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Introduction
Stroke is a very important cause of disability and mortality, and 

atherosclerotic stenotic-occlusive carotid artery disease accounts 
for about 20-25% of the cases. Doppler ultrasound examination of 
carotid arteries is the dominant non-invasive imaging method for 
assessing the degree of stenosis of the internal carotid arteries as well 
as in selecting candidates for surgical or endovascular procedures.1,2 
In addition to its use in the triage of patients slated for medical, 
surgical or endovascular treatment, doppler ultrasound examination 
of carotid arteries is routinely performed in all patients hospitalized 
for cardiosurgical procedures. Ultrasound is an excellent method for 
early detection, quantification and characterization of atherosclerotic 
changes in the extracranial arteries of the neck, especially in the 
carotid bifurcation and the neck segment of internal carotid artery 
(ACI). Doppler ultrasound also plays a very important role in 
postoperative monitoring of the success rate following surgical 
procedure and diagnosis of postoperative restenotic changes. Other 
diagnostic methods such as CT angiography and MR angiography 
are used after a positive doppler ultrasound examination of carotid 
arteries. Digital Subtraction Angiography (DSA) is thought to be a 
gold standard in diagnosis and establishing degree of ACI stenosis 
and other changes. It is an invasive method that requires intraarterial 
application or intravenous contrast, puncture and catheterization of 
major arteries, exposes the patient to ionizing radiation and has a risk 
of neurological and non-neurological complications.3

Clinical signs and causes
Clinical symptoms of carotid artery disease may manifest 

themselves as stroke or transient ischemic attack. The most cases 
of carotid artery stenosis are caused by atherosclerotic plaque as 
part of generalized atherosclerotic disease. The most important 
noneaterosclerotic cause of carotid artery stenosis is carotid artery 
dissection with fibromuscular dysplasia and arteritis being less 
prevalent. Other causes include neck radiotherapy, connective tissue 

disease and trauma. Carotid artery dissection may occur due to 
selective catheterization of carotid arteries or may be come about as 
part of inborn artery wall defects, such as Marfan or Ehlers-Danlos 
disease. The stenotic changes caused by fibromuscular dysplasia 
should primarily considered in younger patients with atherosclerosis. 
In the case of multiple stenosis or extracranial cervical arteries 
occlusion, especially in younger women (with elevated erythrocyte 
sedimentation in the laboratory findings) Takayasu arteritis should be 
considered as primary diagnosis.4,5

Diagnosis
A clear division between symptomatic and asymptomatic 

carotid stenosis is of fundamental importance when considering 
the commencement the method of treatment. Doppler ultrasound 
examination has an important role in the diagnosis of cerebrovascular 
diseases since allows noninvasive and objective diagnostic evaluation 
as well as assessment of brain hemodynamics. Color Doppler 
ultrasound provides extremely important information about the 
condition of carotid and vertebral arteries, the thicknesses of the intima-
media complex as a fundamental marker of elevated cardiovascular 
risk and clearly shows accommodation, length, structure and content 
of atherosclerotic plaques.6,7 If the stenotic process involving the extra 
or intracranial blood vessels is ultrasonically determined, additional 
neuroradiological diagnostic procedures should be performed such as 
CTA or MRA and in some cases DSA. The sensitivity of MRA is 91-
95% and the specificity is 88-99%. The advantage of this procedure 
is that it enables an insight into the entire artery structure and is less 
dependent on the diagnostic experience of the evaluator. Additionally 
gadolinic contrast has a significantly lower incidence of nephropathy 
and allergic reactions than iodine contrast used in DSA. The 
deficiencies include smaller sensitivity in moderate stenosis, inability 
to differentiate between subocllusion and occlusion, relatively high 
price and limited availability as well as fact that in some cases it is 
difficult to perform, such as patients with severe general condition, 
patients with claustrophobia or patients with a heart electrostimulator 
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Abstract

