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ABSTRACT 
 

Background: Atherosclerotic cardiovascular disease includes cerebrovascular disease, mainly 

ischemic stroke, and ischemic heart disease, the world’s primary causes of death globally. Carotid 

artery disease is associated with increased risk of cardiovascular and cerebrovascular events, mainly 

myocardial infarction (MI) and stroke. Several clinical and imaging features play a significant role 

in stratifying the patients with high risk of MI and stroke to provide the best possible medical 

treatment or intervention such as carotid endarterectomy or stenting. 

Objective: To summarize and stratify the risk of stroke and MI in patients with asymptomatic 

carotid artery stenosis (ACAST). 

Methods: We performed a structured search of the PubMed database for peer-reviewed research of 

the literature between 1981 and 2020 regarding the ACAST and the risk of stroke and MI. 

Results: We analyzed data regarding ACASΤ patients' identification with a high risk of stroke and 

MI. The available studies used different methods to evaluate these outcomes, and the results of 

different studies are rather conflicting as a result of different study designs, combinations methods 

tested, small study samples, and patient population heterogeneity. 

Conclusion: To sum up, recognizing the patients with ACAST at a high risk of stroke and ΜΙ 

remains a major clinical challenge. Several clinical, anatomical, and imaging parameters were 

associated in this setting. Large cohort studies are needed to elucidate further the high-risk features 

associated with a higher risk of stroke and MI in patients with ACAST. 

 

Keywords: Carotid artery disease, Asymptomatic carotid artery stenosis, stroke myocardial 

infarction, risk stratification,  
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ΠΕΡΙΛΗΨΗ (ΣΤΑ ΕΛΛΗΝΙΚΑ) 
Eισαγωγή: Η αθηρωματική καρδιακή νόσος περιλαμβάνει την αγγειακή εγκεφαλική νόσο, κυρίως 

το ισχαιμικό αγγειακό εγκεφαλικό επεισόδιο, και την ισχαιμική καρδιακή νόσο που αποτελούν τις 

κυρίαρχες αιτίες θανάτου παγκοσμίως. Η στένωση καρωτίδων σχετίζεται με αυξημένο κίνδυνο 

εμφράγματος του μυοκαρδίου και αγγειακού εγκεφαλικού επεισοδίου. Πληθώρα κλινικών και 

απεικονιστικών χαρακτηριστικών διαδραματίζουν σημαντικό ρόλο στη διαστρωμάτωση κινδύνου 

των ασθενών με ασυμπτωματική καρωτιδική νόσο, έχοντας ως στόχο την καλύτερη δυνατή 

θεραπεία ή παρέμβαση όπως η καρωτιδική ενδαρτηρεκτομή ή η τοποθέτηση stent.  

Αντικείμενο: Η σύνοψη και διαστρωμάτωση του κινδύνου αγγειακού εγκεφαλικού επεισοδίου και 

εμφράγματος του μυοκαρδίου σε ασθενείς με ασυμπτωματική καρωτιδική νόσο. 

Μέθοδοι: Πραγματοποιήθηκε δομημένη αναζήτηση της βάσης δεδομένων PubMed για αναζήτηση 

βιβλιογραφίας από το 1981 έως το 2020 σχετικά με την ασυμπτωματική καρωτιδική νόσο και τον 

κίνδυνο αγγειακού εγκεφαλικού επεισοδίου και εμφράγματος του μυοκαρδίου. 

Αποτελέσματα: Αναλύθηκαν τα δεδομένα που συλλέχθηκαν. Οι διαθέσιμες μελέτες 

χρησιμοποίησαν διαφορετικές μεθόδους και τα αποτελέσματα αυτών είναι αντικρουόμενα λόγω 

του διαφορετικού σχεδιασμού της κάθε μελέτης, του μικρού αριθμού και της ετερογένειας του 

πληθυσμού.  

Συμπέρασμα: Συνοψίζοντας, η αναγνώριση των ασθενών με ασυμπτωματική καρωτιδική νόσο ως 

υψηλού κινδύνου αποτελεί μείζονα κλινική πρόκληση. Περαιτέρω μελέτες απαιτούνται για την 

εξακρίβωση των κλινικών στοιχείων που σχετίζουν τον υψηλό κίνδυνο εμφράγματος και 

εγκεφαλικού επεισοδίου σε ασθενείς με ασυμπτωματική καρωτιδική νόσο. 

 

Λέξεις – Κλειδιά: Νόσος των καρωτίδων, Ασυμπτωματική καρωτιδική νόσος, αγγειακό εγκεφαλικό 

επεισόδιο, έμφραγμα του μυοκαρδίου, διαστρωμάτωση κινδύνου 
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Introduction 
 

GLOBAL BURDEN OF ATHEROSCLEROTIC 

CARDIOVASCULAR DISEASE 

 
Atherosclerosis constitutes an inflammatory arterial disease that includes metabolic and lipid 

alterations and belongs to cardiovascular disease's major causes (CVD). Atherosclerotic 

cardiovascular disease (ACD) involves two significant pathologic entities, the cerebrovascular 

disease (mainly ischemic stroke), and the ischemic heart disease (IHD). They represent the world's 

third and first causes of death, respectively, with a vast number of deaths each year [1]. 

Atherosclerotic aortic disease and peripheral vascular disease belong to the other less prevailing 

complications of atherosclerosis. Although the mortality rate due to ACD was increased 

significantly since 1990, the cardiovascular mortality rates/100.000 individuals adjusted for age 

decreased from 1990 to 2010 globally. In the aforementioned period, the mortality rates seem to 

differ by GDP. As far as ischemic stroke is concerned, a reduction was reported in 2010 for 

countries with higher-income and minor differences in lower-income countries with higher 

mortality rates. Concerning IHD, higher-income countries demonstrated higher rates than lower-

income ones, while in 2010, a reduction in mortality rates in countries with high-income (p=0.02) 

was observed [2]. Although the ACD mortality rate is decreasing globally, the absolute number is 

increasing.  

The pathologic course that leads to atherosclerosis is quite complicated. It is characterized 

by increased levels of low-density lipoprotein cholesterol that modify the permeability and 

progressively affect the arterial walls [3]. That may induce an inflammatory response, where 

circulating monocytes adhere to endothelial cells, which in turn express adhesion molecules and 

selectin, thus promoting the monocytes' migration to the subendothelial space (Figure 2). 

Subsequently, monocytes are transformed into foamy macrophages that are rich in free fatty acids, 

esters, and cholesterols, penetrate the arterial walls and lead to a pathological intimal thickening 

lesion converting the lipid pool to a necrotic core. Besides, the atherosclerotic plaque containing 

foamy macrophages is vulnerable to plaque rupture or fissure leading to fatal thrombotic events [4]. 

This review will: 

 

1) Briefly summarize the global, national burden and epidemiology of cardiovascular diseases 

2) Analyze briefly the definition and etiology of myocardial infarction (MI) and stroke 
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3) Summarize the way of carotid artery stenosis measurement and the evidence and 

recommendations for carotid intervention in asymptomatic patients 

4) Stratify the risk of MI and stroke based on the critical appraisal of the high-risk features in 

asymptomatic patients 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure.1. Cartogram A shows Age-standardized prevalence for cardiovascular disease and 

cartogram B shows age-standardized death rate for cardiovascular disease 
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Figure 2. Process of atherosclerotic plaque formation 

 

GLOBAL AND NATIONAL EPIDEMIOLOGY OF ISCHEMIC 

HEART DISEASE AND MYOCARDIAL INFARCTION 
 

CVD is the leading cause of morbidity and mortality worldwide, recording approximately 

3.9 million deaths/year (45% of the total deaths), while research focuses on prevention as it is more 

beneficial than the treatment of its complications. Also, an essential public health issue remains the 

identification of asymptomatic CVD in the subclinical phase with a significant economic impact 

[1]. It is responsible for approximately 3.9 million deaths/year (45% of the total deaths) with more 

than 85 million people with CVD in Europe in 2015 and nearly 11 million new cases each year [5]. 

IHD is the first cause of death globally and separately, with MI, the most acute presentation, being 

the number one cause of death worldwide. 7.29 million MIs and 110.55 million cases of IHD were 

reported in 2015. The prevailing cases of IHD were recorded after 40 years, and the prevalence of 

the disease increased in the older age groups. Approximately 10.88 million cases of IHD were 

reported, with the higher number of cases in the age category between 75 to 79 years with 11,203 

cases/100.000 (95% Uncertainty Interval [UI]: 9610 to 13178 cases per 100.000) compared to 40 to 

44 with 290 cases/100.000 (95% UI: 255 to 328 cases per 100.000). As far as regions are 

concerned, Eastern Europe demonstrated the highest IHD prevalence adjusted for age in 2015 with 

4.140 cases/100.000 (95% UI: 3811-4499 cases/100.000) with Central Asia and Central Europe 

following. In 2015, 8.92 million deaths due to IHD were recorded (95% UI: 8.75-9.12 million 
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deaths), making IHD the primary cause of death globally [6]. MI seems to remain a significant 

cause of mortality in women, even though the IHD develops 7-10 years later on average in women 

compared to men. Interestingly, acute coronary syndrome seems to occur more frequently (3 to 4 

times) in men than in women younger than 60 years of age, but older than 75, women represent a 

significant part of the patients [7]. Also, women present more frequently with atypical symptoms 

and later than in men [8,9]. Thus, it is crucial to maintain alertness for MI in women with the 

potential symptoms of ischemia. 

CVD is also responsible for 23 percent of the total disability-adjusted life years (DALYs) 

lost in Europe and estimated to cost the European Union approximately 210 billion per year [10]. 

Greece, as a European Union member, had one of the lower CVD risk rates globally, due to the 

healthy Mediterranean diet and increased physical activity [11]. Recently, studies reported an 

increase in CVD incidence in the last decades that is mainly associated with changes in modifiable 

risk factors responsible for the majority of the CVD events during the last years [12-16]. As far as 

MI risk factors are concerned, the INTERHEART study assessed the prevalence of nine potentially 

modifiable risk factors. They reported that they were strongly related to acute MI in 52 countries 

such as smoking, psychosocial stressors, dyslipidemia, DM, hypertension, obesity, a diet low in 

fruits and vegetables, alcohol consumption, and physical inactivity. 

According to the ATTICA study in Greece, during a follow-up of 10 years of 3,042 

individuals, 5.7% of men and 2.0% of women died with an overall 10-year all-cause mortality rate 

of 3.8%. CVD was accounted as the leading cause of death with a 51.1%. Interestingly 42.4 patients 

died from IHD, and 4.4% died from stroke. The main CVD risk factors that were highlighted were 

smoking, physical inactivity, obesity, hypertension, hypercholesterolemia, and DM (Figure 3) [17]. 
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Figure 3. Cardiovascular Disease risk factors in Greek population 

After establishing more sensitive cardiac biomarkers, the American College of Cardiology 

(ACC) and the European Society of Cardiology (ESC) joined forces to define MI based on a clinical 

and biochemical perspective. They reported that myocardial injury identified with abnormal 

biomarkers during acute myocardial ischemia should be designated as MI [18]. Furthermore, the 

development of more sensitive biomarkers of myocardial injury further revised the definition itself, 

especially in patients who underwent cardiac surgery or coronary procedures. The third universal 

definition of MI was introduced in 2012 by ACC/ESC/AHA/WHF Taskforce [19]. Studies also 

demonstrated that myocardial injury defined as elevated cardiac troponin value is frequently 

confronted clinically with an unfavorable prognosis [20,21]. Even though myocardial injury is a 

prerequisite for MI, it is a pathologic entity itself. Mainly, to diagnose MI, more criteria in addition 

to biomarkers are required, as myocardial injury of non-ischemic etiology may arise due to cardiac 

and non-cardiac conditions (myocarditis, renal failure) [22]. Thus, the clinicians must discriminate 

if the patients suffered from a myocardial injury of non-ischemic etiology or one of the MI 

subtypes. If there is no evidence of myocardial ischemia, the diagnosis of myocardial injury is 

made. Currently, the fourth universal definition of MI is adhered by the clinicians (Table 1). 
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Table 1. Definition of MI according to the fourth universal definition 

 

GLOBAL EPIDEMIOLOGY OF STROKE 

 
Globally, ischemic, hemorrhagic, and other strokes belong to the third and second causes of 

CVD DΑLYs and the 13th and 4th largest in general. The DALY of ischemic strοke comes first, 

followed by hemorrhagic and other strokes in North America with high income and Central, Eastern 

Europe (Figure 5, Figure 6). In 2015, there were recorded 5.39 million acute first-time ischemic 

strokes (95% uncertainty interval: 5.02-5.73 million), approximately 3.58 million acute first-time 

hemorrhagic and other types of strokes (95% uncertainty interval: 3.34-3.82 million), and overall 

42.43 million of CVD cases (95% UI: 42.07 to 42.77). The region with the highest stroke 

prevalence was Oceania, followed by Eastern Europe, Central and Southeast Asia. In contrast, the 

lowest prevalence of stroke was reported in Central Latin America. The prevalence of ischemic 

stroke adjusted for age was highest than hemorrhagic stroke in most regions. Stroke is the second 

commonest cause of death in Europe, causing 1.1 million deaths annually [1]. About 1.4 million 

Myocardial 

Infarction  

Type 

Characteristics 

Type 1 

Myocardial infarction due to either rupture of a plaque, 

ulceration, fissuring or erosion with a resultant obstruction of 

myocardial blood flow and acute myocyte necrosis. The 

majority of the patients with ST-segment elevation MI (STEMI) 

and many with non-ST-segment elevation of MI (NSTEMI) 

belong to this category 

Type 2 

Ischemic myocardial necrosis due to a marked increase in 

myocardial oxygen demand or a marked decrease in myocardial 

blood flow. That most commonly occurs without a thrombosis 

of the coronary arteries or a plaque rupture  

Type 3 Sudden cardiac death related to coronary arterial thrombosis 

Type 4 

Myocardial Infarction associated with PCI: 4a) Myocardial 

Infarction associated with PCI 4b) Stent thrombosis associated 

with PCI 4c) Restenosis associated with PCI  

Type 5 Μyocardial Infarction associated with CABG 
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strokes occur each year, in a population of 715 million European inhabitants. It is considered a 

significant financial burden of death on the healthcare system with enormous financial costs 

exceeding 38 billion euros [6]. 

According to the World Health Organisation (WHO), stroke is a focal, frequently global 

deprivation of neurological function with a duration of more than 24 hours or leading to death, with 

a vascular etiology. Τransient ischemic attack (TIA) is defined similarly, lasting less than 24 hours 

[23]. Several imaging examinations, specifically magnetic resonance imaging (MRI), have shown 

that many individuals suffering from TIA have acute infarction evidence and proposed a revision of 

the worldwide known definition.  

