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Abstract 1 

Carotid atherosclerotic disease continues to be an important cause of stroke, often disabling or fatal. 2 

Such strokes could be largely prevented through optimal medical therapy and carotid revascularization. 3 

Advancements in discovery research and imaging along with evidence from recent pharmacology and 4 

interventional clinical trials and registries and the progress in acute stroke management have markedly 5 

expanded knowledge base for clinical decisions in carotid stenosis. Nevertheless, there is variability in  6 

carotid-related stroke prevention and management strategies across medical specialities. Optimal 7 

patient care can be achieved by (1) establishing a unified knowledge foundation and (2) fostering multi-8 

specialty collaborative guidelines. The emergent Neuro-Vascular Team concept, mirroring the multi-9 

disciplinary Heart Team, embraces diverse specializations, tailores personalized, stratified medicine 10 

approaches to individual patient needs, and integrates innovative imaging and risk-assessment 11 

biomarkers. Proposed approach integrates collaboration of multiple specialists central to carotid artery 12 

stenosis management such as neurology, stroke medicine, cardiology, angiology, ophthalmology, 13 

vascular surgery, endovascular interventions, neuroradiology and neurosurgery. Moreover, patient 14 

education regarding current treatment options, their risks and advantages, is pivotal, promting patient’s 15 

active role in clinical care decisions. This enables optimization of interventions ranging from lifestyle 16 

modification, carotid revascularization by stenting or endarterectomy, as well as pharmacological 17 

management encompassing statins, novel lipid-lowering and antithrombotic strategies and targeting 18 

inflammation and vascular dysfunction.  19 

This consensus document provides a harmonized multi-specialty approach to multimorbidity prevention 20 

in carotid stenosis patients, based on comprehensive knowledge review, pinpointing research gaps in an 21 

evidence-based medicine approach. It aims to be a foundational tool for interdisciplinary collaboration 22 

and prioritized patient-centric decision-making.   23 

 24 
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•Atherosclerotic carotid disease   •Evidence base   •State -of-the art review   •Recent trials and registries  1 

•Stroke risk reduction  •Imaging  •Biomarkers   •Antithrombotic management  •Interventional 2 

management  •Mutlispecialty team   •Neuro-Vascular team 3 

Frame 1. List of abbrevaitions 4 

AsxCs – asymptomatic (absence of clinical symptoms) atherosclerotic carotid artery stenosis   5 

CABG – coronary artery bypass graft 6 

CAD – coronary artery (atherosclerotic) disease  7 

CAS – carotid artery stenting 8 

CarAD – carotid atherosclerotic disease  9 

CEA – carotid endarterectomy  10 

CI – confidence interval 11 

CT – computed tomography  12 

CTA – computed tomography angiography  13 

DAPT – double antiplatelet therapy 14 

DUS – duplex ultrasound 15 

DWI – diffusion-weighted magnetic resonance imaging  16 

FLAIR – fluid-attenuated inversion recovery (imaging) 17 
18F-FDG – 18F-fluorodeoxyglucose  18 

GA – general anaestheia 19 

GITR – glucocorticoid induced tumour necrosis factor receptor family-related protein  20 

HR – hazard ratio  21 

ICA – internal carotid artery 22 

IPH – intra-plaque haemorrhage  23 

LA - local anaesthesia  24 

mAHEI – modified alternative Healthy Eating Index,  25 

MCA – middle cerebral artery 26 

MRA – magnetic resonance angiography 27 

mRS – modified Rankin score 28 

MRI – magnetic resonance imaging  29 

NASCET [method] – North American Symptomatic Carotid Endarterectomy Trial [method of evaluation 30 

carotid stenosis severity] 31 

NICE – [UK] National Institute for Health and Clinical Excellence  32 

NOAC – Non-vitamin K Antagonist Oral Anticoagulant  33 

OMT – optimized medical therapy  34 

OR – odds ratio  35 

PAD – peripheral artery (atherosclerotic) disease  36 

PCSK9 – protein called proprotein convertase subtilisin/kexin type 9 37 
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5 

PET – positron emission tomography  1 

RCT – ramdomized controlled trial 2 

SAPT – single antiplatelet therapy 3 

TIA – transient ischaemic attack  4 

TCAR – trans-carotid artery revascularization 5 

TF  – trans-femoral  6 

TR  – trans-femoral  7 
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Central Illustration 1 

 2 

 3 

Grpahical abstract: stroke risk stratification determines management of carotid stenosis. 4 

The graphic illustrates, from left to right, the gradient of stroke risk. ”Signif icant” stenosis is typically 5 

defined as ≥50% reduction of the carotid artery luminal diameter. Patients with increased stroke risk 6 

should be evaluated for revascularization on top of cardiovascular risk factors and lifestyle modification 7 

and optimized medical therapy. The decision on performing vs. deferring revascularization should ideally 8 

be based on a multidisciplinary (Neuro-Vascular Team) consensus statement. To assist the patient in 9 

their decision, Neuro-Vascular Team may also advise a preferred revascularization mode (according to 10 

patient-specific factors and local expertise). The patient, holding a central position in the decision 11 

process regarding their care, requires full information about disease-related stroke risk and treatment 12 

options, including risks associated with the different treatments and their advantages.  13 

  14 
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INTRODUCTION 1 

Carotid atherosclerotic disease (CarAD) continues to be an important cause of stroke, 1 and carotid-2 

related strokes are often disabling or fatal.2 Despite progress in stroke prevention and therapies, stroke 3 

incidence and overall stroke burden are projected to increase in Europe over the next decades. 3,4  4 

Multiple modeling approaches show that in Europe, by 2047, there will be an additional 40 000 incident 5 

strokes (+3%) and the population of stroke-affected individuals wil increase by 2.58 (+27%).5 6 

Importantly, carotid-related strokes are potentially preventable with medical therapy and carotid 7 

revascularization by carotid endarterectomy (CEA) or carotid artery stenting (CAS). Optimal treatment 8 

strategies depend on patient factors and available local expertise, and patients with atherosclerotic 9 

carotid stenosis benefit from multi-speciality decision-making and treatment within a Neuro-Vascular 10 

Team, including specialists in the medical, surgical and endovascular treatment of carotid artery stenosis. 11 

This is analogous to the multi-disciplinary Heart Team decision-making concept in patients with coronary 12 

artery disease.6 13 

The evidence base and innovation for CarAD treatments have evolved since it was last addressed in the 14 

2017 ESC guidelines,7 with new randomised trial data, observational studies, and improvements in the 15 

medical, surgical and endovascular treatments for CarAD. This clinical consensus statement provides a 16 

state-the-art review of the current knowledge base and an update on the contemporary clinical 17 

management of CarAD, complementing recent European and American guidelines 8-10 which vary in 18 

methodology and perspective.11-13 To develop an effective consensus update on the contemporary 19 

management of carotid atherosclerotic disease, ESC Council on Stroke Scientific Documents Task Force 20 

and ESC Working Group on Aorta and Peripheral Arterial Disease set up in 2021 a multispecialty expert 21 

panel from Europe and USA. The panel involved different specialties that provide patient advice and care 22 

covering the spectrum and stages of carotid disease (neurology and stroke medicine, angiology,  23 
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ophthalmology, vascular surgery, endovascular interventions, cardiology, neuroradiology and 1 

neurosurgery), and it also included a representative of patient interests.  2 

A diverse author group, including key opinion leaders of different specialities, both non-interventional 3 

and interventional, enabled – along with a representative of patients interests – a balanced approach. 4 

This clinical consensus statement not only considers data from the large number of high-quality 5 

randomised trials in CarAD, but also incorporates evidence from mechanistic studies and large 6 

observational studies and procedural registries which may more accurately describe contemporary 7 

procedural risks of carotid intervention.  8 

 9 

EPIDEMIOLOGY AND RISK FACTORS 10 

CarAD underlies 15% to 20% of ischaemic strokes.14,15  In symptomatic patients the risk of  stroke 11 

generally increases with an increase in stenosis severity.16 Asymptomatic lesions above the threshold of  12 

≈50-60% luminal diameter stenosis may show a less clear relationship between increasing stenosis 13 

severity and stroke risk,17,18 consistent with the findings that lesional characteristics other than the 14 

luminal stenosis severity may play an important role in modulating the stroke risk. 19  Some observational 15 

data suggest that stroke risk with CarAD may have declined recently due to improved medical 16 

management, specifically an increase in the adoption of anti-thrombotic, anti-hypertensive and LDL 17 

cholesterol-lowering therapies (ie, ‘triple medical therapy’).20  However, there is no randomized evidence 18 

for efficacy of pharmacologic therapy in reducing the risk of carotid-related strokes, and no evidence 19 

that medical therapy could be sufficient to control carotid-related stroke risk. Patients with “tandem” 20 

lesions (carotid artery occlusion/subocclusion plus intracranial large artery occlusion) constitute 20-30% 21 

of contemporary acute ischaemic stroke population.1 CarAD not only remains an important cause of 22 

stroke, but it is also a marker of an increased risk of myocardial infarction and other ischaemic cardio-23 

vascular events.6 24 
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CarAD is a broad diagnostic term, ranging from haemodynamically insignificant carotid plaques to tighter 1 

(>50%) stenoses. Observational data on CarAD prevalence and consequent stroke risk are prone to the 2 

population and inter-observer variability, and are also affected by imaging modality and the method to 3 

calculate stenosis severity.21   The prevalence of tight carotid artery disease rises sharply with age and is 4 

higher in men. In an individual participant data meta-analysis of 4 population-based studies (23 706 5 

participants), the prevalence of >50% stenosis increased from 0.2% in male participants <50 years to 6 

7.5% in those >80 years, with corresponding rates of 0.1% to 3.1% in women. (Fig 1A) 22  The global 7 

burden of CarAD is high. In a recent systematic review the number of individuals of  30-79 years 8 

worldwide with any carotid plaque was estimated at 816 million people, including 137.6 million in 9 

Europe. The same study estimated that 58 million individuals worldwide had carotid stenosis (1.5%). 23 10 

CarAD is driven by traditional cardiovascular risk factors (Fig 1B),23 and patients with atherosclerotic 11 

disease in other vascular beds are at increased risk of CarAD. For example, the prevalence of carotid 12 

stenosis is 5% - 9% in patients with coronary artery disease (CAD) and 14% - 19% in patients with 13 

peripheral artery disease (PAD).7  14 

Fig 1. 15 

A 16 
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 1 

 2 

 3 

 4 

Epidemiology of carotid atherosclerotic disease (CarAD). A – prevalence of carotid stenosis >50% and 5 

>70% in 4 population-based epidemiological studies (adapted from de Weerd et al.22 ). B – Association of 6 

cardiovascular risk factors with carotid plaque (adapted from Song et al. 23). 7 
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 1 

DISTINCT PATHOPHYSIOLOGIC FEATURES OF CAROTID ATHEROSCLEROSIS  2 

Substantial part of the knowledge base regarding mechanisms of atherosclerosis in humans originates 3 

from carotid plaque studies.24-31 Although mechanisms of atherosclerosis appear to be broadly similar 4 

between the different vascular beds, increasing evidence suggests that carotid atherosclerotic plaques 5 

have some distinct features that may translate into the need for specific therapeutic approaches.32-34 6 

Transcriptomic identification of carotid atherosclerotic plaque components using single cell RNA 7 

sequencing35 demonstrated differences in gene expression in ruptured carotid plaques in relation to the 8 

location along flow direction. Ruptures were less common at distal locations and occurred 9 

predominantly proximally to, or in the maximally stenotic regions. The rupture sites were characterized 10 

by a marked endothelium damage and thrombosis. The proinflammatory profile in plaque's proximal 11 

areas involved immune cells such as macrophages, T, B, and natural killer cells, whereas distal regions 12 

had more smooth muscle cells.36 Martix metalloproteinase 9, immunoglobulin kappa constant, 13 

and phospholamban were the 3 most differentially expressed genes between the high  and low risk 14 

regions of carotid plaques.36  Moreover, martix metalloproteinase expression has been linked to carotid 15 

stiffness. 37 Neovascularization, an important marker of plaque vulnerability that today can be evaluated 16 

non-invasively with contrast-enhanced ultrasound and dynamic contrast-enhanced magnetic resonance 17 

imaging,38,39  is more prevalent in carotid lesions of diabetic (vs non-diabetic) patients.39 Rearrangement 18 

of cellular components and extracellular matrix in diabetes results in adverse vessel wall remodeling that 19 

involves changes in elastin structure and extensibility40 and remodeling of the capillaries.  41 Diabetic 20 

intra-plaque new vessel formation due to excessive/abnormal neovasculogenesis and angiogenesis 42,43 21 

increased vascular permeability of the capillary vessels and tissue edema, result in frequent 22 

atherosclerotic plaque hemorrhage and plaque rupture.  43  In plaques from patients with diabetes/pre-23 
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diabetes surface thrombi persist for longer after ischaemic symptoms compared to plaque s from 1 

patients with normal glucose tolerance; this may contribute to the increased risk of recurrent carotid-2 

related stroke that is associated with diabetes/ pre-diabetes. 44  3 

Recent comparison of carotid endarterectomy specimens obtained from patients with cerebrovascular 4 

events (n = 100) compared to asymptomatic patients (n = 93) demonstrated an elevated expression of 5 

glucocorticoid induced tumour necrosis factor receptor family-related protein (GITR) that correlated with 6 

parameters of plaque vulnerability, including plaque macrophage, lipid and glycophorin A content, and 7 

levels of interleukin (IL)-6, IL-12, and C-C-chemokine ligand 2.31 GITR is a co-stimulatory immune 8 

checkpoint protein that drives atherosclerosis, thereby inducing plaque growth and vulnerability.45  9 

Depleting GITR reduced atherosclerotic plaque development in mice, suggesting that GITR may pose a 10 

novel therapeutic target in atherosclerosis to impede plaque progression and prevent plaque rupture, 11 

while leaving the adaptive immune system intact.31  12 

With regard to the trigger of clinical ischaemic events, differences have been reported in relation to 13 

prevalence of atherosclerotic plaque erosion as the underlying mechanism in the coronary tree 14 

compared to carotid arteries. Coronary plaque erosion is found in 20–40% of young female smokers 15 

suffering from sudden death. In contrast, plaque erosion is far less frequent in the carotid arteries. 46 In 16 

coronary plaques, the thickness of rupture-prone fibrous cap is estimated at ≈65µm.47 In contrast, in 17 

carotid vulnerable lesions, the risk of plaque rupture and thrombosis occurs at a much greater cap 18 

thickness (≈200µm).30,32,44 This difference has not only important pathophysiologic consequences but it is 19 

also relevant in the context of resolution of the different non-invasive and invasive visualization 20 

techniques. 33,48  21 

Plaque content and prevalence of certain plaque phenotypes is different in carotid vs coronary arteries. 22 

For instance, carotid plaques generally express a higher proportion of the fibro-fatty component34  23 
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Nodular calcifications and the projecting calcific nodules (vulnerable) plaque phenotype, are more 1 

common in males and occur less frequently in the coronary than the carotid arteries where they may be 2 

related to plaque haemorrhage.  33  In a population-based Rotterdam Study, carotid plaque composition 3 

was examined with high-resolution magnetic resonance imaging in relation to stroke and coronary artery 4 

disease (CAD) in 1,349 participants  (mean age of 72; half of whom female) with subclinical 5 

atherosclerosis and no prior history of stroke or CAD.49 Intraplaque haemorrhage was identified as an 6 

independent risk factor for stroke, suggesting its potential as a marker for carotid plaque vulnerability in 7 

those with subclinical atherosclerosis.  49,50  8 

Meta-analysis of 42 articles reporting fundamental carotid plaque characteristics, including calcifications, 9 

lipid-rich necrotic core, intraplaque hemorrhage, thin or ruptured fibrous cap, plaque ulceration, degree 10 

of stenosis, plaque size, and plaque inflammation, revealed sex differences in carotid atherosclerosis.  51 11 

Men had more frequently a larger plaque compared to women (in whom the lesions are generally 12 

smaller in volume) and, in addition, had more often plaques with calcifications (odds ratio=1.57 [95% CI, 13 

1.23-2.02]), lipid-rich necrotic core (odds ratio=1.87 [95% CI, 1.36-2.57]), and intraplaque hemorrhage 14 

(odds ratio=2.52 [95% CI, 1.74-3.66]), or an ulcerated plaque (1.81 [95% CI, 1.30-2.51]). Furthermore, 15 

pronounced sex differences existed for lipid-rich necrotic core in symptomatic opposed to asymptomatic 16 

participants,  highlighting that sex may be an important variable to include in both study design and 17 

clinical-decision making.51  18 

Finally, in coronary atherosclerosis, impaired plasma fibrin clot properties have been shown to increase 19 

the risk of myocardial infarction and cardiac death.  52-56 The role of fibrin clot properties as a modulator 20 

of carotid-related stroke risk is yet to be elucidated.   21 

 22 

 23 

 24 
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CLINICAL PRESENTATIONS OF CarAD 1 

 2 

Asymptomatic carotid stenosis 3 

An asymptomatic carotid stenosis (AsxCS) is a lesion that has never caused  neurological symptoms. A 4 

more commonly used definition is stenosis without an associated and recent (typically, <6 months, 5 

though the “symptomatic” cutoffs may vary between 1-12 months or include even remote symptoms57 6 

of ipsilateral stroke, transient ischaemic attack (TIA) or episode of transient mono-ocular blindness. 7 

Patients with a history of contralateral or posterior circulation stroke or TIA, and also patients with 8 

evidence of silent brain infarction on cross-sectional brain imaging or retinal emboli (e.g., detected at 9 

diabetic retinopathy screening) with ipsilateral carotid stenosis are conventionally considered 10 

‘asymptomatic’, despite clear evidence of prior brain infarction. Therefore, AsxCS population reflects  a 11 

broad spectrum of patients, some of whom are at a higher risk of stroke. (Fig 2)  12 

  13 
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Fig 2.  Spectrum of Stroke Risk in individuals with CarAD 1 

 2 

 3 

This heterogeneity is reflected in clinical studies of ASxCS disease: those at higher stroke risk tend 4 

towards interventional management,58,59 and are less likely to be included in either observational studies 5 

of medical therapy alone or randomized trials comparing medical therapy alone versus carotid surgery or 6 

stenting. Conversely, those at lower stroke risk are unlikely to be randomized to trials comparing two 7 

invasive treatment options, and much more likely to be included in observational ‘natural history 8 

studies’. This important subtlety should be considered when interpreting trial results and deciding upon 9 

treatment strategies. 10 

 11 

Symptoms of carotid stenosis 12 

Most symptoms caused by CarAD arise from plaque inflammation and disruption with subsequent 13 

embolism of locally formed thrombus or plaque debris, leading to occlusion of retinal or cerebral 14 

arteries, most commonly in the anterior circulation (athero-thromboembolism).60  With a high-grade 15 

stenosis or occlusion, carotid-related cerebral ischaemia may also arise from flow reduction (a 16 

haemodynamic mechanism). Focal neurological deficits caused by cerebral ischaemia lasting <24 hours 17 

(but more typically, <60 minutes) are called TIA, while the clinical definition of ischemic stroke usually 18 

involves symptoms lasting >24 hours.61  Patients with TIA caused by carotid stenosis are at a markedly 19 

increased risk of stroke, up to 20% in the first three months in studies performed two decades ago, 62,63 20 
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but ≈6% in the first year in a more recent registry.64,65  Still, carotid stenosis >50% is been the strongest 1 

predictor of a new vascular event after TIA.66   Focal neurological symptoms include, alone or in 2 

combination, motor (e.g. isolated paresis of the hand, arm, arm and face, or – more rarely – the leg) or 3 

sensory deficits, aphasia (in the left hemisphere), hemineglect (predominantly in the right hemisphere), 4 

and hemianopsia (in the case of optic tract involvement, or – more rarely – if the posterior cerebral 5 

artery originates from the carotid artery). Another recognized stroke mechanism includes thrombus 6 

propagation from an occluded carotid artery, manifested by symptom progression over hours to days 7 

(“stuttering stroke”/aggravating stroke), and haemodynamic impairment leading to a reduction in 8 

cerebral perfusion, which may be associated with positive motor phenomena, so-called ”limb-shaking 9 

TIA”.67 10 

Depending on the efficacy of compensatory collateral supply via the circe of Willis and/or the external 11 

carotoid artery, internal carotid artery occlusion may present a whole spectrum of symptom gravity, 12 

from clinically silent to catastrophic. 13 

 14 

Ocular presentations related to carotid artery stenosis 15 

Carotid artery stenosis involving either the internal carotid artery or the ophthalmic artery can cause a 16 

variety of ocular manifestations. Retinal artery occlusion or embolism can be clinically silent or present 17 

as ocular symptoms. Transient mono-ocular visual loss (amaurosis fugax) and retinal stroke are common 18 

modes of presentation, but several other chronic ocular signs and symptoms (ocular ischaemic 19 

syndrome) should trigger a request for a carotid artery duplex scan or alternative carotid imaging. For 20 

details, see Suppl Table 1 in Appendix 1. 21 

  22 
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IMAGING OF CAROTID ARTERY DISEASE 1 

Evaluating plaque morphology to assess stroke risk 2 

In addition to the degree of stenosis, carotid plaque morphology and composition may affect stroke risk, 3 

and may thus it may play an important role in CarAD risk stratification and contemporary clinical 4 

decisions.7,19,68  5 

Several non-invasive and invasive imaging modalities can be used,69,70  including ultrasound 6 

(transcutaneous71,72 and intravascular with the “virtual histology” modality73,74), computed tomography 7 

(CT)75, Magnetic resonance imaging (MRI)19,50,76,77  and positron emission tomography (PET).78,79 The 8 

following features are suggestive of vulnerable carotid plaques: increased plaque volume/carotid wall 9 

thickness, DUS echolucency, increased inflammation, neovascularisation, intra-plaque haemorrhage 10 

