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Abstract: Carotid atherosclerotic lesions are correlated with atherosclerotic deterioration of the arterial 
wall in other vascular territories and with cardiovascular events. The detection of pre-symptomatic carotid 
lesions like intima-media thickness (IMT) and asymptomatic carotid plaques is possible by non-invasive 
ultrasound duplex scanning. Current measurement guidelines suggest an average measurement of IMT 
within 10 mm of the segment of the common carotid artery. The thickening of intima-media appears in 
a long subclinical period of atherosclerosis. Therefore, the determination of IMT has emerged as one of 
the methods for determining early structural deterioration of the arterial wall. A close interrelationship 
was shown between IMT and risk factors of atherosclerosis, their duration, and intensity. Different studies 
demonstrated that increased IMT is a powerful predictor of coronary, cerebrovascular, and peripheral 
arterial occlusive disease and their complication. A recent meta-analysis indicated a minimal improvement in 
the risk estimation of cardiovascular events after adding IMT to the Framingham Risk Score. These findings 
influenced the latest ACC/AHA guidelines which again recommend the use of carotid IMT measurement 
for individual risk assessment. The presence of atherosclerotic plaques indicates that the atherosclerotic 
process is already ongoing. The findings of different studies are equivocal that carotid plaques independently 
predict cardiovascular events and improve risk predictions for coronary artery disease when added to the 
Framingham Risk Score. However, besides the size of plaque and grade of stenosis, the structure of plaque 
calcification, vascularization, lipid core, and the surface of plaques are important indicators of related risks 
for cardiovascular events.
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Introduction

Carotid atherosclerosis represents one of the most frequent 
manifestations of vascular disease. Carotid atherosclerotic 
lesions are not only an indicator of local deterioration of the 
vessel wall but also indicate systemic atherosclerotic disease, 

often with concomitant lesions in coronary and peripheral 
vascular beds (1). In patients with significant carotid 
stenosis, coronary artery disease (CAD) was found in 68%, 
while renal artery stenosis and peripheral artery occlusive 
disease (PAD) were found in 20% and 21% of patients, 
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respectively (2). 
Paraskevas and coworkers showed that 70% of patients 

with internal  carotid artery (ICA) occlusion had 
atherosclerotic disease in at least 1 additional vascular 
territory (3). It was also shown that severe (but not 
moderate) carotid atherosclerosis may predict concomitant 
vascular disease in other arterial territories (4). In contrast, 
Adraktas et al. failed to find an interrelationship between 
carotid atherosclerosis and coronary, vertebral, or aortic 
atherosclerosis in patients with acute stroke symptoms (5). 
They concluded that despite atherosclerosis being a diffuse 
process; it is significant in one type of artery at a time and 
that propensity of atherosclerosis is to be severe in one 
vascular bed while not in others. The reason Adraktas et al. 
failed to find a relationship between carotid and coronary 
atherosclerosis could be the consequence of inclusion criteria 
used in their study, which also included the moderate degree 
of carotid stenosis (>50%).

Carotid atherosclerotic disease is also significantly 
related to PAD and it was shown that there is a relationship 
between the severity of PAD and carotid occlusive  
disease (6). Further, the presence and severity of PAD 
were shown to be associated with the prevalence of carotid 
atherosclerosis regardless of lower extremity symptoms (7).

The easy accessibility of carotid arteries for non-
invasive investigation represents a “window” to the whole 
circulatory system. As atherosclerosis is a systemic disease, 
characterization of carotid arteries represents a useful tool 
for the prediction of atherosclerosis in other territories, 
particularly of coronary arteries, and enables estimation of 
total atherosclerotic burden (8).

Subclinical atherosclerotic lesions of carotid arteries 
are accessible by non-invasive imaging modalities like 
ultrasound and magnetic resonance imaging. The presence 
of atherosclerotic plaques, their structure, and intima-
media thickness (IMT) of carotid arteries are indicators of 
atherosclerosis in other vascular territories and might help 
identify patients at risk for myocardial infarction or stroke.

We present the following article in accordance with the 
Narrative Review reporting checklist (available at https://
dx.doi.org/10.21037/atm-20-5570).