At first, the American Heart Association (AHA) defined TIA as a short event of 

neurological disturbance resulting from focal temporary cerebral ischemia, which is not related to 

acute cerebral infarction. Furthermore, ischemic stroke is characterized as neurologic impairment 

triggered by focal cerebral or retinal infarction. Infarction definition describes a retinal or brain cell 

death, due to ischemia, based on neuroimaging, neuropathological and clinical evidence of 

permanent injury. Silent infarction is characterized as neuropathological or imaging evidence of 

retinal/cerebral infarction without acute neurological dysfunction [24]. It can be categorized as 

hemorrhagic, ischemic, or subarachnoid. According to Acute Stroke Treatment (TOAST) 

classification (Figure 4), ischemic stroke can be subdivided further into small-vessel οcclusiοn, 

large-artery atherosclerosis, cardioembolism, a strοke οf undetermined etiοlogy, and stoke οf other 

undetermined etiοlοgy [25]. 

The primary cause of ischemic strokes is mainly due to an embolic or a thrombotic episode 

that decreases the brain’s blood flow. In a thrombotic event, the brain’s blood flow is obstructed due 

to dysfunction intravascularly, usually after an arterial dissection, atherosclerotic disease, 

inflammatory condition, or fibrοmuscular dysplasia. Contrarily, in an embolic event, debris from 

elsewhere in the body blocks blood flow through the affected vessel. 

Ischemic stroke has an heterogeneous pathogenesis. Cerebral infarction can be categorized 

into large vessel atherothrombotic, cardioembolic, and lacunar. Although several other standard 

criteria exist, a gold standard does not exist for rendering any of these diagnoses. At first, atrial 

fibrillation belongs to the most common cause of cardiac thrombus that can cause embolism to the 

brain is atrial fibrillation. Large and medium-sized arteries will have evidence of atherosclerosis, 

most commonly in older patients. However, an infarct is rarely due to extensive vessel 

atherosclerosis unless it is possible to cause a 50 percent reduction in the lumen of the artery that 

supplies the zone where the infarct is located. Lacunar stroke that is mainly attributed to 
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lipohyalinosis, is a small infarct distributed along the penetrating vessel. Perhaps 1/3 of the patients 

suffer from a stroke of undetermined etiology due to a lack of evidence for any cause or several 

potential causes [26]. The leading causes of carotid territory and ischemic stroke are 

thromboembolism from the small vessel intracranial disease (25 percent), middle cerebral artery or 

internal carotid artery (25 %), cardiac embolism (20 percent), other specified rarer causes (5%), and 

various unknown causes despite of investigation (25 percent) [27]. The 10-15 percent of all strokes 

follow thromboembolism from a previous ACAST greater than 50% [28]. 

 

 

 

 

Figure 4. TOAST classification of ischemic stroke subtypes 
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Figure 5. Global Incidence of stroke by age and sex, 2016 

 

 

 

 

 

 

 

 

 

 

Figure 6. Age-standardised rates of years of life lost (YLLs) and years lived with disability (YLDs) 

due to stroke for both sexes, by age, 2016 
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Asymptomatic Carotid Artery Stenosis and Screening 
 

ACAST is confirmed by the luminal carotid artery narrowing in the absence of focal 

neurological deficit or previous stroke in the last 6 months [29]. The prevalence of ACAST in 

23,706 individuals with an average age of 61 years reported in four population-based cohort studies 

(Malmö Diet and Cancer Study, Tromsø study, Cardiovascular Health Study, and the Carotid 

Atherosclerosis Progression Study) was 2% for the moderate stenosis >50% and 0.5% for the severe 

stenosis >70% (Figure 7)  [30]. Thus, the prevalence of ACAST seems to increase with age and 

appears to be higher in men than women (Figure 8). Furthermore, the disease's prevalence is 

increased in individuals with several other forms of ACD, such as abdominal aortic aneurysm and 

peripheral artery disease. ACAST is associated with lower-limb peripheral artery disease, 20-43% 

of patients with a stenosis of >50% and 12-13.7% with a stenosis of >70% [31,32]. Almost 10% of 

the patients had bilateral disease, while 5% had a bilateral carotid stenosis >70%. A meta-analysis 

by Ahmet et al. confirmed further these results, reporting a prevalence of 25-28% for stenosis >50% 

and 14% for >70% [33]. Similarly, patients with abdominal aortic aneurysm had a significantly 

high prevalence of carotid stenosis [34]. 

Medical treatment advancement competes with any potential benefit in surgical and 

radiological interventions in individuals with ACAST [35]. Marquardt et al. found that the strοke 

annual rate was 0.34% in 1153 individuals with ACAST with greater than 50% stenosis without a 

comparison to surgical intervention [36]. Another systematic review in 2009 showed the effects of 

best medical therapy (BMT) for ACAST by highlighting the falling rates of stroke and the cost-

effectiveness of medical intervention [37]. The North American preventative task force announced 

recommendations about carotid artery screening [38]. The low prevalence and the risks of 

screening, such as identifying false-positives and risk of strokes associated with angiography, seem 

to outweigh the potential benefits in the small number of identified patients with carotid artery 

stenosis. That was also demonstrated by a study that hypothetically estimated that screening of 4348 

individuals would prevent a negligible number of strοkes after 5 years [39]. 

However, in patients with higher risk of carotid stenosis, such as those suffering from 

several risk factors of atherosclerosis or with the presence of carotid bruits, guidelines exist that 

support screening [40]. A more significant benefit of screening would come if it were performed in 

a group with an increased prevalence of carotid artery stenosis and a greater risk of strοke. Notably, 

the BMT seems to be 8 times more cost-effective than surgical intervention in ACAST [41]. Still, 

there are no risk stratification tools to identify patients with a higher risk of carotid artery stenosis. 

Also, there are no randomized control trials (RCT) that compare screening to no screening and 

CVD outcomes and stroke outcomes.  
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Presently, risk stratification models for CVD use both risk factors that are modifiable and 

non-modifiable. The most widely used risk score, the Framingham risk score, uses systolic blood 

pressure, gender-specific variables of age, hypertension treatment, cholesterol, smoking, and 

diabetes mellitus (DM) status to stratify the risk of CVD mainly in primary care [42]. An alternative 

risk score, QRISK that also uses a family history of CVD, history, and BMI, is used in the UK [43]. 

Despite these tools, low- and intermediate-risk groups are characterized by most cardiovascular 

(CVS) events [44]. The possibility of atherosclerosis is not excluded since there is a lack of 

common risk factors. Despite the lack of a stratification tool, carotid intima-media thickness (cIMT) 

can function as a surrogate marker for identifying intermediate-risk individuals who could benefit 

from BMT regarding preventing CVS events. Multiple studies report that elevated cIMT thickness 

is associated with early atherosclerosis and atherosclerosis elsewhere in the body [45,46]. 

Individuals with cIMT higher than 75% compared to average or more significant than 1mm have a 

considerable risk of CVD, while those with cIMT lower than 50% have a standard wall thickness 

[47].  

Furthermore, a 0.1mm increase in carotid wall thickness is correlated with a 1.15 increase in 

the relative risk of CVS event [48]. Therefore, cIMT can be used as an additional tool for stratifying 

patients at risk [49,50]. The executive task force for screening for heart attack prevention and 

education (SHAPE) recommendation is screening individuals with ACAST between the age of 45 

and 75 [51]. The Society of Atherosclerosis Imaging and Prevention recommended that the most 

appropriate cIMT screening group is the intermediate-risk group of patients [52]. However, cIMT 

was not incorporated in the traditional risk scores, as the addition of cIMT to the Framingham risk 

score provided only a small benefit in the prediction of risk, as demonstrated by a meta-analysis by 

Den Rujiter et al. Although there is a significant association between cIMT and CVS events, studies 

that incorporated cIMT into the current risk stratification tools provided variegated findings. Further 

research is required on this field with adjustment for age and standardization of the study techniques 

to create a place for cIMT on the risk stratification tools to prevent CVS disease and stroke [49]. 
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Figure 7. Prevalence of severe stenosis in subgroups 
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Figure 8. Age- and sex-specific prevalence estimates of moderate (A) and severe ACAST (B) in 

men and women 
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Methods of estimating Carotid Artery Stenosis Severity and Imaging 

Techniques 
 

The two significant trials with regards to carotid artery stenosis severity are the North 

American Symptomatic Carotid Endarterectomy Trial (NASCET) [53] and the European Carotid 

Surgery Trial (ECST) [54]. Although they use different methods to assess the stenosis severity, both 

use the same numerator, the lumen’s minimum residual diameter. As far as the denominator is 

concerned, NASCET uses the diameter of a healthy internal carotid artery segment above the 

stenosis, and the ESCT uses the residual luminal diameter, most frequently, the carotid bulb. 

Therefore, the outcome is different in each method, promoting further confusion. Practically, a 75% 

ECST stenosis is equal to 50% NASCET stenosis and 85% ECST stenosis is equivalent to 70% 

NASCET stenosis (Figure 9) [55]. The dilemma about which measurement is preferable was solved 

by the ESVS guidelines that adopted NASCET as the choice method. However, in one case, the 

ECST method provides a significant advantage over NASCET. In individuals with significant 

volume plaques within the carotid artery bulbs, the NASCET method will not provide a reliable 

assessment of the stenosis severity. In a similar situation, the NASCET method will provide a 

stenosis of <50% and the ECST greater than 70%. Therefore, in this situation, individuals with 

large volume plaques following the ECST measurement of >70% stenosis are candidates for 

revascularization. 

In these two major studies, patients underwent intra-arterial angiography that has now been 

neglected due to its complications (e.x stroke associated with angiography). In the Asymptomatic 

Carotid Atherosclerosis Study, half of the strokes were associated with angiography.  

The first-line imaging method is most frequently the duplex ultrasound with several 

advantages. It is characterized by low cost and accessibility, and it uses peak systolic velocity, end-

diastolic velocity, and their ratios in the common carotid artery and internal carotid artery to assess 

the stenosis based on the NASCET method [56]. Other imaging modalities that may be used are 

computed tomographic angiography and magnetic resonance angiography that can image the supra-

aortic trunks, aortic arch, distal internal carotid artery, carotid bifurcation, and the intracranial 

circulation that is compulsory in patients for carotid artery stenting. Imaging methods requiring the 

administration of contrast can be used, such a contrast enhanced MRA with higher sensitivity than 

non-contrast techniques. However, the application of contrast is a substantial disadvantage.  

After comparing Duplex ultrasound, magnetic resonance angiography, and computed tomographic 

angiography in a meta-analysis by Wardlaw et al., they all provided similar results in detecting a 
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significant internal carotid artery stenoses [57]. However, it was reminded that if duplex ultrasound 

is the only examination performed before CEA, another operator should perform a second. 

 

 

 

 
 

Figure 9. Comparison between the two widely known methods for the estimation carotid artery 

stenosis. The NASCET trial and the ECST trial. 

 

Methods 
The PubMed database was extracted to identify the papers between 1984 to 2019 regarding 

asymptomatic carotid artery stenosis and the risk of myocardial infarction and stroke, and data 

extraction was performed based on updated information. The following terms were searched for the 

association of future stroke risk and asymptomatic carotid stenosis; “asymptomatic carotid artery 

stenosis,” “asymptomatic carotid disease,” “asymptomatic carotid stenosis and stroke,” 

“asymptomatic carotid disease and stroke,” “asymptomatic carotid artery and stroke,” 

“asymptomatic carotid disease and cerebrovascular accident.” We searched the following terms for 

the association of the risk of myocardial infarction with asymptomatic carotid stenosis: 

“asymptomatic carotid disease and myocardial infarction,” “asymptomatic carotid artery stenosis 

and myocardial ischemia,”  
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The reference list of the retrieved articles was also analyzed. After a careful evaluation, we 

selected the most essential and appropriate papers to conduct our review and used it as the central 

core of our research, the risk of myocardial infarction and stroke in patients with asymptomatic 

carotid artery stenosis. Therefore, we followed a screening of potential records, 385 articles were 

reviewed for eligibility, and reference lists were screened. The inclusion criteria for this review 

were full-length research articles published in peer-reviewed academic journals with no limits set 

on language, date of publication, or gender. The exclusion criteria included abstracts, conference 

presentations or posters, letters to the editor or book chapters, unpublished papers, or retrospective 

designs. 

 

Results 

After a thorough investigation of the published literature, 136 articles were selected, which 

focused on the risk stratification of myocardial infarction and stroke in patients with asymptomatic 

carotid artery stenosis (Table 1). Several parameters and groups of patients were identified 

according to several factors, such as clinical, imaging, and laboratory ones. A higher risk of future 

stroke was identified in ACAST patients with a personal history of CVD, coronary artery disease, 

as well as in the elderly population and in patients that underwent a coronary artery bypass grafting 

(CABG). Similarly, an increased risk of MI is met in a specific group of patients. Among the 

patients with several factors such as inflammation markers, lipid profile, DM, anti-hypertensive and 

antiplatelet drugs may also play a crucial role. In the following analysis, the optimal medical 

therapy, the intervention procedures, and the identification of patients at high risk of stroke and MI 

are thoroughly discussed. The detailed representation of the number of studies selected is provided 
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in the following graph:

 

DISCUSSION 

 

Optimal Medical Therapy and Risk Factor Control 

Smoking plays a crucial role in stratifying the risk in patients with ACAST. It is associated 

with an increase in the internal carotid artery stenosis greater than 50% with an οdds ratio [OR] of 

2.3 (95% confidence interval [CI]: 1.8 to 2.8) and greater than 70% with an OR of 3.0 (95% CI, 2.1 

to 4.4) [57] and increase of plaque progression [58]. Furthermore, approximately 5% of male 

smokers aged >65 have >50% ICA stenosis [59]. Smoking seems to significantly increase the late 

ischemic stroke with a relative risk increase [RRI] of 1.9 (95% CI 1.7 to 2.2), as demonstrated by a 

meta-analysis composed of 32 studies [60]. A meta-analysis also demonstrated the benefit of 

moderate or high physical activity in reducing ischemic stroke by 25% via a beneficial effect in 

body weight, blood pressure, or other risk factors [61]. In another meta-analysis of 25 studies with 2 

million people, it was demonstrated that obesity significantly increases the risk of future strοke with 

a RRI of 1.64 (95% CI, 1.36 to 1.99) [62].  

Antiplatelet Therapy 

Identification

409 studies 
identified through 
database searching

Screening

385 studies after 
duplicates 
removed

Eligibility

385 studies 
screened

Inclusion

136 studies 
included in the 

analysis
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The risk of bleeding events is the major concern of individuals with ACAST as far as the 

antiplatelet therapy is concerned, since an actual benefit in reducing the future stroke risk is not 

provided. First, the Asymptomatic Cervical Bruit study demonstrated no difference in ischemic 

events or mortality after randomizing patients with stenosis greater than 50% to aspirin (325mg) 

versus placebo during an average fοllοw-up of 2.3 years [63]. On the contrary, the Asymptomatic 

Carοtid Embοli Study [64] found that antiplatelet therapy was an independent predictor of lower 

TIA/ ipsilateral stroke rates and any stroke/CVS death in ACAST patients with 70-99% stenosis 

[65]. Coronary artery disease is present in up to 2/3 of individuals with ACAST [66]. A study of 

11,391 patients with ACAST >50% reported a 5-year all-cause mortality of about 63% late cardiac 

deaths, an average mortality related to cardiac events of about 2.9% each year [67]. Furthermore, 

Park et al. demonstrated that patients receiving aspirin before the stroke onset did not have a 

reduced severity of stroke at presentation and improved functional outcomes at the exit from the 

hospital. That was mostly found in patients with large artery atherosclerotic strokes [68]. 