(IPH), ulcerations and endothelial erosions, lipid-rich necrotic cores, ruptured fibrous cap,  as well as 11 

microbubbles and discordant flow.68,80-82 12 

Inflammation83-87  and microcalcification33,88,89  are interrelated processes importantly contributing to 13 

carotid atherosclerotic plaque vulnerability; both can be non-invasively tracked in vivo using dual-tracer 14 

PET  (inflammation –  18F-fluorodeoxyglucose, 18F-FDG; microcalcification – 18F-sodium fluoride). 90,91 15 

18F-FDG-PET reveals inflammation in ≈30% carotid atherosclerotic lesions.92 Recent systematic review 16 

and meta-analysis of 14 articles (539 patients) demonstrated that 18F-FDG-PET – detected carotid plaque 17 

inflammation is a significant marker of symptomatic disease.  93 Apart from serving a marker of 18 

atherosclerotic disease activity,   18F-FDG-PET can serve as a surrogate for effectiveness of inflammation-19 

reducing drugs.94  Three time point 18F-FDG PET carotid plaque imaging demonstrated that statin's anti-20 

inflammatory effect continues throughout its use up to 1 year, even though yielding stable below -target 21 

plasma LDL-C levels at 3 months.95 Meta-analysis of eleven cohorts including a total of  290 subjects 22 
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scanned with 18F-FDG PET demonstrated that carotid arteries ipsilateral to recent cerebral ischemic 1 

events had significantly higher 18F-FDG uptake than asymptomatic arteries (Cohen's d =0.492; CI=0.130-2 

0.855; P=0.008) regardless of degree of carotid stenosis,  96 suggesting a potential role for 18F-FDG PET asa 3 

an aid in clinical decision-making.97 Indeed, 18F-FDG PET may also  4 

With regard to clinical use feasibility, IPH on MRI currently apears the leading non-invasive risk factor of 5 

ipsilateral ischemic strokes (hazard ratio [HR] 10.2; 95% confidence interval [CI]: 4.6 to 22.5) for 6 

symptomatic and HR 7.9; 95% CI: 1.3 to 47.6 for asymptomatic individuals).19,76,77,99   In addition, plaque 7 

progression is a feature of a biologically active plaque that may be associated with an increased stroke 8 

risk.68,81,100-103  9 

 10 

Estimation of severity of carotid stenosis  11 

Accurate assessment of stenosis severity is important because stenosis severity remains a fundamental 12 

parameter in decisions regarding patient care.7-10  In asymptomatic patients, intervention is considered 13 

when the degree of stenosis exceeds 60-70%.5-8  In symptomatic cases, the threshold for intervention is 14 

>50%, and the risk of recurrent stroke rises sharply with the degree of stenosis. 7,18  15 

The first line investigation is Duplex ultrasound (DUS) scanning, which is cheap, non-invasive and safe. 16 

DUS is effective in identifying carotid stenosis but its accuracy in any precise determination of moderate -17 

to-high-grade stenosis severity is rather poor.7,104-106  Recent analysis of >33,000 DUS recordings in 338 18 

accredited DUS labs demonstrated that whether or not a person is said to have moderate carotid 19 

stenosis and enters surveillance, and whether or not they “have” severe stenosis and are candidates for 20 

revasculariation, can depend on which center performs their ultrasound.  106 Cross-sectional angiography, 21 

by either CT (CTA) or MR (MRA), are alternative and can also image the cerebral circulation proximal and 22 
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distal to the carotid bifurcation. With DUS use for stenosis severity evaluation, 1 out of 6 arteries would 1 

be reclassified by CTA.107  2 

The severity of stenosis is typically assessed using the “NASCET” method, which uses the “normal 3 

diameter” distal to the stenosis as a reference for the narrowest part of the stenosis (smallest 4 

diameter)108 and is expressed as % diameter stenosis. Stenosis can also be measured from CTA and/or 5 

MRA, often expressed as % area (rather than diameter) stenosis.109,110  The relationship between 6 

diameter stenosis and area stenosis is non-linear111-112 as it is determined by the π x (d/2)2 formula. With 7 

a concentric lumen reduction, 50% area stenosis corresponds to 75% diameter stenosis, and 75% 8 

diameter stenosis is 94% area stenosis.112  Some trials have used one specific imaging modality to 9 

determine the stenosis severity inclusion criterion;113,114 others have applied different thresholds 10 

depending on the imaging modality used or developed detailed algorithms for stenosis severity 11 

verification.115   As using different imaging modalities and measurement methods can impact 12 

management decisions,61 when applying trial evidence to clinical decisions regarding their patients, 13 

clinicians should best consult the stenosis measurement method(s) in individual trials. Because of 14 

clinically important measurement outcomes, the “% stenosis” measurement methods using different 15 

guideline-approved imaging modalities may require rectification in future guidelines. 16 

With increasing stenosis severity, there is an increase in blood flow velocities measured by DUS. 111  17 

Validation of DUS velocities as a tool to determine stenosis severity was performed against the classic 18 

measurement of angiographic diameter stenosis.116  Although ultrasound velocities predict ≥50% 19 

diameter stenosis (with a cutoff of ≈2.5 m/s for peak-systolic velocity and of ≈0.7 m/s for end-diastolic 20 

velocity),117 DUS may fail in any precise determination of stenosis severity. In a recent validation of 21 

routine non-invasive techniques against the vascular imaging “gold” standard, intravascular ultrasound, 22 

CTA was found to be the sole independent non-invasive imaging modality.117  While DUS remains the 23 
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first-line imaging modality in identifying carotid stenosis, 2017 ESC guidelines recommend CTA (or MRA) 1 

for evaluating stenois severity prior to any intervention.7  Nevertheless, according to a recent study, CTA 2 

overestimation error of % diameter stenosis may result in wrong classification of ≈20% lesions (patients) 3 

compared to intra-arterial catheter evaluation that is routinely performed with the endovascular method 4 

of carotid revascularization.  118  A prospective study of early recurrent stroke prediction in patients within 5 

30 days from carotid-related non-severe stroke (modified Rankin score ≤3) or TIA (derivation cohort of 6 

109 patients,  validation cohort of 87 patients) suggested that a combined stenosis (CTA, NASCET 7 

method)–inflammation (18F-FDG uptake) strategy could improve selection for carotid revascularization 8 

where benefit is currently uncertain119 but larger studies in lower-risk populations are needed. 9 

Algorithms combining evaluation of stenosis severity with that of plaque morphology are likely to play an 10 

increasing role in clinical decisions on carotid revascularization.19,119  3D Ultrasound is a new promising 11 

technique that must yet establish its clinical role in assessing the degree of stenosis, and plaque volume 12 

and morphology.120,121 13 

 14 

Cerebral ischemic changes due to carotid stenosis 15 

The most sensitive method of detecting recent cerebral ischaemia is diffusion-weighted magnetic 16 

resonance imaging (DWI), which shows potentially reversible cellular energy failure and early cytotoxic 17 

oedema (cell swelling)  as areas of hyperintense signal within minutes of ischaemia onset. 122  DWI lesions 18 

do not indicate cell death, and they may be reversible, particularly if small and/or acted upon 19 

quickly.123,124  Once ischemia causes cellular death, hyper-intense lesions become visible on fluid-20 

attenuated inversion recovery (FLAIR) imaging. The typical finding in embolic stroke arising from carotid 21 

disease is multiple small cortical infarcts located in the territory of the middle cerebral artery and  22 

vascular border-zone areas between the middle, anterior and posterior cerebral arteries. 125  23 
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Haemodynamic cerebral lesions typically occur in watershed zones. DWI/FLAIR may define tissue 1 

infarction even among patients with transient symptoms without a persisting deficit (ie, a TIA). In a 2 

recent study which included 633 patients with a TIA, a positive DWI was associated with an increased 10-3 

year risk of recurrent ischemic stroke after an index TIA (hazard ratio [HR] 2.66, 95%confidence interval 4 

[CI] 1.28-5.54, p = 0.009).125,126  While stroke is a cerebral emergency,127,129 TIA is a cerebral urgency that 5 

should prompt rapid assessment, including brain and carotid imaging.126,131,132  The UK National Institute 6 

for Health and Clinical Excellence (NICE) has recently recommended same-day MRI (including DWI and 7 

FLAIR sequences) and carotid artery imaging with Duplex Doppler ultrasound or computed 8 

tomography/magnetic resonance angiography (CTA/MRA) for all patients presenting with a suspected 9 

stroke or TIA.126   A more recent definition of stroke is “[…] cell death attributable to ischemia, based on 10 

neuropathological, neuroimaging, and/or clinical evidence of permanent injury”. 61  According to this 11 

increasingly adopted definition, stroke is diagnosed in the presence of brain infarction on DWI/FLAIR, 12 

even if the associated symptoms are only transient.133   13 

A clinically silent cerebral infarction is defined as imaging or neuropathological evidence of cerebral 14 

infarction without a history of acute neurological dysfunction attributable to the lesion.61 Patients with 15 

asymptomatic CarAD have a higher prevalence of silent brain infarction upstream from their stenosis 16 

than in the contralateral cerebral hemisphere.62 And, similar to a prior TIA, silent brain infarction on 17 

cerebral imaging is associated with a 2-fold increased risk of future stroke.134-137   Consequently, 18 

revascularization (as per symptomatic lesion severity threshold) may be warranted in CarAD patients 19 

with clinically silent but radiologically evident brain infarctions.7,8,135,137  20 

Along with the conventional (clinical) definition of stroke, contemporary clinical trials increasingly 21 

incorporate in their inclusion criteria and endpoint definitions the tissue (cerebral infarct) definition of 22 

stroke.61,138 23 
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Watershed distribution strokes (ie., affecting firstly cerebral tissue in the border-zone supply regions of 1 

the major cerebral arteries) account for approximately 10% of all ischemic stroke cases 139 and are 2 

typically associated with severe carotid stenosis or occlusion.140 In embolic strokes, efforts are being 3 

made to identify the eatilogy by radiologic clot analysis141-144  but today’s imaging and image processing 4 

technology have not yet reached the level to be able to reliably distinguish between CarAD-related 5 

stroke and cardioembolic stroke.  6 

 7 

Contemporary stroke risk associated with atherosclerotic carotid disease 8 

Stroke remains a leading cause of premature death, major morbidity, and permanent disability 9 

worldwide. However, improvements in triple medical therapy  over the last two decades (particularly the 10 

more widespread use of statins) have been associated with a reduction in the natural stroke risk 11 

attributable to carotid stenosis. There is direct randomized evidence that statins are particularly ef fective 12 

in stabilising a vulnerable carotid plaque. Allocation to 40mg simvastatin halved the rate of carotid 13 

endarterectomy in the Heart Protection Study (0.4% vs 0.8%; p=0.0003).145   In patients with an 14 

ischaemic stroke or TIA of documented atherosclerotic origin, achieving LDL-cholesterol of <70mg/dL 15 

avoided one subsequent major vascular event in 4 (number needed to treat 30). 146,147  16 

Several observational studies, despite their limitations and biases, have nevertheless suggested that 17 

carotid-related stroke risks in subjects with a significant carotid stenosis may have declined over time to 18 

around 1% per year in the highly selected populations included.148-150  But residual risk persist, and 19 

strokes secondary to CarAD continue to occur, even in well-treated patients adherent to pharmacologic 20 

therapy.77,151,152  These strokes can be fatal or disabling; eg., in ASxCS patients with an ipsilateral TIA or 21 

stroke during follow-up,  28.6% have severe disability based on the Rankin score.100 22 

There is a risk gradient - a continuum from very low risk in entirely asymptomatic individuals (stroke risk 23 

<1% per year), through an increased risk in patients without symptoms but vulnerable plaque features 24 
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(ie., thin and/or ruptured fibrous cap, large lipid-rich and/or necrotic core, intraplaque haemorrhage, 1 

ulceration, mural thrombus)99,153,154  to a high risk in patients with a recent ipsilateral neurologic event 2 

(stroke risk >10% per year) (Fig 2).  3 

In individuals with CarAS, family history of stroke is an important risk factor. In a study cohort of 864 4 

patients (72±8 years; 68% men) with CarAS and 1698 controls (61±11 years; 55% men) referred for 5 

noninvasive vascular testing, family history of stroke was present significantly more often in patients 6 

with CarAS than in controls, with a resulting odds ratios (95% confidence interval) of 2.02 (1.61-2.53), 7 

and the association remained significant after adjustment for age, sex, body mass index, smoking, 8 

diabetes mellitus, hypertension, and dyslipidemia (odds ratios: 1.41 (1.06-1.90)) even that only strokes 9 

before age 65 were considered.155  10 

The risks of carotid intervention in extremely low-risk patients are unjustified, and, in contrast, the 11 

benefits of carotid intervention in extremely high-risk patients are abundantly clear, even in those on 12 

modern medical treatment.156  But large numbers of patients with “significant” CarAD sit between these 13 

extremes, and the challenge is to identify a subset of patients with a significant carotid stenosis who are 14 

at an increased risk of stroke despite triple medical therapy (anti-platelet agent, statin, anti-hypertensive 15 

medication), who may derive substantial benefit from carotid surgery or stenting. 19,77 Furthermore, the 16 

recent STRATIS registry demonstrated a  significant association of nonstenotic carotid plaques with 17 

cryptogenic stroke, suggesting a potential mechanistic role of “non-significant” lesions in embolic stroke 18 

of undetermined source.157,158 The risk of recurrent stroke/TIA in nonstenotic carotid plaques is 19 

particularly not negligible in the presence of high-risk plaque features that increase in the risk of 20 

recurrent stroke/TIA from 2.6/100 person-years to 4.9/100 person-years.159  21 

Whilst the ‘average’ stroke risk in a general population with stenotic CarAD is around ~1% per year,150,160  22 

the risk is substantially higher in patients with clinically manifest cardiovascular disease or diabetes (up 23 
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to 2.5% per year),102,103 and yet higher in patients with clinical or radiological evidence of prior brain 1 

infarction. The stroke risk is cumulative over time, and consequently the “average statistical” 10-year risk 2 

of a carotid-related stroke is between 10-25% which is not negligible.  Most major strokes occur without 3 

clinical warning;161 hence the importance of primary prevention with, in the first line, intensive medical 4 

therapies. However, today there is no randomized evidence to indicate that intensive medical therapy 5 

would be sufficient to control stroke risk in individuals with ASxCS.162  Moreover, contemporary evidence 6 

shows that strict compliance to medical treatment may fail in large proportions of ASxCS patients in 7 

relation to a substantial risk of neurologic events.152,163,164 Clinical and imaging features associated with 8 

increased stroke risk in AsxCS are described in detail in Appendix 2 (Suppl Tab. 2).   9 

It is notable that although the prevalence of ASxCS is similar to that of paroxysmal atrial fibrillation (AF), 10 

and the annual stroke risk in vascular clinics AsxCS  patients on optimized medical therapy (OMT) is 11 

similar to that seen in paroxysmal AF patients receiving aspirin (≈2.0-2.5% in ASxCS vs. ≈2.1% in 12 

AF),101,102,163-165  in contrast to CHA2DS2-VASC (and other clinically applicable risk stratification schemes in 13 

AF),166-170 no prospectively validated risk quantification tools exist today for ASxCS subjects.171,172  14 

  15 

TREATMENT OF CAROTID STENOSIS TO REDUCE STROKE RISK 16 

Lifestyle modification 17 

As with other cardiovascular diseases, lifestyle modification can reduce the risk of a carotid-related 18 

stroke and, importantly, reduces overall cardiovascular risk. Lifestyle measures, including smoking 19 

cessation, weight loss, regular exercise, and a balanced diet are to be encouraged. 173,174  In 31,546 20 

women and men aged ≥55 years from 40 countries with cardiovascular disease or diabetes mellitus with 21 

end-organ damage receiving proven medications, a higher-quality diet (as per modified Alternative 22 

Healthy Eating Index, mAHEI) was associated with a significant 14% reduction of stroke over 56 months 23 

that was maintained after potential mediators of dietary effects that included body mass index, waist-to-24 
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hip ratio, blood pressure, hypertension, and others (HR 0.81; 95% CI, 0.67– 0.98, top versus lowest 1 

quintile of mAHEI; p for trend 0.001).175  Analysis of dietary components found a modest but significantly 2 

reduced risk of primary outcome with increased consumption of vegetables, fruit, soy protein and an 3 

increased risk with greater intake of meat, poultry, and eggs.175  The high-quality diet was associated with 4 

a consistent benefit regardless of proven secondary prevention measures including aspirin, beta-5 

blockers, and statins.175  6 

 7 

Long-term Medical Management 8 

Prescribing triple medical therapy (ie., anti-thrombotic, anti-hypertensive and LDL cholesterol-lowering 9 

drugs) in patients with asymptomatic and symptomatic carotid stenosis reduces the risk of stroke, 10 

myocardial infarction death.176-179   Medical therapy has evolved considerably over the last few years, but 11 

few large randomised trials included a significant number of patients with CarAD, and hence the 12 

evidence for medical therapy in this population is mostly indirect. Nevertheless, patients with a 13 

significant ASxCs and those who have recovered from a carotid intervention should receive standard 14 

goal-directed medical therapy as recommended for secondary cardiovascular disease prevention, as 15 

summarised in recent ESC180 and ESVS9 guidelines.  16 

Briefly:  17 

(1) Intensive statin therapy, with ezetimibe or a proprotein convertase subtilisin/kexin type 9 (PCSK9) 18 

inhibitor as an alternative or adjunctive therapies, aiming to achieve an LDL-C <55mg/dLis advised for all 19 

patients with significant CarAD.181,182   Intensive LDL-C lowering in patients with CarAD is associated with 20 

several beneficial effects, both at the clinical and molecular levels.176,183 (Suppl Table 3 in Appendix 3). 21 

Meta-analysis of 11 randomized studies in 20 163 patients indicated that more intensive LDL-cholesterol 22 

lowering was associated with a reduced risk of recurrent stroke in trials in which all patients showed 23 
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evidence of atherosclerosis (RR 0.79; 95% CI 0.69-0.90).182  In addition to LDL-cholesterol lowering, 1 

statins exert antithrombotic properties through their direct interference with the clotting system and 2 

platelet activation;183 an effect that may become relevant clinically particularly with high statin doses. 182  3 

Prespecified analysis of cerebrovascular events in recent FOURIER randomize d trial (Further 4 

Cardiovascular Outcomes Research with PCSK9 Inhibition in Subjects with Elevated Risk) in 27 564 5 

patients with established atherosclerosis and LDL cholesterol levels ≥1.8 (or non -HDL [high-density 6 

lipoprotein] ≥2.6 mmol/L) on statin therapy, evolocumab (vs placebo) reduced ischemic stroke (HR 0.75 7 

[95% CI, 0.62-0.92]; P=0.005); an effect consistent across all major subgroups including subjects with 8 

prior ischemic stroke.184  9 

 (2) Single anti-platelet therapy is required for ‘stable’ CarAD ( ie, asymptomatic stenosis and long-term 10 

secondary prevention post-intervention), which should be low-dose aspirin or clopidogrel. Patients with 11 

carotid stenosis suffering a TIA or a minor stroke are at high risk of recurrent neurologic events 12 

particularly in the first few days after the onset of symptoms. A single-centre prospective audit in 100 13 

consecutive recently symptomatic patients demonstrated that initiation of dual antiplatelet treatment 14 

(DAPT; aspirin 75mg + clopidogrel 75 mg) after exclusion of intracerebral or parenchymal haemorrhage 15 

resulted in a five-fold reduction in recurrent events compared with single antiplatelet treatment while 16 

awaiting CEA (3% vs 13%, respectively; odds ratio, 4.9; 95% CI: 1.5-16.6; p = 0.01) without an increase in 17 

major perioperative bleeding complications. Thus, OMT has a crucial role in both asymptomatic and 18 

recently symptomatic patients, in whom medical management reduces spontaneous embolism from the 19 

plaque.177  20 

Patients with recently symptomatic CarAD should receive DAPT to reduce their risk of stroke recurrence.  21 

In a randomized, double-blind study in subjects with recently symptomatic ≥50% carotid stenosis 22 

(Clopidogrel and Aspirin for Reduction of Emboli in Symptomatic Carotid Stenosis, CARESS), combination 23 
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therapy with clopidogrel and aspirin was more effective than aspirin alone in reducing asymptomatic 1 

embolization.185  2 

In CHARISMA (Clopidogrel for High Atherothrombotic Risk and Ischemic Stabilization, Management, and 3 

Avoidance) trial patients with documented prior MI, ischemic stroke, or symptomatic PAD (n= 9,478), the 4 

rate of stroke was significantly lower in the clopidogrel plus aspirin arm than in the placebo plus aspirin 5 

arm: 3.8% versus 3.0% (hazard ratio [HR] 0.802; 95%CI 0.644–0.998, p=0.048). There was no significant 6 

difference in the rate of severe bleeding (1.7% versus 1.5%; HR 1.12, 95% CI 0.81 to 1.53, p = 0.50), but 7 

moderate bleeding was significantly increased (2.0% versus 1.3%; HR 1.60, 95% CI 1.16 to 2.20, p = 8 

0.004).186  A meta-analysis of 14 randomised controlled studies in 9,012 patients, DAPT was more 9 

effective than monotherapy in reducing risks of early recurrent stroke (RR 0.69; 95% CI, 0.60-0.80; 10 

p<0.001) and nonsignificantly increased risk of major bleeding (RR 1.35; 95% CI, 0.70-2.59, p=0.37).187  In 11 

recent SOCRATES (Acute Stroke or Transient Ischaemic Attack Treated with Aspirin or Ticagrelor and 12 