Data sources and searches

Relevant articles evaluating the association of preclinical 
carotid artery disease with atherosclerotic processes in other 
vascular beds were identified through a comprehensive 
search of Ovid MEDLINE, Ovid Embase, and the 

Cochrane Library performed by both authors the last time 
on May 20th, 2020. Additional articles were identified 
through a search of the references and citing articles of each 
selected article using the “View References” and “Cited by” 
tools in Scopus. No language restriction was applied.

Increased intima-media thickness (IMT)—an 
indicator of early carotid atherosclerosis 

Cardiovascular atherosclerotic lesions become clinically 
significant in a stage of a well-advanced atherosclerotic 
process. However, vessel wall changes occur during the 
long subclinical lag phase characterized by endothelial 
dysfunction and gradual thickening of intima-media (9). 
Determination of IMT of large superficial arteries, 
especially the carotid, using B-mode ultrasonography has 
emerged as one of the methods of choice for determining 
early structural deterioration of arterial wall and assessing 
cardiovascular risk (10). IMT measurements obtained by 
ultrasonography are well reproducible and represent a 
precise indicator of pathophysiologic characteristics of the 
arterial wall (11). IMT acts as a cost-effective surrogate 
endpoint of cardiovascular disease and stroke in a situation 
when the accurate cardiovascular and stroke endpoints 
would need longitudinal trials (12). It is also an additional 
useful tool for estimation of risk for cardiovascular events.

Methods of IMT measurement

There exist different ultrasound protocols for the 
measurement of carotid IMT. They differ in the involvement 
of the number of segments of carotid arteries (common 
carotid artery, bifurcation, ICA), types of measurement 
(manual or automatic IMT detection), and values of IMT 
(average IMT, maximal IMT) (13). This may concern 
scanning procedures concerning the segments and direction 
of the wall of measurement. There are also differences in 
IMT image analysis with respect to the type of measure (mean 
maximum, mean random) and determination of the echo 
boundary defining the IMT interface which may be manual 
or automated computerized edge identification (9). Recently, 
the common carotid artery (CCA) is being examined more 
frequently than the ICA and the bifurcation. In the current 
measurement guidelines, the average measurement of IMT 
has been proposed within a 10 mm segment of the CCA (14). 
Good quality scans of CCA with the best reproducibility can 
be achieved in most patients, in contrast with those of the 
ICA and the carotid bifurcation (15). The ICA is difficult 
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to visualize. Therefore, the measurements of ICA IMT 
are often missing and have large intra- in interobserver 
variability. 

Another important point represents the measurement 
of CCA-IMT. There are different types of CCA-IMT 
measurements, such as the mean of CCA-IMT values along 
the 10 mm segment of CCA, maximum IMT values of the 
10 mm distal CCA, mean of mean measurements in which 
left and right CCA is measured, and the average of mean 
CCA-IMT values of both sides. Another approach suggests 
measurements of IMT in three segments of extracranial 
carotid arteries (CCA, bifurcation, ICA) on both sides of 
the artery wall (16). For each segment, the maximum value 
of IMT is selected and the final IMT is the average of IMT 
values at the 12-sides of the examination.

Most investigators determine the IMT of the far wall 
only, whereas others combine its measurement with that 
of the near wall (17,18). When only the near-wall IMT is 
visualized, its measurement is gain-dependent and therefore 
subject to greater variability (19). 

Ultrasound scanning of the arterial segment can be 
performed in one or more directions (anterolateral, lateral, 
postero-lateral). Measuring in more directions will give 
more realistic results, particularly in the case of wall-
thickness eccentricity (20). 

The reproducibility of IMT measurement is dependent 
on the site of measurement and the method of reading. 
Intra-observer variability in selected studies ranged from 
a mean SD difference of 0.02±0.02 to 0.66±1.13 mm 
and a variation coefficient from 2.4% to 10.6% (17). 
Reproducibility of IMT measurement is worse in studies 
that include measurement of ICA and bifurcation than 
in studies limited to the CCA. Intra- and interobserver 
variability was better in studies using the automated 
edge-tracking method than when the leading edges were 
determined by visual assessment (18).