CHARISMA study with 7% of ACAST patients with 50-99% stenosis also reported no benefit from 

dual antiplatelet therapy compared to a single one [69]. In addition, a meta-analysis highlighted the 

aspirin benefit on serious vascular event with a 12% relative risk reduction, mainly due to a 

reduction in non-fatal MI (0.18% vs. 0.23%, p< 0.0001), without a significant net effect on stroke 

(0.20% vs. 0.21%, p= 0.4) [70]. To sum up, the primary agent used in patients with ACAST is 

aspirin, followed by clopidogrel in those who are intolerant to aspirin. 

Hypertension 

Hypertension is associated with an increased risk of carotid artery disease [71]. The 

therapeutic management of hypertension in individuals with carotid artery stenosis promotes the 

disease’s regression and reduces its progression [72]. The ELSA study that compared lacidipine 

with atenolol reported a benefit of lacidipine in reducing cIMT progression and atherosclerotic 

plaque quantity despite a minor effect in blood pressure [73]. Although angiotensin-converting 

enzyme inhibitors provide a similar effect, calcium-channel blockers decrease cIMT progression 

more than angiotensin-converting enzyme inhibitors, diuretics or beta-blockers [74]. No RCT 

investigated the outcomes of antihypertensive treatment on the prevention of stroke in individuals 

with ACAST. However, a Chinese RCT conducted in patients with hypertension and without a 

history of MI or stroke demonstrated a reduction in the first stroke event with the combination of 

enalapril and folic acid compared to enalapril alone. Interestingly, a meta-analysis of 25 RCTs 

involving hypertensive individuals without a history of vascular disease reported a decrease in late 

stroke with a reduction of stroke proportional to the reduction of systolic BP [75]. Clinically, blood 

pressure in patients with ACAST should be kept lower than <140/90 mmHg. 
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Diabetes Mellitus 

DM is also related to a higher risk of ACAST, dyslipidemia, and hypertension [30]. 

However, studies demonstrating the increase of plaque burden or plaque instability in patients with 

DM do not exist [76]. Banerjee et al. showed that DM duration is independently associated with the 

stroke risk when adjusting for risk factors, as it increases 3% per year and triples in diabetes greater 

than 10 years [77]. Zhang et al. highlighted that there is no effect of tight glycemic control in 

reducing stroke risk; however, it reduces various complications related to DM [78]. Interestingly, a 

60% decrease in CVS events (95% CI, 0.25 to 0.69, p<0.001) and CVS deaths (95% CI, 0.19-0.94, 

p=0.04) were shown in patients with type 2 DM that received anti-platelet, statin and 

antihypertensive treatment [79]. The UKPDS reported 44% relative risk reduction in stroke (95% 

CI, 11-65, p= 0.013) in patients with tight BP control in compared to patients with less controlled 

BP [80]. 

Lipid-lowering therapy 

An analysis of patients randomized in ACST-1 who were receiving statins found that the 10-

year stroke risk/death was 7.6% in individuals following CEA vs.13.4% in BMT. In those who were 

not receiving statins, the 10-year risk οf stroke was 17.9% post CEA vs. 24.1% compared to BMT, 

highlighting a beneficial effect of statins regarding strοke risk in patients with ACAST [81]. 

Although there are insufficient data regarding the intensity and the dosage of statin therapy in 

individuals with ACAST compared to symptomatic ones, research in both categories recommend 

high-intensity statin treatment with a reduction by 50% of low-density lipoprotein with either 

rosuvastatin 20-40mg or atorvastatin 40-80mg or with a low-density lipoprotein level of <1.8 

mmol/L (70mg/dl) [82-84]. Furthermore, a Cochrane review of 18 RCTs, including 56,934 patients 

evaluating statins’ contribution in CVD, reported reductions in stroke events, revascularization 

procedures, and all-cause mortality in individuals randomized to statins [85]. Therefore, statins are 

hugely advocated for the long-term prevention of MI, stroke, and other CVS events in individuals 

with ACAST. 

 

Carotid Endarterectomy and Carotid Artery Stenting 

Although Carotid endarterectomy (CEA) and carotid artery stenting (CAS) constitute an effective 

abiding prevention approach for stroke in individuals with symptomatic carotid stenosis, it remains 
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uncertain which is the most appropriate intervention for the long-term prevention of CVS episodes 

in individuals with ACAST, and if they are more effective than BMT. 

CEA can be conducted under local or general anesthesia with or without a shunt use (Figure 

10). The stroke and mortality rate did not show a difference between these two patterns in patients 

following a CEA procedure, as reported by the General Anaesthesia versus Lοcal Anaesthesia fοr 

carοtid surgery (GALA) trial [86]. However, performing CEA includes risks such as perioperative 

MI and post-operative hematoma [87]. Individuals with concurrent coronary artery disease and 

contralateral carotid artery occlusion have an increased risk for CEA [88,89]. Three large RCTs that 

compare CEA and BMT in ACAST patients include Veterans Affairs (VA) Cooperative Study 

between 1983-1987, the Asymptomatic Carotid Atherosclerosis Trial (ACAS), and the 

Asymptomatic Carotid Surgery Trial-1 (ACST-1) [90-92]. An absolute risk reduction in 

neurological episodes of 12.6% was reported in VA Cooperative study in 444 individuals following 

CEA compared to BMT with a median follow-up of 4 years (p<0.01) without a significant 

difference in the combined endpoint of stroke and death [90]. ACAS in 1987-1993 that recruited 

1,662 patients reported a reduction of 5-year risk of the cοmbined endpoint of ipsilateral strοke and 

perioperative stroke or death by 53% in patients with CEA compared to ΒΜΤ (5.1% vs. 11.0%; 

p=0.004) [91]. ACST-1 that included 3,120 patients demonstrated a reductiοn in relative stroke risk 

of 4.1% at 5 years (p=0.0001) and 4.6% at 10 years (CEA 13.4%, BΜΤ 17.9%; p=0.009) [92,93]. 

However, these studies randomized patients between the 1980s and 2000s when effective BMT was 

not available. 
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Figure 10. The CEA process. The “A” figure shows plaque buildup within carotid artery. Figure B 

shows the incision in the carotid artery and the following plaque removal. Figure C shows the 

stitching procedure of the carotid artery and the restoration of normal blood flow and normal blood 

flow restored. The image included demonstrates an artery cross-section with plaque removed and 

blood flow restored. 
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Figure 11. The CAS process. Figure “A” demonstrates the plaque buildup in internal carotid artery 

and the obstructed blood flow. Figure “B” shows the stent placement in the carotid artery to 

maintain the artery. Figure “C” demonstrates blood flow restoration in the stented artery. 

 

CAS is usually performed with local anesthesia. A catheter is placed into the cοmmon 

femοral artery through the brachial or carotid artery and is promoted until it reaches the cοmmon 

carotid artery (Figure 11) [94]. It is less invasive than CEA, and it can be conducted in individuals 

with various comorbidities with an increased risk for CEA. CAS carries out a higher stroke risk in 

symptomatic compared to asymptomatic patients [95,96]. Higher age accounts as an independent 

prognostic factor of inadequate outcome after CAS, probably due to more advanced atherosclerotic 

disease in the old age [96,97]. That may include more tortuous carotid vessels and commoner 

plaques in the aortic arch. CEA and CAS comparison in several RCTs did not report definitive 

results due to the diversity of the sample tested, the variety of endovascular devices, different 

endpoints, varied endovascular experience of interventionalists, and different embolic use 
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protection devices. The Carοtid Revascularisation Endarterectomy versus Stenting Trial-1 (CREST-

1) was a multi-center RCT that included 1181 asymptomatic patients and used embolic protection 

devices 96.1% of the patients [98]. CAS reported a greater peri-procedural mortality risk and stroke 

risk than CAS in symptomatic individuals and insignificant in patients with ACAST (p=0.02 and 

p=0.15, respectively).  The peri-procedural occurrence of strοke or death was higher in CAS than 

CEA in symptomatic individuals (p=0.02), and insignificant in them with ACAST (p=0.15). 

Symptomatic patients after CEA procedure presented with more MIs than ACAST patients [98]. In 

ACAST individuals, only the 4-year rate of stroke or death was significant, 4.5% after CAS and 

2,7% following CEA (p=0.07) [98]. Furthermore, the composite endpoint of stroke, MI, or death 

presented no difference between CEA and CAS groups in symptomatic and ACAST patients after 

an average follow-up of 10 years. Because CREST-1 included in the beginning only symptomatic 

patients and the asymptomatic ones were added later, the effectiveness of CAS versus CEA in 

patients with ACAST is not reliable.  

SAPPHIRE trial compared CAS with CEA in 334 patients (97 symptomatic patients, 237 

asymptomatic patients) with increased operative risk (approximately 75.5% of patients undergoing 

CEA had coronary artery disease) [99]. Overall, fewer individuals that underwent CAS received re-

intervention than those with CEA without a difference in the composite endpoint of stroke, death, or 

MI at 30 days [99]. However, the equivalent outcome at 1 year in patients with CAS was 9.9% 

compared to 21.5% in the CEA group (p=0.02). That can be explained due to more comorbidities 

leading to an increased incidence of procedural MI in the CEA group compared to CAS (p=0.03).  

At 3 years, stroke and the composite endpoint of death, stroke, or MI was similar in patients with 

ACAST following CEA and CAS [100]. SAPPHIRE outcomes should be taken into account with 

caution due to CEA patients’ high-risk, leading to an increased rate of procedural events. 

The Asymptomatic Carotid Trial-1 (ACT-1) demonstrated CAS non-inferiority to CEA 

within 30 days of the procedure regarding the composite endpoint of stroke, death, or MI during the 

first 30 days the procedure in patients with ACAST [101]. In 5 years, the ipsilateral stroke rate was 

2.7% after CEA compared to 2.2% following CAS (p=0.51), confirming the equality between CAS 

and CEA in the long-term prevention of stroke. 
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Identification of Asymptomatic Patients at High Risk of Stroke 

Plaque echolucency and juxtaluminal hypoechoic areas 

In the last years, the plaque structure and constitution have been researched extensively to 

identify and stratify stroke risk. Plaque echolucency, one of the essential plaque characteristics and 

juxtaluminal black plaque, can be quickly evaluated via ultrasound. Several ultrasonographic 

features of the carotid plaques are related to an elevated long-term stroke risk in patients with 

ACAST. Essentially, the ACSRS group demonstrated a reduction in ischaemic event-free survival 

in plaques with more than 1 discrete white area (p<0.0001), size greater or equal to 80mm 

(p<0.0001), or a gray-scale median less than 15 (p<0.0001) in 1,121 patients [102]. That came in 

accordance with several other studies [103,104] and confirmed previous outcomes that showed that 

the history of contralateral stroke or TIA (p<0.0001 and p=0.002) and increased severity of the 

stenosis (measured by ECST method) were both related to a reduction of retinal or cerebral 

ischemic event-free survival [102]. 

Several studies also reported that plaque echolucency was associated with intraplaque 

hemorrhage or necrotic core lipid-rich, mostly found in symptomatic patients than ACAST 

[105,106]. The greater strοke risk in individuals with ACAST was investigated in association with 

plaque echolucency, and the majority of them independently demonstrated a strong relation 

between the two entities [107-109, 110-112]. A post-hoc analysis, including 814 patients in the 

medical arm of the ACST-1 also highlighted that plaque echolucency was related to increased risk 

of future stroke in asymptomatic patients [113]. Patients with echolucent plaques (n=403) had an 

increased risk of ipsilateral stroke in comparison to those without (n=411) at 5 years (8.0% vs 3.1% 

respectively; p=0.009) [113]. After adjusting other risk factors, plaque echolucency was 

significantly related to increased risk of ipsilateral stroke with a hazard ratio [HR] of 2.5 (1.2-5.3, 

p=0.014). However, in 10 years, the overall stroke was similar independently of the plaque 

echolucency [113]. Although the study should be repeated in a larger sample of patients, the 

increased use of statins in ACST-1 may also explain why the association was not reproduced at 10 

years due to a possible carotid plaque stabilization. 

A study from Grønholdt et al. found that plaque echolucency was related to stroke risk, only 

in symptomatic individuals with stenosis of the carotid artery and not in those with ACAST [114]. 

Recently, a meta-analysis by Gupta et al. with 7557 patients and an average follow-up for 37.2 

months, reported a beneficial relation between the echolucency of the plaque and the risk of future 

ipsilateral stroke in carotid artery stenosis severities from 0%-99% with a RR of 2.31 (95% CI, 
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1.58-3.39, p <0.001) and in individuals with stenosis of ≥ 50% with a RR of 2.61 (95% CI, 1.47-

4.63, p=0.001) [115]. 1741 patients were diagnosed as echolucent-positive, and the remaining 5816 

as echolucent-negative. In total, 141 ipsilateral strokes occurred in patients that were diagnosed 

negative for echolucency. Also, patients with ≥ 50% of carotid stenosis had a greater stroke risk 

with a RR of 2.61 (95% CI, 1.47-4.63, p=0.001) [115]. The relation between the increased risk of 

ipsilateral stroke and plaque echolucency was also confirmed in another meta-analysis by Jashari et 

al. The predictive value of the plaque echolucency can be increased further, combined with 

microemboli detected with TCD. Asymptomatic carotid emboli study demonstrated that the carotid 

plaque echolucency was related with an increased ipsilateral risk of stroke greater than 600%  with 

an HR of 6.43 (95% CI 1.36-30.44, p=0.019), while the combination of emboli detected with TCD 

and plaque echolucency was related to an increased ipsilateral stroke risk >1000% with an of HR 

10.61 (95% CI, 2.98-37.82, p= 0.0003) [111]. 