Patient Outcomes) trial, ticagrelor (as anti-platelet monotherapy) was superior to aspirin (as anti-platelet 13 

monotherapy) in preventing stroke, myocardial infarction or death by 90 days from acute ischaemic 14 

stroke or TIA in patients with ipsilateral atherosclerotic stenosis (hazard ratio, HR 0.68 [95% CI 0·53-15 

0·88]; p=0·003, a prespecified analysis of 3081 patients with ipsilateral atherosclerotic carotid artery 16 

stenosis – 23% of the total 13,199 cohort).188  There were no significant differences in the proportion of 17 

life-threatening bleeding or major or minor bleeding events in patients with ipsilateral stenosis in the 18 

ticagrelor group compared with the aspirin group.188 19 

In patients submitted to CEA, surgeons may prefer to continue DAPT peri-procedurally, reducing from 20 

day 1 post CEA9 to a single antiplatelet agent (low-dose aspirin or copidogrel) that should be typically 21 

maintained for 1-3 months.189,190 Patients undergoing CAS typically receive DAPT, with clopidogrel 22 

loading three days prior to stenting and continuation for 1-3 months post-stenting (typically for 4-6 23 
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weeks if a single-layer stent is used9  and up to 3 months with “mesh” stents), after which single anti-1 

platelet therapy is advised.189,190 2 

In the COMPASS trial, 1919 patients with either history of carotid revascularization or asymptomatic 3 

≥50% stenosis were enrolled along with other patients with CAD or PAD, and randomized to three arms : 4 

aspirin 100 mg + rivaroxaban 2.5 mg b.i.d., or rivaroxaban 5mg b.i.d. alone or aspirin 100 mg alone. 191  5 

Similar to other subgroups, those with carotid disease appeared to benefit from the aspirin+rivaroxaban 6 

combination, as compared to aspirin alone, although the benefit in this subgroup did not reach statistical 7 

significance. 8 

Some antihypertensive medications may significantly reduce stroke risk despite only a modest reduction 9 

in blood pressure. For instance, in 9297 patients with vascular disease or diabetes plus an additional risk 10 

factor, followed for 4.5 years as part of the HOPE (Heart Outcomes Prevention Evaluation) randomized 11 

trial, the relative risk of any stroke was reduced by 32% in the ramipril group compared with the placebo 12 

group, and the relative risk of fatal stroke was reduced by 61% despite only modest reduction in blood 13 

pressure (3.8 mm Hg systolic and 2.8 mm Hg diastolic). Benefits were consistent across baseline blood 14 

pressures, drugs used, and subgroups defined by the presence or absence of previous stroke, coronary 15 

artery disease, peripheral arterial disease, diabetes, or hypertension, 192 indicating a mechanistic 16 

vasculoprotecive effect.   17 

 18 

Carotid endarterectomy (CEA) 19 

First performed in 1953, CEA is one of the most thoroughly evaluated surgical procedures ever, with two 20 

large trials randomising over 5000 patients with symptomatic carotid stenosis (ie., presenting with 21 

recent ipsilateral stroke or TIA) to carotid surgery versus medical therapy.193,194 The results were highly 22 

significant with CEA halving the risk of recurrent stroke amongst those with carotid stenosis >50% 23 
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diameter stenosis. Tighter stenosis (ie., >70%) was associated with an increased risk of stroke without 1 

surgery, and hence greater absolute benefits with surgery. In contrast, patients with minor stenosis (ie., 2 

<50%), had a much lower background risk of stroke, and routine surgery was ineffective and potentially 3 

harmful.194  The greatest absolute benefits of surgery were seen in patients operated soon after their 4 

presenting stroke. Pooled analysis of 5893 patients from he European Carotid Surgery Trial and North 5 

American Symptomatic Carotid Endarterectomy Trial, with 33000 patient-years of follow-up, 6 

demonstrated that benefit carotid revascularization was  greatest for those randomised within 2 weeks 7 

after their last ischaemic event, and fell rapidly with increasing delay.195,196  A more recent systematic 8 

review of ten studies with a total number of 2634 patients with carotid-related neurologid symptoms 9 

demonstrated that the risk of recurrence of cerebrovascular events within the first days after a 10 

neurologic index event was as high as 6.4% (1.5-23.8), 19.5% (12.7-28.7) and 26.1% (20.6-32.5) after 2-3, 11 

7 and 14 days respectively.  197 Hence guidelines recommend to intervene promptly in symptomatic 12 

patients with a stenosis >50% considered suitable for intervention.  13 

In the 1990s, over 6000 patients with ASxCs stenosis were randomized in three trials to either carotid 14 

surgery plus medical therapy versus medical therapy alone.192-200  Successful carotid surgery halved the 15 

long-term risk of stroke, with clear benefits seen at five years after randomization and maintained at ten 16 

to fifteen years, even in patients on lipid-lowering therapy (Figure 3).113  In contrast to the symptomatic 17 

lesions, for asymptomatic stenoses the evidence that stroke risk increases with an increase in stenoisis 18 

severity (beyond a critical threshold; such as ≈60-70%) is less consistent,17,18  indicating a clinically-19 

relevant role of other lesional features.19,77,119 (cf., Suppl Table 2 in Appendix 2). 20 

Fig 3.  21 
ACCEPTED M

ANUSCRIP
T

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/advance-article/doi/10.1093/cvr/cvad135/7250075 by G

hent U
niversity user on 30 January 2024



30 

 1 

10 year results from ACST-1, showing effects of carotid revascularization on major clinical outcomes: A – 2 

perioperative stroke and death, B – non-perioperative stroke, and C –non-perioperative stroke in patients 3 

on lipid-lowering therapy (Adapted from ref 113). In patients on triple therapy before any stroke, at 5-15 4 

years there is no loss of early gain and the stroke risk curves continue to diverge, consistent with a lasting 5 

benefit of carotid revascularization.  6 

 7 

Carotid surgery (and CAS) expose patients to immediate risk, but this is offset by halving the long-term 8 

risk of stroke. Hence, two important factors must be considered before surgical intervention: first, 9 

whether the life expectancy is long enough (typically, at least 2 years)  to benefit from the intervention, 10 

and secondly the procedural risks, ideally assessed by an independent neurologist 30 days post -11 

procedure. As risks of carotid revascularization have decreased over the years (both for CEA and 12 

CAS)201,202, traditional thresholds for “acceptable” major complication rates (≤6% in symptomatic 13 

patients and ≤3% in asymptomatic patients) may no longer be applicable today. 202,203  14 

New thresholds should be established based on complication rates in contemporary trials and registries, 15 

taking into account characteristics of the treated populations.  16 
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In the two large symptomatic trials comparing surgery with medical therapy, men and women benefited 1 

equally following successful CEA. Women appeared to have a higher procedural risk than men, but this 2 

finding is not replicated in much larger and more contemporary registries (which provide better evidence 3 

of procedural hazards than trials). In a meta-analysis of the three major trials comparing carotid surgery 4 

with medical therapy alone in asymptomatic patients, men and women benefit equally from carotid 5 

intervention.204 Hence, gender is not relevant when considering whether or not to intervene in CarAD.  6 

 7 

Carotid artery stenting (CAS) 8 

CAS, a less invasive treatment for CarAD, has been evaluated in several large randomized trials, 9 

compared to CEA in symptomatic and then asymptomatic patients. The four major trials comparing CEA 10 

vs CAS in symptomatic patients, pooled in an individual patient data meta-analysis, show an increased 11 

absolute risk of peri-procedural stroke or death with 1st generation CAS (3.2% [95% CI 1.7%-4.7%]). This 12 

excess procedural risk seemed to be modified by age, with CEA safer than CAS in patients >70 years 13 

old.205  Meta-analysis of 6,526 patients (with a mean follow-up of 5.3 years) from 5 trials that had 14 

exclusive use of embolic-protection devices found that composite outcome of periprocedural death, 15 

stroke, myocardial infarction (MI), or non-periprocedural ipsilateral stroke was not significantly different 16 

between therapies (OR: 1.22; 95% CI: 0.94 to 1.59).206  However, the risk of any periprocedural stroke 17 

plus non-periprocedural ipsilateral stroke remained greater with CAS (OR: 1.50; 95% CI: 1.22 to 1.84).206  18 

The risk of higher stroke with CAS was mostly attributed to periprocedural minor stroke (OR: 2.43; 95% 19 

CI: 1.71 to 3.46).206  However, CAS was associated with significantly lower risk of periprocedural MI (OR: 20 

0.45; 95% CI: 0.27 to 0.75); cranial nerve palsy (OR: 0.07; 95% CI: 0.04 to 0.14); and the composite 21 

outcome of death, stroke, MI, or cranial nerve palsy during the periprocedural period (OR: 0.75; 95% CI: 22 

0.60 to 0.93).1206  Thus both meta-analyses205,206 found that stenting was associated with lower risks of 23 

myocardial infarction and cranial nerve palsy than CEA. In the post-procedural period, CEA and CAS both 24 
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provided similarly durable long-term protection against stroke, with an annual ipsilateral stroke rate of 1 

0.60% per year for CEA and 0.67% for CAS (Fig 4).207  2 

 3 

Fig 4.  4 

 5 

Kaplan-Meier estimates of clinical event rates in EVA3S, SPACE, ICSS and CREST: A – incidence of any 6 

stroke or death, B – incidence of major stroke, C – incidence of postprocedural stroke or death.  (Adapted 7 

from ref.207)  8 

 9 

Trials comparing CAS to CEA in asymptomatic patients have shown a slightly higher rate of procedure -10 

related strokes and deaths; however, no significant differences in major procedural complications. A 11 

numerical excess of procedural strokes (mostly minor) with CAS is offset by an increased risk of peri-12 

operative myocardial infarction with CEA. In ACST-2, there was no difference between CAS (that 13 

employed predominantly 1st generation stents)208  vs. CEA in death, myocardial infarction, or any stroke 14 

(3.2% CEA vs. 3.9% CAS, p=0.22), but there was a 1% increase in the risk of a non-disabling stroke 15 

associated with stenting (1.6% CEA vs 2.7% CAS, p=0.03).39  However, no difference between open 16 

surgery and endovascular treatment occurred in 30-day death or disabling stroke (1% CEA vs. 0.9% CAS, 17 

p=0.77).114  Five-year data from ACST-2 are presented in Fig 5. 18 

  19 

  20 
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Fig 5.  1 

 2 

Fundamental outcomes in ACST-2 trial that compared CEA and (predominantly  1st-generation stent208) 3 

CAS: A – the proportion of any stroke or procedural death, B – the proportion of fatal or disabling stroke 4 

or procedural death, C – the proportion of non-procedural fatal or disabling stroke. (Adapted from ref 114). 5 

 6 

Overall, the long-term outcomes of CEA and 1st generation CAS used to reduce stroke risk in 7 

symptomatic and asymptomatic carotid stenosis are similar (Fig. 4 – Fig 6). 8 

9 
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Fig 6.  1 

 2 

 3 

Tabular meta-analysis of post-procedural stroke onset rates in trials comparing CEA vs CAS  (adapted from 4 

ref 114).  5 

 6 

RCTs vs Registries 7 

Whilst randomised trials are essential for a reliable comparison of the long-term efficacy of CEA vs CAS, 8 

they present some drawbacks that are relevant to everyday clinical practice. One is that patients 9 

enrolled and randomized would be preselected, as others may not receive the offer to participate 10 

because of convictions the surgeon/interventionist may have with regard to the “better” option for a 11 

particular patient (selection bias). Also, surgeons/interventionists taking part in randomized trials may 12 

not represent the skills (and/or have access to equipment) of all others in real life. There is evidence that 13 

patients in routine clinical practice differ from RCT populations with respect to important characteristics, 14 

including age, comorbidities, and medications.209  Although the RCT conclusions are valid only for a 15 
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specific subgroup, they are often used for application in a broad population. 210 Hence the procedural 1 

risks observed in randomized trials may not be generalizable. In contrast to randomized clinical trials, 2 

registries reflect real-life management and thus have greater relevance to clinical practice at large.211  3 

Contemporary procedural risks are best assessed in large registries in several centres that can also 4 

capture recent technical and experiential advances. When applying data from CarAD studies to everyday 5 

clinical practice, clinicians need to ba aware that both RCTs and registries give very valuable, albeit 6 

different, information.211   7 

Rates of procedural complications from CEA have fallen over the past two decades due to a combination 8 

of improved adjuvant medical therapies, alteration in anaesthetic practice, better case selection and 9 

technical factors such as increased use of patching and centralisation of vascular services. 127 For CAS, 10 

technical developments combined with improved case selection and increased operator experience have 11 

led to a reduction in procedural stroke risks, as reported in several large high-quality registries.  12 

 13 

Surveillance after CAS and after CEA 14 

There is no srandomized or other strong evidence to support routine surveillance in all patients after CAS 15 

or CEA. 212 In general, the risk of restenosis is similar with carotd revascularization using the endovascular 16 

route or open surgery.213-215 In most cases restenosis is clinically asymptomatic, though presentations as 17 

stroke or TIA may occur,213-218  in particular with an “isolated” haemisphere and/or rapid progression of 18 

restenosis or thrombosis as a mechanism of lumen loss. Recent systematic review and a meta-analysis of 19 

20 RCTs indicated no increase increase in late ipsilateral stroke with restenosis after CAS but an increase 20 

in late ipsilateral stroke (OR 3.87, 95% CI 1.96-7.67; p < .001) with a significant restenosis (70%-99%).219 21 

For both CAS and CEA, optimal technical quality of the procedure and its final luminal result (along with 22 

patient compliance with postprocedural antiplatelet regimen) minimize the risk of thrombosis and 23 
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restenosis. Principal clinical risk factors for restenosis include, for both CAS and CEA: diabetes, 1 

dyslipidemia, female gender, chronic kidney disease, and smoking.216,220,221  Residual stenosis after the 2 

primary revascularization procedure is a principal angiographic risk factor for restenosis following CAS. 222 3 

With concerns regarding increased risk of cerebral embolism with single-layer stent optimization through 4 

the “cheese-grater effect” (along with perceived risk of plaque preparation-related embolism risk – 5 

hence popularity of primary stenting with 1st generation carotid stents), trials used to accept <50% 6 

residual stenosis as a technical and procedural success with 1st generation stent CAS. 223  There is recent 7 

evidence that lesion preparation in single-layer stent CAS may reduce per-procedural cerebral 8 

embolism,224 and  optimal lesion preparation tended to reduce 30-day ipsilateral stroke in the SPACE trial 9 

(4.4% vs. 8.1%, p=0.14; note that cerebral protection was not mandatory in SPACE). 225 In CEA, 10 

completion imaging plays an important role in ensuring procedure quality and minimizing risk of 11 

thrombosis and restenosis (see below).  12 

Post-CAS clinical and carotid duplex surveillance is typically performed at 1 month, 6 months, and then 13 

annually to assess for restenosis226 and, in patients with contralateral disease, to monitor lesion 14 

progression as this is assocated with an incrased risk of symptomatic transformation. In-stent velocity 15 

thresholds for “significant” (ie., ≥70%) restenosis that may require angiographic verification in the 16 

context of interventional management include peak-systolic velocity of ≥3m/s and end-diastoloc velocity 17 

of ≥1.4m/s,227 though the “normal” velocities may be affected by stent design relative to sits 18 

conformability (open-cell stents) vs. bending stiffness (closed-cell stents).228  Use of velocity criteria for 19 

non-stented artery in stent monitoring post CAS is disadvised as it leads to a significant overestimation of 20 

in-stent restenosis. Recent evaluation of 2637 CAS procedures with follow-up for 24-193 (median 67) 21 

months with DUS performed every 12-months indicated a relationship between stent design and in-stent 22 

restenosis, with the braided design as an independent risk factor for first and recurrent in -stent 23 

restenosis (OR = 2.71, p < 0.001 and OR = 3.11, p = 0.032 respectively for the braide d design vs. other 24 
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designs).229  Although neointimal hyperplasia is considered the fundamental mechanism of in-stent 1 

restenosis after CAS, 230,231  intra-stent progression of atherosclerosis may manifest as (usually late) “in-2 

stent restenosis”217,232 as 1st generation (single-layer) carotid stents that may fail to effectively 3 

sequestrate the atherosclerotic lesion,124,233,234  The prevalence of continued (intra-stent) plaque growth 4 

within single-layer stents requires further elucidation, similarly to the mechanism of increased (relative 5 

to CAS) risk of symptoms with post-CEA restenosis.219 In CEA patients, DUS surveillance may be offered 6 

particularly to those at an increased clinical risk of restenosis, and it is also considered reasonable in 7 

those with contralateral stenosis >50%.9 8 

Clinical follow-up with a formal neurologic examination plays an important part in assessment of peri-9 

procedural complications and long-term efficacy of carotid revascularization in ipsilateral stroke 10 

prevention. 226,227  Study-specific definitions of neurologic outcomes should be respected when 11 

comparing trial results.235  12 

Following CAS, DAPT is typically continued for 4-6 weeks if a single-layer stent is used9  (and up to 3 13 

months with “mesh” stents), after which single anti-platelet therapy is advised.189,190  In patients 14 

receiving CEA, clopidogrel (or low-dose aspirin) is usually administered on day 1 post-CEA and it is 15 

continued for 1-3 months.9,189,190  Patients after carotid irevascularization should receive guideline-16 

indicated medical therapy along with advice on life style modification, as appropriate for 17 

primary/secondary prevention of cardiovascular disease. 18 

 19 

Recent advances in CEA 20 

A recent meta-analysis demonstrated that the 30-day stroke and death rates after CEA have fallen from 21 

5.1% to 2.7% (symptomatic patients) and from 3.2% to 1.5% (asymptomatic patients) in studies 22 

completed before 2005 compared with those reporting up to 2016.201  Growing overall experience in 23 
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CEA, improved perioperative medical therapy, alteration in anaesthetic practice, intraoperative 1 

morphological control, specialist training in vascular surgery and improved hospital-related structural 2 

factors could all have contributed to this decline in complication rates.  3 

Antiplatelet Therapy: It is widely accepted that perioperative continuation of single antithrombotic 4 

therapy (usually aspirin 75-325mg daily) has contributed to lower stroke rates after CEA (and perhaps 5 

also to lower rates of perioperative myocardial ischemia), but it took time to convince the vascular 6 

surgical community that aspirin did not increase procedural risk (especially neck haematoma). 236 In 7 

Germany, a decade ago, ≈10% of all CEAs were performed without antiplatelet therapy, and this rate has 8 

now halved to ≈5 %.237  In a recent audit, early implementation of dual antiplatelet therapy (in the TIA 9 

clinic after CT/MR exclusion of parenchymal haemorrhage) was associated with a fivefold reduction in 10 

recurrent neurological events prior to expedited CEA and a fourfold reduction in spontaneous 11 

embolization min absence of any significant increase in major peri-operative bleeding complications.  238  12 

However, it is questionable whether the use of DAPT could further decrease post-operative stroke risk; a 13 

recent meta-analysis indicated that DAPT has no effect on the occurrence of ischaemic complications 14 

after CEA when compared to single antiplatelet regimens.  239 Importantly, DAPT may increase 15 

haemorrhagic complications of CEA.  240    16 

Statins: A systematic review from 2018 (six studies, 7053 patients) showed that statin users were at a 17 

significantly lower risk of periprocedural death after CEA when compared with statin-naïve patients 18 

(0.2% versus 1.3%).241  Perioperative stroke risk was, however, not statistically different   (1.4% versus 19 

3%).241  Additionally, a recent evaluation from the Vascular Quality Initiative (VQI, 97,835 CEAs) strongly 20 

indicated that statin users had a lower risk of in-hospital stroke or death (1.7% (no statin) vs statin 1.4% 21 

(statin); RR, 1.2; 95% CI 1.02-1.5).242 At 5 years, no statin therapy at discharge was associated with higher 22 

5-year mortality after CEA (15% vs 10%; HR, 1.8; 95% CI, 1.6-2).242  23 
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Blood pressure management: Strict hypertension management is important for CEA. Hyperperfusion 1 

syndrome and intracranial bleeding are in most cases preceded by an uncontrolled rise in blood 2 

pressure. In a single-centre study of consecutive patients, strict postoperative blood pressure control (up 3 

to 24 to 48 hours) decreased the risk of HS from 0.9% to 0.2%.243  Vascular surgical units should therefore 4 

have written criteria for postoperative blood pressure control. European carotid guidelines recommend 5 

continuing antiplatelet and statins  before and after CEA and strict control of perioperative blood 6 

pressure.9,187 7 

CEA under Local anaesthesia (LA): A recent meta-analysis (31 studies, 152 376 patients) demonstrated 8 

that LA was associated with a 24% reduction in stroke risk (OR 0.76; 95%CI: 0.62-0.92), 41% reduction in 9 

cardiac complications (OR: 0.59; 95% CI: 0.47-0.73) and a 28% reduction in inpatient mortality (OR: 0.72; 10 

95% CI: 0.59-0.90).244  However, an updated Cochrane Review (16 RCTs, 4,839 patients) of patients 11 

undergoing CEA under LA or general anaesthesia (GA) , did not show any clear difference in 30-day 12 

stroke and death rates (3.5% vs. 4.1%, OR: 0.85; 95% CI: 0.62-1.16; p=0.31).245  13 

The type of cervical block can play a role; the current, safer standard of care is superficial/ intermediate 14 

block performed under ultrasound control.246,247 The Carotid Stenosis Trialist Collaboration analysis 15 

found a 30% relative risk reduction of 30-day stroke/death rates in symptomatic patients operated under 16 

LA.248  In CREST-1, CEA under LA was associated with a lower risk of myocardial ischemia, similar to 17 

CAS.249 Finally, a recent RCT found that silent cerebral ischemia detected by MRI was more common after 18 

GA-CEA than LA-CEA (17.1% vs. 6.7 %).250   19 

In summary, recent data indicate that LA with ultrasound-guided cervical blockage is probably safer than 20 

