillance for 
restenosis. 

Setting Studies conducted in developed countries.  
Screening  Screening with carotid duplex ultrasonography, used alone or followed by 

CTA or MRA with or without confirmatory testing with angiography.  
Studies that use a single screening test as well as those that use multiple 
tests in series (e.g., ultrasonography followed by MRA for persons with 
potentially significant ultrasound findings) will be included. 

Physical examination for 
carotid bruit. 

Treatment/ 
management 
interventions 

CEA, CAAS, medical therapy (e.g., aspirin, statins, antiplatelet 
medications) 

 

Comparisons KQ 1: Screened versus nonscreened groups. 
KQ 2: Studies must determine/compare those at increased, average, or 
decreased risk, or those at higher and lower risk of CAS of 60% to 99%.  
KQ 3: Studies on accuracy of screening must include a comparison with 
angiography; studies on reliability of screening must include measures of 
reproducibility (e.g., test-retest, comparison between different labs or 
readers). 
KQ 4: Studies must determine/compare those at increased, average, or 
decreased risk, or those at higher and lower risk of ipsilateral stroke (KQ 
4a) or periprocedural harms from CEA or CAAS (KQ 4b). 
KQ 5: Medical treatment/usual care. 
KQ 6: Studies must compare the addition of one or more medications to 
current standard medical therapy (that includes treatment of traditional risk 
factors) versus the addition of placebo to current standard medical therapy 
(that includes treatment of traditional risk factors).   
KQ 7: Screened versus nonscreened groups or those having angiography 
versus not having angiography or noncomparative studies reporting rates 
of harms.  
KQ 8: Medical treatment/usual care or noncomparative studies reporting 
rates of harms. 

No comparison; 
nonconcordant historical 
controls; comparative 
studies of CEA versus 
CAAS. 

Outcomes  KQs 1, 5, and 6 (health outcomes): CAS-related fatal or nonfatal stroke. 
Quality of life and functional status. 
KQ 2 (assessment of risk stratification tools): Adjusted hazard ratio (or risk 
ratio or odds ratio), discrimination, calibration, reclassification; tools must 
be externally validated. 
KQ 3 (diagnostic accuracy and reliability of screening tests): Sensitivity  
and specificity. 
KQ 4 (assessment of risk stratification tools): Adjusted hazard ratio (or risk 
ratio or odds ratio), discrimination, calibration, reclassification; tools must 
be externally validated.  
KQ 7 (harms of screening or confirmatory tests): False positives leading to 
unnecessary treatment, nonfatal stroke, fatal stroke, persistent  
neurological complications, renal failure. 
KQ 8 (harms of CEA or CAAS): Perioperative complications, including 
stroke, death, nonfatal myocardial infarction, cranial nerve injuries. 

Restenosis, quality-
adjusted life years. 
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 Inclusion Exclusion 
Study designs KQ 1: Randomized, controlled trials (RCTs) that compare screened versus 

nonscreened groups.  
KQ 2: Cohort studies that develop risk stratification tools and then validate 
the tools using an external population. Studies must follow a cohort of 
asymptomatic people to develop a tool, derived from a multivariate 
analysis, predicting risk of CAS. Risk stratification tools (or “risk prediction 
tools”) must combine multiple variables and allow us to calculate risk for 
individual patients. 
KQ 3: Systematic reviews that compare screening tests (ultrasonography, 
MRA, or CTA) with angiography. Primary studies comparing screening 
tests with angiography that were published after the included systematic 
reviews will be included (i.e., bridge searches will be performed to 
determine what is new since the systematic reviews and whether it is 
consistent with the systematic reviews). 
KQ 4: Cohort studies that develop risk stratification tools for adults with 
asymptomatic CAS and then validate the tools using an external 
population. Studies must follow a cohort of people with asymptomatic CAS 
of 60% to 99% to develop a tool, derived from a multivariate analysis, 
predicting risk of ipsilateral stroke (KQ 4a) or periprocedural harms (KQ 
4b). Risk stratification tools (or “risk prediction tools”) must combine 
multiple variables and allow us to calculate risk for individual patients. Risk 
stratification tools may include clinical factors (e.g., age, diabetes) and 
anatomic or imaging predictors (e.g., plaque area or morphology, silent 
embolic events, contralateral disease). 
KQ 5: Systematic reviews and RCTs of CEA or CAAS comparing 
surgical/interventional treatment with medical treatment. 
KQ 6: Systematic reviews and RCTs. 
KQ 7: Systematic reviews or multi-institution studies (RCTs or cohort 
studies) that report harms of screening or confirmatory tests. 
KQ 8: Systematic reviews or multi-institution studies (RCTs or cohort 
studies) that report 30-day or longer harms for asymptomatic patients 
undergoing CEA or CAAS. 

All other designs; studies 
enrolling both symptomatic 
and asymptomatic patients 
that don’t analyze them 
separately. 

Language English Non-English 
Note: For the population of interest, we will not rigidly consider those with 60% to 99% CAS as a single homogeneous cohort. 
Rather, we will include studies enrolling participants beyond that degree of CAS (e.g., 50% to 99% CAS), and we will evaluate the 
available evidence for various subgroups within that cohort. For example, we will evaluate evidence for those with 80% to 99% CAS, 
if available. 
 
The settings are limited to developed countries to find evidence most applicable to the United States. Other settings are unlikely to 
have screening and interventions comparable to those in the United States. 
 
Physical examination for carotid bruit is not included as a screening method under evaluation because an earlier review for the 
USPSTF (1996) concluded that auscultation for carotid bruits is imperfect, with low sensitivity and specificity and considerable 
interobserver variation in the interpretation of key auditory characteristics. We scanned the literature published since the 1996 
review and found no compelling evidence to suggest that auscultation has become any better as a screening tool to detect clinically 
significant levels of asymptomatic CAS. Our search identified 51 references, of which 4 reported on the accuracy of screening for 
CAS by auscultation of the carotid artery. Those studies used varying cutoffs for CAS; minimum cutoff values ranged from 50% to 
70%. All studies used ultrasound as the gold standard. The reported sensitivities ranged from 46% to 77%, and specificities ranged 
from 71% to 98%. Notably, only 2 of the studies were of patients from the general population (one in the United States and the other 
in France); one study included Swedish patients referred to a hospital for carotid surgery investigation, and the fourth study was 
among Chinese patients with peripheral vascular disease.  
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Appendix D Table 1. Quality Ratings for Studies of Risk Stratification Tools (KQ 2) 

First Author, 
Year 

Overall 
attrition 

Did the 
study have 

high 
attrition 
raising 

concern for 
bias? 

Equal, valid, 
reliable 

ascertainment 
of exposure/ 
risk factors? 

Equal, valid, 
reliable 

ascertainment 
of CAS? 

Were 
assessors of 
CAS masked 

to risk 
factors? 

Were multiple 
measures of 
performance 

used? 

Was an 
appropriate 

method used 
to handle 

missing data? 

Did the  
study use 
acceptable 
statistical 
methods? 

If net 
reclassification 
was assessed, 

were appropriate 
clinical thresholds 
used to reclassify 

risk? 

Was the 
sample size 
adequate to 

detect 
differences? 

Quality  
Rating 

Suri, 20081 
 
Derivation 
cohorts: 
Jacobowitz, 
20032 
Qureshi, 
20013  

2% No Yes  Yes Yes No NA Jacobowitz 
model: Yes 
 
Qureshi 
model: No*  

NA Yes Jacobowitz 
model, 50% 
stenosis: Fair 
 
Jacobowitz 
model, 75% 
stenosis: Poor 
 
Qureshi 
model: Poor 

* Everyone in the validation cohort was older than age 65 years, so the authors recreated the risk score without the age variable, and it had the highest weight/points in the original 
model.  

Abbreviations: CAS = carotid artery stenosis; KQ = key question. 
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Appendix D Table 2. Quality Ratings for Systematic Reviews of Accuracy of Duplex Ultrasonography (KQ 3) 

First Author, 
Year 

Was the 
review 

based on a 
focused 

question of 
interest? 

Was the 
literature 
search 

strategy 
clearly 

described? 

Was there 
evidence of a 
substantial 

effort to search 
for all relevant 

research? 

Were there  
explicit inclusion/ 

exclusion  
criteria for the 

selection of 
studies? 

Did at least 2 
people 

independently 
review studies? 

Was the 
validity of 
included 
studies 

adequately 
assessed? 

Was 
publication 

bias 
assessed? 

Was 
heterogeneity 
assessed and 
addressed? 

Was the 
approach used 
to synthesize 

the information 
adequate and 
appropriate? 

Were the 
authors’ 

conclusions 
supported by 
the evidence 

they presented? 
Quality 
Rating 

Jahromi, 20054 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Good 
Nederkoorn, 
20035 

Yes No No (searched 
only 1 database, 
and limited to 
1994 to 2001) 

Yes Yes No No Yes for positivity 
criteria; no for 
clinical 
heterogeneity 

Yes No Fair 

Blakely, 19956 Yes Yes Yes Yes Yes Yes  No Yes Yes Yes Good 
Good: Recent, relevant review with comprehensive sources and search strategies, explicit and relevant selection criteria, standard appraisal of included studies, and valid conclusions. 
Fair: Recent, relevant review that is not clearly biased but lacks comprehensive sources and search strategies. 
Poor: Outdated, irrelevant, or biased review without systematic search for studies, explicit selection criteria, or standard appraisal of studies. 
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Appendix D Table 3. Quality Ratings for Primary Studies of Accuracy of Duplex Ultrasonography (KQ 3) 

First Author, Year 

Test(s) 
adequately 

described (or 
referenced)? 

Was the spectrum 
of patients 

representative of 
the patients who 
will receive the 

test in PC? 

Were selection 
criteria clearly 

described? 

Is the reference 
standard likely to 
correctly classify 

the target 
condition? 

Is the time period between 
the test and reference test 

short enough (to be 
reasonably sure that the 
condition did not change 

between the 2 tests)? 

Did the whole  
or a random 

selection of the 
sample receive 
reference test? 

Did patients 
receive the  

same reference 
regardless of  
test results? 

Was the 
reference 
standard 

independent 
of the test? 

Jogestrand, 20027; 
Nowak, 20078 

Yes No (all were 
symptomatic) 

Yes Yes Yes Yes Yes No 

Sabeti, 20049 Yes NR/CND Yes (consecutive 
patients who 
underwent 
angiography) 

Yes Yes Yes Yes NR/CND 

Hwang, 200310 Yes No (all were 
undergoing CEA) 

No Yes Yes Yes Yes NR/CND 

 

First Author, Year 

Was the 
execution of 

the test 
described in 

enough details 
to permit 

replication of 
the test? 

Was the 
execution of  
the reference 

standard 
described in 

enough detail  
to permit 

replication? 

Were the index 
test and 

reference 
standard 
results 

interpreted 
independently 

(blinded)? 

Were the same 
clinical data 

available when the 
test results were 

interpreted as 
would be available 

when the test is 
used in practice? 

Were 
uninterpretable 
results reported 
and handled in  
a reasonable 

manner? 

Were 
withdrawals 

from the study 
explained (post- 

enrollment)? 

Were 
methods for 
calculating 
accuracy 

clearly 
reported  

and valid? 

Sample size? 
Small: <50 

Medium: 50-100 
Large: >100 

Quality 
Rating 

Jogestrand, 20027; 
Nowak, 20078 

Yes Yes Yes NR/CND Yes Yes Yes Large (161 patients 
recruited; 134 included 
in analyses; both 
arteries included) 

Poor 

Sabeti, 20049 Yes Yes Yes NR/CND NR/CND NA Yes Large (503 patients, 
1006 arteries) 

Fair 

Hwang, 200310 Yes Yes Yes NR/CND NR/CND NA Yes Large (147 patients,  
171 arteries) 

Poor 

Good: Evaluates relevant available screening test, uses a credible reference standard, interprets reference standard independently of screening test, reliability of test assessed, has 
few or handles indeterminate results in a reasonable manner, includes large number (>100) broad-spectrum patients with and without disease. 
Fair: Evaluates relevant available screening test, uses reasonable although not best standard, interprets reference standard independent of screening test, moderate sample size (50-
100 subjects), and a “medium” spectrum of patients. 
Poor: Has fatal flaw such as uses inappropriate reference standard, screening test improperly administered, biased ascertainment of reference standard, very small sample size, or 
very narrowly selected spectrum of patients. 
 
