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CHAPTER 1

REDUCING THE GLOBAL BURDEN 
OF STROKE

Stroke is the second leading cause of both death and dis-
ability-adjusted life years worldwide.1, 2 Around 15 million 
people suffer a stroke every year. Of these, 5 million are fatal 
and another 5 million leave people with permanent disabili-
ty.3 Around 85% of strokes are ischemic in origin, resulting 
from an arterial occlusion of the cerebral circulation. Fifteen 
percent of ischemic strokes are caused by carotid artery steno-
sis, an athero-occlusive disease of the internal carotid artery.4-6 
Compared to other stroke subtypes, carotid strokes tend to be 
unheralded, more disabling, and more likely to be fatal than 
strokes arising from intracranial atherosclerosis.7

Over the last half century age-standardized stroke inci-
dence has declined markedly in developed countries, main-
ly due to effective primary prevention strategies (Figure 1). 
However in many developing countries, the transition from 
communicable disease burden to non-communicable disease 
burden has led to a large increase in the overall incidence of 
stroke. Evidence-based stroke care, such as thrombolysis and 
rehabilitation, are often not available in low-income settings, 
leading to particularly devastating outcomes for patients in 
these regions.8, 9 The most effective and practicable method 
for reducing the global burden of stroke is therefore through 
population and targeted prevention. Identification and wide-
spread implementation of effective primary and secondary 
prevention strategies are key to reducing the enormous loss-
of-life and disability that is currently caused by stroke.

Primary stroke prevention involves lifestyle changes and 
medical treatments aimed at preventing the early development 
of vascular disease. Tobacco control, blood pressure-lowering 
and cholesterol-lowering treatments have been highly effec-

tive in reducing cardiovascular mortality and morbidity in 
developed countries. Smoking is one of the strongest risk fac-
tors for cardiovascular disease, and is associated with about a 
three-fold increased risk of stroke mortality.10 Over half of all 
persistent tobacco smokers are killed by their habit.11 However 
much of this excess risk can be avoided through early smoking 
cessation. For example, stopping smoking before the age of 
40 avoids >90% of this excess mortality, and stopping before 

Figure 1.1

Trends in UK age-standardized stroke mortality rates among 
people aged 35-69 years from 1950-2010.
Adapted from http://www.mortality-trends.org (Gary 
Whitlock), using WHO and UN Population Division data.
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age 30 avoids >97% excess mortality.10 In terms of medical 
therapy, every 10 mmHg reduction in systolic blood pressure 
from antihypertensive medication reduces the risk of stroke 
by a quarter (relative risk [RR] 0.73, 95% confidence interval 
[CI] 0.68-0.77).12 A 1 mmol/L reduction in low density lipo-
protein cholesterol (LDL-C) from statin therapy also reduces 
stroke risk by one quarter.13 More contemporary statin regi-
mens can produce about a 2 mmol/L reduction in LDL-C, 
reducing stroke risk by up to 45%.14 Individual patient-data 
meta-analysis of all available randomized statin trials suggest 
a probable, but small excess of hemorrhagic stroke (≤0.1% ab-
solute risk increase over 5 years); however this is outweighed 
by the much larger reductions in ischemic stroke, myocardi-
al infarction and death.15 In the primary prevention setting, 
antiplatelet therapy has no net effect on stroke, as reductions 
in ischemic stroke are offset by increased risk of hemorrhagic 
stroke.16 Current guidelines therefore do not recommend as-
pirin for primary stroke or cardiovascular prevention.17

The absolute risk of stroke in people with pre-existing 
vascular disease is considerably higher than in the primary 
prevention setting. Therefore, while the proportional bene-
fits of effective medical therapy are similar to those seen in 
primary prevention studies, the absolute benefits (in terms of 
number of strokes avoided) are large in the secondary pre-
vention setting. In addition to blood pressure-lowering and 
LDL-C-lowering medication, antiplatelet therapy produces 
a net reduction in stroke and other vascular events in this 
population.16 Taken together, effective triple medical therapy 
(i.e., aspirin, antihypertensive and statin) may proportionally 
reduce the risk of stroke by more than 50%.