CEA under GA. Therefore, European guidelines now recommend that vascular units should offer both GA 21 

and LA anaesthetic options for CEA.9,203 22 
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Intraoperative quality control (completion studies): A recent systematic review has analysed the benefit 1 

of using intraoperative completion studies by angiography, DUS, angioscopy and/or flowmetry compared 2 

to no intraoperative completion.  251  Pooled analysis showed angiography to be significantly associated 3 

with a lower risk of stroke or death (RR 0.76; 95%CI, 0.70–0.83). Intra-operative DUS was also associated 4 

with lower stroke or death risk (RR 0.83; 95% CI, 0.74–0.93) and angioscopy with lower stroke risk only 5 

(RR 0.48; 95% CI, 0.033–0.68). Meta-analyses confirmed lower perioperative stroke or death rates for 6 

angiography and intra-operative DUS.153  These data strongly indicate a significant beneficial effect of 7 

intraoperative completion studies on perioperative CEA outcomes. Consequently, this historical 8 

controversy is clarified by the most recent European CEA guideline recommendation to consider the use 9 

of intraoperative completion imaging in order to reduce the risk of peri-operative stroke.9,203 In many 10 

centres, intra-operative DUS is now the preferred mode.  252  11 

Role of speciality in vascular surgery: A recent systematic review and meta-analysis (26 studies up to 12 

2017) showed that for CEA performed by vascular surgeons compared with neurosurgeons, there was a 13 

lower unadjusted risk of stroke and death (RR, 0.63; 95%CI, 0.46-0.86).253   There was a similar finding 14 

when vascular surgeons were compared with general surgeons (RR, 0.81; 95%CI, 0.66-0.99).253  Canadian 15 

nationwide analysis found a higher 30-day stroke or death rate in CEA patients treated by neurosurgeons 16 

(4.1%; adj. OR, 1.27; 95%CI, 1.00-1.61) and cardiac surgeons (4.4%; adj. OR, 1.54; 95%CI, 1.04-2.30) when 17 

compared with vascular surgeons (2.9%).254  18 

In Europe, vascular surgery  guidelines recomend that CEA should be performed only by trained vascular 19 

surgeons.9,203  In the USA, however, CEA remains a key component of neurosurgery residency training as 20 

an open extracranial cerebrovascular procedure required in the curriculum (the resident “must able to 21 

perform”,  considered essential for the area of practice).255 Thus in the USA neurosurgeons, covering the 22 

whole spectrum of acute and elective cerebrovascular disease, continue to perform, using a “tailored” 23 
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approach, quailty CEAs in primary and secondary stroke prevention and (in the rare cases that may 1 

require surgical approach) in acute carotid-related stroke. 256   2 

Hospital-related structural factors: There is evidence that hospital-related structural factors can improve 3 

CEA outcomes: in a recent systematic review, larger hospitals were associated with lower mortality and 4 

stroke rates, as well as cardiac events, when compared with smaller hospitals (less than 130 beds). 5 

Adherence to established clinical pathways was also associated with reduced stroke and cardiac event 6 

rates. Large surgical intensive care units (≥7 beds) and dedicated intensivists were also associated with 7 

decreased mortality and stroke rates after CEA. The German-Austrian carotid guidelines give specific 8 

recommendations on appropriate hospital structure for undertaking CEA, including the availability of 9 

intraoperative angiography and/or duplex sonography, 24-h availability of a specialist in vascular surgery 10 

and of a neurologist/vascular specialist experienced in the treatment of cerebral ischemia, 24-h 11 

availability of DUS, CTA or MRI and 24-h availability of an endovascular service. Additionally, monitoring 12 

options (intermediate care, intensive care unit, stroke unit) should be available, including 24-h 13 

availability of treatment for intracranial oedema and bleed.203 14 

 15 

Recent advances in CAS    16 

The early randomized trial experience (CAVATAS, SPACE, EVA-3S, ICSS) comparing CAS and CEA has been 17 

burdened by (i) the limited experience of the interventionalists performing CAS, (ii) limited and/or 18 

inadequate use of devices protecting the brain against intra-procedural embolism and (iii) inability of the 19 

1st generation (single-layer) carotid stents to sequestrate the carotid plaque, resulting in intraluminal 20 

prolapse of the atherothrombotic material after stent placement and translating into a relative excess of 21 

non-disabling strokes by 30 days.257-266   Improved (ie., plaque-sequestrating) stents, better cerebral 22 

protection, and safer access (using trans-radial stenting or trans-carotid rather than trans-femoral route) 23 

may all contribute to a reduction in the procedural complications of CAS.233 24 
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Cerebral protection in trans-femoral (TF) CAS: Both surgical (CEA) and endovascular (CAS) management 1 

of carotid stenosis generate cerebral embolism.267,268  With 1st generation carotid stents (single-layer 2 

stents) that may fail to seal the atherosclerotic plaque,233,259-261  the risk of per- and post-procedural 3 

cerebral embolism is greater than with surgery that largely removes the embolic material. 267,268  4 

Cerebral protection systems (distal – such as filters, and proximal – transient flow clamping and/or 5 

reversal) were developed to minimize procedural cerebral embolism in CAS. 269  Distal filters were used 6 

widely (though not necessarily in all patients) in most clinical trials of CAS vs CEA. In EVA-3S, the risk of 7 

stroke or death within 30 days after CAS was lower in those treated with cerebral protection devices 8 

(relative risk [RR] 0.38; 95%CI 0.17 to 0.85);258,270 a finding confirmed in a systematic review focused on 9 

cerebral protection use in major randomized studies (45% reduction in 30-day risk of stroke or death (RR 10 

0.55; 95%CI 0.41 to 0.73).258 In the absence of large-scale randomized trials of protected versus 11 

unprotected CAS, large-scale registry data show reduced peri-procedural stroke rates when intra-12 

procedural cerebral protection is used.271   13 

Randomized evidence comparing different cerebral protection methods (distal filters, proximal 14 

protection with balloon-arrest or flow-reversal) suggests that proximal protection is superior to distal 15 

filters, reducing cerebral embolization of particles, monitored by trans-cranial Doppler or observed post-16 

procedurally on DW-MRI.272-275 17 

Distal filters may cause embolization of plaque material during lesion crossing whereas lesion crossing is 18 

protected when proximal systems are used. Hence, proximal balloon-occlusion (that may be enhanced 19 

with transient flow reversal) may be safer. The use of flow-reversal may reduce embolization during all 20 

stages of the procedure, and continuous removal of plaque debris might prevent embolization when 21 

antegrade flow is restored. Some patients may be intolerant to transient flow cessation/reversal but 22 
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intolerance should not lead to aborting cerebral protection, as transient intolerance does not increase 1 

the peri-procedural stroke risk.   2 

Stent Design (2nd Generation Stents / dual-layer stents / “mesh” stents):  After the embolic protection 3 

system has been removed, the stent is the main line of defence from embolic and thromboembolic 4 

complications arising from the newly remodelled plaque.276  With single-layer carotid stents, plaque-5 

related cerebral embolism continues to occur post-procedure124,272 and accounts for up to two- thirds of 6 

the minor strokes observed in CAS trials.264-267  7 

Atherosclerotic plaque prolapse through the stent struts is associated with asymptomatic and 8 

symptomatic cerebral embolism,260 and is not eliminated with the conventional (single-layer) closed-cell 9 

stent design.260,261  Effective plaque isolation has thus become a key focus for CAS innovation.262,263,277 10 

Dual-layer “mesh” stents are designed to minimize and control plaque prolapse. 123,278,279  In a recent 11 

randomized study of a micronet-covered stent appropriately powered for reduction of DW-MRI cerebral 12 

embolism, embolic lesions were reduced by ≈50%, total embolic load to the brain was reduced by ≈80%, 13 

and permanent cerebral infarct numbers fe ll by ≈70% when compared to a conventional carotid stent 14 

(the CREST study device).124  While the postprocedural cerebral embolism was totally eliminated with the 15 

micronet-covered stent; in contrast, it persisted with the CREST study device.124 12-month data from that 16 

study indicated a reduction in a combined adverse endpoint of death/stroke/myocardial infarction or 17 

restenosis/occlusion, suggesteing that a plaque-sequestrating stent might be associated with a clinical 18 

benefit.280 A meta-analysis with clinical outcomes including 68 422 patients from 112 (mostly 19 

observational) studies supports this imaging-based RCT.281  “Mesh stents” show fundamental design 20 

differences that translate into their mechanical properties278,282-284  and may affetct outcomes such as the 21 

rate of in-stent restenosis.284-286  Indeed, recent systematic reviews and meta-analyses support lack of a 22 
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clinical “class effect” of dual-layer carotid stents.281,286 Raw clinical event rates in 2nd generation (dual-1 

layer, “mesh”) carotid stents are shown in Suppl Table 4 (Appendix 4). 2 

Safer Access: Trans-radial (TR) CAS:  Recently, TR access for CAS (being “less” invasive than TF) has been 3 

gaining popularity. It largely avoids the aortic arch (a common source of peri-procedural 4 

embolization)287,288  and is particularly popular with cardiologists287,288  and neuro-interventionalists.289  5 

TR CAS is safe290, and TR access may be preferred by patients.291 6 

Trans-carotid stent-assisted revascularization under dynamic flow reversal (TCAR):   7 

Trans-carotid access for CAS (Suppl Fig 5 in Appendix 5) entirely bypasses the aortic arch and, thus, any 8 

cerebral embolism arising from arch cannulation.292  Recently, the technique has gained popularity, 9 

particularly in the USA. However, a lack of prospective randomized evidence comparing TCAR with TFCAS 10 

with independent neurological or MRI-DWI assessments precludes, at present, any routine 11 

recommendation for TCAR (Suppl Table 5A and 5D in Appendix 5). Nevertheless, based on available data 12 

patients at high surgical risk and concomitant severe aortic or femoral artery pathology may be best 13 

treated using TCAR (Suppl Table 5C in Appendix 5). However, TCAR has specific anatomical 14 

considerations and requires a disease-free common carotid artery; thus, patients in TCAR studies may be 15 

somewhat different than those in CEA (or TFCAS) studies.  With those limiations in mind, data from the 16 

Vascular Quality Initiative TCAR Surveillance Project registry suggest that TCAR hmay be associated with 17 

a lower risk of stroke or death in comparison to 1st-genaration stent TFCAS, and similar in-hospital stroke 18 

or death rate when compared to CEA. Thus TCAR has the potential to become the preferred treatment 19 

modality in higher-risk patients with (a)symptomatic carotid artery stenosis due to clinical and/or 20 

anatomic factors (Suppl Table 5B and 5C in Appendix 5). Patients with high lesions (extending cranially to 21 

the second cervical vertebra), cervical spine immobility, post-CEA restenosis, prior neck irradiation and 22 

hostile neck may have a lower risk of TIA or perioperative stroke period and at 30-days when treated 23 

with TCAR (Suppl Table 5C in Appendix 5). Nevertheless, specific anatomical requirments for TCAR 24 
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(including, though not limited to, the need for a ≥5cm clavicle -carotid bifurcation distance and minimal 1 

to no common carotid artery puncture-site atherosclerosis) need to be taken into consideration. Ideally, 2 

comparisions should be made in patients suitable for using the techniques being compared.  3 

Randomized or large multicentre prospective trials with independent neurological and radiographic 4 

adjudication are needed to compare TCAR with TFCAS, CEA and/or best medical therapy strategies not 5 

only in high-surgical-risk patients but also in normal-risk patients. (see Suppl Table 5D in Appendix 5; 6 

also, for a more detailed list of TCAR references see Appendix 5).  7 

Currently, TCAR is viewed in Europe as a promising technique, but its benefits still need appropriate 8 

demonstration through RCT prior to recommending TCAR as an alternative to CEA in patients with 9 

symptomatic carotid stenosis.12 This is relevant as in a recent meta-analysis of TCAR using a 1st  10 

generation stent, symptomatic patients had a substantially higher risk of early stroke/TIA than 11 

asymptomatic patients (2.5% vs 1.2%; odds ratio [OR] 1.99; 95% CI 1.01 - 3.92).293   Similarly, in a Vascular 12 

Quality Initiative analysis from 18,477 patients (62.0% asymptomatic) undergoing TCAR using a 1st 13 

generation stent,  there was also a higher odds of stroke/death in patients with a recent stroke (odds  14 

ratio [OR], 2.8; 95% confidence interval [CI], 2.1-3.7; P < 0.01), a recent hemispheric TIA (OR, 2.0; 95% CI, 15 

1.3-3.0; P < .01), and former symptoms (OR, 1.6; 95% CI, 1.1-2.5; p=0.02).294 Multivariate analysis of 750 16 

consecutive TCAR cases in two high-volume centres indentified symptomatic carotid lesion as an 17 

indpenedent predictor of stroke or death by 30 days (OR 14.49; 95% CI 1.80-116.94; p = 0.01),295  18 

suggesting room for improved containment of the atherosclerotic plaque in TCAR.  296  19 

Recent real-world analysis of 340 patients treated using TF vs TC access in CAS (both with 1st generation 20 

stents) in Europe failed to confirm the advantages of the transcervical approach 297 but larger prospective 21 

series are needed, including those combining the dynamic flow reversal in TCAR with anti-embolic stents 22 

to minimize post-proceural clinical events resulting from plaque/thrombus prolapse into the lumen 23 
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through single-layer stent struts.260,262  1 

Percutaneous transcarotid (rather than surgical – as in TCAR) access, used as a bailout in emergent 2 

stroke treatment, is associated with a complication rate that may reach nearly 20%  particularly in 3 

absence of use of a hemostatic closure device (OR 3.04, 95%CI 1.03 to 8.97; p=0043);298  however, 4 

routine use of ultrasound to perform the transcutaneous puncture and device improvements may 5 

facilitate the direct carotid access for CAS (and cerebrovascular interventions) in the future.  6 

 7 

Recent progress in peri-CAS DAPT: CAS with Ticagrelol (rather than Clopidogrel) as an add-on to ASA  8 

PRECISE-MRI (Prevention of Cerebral Ischaemia in Stent Treatment for Carotid Artery Stenosis – A 9 

randomised multi-centre phase II trial comparing Ticagrelor versus Clopidogrel with outcome assessment 10 

on MRI) examined ticagrelor in relation to clopidogrel as an add-on to aspirin in preventing ischemic 11 

brain lesions during CAS using predominantly single-layer stents. The trial enrolled patients with ≥ 50% 12 

symptomatic or asymptomatic carotid stenosis undergoing CAS in line with local guidelines. After a 13 

baseline MRI scan and clinical examination, the patients were randomized to ticagrelor or clopidogrel 14 

plus aspirin 1 to 3 days before undergoing CAS. Ticagrelor was administered with a loading dose of 180 15 

mg followed by a twice-daily 90-mg maintenance for 1 month. Clopidogrel was given with a 300-mg 16 

loading dose followed by a once-daily 75-mg maintenance dose. All patients also received daily aspirin 17 

(100 mg). A second MRI and clinical examination were performed at 1 to 3 days post-CAS, with a third 18 

set of examinations performed at 28 to 32 days after the procedure.  299  Efficacy analysis (n=172 patients, 19 

mean age 69.5 years, 71% male, 55% symptomatic stenosis) revealed no significant difference in the 20 

primary efficacy outcome of the presence of ≥ 1 new ischemic brain lesion on follow-up MRI at 1-32 days 21 

post procedure (74.7% for patients given ticagrelor vs 79.8% with clopidogrel, p=0.43). However, there 22 

was a significant 37% reduction in the number of new ischemic lesions, at a median of 2 (interquartile 23 

range [IQR] 0.5 - 5.5) with ticagrelor versus 3 with clopidogrel (IQR 1 - 8); an exponential beta value of 24 
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0.63 (95% CI, 0.42 - 0.95; p=0.027). Ticagrelor was also associated with a significant reduction in the total 1 

volume of lesions, at a median of 66 µl (IQR 2.5 - 2.19) versus 91 µl (IQR 25 - 394) for clopidogrel 2 

(p=0.030). Patients assigned to ticagrelor also had a lower rate of the primary clinical safety outcome – a 3 

composite of stroke, myocardial infarction, major bleeding, or cardiovascular death (2.9% versus 7.8%; a 4 

relative risk of 0.36 [95% CI, 0.08 - 1.20]), driven primarily by the reduction in rates of post-CAS stroke. 5 

Ticagrelol use was not associated with any increase in haemorrhagic lesions or microbleeds after CAS.  6 

Results from PRECISE-MRI suggest that ticagrelol may be be a safe alternative to clopidogrel as add-on to 7 

aspirin to cover CAS procedures, and that replacing clopidogrel with ticagrelol might reduce cerebral 8 

embolism in CAS.299  9 

 10 

Volume-outcome relationship in CEA and CAS 11 

For both CEA and CAS there is a inverse relationship between the volume of carotid interventions 12 

performed (both per operator and per centre) and the 30-day risk of stroke and death (Table 1).  13 

For CEA, an observational study in the USA suggested a yearly threshold volume of 79 cases per centre 14 

was associated with improved procedural stroke and death rates,300 whereas a similar analysis of the UK 15 

data suggested a threshold of 35 cases per centre.  300 This lower figure might be explained by the 16 

preponderance of symptomatic carotid cases in the UK compared to the US, and 35 cases per centre per 17 

year is the current national recommendation for centre volumes of CEA in the UK.  301 18 

A systematic review and meta-analysis of 87 articles showed a lower risk of death or stroke following 19 

CEA with high operator volume (adj. OR 0.50; 95%CI 0.28-0.87) and high hospital volume (adj. OR 0.62; 20 

95%CI 0.42-0.90) 302  (Table 1). 21 

 22 
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Table 1. Relationship between annual volumes and the 30-day stroke/death rate after CEA and CAS 1 

(according to Ref. 302)  2 

 High vs low volume 
operators 

Threshold High vs low volume 
hospitals 

Threshold 

Carotid Endarterectomy (CEA) 

69 studies  

OR 0.50;  

95% CI 0.28–0.87 

>12 - >40 RR 0.62;  

95% CI 0.42–0.90 

>40 - >123 

Carotid Artery Stenting (CAS) 
21 studies 

OR 0.43;  
95% CI 0.20–0.95 

6 - >40 OR 0.46;  
95% CI 0.26–0.80 

27 - >122 

 3 

 4 

Due to a variety of thresholds in individual studies, a recommended minimum number of CEA per 5 

hospital or per surgeon is difficult to establish. The Vascular Society of Great Britain and Ireland currently 6 

recommends a minimum hospital volume of 35 CEAs annualy301 while the German-Austrian guidelines 7 

recommend that hospitals perform at least 20 CEAs annualy.303  8 

TFCAS appears to have a steep learning curve, with a lifetime threshold of 72 cases necessary to achieve 9 

competence in one study, but, given the pace of evolution of CAS as a technology and shifts in clinical 10 

practice and case selection, centre or operator volume thresholds for better procedural outcomes are  11 

not clear.304-309  A recent systematic review of 87 studies published up to 2017 demonstrated significantly 12 

lower perioperative stroke and death rates for surgeons, endovascular specialists and hospitals with high 13 

annual volumes. However, thresholds for better or worse outcomes differ widely (Table 1).302,310-312  14 

The ESC, SVS, ESO, and ESVS carotid guidelines do not give specific recommendations on a preferred CEA 15 

technique or a minimum number of CEA or CAS procedures for individual operators or hospitals .8,10,301 16 

However, recent German-Austrian recommendation includes a minimum CEA centre volume of 20 17 

cases/year and a minimum CAS centre volume of 10 cases/year.  303 These minimal thresholds, however, 18 

may not be sufficient to ensure competent procedures and optimal outcomes of CEA and CAS.  19 

In summary, both CEA and CAS are best performed by high-volume physicians in high-volume hospitals. 20 
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Simulation training in CAS and CEA 1 

The most typical learning curve for both CEA and CAS is estimated to be 50-80 cases. 314,315  Simulators 2 

are useful for both open and endovascular carotid  training, and for both standard and complex 3 

interventions.316-319  Simulator training on pulsatile vascular models significantly improves surgical skills 4 

and the quality of carotid patch plasty.320  Despite reported limitations in research methods, there is 5 

consistent evidence from systematic reviews321-323 and randomised studies324-326 that simulator-based 6 

training, including formative feedback, may improve both technical and non-technical clinical skills, 7 

preventing avoidable mistakes and that the learning effect can then be transferred to the clinical 8 

environment. The few studies that evaluated the effects of simulation training on patient outcomes 327-332 9 

showed either improved patient-related outcomes or no difference compared to patient-based training, 10 

indicating that simulator training is of value and without risks for patients. Patient-specific simulation 11 

and the feasibily to rehearse emergent procedures and management of complications may be of 12 

particular value.325-328,333-336  13 

Delphi panels, grading metrics, and CE-marked/FDA-approved modules for case rehearsal aim to assure a 14 

quality standard for CAS rehearsal.333,334  Recent guidelines incorporate simulation training as part of the 15 

credentialing in neurovascular procedures, including tandem lesions. 128,129  16 

 17 

DECISION-MAKING IN CAROTID ATHEROSCLEROTIC DISEASE 18 

Role of the Multidisciplinary Team (Neuro-Vascular Team) and the Patient 19 

The treatment of most vascular diseases (eg., coronary, valvular heart disease, peripheral arterial 20 

disease) is increasingly a multi-speciality task. Similarly, the management of acute stroke has become 21 

more multi-speciality, a trend accelerated by the move towards endovascular thrombectomy for large 22 

vessel stroke. Patients at risk need to be discussed by a multidisciplinary Neuro-Vascular Team. A 23 

neurologist/stroke specialist can evaluate the causal link between the carotid stenosis and presenting 24 
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stroke, a vascular surgeon (together with an anaesthetist) can assess suitability for surgery, and an 1 

interventionalist can assess suitability for stenting. Then, the multi-disciplinary team can weigh up the 2 

advantages and disadvantages of medical therapy alone, carotid stenting or carotid surgery. All 3 

treatment options should then be discussed with the patient, thereby allowing individualized, fully -4 

informed, decision-making. Involving the patient (see Central Illustration) and, with consent, their carers 5 

or family, in the decision-making process may also help with long-term adherence to medical therapy 6 

that plays an important part in the long-term efficacy of the intervention.  7 

Balancing the benefits and risks of intervention is particularly important when conside ring asymptomatic 8 

carotid intervention, and in contrast to the rapidity of decision-making required for acute stroke cases, 9 

where ‘time is brain’, all ASxCS cases being considered for intervention should be discussed by a multi-10 

disciplinary team, ensuring that the risks of intervention are low, and justified when compared with the 11 

lifetime risk of stroke if the patient were managed with triple medical therapy alone.   12 