In developed countries, stroke is the primary cause of invalidity and the third most common 
cause of mortality. The cause of stroke in about 30% of cases are emboli emerging from 
the heart, 25% of cases are caused by atherosclerosis of large cerebral arteries (85% are 
due to carotid atherosclerotic disease), about 20% of cases by occlusions of small cerebral 
arteries (lacunar infarct), 20% of cases by multiple or unspecified causes, and about 5% of 
cases by vasculopathies, hypercoagulable conditions and hematological diseases. Stroke 
is, therefore, a very significant cause of mortality, and stenotic-occlusive disease of carotid 
arteries is the cause of stroke in about 20-25% of patients. Numerous diagnostic methods 
were developed for efficient verification of carotid pathology due to its great importance 
in the etiology of stroke. Doppler ultrasound examination of carotid arteries is a dominant 
non-invasive imaging method in the diagnosis of carotid pathology and is often indicated 
in practice. Ultrasound is an excellent method for early discovery, quantification and 
classification of atherosclerotic changes. Today it is a method of choice for establishing the 
success rate of the surgical procedures involving the carotid arteries. However, there are 
also other diagnostic procedures available today, such as CT-angiography, MR-angiography 
and digital subtraction angiography. Pharmacological treatment and surgical procedures 
like carotid endarterectomy (CEA) and endovascular treatment (CAS-carotid artery 
stenting, CBA-carotid balloon angioplasty) have substantially contributed to the success 
rate of treating stenotic-obliterative changes in carotid arteries.
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or embedded defibrillator. CTA on the other hand provides limited 
insight into the arterial wall or the surrounding structures. The 
sensitivity of the CTA procedure is 77% and specificity is 95%. It is 
particularly useful in cases where ultrasound provides limited insight 
(e.g. tortuosity and arterial calcification). It also enables visualization 
of the stenosis level ranking from subocclusion to occlusion. The 
disadvantages of the procedure include the use of x-rays and the 
need for contrast which may lead to contrast-induced nephropathy. 
Additionally, the precision of the stenosis assessment may be limited 
by the presence of calcifications in the blood vessel walls.8

Surgical treatment
Prompt evaluation and triage of patients with symptomatic carotid 

artery stenosis is essential to minimize the risk of early recurrent 
cerebrovascular events. Prospective studies have shown that the risk 
of ipsilateral stroke is highest within the first 90 days, and especially 
within the first month following a TIA.9  Urgent commencement of 
treatment can reduce this risk by up to 80%.9

A scoring system for evaluation of the short-term risk of ipsilateral 
stroke after a TIA10 (Table 1) is named after the acronym ABCD2: age, 
blood pressure, clinical features, duration of symptoms, and diabetes 
mellitus. A patient with a TIA and an ABCD2 score of 0 to 3 has a 
1.2% risk of stroke within 7 days, as opposed to a 5.9% risk with 
a score of 4 or 5 and an 11.7% risk with a score of 5 or 6.10 High 
ABCD2 scores also seem to correlate with moderate or severe carotid 
artery stenosis.9 

ABCD2 is an acronym for the 5 factors of the scoring system.10

Table 1 Criteria and points of the ABCD2 Scoring system

Factor Points
Age≤60y 1
Blood Pressure ≥140/90 mm of Hg
Clinical Features
Unilateral weakness 2
Speech impairment without weakness 1
Duration of transient ischemic attack
≥60 min 2
10-59 min 1
Diabetes Mellitus 1