In addition to population prevention measures, targeted 
interventions aimed at removing key causes of arterial em-
bolization, including carotid stenosis and atrial fibrillation, 
can substantially reduce the risk of stroke. Interventions, 
such as carotid revascularization and long-term anticoagula-
tion, carry inherent risks but may produce large reductions in 
stroke risk for selected people with carotid stenosis and atrial 
fibrillation, respectively. As will be discussed in depth, suc-
cessful carotid revascularization reduces the long-term risk of 
stroke by about a half in selected patients with carotid stenosis 
≥60%. Whilst the benefits of revascularization are clear in 
both asymptomatic and symptomatic patients, the absolute 
benefits are greater in symptomatic patients who have a high-
er absolute stroke risk. Understanding the patient’s absolute 
stroke risk, as determined by their demographic background, 
clinical history, and imaging features is therefore of particu-
lar importance in guiding the decision for carotid surgery in 
asymptomatic patients. Together, widespread implementation 
of tobacco control, effective medical therapy and targeted in-
terventions in people with carotid stenosis and atrial fibrilla-
tion may reduce the global burden of stroke substantially. The 
following chapters explore specifically the burden of stroke 
caused by carotid stenosis, including epidemiology and natu-

ral history, diagnostic imaging modalities, effective treatment 
as determined by randomized clinical trials, and issues specif-
ic to carotid revascularization.

PREVALENCE AND DETERMINANTS 
OF CAROTID ARTERY STENOSIS

Carotid stenosis is a relatively common disease in Western 
countries. Published screening studies report the prevalence of 
moderate carotid stenosis to be around 3-4% in older adults. 
An individual patient data meta-analysis, comprising 23,706 
participants from four population screening studies, showed 
that the prevalence of moderate carotid stenosis was very low 
below the age of 50 years, but increased approximately linear-
ly with every decade of age thereafter. For men, the prevalence 
increased to almost 8% in those over 80 years old: 0.2% (<50 
years), 0.7% (50-50 years), 2.3% (60-69 years), 6.0% (70-79 
years) and 7.5% (≥80 years); whereas in women the prevalence 
increased to 5% in those over 80 years old: 0.0% (<50 years), 
0.5% (50-59 years), 2.0% (60-69 years), 3.6% (70-79 years), 
5.0% (≥80 years). In the large Life Line Screening study, which 
included 2.5 million people who attended commercial vascu-
lar screening in the USA and UK, the prevalence of mod-
erate carotid stenosis was also about 3%, and was higher in 
men than women (Figure 2). Interestingly, given that the Life 
Line Screening population reflects a self-selected population 
who may be from a higher socio-economic background and 
therefore healthier, the prevalence estimates in this study may 
well underestimate the true population prevalence of carotid 
artery stenosis. Data from Life Line Screening suggests pos-
sible ethnic differences in the prevalence of carotid stenosis.18 
Native American and Caucasian individuals had the highest 

Figure 1.2

Age- and sex-specific prevalence of carotid artery stenosis 
among Life Line Screening attendees.
Carotid artery stenosis generally defined as a peak systolic 
velocity ≥110 cm/s on duplex screening.
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prevalence of carotid stenosis overall, whereas the prevalence 
was low among people with African-American, Asian and 
Hispanic backgrounds. These findings differ from other pop-
ulation studies that report higher stroke rates among people 
with African-American and Asian backgrounds.19

Several modifiable risk factors have been identified for 
cardiovascular disease through large prospective observation-
al studies. As carotid stenosis shares the same underlying pa-
thology as coronary artery disease, many of the risk factors are 
similar. The major modifiable risk factors for carotid stenosis 
include smoking, blood pressure, adiposity, blood cholesterol 
and diabetes.

Smoking

Tobacco smoking is a strong risk factor for vascular dis-
ease, including carotid stenosis, and remains an important 
public health problem. Over the first half of the twentieth 
century, tobacco consumption increased greatly while the 
harms of smoking were largely unsuspected. This resulted in 
a rapid increase in lung cancer, leading to several case-con-
trol studies reporting in the 1950s that smoking was “a cause, 
and an important cause” of lung cancer.20 However it was 
not until larger prospective studies were conducted, such as 
the British Doctors study, that the hazards of smoking were 
fully appreciated.11 Large epidemiological studies of over one 
million people demonstrate that smoking is associated with a 
four-fold higher risk of ischemic heart disease mortality, and 
a three-fold higher risk of stroke mortality.10 Data from Life 
Line Screening suggests that smokers have more than a three-
fold risk of developing carotid stenosis compared to people 
who have never smoked, and previous smokers have about 
half this risk.21 