A high-risk factor is the juxtaluminal black plaque, which are hypoechoic areas without a 

visible fibrous cap. Multiple cross-sectional studies associated these areas with the presence of 

neurological symptoms [116-118]. Notably, Griffin et al. showed that echolucency assessed by the 

combination of juxtaluminal hypoechoic area and gray-scale median density was related to 

symptomatic plaques (OR: 6.7, 95% CI, 4.08 to 10.91) [117]. Kakkos et al. also tested the 

hypothesis that juxtaluminal black areas can predict future ipsilateral strokes in patients with 

ACAST [119]. They found that juxtaluminal hypoechoic area’s size was associated with the risk of 

stroke in individuals with ACAST, as the 5-year ipsilateral event rate was 3% in patients with a 

juxtaluminal hypοechοic area <4 mm2, 21% in patients with an area of 4 to 8mm, 36% in patients 

with an area between 8-10mm and 43% in patients with an area greater than 10mm (median annual 

rates: 0.6%, 4.2%, 7.2%, 8.6% respectively). A cut off at 8mm2 was able to identify the patients 

with an increased risk of fatal stroke (OR 18.7 (4.1-85.9; p<0.001) and at 8 years (HR 19.6 (4.3-

89.6); p<0.001). The authors suggested that juxtaluminal black areas greater than 8mm2 can 

produce a larger ulcer, inducing a more significant embolus that may lead to a massive brain infarct 

and a stroke with fatal consequences. However, the measurement of juxtaluminal black areas is 

complex, depends on inter and intra-observer variability, and error can be introduced by vessel 

tortuosity, position, and calcification, which may reduce the validity of the findings. 
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Figure 12. Gray-Weale Classification; Carotid artery plaque morphology and characteristics 

The effect of carotid bruits 

A large meta-analysis of twenty-eight studies, including 17,913 patients for 67,708 patients-

years, investigated the relation between the presence of carotid bruit and the high risk of future 

strοke, TIA, or stroke death. Among the studies comparing individuals with and without bruits, the 

stroke ratio was 2.5 in 5 studies (95% CI, 1.8-3.5, p< 0.0005), 4.00 for TIA in 5 studies (95% CI, 

1.8-9.0, p<0.0005), and 2.7 for stroke death in 3 studies (95% CI, 1.33-5.53, p=0.002). In a larger 

number of studies (n=26), stroke rates for the patients with carotid bruits were 1.6 per 100 patients-

years (95% CI, 1.3-1.9, p< 0.0005) compared to 1.3 per 100 patient-years in 13 studies (95% CI, 

0.8-1.7, p<0.005) in patients without bruits. TIA rates were 2.6 per 100 patient-years in 24 studies 
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(95% CI, 2.0-3.2, p<0.0005) for patients with carotid bruits compared to 0.9 per 100 patient-years 

in patients without bruits in 5 studies (95% CI, 0.2-1.6, p=0.02) and stroke mortality rates were 

calculated at 0.32 (95% CI, 0.20-0.44, p<0.005) for patients with bruits in 13 studies compared to 

0.35 for them without in 3 studies (95% CI, 0.00-0.81, p=0.17) [120]. 

Microemboli detection on Transcranial Doppler 
Transcranial Doppler is a non-invasive, real-time, and most inexpensive method used to 

image the intracranial vasculature usually conducted in three acoustic windows, transorbital, 

transforaminal and transtemporal. The transducer frequency is set at 2 MHz to permit the signal 

through the calvaria [121]. More technologically developed TCD devices have been developed, 

focusing on portability, convenience, and remote capability of the procedure. These devices monitor 

the patients with ACAST by detecting microembolic signals and periprocedural for the same 

purpose in patients undergoing CEA. A possible side effect is thermal injury, most frequently in 

higher frequencies and transorbital acoustic window. 

The primary definition used for microembolic signals includes typically visible short-duration and 

high-intensity signals at the spectrum of the Doppler flow, which occurs randomly at the cardiac 

cycle. They sound like a click, whistle, or chirp, and they present an intensity increase greater than 

5 dB from the background signal. However, moderate carotid artery stenosis includes multiple 

frequencies [122,123]. 

Microemboli detection is well noted during TCD examination to estimate the stroke risk in 

patients with ACAST (Figure 13). Spence et al. demonstrated that ACAST individuals with more 

than 2 microemboli per hour had a greater risk of one-year ipsilateral ischaemic stoke (1500%) in 

comparison to those without identified microemboli (15.6% vs. 1.0%) [124]. In 2010, Spence et al. 

highlighted the importance of BMT in 468 patients with ACAST. They reported a reduction in CVS 

events (before effective BMT, 17,6% vs. after, 5,2%) and in microemboli detected with TCD 

(12,6% vs 3,7%, respectively) [125]. An international study involving multiple centers on 467 

patients came in accordance with those results, where patients with ≥1 microemboli had an 

increased risk of 1-year ipsilateral stroke in comparison to patients without microemboli with an HR 

of 5.57 (550% higher, 95% CI, 1.61-19.32, p=0.007) [126]. Detection of embolus with TCD 

validity was highlighted in another meta-analysis of five studies with 677 patients in total, where 

the embolic signals in TCD was a major predictor of ischaemic stroke with an OR 7.46 (95% CI 

2.24 to 24.89, p=0.001) [127]. 

In contrast, only a small observational cohort study with 202 patients resulted in an 

increased stroke risk in patients with ACAST with microemboli; however, it considered 

underpowered. The small sample size and the methodology were the main flaws of this study [128]. 
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They considered one microembolus positive with a test repeatability between intervals of 6 months, 

while research shows that >2 microembolic signals in the last hour determines the ACAST patients 

with increased stroke risk [129,130]. 

Concluding, TCD-detected microemboli emerged when the 2017 guidelines of the European 

Society of vascular surgery recommended intervention based on microemboli detected with TCD 

[131], determining the importance of this method for identifying patients both with low and high 

absolute stroke risk. 

 

 

 
 

Figure 13. Embolus detection in TCD. Microembolus in a patient with asymptomatic carotid 

stenosis 

 

Silent embolic infarcts on brain CT or MRI 
Silent embolic infarcts (SEI), previous stroke, or TIA seems to be associated with a higher 

long-term stroke risk in asymptomatic patients. 

First, the Cardiovascular Health Study and then the Rotterdam Scan study highlighted the 

correlation between SEI on MRI and CT scans and a higher risk of stroke event [132,133]. Two 

studies, one from Japan and ACSRS, demonstrated that SEI belongs to stroke independent 

predictors [134,135]. ACSRS was an international cohort study with 1,115 patients with ACAST of 

50-99% measured with the ECST method for at least 5 years [136]. A substudy of ACSRS [137] 

Institutional Repository - Library & Information Centre - University of Thessaly
18/06/2024 09:18:36 EEST - 3.14.249.21



 35 

consistent with ACST-1 findings demonstrated that SEIs were associated with a higher risk of 

future ipsilateral stroke in asymptomatic patients. Notably, in a group of 821 individuals with 

stenosis of 60-99%, patients with the presence of SEI on brain CT or MRI had a higher risk of 

future ipsilateral stroke in comparison to those without SEI with an HR of 3.0 (95% CI 1.46-6.29; 

p=0.002, annual stroke rate: 3,6% vs. 1.0%) [134]. Patients with stenosis of 60-79% and the 

presence of SEIs had a higher cumulative stroke and TIA rate than those without SEIs (p=0.005). 

That demonstrates that SEI presence in patients with ACAST constitutes another essential method 

for assessing the ACAST patients with increased risk for a future ipsilateral ischemic stroke [138]. 

Despite the fact that the substudy failed to show an actual association between future risk of stroke 

and SEIs in patients with stenosis <60%, probably due to the small sample of patients, it is 

interesting how the improvement of BMT can affect this correlation in our era. 

 

Cerebrovascular Reserve (CBR) 
Cerebral perfusion pressure is reduced by increasing the degree of carotid stenosis. The 

mechanism of cerebral autoregulation induces the dilation of cerebral arterioles to maintain the 

cerebral blood flow. The stroke risk can be greater in case of a reduction in cerebral perfusion 

pressure, for example, during a hypotensive episode, which will also decrease the cerebral blood 

flow. Several studies pointed out that a reduction in CBR is correlated with an increased risk of 

stroke in ACAST patients [139-143]. In 106 patients with ACAST as a part of the substudy of 

ACES, readings with TCD of the middle cerebral artery were measured, and a meta-analysis of 

similar studies was done to maximize the power of these findings [143]. The meta-analysis, 

including 3 further studies, demonstrated that impaired CBR was associated with an increased risk 

of strοke or TIA (OR 4.8 (1.9-12.1); p=0.001), ipsilateral stroke (OR 6.1 (1.3-29.5); p=0.02), any 

stroke or TIA (OR 1.6 (1.9-10.9); p=0.0006) and any stroke (OR 4.7 (1.7-12.9); p=0.003). A 

secondary analysis reported that impaired CBR was related to embolic signals that may explain the 

strong correlation, although with the uncertainty of its clinical utility due to the limited use of TCD 

[143].  

Interestingly enough, the original substudy of ACES did not show any difference in 

stroke/TIA (p=0.16) or TIA (p=0.52) in patients with/without impaired CBR, probably due to the 

small number of ischemic events. Normal CBR may range from 15% to 40%, and values lower than 

10% suggest impaired CBR [144]. A meta-analysis of 13 studies that included 991 patients showed 

an almost 400% higher risk of stroke in patients with ACAST with impaired CBR (OR: 3.96; 95% 

CI, 2.60-6.04), with a potential limitation being that in the majority of the studies the investigators 

were lined to the results of CBR [144]. The authors verified that, beyond various limitations, most 

Institutional Repository - Library & Information Centre - University of Thessaly
18/06/2024 09:18:36 EEST - 3.14.249.21



 36 

studies pointed out that reduced CBR may identify ACAST patients with increased stroke risk. 

However, the small population of these studies questions the validity of the findings, limiting their 

applicability. 

Intraplaque hemorrhage using MRI 
Stroke risk in patients with ACAST can be assessed by the severity of the components of the 

carotid plaque assessed by MRI. Higher risk of ischemic events was presented in patients with 

specific plaque characteristics such as intraplaque hemοrrhage, lipid-rich necrotic core, or with a 

rupture of the fibrοus cap [145-147]. That was further confirmed by a meta-analysis that included 

779 patients with these particular characteristics. They reported an HR of 4.59 (2.91-7.24) for 

intraplaque hemorrhage, 3.00 (1.51-5.95) for lipid-rich necrotic core, and 5.93 (2.65-13.20) for a 

thinning/rupture of the fibrous cap as predictors of future stroke and TIA. These results function as 

independent factors of the future stroke risk that cannot be estimated by a measurement of the 

lumen stenosis, and they suggest that carotid plaque MRI assesses the patients with increased risk 

that could benefit from revascularization [148]. However, the variability used in the MRI 

techniques for the imaging of the carotid plaque requires further clarification to improve the clinical 

applicability of the results. MRI studies that are implemented as a part of CREST-2 and ECST-2 

may elucidate further the results [149-151]. 

 

Progression of the severity of stenosis 

While there is no vigorous evidence regarding the carotid artery stenosis severity and the 

strοke risk in asymptomatic individuals, the stenosis progression can be related to increased risk of 

stroke in individuals with ACAST. We can suppose that the progression of the ACAST severity 

despite BMT's implementation is not a good prognostic factor. However, multiple reasons may 

induce ACAST progression despite effective BMT, such as resistant atherosclerosis [152,153]. 

ACSRS reported that an 8-year cumulative ischaemic stroke rate was 0% in patients with regression 

of stenosis, 9% in unchanged stenosis, and 16% in stenosis progression. The progression of carotid 

plaque doubled the rate of annual stroke and cumulative stroke rate across all stenosis degrees 

among 50-99% measured by the ECST method and 70-99% with the NASCET method. This may 

be the reason for the lower retinal or cerebral ischemic event rate survival (p <0.001) and stroke-

free survival (P=0.05) in patients with progression of carotid stenosis versus those with regressing 

or stable stenosis degree. The use of statin and the effective monitoring of the carotid plaque 

features would improve the effectiveness of BMT and, as it would be biologically expected, would 

reduce further or stabilize the plaque size. However, ACSRS demonstrates that the progression in 

ACAST severity is a predictor of future stroke [154]. Interestingly, Conrad et al. demonstrated that 
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the progression of ACAST is not a good prognostic factor despite BMT that failed to prevent the 

development of ipsilateral neurological symptoms or the carotid disease progression [155]. 

However, the relation of carotid plaque progression and the future CVS events will require further 

evaluation in larger types of studies before these findings can be applied to everyday clinical 

practice. 

Carotid plaque burden provides an advantage compared to carotid intima-media thickness 

(cIMT) in CVS outcomes prognosis. A study from Canada that compared total plaque volume, total 

plaque area, and progression/regression of cIMT as predictors of CVS outcomes showed that the 

total plaque vοlume measurement is preferable to total plaque area or cIΜΤ [156]. In patients with 

ACAST, plaque burden predicted stroke risk and not the percentage of stenosis [157]. A study by 

Sillesen et al. demonstrated that plaque burden was also associated with coronary calcium compared 

to IMT that it was not. It also appeared to be as prognostic as cοronary calcium [158]. 

Carotid ulceration  

Carotid ulceration was first described as a risk factor for neurological symptoms when 

ulcerated plaque removal relieved those symptoms [159,160]. It was reported that ulceration is a 

risk factor for ipsilateral symptomatology based on the pathogenetic mechanism of arterio-arterial 

embolism of the existing thrombus [161-164]. The clinical significance of the ulceration of the 

carotid plaque has been pointed out in multiple studies. The North American Symptomatic Carotid 

Endarterectomy Trial showed that ulceration of the carotid plaque was related to a 350% increase in 

the relative risk of strοke [165]. Madani et al. highlighted that asymptomatic patients with more 

than three ulcers in both carotid arteries demonstrated a 3-year strοke risk or mortality (p=0.03, 

respectively), equivalently to microembοli (p=0.003) [166]. The significance of contrast-enhanced 

ultrasound in detecting ulcerated plaques is essential as it is better than color Doppler ultrasound 

and can indicate the carotid plaques associated with an increased potential of thromboembolic event 

[167,168]. Three-dimensional carotid ultrasound-based texture analysis can also predict future CVS 

events and evaluate the composition of the carotid plaque [169,170]. 
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Identification of Αsymptomatic patients at high risk of Myocardial 

Infarction 
 

The carotid plaque existence constitutes an essential risk factor of CVS events in all types of 

symptomatic vascular disease. The Reduction of Atherothrombosis for Continued Health (REACH) 

registry included 45,227 individuals in total with a fοllow-up οf 4-years, where the information on 

carotid atherosclerosis was evaluated in 23,364 patients. Of them, 10,725 patients had carotid 

atherosclerosis. The results were analyzed after the adjustment for the geographic region and the 

CVS risk factors, and they demonstrated an increase in the risk of cοronary events by 22% in 

individuals with carοtid atherοsclerοsis when compared to patients without. A relative increase was 

presented by 18% in individuals with several risk factors, by 46% in patients with cerebrovascular 

disease (95% CI, 28-65%), 37% in those with peripheral artery disease (95% CI, 17-60%), and by 

25% in those with coronary artery disease (95% CI, 16-35%). Carotid atherosclerosis was related to 

a higher risk among patients with previous MI but without a history of stroke or between patients 

with previous stroke but without a history of MI.  

Interestingly, in both groups, carotid atherosclerosis functioned as a predictor of coronary 

risk for any coronary event, independently with HRs of 1.36 in individuals suffering from an 

ischemic stroke and 1.32 in those with MI. The HR for major coronary endpoints was 1.54 for the 

first group and 1.37 for the second one [171]. Thus, carotid atherosclerosis presents a cumulative 

effect on the risk of coronary events. 

Besides, Steinvil et al. investigated carotid atherοsclerοsis as a CVS event prognostic factor, 

even in patients without a known coronary artery disease. They included 1391 patients that 

underwent coronary angiography and carotid ultrasound and doppler on the same day. The average 

and the median follow-up were 1574 and 1702 days. Individuals with carotid atherosclerosis and 

carotid artery stenosis had an increased risk of composite major adverse CVS event in comparison 

to them without established coronary artery disease (HR=1.69 [0.95-3.01]; p=0.07 and HR=3.17 

[95% CI, 1.52-6.60]; p<0.01, respectively), but not in them with known coronary artery disease. 