The association between cardiovascular risk 
factors and IMT

A close relationship between IMT with many cardiovascular 
risk factors has been reported (9,21). Carotid IMT 
increased significantly with age, by 0.04 mm for every  
10 years (22). Further, carotid IMT is affected by lifestyle. 
In the Monitored Atherosclerosis Regression Study 
(MARS) cholesterol intake, body mass index (BMI), 
and smoking were significantly related to the annual 
progression of the carotid IMT (23). It was also shown that 

the increase in carotid IMT is related to the duration and 
number of cigarettes smoked (24,25). Not only active but 
environmental tobacco smoke exposure was associated with 
increased carotid IMT and males were more affected (26). 
A close relationship of IMT to impaired glucose tolerance 
was shown with type 2 diabetes (27). The concentration of 
glycated hemoglobin and the duration of type 2 diabetes 
were independent predictors of the thickening of carotid 
intima-media (28). 

Of all traditional risk factors, hypertension appears 
to have the greatest effect on IMT (29,30). The Plaque 
Hypertension Lipid-Lowering Italian Study (PHYLLIS) 
showed that systolic and pulse pressure together with age are 
the most significant factors associated with increased carotid 
IMT in hypertensive patients (29). One of our studies 
showed that normotensive children of parents with essential 
hypertension have increased IMT, which suggests that genes 
and not the level of blood pressure influence IMT (31).

Carotid IMT and cardiovascular events

In the last decades, IMT has been considered as a 
non-invasive quantitative tool for the assessment of 
cardiovascular and stroke risk (10,32). Carotid IMT has also 
been an established measure for assessing the extension of 
atherosclerosis (33), and it is associated with cardiovascular 
alteration (34). Bots and coworkers found an association 
between increased carotid IMT and atherosclerosis of 
lower limb arteries as assessed by ankle-brachial index (ABI) 
(22,27,35). In the Atherosclerosis Risk in Communities 
(ARIC) study, the correlation between an increased carotid 
IMT and prevalent clinical cardiovascular disease was most 
expressed in subjects with intermittent claudication (36). 
Different studies demonstrating that increased IMT is a 
powerful predictor of coronary and cerebrovascular events, 
whatever the method and the site of IMT measurement  
(37-39). The Kuopio Ischemic Heart Disease Study showed 
an 11% increased risk of myocardial infarction in each  
0.1 mm incremental increase of carotid IMT (40). 
Also, several large studies like Atherosclerosis Risk in 
Communities Study (ARIC) (41), the Cardiovascular Health 
Study (42), and The Carotid Atherosclerosis Progression 
Study (43) showed the same results. The study of Polak 
showed that mean IMT in the CCA and maximum IMT 
of the ICA were significantly associated with the risk of 
cardiovascular disease (44). Carotid IMT and carotid 
plaques predicted cardiovascular and renal outcomes and 
improved renal risk stratification in patients with type  
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2 diabetes (45). In the study of Lorenz et al., it was shown 
that common IMT is associated with future CAD events 
risk; however, this was not true for its change over time. 
Therefore, changes of IMT should be interpreted with 
care (46). A meta-analysis that included 20 studies with 35 
to 500 patients showed that carotid IMT may serve as an 
accurate diagnostic tool. A cut-off value of 1 mm seems to 
provide an accurate risk assessment of CAD (sensitivity: 
0.66, specificity 0.79; AUC 0.80) (38). 