Blood pressure

High blood pressure is a leading cause of preventable 
death worldwide, with rates of hypertension increasing sub-
stantially over the last 25 years.22 The largest analysis of the 
association between blood pressure and cardiovascular events 
is the Prospective Studies Collaboration which included over 
one million people from 61 different studies. This pooled 
analysis reported that each 20 mmHg higher systolic blood 
pressure and 10 mmHg higher diastolic blood pressure was 
associated with a doubling in vascular risk. Importantly, the 
PSC accounted for measurement error and regression-dilu-
tion bias that had previously led to systematic underestima-
tion of the magnitude of association between blood pressure 
and vascular events. Large randomized clinical trials confirm 
that the association between blood pressure and vascular 
disease is causal and that the risk is reversible.23 In the Life 
Line Screening study, the association between systolic blood 
pressure and carotid stenosis was slightly more moderate.21 

Every 20 mmHg higher systolic blood pressure was associated 
with about a 60% higher risk of carotid stenosis. Screening 
attendees with a systolic blood pressure of over 160 mmHg 
had more than double the risk of carotid stenosis compared to 
people with a systolic blood pressure of 120 mmHg.21 There 
was no apparent hazardous effect of low systolic blood pres-
sure on carotid stenosis risk. Traditionally, the target of 140 
mmHg has been used to guide the decision to treat blood 
pressure, however recent randomized evidence suggest systol-
ic blood pressure targets as low as 120 mmHg may prevent 
many more cardiovascular events in the secondary prevention 
setting.24, 25

Blood cholesterol

Blood cholesterol, in particular LDL-C, is causally asso-
ciated with cardiovascular disease. The main determinants 
of circulating cholesterol concentrations appear to be dietary 
intake, genetic polymorphisms, and other factors.26 Pooled 
analysis of prospective observational studies demonstrate con-
tinuous positive associations between LDL-C, triglycerides 
with cardiovascular disease, and inverse associations between 
high density lipoprotein cholesterol (HDL-C) and cardiovas-
cular disease.27, 28 In the Life Line Screening study, the risk of 
carotid stenosis increased by over 40% per 1 mmol/L higher 
usual LDL-C, and by three quarters per doubling in usual tri-
glyceride concentration.21 Conversely, each 1 mmol/L higher 
usual HDL-C, was associated with about a 40% lower risk of 
carotid stenosis. After adjusting the lipid fractions mutually 
for each other, LDL-C remained strongly associated with ca-
rotid stenosis whereas the associations for the other lipid frac-
tions were considerably attenuated.21 These findings coincide 
with evidence from large randomized trials, which demon-
strate important vascular benefits from LDL-C lowering 
drugs such as statins, mild benefit from triglyceride-lowering 
therapy and no benefit from HDL-C raising drugs.15, 29-33

Adiposity

Like hypertension, the prevalence of overweight and 
obesity are increasing worldwide.34 The association between 
adiposity and cardiovascular disease is more moderate, but 
still highly relevant. Small changes in population body mass 
index (BMI) could potentially produce large absolute changes 
in the prevalence of cardiovascular disease. The Global BMI 
Mortality Collaboration reported that each 5-unit increase in 
BMI above 25 kg/m2 was associated with a 50% higher risk of 
cardiovascular death.35 However people with a BMI less than 
20 kg/m2 had a higher risk of cardiovascular death than those 
with a BMI between 22.5 and 25. Importantly, this study was 
restricted to people who had never smoked and did not have 
cardiovascular disease at baseline to avoid reverse causation 
of these effects on body weight. Similar analyses of Life Line 



1  /  EPIDEMIOLOGY AND NATURAL HISTORY 5

Screening data suggest a 20% higher risk of carotid stenosis 
with every 5 unit increase in BMI above 25 kg/m2.21 Few of 
the Life Line Screening attendees were underweight so it was 
not possible to assess the association of very low BMI with 
carotid stenosis.

Diabetes

Diabetes now affects over a third of older adults in the 
USA and the prevalence is increasing considerably in devel-
oping countries.36 Large-scale meta-analysis of published pro-
spective studies show that having diabetes is associated with 
double the risk of vascular mortality.37 Similarly, in the Life 
Line Screening study, people with a history of diabetes had 
double the risk of having carotid stenosis. Interestingly, high-
er blood glucose levels across the normal reference range were 
also associated with increased risk of carotid stenosis.21 These 
findings suggest that blood glucose-lowering interventions, 
such as lifestyle modifications or pharmacotherapy, may po-
tentially also reduce the risk of carotid stenosis and cardiovas-
cular disease in people without diabetes.