Abbreviations: CEA = carotid endarterectomy; CND = cannot determine; NR = not reported; PC = primary care. 
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Appendix D Table 4. Quality Ratings for Systematic Reviews and Meta-Analyses for Benefit of Treatment (KQ 5) 

First Author, 
Year 

Was the 
review 

based on a 
focused 

question of 
interest? 

Was the 
literature 
search 

strategy 
clearly 

described? 

Was there 
evidence of  

a substantial 
effort to 

search for all 
relevant 

research? 

Were there 
explicit 

inclusion/ 
exclusion 
criteria for 

the selection 
of studies? 

Did at least 2 
people 

independently 
review studies? 

Was the 
validity of 
included 
studies 

adequately 
assessed? 

Was 
publication 

bias 
assessed? 

Was 
heterogeneity 
assessed and 
addressed? 

Was the 
approach used 
to synthesize 

the information 
adequate and 
appropriate? 

Were the 
authors’ 

conclusions 
supported  

by the 
evidence they 

presented? 
Quality 
Rating 

Benavete, 
199811 

Yes Yes Yes Yes Yes No No Yes for statistical 
heterogeneity;  
no for clinical 
heterogeneity 

No No Poor 

Chambers, 
200512 

Yes Yes Yes Yes Yes Yes No Yes Yes Yes Good 

Wolff, 200713; 
Wolff, 200714 

Yes Yes Yes Yes Yes for KQ 4; no 
for other KQs 
(they report that 
articles were 
selected for 
review and 
abstracted by 1 
reviewer) 

Yes No Yes Yes Yes Fair 

Raman, 201215; 
Raman, 201316 

Yes Yes Yes Yes Yes Yes No Yes Yes Yes Good 

Guay, 201217 Yes Yes, but just 
searched 1 
database 

Yes Yes No Yes No No for clinical 
heterogeneity. 
They combined 
many studies  
with substantially 
different 
comparator 
groups 

No; they 
combined many 
studies with 
substantially 
different 
comparator 
groups 

Yes Poor 

Good: Recent, relevant review with comprehensive sources and search strategies; explicit and relevant selection criteria; standard appraisal of included studies; and valid conclusions. 
Fair: Recent, relevant review that is not clearly biased but lacks comprehensive sources and search strategies. 
Poor: Outdated, irrelevant, or biased review without systematic search for studies, explicit selection criteria, or standard appraisal of studies. 
 
Abbreviation: KQ = key question. 
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Appendix D Table 5. Quality Ratings for Randomized, Controlled Trials for Benefit of Treatment (KQ 5) 

Study, First Author, 
Year 

Was 
randomization 

adequate? 

Was allocation 
concealment 

adequate? 

Were groups 
similar at 
baseline? 

Was 
intervention 

fidelity 
adequate? 

Was  
adherence to 

the intervention 
adequate? 

What was the  
overall attrition*? 

What  
was the 

differential 
attrition*? 

Did the study have 
differential or overall 
high attrition raising 

concern for bias? 
 ACST, Halliday, 200418 
 Halliday, 201019  
 den Hartog, 201320  
 Halliday, 199421  
 Halliday, 199522 

Yes Yes Yes Yes Yes 5.8% immediate; 6.7% deferred; 1.9% 
(followup to death or at least year 3  
was 98% complete, 3062/3120) 

0.9% No 

 ACAS, ACAS Study   
 Group, 199523  
 Baker, 200024  
 Young, 199625 

Yes Yes Yes Yes Yes 1.2% (median followup, 2.7 y; 87% of 
patients completed 1 y of followup; 
68% completed 2 y; 44% completed 3 
y; 26% completed 4 y; and 9% 
completed 5 y) 

0.1% No 

 VACS, Towne, 199026  
 Hobson, 199327  
 Hobson 198628 

Yes Yes Yes Yes Yes Surgery: 9.5% 
MM: 6.4%  
(Mean, 48 months of followup) 

3.1% No 

* Attrition includes participants with no outcome data. 
 

Study, First Author, 
Year 

Did the study have  
crossovers or  

contamination raising  
concern for bias? 

Were outcome 
measurements 
equal, valid and 

reliable? 
Were outcome assessors 

masked? 

Was the  
duration of 
followup 

adequate to 
assess the 
outcome? 

Was an 
appropriate 

method used  
to handle  
missing 
data? 

Did the  
study use 
acceptable 
statistical 
methods? Quality Rating 

ACST, Halliday, 200418 
Halliday, 201019  
den Hartog, 201320  
Halliday, 199421  
Halliday, 199522 

Yes (10% of immediate CEA group had 
not undergone CEA by 1 year; 7.5% 
had not by year 10; 26% [407/1560] of 
the MM/deferral group underwent CEA 
within 10 years; about two thirds of 
these were asymptomatic CEAs) 

Yes No for the initial outcome assessor 
(e.g., the surgeon doing the CEA  
was typically the person filling out 
event reports); yes for the Endpoints 
Committee who sought medical 
records when strokes were reported. 

Yes CND Yes Fair 
 

ACAS, ACAS Study 
Group, 199523  
Baker, 200024  
Young, 199625 

No Yes No for the initial neurologist and 
surgeon (but patients also  
completed standardized TIA/stroke 
questionnaires at followups and were 
instructed to contact the coordinator 
for any problems); yes for the 
Endpoints Committee. 

Yes Yes  Yes Good (for the 2.7-y 
data that were 
based on actual 
events; higher risk 
of bias for the 5-y 
estimates because 
just 9% had 
followup) 

VACS, Towne, 199026 
Hobson, 199327  
Hobson 198628 

No (only 3.8% [8/211] of CEA group  
did not undergo surgery; no reporting  
of subjects in the medical group  
getting CEA) 

Yes No for the initial neurologist and 
vascular surgeon at each center;  
yes for the Endpoints Committee. 

Yes Yes Yes Good 

Good: Meets all criteria: comparable groups are assembled initially and maintained throughout the study (followup ≥80%); reliable and valid measurement instruments are used and 
applied equally to the groups; interventions are spelled out clearly; all important outcomes are considered; and appropriate attention to confounders in analysis. In addition, for RCTs, 
intention to treat analysis is used. 
Fair: Any or all of the following problems occur, without the fatal flaws noted in the "poor" category: generally comparable groups are assembled initially but some question remains 
whether some (although not major) differences occurred with followup; measurement instruments are acceptable (although not the best) and generally applied equally; some but not all 
important outcomes are considered; and some but not all potential confounders are accounted for. Intention to treat analysis is done for RCTs. 
Poor: Any of the following fatal flaws exists: groups assembled initially are not close to being comparable or maintained throughout the study; unreliable or invalid measurement 
instruments are used or not applied at all equally among groups (including not masking outcome assessment); and key confounders are given little or no attention. For RCTs, intention 
to treat analysis is lacking. 
 
Abbreviations: CEA = carotid endarterectomy; CND = could not determine; KQ = key question; MM = medical management; TIA = transient ischemic attack; RCT = randomized, 
controlled trial. 
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Appendix D Table 6. Quality Ratings for Randomized, Controlled Trials for Harms of Treatment (KQ 8) 

Study, First Author, Year 

Were harms 
prespecified 
and defined? 

Were ascertainment 
techniques for harms 

adequately described? 

Were ascertainment 
techniques for harms  

equal, valid, and reliable? 

Was duration of 
followup adequate for 
harms assessment? 

Harms 
quality 
rating Comments 

ACST, Halliday, 200418 
Halliday, 201019  
den Hartog, 201320 
Halliday, 199421  
Halliday, 199522 

Yes Yes Yes for death or major stroke, 
perhaps less so for minor 
stroke and myocardial 
infarction (without masking of 
providers making the initial 
assessments) 

Yes Fair For perioperative morbidity, still no 
masking of initial outcome assessors; 
may introduce bias (some incentive to 
underreport harms for surgeons doing 
the procedure, as the design paper 
explains that those with unacceptably 
high morbidity and mortality may be 
asked not to enter any more patients) 

ACAS, ACAS Study Group, 
199523  
Baker, 200024  
Young, 199625 

Yes Yes Yes Yes Good For perioperative morbidity, still no 
masking of initial outcome assessors; 
may introduce bias (some incentive to 
underreport harms for surgeons doing 
the procedure) 

VACS, Towne, 199026 
Hobson, 199327  
Hobson 198628 

Yes Yes Yes Yes Good For perioperative morbidity, still no 
masking of initial outcome assessors; 
may introduce bias (some incentive to 
underreport harms for surgeons doing 
the procedure) 

Good: Meets all criteria: comparable groups are assembled initially and maintained throughout the study (followup ≥80%); reliable and valid measurement instruments are used and 
applied equally to the groups; interventions are spelled out clearly; all important outcomes are considered; and appropriate attention to confounders in analysis. In addition, for RCTs, 
intention to treat analysis is used. 
Fair: Any or all of the following problems occur, without the fatal flaws noted in the "poor" category: generally comparable groups are assembled initially but some question remains 
whether some (although not major) differences occurred with followup; measurement instruments are acceptable (although not the best) and generally applied equally; some but not all 
important outcomes are considered; and some but not all potential confounders are accounted for. Intention to treat analysis is done for RCTs. 
Poor: Any of the following fatal flaws exists: groups assembled initially are not close to being comparable or maintained throughout the study; unreliable or invalid measurement 
instruments are used or not applied at all equally among groups (including not masking outcome assessment); and key confounders are given little or no attention. For RCTs, intention 
to treat analysis is lacking. 
 
Abbreviations: KQ = key question; RCT = randomized, controlled trial. 
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Appendix D Table 7. Quality Ratings for Other Studies for Harms of Treatment (KQ 8) 

First Author, 
Year 

Were 
eligibility 
criteria 
clearly 

described? 

Were subjects 
representative 
of the overall 

source 
population? 

Was the symptom 
status of subjects 
determined using 
valid and reliable 

methods? 

What  
was the 
overall 

attrition? 

Did the study 
have high 

attrition raising 
concern for 

bias? 

Were 
outcome 

assessors 
masked? 

Were outcomes 
prespecified/ 
defined and 
adequately 
described? 

Were 
outcome 
measures 
valid and 
reliable? 

Quality 
Rating Comments 

Kresowik, 200429 Yes Yes Yes 0 No No Yes Yes Fair May have missed nonfatal  
neurologic events occurring after 
discharge that did not result in 
another hospitalization; no 
comprehensive exam by neurologist 
for outcome assessment. 

Kresowik,200130 Yes Yes Yes 0 No No Yes Yes Fair May have missed nonfatal  
neurologic events occurring after 
discharge that did not result in 
another hospitalization; no 
comprehensive exam by neurologist 
for outcome assessment. 

Bratzler, 199631 Yes Yes Yes 0 No No Yes Yes Fair May have missed nonfatal  
neurologic events occurring after 
discharge that did not result in 
another hospitalization; no 
comprehensive exam by neurologist 
for outcome assessment; definition  
of symptomatic CAS required 
documentation of past TIA or stroke 
in the distribution of the carotid being 
operated on; documented dizziness 
or syncope was not considered 
evidence of symptomatic CAS. 

Cebul, 199832 Yes Yes Yes 0 No No Yes Yes Fair May have missed nonfatal neurologic 
events occurring after discharge that 
did not result in another 
hospitalization; no comprehensive 
exam by neurologist for outcome 
assessment; interrater reliability for 
determining indication for surgery 
(TIA, stroke, asympt, or nonspecific 
symptoms) of 77% (kappa 0.69) 

Halm, 200733; 
Halm, 200934 

Yes Yes Yes 10% of 
potentially 
eligible 
cases were 
excluded 
due to 
missing data 

No No Yes Yes Fair May have missed nonfatal  
neurologic events occurring after 
discharge that did not result in 
another hospitalization; no 
comprehensive exam by neurologist 
for outcome assessment. Data 
abstractors had to pass a series of 
quality assurances and interrater 
reliability tests. Data reported had 
kappa from 0.60 to 1.0.  
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Appendix D Table 7. Quality Ratings for Other Studies for Harms of Treatment (KQ 8) 

First Author, 
Year 

Were 
eligibility 
criteria 
clearly 

described? 