Furthermore, carotid artery stenosis was associated with higher all-cause mortality in individuals 

without established coronary artery disease (HR=2.93 [1.09-7.87]; p=0.03) among those with 

coronary artery disease [172]. Therefore, carotid artery stenosis and carotid atherosclerosis belong 

to the independent prognostic factors of major adverse CVS events among individuals that 

underwent coronary angiography. 

Nadareishvili et al. included 106 individuals for 5 years to evaluate the risk of strοke and 

other vascular events. They found a 10- and 15-year risk of ipsilateral stroke of 5.7% and 8.7% 
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respectively in patients with lesser internal carotid artery stenosis (0 to 49%) and 9.3% and 16.6% 

in patients with higher carotid artery stenosis (50 to 99%). MI and non-stroke vascular death percent 

were found at 10.1% and 24.0%, respectively. Furthermore, age, DM, and internal carotid artery 

stenosis function as predictive factors of the increased risk of non-stroke vascular death and MI. 

This study highlighted the increased long-term risk of MI and non-stroke vascular death and pointed 

out the research focus for preventing CVS events [175]. 

The SMART study in 2007 that enrolled 2684 subjects with type 2 DM or arterial disease, 

without a history of a cerebral ischemic event assessed the degree of ACAST with duplex scanning 

for a median οf 3.6 years. None of the individuals that underwent CAS or CEA and vascular events 

were recorded. Interestingly, during the follow-up, a first vascular event occurred in 9% (253) of the 

patients, while ACAST of greater than 50% was presented in 8% (221).  The CI rate for subsequent 

vascular events post-5 years was 12.3% (95% CI, 10.7 to 13.9), 8.0% for MI (95% CI, 6.6 to 9.4) 

and 2.2% for cerebral infarction (95% CI, 1.4 to 2.8). After adjusting for gender and age, ACAST 

of greater than 50% was correlated to an increased risk of subsequent vascular events (HR:1.5, 95% 

CI, 1.1 to 2.1). Thus, ACAST in patients with arterial disease or type 2 DM seems to be an 

independent prognostic factor of vascular events [176]. 

Park et al. investigated 1390 individuals with coronary artery disease proven by coronary 

angiography and underwent carotid artery examination 1-day pre- or post-coronary angiogram and 

followed up for 54.2 ± 23.9 months. They found that the patients with carotid plaque had increased 

risk of acute coronary syndrome and CVS risk factors (34.2% vs. 24.6%, p<0.001) compared with 

those without. The univariate analysis found that carotid plaque was related to hard MACE (cardiac 

death, MI, stroke), and total MACE and cIMT was a total MACE predictor. On the multivariate 

analysis, carotid plaque presence was associated with hard MACE (p=0.008), total MACE 

(p=0.004), and cardiac death (p<0.004), and cIMT correlated with total MACE (p=0.017). 

Therefore, the carotid plaque presence is considered a predominant prognostic factor of MACE and 

cardiac death, especially in individuals with coronary artery disease. That may highlight the 

importance of coronary artery intervention and the role of intense medical treatment in individuals 

with known coronary artery disease [177]. 

 

The effect of carotid bruits on Cardiovascular events 
Carotid bruits are related to a higher risk of CVS events. First, a study by Chambers et al. 

investigated 500 asymptomatic patients with neck bruits in a prospective clinical study and 

followed them for an average of 4 years (mean of 23.2 months) clinically and with ultrasonography. 

They demonstrated an one-year incidence of cardiac ischemic events at 7%, cerebral ischemic 

events at 6%, and sudden cardiac death at 4%. They also reported a 75% higher incidence of stroke 
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in patients with severe carotid artery stenosis compared to those without. Thus, they concluded that 

carotid artery disease functions as a dependent predictor for a cerebral event and an independent 

prognostic factor of cardiac ischemic episodes [173]. A large meta-analysis of 22 studies, including 

20 prospective cohorts, corroborated with this hypothesis. It included 17,295 patients with an 

average number of 273 individuals (range 38-4736) followed up for four years (2-7). Individuals 

with carotid bruits had an MI rate of 3.69 (95% CI, 2.97 to 5.40) per 100 patient-years (n=8 studies) 

compared to 1.86 (0.24-3.48) per 100 patient-years in individuals without bruits (n=2 studies). 

Individuals with carotid bruits had an increased rate of CVS death per year (n=16 studies) than in 

those without bruits (n=4 studies) [2.85 (2.16-3.54) per 100 patient-years compared to 1.11 (0.45-

1.76) per 100 patient-years]. Last but not least, in the four trials that patients with and without bruits 

were possible, the OR of CVS death was 2.27 (1.49-3.49) and for MI was 2.15 (1.67-2.78) [174]. 

Progression of the severity of stenosis 
Recently, a large meta-analysis including 100,667 patients with an average age of 62 and a 

follow-up of 3.7 years was published. It demonstrated that a reduction of 10μm of cIMT 

progression each year resulted in a relative CVD risk of 0.91 (95% CI, 0.87-0.94), with an 

additional relative CVD risk of 0.92 (0.87-0.97) independently of progression of cIMT. When the 

reduction of cIMT was summarized, a 10,20,30,40 μm reduction each year would provide risks of 

0.84, 0.76, 0.69, and 0.63 accordingly [178]. It appears that cIMT progression can be used as a 

delegate marker for the prediction of CVD risk. 

Sabeti et al., with 1065 patients, investigated the carotid stenosis progression by Doppler 

velocity criteria. The incidence of MACE was investigated in patients for an average follow-up of 

3.2 years. They showed a progression of the carotid stenosis in 9% of the patients evaluated by 

duplex ultrasonography and reported 495 major acute CVS events in 40% of them. They also 

demonstrated that the individuals with progressive carotid stenosis had an increased risk of CVE 

compared to them with non-progressive disease with a 2.01 for composite major acute CVS events 

(95% CI, 1.48-2.67, p<0.001), 2.38 for MI (95% CI, 1.07-5.35, p=0.044), 1.59 for coronary events 

(95% CI, 1.10-2.28, p=0.011), 2.00 for stroke (95% CI, 1.02-4.11, p= 0.035), 2.42 for peripheral 

vascular events (95% CI, 1.61-3.62, p<0.001),1.75 for CVD (95% CI, 1.03 to 2.97, p=0.039). 

Thus, stenosis severity progression might play an important role in predicting MI [179]. 

Similarly, a study by Balestrini et al. in 523 individuals with ACAST of 50% to 69% came in 

accordance with these results. The patients were followed-up for 12 months and assessed during an 

average duration of 42 months (IQR, 38-45) after the evaluation by a second ultrasound. The 

progression of carotid stenosis was correlated with vascular events (HR, 21.57; 95% CI, 11.81-

39.39, p < 0.001). During the follow-up, 96.7% of individuals without carotid stenosis progression 
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did not experience a vascular event. Among the patients with carotid stenosis progression, 53.7% of 

patients suffered from a vascular event and 27.1% from an ipsilateral stroke [180]. 

Platelets demonstrate an essential role in atherosclerosis pathogenesis and function as a 

surrogate marker to predict the clinical outcome and atherosclerosis progression in patients with 

ACAST. Mayer et al. investigated this hypothesis in 1006 individuals with ACAST that were 

evaluated by ultrasonography. In an average duration of 3.1 years (IQR, 2.5-3.5), 316 MACEs were 

recorded. Higher levels of mean platelet volume were related to a higher risk of MACES. 

Individuals with levels of mean platelet volume higher than the fifth quintile had a greater event rate 

(41.3% vs. 29.3%, p<0.001) with an HR for MACE of 1.65 (95% CI 1.26-2.16, p<0.001) in 

comparison to individuals with levels of mean platelet volume in the first to the fourth quintile 

[181]. 

Since atherosclerosis is a systemic inflammatory disease, high-sensitivity C-reactive protein 

seems to be related to carotid atherosclerosis’ short-term progression. Schlager et al. investigated 

1065 patients with ACAST at baseline and after 6 to 9 months. The carotid stenosis’ progression 

was estimated in 9% of the patients after 6 to 9 months, and 381 CVS events occurred in 337 

individuals (27%) after a fοllοw-up οf 3 years (IQR, 2.5 to 3.5).  High-sensitivity C-reactive protein 

levels were higher in patients with progression of carotid artery stenosis (p <0.001) and correlated 

with the first CVS event (p<0.001). They demonstrated an HR of first CVS event, in accordance 

with hs-CRP increase of 1.41 (95% CI, 0.92 to 2.17), 1.76 (95% CI, 1.17 to 2.66), 2.22 (95% CI, 

1.48 to 3.32), and 2.41 (95% CI, 1.61 to 3.60) respectively [182]. 

 

Carotid plaques 

Komorovsky et al. showed that hard carotid plaques exist more commonly in individuals 

with complex coronary lesions than in patients with simple coronary lesions, which seems to 

increase with the increased coronary artery disease extent [183]. Mosleh et al. tried to evaluate the 

risk of predicting MI or obstructive coronary artery disease based on carotid plaque morphology 

assessed by CTA. They found that individuals with calcifications smaller than 3 mm and larger ones 

on CTA or with low-attenuation plaques showed an increased risk of MI or obstructive coronary 

artery disease [184]. Hamada et al. also evaluated the relation between carotid plaque composition 

and coronary artery disease in 97 patients who underwent CEA or CAS. They reported that 33 

individuals were diagnosed with 44 episodes of coronary artery disease. Multivariate logistic 

analysis showed that plaque/muscle ratio (OR, 3.0; 95% CI, 1.4-10.1), contralateral carotid 

occlusive disease (OR, 6.5; 95% CI, 1.7-22.9) and ASO (OR, 5.7; 95% CI, 1.8-18.9), determining 
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that these factors and high-intensity carotid plaque on T1-weighted MRI independently predict 

coronary artery disease [185]. 

 

Conclusion 

Carotid artery stenosis is associated with an increased risk of cerebral and cardiac events, 

especially stroke and MI. While various possible interventions exist, the choice between the BMT 

and interventional procedure (CEA/ CAS) is still a dilemma. The advancement of BMT and the 

possible periprocedural inherent events favors even more the BMT in several patients. Therefore, it 

is essential to identify the groups at high risk of stroke and MI to maximize the absolute benefits of 

carotid intervention. Several clinical, anatomical, and imaging features play a crucial role in that 

matter. Carotid plaque echolucency, composition and morphology, inflammation markers, and 

microembolic signals are the essential characteristics in stratifying patients’ risk with carotid artery 

disease. Also, the stenosis progression and plaque composition and morphology are important 

features to predict future events. Carotid artery disease character, as in ACD, has a significant 

impact on cardiac events as well. More specifically, carotid plaque composition, morphology, and 

the progression of severity of stenosis are associated with a higher risk of MI and cardiac death. 

Although several features are used to risk-stratify patients with ACAST, it is unclear whether the 

primary prevention or the interventional procedure is the most optimal strategy. Further studies are 

required to maximize the potential of the current methods and markers to quickly identify the 

patients with ACAST at high risk to provide the most optimal therapy and avoid the devastating 

consequences of MI and stroke. 

 

 

 

 

 

Institutional Repository - Library & Information Centre - University of Thessaly
18/06/2024 09:18:36 EEST - 3.14.249.21



 43 

References 

1. Global, regional, and national age-sex specific all-cause and cause specific mortality for 240 

causes of death, 1990e2013: a systematic analysis for the Global Burden of Disease Study 2013. 

Lancet 2015; 385:117e171. 

2. Global atlas on cardiovascular disease prevention and control. Geneva: World Health 

Organization (WHO); 2011.  

3. Martin SS, Blaha MJ, Blankstein R, et al. Dyslipidemia, coronary artery calcium, and incident 

atherosclerotic cardiovascular disease: implications for statin therapy from the multi-ethnic study of 

atherosclerosis. Circulation 2014;129:77e86. 

4. Aikawa M, Libby P. The vulnerable atherosclerotic plaque: pathogenesis and therapeutic 

approach. Cardiovasc Pathol 2004;13: 125e138. 

5. European Heart Network. European Cardiovascular Disease Statistics (2017 edition). Available 

from: http://www.ehnheart.org/cvd-statistics/cvd-statistics- 2017.html.  

6. Roth GA, Johnson C, Abajobir A, et al. Global, Regional, and National Burden of Cardiovascular 

Diseases for 10 Causes, 1990 to 2015. J Am Coll Cardiol. 2017;70(1):1-25. 

doi:10.1016/j.jacc.2017.04.052 

 

8. Kaul P, Armstrong PW, Sookram S, Leung BK, Brass N, Welsh RC. Temporal trends in patient 

and treatment delay among men and women presenting with ST-elevation myocardial 

infarction. Am Heart J 2011;161(1):91–97. 

 

9.Diercks DB, Owen KP, Kontos MC, Blomkalns A, Chen AY, Miller C, Wiviott S, Peterson ED. 

Gender differences in time to presentation for myocardial infarction before and after a national 

women's cardiovascular awareness campaign: a temporal analysis from the Can Rapid Risk 

Stratification of Unstable Angina Patients Suppress ADverse Outcomes with Early Implementation 

(CRUSADE) and the National Cardiovascular Data Registry Acute Coronary Treatment and 

Intervention Outcomes Network-Get with the Guidelines (NCDR ACTION Registry-GWTG). Am 

Heart J 2010;160(1):80–87.e3. 

 

7. EUGenMed Cardiovascular Clinical Study Group, Regitz-Zagrosek V, Oertelt-

Prigione S, Prescott E, Franconi F, Gerdts E, Foryst-Ludwig A, Maas AH, Kautzky-

Willer A, Knappe-Wegner D, Kintscher U, Ladwig KH, Schenck-Gustafsson K, Stangl V. Gender 

Institutional Repository - Library & Information Centre - University of Thessaly
18/06/2024 09:18:36 EEST - 3.14.249.21



 44 

in cardiovascular diseases: impact on clinical manifestations, management, and outcomes. Eur 

Heart J 2016;37(1):24–34. 

 

10.Luengo-Fernandez R, Leal J, Burns R. Economic burden of CVD across the European Union: 

trends over the last decade. Eur Heart J. 1 August 2017;38(suppl 1). ehx504.P4659 

https://doi.org/10.1093/eurheartj/ehx504.P4659. 

11. Aravanis C, Corcondilas A, Dontas AS, Lekos D, Keys A. Coronary heart disease in seven 

countries. IX. The Greek islands of Crete and Corfu. Circulation. 1970;41(Suppl 4): I88eI100.  

12. Chimonas ET. The treatment of coronary heart disease: an update. Part2: Mortality trends and 

main causes of death in the Greek population. Curr Med Res Opin. 2001; 17:27e33.  

13. Panagiotakos DB, Georgousopoulou EN, Pitsavos C, et al. Ten-year (2002e2012) 

cardiovascular disease incidence and all-cause mortality, in urban Greek population: the ATTICA 

Study. Int J Cardiol. 2015;180:178e184.  

14. Vassilaki M, Linardakis M, Philalithis A. Burden of heart disease in Greece: time to act. Publ 

Health. 2014;128:940e943.  