Many major risk factors for carotid stenosis have been es-
tablished, and large randomized clinical trials have demon-
strated that modification of these risk factors reduces the risk 
of stroke. While worldwide tobacco consumption is decreas-
ing in many countries, the trends for increasing rates of hy-
pertension, obesity, and diabetes are concerning. Increasing 
efforts to tackle these important risk factors are needed, par-
ticularly in developing countries, to reduce the early develop-
ment of vascular disease such as carotid stenosis.

NATURAL HISTORY OF CAROTID 
ARTERY STENOSIS

Observational studies on the natural history of carotid 
stenosis, among people who do not receive a carotid interven-
tion, provide important information on the long-term harm 
caused by this disease. Such information can be used together 
with randomized evidence to guide the decision for carotid 
intervention. The risk of stroke is highly dependent on the 
symptomatic status of the patient, so these two populations 
should be considered separately. Asymptomatic patients tend 
to have more stable disease and a lower risk of stroke. Symp-
tomatic patients, who have had a recent ipsilateral stroke or 
TIA, have a high risk of having a stroke within weeks of their 
symptoms onset. Other major determinants of stroke risk in 
people with carotid stenosis include the use of effective car-
diovascular medical therapy (such as aspirin, blood pressure 
lowering, and a statin) and, in symptomatic patients, the de-
gree of their carotid artery narrowing.

Analysis of observational studies conducted in people with 
asymptomatic disease demonstrate reductions in the rates of 

ipsilateral stroke over the last 30 years, but reports which seek 
to compare event rates between very heterogeneous study 
populations have statistical and methodological flaws and 
should be read with caution.38 Early studies recruiting be-
fore 1985 reported ipsilateral stroke rates of about 2-4% per 
annum. The ipsilateral stroke rates have steadily declined to 
around 1% per annum in 2010, suggesting at least a halving 
in stroke risk consistent with effective medical therapy. Inter-
estingly, the same downward trends have not been observed 
for any-territory stroke. Early reports of the rates of any-terri-
tory stroke were highly heterogeneous, and few studies have 
been published after the year 2000 when statin use increased 
dramatically. Rates of contralateral strokes may be declining 
in this population, although there is limited observational ev-
idence available on this. Some features that have been shown 
to be associated with a higher risk of stroke in asymptomatic 
people include chronic kidney disease, high grade ipsilateral 
stenosis, prior contralateral symptoms, cerebral infarction on 
imaging and adverse plaque morphological features.39-41 

Symptomatic patients with tight carotid stenosis have a 
higher absolute stroke risk and are generally recommended to 
undergo a carotid procedure to prevent stroke.42-45 Therefore 
there is limited data on the natural history of symptomatic 
carotid artery stenosis in the 21st century. The risk of stroke 
in symptomatic patients who are treated medically increases 
by about 20% with every 10% greater stenosis until near oc-
clusion.46 Symptomatic patients with complete occlusion who 
are medically treated have half the risk of stroke than people 
without occlusion. Importantly, the risk of stroke increases 
with symptoms. Those with ocular symptoms have the low-
est risk of stroke. This risk increases across people who have 
had a single TIA (40% higher risk), multiple TIAs (doubling 
in risk), minor stroke (doubling in risk) and major stroke 
(2.5 x risk).46 As with asymptomatic patients, symptomatic 
patients with adverse plaque morphological features, such as 
ulceration, have about twice the risk of stroke.46 These risk 
factors can be used to identify patients who may derive great-
est benefit from a carotid intervention. For example, the use 
of a simple symptomatic risk model incorporating patient’s 
age, sex, percent stenosis, symptoms, time since last event and 
plaque morphological features, can help stratify patients with 
a 5-year absolute stroke risk ranging from <10% to >50%.46 
Individuals with the highest absolute stroke risk derived the 
greatest absolute reductions from carotid surgery, whereas 
lower risk individuals may derive more moderate benefits.