Indications for the treatment of patients with carotid artery 
stenosis are based on several aspects of neurological symptomatology 
and the degree of carotid stenosis, comorbidity as well as high risk 
for vascular and local anatomical stenosis. Carotid endarterectomy 
(CEA), a surgical therapeutical procedure is associated with low 
mortality and low percentage of perioperative complications. The 
results of NASCET studies highlight the key role of CEA in the ICA 
stenosis measuring over 70%. CEA is absolutely indicated in patients 
with stenosis measuring 70% -99% and should only be performed in 
centers with established perioperative risk of less than <6%.9 CEA 
should be performed as soon as possible following the ischemic event, 
ideally within two weeks. In patients with symptomatic stenosis of 
70% to 99%, the absolute risk reduction decreased from 23% to 16% 
and then to 8% when patients were treated within 2 weeks, between 
2 and 4 weeks, and after 4 weeks, respectively. The inverse benefit 
of CEA with increasing time from the qualifying ischemic event was 
particularly evident in women.11 In fact, the benefit of treatment was 
lost in women when treatment was delayed more than 2 weeks.11

In patients with stenosis 50-69% CEA should be performed only in 
centers with perioperative complication risk <6%. Complex analyzes 
of randomized controlled trials support the fact that the effect of 

CEA is maximized in patients who are operated within 2 weeks from 
the neurological incident, such as brain stroke or TIA.11 Due to the 
potential benefits of CEA in primary stroke prevention, the screening 
of asymptomatic subjects has led to the increase in the detection rates 
of carotid stenosis in the general population. Therefore, it is assumed 
that CEA’s availability will increase over time and in the next decade 
CEA will become a safe approach that will be applied within 24 
hours of a neurological event. Medication therapy is recommended 
in the cases of stenoses measuring less than 50% even if they are 
symptomatic.

Traditionally, surgeons have been reluctant to operate within 1 
month of a qualifying TIA or a minor stroke because of the perceived 
higher risk of periprocedural complications 12. However, subgroup 
analysis of the RCTs (randomized controlled trial) showed that the 
perioperative risks of stroke and death were not increased in patients 
who underwent an operation within 2 weeks of the qualifying event 11. 
The guidelines for secondary stroke prevention recommend that CEA 
should be performed within 2 weeks for patients presenting with a 
TIA or minor stroke.13,14

The rate of stroke occurrence or death among symptomatic 
patients following carotid endarterectomy in the CREST trial (3.2%) 
was lower than the corresponding percentage in SPACE study (6.3%) 
and was similar to the corresponding percentage in EVA-3S (3.9%) as 
well as that in ICSS (3.4%).15

Endovascular treatment
Carotid artery stenting (CAS) has been initially used as an 

alternative treatment option in patients not eligible for surgery. 
Numerous non-randomized and some randomized studies have 
assessed the safety and efficacy of CAS in so-called high risk 
patients.16˗20 Although CAS has been recommended in specialized 
subsets of patients21˗23 such as restenosis after CEA, radiation-induced 
carotid stenosis, increased cardiopulmonary risk or unfavorable neck 
anatomy as well as in higher risk patients, the appropriateness of its 
use in patients with conventional risk remains an unsolved matter. 
The potential benefits of endovascular treatment (angioplasty with or 
without stent implantation) as an alternative to carotid endarterectomy 
were first highlighted by the Carotid and Vertebral Artery Transluminal 
Angioplasty Study (CAVATAS).24 The Stenting and Angioplasty with 
Protectionin Patients at High Risk for Endarterectomy (SAPPHIRE) 
trial16 is the only randomized trial that specifically enrolled high risk 
patients to compare CEA and CAS with embolic protection devices. 
The primary endpoint (the composite of MI, stroke, or death within 
30 days plus death because of neurological causes or ipsilateral stroke 
between 31 days and 1 year) occurred in 12.2% of patients assigned 
to CAS and 20.1% of those assigned to CEA. The investigators of the 
SAPPHIRE trial concluded that CAS was not inferior to CEA. The 
Stent-Protected Angioplasty versus Carotid Endarterectomy (SPACE) 
trial randomized 1200 symptomatic patients. The incidence of 
ipsilateral stroke or death at 30 days was the primary endpoint of the 
study and did not differ between the groups (6.3% for CEA vs. 6.8% 
for CAS).25 The SPACE trial failed to prove the non-inferiority of 
CAS due to the insufficient sample size. However, no differences were 
found between CAS and CEA in respect to the prevention of recurrent 
cerebrovascular events after treatment of severe symptomatic carotid 
artery stenosis at 2 years. The large trials like CREST have shown that 
with adequate training, physicians can perform both CAS and CEA 
with low complication rates.26