15. Vlismas K, Panagiotakos DB, Pitsavos C, et al. The role of dietary and socio-economic status 

assessment on the predictive ability of the HellenicSCORE. Hellenic J Cardiol. 2011;52:391e398.  

16. Fountoulakis KN, Grammatikopoulos IA, Koupidis SA, Siamouli M, Theodorakis PN. Health 

and the financial crisis in Greece. Lancet. 2012;379: 1001e1002.  

17. Panagiotakos DB, Georgousopoulou EN, Pitsavos C, et al. Ten-year (2002-2012) cardiovascular 

disease incidence and all-cause mortality, in urban Greek population: the ATTICA Study. Int J 

Cardiol. 2015;180:178-184. doi:10.1016/j.ijcard.2014.11.206 

 

18. The Joint European Society of Cardiology/American College of Cardiology Committee. 

Myocardial infarction redefined—a consensus document of the Joint European Society of 

Cardiology/American College of Cardiology Committee for the Redefinition of Myocardial 

Infarction. Eur Heart J 2000;21:1502–1513; J Am Coll Cardiol 2000;36:959–969. 

 

19. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD; Writing Group on the 

Joint ESC/ACC/AHA/WHF Task Force for the Universal Definition of Myocardial Infarction. 

Third universal definition of myocardial infarction. Eur Heart J 2012;33:2551–2567; Circulation 

2012;126:2020–2035; J Am Coll Cardiol 2012;60:1581–1598. 

Institutional Repository - Library & Information Centre - University of Thessaly
18/06/2024 09:18:36 EEST - 3.14.249.21



 45 

 

20. Sarkisian L, Saaby L, Poulsen TS, Gerke O, Jangaard N, Hosbond S, Diederichsen ACP, 

Thygesen K, Mickley H. Clinical characteristics and outcomes of patients with myocardial 

infarction, myocardial injury, and nonelevated troponins. Am J Med 2016;129:446e.5–446e.21. 

 

21. Sarkisian L, Saaby L, Poulsen TS, Gerke O, Hosbond S, Jangaard N, Diederichsen ACP, 

Thygesen K, Mickley H. Prognostic impact of myocardial injury related to various cardiac and 

noncardiac conditions. Am J Med 2016;129:506–514.  

 

22. Ooi DS, Isotalo PA, Veinot JP. Correlation of antemortem serum creatine kinase, creatine 

kinase-MB, troponin I, and troponin T with cardiac pathology. Clin Chem 2000;46:338–344. 

 

23. Aho K, Harmsen P, Hatano S, Marquardsen J, Smirnov VE, Strasser T. Cerebrovascular disease 

in the community: results of a WHO collaborative study. Bull World Health Organ 

1980;58:113e30.  

24. Sacco RL, Kasner SE, Broderick JP, Caplan LR, ConnorsJJ, Culebras A, et al. An updated 

definition of stroke for the 21st century. A statement for healthcare professionals from the 

American Heart Association/American Stroke Association. Stroke 2013;44:2064e89.  

25. Adams HP, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL, Marsh EE. 

Classification of subtype of acute ischemic stroke. Definitions for use in a multicenter clinical trial. 

TOAST. Trial of Org 10172 in Acute Stroke Treatment. Stroke. 1993 Jan;24(1):35-41. 

26. Meschia JF, Brott T. Ischaemic stroke. Eur J Neurol. 2018;25(1):35-40. doi:10.1111/ene.13409 

27. Ay H, Arsava EM, Andsberg G, Benner T, Brown RD, Chapman SN, et al. Pathogenic ischemic 

stroke phenotypes in the NINDS-stroke genetics network. Stroke 2014;45:3589e96.  

28. Naylor AR. Why is the management of asymptomatic carotid disease so controversial? The 

Surgeon 2015;13:34e43. 

29. Halliday A, Mansfield A, Marro J, Peto C, Peto R, Potter J, et al. Prevention of disabling and 

fatal strokes by successful carotid endarterectomy in patients without recent neurological 

symptoms: randomised controlled trial. Lancet 2004; 363: 1491–502. doi: 

https://doi.org/10.1016/S0140- 6736(04)16146-1 

 

Institutional Repository - Library & Information Centre - University of Thessaly
18/06/2024 09:18:36 EEST - 3.14.249.21



 46 

30. de Weerd M, Greving JP, Hedblad B, Lorenz MW, Mathiesen EB, O’Leary DH, et al. 

Prediction of asymptomatic carotid artery stenosis in the general population identification of high-

risk groups. Stroke 2014;45:2366e71.   

31. Pilcher JM, Danaher J, Khaw KT. The prevalence of asymptomatic carotid artery disease in 

patients with peripheral vascular disease. Clin Radiol. 2000;55(1):56-61. 

32. Marsico F, Ruggiero D, Parente A, Pirozzi E, Musella F, Lo Iudice F, et al. Prevalence and 

severity of asymptomatic coronary and carotid artery disease in patients with lower limbs arterial 

disease. Atherosclerosis. 2013;228(2):386-9.  

33. Ahmed B, Al-Khaffaf H. Prevalence of significant asymptomatic carotid artery disease in 

patients with peripheral vascular disease: a meta-analysis. Eur J Vasc Endovasc Surg. 

2009;37(3):262-71. 

34. Marsico F, Giugliano G, Ruggiero D, Parente A, Paolillo S, Guercio LD, et al. Prevalence and 

severity of asymptomatic coronary and carotid artery disease in patients with abdominal aortic 

aneurysm. Angiology. 2015;66(4):360-4.  

35. Brott TG, Halperin JL, Abbara S, et al. ASA/ACCF/AHA/AANN/AANS/ACR/ 

ASNR/CNS/SAIP/ SCAI/SIR/SNIS/SVM/ SVS. Guideline on the management of patients with 

extracranial carotid and vertebral artery disease. Stroke 2011; 42: 464–540.  

36. Abbott AL. Medical (nonsurgical) intervention alone is now best for prevention of stroke 

associated with asymptomatic severe carotid stenosis: results of a systematic review and analysis. 

Stroke 2009; 40: e573–e583. doi: https://doi.org/10.1161/ STROKEAHA.109.556068 

37. Abbott AL. Medical (nonsurgical) intervention alone is now best for prevention of stroke 

associated with asymptomatic severe carotid stenosis: results of a systematic review and analysis. 

Stroke 2009; 40: e573–e583. doi: https://doi.org/10.1161/ STROKEAHA.109.556068   

38. LeFevre ML.U.S. Preventive Services Task Force. Screening for asymptomatic carotid artery 

stenosis: U.S. Preventive Services Task Force recommendation statement. Ann Intern Med 2014; 

161: 356–62. doi: https:// doi.org/10.7326/M14-1333  

39. Wolff T, Guirguis-Blake J, Miller T, Gillespie M, Harris R. Screening for Asymptomatic 

Carotid Artery Stenosis. Evidence Synthesis No. 50. AHRQ Publication No. 08-05102-EF-1. 

Rockville, MD: Agency for Healthcare Research and Quality; 2007 December.  

 

40. Naylor AR. Why is the management of asymptomatic carotid disease so controversial? Surgeon 

2015; 13: 34–43. doi: https://doi.org/10.1016/j.surge.2014.08.004  

Institutional Repository - Library & Information Centre - University of Thessaly
18/06/2024 09:18:36 EEST - 3.14.249.21



 47 

41. Marquardt L, Geraghty OC, Mehta Z, Rothwell PM. Low risk of ipsilateral stroke in patients 

with asymptomatic carotid stenosis on best medical treatment: a prospective, population-based 

study. Stroke 2010; 41: e11–e17. doi: https://doi.org/10.1161/ STROKEAHA.109.561837  

42. D’Agostino RB, Vasan RS, Pencina MJ, Wolf PA, Cobain M, Massaro JM, et al. General 

cardiovascular risk profile for use in primary care: the Framingham heart study. Circulation 2008; 

117: 743–53. doi: https:// doi.org/10.1161/CIRCULATIONAHA.107. 699579 

43. Hippisley-Cox J, Coupland C, Vinogradova Y, Robson J, May M, Brindle P. Derivation and 

validation of QRISK, a new cardiovascular disease risk score for the United Kingdom: prospective 

open cohort study. BMJ 2007; 335: 136. doi: https://doi. org/10.1136/bmj.39261.471806.55 

44. Cooney MT, Dudina A, Whincup P, Capewell S, Menotti A, Jousilahti P, et al. Re- evaluating 

the Rose approach: comparative benefits of the population and high-risk preventive strategies. Eur J 

Cardiovasc Prev Rehabil 2009; 16: 541–9. doi: https://doi.org/ 10.1097/HJR.0b013e32832b38a1 

45. Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, Mohler ER, et al. Use of carotid 

ultrasound to identify subclinical vascular disease and evaluate cardiovascular disease risk: a 

consensus statement from the American Society of Echocardiography Carotid Intima-Media 

Thickness Task Force. Endorsed by the Society for Vascular Medicine. J Am Soc Echocardiogr 

2008; 21: 93–111. doi: https://doi.org/10.1016/j.echo. 2007.11.011  

46. Jashari F, Ibrahimi P, Nicoll R, Bajraktari G, Wester P, Henein MY, et al. Coronary and carotid 

atherosclerosis: similarities and differences. Atherosclerosis 2013; 227: 193–200. doi: 

https://doi.org/10.1016/j. atherosclerosis.2012.11.008  

47. Chambless LE, Heiss G, Folsom AR, Rosamond W, Szklo M, Sharrett AR, et al. Association of 

coronary heart disease incidence with carotid arterial wall thickness and major risk factors: the 

Atherosclerosis Risk in Communities (ARIC) Study, 1987-1993. Am J Epidemiol 1997; 146: 483–

94. doi: https://doi. org/10.1093/oxfordjournals.aje.a009302  

48. Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer M. Prediction of clinical cardiovascular 

events with carotid intima-media thickness: a systematic review and meta-analysis. Circulation 

2007; 115: 459–67. doi: https://doi.org/10.1161/ CIRCULATIONAHA.106.628875 

49. Øygarden H. Carotid Intima-media thickness and prediction of cardiovascular disease. J Am 

Heart Assoc 2017; 6: e005313. doi: https://doi.org/10.1161/JAHA.116. 005313  

Institutional Repository - Library & Information Centre - University of Thessaly
18/06/2024 09:18:36 EEST - 3.14.249.21



 48 

50. Smith SC, Amsterdam E, Balady GJ, Bonow RO, Fletcher GF, Froelicher V, et al. Prevention 

conference V: beyond secondary prevention: identifying the high-risk patient for primary 

prevention: tests for silent and inducible ischemia: writing group II. Circulation 2000; 101: e12–

e16. doi: https:// doi.org/10.1161/01.CIR.101.1.e12  

51. Naghavi M, Falk E, Hecht HS, Jamieson MJ, Kaul S, Berman D, et al. From vulnerable plaque 

to vulnerable patient--Part III: Executive summary of the Screening for Heart Attack Prevention and 

Education (SHAPE) Task Force report. Am J Cardiol 2006; 98(2A): 2–15. doi: https://doi.org/10. 

1016/j.amjcard.2006.03.002  

52. Society of Atherosclerosis Imaging and Prevention Developed in collaboration with the 

International Atherosclerosis Society. Appropriate use criteria for carotid intima media thickness 

testing. Atherosclerosis 2011; 214: 43–6. doi: https://doi.org/10.1016/j. atherosclerosis.2010.10.045 

 

53. North American Symptomatic Carotid Endarterectomy Trial Collaborators. Beneficial effect of 

carotid endarterectomy in symptomatic patients with high grade carotid stenosis. N Engl  J Med 

1991;325:445e53. 

54. European Carotid Surgery Trialists’ Collaborative Group. MRC European Carotid Surgery 

Trial: interim results for symptomatic patients with severe (70-99%) or with mild (0-29%) carotid 

stenosis. European Carotid Surgery Trialists’ Collaborative Group. Lancet 1991;337:1235e43. 

 

55. Rothwell PM, Gibson RJ, Slattery J, Sellar RJ, Warlow CP. on behalf of the ECST 

Collaborative Group. Equivalence of measurements of carotid stenosis: a comparison of three 

methods on 1001 angiograms. Stroke 1994;25:2435e9.  

 

56. Oates C, Naylor AR, Hartshorne T, Charles SM, Humphries K, Aslam M, et al. Reporting 

carotid ultrasound investigations in the United Kingdom. Eur J Vasc Endovasc Surg 2009;37: 

251e61. 

57. Wardlaw JM, Chappell FM, Stevenson M, De Nigris E, Thomas S, Gillard J, et al. Accurate, 

practical and cost-effective assessment of carotid stenosis in the UK. Health Technol Assess 

2006;10:1e182. 

58. Herder M, Johnsen SH, Arntzen KA, Mathiesen EB. Risk factors for progression of carotid 

intima-media thickness and total plaque area: a 13-year follow-up study: the Tromso Study. Stroke 

2012;43:1818e23.  

Institutional Repository - Library & Information Centre - University of Thessaly
18/06/2024 09:18:36 EEST - 3.14.249.21



 49 

59. Hogberg D, Kragsterman B, Bjorck M, Tjarnstrom J, Wanhainen A. Carotid artery 

atherosclerosis among 65-year- old Swedish men e a population-based screening study. Eur J Vasc 

Endovasc Surg 2014;48:5e10.  

60. Shinton R, Beevers G. Meta-analysis of relation between cigarette smoking and stroke. BMJ 

1989;298:789e94.  

61. Lee CD, Folsom AR, Blair SN. Physical activity and stroke risk: a metaanalysis. Stroke 

2003;34:2475e81. 

62. Strazzullo P, D’Elia L, Cairella G, Garbagnati F, Cappuccio FP, Scalfi L. Excess body weight 

and incidence of stroke: meta- analysis of prospective studies with 2 million participants. Stroke 

2010;41:e418e26.  

63. CoteR, Battista R, Abrahamowicz M, Langlois Y, Bourque F, Mackey A, et al. Lack of effect of 

aspirin in asymptomatic patients with carotid bruits and substantial carotid narrowing. The 

Asymptomatic Cervical Bruit Study Group. Ann Intern Med 1995;123:649e55. 

65. King A, Shipley M, Markus H. for the ACES Investigators. The effect of medical treatments on 

stroke risk in asymptomatic carotid stenosis. Stroke 2013;44:542e6.  

66. Adams RJ, Chimowitz MI, Alpert JS, Awad IA, Cerqueria MD, Fayad P, et al. Coronary risk 

evaluation in patients with transient ischemic attack and ischemic stroke: a scientific statement for 

healthcare professionals from the Stroke Council and the Council on Clinical Cardiology of the 

American Heart Association/American Stroke Association. Stroke 2003;34:2310e22. 

67. Giannopoulos A, Kakkos S, Abbott A, Naylor AR, Richards T, Mikhailidis DP, et al. Long-term 

mortality in patients with asymptomatic carotid stenosis: implications for statin therapy. Eur J Vasc 

Endovasc Surg 2015;50:573e82.  

68. Park J-M, Kang K, Cho Y-J, Hong K-S, Lee K-B, Park TH, et al. Comparative effectiveness of 

pre-stroke aspirin on stroke severity and outcome. Ann Neurol 2016;79:560e8. 