CAROTID STENOSIS IN SPECIFIC CLINICAL SCENARIOS 13 

 14 

Acute carotid-related stroke: isolated proximal internal carotid occlusion stroke and “tandem lesion” 15 

stroke   16 

Tandem strokes, defined as acute ischemic events in a carotid territory presenting with an extra-cranial 17 

internal carotid artery stenosis or occlusion, and a co-incident ipsilateral large vessel occlusion, account 18 

for at least 25% of all stroke cases.336-339  In fact, approximately 50% of all extracranial internal carotid 19 

artery (ICA) occlusions presenting as acute stroke will have a middle cerebral artery occlusion as well 20 

(“tandem” lesions); the other 50% are isolated occlusions of proximal ICA.340-344 21 

The clinical presentations of carotid-related strokes, although very similar to strokes caused exclusively 22 

by intra-cranial occlusions, range from a transient ischemic event to a major stroke causing significant 23 

neurologic disability. With the large volume of affected cerebral tissue, carotid-related strokes are often 24 
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disabling or fatal. Indeed, a larger clot burden is seen in carotid-related strokes, and these strokes poorly 1 

respond to thrombolytic therapy (recanalization rates may not exceed 10%)345-347  and tend to have a 2 

poorer prognosis in terms of permanent disability (ranging from 40-69%) and death (seen in 16-55% of 3 

cases), and a good recovery seen in only 2-12% of cases.341,342  The large clot volume also impedes the 4 

delivery of tPA to the intracranial vasculature and reduces its efficacy.341,342 In carotid atherothrombosis, 5 

the presence of an ipisilateral MCA occlusion usually is related to an artery-to-artery embolism, with 6 

platelet-rich lytic-resistant clot generated at the carotid plaque.348 Carotid lesion-related  strokes show 7 

poor recanalization rates with thrombolysiseven if the (atherosclerotic lesion-containing) carotid artery 8 

is patent.349   9 

None of the pivotal clinical trials of mechanical thrombectomy for acute ischaemic stroke randomized 10 

patients with isolated extracranial carotid artery occlusions, and only a 2 studies allowed to enroll 11 

patients with “tandem” lesions.350  Despite the HERMES meta-analysis which showed that the 12 

endovascular thrombectomy has an equivalent therapeutic effect in patients with isolated intracranial 13 

oclusions and tandem occlusions,337  there is a lack of randomized data regarding management of acute 14 

extracranial stenosis or occlusion (particularly if “isolated”; ie., in absence of concomitant intracranial 15 

large vessel occlusion).  351  As the overall need for (and patient benefit from) emergency cerebral vessel 16 

recanalization in acute ischaemic stroke is evident, it is highly unlikely that any randomized trial evidence 17 

focused specifically on carotid-related stroke revascularization would be generated, particularly as 18 

randomizing patients with carotid-related stroke to intervention vs. no intervention would be considered 19 

unethical. With the overall progress of the field, it would be thus unreasonable today to expect level-1 20 

evidence for revascularizing (vs not revascularizing) carotid-related stroke on an emergency basis, if the 21 

patient presents with viable cerebral tissue. Furthermore, the endovascular treatment horizons – now 22 

expanding to larger cores352 – are anticipated to soon reach carotid-related stroke management.   23 
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2021 European Stroke Organization guideline on revascularization for carotid artery stenosis did not 1 

address carotid revascularization done as part of acute stroke therapy;8 however, based on evidence 2 

suggesting that recanalization is key for improved outcomes, emergency carotid lesion treatment should 3 

be performed both in “isolated” carotid (sub)occlusions and in tandem lesions. 127,352  As in carotid-related 4 

stroke recanalization rates are low with intravenous thrombolysis,  345-349 mechanical reperfusion 5 

therapies are a powerful therapeutic option (Suppl Tab 6A and 6B in Appendix 6). 127,353  Endovascular 6 

extracranial carotid revascularization (with mechanical thrombectomy, MT, in case of coexisting 7 

intracranial large vessel occlusion) is associated with higher recanalization rates and markedly improved 8 

functional outcomes compared with thrombolysis.354-357  Endovascular treatment strategies for tandem 9 

strokes include MT with or without CAS or balloon angioplasty for extracranial 10 

thrombotic/atherosclerotic burden. No consensus exists regarding the order of intervention, i.e., 11 

stenting first or thrombectomy first;357,358  thus, in real life, this is driven by case-specific anatomic and 12 

lesional factors. For details see (Suppl Tab 6C in Appendix 6).  13 

Scarce data suggest that emergency CEA may be a valid therapeutic option in selected patients with 14 

carotid-related acute stroke;359-361  however, worse outcomes have been reported for CEA accompanied 15 

by cerebral endovascular intervention.362 16 

 17 

Stroke in patients with both carotid disease and atrial fibrillation 18 

High-grade carotid stenosis is present in around 10% patients with non-valvular AF363 and aroud 10% of 19 

patients in all-comer CarAS revascularization registries have AF.363-365   In stroke patients with carotid 20 

stenosis and AF, the cerebral infarct is more often on the side ipsilateral to the carotid lesion, 366  21 

consistent with a mechanistic role of CarAS.   22 
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In the ROCKET-AF trial comparing rivaroxaban versus warfarin in patients with AF, co-existing carotid 1 

artery disease did not increase stroke risk.367  Thus, there is no evidence to support the addition of 2 

aspirin to oral anticoagulation in patients with ASxCs stenosis and concomitant AF. In patients with a 3 

stroke or TIA who have an ipsilateral carotid stenosis and AF, it may be a challenge to identify the true 4 

underlying cause. Arguments for carotid aetiology include a severe degree of stenosis, clinical or imaging 5 

evidence for repetitive ipsilateral emboli, or imaging features of plaque instability. Reviewing patterns of 6 

cerebral ischaemia on DWI may be particularly useful if additional acute lesions are present in brain 7 

areas supplied by the contralateral carotid artery or in the vertebrobasilar territory, which is consistent 8 

with a proximal (i.e. aortic or cardiac) source of embolism.368 Patients with symptomatic carotid stenosis 9 

and concomitant AF may benefit from temporarily adding antiplatelet therapy to prevent early recurrent 10 

stroke before carotid revascularisation or during the first few weeks and up to three months of 11 

conservative management, but a careful assessment of bleeding risks and anti-thrombotic benefits is 12 

essential. A recent retrospective analysis in 5708 patients with AF and CarAD after ischaemic stroke 13 

suggested that the use of a NOAC without an antiplatelet agent(s) was associated with a lower risk of 14 

major bleeding with no negative impact on recurrent stroke or mortality.369  However, evidence from 15 

randomised trials is needed to confirm this finding.  16 

Cardiac surgery in patients with significant carotid stenosis 17 

The procedural stroke risk during or shortly after coronary artery bypass graft (CABG) is around 1-2%. 18 

But, for the ≈5% of patients undergoing CABG who also have a tight (ie., >80%) ICA stenosis, the risk of 19 

perioperative stroke is markedly elevated, at around 9%.370-376   Significant predictive factors for post-20 

CABG stroke include: (i) carotid bruit (OR 3.6, 95% CI 2.8-4.6), (ii) prior stroke/TIA (OR 3.6, 95% CI 2.7-4.9) 21 

and (iii) severe carotid stenosis (OR 4.3, 95% CI 3.2-5.7).370,371 However, not all such strokes are directly 22 

related to carotid stenosis, and other mechanisms (e.g., clamping/de-clamping of the aorta) may 23 
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contribute to stroke risk.370,371,377  In patients undergoing cardiac surgery, stroke risk is higher in bilateral 1 

CarAD (stroke risk increase from 3% in unilateral CarAD to 5% in bilateral CarAD),370,371  and yet greater in 2 

patients with recent neurologic symptoms. There is no randomized evidence to guide practice when 3 

considering prophylactic carotid revascularization in patients undergoing CABG. Symptomatic carotid 4 

stenosis patients should have synchronous or staged carotid intervention.  378  For asymptomatic disease, 5 

bilateral high-grade stenosis or unilateral severe stenosis with contralateral occlusion may benefit from 6 

carotid intervention that is usually performed prior to cardiac surgery.379,380  The timing and sequence of 7 

revascularization are influenced by the symptom status of the patient, the severity of disease, and the 8 

urgency of revascularization.226  There is general agreement that patients with symptomatic carotid 9 

stenosis (peri-CABG stroke risk 8.5% in case of the carotid stenosis unaddressed) require carotid 10 

revascularization in the context of cardiac surgery.370,381,382 Extreme-risk, unstable patients with 11 

symptomatic carotid stenosis may benefit from simultaneous single-stage cardiac surgery and 12 

endovascular carotid revascularization with carotid lesion sequestration (micronet-covered stent) under 13 

open-chest cardiopulmonary bypass383 but larger-scale comparative studies are needed to determine 14 

optimal management in these patients.  15 

Routine revascularisation is not recommended in unilateral ASxCS prior to or synchronous with 16 

CABG.384,385   Patient-centered advice by a combined Heart Team and Neurovascular Team are 17 

encouraged, taking into consideration patient-specific factors (clinical presentation, cerebral and carotid 18 

imaging, lesion severity and characteristics) in the context of local feasibilities and expertise257,386,387 (see 19 

Central Illustration).  Some, but not all, cardiac surgery centres perform routine carotid DUS evaluaton 20 

prior to cardiac surgery to risk-startify the patients and tailor management.387,388  Carotid bruit, age 21 

greater than 65 years, peripheral arterial disease, history of TIA or stroke, smoking, or left main coronary 22 

artery disease are associated with an increased risk of carotid stenosis that may require 23 

revascularization.7,226 24 
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 1 

EVIDENCE NEEDS, ON-GOING STUDIES, AND  EMERGING RESEARCH AREAS  2 

Screening for carotid stenosis:  whether, whom, and how?                          3 

There is an ongoing debate on the role of screening for ASxCS in preventing ischaemic stroke. 389,390 There 4 

is no doubt that screening for AsxCS may expose health systems to additional costs.389 But, identification 5 

of large numbers of patients with carotid stenosis may enable the use of evidence -based triple medical 6 

therapy to substantially reduce overall cardiovascular risk.103,391-393  A proportion of patients may be at a 7 

particularly high risk for stroke, and intervention can then be discussed at a multi-disciplinary (Neuro-8 

Vascular) team session, and intervention considered (taking into account preferences of the patient). 386  9 

A selective screening for AsxCS172, targeting a population at increased risk of prevalent disease (Suppl 10 

Tab. 8 in Appendix 8) includes determining the target population, determining the screening method, 11 

and establishing validated prognostic risk scores in AsxCS (such as CHA2DS2-VASC in AF)171,172. A recent 12 

survey of clinical practice of 223 respondents from 46 countries revealed that the first-line carotid 13 

imaging modality was an ultrasound, CTA and MRI, respectively, in 88.8%, 7% and 4.2% for 14 

asymptomatic disease394 and some propose DUS393  or MRI395 as a first-line screening tool.  15 

Twelve prediction models aiming to identify high-risk populations and detect ACS were developed in five 16 

studies (Suppl Tab. 8 in Appendix 8). The most reliable risk factors were diabetes, hypertension, history 17 

of cardiovascular disease and dyslipidaemia.  Recent analysis of 400 000 individuals (aged 40-80 years) 18 

without cardiovascular disease indicated efficacy of selective (risk-based) screening for ASxCS, targeting 19 

populations at increased cardiovascular risk using the the Atherosclerosis Cardiovascular Disease Risk 20 

Equation.396  Selective screening of participants with a predicted 10-year CVD risk of ≥20% identified 40% 21 

of ACAS cases (number needed to screen 27), whereas selective screening of those with a predicted 10-22 

year CVD risk of ≥15% identified 54% of ACAS cases (number needed to screen 31). 397 However, no 23 

formalized screening recommendations exist at present.  24 
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 1 

Carotid revascularization and cognitive function 2 

Carotid stenosis is associated with cognitive impairment in both asymptomatic and symptomatic 3 

patients, with cognitive decline present – even without visible pathological damage in the brain.398-403  It 4 

is not clear whether this relationship is causal, and there is no reliable randomized evidence that 5 

treatment of CarAD with surgery or stenting prevents dementia or cognitive decline. 404  The results of 6 

non-randomized studies are inconsistent. Some report improved neurocognitive function after CAS 405-409, 7 

one study reports no change410, whilst some describe a mixed effect.411 However, cognitive decline has 8 

also been reported after CAS and CEA412-414 whereas two papers reported benefits after CEA.415,416  9 

Studies evaluating the effect of CEA and CAS on cognitive function differed on a number of 10 

methodological issues such as sample size, type of patients (demographic, mood/depression, 11 

microemboli, TIA or stroke), control group, the severity and side of the carotid stenosis, intima-media 12 

thickness, the range of cognitive tests, type of analysis, and the time of assessment - which may explain 13 

differences in results.398  Any RCT designed to assess the effect of carotid surgery or stenting on dementia 14 

needs to be both very large and have a very long follow-up due to the insidious nature of dementia. 15 

Alternatively, detailed and sophisticated cognitive testing at baseline and repeated at annual follow -up 16 

may allow detecting a more subtle effect on cognitive decline, which may be a pre -cursor to clinically 17 

evident dementia.  18 

 19 

Ongoing research 20 

Pharmacologic prevention studies are ongoing in patients with atherosclerosis, including investigation of 21 

new LDL-lowering molecules, new LP(a)-lowering molecules, and new anticoagulants such as FXIa 22 

inhibitors;138 those studies usually include subjects with CarAD but are not specifically focused on this 23 

patient group.  24 
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While several fundamental questions regarding carotid revascularization to reduce stroke risk are being 1 

addressed in on-going clinical studies, others (such as level-1 evidence for cerebral protection in CAS, 2 

and large-scale trials comparing 2nd generation CAS with contemporary CEA) remain unanswered by 3 

RCTs. Large-scale RCTs are becoming more difficult to undertake, but are essential to compare the long-4 

term efficacy of different treatments such as CAS vs CEA.  Appropriately designed, large -scale trials are 5 

feasible417 but the role of external data monitoring to ensure quality remains essential. In contrast, the 6 

contemporary procedural risks associated with different modes of carotid intervention are perhaps best 7 

captured in large registries, ideally with independent data monitoring and neurological assessment to 8 

reliably ascertain procedural stroke rates.    9 

Whether (and to what extent) intervention in ASxCs still leads to worthwhile reductions in stroke in 10 

patients receiving intensive goal-directed medical therapy is being evaluated in three trials.  ECST-2 has 11 

randomised over 400 patients to carotid intervention versus contemporary medical therapy and is in 12 

follow-up, with a primary imaging-based endpoint (cerebral MRI). CREST-2 is directly comparing CAS (and 13 

separately CEA) with intensive goal-directed medical therapy in ASxCS stenosis. CREST-2 has almost 14 

completed recruitment (n=2400 target) of asymptomatic patients to either CEA on top of intensive 15 

medical therapy vs intensive medical therapy alone (n=1200) or CAS on top of intensive medical therapy 16 

versus intensive medical therapy alone (n=1200), with results anticipated in the mid-2020s. Finally, a 17 

French study (ACTRIS) aims to randomize 700 asymptomatic patients with ‘high-risk for stroke’ features 18 

to intervention versus medical therapy.  It needs to be understood that the ability of these studies to 19 

detect a difference between contemporary medical treatment alone vs intervention (CEA or CAS) 20 

performed on top of OMT to reduce stroke risk will critically depend on effective randomization (and 21 

retention in the medical-only arm) of clinically asymptomatic patients at increased stroke risk. This may 22 

be difficult as the 2017 ESC/ESVS Guidelines have introduced increased-risk features into clinical 23 

decision-making (a notion upheld in the 2021 ESO Guidelines); thus, increased-risk patients (Suppl Table 24 
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2) may tend to gravitate to intervention outside the study rather than randomization.58  This problem is 1 

inseparably linked to the other research challenge – how to best apply in a cost-effective fashion418 a 2 

personalised medicine approach to CarAS detection419 and  intervention420 to identify high-risk patients 3 

that will benefit particularly from invasive treatments like surgery or stenting.  4 

 5 

Summary and conclusions 6 

The carotid atherosclerotic disease remains an important, modifiable risk factor for thromboembolic and 7 

haemodynamic stroke. Advances in medical therapies have been considerable, and all patients with 8 

CarAD should receive modern goal-directed triple medical therapy to reduce their overall cardio-vascular 9 

risk. However, effective lifestyle modification and uptake of OMT in CarAS patients remains a challenge 10 

even in well-developed healthcare systems152,164,421 thus efforts are needed to enhance CarAD patient 11 

education about the stroke risk and overall cardiovascular risk to increase OMT uptake and to maximize 12 

patient adherence to OMT.  13 

Furthermore, despite good medical therapy, the residual risk of stroke remains, and this can be reduced 14 

further in selected patients with competent carotid surgery or competent carotid stenting. Randomised 15 

trials and registries indicated that CEA, in the peri-procedural period, is safer than 1st generation CAS 16 

(with the difference driven mainly by minor strokes by 30-days); thus CEA is preferred in guidelines in 17 

most (not all) clinical scenarios. However, most recent registries and randomised evidence indicate that 18 

improved intra-procedural cerebral protection in CAS and 2nd  generation (plaque-sequestrating) carotid 19 

stents may significantly reducie intraprocedural plaque-related embolism and eliminate post-procedural 20 

cerebral embolism. These technical improvements play an important role in contemporary, competent 21 

CAS. 22 
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Medical therapy, stenting and surgery will continue to evolve, as will the ability to identify patients at a 1 

particularly high risk of stroke on maximized medical therapy alone, in whom the intervention is 2 

appropriate to reduce stroke risk. 3 
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203. Eckstein HH, Kühnl A, Berkefeld J, Lawall H, Storck M, Sander D: Clinical practice guideline: 20 

Diagnosis, treatment and follow-up in extracranial carotid stenosis. Dtsch Arztebl Int 2020; 117: 801–7. 21 

204. Halliday A, Peto R, Bulbulia R, Morris RD, Rothwell PM , Brott TG, et al. Carotid Artery Surgery to 22 

Reduce Long-Term Stroke Rates: Individual Patient Data Meta-Analysis of the Randomised Trials in 23 

Asymptomatic Patients. http://dx.doi.org/10.2139/ssrn.3909921 (Lancet journal family pre -print). 24 

205. Howard G, Roubin GS, Jansen O, Hendrikse J, Halliday A, Fraedrich G et al. Association between age 25 

and risk of stroke or death from carotid endarterectomy and carotid stenting: a meta-analysis of pooled 26 

patient data from four randomised trials  Lancet. 2016;387:1305-11. 27 

206. Sardar P, Chatterjee S, Aronow HD, Kundu A, Ramchand P, Mukherjee D, et al. Carotid Artery 28 

Stenting Versus Endarterectomy for Stroke Prevention. J Am Coll Cardiol 2017;69:2266–2275. 29 

207. Brott TG, Calvet D, Howard G, Gregson J, Algra A, Becquemin JP, et al. Long-term outcomes of 30 

stenting and endarterectomy for symptomatic carotid stenosis: A pre-planned pooled analysis of 31 

individual patient data. Lancet Neurol. 2019; 18:348–356.  32 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/advance-article/doi/10.1093/cvr/cvad135/7250075 by G

hent U
niversity user on 30 January 2024



77 

208. de Waard DD, Halliday A, de Borst GJ, Bulbulia R, Huibers A, Casana R, et al. ACST-2 Collaborative 1 

Group. Choices of Stent and Cerebral Protection in the Ongoing ACST-2 Trial: A Descriptive Study. Eur J 2 

Vasc Endovasc Surg. 2017;53:617-625. 3 

209. Kallmayer MA, Knappich C, Karlas A, Trenner M, Kuehnl A, Eckstein HH. External Validity of 4 

Randomised Controlled Trials on Carotid Revascularisation: Trial Populations May Not Always Reflect 5 

Patients in Clinical Practice. Eur J Vasc Endovasc Surg. 2022;64:452-460. 6 

210. Paraskevas KI, de Borst GJ, Veith FJ. Why randomized controlled trials do not always reflect reality. J 7 

Vasc Surg. 2019;70:607-614.e3. 8 

211. Holmes DR Jr, Alkhouli M. Two sides of the coin. EuroIntervention. 2020;15:1483-1484. 9 

212. Kallmayer M, Tsantilas P, Zieger C, Ahmed A, Söllner H, Zimmermann A, Eckstein H. Ultrasound 10 

surveillance after CAS and CEA: what's the evidence? J Cardiovasc Surg. 2014;55(2 Suppl 1):33-41 11 

213. Kumar R, Batchelder A, Saratzis A, AbuRahma AF, Ringleb P, Lal BK, Mas JL, Steinbauer M, Naylor AR. 12 

Restenosis after Carotid Interventions and Its Relationship with Recurrent Ipsilateral Stroke: A Systematic 13 