Were subjects 
representative 
of the overall 

source 
population? 

Was the symptom 
status of subjects 
determined using 
valid and reliable 

methods? 

What  
was the 
overall 

attrition? 

Did the study 
have high 

attrition raising 
concern for 

bias? 

Were 
outcome 

assessors 
masked? 

Were outcomes 
prespecified/ 
defined and 
adequately 
described? 

Were 
outcome 
measures 
valid and 
reliable? 

Quality 
Rating Comments 

Halm, 200335; 
Rockman, 200536; 
Halm, 200537; 
Press, 200638 

Yes Yes Yes 0 No No Yes Yes Fair May have missed readmissions to 
other hospitals (only included 
readmissions to the index hospital); 
data from 1 region of New York; no 
comprehensive exam by neurologist 
for outcome assessment. 

Karp, 199839 Yes Yes Yes 1.8% No No Yes Yes Fair May have missed nonfatal  
neurologic events occurring after 
discharge that did not result in 
another hospitalization; no 
comprehensive exam by neurologist 
for outcome assessment. 

Kresowik,200040 Yes Yes Yes 0 No No Yes Yes Fair May have missed nonfatal  
neurologic events occurring after 
discharge that did not result in 
another hospitalization; no 
comprehensive exam by neurologist 
for outcome assessment. 

Giacovelli, 201041 Yes Yes Unclear 0 No No Yes Yes Fair Used present on admission 
designations to determine symptom 
status at baseline; used ICD-9 codes 
only for outcome ascertainment; no 
supplementation with review of 
medical records; in-hospital 
outcomes only. 

Vouyouka, 201242 Yes Yes Unclear 0 No No Yes Yes Fair Used present on admission 
designations to determine symptom 
status at baseline; used ICD-9 codes 
only for outcome ascertainment; no 
supplementation with review of 
medical records; in-hospital 
outcomes only 

McPhee, 200743 Yes Yes No 0 No No Yes Yes Fair Before 10/2004 no specific CAAS 
ICD-9 code existed, so required 2-
step method to identify CAAS 
procedures, with potential for 
misclassification. Used ICD-9 codes 
only for outcome ascertainment; no 
supplementation with review of 
medical records; in-hospital 
outcomes only; potential for bias due 
to misclassification of symptom 
status and whether stroke was the 
indication or a perioperative harm. 
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Appendix D Table 7. Quality Ratings for Other Studies for Harms of Treatment (KQ 8) 

First Author, 
Year 

Were 
eligibility 
criteria 
clearly 

described? 

Were subjects 
representative 
of the overall 

source 
population? 

Was the symptom 
status of subjects 
determined using 
valid and reliable 

methods? 

What  
was the 
overall 

attrition? 

Did the study 
have high 

attrition raising 
concern for 

bias? 

Were 
outcome 

assessors 
masked? 

Were outcomes 
prespecified/ 
defined and 
adequately 
described? 

Were 
outcome 
measures 
valid and 
reliable? 

Quality 
Rating Comments 

McPhee,200844 Yes Yes No 0 No No Yes Yes Fair Used ICD-9 codes only for outcome 
ascertainment; no supplementation 
with review of medical records; in-
hospital outcomes only; potential for 
bias due to misclassification of 
symptom status and whether stroke 
was the indication or a perioperative 
harm. 

Timaran, 200945 Yes Yes No 0 No No Yes Yes Fair Used ICD-9 codes only for outcome 
ascertainment; no supplementation 
with review of medical records; in-
hospital outcomes only; potential for 
bias due to misclassification of 
symptom status and whether stroke 
was the indication or a perioperative 
harm. 

Giles, 201046 Yes Yes  
No 

0 No No Yes Yes Fair Used ICD-9 codes only for outcome 
ascertainment; no supplementation 
with review of medical records; in-
hospital outcomes only; potential for 
bias due to misclassification of 
symptom status and whether stroke 
was the indication or a perioperative 
harm . 

Young, 201147 Yes Yes No 0 No No Yes Yes Fair Used ICD-9 codes only for outcome 
ascertainment; no supplementation 
with review of medical records; in-
hospital outcomes only; potential for 
bias due to misclassification of 
symptom status and whether stroke 
was the indication or a perioperative 
harm. 

Horner, 200248 Yes Unclear Unclear NR Unclear No Yes Yes Poor High risk of selection bias and 
measurement bias. Supplemented 
outcome information with 
questionnaire, but no information is 
given on % of post-surgery 
questionnaires completed, and this 
was a key aspect of ascertaining 
events; no comprehensive exam by 
neurologist for outcome assessment. 
VA NSQIP protocol does not ask 
specifically about preoperative 
symptom status. Likely to 
underestimate harms. 
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Appendix D Table 7. Quality Ratings for Other Studies for Harms of Treatment (KQ 8) 

First Author, 
Year 

Were 
eligibility 
criteria 
clearly 

described? 

Were subjects 
representative 
of the overall 

source 
population? 

Was the symptom 
status of subjects 
determined using 
valid and reliable 

methods? 

What  
was the 
overall 

attrition? 

Did the study 
have high 

attrition raising 
concern for 

bias? 

Were 
outcome 

assessors 
masked? 

Were outcomes 
prespecified/ 
defined and 
adequately 
described? 

Were 
outcome 
measures 
valid and 
reliable? 

Quality 
Rating Comments 

Samsa, 200249 Yes Unclear Unclear NR Unclear No Yes Yes Poor High risk of selection bias and 
measurement bias. Supplemented 
outcome information with interview at 
day 30, but no information is given 
on % of questionnaires completed 
and this was a key aspect of 
ascertaining events;; no 
comprehensive exam by neurologist 
for outcome assessment; VA NSQIP 
protocol does not ask specifically 
about preop symptom status. Likely 
to underestimate harms. 

Woo, 201050 Yes No Unclear NR No No, but they 
were 
independent 
of the 
treatment 
team 

Yes Yes Poor High risk of selection bias; required 
to have complete 30-day followup for 
cases to get into the database; and 
exclusion criteria for many people at 
higher risk of death and other 
complications that limited the 
included sample to about 5,000 
asymptomatic patients out of about 
10,000 CEAs identified; symptom 
status determined by claims data 
only; NSQIP does not collect 
information on results of preoperative 
imaging (CT/MRI); no 
comprehensive exam by neurologist 
for outcome assessment; does not 
capture outcome data from facilities 
that don’t participate in NSQIP. 

Garg, 201151 Yes No Unclear NR No No Yes Yes Poor High risk of selection bias; required 
to have complete 30-day followup for 
cases to get into the database; and 
exclusion criteria for many people at 
higher risk of death and other 
complications that limited the 
included sample; symptom status 
determined by claims data only; 
validity of ascertainment of symptom 
status is not clear; NSQIP does not 
collect information on results of 
preoperative imaging (CT/MRI); no 
comprehensive exam by neurologist 
for outcome assessment; does not 
capture outcome data from facilities 
that don’t participate in NSQIP. 
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Appendix D Table 7. Quality Ratings for Other Studies for Harms of Treatment (KQ 8) 

First Author, 
Year 

Were 
eligibility 
criteria 
clearly 

described? 

Were subjects 
representative 
of the overall 

source 
population? 

Was the symptom 
status of subjects 
determined using 
valid and reliable 

methods? 

What  
was the 
overall 

attrition? 

Did the study 
have high 

attrition raising 
concern for 

bias? 

Were 
outcome 

assessors 
masked? 

Were outcomes 
prespecified/ 
defined and 
adequately 
described? 

Were 
outcome 
measures 
valid and 
reliable? 

Quality 
Rating Comments 

Wallaert, 201252 Yes Unclear Unclear NR/CND No No Yes Yes Poor High risk of selection bias and 
measurement bias; required to have 
complete 30-day followup; NSQIP 
does not collect information on 
results of preoperative imaging 
(CT/MRI); no comprehensive exam 
by neurologist for outcome 
assessment; does not capture 
outcome data from facilities that don’t 
participate in NSQIP; potential 
misclassification of symptom status 
from only using CPT codes; NSQIP 
may underestimage the rate of MI as 
it may not include non-ST elevation 
MI.  

Theiss, 200853 Yes NR/CND Yes NR/CND NR/CND No Yes CND Poor High risk of selection bias; reporting 
to registry is voluntary. Patients have 
to be registered prospectively, 
followed and documented until 
discharge or death; not clear how 
many cases were not completely 
documented and whether cases with 
missing data were excluded or how 
missing data was handled. Registry 
data does not extend beyond 
discharge. 

Palombo, 200954 Yes CND Yes 0 No No No CND Poor High risk of selection bias and 
medium to high risk of measurement 
bias; unclear whether cases are 
representative of source population. 

Micari, 201055 Yes CND CND 0 No No Yes Yes, 
independent 
neurologist 
evaluation 

Poor High risk of selection bias; high 
volume centers and experienced 
operators; unclear how the 198 
subjects were selected for the 
registry; adequacy of outcome data 
NR; voluntary reporting to database; 
not clear how many cases were not 
completely documented and whether 
cases with missing data were 
excluded or how missing data was 
handled. 

Menyhei, 201156 Yes CND CND 0 No No No CND Poor High risk of selection bias and 
measurement bias; data submission 
voluntary. 
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First Author, 
Year 

Were 
eligibility 
criteria 
clearly 

described? 

Were subjects 
representative 
of the overall 

source 
population? 

Was the symptom 
status of subjects 
determined using 
valid and reliable 

methods? 

What  
was the 
overall 

attrition? 

Did the study 
have high 

attrition raising 
concern for 

bias? 

Were 
outcome 

assessors 
masked? 

Were outcomes 
prespecified/ 
defined and 
adequately 
described? 

Were 
outcome 
measures 
valid and 
reliable? 

Quality 
Rating Comments 

Lindstrom, 201257 Yes CND CND 0 No CND Yes Yes Poor High risk of selection bias; unclear 
how cases get into the national 
registry; completeness and 
representativeness of registry  
unclear. 

Sidawy, 200958 No CND NR 42% (CEA) 
55% (CAAS) 

Yes NR Yes Yes Poor High risk of selection bias, mainly 
due to attrition; missing 30-day 
outcomes for about half of the 
subjects. 

Jim, 201259 No CND NR NR CND NR Yes Yes Poor High risk of selection bias; only 
included subjects with complete 30-
day outcomes, and other  
publications from this registry are 
clear that around half of subjects 
often have no 30-day outcomes.  

CASANOVA study 
group, 199160 

Yes CND Yes 1% No Yes Yes Yes Fair Subjects from one arm of an RCT; 
unclear how representative subjects 
were of overall source population. 

MACE study 
group, 199261 

Yes CND NR 0 No Yes Yes Yes Fair Subjects from one arm of an RCT. 

Fairman, 200762 Yes CND Yes 0 No Yes Yes Yes Fair  
Gray, 200963 Yes CND Yes 0 No Yes Yes Yes Fair Stroke outcomes assessors were 

masked, but MI and death were 
reported by the sites. 

Chaturvedi, 
201064 
Matsumura, 
201065 

Yes CND Yes 0 No Yes Yes Yes Fair  

McKinlay, 200366; 
McKinlay, 200567; 
Zarins, 200968 

Yes Unclear Yes 18% enrolled 
and did not 
undergo 
treatment  
or did not 
complete  
30-day 
followup visit; 
26% did not 
complete 
independent 
neurological 
exam at 30 
days 

Yes No Yes Yes Poor Unclear whether cases are 
representative of the source 
population, 46% of the cohort met at 
least one CMS-defined criteria of 
high risk for surgery (based on age  
or comorbidity). Participating  
principal investigators had to 
demonstrate a history of low 
complication rate with CEA or CAAS 
in order to participate. 
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First Author, 
Year 

Were 
eligibility 
criteria 
clearly 

described? 

Were subjects 
representative 
of the overall 

source 
population? 

Was the symptom 
status of subjects 
determined using 
valid and reliable 

methods? 