69. Bhatt DL, Flather MD, Hacke W, Berger PB, Black HR, Boden WE, et al. Patients with prior 

myocardial infarction, stroke, or symptomatic peripheral arterial disease in the CHARISMA trial. J 

Am Coll Cardiol 2007;49:1982e8. 

70. Baigent C, Blackwell L, Collins R, Emberson J, Godwin J, Peto R, et al. Aspirin in the primary 

and secondary prevention of vascular disease: collaborative meta-analysis of individual participant 

data from randomised trials. Lancet 2009; 373: 1849e60.  

Institutional Repository - Library & Information Centre - University of Thessaly
18/06/2024 09:18:36 EEST - 3.14.249.21



 50 

71. Mathiesen EB, Joakimsen O, Bonaa KH. Prevalence of and risk factors associated with carotid 

artery stenosis: the Tromso Study. Cerebrovasc Dis 2001;12:44e51. 

72. Sutton-Tyrrell K, Wolfson Jr SK, Kuller LH. Blood pressure treatment slows the progression of 

carotid stenosis in patients with isolated systolic hypertension. Stroke 1994;25:44e50. 

73. Zanchetti A, Bond MG, Hennig M, Neiss A, Mancia G, Dal Palu C, et al. on behalf of the 

ELSA investigators. Calcium antagonist lacidipine slows down progression of asymptomatic 

carotid atherosclerosis: principal results of the European Lacidipine Study on Atherosclerosis 

(ELSA), a randomized,double-blind, long-term trial. Circulation 2002;106:2422e7. 

74. Wang JG, Staessen JA, Li Y, Van Bortel LM, Nawrot T, Fagard R, et al. Carotid intima-media 

thickness and antihypertensive treatment: a meta-analysis of randomized controlled trials. Stroke 

2006;37:1933e40. 

75. Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in the prevention of 

cardiovascular disease: meta-analysis of 147 randomised trials in the context of expectations from 

prospective epidemiological studies. BMJ 2009;338:b1665. 

76. Scholtes VP, Peeters W, van Lammeren GW, Howard DP, de Vries JP, de Borst GJ, et al. Type 

2 diabetes is not associated with an altered plaque phenotype among patients undergoing carotid 

revascularization. A histological analysis of 1455 carotid plaques. Atherosclerosis 

2014;235:418e23. 

77. Banerjee C, Moon YP, Paik MC, Rundek T, Mora-McLaughlin C, Vieira JR, et al. Duration of 

diabetes and risk of ischemic stroke: the Northern Manhattan Study. Stroke 2012;43:1212e7. 

78. Zhang C, Zhou YH, Xu CL, Chi FL, Ju HN. Efficacy of intensive control of glucose in stroke 

prevention: a meta-analysis of data from 59197 participants in 9 randomized controlled tri- als. 

PLoS One 2013;8:e54465. 

79. Gaede P, Lund-Andersen H, Parving HH, Pedersen O. Effect of a multifactorial intervention on 

mortality in type 2 diabetes. N Engl J Med 2008;358:580e91. 

80. UK Prospective Diabetes Study Group. Tight blood pressure control and risk of macrovascular 

and microvascular complications in type 2 diabetes: UKPDS. BMJ 1998;317:703e13. 

81. Halliday A, Harrison M, Hayter E, Kong X, Mansfield A, Marro J, et al. 10-year stroke 

prevention after successful carotid endarterectomy for asymptomatic stenosis (ACST-1): a 

multicentre randomised trial. Lancet 2010;376:1074e84. 

Institutional Repository - Library & Information Centre - University of Thessaly
18/06/2024 09:18:36 EEST - 3.14.249.21



 51 

82. Cholesterol Treatment Trialists Collaboration. Efficacy and safety of cholesterol lowering 

treatment: prospective meta- analysis of data from 90056 participants in 14 randomised trials of 

statins. Lancet Neurol 2005;366:1267e78. 

83. Stone N, Robinson J, Lichtenstein AH, Merz NB, Blum CB, Exkel RH. 2013 ACC/AHA 

guidelines on the treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk in 

adults: a report of the American College of Cardiology/ American Heart Association Task Force on 

Practice Guidelines. J Am Coll Cardiol 2014;63:2889e934. 

84. Tendera M, Aboyans V, Bartelink M-L, Baumgartner I, Clement D, Collet J-P, et al. ESC 

Guidelines on the diagnosis and treatment of peripheral artery diseases: document covering 

atherosclerotic disease of extracranial carotid and vertebral, mesenteric, renal, upper and lower 

extremity arteries. Eur Heart J 2011;32:2851e906. 

85. Taylor F, Huffman MD, Macedo AF, Moore THM, Burke M, Davey Smith G, et al. Statins for 

the primary prevention of cardiovascular disease. Cochrane Database Syst Rev 2013;(1):CD004816. 

http://dx.doi.org/10.1002/14651858.CD004816.pub5. 

86. Lewis SC, Warlow CP, Bodenham AR, Colam B, Rothwell PM, Torgerson D, et al. For the 

GALA Trial Collaborative Group. General Anaesthesia versus local anaesthesia for carotid surgery 

(GALA): a multicentre, randomised controlled trial. Lancet. 2008;372(9656):2132–42.  

87. Brooks WH, McClure RR, Jones MR, Coleman TC, Breathitt L. Carotid angioplasty and 

stenting versus carotid endarterectomy: randomised trial in a community hospital. J Am Coll 

Cardiol. 2001;38:1589–95.  

88. McCarthy WJ, Wang R, Pearce WH, Flinn WR, Yao JS. Carotid endarterectomy with an 

occluded contralateral carotid artery. Am J Surg. 1993;166(2):168–71.  

89. Rothwell PM, Slattery J, Warlow CP. Clinical and angiographic predictors of stroke and death 

from carotid endarterectomy: systematic review. Br Med J. 1997;315(7122):1571–7.  

90. Hobson RW, Weiss DG, Fields WS, Goldstone J, Moore WS, Towne JB, et al. Efficacy of 

carotid endarterectomy for asymptomatic carotid stenosis. N Engl J Med. 1993;328:221–7.  

91. ACAS Investigators. Endarterectomy for asymptomatic carotid artery stenosis. Executive 

Committee for the Asymptomatic Carotid Atherosclerosis Study. JAMA. 1995;273:1421–8.  

92. Halliday A, Mansfield A, Marro J, Peto C, Peto R, Potter J, et al. Prevention of disabling and 

fatal strokes by successful carotid endarterectomy in patients without recent neurological symptoms  

Institutional Repository - Library & Information Centre - University of Thessaly
18/06/2024 09:18:36 EEST - 3.14.249.21



 52 

93. Halliday A, Harrison M, Hayter E, Kong X, Mansfield A, Marro J, et al. 10-year stroke 

prevention after successful carotid endarterectomy for asymptomatic stenosis (ACST-1): a 

multicentre randomised trial. Lancet. 2010;376(9746):1074–84. 

94. Roffi M, Mukherjee D, Clair DG. Carotid artery stenting vs endar- terectomy. Eur Heart J. 

2009;30(22):2693–704.  

95. Theiss W, Hermanek P, Mathias K, Bruckmann H, Dembski J, Hoffmann FJ, et al. Predictors of 

death and stroke after carotid angioplasty and stenting: a subgroup analysis of the Pro-CAS data. 

Stroke. 2008;39:2325–30.  

96. Gray WA, Yadav JS, Verta P, Scicli A, Fairman R, Wholey M, et al. The CAPTURE registry: 

predictors of outcomes in carotid artery stenting with embolic protection for high surgical risk 

patients in the early post-approval setting. Catheter Cardiovasc Interv. 2007;70: 1025–33.  

97. Zahn R, Ischinger T, Hochadel M, Zeymer U, Schmalz W, Treese N, et al. Carotid artery 

stenting in octogenarians: results from the ALKK Carotid Artery Stent (CAS) Registry. Eur Heart J. 

2007;28: 370–5. 

98. Brott TG, Hobson RW II, Howard G, Roubin GS, Clark WM, Brooks W, et al. Stenting versus 

endarterectomy for treatment of carotid artery stenosis. N Engl J Med. 2010;363(1):11–23.   

99. Yadav JS, Wholey MH, Kuntz RE, Fayad P, Katzen BT, Mishkel GJ, et al. For the Stenting and 

Angioplasty with Protection in Patients at High Risk for Endarterectomy Investigators. Protected 

carotid artery stenting versus endarterectomy in high-risk patients. N Engl J Med. 

2004;351(15):1493–501.  

100. Gurm HS, Yadav JS, Fayad P, Katzen BT, Mishkel GJ, Bajwa TK, et al. For the SAPPHIRE 

Investigators. Long-term results of carotid stenting versus endarterectomy in high-risk patients. N 

Engl J Med. 2008;358(15):1572–9.  

101. Rosenfield K, Matsumura JS, Chaturvedi S, Riles T, Ansel GM, Metzger C, et al. The ACT I 

Investigators. Randomised trial of stent versus surgery for asymptomatic carotid stenosis. N Engl J 

Med. 2016;374:1011–20. Important RCT comparing CEA and CAS.  

102. Nicolaides AN, Kakkos SK, Kyriacou E, Griffin MB, Sabetai MM, Thomas DJ, et al. 

Asymptomatic internal carotid artery stenosis and cerebrovascular risk stratification. J Vasc Surg 

2010; 52 (6): 1486-1496.  

103. Mathiesen EB, Bønaa KH, Joakimsen O. Echolucent plaques are associated with high risk of 

ischaemic cerebrovascular events in carotid stenosis: The Tromsø Study. Circulation 2001; 103 

(17): 2171-2175  

Institutional Repository - Library & Information Centre - University of Thessaly
18/06/2024 09:18:36 EEST - 3.14.249.21



 53 

104. Hashimoto H, Tagaya M, Niki H, Etani H. Computer-assisted analysis of heterogeneity on B-

mode imaging predicts instability of asymptomatic carotid plaque. Cerebrovasc Dis 2009; 28 (4): 

357- 364. 

105. El-Barghouty NM, Levine T, Ladva S, et al. Histological verification of computerised carotid 

plaque characterisation. Eur J Vasc Endovasc Surg 1996;11:414–6. 

106. Grønholdt ML, Nordestgaard BG, Wiebe BM, et al. Echo-lucency of computerized ultrasound 

images of carotid atherosclerotic plaques are associated with increased levels of triglyceride-rich 

lipoproteins as well as increased plaque lipid content. Circulation 1998;97:34–40. 

107. O’Holleran LW, Kennelly MM, McClurken M, et al. Natural history of asymptomatic carotid 

plaque. Five year follow-up study. Am J Surg 1987;154:659–62.  

108. Polak JF, Shemanski L, O'Leary DH, et al. Hypoechoic plaque at US of the carotid artery: an 

independent risk factor for incident stroke in adults aged 65 years or older. Cardiovascular Health 

Study. Radiology 1998;208:649–54.  

109. Mathiesen EB, Bønaa KH, Joakimsen O. Echolucent plaques are associated with high risk of 

ischemic cerebrovascular events in carotid stenosis: the tromsø study. Circulation 2001;103:2171–5.  

110. Nicolaides AN, Kakkos SK, Griffin M, et al. Asymptomatic Carotid Stenosis and Risk of 

Stroke (ACSRS) Study Group. Effect of image normalization on carotid plaque classification and 

the risk of ipsilateral hemispheric ischemic events: results from the asymptomatic carotid stenosis 

and risk of stroke study. Vascular 2005;13:211–21.  

111. Topakian R, King A, Kwon SU, et al. Ultrasonic plaque echolucency and emboli signals 

predict stroke in asymptomatic carotid stenosis. Neurology 2011;77:751–8.  

112. Silvestrini M, Altamura C, Cerqua R, et al. Ultrasonographic markers of vascular risk in 

patients with asymptomatic carotid stenosis. J Cereb Blood Flow Metab 2013;33:619–24.  

113. Huibers A, de Borst GJ, Bulbulia R, et al. Plaque Echolucency and the Risk of Ischaemic 

Stroke in Patients with Asymptomatic Carotid Stenosis Within the First Asymptomatic Carotid 

Surgery Trial (ACST- 1). Eur J Vasc Endovasc Surg 2016;51:616–21. 

114. Grønholdt ML, Nordestgaard BG, Schroeder TV, et al. Ultrasonic echolucent carotid plaques 

predict future strokes. Circulation 2001;104:68–73. 

Institutional Repository - Library & Information Centre - University of Thessaly
18/06/2024 09:18:36 EEST - 3.14.249.21



 54 

115. Gupta A, Kesavabhotla K, Baradaran H, et al. Plaque echolucency and stroke risk in 

asymptomatic carotid stenosis: a systematic review and meta-analysis. Stroke 2015;46:91–7.  

116. Sztajzel R, Momjian-Mayor I, Comelli M, et al. Correlation of cerebrovascular symptoms and 

microembolic signals with the stratified gray-scale median analysis and color mapping of the 

carotid plaque. Stroke 2006;37:824–9.  

117. Griffin MB, Kyriacou E, Pattichis C, et al. Juxtaluminal hypoechoic area in ultrasonic images 

of carotid plaques and hemispheric symptoms. J Vasc Surg 2010;52:69–76.  

118. Pedro LM, Fernandes e Fernandes J, Pedro MM, et al. Ultrasonographic risk score of carotid 

plaques. Eur J Vasc Endovasc Surg 2002;24:492–8.  

 

119. Kakkos SK, Griffin MB, Nicolaides AN, et al. Asymptomatic Carotid Stenosis and Risk of 

Stroke (ACSRS) Study. The size of juxtaluminal hypoechoic area in ultrasound images of 

asymptomatic carotid plaques predicts the occurrence of stroke. J Vasc Surg 2013;57:609–18. 

120. Pickett CA, Jackson JL, Hemann BA, Atwood JE. Carotid bruits and cerebrovascular disease 

risk: a meta-analysis. Stroke. 2010;41(10):2295-2302. doi:10.1161/STROKEAHA.110.585554 

 

 121. Kirsch JD, Mathur M, Johnson MH, Gowthaman G, Scoutt LM: Advances in transcranial 

Doppler US: imaging ahead. Radiographics 33:E1–E14, 2013  

122. Spencer MP, Thomas GI, Nicholls SC, Sauvage LR (1990) Detection of middle cerebral artery 

emboli during carotid endarterectomy using transcranial Doppler ultrasonography. Stroke 21: 415–

423.  

123. Gao S, Wong KS (2003) Characteristics of microembolic signals detected near their origins in 

middle cerebral artery stenoses. J Neuroimaging 13: 124–132. 

124. Spence JD, Tamayo A, Lownie SP, et al. Absence of microemboli on transcranial Doppler 

identifies low-risk patients with asymptomatic carotid stenosis. Stroke 2005;36:2373–8.  

125. Spence JD, Coates V, Li H, Tamayo A, Muñoz C, Hackam DG, et al. Effects of intensive 

medical therapy on microemboli and cardiovascular risk in asymptomatic carotid stenosis. Arch 

Neurol 2010; 67 (2): 180-186. 