THE NEED FOR LARGE-SCALE 
RANDOMIZED EVIDENCE

Most of the available evidence for the management of ca-
rotid stenosis comes from clinical trials and observational stud-
ies. Observational studies have had an important role in the 
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identification of medical treatments with very large benefits 
or adverse effects, but are prone to systematic biases that may 
distort the assessment of moderate treatment effects.47 In the 
20th century, many highly effective medical treatments were 
detected through observational studies, such as the benefits of 
penicillin on survival for patients with sepsis, and the effect of 
introducing oral rehydration therapy in a cholera endemic.48, 

49 In these examples, the magnitude of the effect size far out-
weighed that of any possible confounders, leading to defini-
tive conclusions about the efficacy of the treatment. However 
most chronic diseases, such as carotid stenosis, have complex 
multi-factorial pathologies, so the most plausible expectation 
of benefit is that a treatment produces moderate, yet clinical-
ly worthwhile effects on serious outcomes, particularly if that 
condition (like stroke) is common. In general, if uncertainty 
still exists regarding a commonly used treatment, such as ca-
rotid endarterectomy or stenting, then any effects on mortality 
or major morbidity are likely to be at best moderate in mag-
nitude.50 In many cases, moderate treatment effects may still 
be regarded as worthwhile by patients and doctors, provided 
the risks are small. If moderate treatment effects are to be de-
tected or refuted reliably, then any errors in their measurement 
must be much smaller than the effect of the treatment. This 

implies that assessment of potentially effective treatments re-
quires both strict control of confounding bias, through proper 
randomization, and minimization of random error with a suf-
ficiently large sample size.51 There are many areas in the man-
agement of carotid stenosis where there is clinical uncertainty, 
such as the decision for intervention in asymptomatic patients, 
the choice of carotid endarterectomy vs. carotid stenting, and 
the timing of carotid interventions. Large randomized clinical 
trials, and meta-analyses of such trials, are required to pro-
vide reliable evidence on the management of carotid stenosis 
for the decades to come.52 If current trials comparing carotid 
procedure vs. no carotid procedure in the era of good medical 
therapy with statins, anti-thrombotics, and anti-hypertensives, 
confirm the finding of additional benefit from a carotid proce-
dure in asymptomatic patients, then throughout the 2020s and 
beyond, the key question will be which procedure to recom-
mend. The Asymptomatic Carotid Surgery Trial-2 (ACST-2) 
and an individual patient data meta-analysis including over 
6000 patients (from ACST-2, Carotid Revascularization End-
arterectomy versus Stenting Trial-1 [CREST-1], Stent Protect-
ed Angioplasty versus Carotid Endarterectomy-2 [SPACE-2], 
Asymptomatic Carotid Trial I [ACT I]) will provide uniquely 
reliable results in the 2020s.53-56

REFERENCES

1.	 GBD 2015 Mortality and Causes of Death Collaborators. Glob-
al, regional, and national life expectancy, all-cause mortality, and 
cause-specific mortality for 249 causes of death, 1980-2015: a sys-
tematic analysis for the Global Burden of Disease Study 2015. Lan-
cet 2016;388:1459-544.

2.	 GBD 2015 DALYs and HALE Collaborators. Global, regional, and 
national disability-adjusted life-years (DALYs) for 315 diseases and 
injuries and healthy life expectancy (HALE), 1990-2015: a system-
atic analysis for the Global Burden of Disease Study 2015. Lancet 
2016;388:1603-58.

3.	 Mackay J, Mensah GA, Mendis S, Greenlund K. The atlas of heart 
disease and stroke: World Health Organization; 2004.

4.	 Flaherty ML, Kissela B, Khoury JC, Alwell K, Moomaw CJ, Woo 
D et al. Carotid artery stenosis as a cause of stroke. Neuroepidemi-
ology 2013;40:36-41.

5.	 Schneider AT, Kissela B, Woo D, Kleindorfer D, Alwell K, Miller 
R et al. Ischemic stroke subtypes: a population-based study of inci-
dence rates among blacks and whites. Stroke 2004;35:1552-6.

6.	 Uchino K, Risser JM, Smith MA, Moye LA, Morgenstern LB. 
Ischemic stroke subtypes among Mexican Americans and non-His-
panic whites: the BASIC Project. Neurology 2004;63:574-6.

7.	 de Jong G, van Raak L, Kessels F, Lodder J. Stroke subtype and 
mortality. a follow-up study in 998 patients with a first cerebral 
infarct. J Clin Epidemiol 2003;56:262-8.

8.	 Ghandehari K. Barriers of thrombolysis therapy in developing 
countries. Stroke Res Treat 2011:686797.

9.	 Berkowitz AL. Managing acute stroke in low-resource settings. 
Bull World Health Organ 2016;94:554-6.

10.	Pirie K, Peto R, Reeves GK, Green J, Beral V; Million Women 
Study Collaborators. The 21st century hazards of smoking and 

benefits of stopping: a prospective study of one million women in 
the UK. Lancet 2013;381:133-41.