However, it is not clear whether IMT significantly 
contr ibutes  to the Framingham Risk Factors  for 
cardiovascular risk prediction. In one study, the addition 
of IMT slightly increased predictive power concerning 
cardiovascular risk assessment (47) and stroke in another 
study (48).  Some other studies showed that IMT 
determination has little or no additional prognostic value in 
addition to traditional risk factor scores such as Framingham 
Risk Score (49,50). Despite these contradictory results 
in 2010, the American College of Cardiology supported 
the use of carotid IMT for cardiovascular and stroke 
risk assessment (class II a recommendation). Similarly, 
the National Cholesterol Education Programme – 
Adults Treatment Panel (51) and The European Society 
of Hypertension recommended the use of IMT for 
cardiovascular and stroke risk prediction (52). However, 
Den Ruijter at all published a meta-analysis with 11 years of 
follow-up of IMT measurements (53). IMT was measured 
within the 10 mm distance of the far wall of the CCA 
without plaques. This meta-analysis indicated minimal 
improvement of risk estimation of cardiovascular events 
after adding IMT to the Framingham risk score (54). Those 
findings influenced ACC/AHA guidelines that advised 
against the use of carotid IMT measurement for individual 
routine risk assessment (55). Analysis of methods for IMT 
measurement showed that inconsistency in the measurement 
of preclinical atherosclerotic lesions influenced the validity 
of the prediction of cardiovascular events based on IMT 
measurement (56).

This varying and contradictory results and guideline 
recommendations are probably caused by differences 
in study design, special differences regarding carotid 
IMT measurements, such as measuring CCA, ICA, or 
both carotid arteries. Results are also influenced by the 
inclusion or exclusion of atherosclerotic plaques (57). Other 
important factors influencing carotid IMT are age, sex, 
and race. To overcome this problem Polak et al. prepared 
age, sex, and race ethnic-specific normative values for 
carotid IMT (58). This approach significantly increases the 

prediction of cardiovascular events beyond traditional risk 
factors, even when coronary artery calcium was included in 
the model. Improving the accuracy of risk prediction is very 
important because it helps target those subjects who are 
most likely to benefit from preventive treatment. 

Carotid plaques

Atherosclerotic plaques represent a recognizable and 
frequently advanced form of atherosclerosis. Their presence 
indicates that the atherosclerotic process is going on. As 
atherosclerosis is a systemic disease, it is expected that 
patients with carotid atherosclerotic plaques will have 
similar lesions also in other territories of arterial circulation. 
According to the definition, carotid plaques represent focal 
arterial wall thickening of 50 % greater than surrounding 
IMT of the vessel wall or a focal region with IMT greater 
than 1.5 mm protruding into the lumen (59). Touboul  
et al. added a measure for the carotid plaque measurement 
and defined the plaque as a focal thickening region 
protruding into the lumen by at least 0.5 mm or 50% of 
the surrounding IMT values or an absolute value of IMT 
greater than 1.5 mm (14). 

The structure of plaques is beside their size an important 
indicator of risk for cardiovascular events. Vulnerable 
plaques are unstable and tend to rupture easily (60). Non-
stable plaques have specific structural characteristics which 
include a large lipid core, thin fibrous cap with inflammatory 
cell infiltration, and intra-plaque hemorrhage (61).

Carotid plaques and cardiovascular events

The presence of carotid plaques independently predicts 
cardiovascular events and improves risk stratification for 
coronary heart disease when added to the Framingham Risk 
Factors (62). 

Different studies showed that the carotid plaque presence 
is a better predictor of cardiovascular disease than carotid 
IMT (63). Recent studies suggest that the quantitative 
carotid plaque scores, like number, thickness, surface, area, 
and texture of plaques characterized by 2D ultrasound 
may be the best predictors of CVD risk (64). Recently, 3D 
ultrasound has been used for a more accurate assessment of 
plaque volume. Patients with familial hypercholesterolemia 
who have carotid plaques have 4.34 times higher relative 
risk of cardiovascular events and the number of carotid 
artery plaques was positively associated with the risk 
of cardiovascular events (65). In the study of Shah, the 
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presence of carotid plaque predicted any coronary plaque 
on computed tomography angiography (CTA) with an 
odds ratio of 2.8 and the presence of any calcified coronary 
plaque with an odds ratio of 5.4 (66). An association was 
found also between carotid atherosclerosis and peripheral 
artery disease (PAD). Both, symptomatic and asymptomatic 
PAD was associated with greater odds of carotid artery 
stenosis. The increasing severity of PAD was associated also 
with a greater risk of coronary atherosclerosis (7). 