What  
was the 
overall 

attrition? 

Did the study 
have high 

attrition raising 
concern for 

bias? 

Were 
outcome 

assessors 
masked? 

Were outcomes 
prespecified/ 
defined and 
adequately 
described? 

Were 
outcome 
measures 
valid and 
reliable? 

Quality 
Rating Comments 

Yadav, 200469 Yes Unclear Unclear 0% No Yes Yes Yes Fair Unclear whether cases are 
representative of the source 
population. All participants had to 
have at least one “high risk” factor 
(e.g. age >80, contralateral stenosis). 
Highly selected surgeons and 
interventionalists; participating 
interventionalists had to demonstrate 
a low complication rate with CEA or 
CAAS in order to participate in the 
trial. Unclear whether symptom 
status was determined using valid 
and reliable methods. 

Brott, 201070; 
Silver, 201171 

Yes   Unclear Yes  3%  No Yes  Yes Yes Fair Unclear whether cases are 
representative of the source 
population. A comprehensive  
training and credentialing process 
was required of participating 
interventionalists; only those with  
low complication rates were invited  
to participate in the study.  

Hopkins, 201072 No Unclear Unclear 3% No No Yes Yes Fair Unclear whether cases are 
representative of the source 
population.   

Mercado, 201373 Yes Unclear Yes NR Unclear No Yes Unclear Poor High risk of selection bias and 
measurement bias; unclear how 
many procedures out of the total 
procedures done were included in  
the CARE registry and in this 
publication; unclear how much 
missing data they had; only 66% of 
patients got a postprocedure NIHSS 
assessment; unclear how outcomes 
were assessed for the other third of 
patients; not clear who was doing  
the assessments across sites and 
how they were determining the 
presence of outcomes when not 
using NIHSS; in-hospital events only. 

Yuo, 201374 Yes Yes Unclear 0 No No Yes Yes Fair Used present on admission 
designations to determine symptom 
status at baseline; used ICD-9 codes 
only for outcome ascertainment; no 
supplementation with review of 
medical records; in-hospital 
outcomes only. 
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First Author, 
Year 

Were 
eligibility 
criteria 
clearly 

described? 

Were subjects 
representative 
of the overall 

source 
population? 

Was the symptom 
status of subjects 
determined using 
valid and reliable 

methods? 

What  
was the 
overall 

attrition? 

Did the study 
have high 

attrition raising 
concern for 

bias? 

Were 
outcome 

assessors 
masked? 

Were outcomes 
prespecified/ 
defined and 
adequately 
described? 

Were 
outcome 
measures 
valid and 
reliable? 

Quality 
Rating Comments 

Schermerhorn, 
201375 

No CND NR NR CND NR Yes Yes 
(definitions 
are, but 
unclear how 
they were 
applied) 

Poor High risk of selection bias; only 
included subjects with complete 30-
day outcomes and other publications 
from this registry are clear that 
around half of subjects often have  
no 30-day outcomes.  

Fokkema, 201376 Yes No Unclear NR Unclear No Yes No Poor High risk of selection bias; required  
to have complete 30-day followup  
for cases to get into the database in 
other NSQIP publications (not 
explicitly stated in this article);  
NSQIP does not collect information 
on indication for surgery (symptom 
status), so limited in ability to stratify 
by symptom status accurately; for 
outcomes, cardiac events only 
included new Q-wave MI on EKG or 
cardiac arrest that necessitated CPR 
(only capturing the more severe 
events; not capturing non-Q-wave  
MI, for example); for stroke, not clear 
how people were assessed; no 
comprehensive exam by neurologist 
for outcome assessment; does not 
capture outcome data from facilities 
that don’t participate in NSQIP. 

Rajamani, 201277 Yes Unclear Yes NR Unclear No No Unclear Poor High risk of selection bias and 
measurement bias; unclear how 
many procedures out of the total 
procedures done were included in  
the CARE registry and in this 
publication; unclear how much 
missing data they had; unclear how 
outcomes were assessed 
(encouraged use of NIHSS, but 
unclear how often it was used); not 
clear who was doing the 
assessments across sites and how 
they were determining the presence 
of outcomes when not using NIHSS; 
in-hospital events only. 

Good: Meets all criteria: comparable groups are assembled initially and maintained throughout the study (followup ≥80%); reliable and valid measurement instruments are used and 
applied equally to the groups; interventions are spelled out clearly; all important outcomes are considered; and appropriate attention to confounders in analysis. In addition, for RCTs, 
intention to treat analysis is used. 
Fair: Any or all of the following problems occur, without the fatal flaws noted in the "poor" category: generally comparable groups are assembled initially but some question remains 
whether some (although not major) differences occurred with followup; measurement instruments are acceptable (although not the best) and generally applied equally; some but not all 
important outcomes are considered; and some but not all potential confounders are accounted for. Intention to treat analysis is done for RCTs. 
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Poor: Any of the following fatal flaws exists: groups assembled initially are not close to being comparable or maintained throughout the study; unreliable or invalid measurement 
instruments are used or not applied at all equally among groups (including not masking outcome assessment); and key confounders are given little or no attention. For RCTs, intention 
to treat analysis is lacking. 
 
Abbreviations: CAAS = carotid angioplasty and stenting; CAS = carotid artery stenosis; CEA = carotid endarterectomy; CMS = Centers for Medicare & Medicaid Services; CND = 
could not determine; CPR = cardiopulmonary resuscitation; CPT = Current Procedural Terminology; CT = computed tomography; EKG = electrocardiography; ICD = International 
Classification of Diseases; KQ = key question; MI = myocardial infarction; MRI = magnetic resonance imaging; NR = not reported; NIHSS = National Institutes of Health Stroke Scale; 
NSQIP = National Surgical Quality Improvement Program; TIA = transient ischemic attack; RCT = randomized, controlled trial; VA = Department of Veterans Affairs. 
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Appendix E Table 1. Accuracy of Screening With Duplex Ultrasonography to Detect CAS (KQ 3) 

First author, Year 
Study 

Design N 
Degree of 
Stenosis 

Method of 
Classification 

Proportion of 
Arteries 

Asymptomatic 
Mean 
Age 

% 
Men 

Sensitivity  
(95% CI) 

Specificity  
(95% CI) Quality 

Nowak, 20071; 
Jogestrand, 20022 

 Prospective  134 ≥70%;  
PSV=230 cm/s 
≥80%;  
PSV=260 cm/s 

ECST NR 69 y 66 92% (89% to 95%) 
88% (85% to 91%) 

91% (87% to 95%) 
86% (83% to 89%) 

Poor 

Jahromi, 20053a SR/MA 1,716 
 
2,140 

≥50%;  
PSV ≥130 cm/s 
≥70%;  
PSV ≥200 cm/s   

NASCET NR 66 y 70 98% (97% to 100%) 
90% (84% to 94%)  

88% (76% to 100%)  
94% (88% to 97%)  

Good 

Nederkoorn, 20034a SR/MA NR 70% to 99% NASCET NR NR NR 86% (84% to 89%)  87% (84% to 90%) Fair 
Blakely, 19955 SR/MA 3,989  

2,646  
>50% 
>70%  

NASCET NR 62 y 65 91% (85% to 93%)b 
88% (83% to 91%)b  

92% (88% to 93%)b 
91% (87% to 94%)b 

Good 

Hwang, 20036 Cross-
sectional 

171 ≥70% NASCET 
ECST 
CC 

NR 68 y 65 96% 
91% 
92% 

29% 
70% 
89% 

Poor 

Wolff, 20077; 
Wolff, 20078c 

SR NR 60% to 99% NR NR NR NR 94% 92% Fair 

Sabeti, 20049 Cross-
sectional 

1,006 70% to 99%; 
PSV>250 cm/s 

NASCET NR 70 y 69 97% (95% to 99%) 66% (63% to 71%) Fair 

a Used as evidence in the 2007 comparative effectiveness review. 
b Values estimated from figure. 
c 2007 comparative effectiveness review and associated Annals in Internal Medicine article. 
 
Abbreviations: CC = common carotid; CI = confidence interval; ECST = European Carotid Surgery Trial; KQ = key question; MA = meta-analysis; N = sample size; NASCET = North 
American Symptomatic Carotid Endarterectomy Trial; NR = not reported; PSV = peak systolic velocity; RCT = randomized, controlled trial; SR = systematic review. 
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Appendix E Table 2. Characteristics of Additional Studies Rated as Poor Quality and Reporting Rates of Periprocedural Complications 
of CEA or CAAS for Adults With Asymptomatic CAS 

Study, 
Year 

Study 
Design & 

Period 

Procedure 
N total  

(N Asymp) 

Setting, 
Source 

Population 

Sample Selection 
Criteria 

 Sample Subjects’ Characteristicsa 
Threats to Internal and External 

Validity Quality 
Horner, 
200210 

Cohort 
study 
 
10/1994-
9/1997 

CEA 
 
6,551 (2,852; 
140 black,  
93 Hispanic, 
2,619 white) 

VA NSQIPb 
database 
 
CEA cases 
searched by 
CPT code  
 
 

CPT codes to identify 
men who underwent 
CEA.  
Women were excluded 
from this analysis. 
 
Asymptomatic status  
defined by excluding 
codes related to TIA or 
stroke. 

Age ≥75 y:  
18% (black), 20% (Hispanic), 20% (white) 
White: 91% 
Female: 0% 
DM: 27% (black), 36% (Hispanic), 21% (white) 
CAD: NR 
COPD (severe): 7% (black), 11% (Hispanic), 
21% (white) 
HF: 2% (black), 1% (Hispanic), 2% (white) 
HTN: NR 
Smoker: NR 
Stenosis: NR 
Prior contralateral CEA: NR  
Contralateral occlusion: NR 
Contralateral Stroke/TIA: NR  

High risk of selection bias and 
measurement bias. Supplemented 
outcome information with 
questionnaire, but no information is 
given on % of post-surgery 
questionnaires completed, and this 
was a key aspect of ascertaining 
events; no comprehensive exam by 
neurologist for outcome assessment. 
VA NSQIP protocol does not ask 
specifically about preoperative 
symptom status. Likely to 
underestimate harms. 

Poor 

Samsa, 
200211 

Cohort 
study 
 
1994-1997 
 

CEA 
 
7,842 (2,970) 

VA NSQIP 
database 
 
Comparing 
event rates at 
VA medical 
centers with 
high 
complication 
rates by year 
(1994-1995 
vs. 1996-
1997) 

CPT codes to identify 
patients who underwent 
CEA. 
 
Asymptomatic status 
defined by excluding 
codes related to TIA or 
stroke. 

Mean Age: 68 yc 
White: 91% 
Female: 2% 
DM: 17% 
CAD: NR 
COPD: 17% 
HF: 2% 
HTN: NR 
Smoker: NR 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR (only presence of 
any stroke/TIA) 

High risk of selection bias and 
measurement bias. Supplemented 
outcome information with interview  
at day 30, but no information is given 
on % of questionnaires completed 
and this was a key aspect of 
ascertaining events; no 
comprehensive exam by neurologist 
for outcome assessment; VA NSQIP 
protocol does not ask specifically 
about preop symptom status. Likely 
to underestimate harms. 

Poor 

Woo, 
201012 

Cohort 
study 
 
2005-2007 

CEA 
 
5,009 (all 
asymptomatic)   

NSQIP 
database 
 
 

Trained clinical nurse 
reviewers input data 
from participating 
institutions. 
 
Asymptomatic status 
defined by excluding 
codes related to stroke 
and TIA. 

Mean age: 71 y 
White: NR 
Female: 43% 
DM: 27% 
CAD: 1% with MI in prior 6 months, 25% with 
prior cardiac surgery 
COPD: 9% 
HF: <1% with HF within 30 days 
HTN: 86% 
Smoker: 25% (smoker within 1 year) 
Stenosis: NR 
prior contralateral CEA: NR 
contralateral occlusion: NR 
contralateral TIA/stroke: NR  

High risk of selection bias; required  
to have complete 30-day followup for 
cases to get into the database; and 
exclusion criteria for many people at 
higher risk of death and other 
complications that limited the 
included sample to about 5,000 
asymptomatic patients out of about 
10,000 CEAs identified; symptom 
status determined by claims data 
only; NSQIP does not collect 
information on results of preoperative 
imaging (CT/MRI); no comprehensive 
exam by neurologist for outcome 
assessment; does not capture 
outcome data from facilities that  
don’t participate in NSQIP. 