Review and Meta-analysis. Eur J Vasc Endovasc Surg. 2017;53:766-775. 14 

214. Musialek P, Pieniazek P. Restenosis after carotid artery stenting versus endarterectomy: the jury is 15 

still out! J Endovasc Ther. 2010;17:271-2.  16 

215. Xin WQ, Li MQ, Li K, Li QF, Zhao Y, Wang WH, Gao YK, Wang HY, Yang XY. Systematic and 17 

Comprehensive Comparison of Incidence of Restenosis Between Carotid Endarterectomy and Carotid 18 

Artery Stenting in Patients with Atherosclerotic Carotid Stenosis. World Neurosurg. 2019;125:74-86.]. 19 

216. Lal BK, Beach KW, Roubin GS, Lutsep HL, Moore WS, Malas MB, Chiu D, Gonzales NR, Burke JL, 20 

Rinaldi M, Elmore JR, Weaver FA, Narins CR, Foster M, Hodgson KJ, Shepard AD, Meschia JF, Bergelin RO, 21 

Voeks JH, Howard G, Brott TG; CREST Investigators. Restenosis after carotid artery stenting and 22 

endarterectomy: a secondary analysis of CREST, a randomised controlled trial. Lancet Neurol 2012; 23 

11:755-63. 24 

217. Tekieli L, Mazurek A, Pieniazek P, Musialek P. Symptomatic atherosclerotic plaque progression in a 25 

first-generation carotid stent: management and 5-year clinical and imaging outcome-a case report. Eur 26 

Heart J Case Rep. 2021;6:ytab489. 27 

218. Bonati LH, Gregson J, Dobson J, McCabe DJH, Nederkoorn PJ, van der Worp HB, de Borst GJ, 28 

Richards T, Cleveland T, Müller MD, Wolff T, Engelter ST, Lyrer PA, Brown MM; International Carotid 29 

Stenting Study investigators. Restenosis and risk of stroke after stenting or endarterectomy for 30 

symptomatic carotid stenosis in the International Carotid Stenting Study (ICSS): secondary analys is of a 31 

randomised trial. Lancet Neurol. 2018;17:587-596. 32 

219. Batchelder AJ, Saratzis A, Ross Naylor A. Overview of Primary and Secondary Analyses From 20 33 

Randomised Controlled Trials Comparing Carotid Artery Stenting With Carotid Endarterectomy. Eur J 34 

Vasc Endovasc Surg. 201;58:479-493. 35 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/advance-article/doi/10.1093/cvr/cvad135/7250075 by G

hent U
niversity user on 30 January 2024



78 

 1 

 2 

220. Texakalidis P, Tzoumas A, Giannopoulos S, Jonnalagadda AK, Jabbour P, Rangel-Castilla L, Machinis 3 

T, Rivet DJ, Reavey-Cantwell J. Risk Factors for Restenosis After Carotid Revascularization: A Meta-4 

Analysis of Hazard Ratios. World Neurosurg. 2019;125:414-424. 5 

221. Cosottini M, Michelassi MC, Bencivelli W, Lazzarotti G, Picchietti S, Orlandi G, Parenti G, Puglioli M. 6 

In stent restenosis predictors after carotid artery stenting. Stroke Res Treat. 2010;2010:864724.  7 

222. Kang J, Hong JH, Kim BJ, Bae HJ, Kwon OK, Oh CW, Jung C, Lee JS, Han MK. Residual stenosis after 8 

carotid artery stenting: Effect on periprocedural and long-term outcomes. PLoS One. 2019;14:e0216592. 9 

223. Brott TG, Howard G, Roubin GS, Meschia JF, Mackey A, Brooks W, Moore WS, Hill MD, Mantese VA, 10 

Clark WM, Timaran CH, Heck D, Leimgruber PP, Sheffet AJ, Howard VJ, Chaturvedi S, Lal BK, Voeks JH, 11 

Hobson RW 2nd; CREST Investigators. Long-term results of stenting versus endarterectomy for carotid-12 

artery stenosis. N Engl J Med 2016;374:1021-31. 13 

224. Lauricella A, Berchiolli R, Moratto R, Ferri M, Viazzo A, Silingardi R. Impact of plaque dilation before 14 

carotid artery stent deployment. J Vasc Surg. 2020;71:842-853. 15 

225. Jansen O, Fiehler J, Hartmann M, Brückmann H. Protection or nonprotection in carotid stent 16 

angioplasty: the influence of interventional techniques on outcome data from the SPACE Trial. Stroke. 17 

2009;40:841-6. 18 

226. Bates ER, Babb JD, Casey DE Jr, Cates CU, Duckwiler GR, Feldman TE, Gray WA, Ouriel K, Peterson 19 

ED, Rosenfield K, Rundback JH, Safian RD, Sloan MA, White CJ. ACCF/SCAI/SVMB/SIR/ASITN 2007 clinical 20 

expert consensus document on carotid stenting: a report of the American College of Cardiology 21 

Foundation Task Force on Clinical Expert Consensus Documents (ACCF/SCAI/SVMB/SIR/ASITN Clinical 22 

Expert Consensus Document Committee on Carotid Stenting. J Am Coll Cardiol. 2007;49:126-70. 23 

227. Setacci C, Chisci E, Setacci F, Iacoponi F, de Donato G.  Grading carotid intrastent restenosis: a 6-24 

year follow-up study. Stroke. 2008;39:1189-96. 25 

228. Müller MD, Gregson J, McCabe DJH, Nederkoorn PJ, van der Worp HB, de Borst GJ, Cleveland T, 26 

Wolff T, Engelter ST, Lyrer PA, Brown MM, Bonati LH. Stent Design, Restenosis and Recurrent Stroke 27 

After Carotid Artery Stenting in the International Carotid Stenting Study. Stroke. 2019;50:3013-3020. 28 

229. Tekieli L, Musialek P, Kablak-Ziembicka A, Trystula M, Przewłocki T, Legutko J, Dzierwa K, 29 

Maciejewski D, Michalski M, Pieniążek P. Severe, recurrent in-stent carotid restenosis: endovascular 30 

approach, risk factors. Results from a prospective academic registry of 2637 consecutive carotid artery 31 

stenting procedures (TARGET-CAS). Adv Interv Cardiol. 2019;15:465-471. 32 

230. Dai Z, Xu G. Restenosis after carotid artery stenting. Vascular 2017;25:576–586. 33 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/advance-article/doi/10.1093/cvr/cvad135/7250075 by G

hent U
niversity user on 30 January 2024



79 

231. Tuleta I, Skowasch D, Peuster M, Nickenig G, Bauriedel G. Cells of primarily extravascular origin in 1 

neointima formation following stent implantation: coordinated expression of endothelial progenitor, 2 

dendritic and neural crest-derived cells. Cardiology. 2008;110:199-205. 3 

232. Matsumoto H, Yako R, Masuo O, Hirayama K, Uematsu Y, Nakao N. A case of in-stent 4 

neoatherosclerosis 10 years after carotid artery stent implantation: observation with optical coherence 5 

tomography and plaque histological findings. Neurol Med Chir.  2014;54:139–144. 6 

233. Musiałek P, Roubin GS. Double-Layer Carotid Stents: From the Clinical Need, through a Stent-in-7 

Stent Strategy, to Effective Plaque Isolation… the Journey Toward Safe Carotid Revascularization Using 8 

the Endovascular Route. J Endovasc Ther 2019;26:572–577. 9 

234. Yamashita K, Kokuzawa J, Kuroda T, Murase S, Kumagai M, Kaku Y. In-stent hypodense area at two 10 

weeks following carotid artery stenting predicts neointimal hyperplasia after two ye ars. Neuroradiol J 11 

2018;31:280–287. 12 

235. Staubach S, Soekeland K, Ledwoch J, Segerer M, Strohm H, Mudra H.  Stroke rates after carotid 13 

artery stenting depend on study-specific definitions. EuroIntervention. 2016;12:526-30. 14 

236. Knappich C,  Kuehnl A, Tsantilas P, Schmid S, Breitkreuz T, Kallmayer M, et al. Intraoperative 15 

Completion Studies, Local Anesthesia, and Antiplatelet Medication Are Associated With Lower Risk in 16 

Carotid Endarterectomy. Stroke. 2017;48:955-962.   17 

237. Zimmermann A, Knappich C, Tsantilas P, Kallmayer M, Schmid S, Breitkreuz T, Storck M, et al. 18 

Different perioperative antiplatelet therapies for patients treated with carotid endarterectomy in routine 19 

practice. J Vasc Surg 2018;68:1753-1763. 20 

238. Batchelder A, Hunter J, Cairns V, Sandford R, Munshi A, Naylor AR. Dual Antiplatelet Therapy Prior 21 

to Expedited Carotid Surgery Reduces Recurrent Events Prior to Surgery without Significantly Increasing 22 

Peri-operative Bleeding Complications. Eur J Vasc Endovasc Surg. 2015;50:412-9. 23 

239. Ku JC, Taslimi S, Zuccato J, Pasarikovski CR, Nasr N, Chechik O, et al. Peri-Operative Outcomes of 24 

Carotid Endarterectomy are Not Improved on Dual Antiplatelet Therapy vs. Aspirin Monotherapy: A 25 

Systematic Review and Meta-Analysis. Eur J Vasc Endovasc Surg. 2022;63:546-555. 26 

240.  Ku JC, Taslimi S, Zuccato J, Pasarikovski CR, Nasr N, Chechik O, et al. Peri-Operative Outcomes of 27 

Carotid Endarterectomy are Not Improved on Dual Antiplatelet Therapy vs. Aspirin Monotherapy: A 28 

Systematic Review and Meta-Analysis. Eur J Vasc Endovasc Surg. 2022;63:546-555. 29 

241. Texakalidis P, Giannopoulos S, Kokkinidis DG, Jabbour P, Reavey-Cantwell J, Rangel-Castilla L.  30 

Outcome of Carotid Artery Endarterectomy in Statin Users versus Statin-Naïve Patients: A Systematic 31 

Review and Meta-Analysis. World Neurosurg. 2018;116:444-450. 32 

242. Anjorin AC, Marcaccio CL, Rastogi V, Patel PB, Garg PK, Soden PA, et al. Statin therapy is associated 33 

with improved perioperative outcomes and long-term mortality following carotid revascularization in the 34 

Vascular Quality Initiative. J Vasc Surg 2023;77:158-69. 35 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/advance-article/doi/10.1093/cvr/cvad135/7250075 by G

hent U
niversity user on 30 January 2024



80 

243. Naylor AR, Sayers RD, McCarthy MJ, Bown MJ, Nasim A, Dennis MJ, et al. Closing the loop: a 21-year 1 

audit of strategies for preventing stroke and death following carotid endarterectomy. Eur J Vasc 2 

Endovasc Surg. 2013;46:161-70. 3 

244. Harky A, Chan JSK, Kot TKM, Sanli D, Rahimli R, Belamaric Z, et al. General Anesthesia Versus Local 4 

Anesthesia in Carotid Endarterectomy: A Systematic Review and Meta-Analysis. J Cardiothorac Vasc 5 

Anesth. 2020;34:219-234.   6 

245. Rerkasem A, Orrapin S, Howard DP, Nantakool S, Rerkasem K. Local versus general anaesthesia for 7 

carotid endarterectomy. Cochrane Database Syst Rev. 2021;10:CD000126. 8 

246. Pandit JJ, Satya-Krishna R, Gration P. Superficial or deep cervical plexus block for carotid 9 

endarterectomy: a systematic review of complications. Br J Anaesth. 2007;99:159-69. 10 

247. Ciccozzi A, Angeletti C, Guetti C, Pergolizzi J, Angeletti PM, Mariani R, et al. Regional anaesthesia 11 

techniques for carotid surgery: the state of art.  J Ultrasound. 2014;17:175-83. 12 

248. Knappich C, Kuehnl A, Haller B, Salvermoser M, Algra A, Becquemin J-P. et al. Associations of 13 

Perioperative Variables With the 30-Day Risk of Stroke or Death in Carotid Endarterectomy for 14 

Symptomatic Carotid Stenosis. Stroke 2019;50:3439-3448. 15 

249. Hye RJ, Voeks JH, Malas MB, Tom M, Longson S, Blackshear JL, et al. Anesthetic type and risk of 16 

myocardial infarction after carotid endarterectomy in the Carotid Revascularization Endarterectomy 17 

versus Stenting Trial (CREST). J Vasc Surg. 2016;64:3-8.e1. 18 

240. Orlický M, Hrbáč T, Sameš M, Vachata P, Hejčl A, Otáhal D, et al. Anesthesia type determines risk of 19 

cerebral infarction after carotid endarterectomy. J Vasc Surg. 2019;70:138-147. 20 

251. Knappich C, Lang T, Tsantilas P, Schmid S, Kallmayer M, Haller B, et al.  Intraoperative completion 21 

studies in carotid endarterectomy: systematic review and meta-analysis of techniques and outcomes. 22 

Ann Transl Med. 2021;9:1201. 23 

252. Kirchhoff F, Eckstein H-H. Locoregional Anaesthesia and Intra-Operative Angiography in Carotid 24 

Endarterectomy: 16 Year Results of a Consecutive Single Centre Series. Eur J Vasc Endovasc Surg 25 

2023;65:223-232. 26 

253. Poorthuis MHF, Brand EC, Halliday  A, Bulbulia R, Schermerhorn ML, Bots ML, et al.  A systematic 27 

review and meta-analysis of complication rates after carotid procedures performed by different 28 

specialties.  J Vasc Surg 2020;72:335-43. 29 

254. Hussain MA, Mamdani M, Tu JV, Saposnik G, Salata K, Bhatt DL, et al. Association be tween operator 30 

specialty and outcomes after carotid artery revascularization. J Vasc Surg 2018;67:478-89. 31 

255. US Accreditation Council for Graduate Medical Education – Program Requirements for Graduate 32 

Medical Education in Neurological Surgery https://www.acgme.org/specialties/neurological-33 

surgery/program-requirements (accessed 30 June 2023) 34 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/advance-article/doi/10.1093/cvr/cvad135/7250075 by G

hent U
niversity user on 30 January 2024



81 

256. Levy BR, Waqas M, Monteiro A, Cappuzzo JM, Baig AA, Khawar WI, Davies JM, Snyder KV, Siddiqui 1 

AH, Riina HA, Levy EI. Not a trifecta: complementary use of carotid artery revascularization techniques in 2 

the era of hybrid neurosurgery. J Neurosurg. 2022;138:199-204. 3 

 4 

257. Roffi M. Carotid artery stenting: still burdened by early trial results. Minerva Cardiol Angiol. 5 

2022;70:719-726.  6 

258. Naggara O, Touzé E, Beyssen B, Trinquart L, Chatellier G, Meder JF, et al. Anatomical and technical 7 

factors associated with stroke or death during carotid angioplasty and stenting: results from the 8 

endarterectomy versus angioplasty in patients with symptomatic severe carotid stenosis  (EVA-3S) trial 9 

and systematic review. Stroke. 2011;42:380-8. 10 

259. Tietke M, Jansen O. Cerebral protection vs no cerebral protection: Timing of stroke with CAS. J 11 

Cardiovasc Surg. 2009;50:751-60. 12 

260. Kotsugi M, Takayama K, Myouchin K, Wada T, Nakagawa I, Nakagawa H, et al. Carotid Artery 13 

Stenting: Investigation of Plaque Protrusion Incidence and Prognosis. JACC Cardiovasc Interv 14 

2017;10:824–831. 15 

261. Harada K, Oshikata S, Kajihara M. Optical coherence tomography evaluation of tissue prolapse after 16 

carotid artery stenting using closed cell design stents for unstable plaque. J Neurointerv Surg. 17 

2018;10:229–234. 18 

262. Okazaki T, Sakamoto S, Shinagawa K, Ichinose N, Ishii D, Matsushige T, et al. Detection of in-stent 19 

protrusion (ISP) by intravascular ultrasound during carotid stenting: usefulness of stent-in-stent 20 

placement for ISP. Eur Radiol. 2019;29:77–84. 21 

263. Paraskevas KI, Mikhailidis DP, Veith FJ. Mechanisms to explain the poor results of carotid artery 22 

stenting (CAS) in symptomatic patients to date and options to improve CAS outcomes. J Vasc Surg 23 

2010;52:1367–1375. 24 

264. Fairman R, Gray WA, Scicli AP, Wilburn O, Verta P, Atkinson R, et al. The CAPTURE Registry. Ann Surg 25 

2007;246:551–558.  26 

265. Hill MD, Brooks W, Mackey A. Stroke After Carotid Stenting and Endarterectomy in the Carotid 27 

Revascularization Endarterectomy Versus Stenting Trial (CREST). J Vasc Surg 2013;57:894.  28 

266. Ikari Y, Misumi K, Yokoi H, Ogata N, Umemoto T, Uesugi M, et al. Initial results of carotid artery 29 

stenting in Japan. Cardiovasc Interv Ther 2012;28:37–44. 30 

267. Bonati LH, Jongen LM, Haller S, Flach HZ, Dobson J, Nederkoorn PJ, et al. New ischaemic brain 31 

lesions on MRI after stenting or endarterectomy for symptomatic carotid stenosis: a substudy of the 32 

International Carotid Stenting Study (ICSS). Lancet Neurol 2010;9:353–362. 33 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/advance-article/doi/10.1093/cvr/cvad135/7250075 by G

hent U
niversity user on 30 January 2024



82 

268. Traenka C, Engelter ST, Brown MM, Dobson J, Frost C, Bonati LH. Silent brain infarcts on diffusion-1 

weighted imaging after carotid revascularisation: a surrogate outcome measure for procedural stroke? A 2 

systematic review and meta-analysis. Eur Stroke J 2019;4:127–143. 3 

269. Grunwald IQ, Reith W, Kühn AL, Balami JS, Karp K, Fassbender K, et al. Proximal protection with the 4 

Gore PAES can reduce DWI lesion size in high-grade stenosis during carotid stenting. EuroIntervention 5 

2014;10:271–276. 6 

270. Mas JL, Chatellier G, Beyssen B; EVA-3S Investigators Carotid angioplasty and stenting with and 7 

without cerebral protection: clinical alert from the Endarterectomy Versus Angioplasty in Patients With 8 

Symptomatic Severe Carotid Stenosis (EVA-3S) trial. Stroke. 2004 Jan;35(1):e18-20. 9 

271. Staubach S, Hein-Rothweiler R, Hochadel M, Segerer M, Zahn R, Jung J, Riess G, Seggewiss H, 10 

Schneider A, Fürste T, Gottkehaskamp C, Mudra H. Predictors of minor versus major stroke during 11 

carotid artery stenting: results from the carotid artery stenting (CAS) registry of the Arbeitsgemeinschaft 12 

Leitende Kardiologische Krankenhausärzte (ALKK). Clin Res Cardiol. 2014;103:345-51. 13 

272. Schofer J, Arendt M, Tübler T, Sandstede J, Schlüter M. Late Cerebral Embolization After Emboli-14 

Protected Carotid Artery Stenting Assessed by Sequential Diffusion-Weighted Magnetic Resonance 15 

Imaging. JACC Cardiovasc Interv 2008;1:571–577. 16 

273. Montorsi P, Caputi L, Galli S, Ciceri E, Ballerini G, Agrifoglio M, et al. Microembolization during 17 

carotid artery stenting in patients with high-risk, lipid-rich plaque. A randomized trial of proximal versus 18 

distal cerebral protection. J Am Coll Cardiol. 2011;58:1656-63. 19 

274. Stabile E, Sannino A, Schiattarella GG, Gargiulo G, Toscano E, Brevetti L, et al. Cerebral embolic 20 

lesions detected with diffusion-weighted magnetic resonance imaging following carotid artery stenting: a 21 

meta-analysis of 8 studies comparing filter cerebral protection and proximal balloon occlusion. JACC 22 

Cardiovasc Interv 2014;7:1177–1183.  23 

275. Gargiulo G, Stabile E, Sannino A, Perrino C, Trimarco B, Esposito G. Embolic protection devices 24 

during carotid artery stenting: Is there a difference between proximal occlusion and distal filter? Int J 25 

Cardiol 2015;187:592–593. 26 

276. Hart JP, Bosiers M, Deloose K, Uflacker R, Schönholz CJ. Impact of stent design on the outcome of 27 

intervention for carotid bifurcation stenosis. J Cardiovasc Surg 2010;51:799–806.   28 

277. Donato G de, Setacci F, Pasqui E, Benevento D, Palasciano G, Sterpetti A, et al. Early carotid artery 29 

stenting after onset neurologic symptoms. Semin Vasc Surg 2018;31:15–20. 30 

278. Wissgott C, Schmidt W, Brandt-Wunderlich C, Behrens P, Andresen R. Clinical Results and 31 

Mechanical Properties of the Carotid CGUARD Double-Layered Embolic Prevention Stent. J Endovasc 32 

Ther 2016;24:130–137.  33 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/advance-article/doi/10.1093/cvr/cvad135/7250075 by G

hent U
niversity user on 30 January 2024



83 

279. Montorsi P, Caputi L, Galli S, Ravagnani PM, Teruzzi G, Annoni A, et al. Carotid Wallstent Versus 1 

Roadsaver Stent and Distal Versus Proximal Protection on Cerebral Microembolization During Carotid 2 

Artery Stenting. JACC Cardiovasc Interv 2020;13:403–414. 3 

280. Karpenko A, Bugurov S, Ignatenko P, Starodubtsev V, Popova I, Malinowski K, et al. Randomized 4 

Controlled Trial of Conventional Versus MicroNet-Covered Stent in Carotid Artery Revascularization: 12-5 