Taken together, the results of the CAVATAS, SAPPHIRE, SPACE, 
EVA-3S and CREST studies suggest that CAS is as effective as 
CEA for the medium-term prevention of ipsilateral stroke, at least 
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for the first 4 years after the procedure, albeit with limited statistical 
power. The rate of stroke or death among symptomatic patients after 
carotid artery stenting in the CREST trial (6.0%) was lower than the 
corresponding rates in the SPACE (6.8%, not including nonipsilateral 
stroke), EVA-3S and ICSS (7.4%) trials.26

Endovascular treatment such as carotid balloon angioplasty with 
or without stents, have primarily in the treatment of stroke. They are 
indicated in noninvasively proven stenosis greater than 70%. CAS 
is a less invasive method than CEA. The procedure is performed 
under local anesthesia, without throat dissection and possible risk of 
peripheral nerve damage and is less painful. Absolute indications for 
CAS include patients with symptomatic ACI stenosis, postoperative 
CEA restenosis, post-radiation stenosis, anatomically elevated ACI 
stenosis (bifurcation), tandem lesions (associated ACI and ACC) and 
fibromuscular dysplasia. Relative indications for CAS are rapidly 
progressing asymptomatic stenosis of carotid arteries and high grade 
double stenosis carotid arteries.16 Some studies show the advantage 
of CAS in patients with advanced coronary and renal disease, chronic 
obstructive disease and contralateral ACI occlusion. Increased risk 
for periprocedural complications after endovascular treatment was 
observed in patients older than 80 years with advanced chronic renal 
insufficiency, complex atherosclerotic disease of carotid bifurcation, 
multiple lesions or angulations of ACI, pronounced tortuosities or 
calcifications of aortic artery or carotid bifurcation, long subtotal 
stenosis of the ACI and in patients who have had severe stroke in 
the previous 4-6 weeks or have a poor femoral approach. Absolute 
contraindications for endovascular treatment include patients 
with intolerance to acetylsalicylic acid or clopidogrel, circulatory 
calcification of ACI, intraluminal thrombus, chronic ACI occlusion, 
and presence of intracranial aneurysm or AV malformation.

Medical treatment
A medical approach to the treatment of carotid artery stenosis 

implies a combination of non-invasive procedures consisting of 
education, changes in habits, healthy eating, dietary measures and 
drug administration. Drug therapy is based on the smoking abstinence 
and treatment of arterial hypertension, hypercholesterolemia, 
diabetes, as well as the use of antithrombotic drugs such as aspirin 
and clopidogrel. For carotid artery stenosis-measuring less than 
<50% only drug treatment is indicated except when in the case of 
highly unstable atherosclerotic plaque with high risk for causation of 
thromboembolic incidents.27 In some cases of asymptomatic stenosis 
measuring up to 70% and developed collateral vasculature can be 
used in the treatment coupled with regular doppler ultrasound control 
examination.

Carotid endarterectomy or stenting?
The standard procedure for invasive treatment of carotid artery 

stenosis is CEA. Compared with CEA, CAS has the advantage that 
it can be done in patients under mild sedation, it requires no large 
surgical incisions, carries no risk of cranial nerve palsy and has fewer 
cardiovascular complications. Over the years, CEA has been shown 
to be safe and effective in preventing ipsilateral strokes with long-
lasting effect. For its acceptance as a valid alternative to CEA, CAS 
must fulfill the same criteria of safety and effectiveness. The safety 
of CAS compared to CEA has been studied in several RCTs.28 These 
recent studies have several common features, including prospective 
data collection, outcome assessment by independent neurologists, 
and similar end points of myocardial infarction, stroke, and death 
within 30 days of the procedure. Although the results of these studies 
have not unequivocally established the safety superiority of CAS 
vs CEA, they have identified high-risk subgroups. It was thought 

that the CAS procedure, being less invasive than CEA, could be 
advantageous in older patients. However, paradoxically, subgroup 
analyses of prospective studies have consistently shown that greater 
age is associated with a higher risk of periprocedural morbidity and 
death after CAS but not necessarily following CEA.29˗31 Additionally 
neurological symptoms occuring within 2 weeks of the procedure are 
associated with increased complication rates.29