Poor 
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Appendix E Table 2. Characteristics of Additional Studies Rated as Poor Quality and Reporting Rates of Periprocedural Complications 
of CEA or CAAS for Adults With Asymptomatic CAS 

Study, 
Year 

Study 
Design & 

Period 

Procedure 
N total  

(N Asymp) 

Setting, 
Source 

Population 

Sample Selection 
Criteria 

 Sample Subjects’ Characteristicsa 
Threats to Internal and External 

Validity Quality 
Garg, 
201113 

Cohort 
study 
 
2005-2009 

CEA 
 
17,388 (9,285) 

NSQIP 
database 
 
 

Trained clinical nurse 
reviewers input data 
from participating 
institutions. 
 
Asymptomatic status 
defined by excluding 
codes related to stroke 
and TIA. 

Mean age: 71 y 
White: NR 
Female: 42% 
DM: 27% 
CAD: 1% (MI within 6 months); 19% (previous 
PTCA), 24% (previous cardiac surgery) 
COPD: 9% 
HF: <1% (within 1 month) 
HTN: 85% 
Smoker: 26% 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

High risk of selection bias; required  
to have complete 30-day followup for 
cases to get into the database; and 
exclusion criteria for many people at 
higher risk of death and other 
complications that limited the 
included sample; symptom status 
determined by claims data only; 
validity of ascertainment of symptom 
status is not clear; NSQIP does not 
collect information on results of 
preoperative imaging (CT/MRI); no 
comprehensive exam by neurologist 
for outcome assessment; does not 
capture outcome data from facilities 
that don’t participate in NSQIP. 

Poor 

Wallaert, 
201214 

Cohort 
study 
 
2007-2009 

CEA  
 
22,696 
(12,631)  
 
Analysis 
restricted to 
asymptomatic  

NSQIP 
database 
 
 

Asymptomatic status 
defined by excluding 
codes related to stroke 
and TIA. 
 
Study is evaluating 30-
day event rates in 
people with life-limiting 
conditions. 

Mean age: 72 y*d 
White: 43% 
Female: 43% 
DM: 29% 
CAD: 42% 
COPD: NR 
HF: NR 
HTN: 86% 
Smoker: 29% 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 
 
 

Unclear whether NSQIP subjects 
were representative of source 
population and how complete the 
sampling is; required to have 
complete 30-day followup; NSQIP 
does not collect information on 
results of preoperative imaging 
(CT/MRI); no comprehensive exam 
by neurologist for outcome 
assessment; does not capture 
outcome data from facilities that  
don’t participate in NSQIP; potential 
misclassification of symptom status 
from only using CPT codes; NSQIP 
may underestimate the rate of MI as 
it may not include non-ST elevation 
MI.  

Poor 

Fokkema, 
201315 

Cohort 
study 
 
2005-2010 

CEA 
 
35,916 (~ 
20,113) 

NSQIP 
database 

Asymptomatic patients 
defined as those with 
no history of stroke, 
TIA, or hemiplegia 

Mean age: 72 y 
White: 92% 
Female: 41% 
DM: 28% 
CAD: NR 
COPD: 11% 
HF: 1% 
HTN: 85% 
Smoker: 28% 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

High risk of selection bias; required  
to have complete 30-day followup for 
cases to get into the database in 
other NSQIP publications (not 
explicitly stated in this article); NSQIP 
does not collect information on 
indication for surgery (symptom 
status), so limited in ability to stratify 
by symptom status accurately; for 
outcomes, cardiac events only 
included new Q-wave MI on EKG or 
cardiac arrest that necessitated CPR 
(only capturing the more severe 
events; not capturing non-Q-wave MI, 
for example); for stroke, not clear 
how people were assessed; no 
comprehensive exam by neurologist 

Poor 
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Appendix E Table 2. Characteristics of Additional Studies Rated as Poor Quality and Reporting Rates of Periprocedural Complications 
of CEA or CAAS for Adults With Asymptomatic CAS 

Study, 
Year 

Study 
Design & 

Period 

Procedure 
N total  

(N Asymp) 

Setting, 
Source 

Population 

Sample Selection 
Criteria 

 Sample Subjects’ Characteristicsa 
Threats to Internal and External 

Validity Quality 
for outcome assessment; does not 
capture outcome data from facilities 
that don’t participate in NSQIP. 

Theiss, 
200816 

Cohort 
study 
 
7/1999-
6/2005 
 
 

CAAS 
 
5,333 (2,412) 

Pro-CAS 
database 
(Germany, 
Austria, 
Switzerland) 

European (Pro-CAS) 
database: patients 
registered voluntarily by 
interventionist 24 hours 
before planned CAAS.  

Median age: 70 y 
White: NR 
Female: 29% 
DM: NR 
CAD: NR 
COPD: NR 
HF: NR 
HTN: NR 
Smoker: NR 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: 23.7% had >90% 
occlusion 
Contralateral TIA/stroke: NR 

High risk of selection bias; reporting 
to registry is voluntary. Patients 
have to be registered prospectively, 
followed and documented until 
discharge or death; not clear how 
many cases were not completely 
documented and whether cases 
with missing data were excluded or 
how missing data was handled. 
Registry data does not extend 
beyond discharge. 

Poor 

Palombo, 
200917 

Cohort 
study 
 
1/2007-
12/2007 

5,962 CEAs 
(4,068) 
 
5,809 patients 
(NR) 

Italian 
Registry for 
Vascular 
Activity 

Italian registry of open 
surgical and 
endovascular activities  
of the centers fully 
dedicated to vascular 
surgery in Italy. 
 
Asymptomatic defined 
as no report of 
amaurosis fugax, TIA, or 
stroke in 6 months prior 
to surgery 

Mean age: 73 y 
White: NR 
Female: 27.6% 
DM: 31% 
CAD: 53.4% 
COPD: NR 
HF: NR 
HTN: 89.7% 
Smoker: 70.7% 
Stenosis: ≥70% (98% of patients) 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

High risk of selection bias and 
medium to high risk of 
measurement bias; unclear whether 
cases are representative of source 
population. 

Poor 

Micari, 
201018 

Cohort  
study 
 
7/2005-
5/2009 

CAAS 
 
198 (120) 

Italian 
database; 3 
institutions  
 
 

Population includes 
consecutive 
octogenarians 
undergoing CAAS in 3 
Italian centers 

Median age: 83 y 
White: NR 
Female: 32% 
DM: 22% 
CAD: NR 
COPD: NR 
HF: NR 
HTN: 89% 
Smoker: 42% 
Stenosis: 100% of asymptomatic had ≥80% 
Prior contralateral CEA: NR 
Contralateral occlusion: 6% 
Contralateral TIA/stroke: NR 

High risk of selection bias; high 
volume centers and experienced 
operators; unclear how the 198 
subjects were selected for the 
registry; adequacy of outcome data 
NR; voluntary reporting to database; 
not clear how many cases were not 
completely documented and whether 
cases with missing data were 
excluded or how missing data was 
handled. 

Poor 
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Appendix E Table 2. Characteristics of Additional Studies Rated as Poor Quality and Reporting Rates of Periprocedural Complications 
of CEA or CAAS for Adults With Asymptomatic CAS 

Study, 
Year 

Study 
Design & 

Period 

Procedure 
N total  

(N Asymp) 

Setting, 
Source 

Population 

Sample Selection 
Criteria 

 Sample Subjects’ Characteristicsa 
Threats to Internal and External 

Validity Quality 
Menyhei, 
201119 

Cohort 
study 
 
1/2003-
12/2007 

CEA 
 
48,035 (NR; 
symptom 
status only 
reported on 
subset of 
included 
patients;  
4,686 out of 
18,034 were 
asymptomatic) 

International 
registry 
(Vascunet); 
primarily 
European, but 
also includes 
Australia and 
New Zealand. 
10 countries; 
not all had 
int/ext 
validation 

Vascunet is a voluntary 
vascular registry 
collaboration  

 

Median age: 67 y 
White: NR 
Female: 32% 
DM: NR 
CAD: NR 
COPD: NR 
HF: NR 
HTN: NR 
Smoker: NR 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: 9% 
Contralateral TIA/stroke: NR 

High risk of selection bias and 
measurement bias; data submission 
voluntary. 

Poor 

Lindstrom, 
201220 

Cohort 
study 

CEA and 
CAAS 
 
CEA 
6,474 (1,315)  
 
CAAS 
258 (101)  

Swedish 
Vascular 
Registry 
(Swedvasc) 

Patients from entire 
country treated with 
CEA or CAAS; 
asymptomatic defined 
as no symptoms within 
last 180 days 

CAAS:e 
Median age: 70 y 
White: NR  
Female: 30% 
DM: 29% 
CAD: 50% 
COPD: 14% 
HF: NR 
HTN: 81% 
Smoker: 70% 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: ~45% asx 

High risk of selection bias; unclear 
how cases get into the national 
registry; completeness and 
representativeness of registry  
unclear 

Poor 

Sidawy, 
200921 

Cohort 
study 
 
7/2005-
12/2007 

Full sample: 
CAAS 
2,763 (1,404)  
 
CEA 
3,259 (1,877) 
 
Patients with 
30-day 
outcomes 
CAAS: 
1,450 (805) 
 
CEA 
1,368 (862) 

Society for 
Vascular 
Surgery 
Vascular 
Registry 
(SVS-VR) 

Online voluntary 
vascular surgery registry 
with audit program 
 
No specific inclusion or 
exclusion criteria 

CAAS/CEA 
Mean age: 71/71 
White: 94%/95% 
Female: 41%/40% 
DM: 33%/26% 
CAD: 61%/46% 
COPD: 18%/12% 
HF: 15%/7% 
HTN: 82%/79% 
Smoker: 59%/56% 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

High risk of selection bias, mainly 
due to attrition; missing 30-day 
outcomes for about half of the 
subjects 

Poor 
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Appendix E Table 2. Characteristics of Additional Studies Rated as Poor Quality and Reporting Rates of Periprocedural Complications 
of CEA or CAAS for Adults With Asymptomatic CAS 

Study, 
Year 

Study 
Design & 

Period 

Procedure 
N total  

(N Asymp) 

Setting, 
Source 

Population 

Sample Selection 
Criteria 

 Sample Subjects’ Characteristicsa 
Threats to Internal and External 

Validity Quality 
Schermer-
horn, 201322 

Cohort 
study 
 
11/2001-
9/2011 

CAAS and 
CEA 
 
CAAS 
3,737 (2,037) 
 
CEA 
6,370 (3,964) 

Society for 
Vascular 
Surgery 
Vascular 
Registry 
(SVS-VR) 

Online voluntary 
vascular surgery registry 
with audit program 
 
No specific inclusion or 
exclusion criteria 

CAAS/CEA 
Mean age: 71/71 y 
White: 92%/93% 
Female: 40%/31% 
DM: 34%/31% 
CAD: 58%/48% 
COPD: 20%/18% 
HF: 14%/8% 
HTN: 83%/84% 
Smoker: 61%/61% 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: 13%/4% 
Contralateral TIA/stroke: NR 

High risk of selection bias; only 
included subjects with complete 30-
day outcomes and other publications 
from this registry are clear in that 
around half of subjects often have no 
30-day outcomes. 

Poor 

Jim, 201223 Cohort 
study 
 
7/2005-
12/2010 

CEA 
5,516 (2,098) 
 
CAAS 
3,397 (1,850) 
 
 

SVS-VR 
 
 

Online voluntary 
vascular surgery registry 
with audit program; 
results stratified by age 
(<65 and ≥65) 

CEA<65/CAS<65 
Mean age: 58/58 y 
White: 90%/89% 
Female: 40%/41% 
DM: 32%/36% 
CAD: 42%/52% 
COPD: 17%/20% 
HF: 6%/12% 
HTN: 81%/79% 
Smoker: 73%/69% 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 
 
CEA≥65/CAS≥65 
Mean age: 75/75 y 
White: 94%/93% 
Female: 42%/40% 
DM: 31%/32% 
CAD: 50%/61% 
COPD: 18%/20% 
HF: 9%/15% 
HTN: 85%/84% 
Smoker: 56%/57% 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

High risk of selection bias; only 
included subjects with complete 30-
day outcomes and other publications 
fom this registry are clear in that 
around half of subjects often have no 
30-day outcomes.  