Month Outcomes. JACC Cardiovasc Interv. 2023;16:878-880. 6 

281. Mazurek A, Malinowski K, Rosenfield K, Capoccia L, Speziale F, Donato G de, et al. Clinical Outcomes 7 

of Second- versus First-Generation Carotid Stents: A Systematic Review and Meta-Analysis. J Clin Med 8 

2022;11:4819. 9 

282. Wissgott C, Brandt-Wunderlich C, Kopetsch C, Schmidt W, Andresen R. Initial Clinical Results and In 10 

Vitro Testing of the New CGuard MicroNet-Covered "One-Size-Fits-All" Carotid Stent. J Endovasc Ther. 11 

2019;26:578-582. 12 

283. Wissgott C, Schmidt W, Brandt C, Behrens P, Andresen R. Preliminary Clinical Results and 13 

Mechanical Behavior of a New Double-Layer Carotid Stent. J Endovasc Ther. 2015;22:634-9. 14 

284. Matsumoto H, Izawa D, Nishiyama H, Nakayama Y, Maeshima K. Clinical results of 30 consecutive 15 

patients of carotid artery stenosis treated with CASPER stent placement: 1-year follow-up and in-stent 16 

findings on intravascular ultrasound examination immediately and 6 months after treatment. J 17 

Neurointerv Surg. 2023 (online ahead of print). 18 

285. Sýkora J, Zeleňák K, Vorčák M, Števík M, Sýkorová M, Sivák J, Rovňák M, Zapletalová J, Mužík J, Šinák 19 

I, Kurča E, Meyer L, Fiehler J. Comparison of Restenosis Risk in Single -Layer versus Dual-Layer Carotid 20 

Stents: A Duplex Ultrasound Evaluation. Cardiovasc Intervent Radiol. 2022;45:1257-1266. 21 

286. Stabile E, de Donato G, Musialek P, Deloose K, Nerla R, Sirignano P, Mazurek A, Mansour W, Fioretti 22 

V, Esposito F, Chianese S, Bosiers M, Setacci C, Speziale F, Micari A, Esposito G Use of Dual-Layered 23 

Stents for Carotid Artery Angioplasty: 1-Year Results of a Patient-Based Meta-Analysis. JACC Cardiovasc 24 

Interv. 2020;13:1709-1715. 25 

287. Ruzsa Z, Nemes B, Pintér L, Berta B, Tóth K, Teleki B, et al. A randomised comparison of transradial 26 

and transfemoral approach for carotid artery stenting: RADCAR (RADial access for CARotid artery 27 

stenting) study. EuroIntervention 2014;10:381–391.  28 

288. Montorsi P, Galli S, Ravagnani PM, Tresoldi S, Teruzzi G, Caputi L, et al. Carotid Artery Stenting With 29 

Proximal Embolic Protection via a Transradial or Transbrachial Approach: Pushing the Boundaries of the 30 

Technique While Maintaining Safety and Efficacy. J Endovasc Ther 2016;23:549–560.  31 

289. Joshi KC, Beer-Furlan A, Crowley RW, Chen M, Munich SA. Transradial approach for 32 

neurointerventions: a systematic review of the literature. J Neurointerv Surg 2020;12:886–892.  33 

290. Erben Y, Meschia JF, Heck D V, Shawl FA, Mayorga-Carlin M, Howard G, et al. Safety of the 34 

transradial approach to carotid stenting. Catheter Cardiovasc Interv 2022;99:814–821.  35 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/advance-article/doi/10.1093/cvr/cvad135/7250075 by G

hent U
niversity user on 30 January 2024



84 

291. Monteiro A, Cappuzzo JM, Aguirre AO, Vakharia K, Levy BR, Waqas M, et al.  Transradial versus 1 

Transfemoral Approach for Neuroendovascular Procedures: A Survey of Patient Preferences and 2 

Perspectives. World Neurosurg 2022;163:e623–e627. 3 

292. Leal I, Orgaz A, Flores Á, Gil J, Rodríguez R, Peinado J, et al. A diffusion-weighted magnetic 4 

resonance imaging-based study of transcervical carotid stenting with flow reversal versus transfemoral 5 

filter protection. J Vasc Surg 2012;56:1585–1590.  6 

293. Galyfos GC, Tsoutsas I, Konstantopoulos T, Galanopoulos G, Sigala F, Filis K, et al. Early and Late 7 

Outcomes after Transcarotid Revascularisation for Internal Carotid Artery Stenosis: A Systematic Review 8 

and Meta-Analysis. Eur J Vasc Endovasc Surg 2021;61:725–738. 9 

294. Solomon Y, Rastogi V, Marcaccio CL, et al. Outcomes after transcarotid artery revascularization 10 

stratified by preprocedural symptom status. J Vasc Surg. 2022;76:1307-1315. 11 

295. Leckie K, Tanaka A, Dakour-Aridi H, Motaganahalli RL, George MJ, Keyhani A, et al. Predictors of 30-12 

Day Stroke and Death After Transcarotid Revascularization. J Surg Res. 2023;283:146-151. 13 

296. Trystula M, Musialek P. Transient flow reversal combined with sustained embolic prevention in 14 

transcervical revascularization of symptomatic and highly-emboligenic carotid stenoses for optimized 15 

endovascular lumen reconstruction and improved peri- and post-procedural outcomes. Adv Interv 16 

Cardiol. 2020;16:495-506. 17 

297. Toby D, Wassiljev S, Kirchner L, Torsello G, Özdemir-van Brunschot DMD. Transcervical Versus 18 

Transfemoral Approach in Carotid Stenting Real World Experience in a Community Hospital. Ann Vasc 19 

Surg. 2022;78:52-60. 20 

298. Dumas V, Kaesmacher J, Ognard J, Forestier G, Dargazanli C, Janot K, et al. Carotid artery direct 21 

access for mechanical thrombectomy: the Carotid Artery Puncture Evaluation (CARE) study. J 22 

Neurointerv Surg 2022;14:1180-1185.   23 

299. Bonati L,  Duering M, De Borst GJ, Cleveland T, Lyrer P, Mono M-L, Nedeltchev K, Arnold M, 24 

Mordasini P, Van Herzeele I, Lerut P, Cagliari E, Pacchioni A, Eckert B, Jansen O, Ringleb PA. Prevention of 25 

Cerebral Ischaemia in Stent Treatment for Carotid Artery Stenosis – A randomised multi-centre phase II 26 

trial comparing Ticagrelor versus Clopidogrel with outcome assessment on MRI (PRECISE-MRI). Abstract. 27 

Eur Stroke J. 2023;8:675. https://www.medscape.com/viewarticle/993190?form=fpf#vp_2 (accessed 28 

June 30, 2023) 29 

300. Holt PJE, Poloniecki JD, Loftus IM, Thompson MM. Meta-analysis and systematic review of the 30 

relationship between hospital volume and outcome following carotid endarterectomy. Eur J Vasc 31 

Endovasc Surg. 2007;33:645-651. 32 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/advance-article/doi/10.1093/cvr/cvad135/7250075 by G

hent U
niversity user on 30 January 2024



85 

301. [no authors listed]. Vascular Society of Great Britain and Ireland Provision of Services for People 1 

with Vascular Disease. 2021. 2 

https://www.vascularsociety.org.uk/_userfiles/pages/files/Resources/FINAL%20POVS.pdf  3 

302. Poorthuis MHF, Brand EC, Halliday A, Bulbulia R, Bots ML, de Borst GJ. High Operator and Hospital 4 

Volume Are Associated With a Decreased Risk of Death and Stroke After Carotid Revascularization: A 5 

Systematic Review and Meta-analysis. Ann Surg. 2019;269:631-641. 6 

303. Eckstein HH, Kühnl A, Berkefeld J, Dörfler A, Kopp I, Langhoff R, et al. S3-Leitline zur Diagnostik, 7 

Therapie und Nachsorge der extracraniellen Carootisstenose Langfassung, Kurzfassung und 8 

Leitlinienreport. Available at: 9 

https://www.awmf.org/fileadmin/user_upload/Leitlinien/004_D_Ges_fuer_Gefaesschirurgie/004–10 

028ke_extracranial-carotid-stenosis-diagnosis-treatment-aftercare_2021–04.pdf 11 

 12 

304. Giurgius M, Horn M, Thomas SD, Shishehbor MH, Barry Beiles C, Mwipatayi BP, et al. The 13 

Relationship Between Carotid Revascularization Procedural Volume and Perioperative Outcomes in 14 

Australia and New Zealand. Angiology 2021;72:715–723.  15 

305. Gray WA, Rosenfield KA, Jaff MR, Chaturvedi S, Peng L, Verta P. Influence of site and operator 16 

characteristics on carotid artery stent outcomes: analysis of the CAPTURE 2 (Carotid ACCULINK/ACCUNET 17 

Post Approval Trial to Uncover Rare Events) clinical study. JACC Cardiovasc Interv 2011;4:235–246.  18 

306. Lal BK, Roubin GS, Rosenfield K, Heck D, Jones M, Jankowitz B, et al. Quality Assurance for Carotid 19 

Stenting in the CREST-2 Registry. J Am Coll Cardiol 2019;74:3071–3079.  20 

307. Rosenfield KM. Clinical competence statement on carotid stenting: Training and credentialing for 21 

carotid stenting - Multispecialty consensus recommendations: A report of the SCAI/SVMB/SVS Writing 22 

Committee to develop a clinical competence statement on carotid interventi. J Vasc Surg 2005;41:160–23 

168.  24 

308. Aronow HD, Collins TJ, Gray WA, Jaff MR, Kluck BW, Patel RAG, et al. SCAI/SVM expert consensus 25 

statement on Carotid Stenting: Training and credentialing for Carotid Stenting. Catheter Cardiovasc 26 

Interv 2016;87:188–199.  27 

309. White CJ, Ramee SR, Collins TJ, Jenkins JS, Reilly JP, Patel RAG. Carotid artery stenting: Patient, 28 

lesion, and procedural characteristics that increase procedural complications. Catheter Cardiovasc Interv 29 

2013;82:715–726. 30 

310. Calvet D, Mas JL, Algra A, Becquemin JP, Bonati LH, Dobson J, et al. Carotid stenting: Is there an 31 

operator effect? A pooled analysis from the carotid stenting trialists’ collaboration. Stroke 2014;45:527–32 

532.  33 

311. Nallamothu BK, Gurm HS, Ting HH, Goodney PP, Rogers MAM, Curtis JP, et al.  Operator experience 34 

and carotid stenting outcomes in medicare beneficiaries. JAMA 2011;306:1338–1343. 35 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/advance-article/doi/10.1093/cvr/cvad135/7250075 by G

hent U
niversity user on 30 January 2024



86 

312. Bates ER, Babb CJD, Casey DE, Cates CU, Duckwiler GR, Feldman TE, et al. 1 

ACCF/SCAI/SVMB/SIR/ASITN 2007 clinical expert consensus document on carotid stenting. Vasc Med 2 

2007;12:35–83. 3 

313. Paraskevas KI, Robertson V, Saratzis AN, Naylor AR. An Updated Systematic Review and Meta-4 

analysis of Outcomes Following Eversion vs. Conventional Carotid Endarterectomy in Randomised 5 

Controlled Trials and Observational Studies. Eur J Vasc Endovasc Surg 2018;55:465–473. 6 

207.  7 

314. Ahmadi R, Willfort A, Lang W, Schillinger M, Alt E, Gschwandtner ME, et al. Carotid artery stenting: 8 

effect of learning curve and intermediate-term morphological outcome. J Endovasc Ther 2001;8:539–9 

546.  10 

315. Lin PH, Zhou W, Kougias P, El Sayed H, Lumsden AB. Assessing the Learning Curve of CAS. 11 

Endovascular Today.  https://evtoday.com/articles/2006-aug/EVT0806_12.htm?c4src=archive:feed 12 

316. Dawson DL. Training in carotid artery stenting: Do carotid simulation systems really help? Vascular 13 

2006;14:256–263.  14 

317. Nicholson WJ, Cates CU, Patel AD, Niazi K, Palmer S, Helmy T, et al. Face and content validation of 15 

virtual reality simulation for carotid angiography: results from the first 100 physicians attending the 16 

Emory NeuroAnatomy Carotid Training (ENACT) program. Simul Healthcare 2006;1:147–150.  17 

318. Van Herzeele I, Aggarwal R, Choong A, Brightwell R, Vermassen FE, Cheshire NJ. Virtual reality 18 

simulation objectively differentiates level of carotid stent experience in experienced interventionalists. J 19 

Vasc Surg 2007;46:855–863.  20 

319. Rolls AE, Riga C V., Rahim SU, Willaert W, Van Herzeele I, Stoyanov D V., Hamady MS, Cheshire NJ, 21 

Bicknell CD. The use of video motion analysis to determine the impact of anatomic complexity on 22 

endovascular performance in carotid artery stenting. J Vasc Surg 2019;69:1482–1489. 23 

320. Duschek N, Assadian A, Lamont PM, Klemm K, Schmidli J, Mendel H, et al. Simulator training on 24 

pulsatile vascular models significantly improves surgical skills and the quality of carotid patch plasty. J 25 

Vasc Surg 2013;57:1-7. 26 

321. Masiello I, Mattsson A. Medical simulation training – an overview of the evidence. Lakartidningen 27 

2017;114.  28 

322. Cook DA, Hatala R, Brydges R, Zendejas B, Szostek JH, Wang AT, Erwin PJ, Hamstra SJ. Technology-29 

Enhanced Simulation for Health Professions Education. JAMA 2011;306.  30 

323. Cook DA, Brydges R, Hamstra SJ, Zendejas B, Szostek JH, Wang AT, Erwin PJ, Hatala R. Comparative 31 

Effectiveness of Technology-Enhanced Simulation Versus Other Instructional Methods. Simul Healthc J 32 

Soc Simul Healthc 2012;7:308–320. 33 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/advance-article/doi/10.1093/cvr/cvad135/7250075 by G

hent U
niversity user on 30 January 2024



87 

324. Cates CU, Lönn L, Gallagher AG. Prospective, randomised and blinded comparison of proficiency -1 

based progression full-physics virtual reality simulator training versus invasive vascular experience for 2 

learning carotid artery angiography by very experienced operators. BMJ Simul Technol Enhanc Learn 3 

2016;2:1–5.  4 

325. Willaert WIM, Aggarwal R, Daruwalla F, Van Herzeele I, Darzi AW, Vermassen FE, Cheshire NJ. 5 

Simulated procedure rehearsal is more effective than a preoperative generic warm-up for endovascular 6 

procedures. Ann Surg 2012;255:1184–1189. 7 

326. Willaert W, Aggarwal R, Harvey K, Cochennec F, Nestel D, Darzi A, Vermassen F, Cheshire N. Efficient 8 

implementation of patient-specific simulated rehearsal for the carotid artery stenting procedure: Part-9 

task rehearsal. Eur J Vasc Endovasc Surg 2011;42:158–166. 10 

327. Willaert WIM, Aggarwal R, Van Herzeele I, O’Donoghue K, Gaines PA, Darzi AW, Vermassen FE, 11 

Cheshire NJ. Patient-specific endovascular simulation influences interventionalists performing carotid 12 

artery stenting procedures. Eur J Vasc Endovasc Surg 2011;41:492–500.  13 

328. Willaert WIM, Aggarwal R, Van Herzeele I, Plessers M, Stroobant N, Nestel D, Cheshire N, 14 

Vermassen F. Role of patient-specific virtual reality rehearsal in carotid artery stenting. Br J Surg 15 

2012;99:1304–1313.  16 

329. Hislop SJ, Hedrick JH, Singh MJ, Rhodes JM, Gillespie DL, Johansson M, Illig KA. Simulation Case 17 

Rehearsals for Carotid Artery Stenting. Eur J Vasc Endovasc Surg 2009;38:750–754.  18 

330. Roguin A, Beyar R. Real case virtual reality training prior to carotid artery stenting. Catheter 19 

Cardiovasc Interv 2010;75:279–282.  20 

331. Wooster M, Doyle A, Hislop S, Glocker R, Armstrong P, Singh M, Illig KA. REHEARSAL Using Patient-21 

Specific Simulation to Improve Endovascular Efficiency. Vasc Endovascular Surg 2018;52:169–172.  22 

332. Cates CU, Patel AD, Nicholson WJ. Use of virtual reality simulation for mission rehearsal for carotid 23 

stenting. JAMA 2007;297:265–266. 24 

333. Willaert WIM, Cheshire NJ, Aggarwal R, Van Herzeele I, Stansby G, MacDonald S, et al. Improving 25 

results for carotid artery stenting by validation of the anatomic scoring system for carotid artery stenting 26 

with patient-specific simulated rehearsal. J Vasc Surg 2012;56:1763–1770.  27 

334. Macdonald S, Lee R, Williams R, Stansby G. Towards Safer Carotid Artery Stenting. Stroke 28 

2009;40:1698–1703. 29 

335. Nardai S, Lanzer P, Abelson M, Baumbach A, Doehner W, Hopkins LN, et al. Interdisciplinary 30 

management of acute ischaemic stroke: Current evidence training requirements for endovascular stroke 31 

treatment. Position Paper from the ESC Council on Stroke and the European Association for 32 

Percutaneous Cardiovascular Interventions with the support of the European Board of 33 

Neurointervention. Eur Heart J. 2021;42:298-307. 34 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/advance-article/doi/10.1093/cvr/cvad135/7250075 by G

hent U
niversity user on 30 January 2024



88 

336. Jadhav AP, Zaidat OO, Liebeskind DS, Yavagal DR, Haussen DC, Hellinger FR, et al. Emergent 1 

Management of Tandem Lesions in Acute Ischemic Stroke. Stroke 2019;50:428–433.  2 

337. Goyal M, Menon BK, Van Zwam WH, Dippel DWJ, Mitchell PJ, Demchuk AM, et al.  Endovascular 3 

thrombectomy after large-vessel ischaemic stroke: A meta-analysis of individual patient data from five 4 

randomised trials. Lancet 2016;387:1723–1731.  5 

338. Assis Z, Menon BK, Goyal M, Demchuk AM, Shankar J, Rempel JL, et al. Acute ischemic stroke with 6 

tandem lesions: technical endovascular management and clinical outcomes from the ESCAPE trial. J 7 

Neurointerv Surg 2017;10:429–433.  8 

339. Anadani M, Spiotta AM, Alawieh A, Turjman F, Piotin M, Haussen DC, et al. Emergent Carotid 9 

Stenting Plus Thrombectomy After Thrombolysis in Tandem Strokes. Stroke 2019;50:2250–2252. 10 

340. El-Mitwalli A, Saad M, Christou I, Malkoff M, Alexandrov AV. Clinical and Sonographic Patterns of 11 

Tandem Internal Carotid Artery/Middle Cerebral Artery Occlusion in Tissue Plasminogen Activator–12 

Treated Patients. Stroke 2002;33:99–102.  13 

341. Rangel-Castilla L, Rajah GB, Shakir HJ, Shallwani H, Gandhi S, Davies JM, et al. Management of acute 14 

ischemic stroke due to tandem occlusion: should endovascular recanalization of the extracranial or 15 

intracranial occlusive lesion be done first? Neurosurg Focus 2017;42:E16. 16 

342. Christou I, Felberg RA, Demchuk AM, Burgin WS, Malkoff M, Grotta JC, et al. Intravenous tissue 17 

plasminogen activator and flow improvement in acute ischemic stroke patients with internal carotid 18 

artery occlusion. J Neuroimaging. 2002;12:119-23. 19 

343.  Park SE, Choi DS, Baek HJ, Ryu KH, Ha JY, Choi HC, et al. Emergent carotid artery stenting in patients 20 

with acute ischemic stroke due to cervical internal carotid artery steno-occlusive lesion: Comparison of 21 

tandem intracranial occlusion and isolated cervical internal carotid artery occlusion. Inte rv Neuroradiol. 22 

2020;26:425-432. 23 

344. Tekieli L, Afanasiev A, Mazgaj M, Borodetsky V, Sievert K, Knapik M, et al. A multi-center multi-24 

specialty study of the micronet-covered stent in consecutive patients with acute carotid-related stroke:  25 

SAFEGUARD-STROKE. Adv Interv Cardiol 2023 (in press). 26 

345. Bhatia R, Hill MD, Shobha N, Menon B, Bal S, Kochar P, et al. Low rates of acute recanalization with 27 

intravenous recombinant tissue plasminogen activator in ischemic stroke: real-world experience and a 28 

call for action. Stroke 2010;41:2254–2258.  29 

346. Saver JL, Adeoye O. Intravenous thrombolysis before endovascular thrombectomy for acute 30 

ischemic stroke. JAMA. 2021;325:229 31 

347. Imran R, Mohamed GA, Nahab F. Acute reperfusion therapies for acute ischemic stroke. J Clin Med. 32 

2021;10:3677 33 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/advance-article/doi/10.1093/cvr/cvad135/7250075 by G

hent U
niversity user on 30 January 2024



89 

348. Rubiera M, Ribo M, Delgado-Mederos R, Santamarina E, Delgado P, Montaner J, et al. Tandem 1 

internal carotid artery/middle cerebral artery occlusion: an independent predictor of poor outcome after 2 

systemic thrombolysis. Stroke 2006;37:2301–2305. 3 

349. Molina CA, Montaner J, Arenillas JF, Ribo M, Rubiera M, Alvarez-Sabín J. Differential pattern of 4 

tissue plasminogen activator-induced proximal middle cerebral artery recanalization among stroke 5 

subtypes. Stroke. 2004;35:486-90. 6 

350. Kargiotis O, Psychogios K, Safouris A, Spiliopoulos S, Karapanayiotides T, Bakola E, et al. Diagnosis 7 

and treatment of acute isolated proximal internal carotid artery occlusions: a narrative review. Ther Adv 8 