11.	 Doll R, Peto R, Boreham J, Sutherland I. Mortality in relation 
to smoking: 50 years’ observations on male British doctors. BMJ 
2004;328:1519.

12.	Ettehad D, Emdin CA, Kiran A, Anderson SG, Callender T, Em-
berson J et al. Blood pressure lowering for prevention of cardio-
vascular disease and death: a systematic review and meta-analysis. 
Lancet 2016;387:957-67.

13.	Baigent C, Keech A, Kearney PM, Blackwell L, Buck G, Pollici-
no C et al.; Cholesterol Treatment Trialists’ (CTT) Collaborators. 
Efficacy and safety of cholesterol-lowering treatment: prospective 
meta-analysis of data from 90,056 participants in 14 randomised 
trials of statins. Lancet 2005;366:1267-78.

14.	Cholesterol Treatment Trialists Collaboration, Baigent C, Black-
well L, Emberson J, Holland LE, Reith C, Bhala N et al. Effi-
cacy and safety of more intensive lowering of LDL cholesterol: a 
meta-analysis of data from 170,000 participants in 26 randomised 
trials. Lancet 2010;376:1670-81.

15.	 Collins R, Reith C, Emberson J, Armitage J, Baigent C, Blackwell 
L et al. Interpretation of the evidence for the efficacy and safety of 
statin therapy. Lancet 2016;388:2532-61.

16.	Antithrombotic Trialists Collaboration, Baigent C, Blackwell L, 
Collins R, Emberson J, Godwin J, Peto R et al. Aspirin in the pri-
mary and secondary prevention of vascular disease: collaborative 
meta-analysis of individual participant data from randomised tri-
als. Lancet 2009;373:1849-60.

17.	 Guirguis-Blake JM, Evans CV, Senger CA, Rowland MG, O’Con-
nor EA, Whitlock EP. Aspirin for the primary prevention of car-
diovascular events: a systematic evidence review for the U.S. Pre-



1  /  EPIDEMIOLOGY AND NATURAL HISTORY 7

ventive Services Task Force. Rockville (MD): Agency for Health-
care Research and Quality (US); 2015 September.

18.	Rockman CB, Hoang H, Guo Y, Maldonado TS, Jacobowitz GR, 
Talishinskiy T et al. The prevalence of carotid artery stenosis varies 
significantly by race. J Vasc Surg 2013;57:327-37.

19.	 Kleindorfer DO, Khoury J, Moomaw CJ, Alwell K, Woo D, Fla-
herty ML et al. Stroke incidence is decreasing in whites but not in 
blacks: a population-based estimate of temporal trends in stroke 
incidence from the Greater Cincinnati/Northern Kentucky Stroke 
Study. Stroke 2010;41:1326-31.

20.	Doll R, Hill AB. Smoking and carcinoma of the lung; preliminary 
report. BMJ 1950;2:739-48.

21.	 Morris DR, Sherliker P, Clack R. An investigation of the preva-
lence of and risk factors for asymptomatic carotid stenosis among 
2.5 million US and UK adults. Paper presented at the Munich Vas-
cular Conference. Munich, Germany; 2016.

22.	Forouzanfar MH, Liu P, Roth GA, Ng M, Biryukov S, Marczak L 
et al. Global burden of hypertension and systolic blood pressure of 
at least 110 to 115 mm hg, 1990-2015. JAMA 2017;317:165-82.

23.	Blood Pressure Lowering Treatment Trialists Collaboration, Sund-
ström J, Arima H, Woodward M, Jackson R, Karmali K, Lloyd-
Jones D et al. Blood pressure-lowering treatment based on cardio-
vascular risk: a meta-analysis of individual patient data. Lancet 
2014;384:591-8.

24.	Sprint Research Group, Wright JT, Williamson JD, Whelton 
PK, Snyder JK, Sink KM, Rocco MV et al. A randomized trial 
of intensive versus standard blood-pressure control. N Engl J Med 
2015;373:2103-16.

25.	Xie X, Atkins E, Lv J, Bennett A, Neal B, Ninomiya T, Woodward 
M et al. Effects of intensive blood pressure lowering on cardio-
vascular and renal outcomes: updated systematic review and me-
ta-analysis. Lancet 2016;387:435-43.

26.	Clarke R, Frost C, Collins R, Appleby P, Peto R. Dietary lipids and 
blood cholesterol: quantitative meta-analysis of metabolic ward 
studies. BMJ 1997;314:112-7.