Poor 
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Study, 
Year 

Study 
Design & 

Period 

Procedure 
N total  

(N Asymp) 

Setting, 
Source 

Population 

Sample Selection 
Criteria 

 Sample Subjects’ Characteristicsa 
Threats to Internal and External 

Validity Quality 
Mercado, 
201324 

Cohort 
study 
 
4/2005-
1/2012 

CAAS 
 
Full sample 
13,993 (NR) 
 
Propensity-
matched 
(analyzed) 
cohort 
5,500 (3,048) 
 
CCO/No CCO 
1,375 (763)/ 
4,125 (2,285) 

Carotid Artery 
Revascular-
ization and 
Endarterect-
omy (CARE) 
registry 

Nationwide voluntary, 
hospital-based 
prospective database; 
patients considered 
asymptomatic if no 
history of any of the 
following: carotid  
TIA with distinct focal 
neurological dysfunction 
persisting <24 h, non-
disabling stroke with a 
modified Rankin scale 
<3 and symptoms <24 h, 
or amaurosis fugax 
within previous 6 mo; 
results stratified by 
presence of contralateral 
carotid occlusion 

CCO/No CCO (propensity matched cohort) 
Mean age: 69/69 y 
White: 91%/91% 
Female: 33%/34% 
DM: 38%/38% 
CAD (ischemic heart disease): 55%/55% 
COPD: NR 
HF: 17%/17% 
HTN: 91%/91% 
Smoker (history of): 80%/80% 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: 100%/0% 
Contralateral TIA/stroke: NR 

High risk of selection bias and 
measurement bias; unclear how 
many procedures out of the total 
procedures done were included in the 
CARE registry and in this publication; 
unclear how much missing data they 
had; only 66% of patients got a post-
procedure NIHSS assessment; 
unclear how outcomes were 
assessed for the other third of 
patients; not clear who was doing the 
assessments across sites, and how 
they were determining the presence 
of outcomes when not using NIHSS; 
in-hospital events only. 

Poor 

Rajamani, 
201225 

Cohort 
study 
 
1/2005-
3/2011 

CEA 
 
4,149 (2,773) 

CARE registry Nationwide voluntary, 
hospital-based 
prospective database; 
results presented for 
adults age ≥70 y and 
stratified by age (70-74 
and ≥75) 

Overall 
Mean age: 78 y 
White: 96% 
Female: 41% 
DM: 32% 
CAD: NR 
COPD: 19% 
HF: NR 
HTN: 90% 
Smoker: 65% 
Stenosis: NR 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

High risk of selection bias and 
measurement bias; unclear how 
many procedures out of the total 
procedures done were included in the 
CARE registry and in this publication; 
unclear how much missing data they 
had; unclear how outcomes were 
assessed (encouraged use of NIHSS, 
but unclear how often it was used); 
not clear who was doing the 
assessments across sites, and how 
they were determining the presence 
of outcomes when not using NIHSS; 
in-hospital events only. 

Poor 

McKinlay, 
200326; 
McKinlay, 
200527; 
Zarins, 
200928 
 

Non-
randomized 
trial 
(CARESS) 
 
4/2001-
12/2002 

CEA + CAAS 
 
CEA 
254 (170) 
 
CAAS 
143 (99) 

Multicenter  
(14 sites), 
designed to 
evaluate the 
safety and 
effectiveness 
of CAAS with 
embolic 
protection 
compared with 
CEA. Choice 
of CAS/CEA 
was based on 
physician and 
patient 
preference. 

Study designed to 
include a broad-risk 
population. 
Asymptomatic status 
was based on lack of 
symptoms associated 
with TIA or stroke in 
preceding 6 months. 
Only asymptomatic 
patients with ≥75% 
stenosis were included. 

Mean age: 71 y 
White: 93% 
Female: 39% 
DM: 27% 
CAD: 64% 
COPD: NR 
HF: 15% 
HTN: 81% 
Smoker: NR 
Stenosis: 92% with >75% occlusion; 9% with  
50%-75% 
Prior contralateral CEA: NR 
Contralateral occlusion: NR 
Contralateral TIA/stroke: NR 

Unclear whether cases are 
representative of the source 
population, 46% of the cohort met at 
least one CMS-defined criteria of  
high risk for surgery (based on age  
or comorbidity). Participating  
principal investigators had to 
demonstrate a history of low 
complication rate with CEA or CAAS 
to participate. 

Poor 
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Appendix E Table 2. Characteristics of Additional Studies Rated as Poor Quality and Reporting Rates of Periprocedural Complications 
of CEA or CAAS for Adults With Asymptomatic CAS 
Data are for followup years, reported ages are the mean unless otherwise specified. 
 
a Sample characteristics are of entire cohort (symptomatic and asymptomatic patients) unless otherwise noted. 
b National Surgery Quality Improvement Program. 
c Characteristics averaged across two time-periods. 
d Study characteristics are a crude average of groups with and without life-limiting conditions. Those with life-limiting conditions were slightly older and had a higher incidence of 
diabetes, CAD, and HTN. 
e Characteristics were given only for the total sample undergoing CAAS (symptomatic and asymptomatic patients). No patient characteristics were given for patients undergoing CEA. 
 
Abbreviations: CCO = contralateral carotid artery occlusion; CEA = carotid endarterectomy; COPD = chronic obstructive pulmonary disease; CV = cerebrovascular; HF = heart 
failure; HTN = hypertension; N = sample size; U/S = ultrasound. 
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Appendix E Table 3. Results From Additional Studies Rated as Poor Quality and Reporting Rates of 
Periprocedural Complications of CEA or CAAS for Adults With Asymptomatic CAS 

Study, Year Method of Outcome Assessment In-Hospital Rates 30-Day Rates 
Horner, 200210 Trained nurse reviewers, data reviewed/ 

edited by coordinating center; 30-day  
post-surgery questionnaire regarding 
health status and outcomes; clinical 
outcomes confirmed by medical record 
review. 

NR Stroke or death:  
Black: 2.1% 
Hispanic: 2.2% 
White: 1.6% 
 
Stroke, MI, or death:   
Black: 2.1% 
Hispanic: 3.2% 
White: 2.3% 
 
Any complication of the surgery: 
Black: 2.1% 
Hispanic :9.7% 
White: 5.5% 
 
Postoperative stay of 3 or more days: 
Black: 49.2% 
Hispanic: 52.2% 
White: 40.3% 
 
Return to the OR within 30 days: 
Black: 17.1% 
Hispanic: 12.9% 
White: 12.2% 
 
1 or more returns to the OR related to CEA:  
Black: 9.3% 
Hispanic: 6.5% 
White: 3.1% 

Samsa, 200211 Trained nurse reviewers, ICD-9 codes, 
hospital-based followup included daily 
rounding, attending conferences, 
interviewing house staff, and the nurse 
epidemiologist regarding possible 
nosocomial infections and other 
complications. Reviewer called the  
patient at day 30 and interviewed patient 
or family member. 

NR 30-day death, CVA, MI:  
Overall: 2.4% 
1994-1995: 2.7% 
1996-1997: 2.2% 
 
Variation across facility, 1994-1995: 0% to 
9.5% 
 
Variation across facility, 1996-1997: 1.7%  
to 3.6% 

Woo, 201012 NSQIP uses Trained Surgical Clinical 
Reviewers at each site; independent  
chart review for identifying post-
discharge morbidity 

NR Combined stroke and death: 1.4% 
 
Combined stroke, death and MI: 1.6% 
 
Stroke: 0.96% 
Death: 0.56% 
MI:  0.22% 
 
Peripheral nerve injury: 0.32% 
 
Wound infection: 0.68% 
 
Pneumonia: 0.66% 

Garg, 201113 NSQIP uses Trained Surgical Clinical 
Reviewers at each site; independent  
chart review for identifying post-
discharge morbidity 

NR Mortality: <1% 
Combined stroke/mortality: 1% 
Combined stroke/mortality/MI: 2%a 
 
Return to the OR within 30 days: 5% 
 
Unplanned intubation: 1.0% 
 
On ventilator >48 hours: 5% 
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Appendix E Table 3. Results From Additional Studies Rated as Poor Quality and Reporting Rates of 
Periprocedural Complications of CEA or CAAS for Adults With Asymptomatic CAS 

Study, Year Method of Outcome Assessment In-Hospital Rates 30-Day Rates 
Wallaert, 
201214 

NSQIP uses Trained Surgical Clinical 
Reviewers at each site; independent  
chart review for identifying post-
discharge morbidity 

NR Stroke or death: 1.4% 
 
Stroke or death for those >80: 2.2% 
 
Stroke or death in those with life-limiting 
conditions: 2.9%  
 
Stroke or death in those without life-limiting 
conditions: 1.1%  
 
Death in those with life-limiting conditions: 
1.4%  
 
Death in those without life-limiting 
conditions: 0.3% 
 
Stroke in those with life-limiting conditions: 
1.8% 
 
Stroke in those without life-limiting 
conditions: 0.9% 
 
20% of CEAs performed in patients with at 
least one life-limiting condition 
 
3% of CEAs performed in patients who had 
>1 life limiting condition 

Theiss, 200816 CND Stroke or death: 2.7%  NR 
Palombo, 
200917 

NR NR Perioperative stroke: 0.8% 

Micari, 201018 30-day exam by independent neurologist Major stroke: 0.08% 
Minor stroke: 0.08% 

Combined death/stroke: 1.6% 

Menyhei, 
201119 

Each contributing country entered and 
validated its own data. 

Stroke: 1.67% Mortality: 0.38% 

Lindstrom, 
201220 

Deaths retrieved from Swedish National 
Population Registry; unclear for stroke 
(other than it is clear that they obtained 
the data from the registry, but not clear 
what exactly gets into the registry) 

NR Stroke or death: 
CAAS: 7.1% 
CEA: 4.0% 

Sidawy, 200921 CND NR CAAS:  
Combined death/stroke/MI: 4.60%  
Death: 1.99% 
Stroke: 2.11% 
MI: 1.37% 
TIA: 1.24% 
TMB/amaurosis fugax: 0.25% 
 
CEA: 
Combined death/stroke/MI: 1.97% 
Death: 0.70% 
Stroke: 1.28% 
MI: 0.58% 
TIA: 0.46% 
TMB/amaurosis fugax: 0.00% 
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Appendix E Table 3. Results From Additional Studies Rated as Poor Quality and Reporting Rates of 
Periprocedural Complications of CEA or CAAS for Adults With Asymptomatic CAS 

Study, Year Method of Outcome Assessment In-Hospital Rates 30-Day Rates 
Jim, 201223 CND NR <65 CEA: 

Death: 0.79% 
Stroke: 1.31% 
MI: 0.39% 
Death/Stroke/MI: 2.10% 
 
<65 CAS:  
Death: 1.4% 
Stroke: 2.34% 
MI: 1.17% 
Death/Stroke/MI: 4.44% 
 
≥65 CEA: 
Death: 0.72% 
Stroke: 1.81% 
MI: 1.20% 
Death/Stroke/MI: 3.31% 
 
≥65 CAS:  
Death: 1.62% 
Stroke: 3.45% 
MI: 1.05% 
Death/Stroke/MI: 5.27% 

Fokkema, 
201315 

NSQIP uses Trained Surgical Clinical 
Reviewers at each site; independent 
chart review for identifying post-
discharge morbidity 

Stroke: 0.7% 
Death: 0.2% 
Cardiac event: 0.6% 
Combined stroke/death: 
0.9% 
Combined stroke/death/ 
cardiac event: 1.3% 

Stroke: 1.1% 
Death: 0.5% 
Cardiac event: 0.8% 
Combined stroke/death: 1.5% 
Combined stroke/death/cardiac event: 2.1% 

Schermerhorn, 
201322 

CND NR High riskb CEA: 
Death: 1.3% 
Stroke: 2.7% 
MI: 1.6% 
Death/stroke: 3.7% 
Death/stroke/MI: 5.0% 
 
Non-high risk CEA:  
Death: 0.5% 
Stroke: 1.1%  
MI: 1.1% 
Death/stroke: 1.4% 
Death/stroke/MI: 2.2% 
 
High risk CAAS: 
Death: 1.7% 
Stroke: 3.4% 
MI: 1.1% 
Death/stroke: 4.8% 
Death/stroke/MI: 5.4% 
 
Non-high risk CAAS:  
Death: 1.6% 
Stroke: 2.6% 
MI: 1.0% 
Death/stroke: 3.6% 
Death/stroke/MI: 4.2% 

Mercado, 
201324 

Data are collected from existing medical 
records using standardized definitions, 
collection protocols, and tools. An  
on-site registry manager is designated  
by each participating center to ensure 
accuracy and timely submission. 