126. Markus HS, King A, Shipley M, et al. Asymptomatic embolisation for prediction of stroke in 

the Asymptomatic Carotid Emboli Study (ACES): a prospective observational study. Lancet Neurol 

2010;9:663–71. 

Institutional Repository - Library & Information Centre - University of Thessaly
18/06/2024 09:18:36 EEST - 3.14.249.21



 55 

127. King A, Markus HS. Doppler embolic signals in cerebrovascular disease and prediction of 

stroke risk: a systematic review and meta- analysis. Stroke 2009;40:3711–7.  

128. Abbott AL, Chambers BR, Stork JL, et al. Embolic signals and prediction of ipsilateral stroke 

or transient ischemic attack in asymptomatic carotid stenosis: a multicenter prospective cohort 

study. Stroke 2005;36:1128–33.  

129. King A, Shipley M, Markus H. ACES Investigators. Optimizing protocols for risk prediction 

in asymptomatic carotid stenosis using embolic signal detection: the Asymptomatic Carotid Emboli 

Study. Stroke 2011;42:2819–24.  

130. Bogiatzi C, Cocker MS, Beanlands R, et al. Identifying high- risk asymptomatic carotid 

stenosis. Expert Opin Med Diagn 2012;6:139–51.  

14. Spence JD. Transcranial Doppler monitoring for microemboli: a marker of a high-risk carotid 

plaque. Semin Vasc Surg 2017;30:62–6.  

131. Naylor AR, Ricco JB, de Borst GJ, et al. Management of Atherosclerotic Carotid and Vertebral 

Artery Disease: 2017 Clinical Practice Guidelines of the European Society for Vascular Surgery 

(ESVS). Eur J Vasc Endovasc Surg 2017. doi: 10.1016/j. ejvs.2017.06.021. [Epub ahead of print 26 

Aug 2017]. 

132. Bernick C, Kuller L, Dulberg C, et al. Cardiovascular Health Study Collaborative Research 

Group. Silent MRI infarcts and the risk of future stroke: the cardiovascular health study. Neurology 

2001;57:1222–9.  

133. Vermeer SE, Hollander M, van Dijk EJ, et al. Silent brain infarcts and white matter lesions 

increase stroke risk in the general population: the Rotterdam Scan Study. Stroke 2003;34:1126–9.  

 

134. Kakkos SK, Sabetai M, Tegos T, et al. Asymptomatic Carotid Stenosis and Risk of Stroke 

(ACSRS) Study Group. Silent embolic infarcts on computed tomography brain scans and risk of 

ipsilateral hemispheric events in patients with asymptomatic internal carotid artery stenosis. J Vasc 

Surg 2009;49:902–9.  

 

135. Miwa K, Hoshi T, Hougaku H, et al. Silent cerebral infarction is associated with incident 

stroke and TIA independent of carotid intima-media thickness. Intern Med 2010;49:817–22. 

Institutional Repository - Library & Information Centre - University of Thessaly
18/06/2024 09:18:36 EEST - 3.14.249.21



 56 

136.Nicolaides AN, Kakkos SK, Griffin MB, Sabetai MM, Dhanjil S, Tegos T, et al. Severity of 

Asymptomatic Carotid Stenosis and Risk of Ipsilateral Hemispheric Ischaemic Events: Results from 

the ACSRS Study. Eur J Vasc Endovasc Surg 2005; 30 (3): 275-284.  

 

137. 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 (9): 1020-1027.   

 

138. Hougaku H, Matsumoto M, Handa N, et al. Asymptomatic carotid lesions and silent cerebral 

infarction. Stroke 1994;25:566–70. 

139. Gur AY, Bova I, Bornstein NM. Is impaired cerebral vasomotor reactivity a predictive factor 

of stroke in asymptomatic patients? Stroke 1996;27:2188–90.  

140. Silvestrini M, Vernieri F, Pasqualetti P, et al. Impaired cerebral vasoreactivity and risk of 

stroke in patients with asymptomatic carotid artery stenosis. JAMA 2000;283:2122–7.  

141. Markus H, Cullinane M. Severely impaired cerebrovascular reactivity predicts stroke and TIA 

risk in patients with carotid artery stenosis and occlusion. Brain 2001;124:457–67.  

142. Kimiagar I, Bass A, Rabey JM, et al. Long-term follow-up of patients with asymptomatic 

occlusion of the internal carotid artery with good and impaired cerebral vasomotor reactivity. Eur J 

Neurol 2010;17:1285–90.  

143. King A, Serena J, Bornstein NM, et al. Does impaired cerebrovascular reactivity predict stroke 

risk in asymptomatic carotid stenosis? A prospective substudy of the asymptomatic carotid emboli 

study. Stroke 2011;42:1550–5.  

 

144. Gupta A, Chazen JL, Hartman M, et al. Cerebrovascular reserve and stroke risk in patients 

with carotid stenosis or occlusion: a systematic review and meta-analysis. Stroke 2012;43:2884–91.  

145. Singh N, Moody AR, Gladstone DJ, et al. Moderate carotid artery stenosis: MR imaging-

depicted intraplaque hemorrhage predicts risk of cerebrovascular ischemic events in asymptomatic 

men. Radiology 2009;252:502–8.  

146. Mono ML, Karameshev A, Slotboom J, et al. Plaque characteristics of asymptomatic carotid 

stenosis and risk of stroke. Cerebrovasc Dis 2012;34:343–50.  

Institutional Repository - Library & Information Centre - University of Thessaly
18/06/2024 09:18:36 EEST - 3.14.249.21



 57 

147. Kwee RM, van Oostenbrugge RJ, Mess WH, et al. MRI of carotid atherosclerosis to identify 

TIA and stroke patients who are at risk of a recurrence. J Magn Reson Imaging 2013;37:1189–94.  

148. Gupta A, Baradaran H, Schweitzer AD, Kamel H, Pandya A, Delgado D, et al. Carotid plaque 

MRI and stroke risk: a systematic review and meta-analysis. Stroke 2013; 44 (11): 3071-3077.  

149. Mott M, Koroshetz W, Wright CB. CREST-2: Identifying the Best Method of Stroke 

Prevention for Carotid Artery Stenosis: National Institute of Neurological Disorders and Stroke 

Organisational Update. Stroke 2017; 48 (5): e130-e131.  

150. Howard VJ, Meschia JF, Lal BK, Turan TN, Roubin GS, Brown RD Jr, et al. CREST-2 study 

investigators. Carotid revascularisation and medical management for asymptomatic carotid stenosis: 

Protocol of the CREST-2 clinical trials. Int J Stroke 12 (7): 770-778.  

151. The 2nd European Carotid Surgery Trial (ECST-2) Investigators. The 2nd European Carotid 

Surgery Trial (ECST-2) Protocol, 2015. Available at: 

http://s489637516.websitehome.co.uk/ECST2/downloads/ECST-2%20Protocol%20v%203_1.pdf  

152. Spence JD, Solo K. Resistant Atherosclerosis: The Need for Monitoring of Plaque Burden. 

Stroke 2017;48:1624–9.  

153. Romero JR, Vasan RS, Beiser AS, et al. Association of carotid artery atherosclerosis with 

circulating biomarkers of extracellular matrix remodeling: the Framingham Offspring Study. J 

Stroke Cerebrovasc Dis. 2008;17(6):412-417. doi:10.1016/j.jstrokecerebrovasdis.2008.06.002 

154 Kakkos SK, Nicolaides AN, Charalambous I, et al. Asymptomatic Carotid Stenosis and Risk of 

Stroke (ACSRS) Study Group. Predictors and clinical significance of progression or regression of 

asymptomatic carotid stenosis. J Vasc Surg 2014;59:956–67.  

155. Conrad MF, Boulom V, Baloum V, et al. Progression of asymptomatic carotid stenosis despite 

optimal medical therapy. J Vasc Surg 2013;58:128–35.  

156. Wannarong T, Parraga G, Buchanan D, et al. Progression of carotid plaque volume predicts 

cardiovascular events. Stroke 2013;44:1859–65.  

157. Yang C, Bogiatzi C, Spence JD. Risk of Stroke at the Time of Carotid Occlusion. JAMA 

Neurol 2015;72:1261–7.  

Institutional Repository - Library & Information Centre - University of Thessaly
18/06/2024 09:18:36 EEST - 3.14.249.21



 58 

158. Baber U, Mehran R, Sartori S, et al. Prevalence, impact, and predictive value of detecting 

subclinical coronary and carotid atherosclerosis in asymptomatic adults: the BioImage study. J Am 

Coll Cardiol 2015;65:1065–74. 

159. Wechsler LR (1988) Ulceration and carotid artery disease. Stroke 19(5):650–653 

160. Moore WS, Hall AD (1968) Ulcerated atheroma of the carotid artery. Am J Surg 116(2):237–

242   

161. Bonati LH, Nederkoorn PJ (2016) Clinical perspective of carotid plaque imaging. 

Neuroimaging Clin N Am 26(1):175–182 

162. Fisher M, Paganini-Hill A, Martin A et al (2005) Carotid plaque pathology: thrombosis, 

ulceration, and stroke pathogenesis. Stroke 36(2):253–257  

163. Golledge J, Greenhalgh RM, Davies AH (2000) The symptomatic carotid plaque. Stroke 

31(3):774–781  

164. Kessler C, von Maravic M, Bruckmann H, Kompf D (1995) Ultrasound for the assessment of 

the embolic risk of carotid plaques. Acta Neurol Scand 92(3):231–234 

165. Eliasziw M, Streifler JY, Fox AJ, et al. Significanmce of plaque ulceration in symptomatic 

patients with high-grade carotid stenosis. North American Symptomatic Carotid Endarterectomy 

Trial. Stroke 1994;25:304–8.  

166. Madani A, Beletsky V, Tamayo A, et al. High-risk asymptomatic carotid stenosis: ulceration 

on 3D ultrasound vs TCD microemboli. Neurology 2011;77:744–50.  

167. Alonso A, Artemis D, Hennerici MG. Molecular imaging of carotid plaque vulnerability. 

Cerebrovasc Dis 2015;39:5–12.  

168. Faggioli GL, Pini R, Mauro R, et al. Identification of carotid 'vulnerable plaque' by contrast-

enhanced ultrasonography: correlation with plaque histology, symptoms and cerebral computed 

tomography. Eur J Vasc Endovasc Surg 2011;41:238–48.  

169. Awad J, Krasinski A, Parraga G, et al. Texture analysis of carotid artery atherosclerosis from 

three-dimensional ultrasound images. Med Phys 2010;37:1382–91.  

170. Van Engelen A, Wannarong T, Parraga G, et al. Three-dimensional carotid ultrasound plaque 

texture predicts vascular events. Stroke 2014;45:2695–701. 

Institutional Repository - Library & Information Centre - University of Thessaly
18/06/2024 09:18:36 EEST - 3.14.249.21



 59 

171. Sirimarco G, Amarenco P, Labreuche J, et al. Carotid atherosclerosis and risk of subsequent 

coronary event in outpatients with atherothrombosis. Stroke. 2013;44(2):373-379. 

doi:10.1161/STROKEAHA.112.673129 

172. Steinvil A, Sadeh B, Bornstein NM, et al. Impact of carotid atherosclerosis on the risk of 

adverse cardiac events in patients with and without coronary disease. Stroke. 2014;45(8):2311-

2317. doi:10.1161/STROKEAHA.114.005663 

173. Chambers BR, Norris JW. Outcome in patients with asymptomatic neck bruits. N Engl J Med. 

1986;315(14):860-5. 

174. Pickett CA, Jackson JL, Hemann BA, Atwood JE. Carotid bruits as a prognostic indicator of 

cardiovascular death and myocardial infarction: a meta-analysis. The Lancet. 2008;371(9624):1587-

94. 

175. Nadareishvili ZG, Rothwell PM, Beletsky V, Pagniello A, Norris JW. Long-term risk of stroke 

and other vascular events in patients with asymptomatic carotid artery stenosis. Arch Neurol. 

2002;59(7):1162-6. 

176. Goessens BM, Visseren FL, Kappelle LJ, Algra A, van der Graaf Y. Asymptomatic carotid 

artery stenosis and the risk of new vascular events in patients with manifest arterial disease: the 

SMART study. Stroke. 2007;38(5):1470-5. 

177. Park HW, Kim WH, Kim KH, et al. Carotid plaque is associated with increased cardiac 

mortality in patients with coronary artery disease. Int J Cardiol. 2013;166(3):658-663. 

doi:10.1016/j.ijcard.2011.11.084 

178. Willeit P, Tschiderer L, Allara E, et al. Carotid Intima-Media Thickness Progression as 

Surrogate Marker for Cardiovascular Risk: Meta-Analysis of 119 Clinical Trials Involving 100,667 

Patients [published online ahead of print, 2020 Jun 17]. Circulation. 

2020;10.1161/CIRCULATIONAHA.120.046361. doi:10.1161/CIRCULATIONAHA.120.046361 

 

179. Sabeti S, Schlager O, Exner M, Mlekusch W, Amighi J, Dick P, et al. Progression of carotid 

stenosis detected by duplex ultrasonography predicts adverse outcomes in cardiovascular high-risk 

patients. Stroke. 2007;38(11):2887-94.  

180. Balestrini S, Lupidi F, Balucani C, Altamura C, Vernieri F, Provinciali L, et al. One-year 

progression of moderate asymptomatic carotid stenosis predicts the risk of vascular events. Stroke. 

2013;44(3):792-4. 

Institutional Repository - Library & Information Centre - University of Thessaly
18/06/2024 09:18:36 EEST - 3.14.249.21



 60 

181. Mayer FJ, Hoke M, Schillinger M, et al. Mean platelet volume predicts outcome in patients 

with asymptomatic carotid artery disease. Eur J Clin Invest. 2014;44(1):22-28. 

doi:10.1111/eci.12184 

182. Schlager O, Exner M, Mlekusch W, et al. C-reactive protein predicts future cardiovascular 

events in patients with carotid stenosis. Stroke. 2007;38(4):1263-1268. doi: 

10.1161/01.STR.0000259890.18354.d2 

184. Mosleh W, Adib K, Natdanai P, et al. High-risk carotid plaques identified by CT-angiogram 

can predict acute myocardial infarction. Int J Cardiovasc Imaging. 2017;33(4):561-568. 

doi:10.1007/s10554-016-1019-5 

183. Komorovsky R, Desideri A, Coscarelli S, Cortigiani L, Tonello D, Visonà A, et al. Predictive 

value of associations between carotid and coronary artery disease in patients with acute coronary 

syndromes. American Journal of Cardiology. 2005;95(1):116-9.  

185.Hamada S, Kashiwazaki D, Yamamoto S, Akioka N, Kuwayama N, Kuroda S. Impact of 

Plaque Composition on Risk of Coronary Artery Diseases in Patients with Carotid Artery 

Stenosis. J Stroke Cerebrovasc Dis. 2018;27(12):3599-3604. 

doi:10.1016/j.jstrokecerebrovasdis.2018.08.031 

  

 

 

 

 

 

Institutional Repository - Library & Information Centre - University of Thessaly
18/06/2024 09:18:36 EEST - 3.14.249.21