27.	 Emerging Risk Factors Collaboration, Di Angelantonio E, Sar-
war N, Perry P, Kaptoge S, Ray KK, Thompson A et al. Ma-
jor lipids, apolipoproteins, and risk of vascular disease. JAMA 
2009;302:1993-2000.

28.	Prospective Studies Collaboration, Lewington S, Whitlock G, 
Clarke R, Sherliker P, Emberson J, Halsey J et al. Blood cholesterol 
and vascular mortality by age, sex, and blood pressure: a meta-anal-
ysis of individual data from 61 prospective studies with 55,000 vas-
cular deaths. Lancet 2007;370:1829-39.

29.	Barter PJ, Caulfield M, Eriksson M, Grundy SM, Kastelein JJ, 
Komajda M et al.; ILLUMINATE Investigators. Effects of torce-
trapib in patients at high risk for coronary events. N Engl J Med 
2007;357:2109-22.

30.	Schwartz GG, Olsson AG, Abt M, Ballantyne CM, Barter PJ, 
Brumm J et al.; dal-OUTCOMES Investigators. Effects of dalce-
trapib in patients with a recent acute coronary syndrome. N Engl J 
Med 2012;367:2089-99.

31.	 Lincoff AM, Nicholls SJ, Riesmeyer JS, Barter PJ, Brewer HB, Fox 
KAA et al. Evacetrapib and cardiovascular outcomes in high-risk 
vascular disease. N Engl J Medicine 2017;376:1933-42.

32.	Jun M, Foote C, Lv J, Neal B, Patel A, Nicholls SJ et al. Effects of 
fibrates on cardiovascular outcomes: a systematic review and me-
ta-analysis. Lancet 2010;375:1875-84.

33.	HPS2-THRIVE Collaborative Group, Landray MJ, Haynes R, 
Hopewell JC, Parish S, Aung T, Tomson J et al. Effects of extend-
ed-release niacin with laropiprant in high-risk patients. N Engl J 
Med 2014;371:203-12.

34.	GBD 2015 Obesity Collaborators, Afshin A, Forouzanfar MH, 
Reitsma MB, Sur P, Estep K, Lee A et al. Health effects of over-
weight and obesity in 195 countries over 25 years. N Engl J Med 
2017;377:13-27.

35.	Global BMI Mortality Collaboration, Di Angelantonio E, Bhu-
pathiraju SN, Wormser D, Gao P, Kaptoge S, Berrington de Gon-
zalez A et al. Body-mass index and all-cause mortality: individu-
al-participant-data meta-analysis of 239 prospective studies in four 
continents. Lancet 2016;388:776-86.

36.	Menke A, Casagrande S, Geiss L, Cowie CC. Prevalence of and 
trends in diabetes among adults in the United States, 1988-2012. 
JAMA 2015;314:1021-9.

37.	 Emerging Risk Factors Collaboration, Seshasai SR, Kaptoge S, 
Di Angelantonio E, Gao P, Sarwar N, et al. Diabetes mellitus, 
fasting glucose, and risk of cause-specific death. N Engl J Med 
2011;364:829-41.

38.	Hadar N, Raman G, Moorthy D, O’Donnell TF, Thaler DE, 
Feldmann E et al. Asymptomatic carotid artery stenosis treated 
with medical therapy alone: temporal trends and implications for 
risk assessment and the design of future studies. Cerebrovasc Dis 
2014;38:163-73.

39.	Nicolaides AN, Kakkos SK, Griffin M, Sabetai M, Dhanjil S, 
Tegos T et al.; Asymptomatic Carotid Stenosis and Risk of Stroke 
(ACSRS) Study Group. Severity of asymptomatic carotid stenosis 
and risk of ipsilateral hemispheric ischaemic events: results from 
the ACSRS study. Eur J Vasc Endovasc Surg 2005;30:275-84.

40.	Huibers A, de Borst GJ, Bulbulia R, Pan H, Halliday A. Plaque 
echolucency and the risk of ischaemic stroke in patients with as-
ymptomatic carotid stenosis within the first Asymptomatic Carotid 
Surgery Trial (ACST-1). Eur J Vasc Endovasc Surg 2016;51:616-21.