CCO: 
Death/stroke/MI: 1.0% 
 
No CCO: 
Death/stroke/MI: 1.9% 

NR 

Screening for Carotid Artery Stenosis  127 RTI International–University of North Carolina EPC 



Appendix E Table 3. Results From Additional Studies Rated as Poor Quality and Reporting Rates of 
Periprocedural Complications of CEA or CAAS for Adults With Asymptomatic CAS 

Study, Year Method of Outcome Assessment In-Hospital Rates 30-Day Rates 
Rajamani, 
201225 

Data are collected from existing medical 
records using standardized definitions, 
collection protocols, and tools. An on-site 
registry manager is designated by each 
participating center to ensure accuracy 
and timely submission. 

Total: 
Death:0.5% 
Stroke:1.7% 
MI: 0.9% 
Death/stroke: 2.0% 
Death/stroke/MI: 2.7% 
 
Age 70-74 y: 
Death: 0.0% 
Stroke: 1.6% 
MI: 0.5% 
Death/stroke: 1.6% 
Death/stroke/MI: 2.0% 
 
Age >74 y: 
Death: 0.7% 
Stroke: 1.8% 
MI: 1.0% 
Death/stroke: 2.2% 
Death/stroke/MI: 3.1% 

NR 

McKinlay, 2003 
(CaRESS 
Steering 
Committee)26; 
McKinlay, 
200527; 
Zarins, 200928 
 

Neurological examination, including 
NIHSS assessment and cerebral events 
questionnaires administered at 30 days 
by a neurologist not involved with the 
procedure. Independent data and safety 
monitoring board reviewed centrally 
adjudicated clinical events. 

NR CEA:  
All-cause mortality: 0.0% 
Stroke: 1.8% 
MI: 1.2% 
Death/stroke: 1.8% 
Death/stroke/MI: 3.0% 
 
CAAS:  
All-cause mortality: 0.0% 
Stroke: 1.0% 
MI: 0.0% 
Death/stroke: 1.0% 
Death/stroke/MI: 1.0% 

Data are for followup years; reported ages are the mean unless otherwise specified. 
 
a Study also reported <1% of the following harms: wound disruption, superficial incisional infection, pneumonia, pulmonary embolism, 
acute renal failure, progressive renal failure, urinary tract infection, coma >24 hours, peripheral nerve injury, cardiac arrest requiring 
CPR, myocardial infarction, bleeding/ transfusion, graft/prosthesis/flap failure, deep vein thrombosis requiring therapy, sepsis and 
septic shock. 
b High risk criteria per CMS: age >79 years, NYHA CHF class III/IV, LVEF <30%, unstable angina, recent myocardial infarction, 
restenosis, radical neck dissection, contralateral occlusion, prior radiation to neck, contralateral laryngeal nerve injury, high anatomic 
lesion. 
 
Abbreviations: CCO = contralateral carotid artery occlusion; CEA = carotid endarterectomy; COPD = chronic obstructive pulmonary 
disease; CV = cerebrovascular; HF = heart failure; HTN = hypertension; N = sample size; U/S = ultrasound. 
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Appendix F Figure 1. Ipsilateral Stroke (Nonperioperative) for CEA Compared With Medical 
Therapy 

 
           Study     |     RD    [95% Conf. Interval]     % Weight 
---------------------+-------------------------------------------------------- 
ACAS                       | -0.042      -0.060    -0.024         37.60 
ACST                       | -0.035      -0.049    -0.021         53.56 
VACS                       | -0.071      -0.114    -0.028          8.84 
---------------------+------------------------------------------------------- 
D+L pooled RD        | -0.041      -0.054    -0.027      100.00 
---------------------+------------------------------------------------------- 
 

NOTE: Weights are from random effects analysis 

Overall  (I-squared = 22.7%, p = 0.274) 
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Appendix F Figure 2. Any Stroke (Nonperioperative) for CEA Compared With Medical Therapy 

 
           Study     |     RD    [95% Conf. Interval]     % Weight 
---------------------+-------------------------------------------------------- 
ACAS                       | -0.050      -0.075    -0.025         35.98 
ACST                       | -0.057      -0.077    -0.037         55.88 
VACS                       | -0.059      -0.111    -0.006          8.14 
---------------------+-------------------------------------------------------- 
D+L pooled RD        | -0.055      -0.070    -0.039        100.00 
---------------------+-------------------------------------------------------- 

NOTE: Weights are from random effects analysis 

Overall  (I-squared = 0.0%, p = 0.897) 
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Appendix F Figure 3. Perioperative Stroke/Death or Any Subsequent Stroke for CEA Compared 
With Medical Therapy 

 
           Study     |     RD    [95% Conf. Interval]     % Weight 
---------------------+-------------------------------------------------------- 
ACAS                       | -0.030      -0.058    -0.003         36.57 
ACST                       | -0.039      -0.061    -0.017         55.81 
VACS                       | -0.024      -0.084     0.035          7.62 
---------------------+-------------------------------------------------------- 
D+L pooled RD        | -0.035      -0.051    -0.018      100.00 
---------------------+-------------------------------------------------------- 

NOTE: Weights are from random effects analysis 

Overall  (I-squared = 0.0%, p = 0.834) 
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Appendix F Figure 4. Perioperative Stroke/Death or Any Subsequent Stroke for CEA Compared 
With Medical Therapy, Sensitivity Analysis Including Angiogram-Related Events 

 
          Study     |     RD    [95% Conf. Interval]     % Weight 
---------------------+--------------------------------------------------------- 
ACAS                       | -0.030      -0.058    -0.003         36.72 
ACST                       | -0.039      -0.061    -0.017         56.03 
VACS                       | -0.010      -0.072     0.051          7.24 
---------------------+--------------------------------------------------------- 
D+L pooled RD        | -0.034      -0.050    -0.017        100.00 
---------------------+--------------------------------------------------------- 

NOTE: Weights are from random effects analysis 

Overall  (I-squared = 0.0%, p = 0.654) 
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Appendix F Figure 5. Perioperative Stroke/Death or Any Subsequent Ipsilateral Stroke for CEA 
Compared With Medical Therapy 

 
           Study     |     RD    [95% Conf. Interval]     % Weight 
---------------------+-------------------------------------------------------- 
ACAS                      | -0.022      -0.044    -0.001         36.21 
ACST                      | -0.017      -0.033     0.000         57.67 
VACS                      | -0.037      -0.088     0.015          6.12 
---------------------+-------------------------------------------------------- 
D+L pooled RD        | -0.020      -0.033    -0.007        100.00 
---------------------+-------------------------------------------------------- 

NOTE: Weights are from random effects analysis 

Overall  (I-squared = 0.0%, p = 0.740) 
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Appendix F Figure 6. Perioperative Stroke/Death or Any Subsequent Ipsilateral Stroke for CEA 
Compared With Medical Therapy, Sensitivity Analysis Including Angiogram-Related Events 

 
 
           Study     |     RD    [95% Conf. Interval]     % Weight 
---------------------+--------------------------------------------------- 
ACAS                 | -0.022      -0.044    -0.001         36.38 
ACST                 | -0.017      -0.033     0.000         57.95 
VACS                 | -0.022      -0.076     0.031          5.68 
---------------------+--------------------------------------------------- 
D+L pooled RD        | -0.019      -0.032    -0.006        100.00 
---------------------+--------------------------------------------------- 
  

NOTE: Weights are from random effects analysis 

Overall  (I-squared = 0.0%, p = 0.911) 
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Appendix F Figure 7. All-Cause Mortality for CEA Compared With Medical Therapy 

 
           Study     |     RD    [95% Conf. Interval]     % Weight 
---------------------+--------------------------------------------------------- 
ACAS                       | -0.006      -0.035     0.023         51.81 
ACST                       |  0.026      -0.008     0.060         40.93 
VACS                       | -0.003      -0.091     0.085          7.26 
---------------------+--------------------------------------------------------- 
D+L pooled RD        |  0.007      -0.017     0.031        100.00 
---------------------+--------------------------------------------------------- 

NOTE: Weights are from random effects analysis 

Overall  (I-squared = 13.1%, p = 0.316) 
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Appendix F Figure 8. Any Stroke or Death for CEA Compared With Medical Therapy 

 
           Study     |     RD    [95% Conf. Interval]     % Weight 
---------------------+--------------------------------------------------------- 
ACAS                       | -0.032      -0.068     0.004         45.17 
ACST                       | -0.022      -0.057     0.013         47.89 
VACS                       | -0.030      -0.122     0.062          6.94 
---------------------+--------------------------------------------------------- 
D+L pooled RD        | -0.027      -0.051    -0.003        100.00 
---------------------+-------------------------------------------------------- 

NOTE: Weights are from random effects analysis 

Overall  (I-squared = 0.0%, p = 0.929) 
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Appendix F Figure 9. Perioperative Stroke or Death for CEA Compared With Medical Therapy 

 
           Study     |     RD    [95% Conf. Interval]     % Weight 
---------------------+--------------------------------------------------------- 
ACAS                       |  0.019       0.008     0.030         40.84 
ACST                       |  0.018       0.008     0.028         53.55 
VACS                       |  0.034       0.004     0.064          5.60 
---------------------+--------------------------------------------------------- 
D+L pooled RD        |  0.019       0.012     0.026        100.00 
---------------------+--------------------------------------------------------- 

NOTE: Weights are from random effects analysis 

Overall  (I-squared = 0.0%, p = 0.597) 
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Appendix F Figure 10. Perioperative Stroke or Death for CEA Compared With Medical Therapy, 
Sensitivity Analysis Including Angiogram-Related Events 

 
         Study     |     RD    [95% Conf. Interval]     % Weight 
---------------------+--------------------------------------------------------- 
ACAS                       |  0.023       0.011     0.035         41.27 
ACST                       |  0.018       0.008     0.028         50.39 
VACS                       |  0.048       0.015     0.082          8.34 
---------------------+--------------------------------------------------------- 
D+L pooled RD        |  0.023       0.012     0.033        100.00 
---------------------+--------------------------------------------------------- 

NOTE: Weights are from random effects analysis 

Overall  (I-squared = 35.6%, p = 0.212) 
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Appendix F Figure 11. Perioperative Nonfatal Myocardial Infarction for CEA Compared With 
Medical Therapy 

 
           Study             |     RD    [95% Conf. Interval]     % Weight 
---------------------+--------------------------------------------------------- 
ACST                       |  0.006       0.002     0.010         74.94 
VACS                       |  0.019      -0.001     0.039         25.06 
---------------------+--------------------------------------------------------- 
D+L pooled RD        |  0.009      -0.003     0.021        100.00 
---------------------+--------------------------------------------------------- 

NOTE: Weights are from random effects analysis 

Overall  (I-squared = 45.8%, p = 0.175) 
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Appendix F Figure 12. Perioperative Death or Stroke Rate After CEA, by Study Design 
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Appendix F Figure 13. Perioperative Death or Stroke Rate After CEA, Sensitivity Analysis 
Including Studies Rated as Poor Quality, by Study Design 

NOTE: Weights are from random effects analysis
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Appendix F Figure 14. Perioperative Death or Stroke Rate After CAAS, by Study Design 

 

NOTE: Weights are from random effects analysis
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Appendix F Figure 15. Perioperative Death or Stroke Rate After CAAS, Sensitivity Analysis 
Including Studies Rated as Poor Quality, by Study Design 

NOTE: Weights are from random effects analysis

.