A meta-analysis of published RCTs indicated that the risk of stroke 
within 30 days of the intervention was slightly higher in the CAS than 
the CEA group.32 However, the long-term (2-3 years) effectiveness of 
CAS has been demonstrated by randomized studies showing that the 
long-term incidence of ipsilateral strokes is not different between CAS 
and CEA.23,33,34 Data on the incidence of restenosis are preliminary, 
but restenosis rates reported after CAS are relatively low.23,33 More 
importantly, most restenoses are asymptomatic and therefore of 
unclear clinical importance. Restenosis rates may also decrease as 
the stent technology continues to improve. While clinicians await the 
conclusion of the large RCTs, CAS should be considered in patients 
with indication for carotid revascularization and high surgical risk.

Conclusion
Atherosclerotic stenotic-occlusive carotid artery disease is one of 

the most common causes of stroke (20-25%). Due to this fact, timely 
diagnosis of stenotic-occlusive changes in carotid arteries plays a 
very important role in early detection. This approach includes the 
use of modern diagnostic methods, medical treatment and surgical 
or endovascular treatment. Numerous diagnostic methods have 
been developed for early detection of carotid pathology: ultrasound, 
DSA, CTA, MRA. More recently, doppler ultrasound examination 
has assumed one of the most important roles in the diagnosis of 
cerebrovascular disease allowing for noninvasive and objective 
diagnostics and evaluation of brain hemodynamics, monitoring of the 
operative treatment success and detecting postoperative complications. 
Selection of treatment options in carotid artery disease should be done 
by an interdisciplinary team consisting of a neurologist, vascular 
surgeon, anesthesiologist and intervention radiologist.

The recent results of large randomized clinical trials indicate 
improving outcomes for patients requiring treatment for carotid 
artery stenosis, either through interventional or medical treatment. 
While medical therapy alone is considered the gold standard for 
patients with asymptomatic stenosis of carotid artery, intervention 
confers an outcome benefit in symptomatic patients. In the last few 
years CAS has emerged as a valid alternative to CEA, which is still 
considered as the best treatment option. The results of randomized 
trials have not shown consistent outcome differences between CAS 
and CEA. CAS is associated with heightened periprocedural risks of 
stroke and death, while CEA is associated with increased incidence 
of myocardial infarction and cranial nerve paralysis. CAS may be 
superior to CEA in certain groups of patients, such as those exposed 
to previous neck surgery or radiation injury. When performed in 
conjunction with an embolic protection device, the risks associated 
with CAS may be lower than those associated with CEA in patients 
at elevated risk of surgical complications. The selection of patients 
for either CEA or CAS may require attention to age, with patients 
younger than 60 years having a slightly better outcome with CAS, 
patients older than 70 years having a better outcome with CEA and 
those younger than 70 years having an equivalent or better aggregate 
outcome with CAS. Follow-up of ongoing clinical trials will provide 
new data regarding relative costs and benefits of CAS versus CEA, 
long-term restenosis rates and a better definition of subgroups that 
may benefit from specific interventions. The indications for CEA and 
CAS have not been firmly established. CEA is more appropriate than 
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CAS in the case of soft atherosclerotic plaques present in the stenotic 
lesion, since such soft plaques are associated with a high incidence of 
ischemic complications during CAS.35 However, the rapid evolution 
in CAS technique and materials suggests a great potential for CAS to 
improve outcomes and demonstrate superiority compared to CEA in 
the foreseeable future.
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