41.	 Streifler JY, den Hartog AG, Pan S, Pan H, Bulbulia R, Thomas 
DJ et al. Ten-year risk of stroke in patients with previous cerebral 
infarction and the impact of carotid surgery in the Asymptomatic 
Carotid Surgery Trial. Int J Stroke 2016;11:1020-7.

42.	Brott TG, Halperin JL, Abbara S, Bacharach JM, Barr JD, Bush 
RL et al. 2011 ASA/ACCF/AHA/AANN/AANS/ACR/ASNR/
CNS/SAIP/SCAI/SIR/SNIS/SVM/SVS guideline on the manage-
ment of patients with extracranial carotid and vertebral artery dis-
ease. J Am Coll Cardiol 2011;57:e16-94.

43.	European Stroke Organisation, Tendera M, Aboyans V, Bartel-
ink ML, Baumgartner I, Clément D et al. ESC Guidelines on the 
diagnosis and treatment of peripheral artery diseases: Document 
covering atherosclerotic disease of extracranial carotid and ver-
tebral, mesenteric, renal, upper and lower extremity arteries: the 
Task Force on the Diagnosis and Treatment of Peripheral Artery 
Diseases of the European Society of Cardiology (ESC). Eur Heart 
J 2011;32:2851-906.

44.	Liapis CD, Bell PR, Mikhailidis D, Sivenius J, Nicolaides A, Fer-
nandes e Fernandes J et al. ESVS guidelines. Invasive treatment for 
carotid stenosis: indications, techniques. Eur J Vasc Endovasc Surg 
2009;37(4 Suppl.):1-19.

45.	 Ricotta JJ, Aburahma A, Ascher E, Eskandari M, Faries P, Lal BK; 
Society for Vascular Surgery. Updated Society for Vascular Surgery 
guidelines for management of extracranial carotid disease. J Vasc 
Surg 2011;54:e1-31.

46.	Rothwell PM, Mehta Z, Howard SC, Gutnikov SA, Warlow CP. 
Treating individuals 3: from subgroups to individuals: gener-
al principles and the example of carotid endarterectomy. Lancet 
2005;365:256-65.

47.	 MacMahon S, Collins R. Reliable assessment of the effects of treat-
ment on mortality and major morbidity, II: observational studies. 
Lancet 2001;357:455-62.



8 CAROTID STENOSIS  –  Morphological and clinical insights

48.	Florey ME, Adelaide MB, Florey HW, Adelaide MB. General and 
local administration of penicillin. Lancet;241:387-97.

49.	Mahalanabis D, Choudhuri AB, Bagchi NG, Bhattacharya AK, 
Simpson TW. Oral fluid therapy of cholera among Bangladesh ref-
ugees. Johns Hopkins Med J 1973;132:197-205.

50.	Collins R, MacMahon S. Reliable assessment of the effects of treat-
ment on mortality and major morbidity, I: clinical trials. Lancet 
2001;357:373-80.

51.	 Peto R, Pike MC, Armitage P, Breslow NE, Cox DR, Howard SV 
et al. Design and analysis of randomized clinical trials requiring 
prolonged observation of each patient. I. Introduction and design. 
Br J Cancer 1976;34:585-612.

52.	Collins R, Gray R, Godwin J, Peto R. Avoidance of large biases 
and large random errors in the assessment of moderate treatment 
effects: the need for systematic overviews. Statistics in Medicine 
1987;6:245-54.

53.	ACST-2 Collaborative Group, Halliday A, Bulbulia R, Gray W, 
Naughten A, den Hartog A, Delmestri A et al. Status update and 
interim results from the asymptomatic carotid surgery trial-2 
(ACST-2). Eur J Vasc Endovasc Surg 2013;46:510-8.

54.	Brott TG, Howard G, Roubin GS, Meschia JF, Mackey A, Brooks 
W et al. Long-term results of stenting versus endarterectomy for 
carotid-artery stenosis. N Engl J Med 2016;374:1021-31.

55.	 Eckstein HH, Reiff T, Ringleb P, Jansen O, Mansmann U, Hacke 
W; SPACE 2 Investigators. SPACE-2: A missed opportunity to 
compare carotid endarterectomy, carotid stenting, and best med-
ical treatment in patients with asymptomatic carotid stenoses. Eur 
J Vasc Endovasc Surg 2016;51:761-5.

56.	Rosenfield K, Matsumura JS, Chaturvedi S, Riles T, Ansel GM, 
Metzger DC et al. Randomized trial of stent versus surgery for as-
ymptomatic carotid stenosis. New Engl J Med 2016;374:1011-20.