.

Cohort Study

Hopkins 2010

Schermerhorn 2013

Lindstrom 2012

Subtotal  (I-squared = 0.0%, p = 0.448)

Trial

Brott 2010

Zarins 2005

Gray 2009

Subtotal  (I-squared = 40.8%, p = 0.185)

Study

CREST lead-in phase

SVS- VR

V. Registry, Sweden

CREST

CARESS

CAPTURE-2, EXACT

Source

2000-2008

2001-2011

2005-2007

2000-2008

2001-2002

2005-2007

Study_period

Fair

Poor

Poor

Fair

Poor

Fair

Quality

1151

594

253

594

99

5558

CAAS_N

44

96

10

15

1

178

CAAS_event

3.80 (2.86, 5.09)

4.70 (3.90, 5.70)

3.95 (2.16, 7.12)

4.32 (3.64, 4.99)

2.50 (1.54, 4.12)

1.00 (0.18, 5.50)

3.20 (2.77, 3.70)

2.79 (1.90, 3.67)

ES (95% CI)

36.54

56.08

7.39

100.00

28.75

9.60

61.64

100.00

Weight

%

3.80 (2.86, 5.09)

4.70 (3.90, 5.70)

3.95 (2.16, 7.12)

4.32 (3.64, 4.99)

2.50 (1.54, 4.12)

1.00 (0.18, 5.50)

3.20 (2.77, 3.70)

2.79 (1.90, 3.67)

ES (95% CI)

36.54

56.08

7.39

100.00

28.75

9.60

61.64

100.00

Weight

%

  
00 10

Screening for Carotid Artery Stenosis  145 RTI International–University of North Carolina EPC 



Appendix F Figure 16. Ipsilateral Stroke (Nonperioperative) for CEA Compared With Medical 
Therapy, Sensitivity Analysis Using Profile Likelihood Methods 

 
 
------------------------------------------------------------------- 
        Study        |   Effect   [95% Conf. Interval]   % Weight 
---------------------+--------------------------------------------- 
ACAS                 |   -0.042     -0.060    -0.024      34.67 
ACST                 |   -0.035     -0.049    -0.021      59.04 
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---------------------+--------------------------------------------- 
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Appendix F Figure 17. Any Stroke (Nonperioperative) for CEA Compared With Medical Therapy, 
Sensitivity Analysis Using Profile Likelihood Methods 

 

------------------------------------------------------------------- 
        Study        |   Effect   [95% Conf. Interval]   % Weight 
---------------------+--------------------------------------------- 
ACAS                 |   -0.050     -0.075    -0.025      35.98 
ACST                 |   -0.057     -0.077    -0.037      55.88 
VACS                 |   -0.059     -0.111    -0.006       8.14 
---------------------+--------------------------------------------- 
Overall effect (pl)  |   -0.055     -0.071    -0.038     100.00 
------------------------------------------------------------------- 
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Original weights (squares) displayed. Largest to smallest ratio: 6.86
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Appendix F Figure 18. Perioperative Stroke/Death or Any Subsequent Stroke for CEA Compared 
With Medical Therapy, Sensitivity Analysis Using Profile Likelihood Methods 

 
 
------------------------------------------------------------------- 
        Study        |   Effect   [95% Conf. Interval]   % Weight 
---------------------+--------------------------------------------- 
ACAS                 |   -0.030     -0.058    -0.003      36.57 
ACST                 |   -0.039     -0.061    -0.017      55.81 
VACS                 |   -0.024     -0.084     0.035       7.62 
---------------------+--------------------------------------------- 
Overall effect (pl)  |   -0.035     -0.052    -0.015     100.00 
------------------------------------------------------------------- 

Overall effect (pl)
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Effect sizes and CIs

Original weights (squares) displayed. Largest to smallest ratio: 7.32
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Appendix F Figure 19. Perioperative Stroke/Death or Any Subsequent Stroke for CEA Compared 
With Medical Therapy, Sensitivity Analysis Including Angiogram-Related Events and Using Profile 
Likelihood Methods 

 
------------------------------------------------------------------- 
        Study        |   Effect   [95% Conf. Interval]   % Weight 
---------------------+--------------------------------------------- 
ACAS                 |   -0.030     -0.058    -0.003      36.72 
ACST                 |   -0.039     -0.061    -0.017      56.03 
VACS                 |   -0.010     -0.072     0.051       7.24 
---------------------+--------------------------------------------- 
Overall effect (pl)  |   -0.034     -0.051    -0.013     100.00 
------------------------------------------------------------------- 

Overall effect (pl)
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Effect sizes and CIs

Original weights (squares) displayed. Largest to smallest ratio: 7.73
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Appendix F Figure 20. Perioperative Stroke/Death or Any Subsequent Ipsilateral Stroke for CEA 
Compared With Medical Therapy, Sensitivity Analysis Using Profile Likelihood Methods 

 
------------------------------------------------------------------- 
        Study        |   Effect   [95% Conf. Interval]   % Weight 
---------------------+--------------------------------------------- 
ACAS                 |   -0.022     -0.044    -0.001      36.21 
ACST                 |   -0.017     -0.033     0.000      57.67 
VACS                 |   -0.037     -0.088     0.015       6.12 
---------------------+--------------------------------------------- 
Overall effect (pl)  |   -0.020     -0.036    -0.007     100.00 
------------------------------------------------------------------- 

Overall effect (pl)
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es
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Effect sizes and CIs

Original weights (squares) displayed. Largest to smallest ratio: 9.42
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Appendix F Figure 21. Perioperative Stroke/Death or Any Subsequent Ipsilateral Stroke for CEA 
Compared With Medical Therapy, Sensitivity Analysis Including Angiogram-Related Events and 
Using Profile Likelihood Methods 

 

------------------------------------------------------------------- 
        Study        |   Effect   [95% Conf. Interval]   % Weight 
---------------------+--------------------------------------------- 
ACAS                 |   -0.022     -0.044    -0.001      36.38 
ACST                 |   -0.017     -0.033     0.000      57.95 
VACS                 |   -0.022     -0.076     0.031       5.68 
---------------------+--------------------------------------------- 
Overall effect (pl)  |   -0.019     -0.034    -0.005     100.00 
------------------------------------------------------------------- 

Overall effect (pl)
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S

tu
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es
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Effect sizes and CIs

Original weights (squares) displayed. Largest to smallest ratio: 10.21
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Appendix F Figure 22. All-Cause Mortality for CEA Compared With Medical Therapy, Sensitivity 
Analysis Using Profile Likelihood Methods 

 
 
------------------------------------------------------------------- 
        Study        |   Effect   [95% Conf. Interval]   % Weight 
---------------------+--------------------------------------------- 
ACAS                 |   -0.006     -0.035     0.023      53.91 
ACST                 |    0.026     -0.008     0.060      40.08 
VACS                 |   -0.003     -0.091     0.085       6.02 
---------------------+--------------------------------------------- 
Overall effect (pl)  |    0.007     -0.024     0.038     100.00 
------------------------------------------------------------------- 

Overall effect (pl)
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Original weights (squares) displayed. Largest to smallest ratio: 8.96
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Appendix F Figure 23. Any Stroke or Death for CEA Compared With Medical Therapy, Sensitivity 
Analysis Using Profile Likelihood Methods 

 
------------------------------------------------------------------- 
        Study        |   Effect   [95% Conf. Interval]   % Weight 
---------------------+--------------------------------------------- 
ACAS                 |   -0.032     -0.068     0.004      45.17 
ACST                 |   -0.022     -0.057     0.013      47.89 
VACS                 |   -0.030     -0.122     0.062       6.94 
---------------------+--------------------------------------------- 
Overall effect (pl)  |   -0.027     -0.054    -0.001     100.00 
------------------------------------------------------------------- 

Overall effect (pl)
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Effect sizes and CIs

Original weights (squares) displayed. Largest to smallest ratio: 6.90
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Appendix F Figure 24. Perioperative Stroke or Death for CEA Compared With Medical Therapy, 
Sensitivity Analysis Using Profile Likelihood Methods 

 
 
------------------------------------------------------------------- 
        Study        |   Effect   [95% Conf. Interval]   % Weight 
---------------------+--------------------------------------------- 
ACAS                 |    0.019      0.008     0.030      40.84 
ACST                 |    0.018      0.008     0.028      53.55 
VACS                 |    0.034      0.004     0.064       5.60 
---------------------+--------------------------------------------- 
Overall effect (pl)  |    0.019      0.012     0.028     100.00 
------------------------------------------------------------------- 

Overall effect (pl)
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Original weights (squares) displayed. Largest to smallest ratio: 9.55
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Appendix F Figure 25. Perioperative Stroke or Death for CEA Compared With Medical Therapy, 
Sensitivity Analysis Including Angiogram-Related Events and Using Profile Likelihood Methods 

 
 
------------------------------------------------------------------- 
        Study        |   Effect   [95% Conf. Interval]   % Weight 
---------------------+--------------------------------------------- 
ACAS                 |    0.023      0.011     0.035      38.34 
ACST                 |    0.018      0.008     0.028      56.94 
VACS                 |    0.048      0.015     0.082       4.72 
---------------------+--------------------------------------------- 
Overall effect (pl)  |    0.021      0.014     0.035     100.00 
------------------------------------------------------------------- 

Overall effect (pl)
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Effect sizes and CIs

Original weights (squares) displayed. Largest to smallest ratio: 12.07
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Appendix F Figure 26. Perioperative Nonfatal Myocardial Infarction for CEA Compared With 
Medical Therapy, Sensitivity Analysis Using Profile Likelihood Methods 

 
------------------------------------------------------------------- 
        Study        |   Effect   [95% Conf. Interval]   % Weight 
---------------------+--------------------------------------------- 
ACST                 |    0.006      0.002     0.010      95.97 
VACS                 |    0.019     -0.001     0.039       4.03 
---------------------+--------------------------------------------- 
Overall effect (pl)  |    0.006      0.001     0.019     100.00 
------------------------------------------------------------------- 

Overall effect (pl)
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Effect sizes and CIs

Original weights (squares) displayed. Largest to smallest ratio: 23.84
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Appendix F Figure 27. Perioperative Death or Stroke Rate Reported in Trials After CAAS, 
Sensitivity Analysis Using Profile Likelihood Methods 

 
 
Profile Likelihood method selected 
------------------------------------------------------------------- 
        Study        |   Effect   [95% Conf. Interval]   % Weight 
---------------------+--------------------------------------------- 
Brott 2010           |    2.500      1.238     3.762      11.86 
Gray 2009            |   3.200      2.737     3.663      88.14 
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Appendix F Figure 28. Perioperative Death or Stroke Rate Reported in Trials After CAAS, 
Sensitivity Analysis Using Profile Likelihood Methods and Including Poor Quality Studies 

 
 
------------------------------------------------------------------- 
        Study        |   Effect   [95% Conf. Interval]   % Weight 
---------------------+--------------------------------------------- 
Brott 2010         |    2.500      1.238     3.762      11.31 
Zarins 2005       |    1.000     -0.970     2.970       4.64 
Gray 2009         |    3.200      2.737     3.663      84.05 
---------------------+--------------------------------------------- 
Overall effect (pl)  |    3.019      1.202     3.582     100.00 
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Appendix F Figure 29. Perioperative Death or Stroke Rate Reported in Cohort Studies After CAAS, 
Sensitivity Analysis Using Profile Likelihood Methods and Including Poor Quality Studies 

 
 
 
------------------------------------------------------------------- 
        Study        |   Effect   [95% Conf. Interval]   % Weight 
---------------------+--------------------------------------------- 
Hopkins 2010         |    3.800      2.683     4.917      36.34 
Schermerhorn 2013|    4.700      3.798     5.602      55.80 
Lindstrom 2012      |    3.952      1.551     6.353       7.87 
---------------------+--------------------------------------------- 
Overall effect (pl)  |    4.314      3.329     5.115     100.00 
------------------------------------------------------------------- 
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