Neurol Disord. 2022;15:17562864221136335. 9 

351. Sivan-Hoffmann R, Gory B, Armoiry X, Goyal M, Riva R, Labeyrie PE, Lukaszewicz AC, Lehot JJ, Derex 10 

L, Turjman F. Stent-Retriever Thrombectomy for Acute Anterior Ischemic Stroke with Tandem Occlusion: 11 

A Systematic Review and Meta-Analysis. Eur Radiol. 2017;27:247-254. 12 

352. Neuhaus AA, Buchan AM. Expanding horizons in the endovascular treatment of stroke: larger cores 13 

and adjunct thrombolytics. Cardiovasc Res. 2022;118:e91-e95. 14 

353. Eker OF, Bühlmann M, Dargazanli C, Kaesmacher J, Mourand I, Gralla J,  et al. Endovascular 15 

Treatment of Atherosclerotic Tandem Occlusions in Anterior Circulation Stroke: Technical Aspects and 16 

Complications Compared to Isolated Intracranial Occlusions. Front Neurol 2018;9:1046. 17 

354. Park SE, Choi DS, Baek HJ, Ryu KH, Ha JY, Choi HC, et al. Emergent carotid artery stenting in patients 18 

with acute ischemic stroke due to cervical internal carotid artery steno-occlusive lesion: Comparison of 19 

tandem intracranial occlusion and isolated cervical internal carotid artery occlusion. Interv Neuroradiol. 20 

2020;26:425-432. 21 

355. Kappelhof M, Marquering HA, Berkhemer OA, Majoie CB. Intra-arterial treatment of patients with 22 

acute ischemic stroke and internal carotid artery occlusion: A literature review. J Neurointerv Surg. 23 

2015;7:8-15. 24 

356. Dzierwa K, Knapik M, Tekieli Ł, Mazurek A, Urbańczyk-Zawadzka M, Klecha A, et al. Clinical 25 

Outcomes of Extracranial Carotid Artery-Related Stroke Eligible for Mechanical Reperfusion on Top of 26 

Per-Guidelines Thrombolytic Therapy: Analysis from a 6-Month Consecutive Patient Sample in 2 Centers. 27 

Med Sci Monit. 2022;28:e938549. 28 

357. Anadani M, Marnat G, Consoli A, Papanagiotou P, Nogueira RG, Siddiqui A, et al. Endovascular 29 

Therapy of Anterior Circulation Tandem Occlusions: Pooled Analysis From the TITAN and ETIS Registries. 30 

Stroke. 2021;52:3097-3105. 31 

358. Wilson MP, Murad MH, Krings T, Pereira VM, O’Kelly C, Rempel J, Hilditch CA,  et al. Management of 32 

tandem occlusions in acute ischemic stroke – intracranial versus extracranial first and extracranial 33 

stenting versus angioplasty alone: A systematic review and meta-analysis. J Neurointerv Surg 34 

2018;10:721–728.  35 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/advance-article/doi/10.1093/cvr/cvad135/7250075 by G

hent U
niversity user on 30 January 2024



90 

359. Capoccia L, Sbarigia E, Speziale F, Toni D, Fiorani P. Urgent carotid endarterectomy to prevent 1 

recurrence and improve neurologic outcome in mild-to-moderate acute neurologic events. J Vasc Surg. 2 

2011;53:622-7. 3 

360. Gunka I, Krajickova D, Lesko M, Jiska S, Raupach J, Lojik M, et al. Emergent Carotid 4 

Thromboendarterectomy for Acute Symptomatic Occlusion of the Extracranial Internal Carotid Artery. 5 

Vasc Endovascular Surg. 2017;51:176-182. 6 

361. Schubert J, Witte OW, Settmacher U, Mayer TE, Günther A, Zanow J, et al. Acute Stroke Treatment 7 

by Surgical Recanalization of Extracranial Internal Carotid Artery Occlusion: A Single Center Experience. 8 

Vasc Endovascular Surg. 2019;53:21-27. 9 

362. Stewart LM, Spangler EL, Sutzko DC, Pearce BJ, McFarland GE, Passman MA, et al. Carotid 10 

endarterectomy with concomitant distal endovascular intervention is associated with increased rates of 11 

stroke and death. J Vasc Surg. 2021;73:960-967. 12 

363. Noubiap JJ, Agbaedeng TA , Tochie JN, Nkeck JR, Ndoadoumgue AL, Fitzgerald JL, Kleinig T, et al. 13 

Meta-Analysis Comparing the Frequency of Carotid Artery Stenosis in Patients With Atrial Fibrillation and 14 

Vice Versa. Am J Cardiol . 2021;138:72-79. 15 

364. Musialek P, Mazurek A, Trystula M, Borratynska A, Lesniak-Sobelga A, Urbanczyk M, et al. Novel 16 

PARADIGM in carotid revascularisation: Prospective evaluation of All-comer peRcutaneous cArotiD 17 

revascularisation in symptomatic and Increased-risk asymptomatic carotid artery stenosis using CGuard 18 

MicroNet-covered embolic prevention stent system. EuroIntervention. 2016;12:e658-70. 19 

365. Schnabel RB, Haeusler KG, Healey JS, Freedman B, Boriani G, Brachmann J, et al. Searching for Atrial 20 

Fibrillation Poststroke: A White Paper of the AF-SCREEN International Collaboration. Circulation. 21 

2019;140:1834-1850. 22 

366. Chang YJ, Ryu SJ, Lin SK. Carotid artery stenosis in ischemic stroke patients with nonvalvular atrial 23 

fibrillation. Cerebrovasc Dis 2002;13:16–20. 24 

367. Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, et al. Rivaroxaban versus Warfarin in 25 

Nonvalvular Atrial Fibrillation. N Engl J Med 2011;365:883–891. 26 

368. Bonati LH, Lyrer PA, Wetzel SG, Steck AJ, Engelter ST. Diffusion weighted imaging, apparent 27 

diffusion coefficient maps and stroke etiology. J Neurol 2005;252:1387–1393. 28 

369. Harrison SL, Buckley BJR, Lane DA, Fazio-Eynullayeva E, Underhill P, Hill A, et al.  Antiplatelet Agents 29 

and Oral Anticoagulant Use in Patients with Atrial Fibrillation and Carotid Artery Disease After First-Time 30 

Ischaemic Stroke. Cardiovasc Drugs Ther. 2023 (online ahead of print). 31 

370. Naylor AR, Mehta Z, Rothwell PM, Bell PRF. Carotid artery disease and stroke during coronary artery 32 

bypass: A critical review of the literature. Eur J Vasc Endovasc Surg 2002;23:283–294.  33 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/advance-article/doi/10.1093/cvr/cvad135/7250075 by G

hent U
niversity user on 30 January 2024



91 

371. Naylor AR, Bown MJ. Stroke after Cardiac surgery and its association with asymptomatic carotid 1 

disease: An updated systematic review and meta-analysis. Eur J Vasc Endovasc Surg 2011;41:607–624. 2 

372. Masabni K, Raza S, Blackstone EH, Gornik HL, Sabik JF 3rd. Does preoperative carotid stenosis 3 

screening reduce perioperative stroke in patients undergoing coronary artery bypass grafting? J Thorac 4 

Cardiovasc Surg. 2015;149:1253-60. 5 

373. Mehta A, Choxi R, Gleason T, Wechsler L, Jovin T, Parthasarathy DT. Carotid Artery Disease as a 6 

Predictor of In-Hospital Postoperative Stroke After Coronary Artery Bypass Grafting From 1999 to 2011. J 7 

Cardiothorac Vasc Anesth. 2018;32:1587-1596. 8 

374. Santarpino G, Nicolini F, De Feo M, Dalén M, Fischlein T, Perrotti A, et al. Prognostic Impact of 9 

Asymptomatic Carotid Artery Stenosis in Patients Undergoing Coronary Artery Bypass Grafting.Eur J Vasc 10 

Endovasc Surg. 2018;56:741-748. 11 

375. Hess NR, Killic A, Serna-Gallegos DR, Navid F, Wang Y, Thoma F, et al. Effect of untreated carotid 12 

artery stenosis at the time of isolated coronary artery bypass grafting. JTCVS Open. 2021;7:182-190. 13 

376. LaPiano JB, Arnott SM, Napolitano MA, Holleran TJ, Sparks AD, Antevil JL, et al. Risk factors for 14 

cerebrovascular accident after isolated coronary artery bypass grafting in Veterans. J Card Surg. 15 

2022;37:3084-3090. 16 

377. Lorusso R, Moscarelli M, Di Franco A, Grazioli V, Nicolini F, Gherli T, at al. Association Between 17 

Coronary Artery Bypass Surgical Techniques and Postoperative Stroke. J Am Heart Assoc. 18 

2019;8:e013650. 19 

378. Zhang J, Xu RW, Fan X, Ye Z, Liu P. A Systematic Review of Early Results Following Synchronous or 20 

Staged Carotid Artery Stenting and Coronary Artery Bypass Grafting.  Thorac Cardiovasc Surg. 21 

2017;65:302-310.  22 

379. Naylor AR, Cuffe RL, Rothwell PM, Bell PRF. A systematic review of outcomes following staged and 23 

synchronous carotid endarterectomy and coronary artery bypass. Eur J Vasc Endovasc Surg 2003;25:380–24 

389.  25 

381. Naylor R, Cuffe RL, Rothwell PM, Loftus IM, Bell PRF. A systematic review of outcome following 26 

synchronous carotid endarterectomy and coronary artery bypass: Influence of surgical and patient 27 

variables. Eur J Vasc Endovasc Surg 2003;26:230–241. 28 

381. Naylor AR. Does the risk of post-CABG stroke merit staged or synchronous reconstruction in 29 

patients with symptomatic or asymptomatic carotid disease? J Cardiovasc Surg. 2009;50:71-81. 30 

382. Roffi M, Cremonesi A. Current concepts on the management of concomitant carotid and coronary 31 

disease. J Cardiovas Surg. 2013;54:47-54. 32 

383. Dzierwa K, Kedziora A, Mazurek A, Tekieli L, Musial R, Dobrowolska E,  Pieniazek P, Sobczynski R, 33 

Kapelak B, Kwiatkowski T, Trystula M, Piatek J, Musialek P. Simultaneous single -stage urgent cardiac 34 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/advance-article/doi/10.1093/cvr/cvad135/7250075 by G

hent U
niversity user on 30 January 2024



92 

surgery and endovascular carotid revascularization under open-chest cardiopulmonary bypass in 1 

extremely high-risk, unstable patients (NCT04973579) ESC 2023 Abstract#83633. Eur Heart J Suppl. 2023 2 

(in press). 3 

384. Timaran CH, Rosero EB, Smith ST, Valentine RJ, Modrall JG, Clagett GP. Trends and outcomes of 4 

concurrent carotid revascularization and coronary bypass. J Vasc Surg 2008;48:355-361.e1.  5 

384. Klarin D, Patel VI, Zhang S, Xian Y, Kosinski A, Yerokun B, et al. Concomitant carotid endarterectomy 6 

and cardiac surgery does not decrease postoperative stroke rates. J Vasc Surg 2020;72:589-596.e3. 7 

386. Cleveland TJ, Gaines PA, Venables GS. Carotid artery stenosis: Patients should have access to all 8 

treatments. BMJ 2010;340:611. 9 

387. Dzierwa K, Pieniazek P, Musialek P, Piatek J, Tekieli L, Podolec P, Drwiła R, Hlawaty M, Trystuła M, 10 

Motyl R, Sadowski J. Treatment strategies in severe symptomatic carotid and coronary artery disease. 11 

Med Sci Monit. 2011;17:RA191-197. 12 

388. Dzierwa K, Piatek J, Paluszek P, Przewlocki T, Tekieli L, Konstanty-Kalandyk J, Tomaszewski T, Drwila 13 

R, Trystula M, Musialek P, Pieniazek P. One-day, sequential carotid artery stenting followed by cardiac 14 

surgery in patients with severe carotid and cardiac disease. Vasc Med. 2019;24:431-438. 15 

389. Krist AH, Davidson KW, Mangione CM, Barry MJ, Cabana M, Caughey AB, et al. Screening for 16 

Asymptomatic Carotid Artery Stenosis: US Preventive Services Task Force Recommendation Statement. 17 

JAMA 2021;325:476–481. 18 

390. Paraskevas KI, Spence JD, Mikhailidis DP, Antignani PL, Gloviczki P, Eckstein H-H, et al. Why do 19 

guidelines recommend screening for abdominal aortic aneurysms, but not for asymptomatic carotid 20 

stenosis? A plea for a randomized controlled trial. Int J Cardiol 2022;371. 21 

391. Mullenix PS, Martin MJ, Steele SR, Lavenson Jr GS, Starnes BW, Hadro NC, et al. Rapid high-volume 22 

population screening for three major risk factors of future stroke: Phase I results. Vasc Endovascular 23 

Surg. 2006;40:177-87.  24 

392. Weerd M de, Greving JP, Hedblad B, Lorenz MW, Mathiesen EB, O’Leary DH, et al. Prediction of 25 

asymptomatic carotid artery stenosis in the general population: identification of high-risk groups. Stroke 26 

2014;45:2366–2371. 27 

393. Lavenson GS Jr, Andersen CA. The quick carotid scan for prevention of strokes due to carotid artery 28 

disease. Ann Transl Med. 2021;9:1202. 29 

394. Saba L, Mossa-Basha M, Abbott A, Lanzino G, Wardlaw JM, Hatsukami TS, et al. Multi-national 30 

survey of current practice from imaging to treatment of atherosclerotic carotid stenosis. Cerebrovasc Dis 31 

2021;50:108–120. 32 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/advance-article/doi/10.1093/cvr/cvad135/7250075 by G

hent U
niversity user on 30 January 2024



93 

395. Gupta A, Mushlin AI, Kamel H, Navi BB, Pandya A. Cost-Effectiveness of Carotid Plaque MR Imaging 1 

as a Stroke Risk Stratification Tool in Asymptomatic Carotid Artery Stenosis. Radiology 2015;277:927–2 

927. 3 

396. Goff DC Jr, Lloyd-Jones DM, Bennett G, Coady S, D'Agostino RB, Gibbons R, Greenland P, Lackland 4 

DT, Levy D, O'Donnell CJ, Robinson JG, Schwartz JS, Shero ST, Smith SC Jr, Sorlie P, Stone NJ, Wilson PW, 5 

Jordan HS, Nevo L, Wnek J, Anderson JL, Halperin JL, Albert NM, Bozkurt B, Brindis RG, Curtis LH, DeMets 6 

D, Hochman JS, Kovacs RJ, Ohman EM, Pressler SJ, Sellke FW, Shen WK, Smith SC Jr, Tomaselli GF; 7 

American College of Cardiology/American Heart Association Task Force on Practice Guidelines. 2013 8 

ACC/AHA guideline on the assessment of cardiovascular risk: a report of the American College of 9 

Cardiology/American Heart Association Task Force on Practice Guidelines. Circulation. 2014;129(25 Suppl 10 

2):S49-73.  11 

397. Poorthuis MHF, Sherliker P, de Borst GJ, Clack R, Lewington S, Clarke R, Bulbulia R, Halliday A. 12 

Detection rates of asymptomatic carotid stenosis and atrial fibrillation by selective screening of patients 13 

without cardiovascular disease. Int J Cardiol. 2023 (online ahead of print).  14 

398. Piegza M, Więckiewicz G, Wierzba D, Piegza J. Cognitive functions in patients after carotid artery 15 

revascularization—a narrative review. Brain Sci 2021;11:1307.  16 

399. Ohta H, Nishikawa H, Kimura H, Anayama H, Miyamoto M. Chronic cerebral hypoperfusion by 17 

permanent internal carotid ligation produces learning impairment without brain damage in rats. 18 

Neuroscience 1997;79:1039–1050. 19 

400. Rao R. The role of carotid stenosis in vascular cognitive impairment. J Neurol Sci 2002;203–204:103–20 

107.  21 

401. Bakker FC, Klijn CJM, Jennekens-Schinkel A, Van der Tweel I, Van der Grond J,  et al. Cognitive 22 

impairment is related to cerebral lactate in patients with carotid artery occlusion and ipsilateral transient 23 

ischemic attacks. Stroke 2003;34:1419–1424.  24 

402. Lei C, Deng Q, Li H, Zhong L. Association Between Silent Brain Infarcts and Cognitive Function: A 25 

Systematic Review and Meta-Analysis. J Stroke Cerebrovasc Dis 2019;28:2376–2387.  26 

403. Azeem F, Durrani R, Zerna C, Smith EE. Silent brain infarctions and cognition decline: systematic 27 

review and meta-analysis. J Neurol 2019;267:502–512.   28 

404. Halliday A, Sneade M, Björck M, Pendlebury ST, Bulbulia R, Parish S, et al. Effect of Carotid 29 

Endarterectomy on 20 Year Incidence of Recorded Dementia: A Randomised Trial. Eur J Vasc Endovasc 30 

Surg. 2022;63:535-545.  31 

405. Grunwald IQ, Papanagiotou P, Reith W, Backens M, Supprian T, Politi M, et al. Influence of carotid 32 

artery stenting on cognitive function. Neuroradiology 2010;52:61–66.  33 

406. Hara S, Seida M, Kumagai K, Yamamoto T. Beneficial effect of carotid artery stenting on cerebral 34 

hemodynamic impairment and cognitive function. Neurol Med Chir 2020;60:66–74.  35 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/advance-article/doi/10.1093/cvr/cvad135/7250075 by G

hent U
niversity user on 30 January 2024



94 

407. Xia ZY, Sun QJ, Yang H, Zhang MX, Ban R, Xu GL, et al. Effect of carotid artery stenting on cognitive 1 

function in patients with internal carotid artery stenosis and cerebral lacunar infarction: A 3-year follow-2 

up study in China. PLoS One 2015;10:e0129917–e0129917. 3 

408. Fan YL, Wan JQ, Zhou ZW, Chen L, Wang Y, Yao Q, Jiang JY. Neurocognitive improvement after 4 

carotid artery stenting in patients with chronic internal carotid artery occlusion: A prospective, 5 

controlled, single-center study. Vasc Endovascular Surg 2014;48:305–310.  6 

409. Grunwald IQ, Supprian T, Politi M, Struffert T, Falkai P, Krick C,  et al. Cognitive changes after carotid 7 

artery stenting. Neuroradiology 2006;48:319–323.  8 

410. Lehrner J, Willfort A, Mlekusch I, Guttmann G, Minar E, Ahmadi R et al. Neuropsychological outcome 9 

6 months after unilateral carotid stenting. J Clin Exp Neuropsychol 2005;27:859–866. 10 

411. Tiemann L, Reidt JH, Esposito L, Sander D, Theiss W, Poppert H. Neuropsychological sequelae of 11 

carotid angioplasty with stent placement: Correlation with ischemic lesions in diffusion weighted 12 

imaging. PLoS One 2009;4:e7001–e7001.  13 

412. Altinbas A, Van Zandvoort MJE, Van Den Berg E, Jongen LM, Algra A, Moll FL, et al. Cognition after 14 

carotid endarterectomy or stenting: A randomized comparison. Neurology 2011;77:1084–1090.  15 

413. Altinbas A, Van Zandvoort MJE, Van Den Berg E, Algra A, De Borst GJ, Hendrikse J,  et al. The effect 16 

of white matter lesions on cognition after carotid revascularization. J Neurol Sci 2013;334:77–82.  17 

414. Plessers M, Herzeele I Van, Hemelsoet D, Vermassen F, Vingerhoets G. Prospective comparison of 18 

cognitive effects of carotid endarterectomy versus carotid stenting with flow reversal or distal filters. J 19 

Clin Exp Neuropsychol 2015;37:834–841. 20 

415. Baracchini C, Mazzalai F, Gruppo M, Lorenzetti R, Ermani M, Ballotta E. Carotid endarterectomy 21 

protects elderly patients from cognitive decline: A prospective study. Surgery 2012;151:99–106.  22 

416. Lattanzi S, Carbonari L, Pagliariccio G, Bartolini M, Cagnetti C, Viticchi G, et al. Neurocognitive 23 

functioning and cerebrovascular reactivity after carotid endarterectomy. Neurology 2018;90:e307–e315. 24 

417. Collins R, Bowman L, Landray M, Peto R. The Magic of Randomization versus the Myth of Real-25 

World Evidence. N Engl J Med 2020; 382:674-678. 26 

418. Baradaran H, Gupta A, Anzai Y, Mushlin AI, Kamel H, Pandya A. Cost Effectiveness of Assessing 27 

Ultrasound Plaque Characteristics to Risk Stratify Asymptomatic Patients With Carotid Stenosis. J Am 28 

Heart Assoc 2019;8:e012739. 29 

419. Gleißner C, Kaczmarz S, Kufer J, Schmitzer L, Kallmayer M, Zimmer C, Wiestler B, Preibisch C, Göttler 30 

J. Hemodynamic MRI parameters to predict asymptomatic unilateral carotid artery stenosis with random 31 

forest machine learning. Front Neuroimaging. 2023;1:1056503.  32 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/advance-article/doi/10.1093/cvr/cvad135/7250075 by G

hent U
niversity user on 30 January 2024



95 

420. Low M, Gray BH, Dicks AB, Ochiobi O, Blas JVV, Gandhi SS, Carsten CG. Comparison of Complications 1 

and Cost for Transfemoral Versus Transcarotid Stenting of Carotid Artery Stenosis. Ann Vasc Surg. 2023 2 

Feb;89:1-10 3 

421. Gynnild MN, Hageman SHJ, Spigset O, Lydersen S, Saltvedt I, Dorresteijn JAN. Use of lipid-lowering 4 

therapy after ischaemic stroke and expected benefit from intensification of treatment. Open Heart 5 

2022;9:e001972. 6 

 7 

 8 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/advance-article/doi/10.1093/cvr/cvad135/7250075 by G

hent U
niversity user on 30 January 2024