The structure of plaques is an important determinant of 
cardiovascular risk and it was shown that the composition 
of carotid plaque is related to the structure of coronary 
plaque (20,67). The study of Hellings et al. showed a 
relationship between carotid plaque composition and future 
cardiovascular events. Specimens of carotid atherosclerotic 
lesions were collected from patients who underwent 
carotid endarterectomy and were subject to histological 
examination. In the follow-up period up to 3 years, 196 of 
818 patients (24%) reached the primary outcome (vascular 
death, nonfatal stroke, nonfatal myocardial infarction) (68). 
Patients whose carotid specimens revealed plaque 
hemorrhage or intra-plaque vessel formation demonstrated 
an increased risk for the primary outcome. However, 
macrophage infiltration, size of lipid core, and calcification 
were not associated with clinical outcomes. Another study 
showed that in middle-aged adults free of cardiovascular 
disease total carotid plaque area but not greyscale plaque 
features were associated with cardiovascular risk factors 
and predicted incidental coronary events (69). In the 
Multi-Ethnic Study of Atherosclerosis (MESA) magnetic 
resonance imaging (MRI) and ultrasound characteristics of 
carotid plaques of 946 participants who were at or above 
the 85th percentile according to carotid IMT were followed 
for 5.5 years and cardiovascular events were registered (70). 
The identification of vulnerable plaque with MRI was 
a useful tool for cardiovascular disease prediction and 
significantly improved the reclassification of baseline 
cardiovascular risk. Carotid artery remodeling and the 
size of the lipid core were independent predictors of new 
cardiovascular events. Therefore, carotid artery imaging 
provides a useful surrogate marker of generalized vascular 
health and identifies “vulnerable patients” at risk for 
subsequent cardiovascular events. 

Carotid intima-media thickness versus carotid 
plaque burden for predicting cardiovascular risk

The measurement of IMT was in recent decades used for 

the prediction of cardiovascular events. However, different 
studies and a meta-analysis of population-based studies 
showed that carotid plaques compared to IMT had a 
significantly higher diagnostic accuracy for the prediction 
of future coronary events. A meta-analysis of Inaba  
et al. showed that the ultrasound assessment of carotid 
plaque compared to that of IMT had a higher diagnostic 
accuracy for the prediction of future cardiovascular  
events (64). Further, one of the most important studies of 
the relationship between carotid plaques and cardiovascular 
events was the TROMSØ Norway study, which showed that 
measurement of plaque burden is more strongly predictive 
of cardiovascular events compared to the measurement of 
IMT (71). While the addition of IMT to plaque presence 
failed to improve the arterial event in older patients, IMT 
improved the ability to detect stroke and critical ischemia 
when added to the plaque in younger patients (72). It was 
concluded that IMT complements the poor performance of 
carotid plaque presence for cardiovascular event detection in 
younger but not in older patients. However, it is important 
to take into account that IMT is biologically and genetically 
distinct from the plaque burden (73). Determination of 
plaque burden, which includes plaque thickness and total 
plaque area was shown to be related to increased risk for 
CV events. Further, carotid plaque burden is as predictive 
as coronary calcium score for future CV events (74), and 
plaque burden was more predictive of CV events compared 
to the measurement of IMT (64). The predictive value 
of preclinical atherosclerotic lesions depends also on the 
location of these lesions. In the Tromsø Study., total plaque 
area strongly predicted coronary risk after 6 years of follow-
up, whereas only IMT in the bulb was predictive (75). The 
High-Risk Plaque BioImage Study compared IMT carotid 
plaque burden and maximum plaque thickness. Both carotid 
plaque burden and carotid plaque thickness were predictive 
of primary and secondary major CV events, whereas IMT 
was not (76). A major advantage of measuring carotid plaque 
burden is that progression or regression of plaques can be 
measured precisely and their changes appear in short time 
frames. Plaque volume and area change within 3 months, so 
they are effective measures to assess the effect of preventive 
treatment (77). The interrelationship between carotid IMT, 
carotid plaque burden and cardiovascular events is shown in 
Table 1.

In conclusion, detection of preclinical atherosclerotic 
lesions in carotid arteries has been considered as a non-
invasive quantitative tool for the assessment of cardiovascular 
and stroke risks. The determination of plaque burden is 
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more strongly predictive of cardiovascular events compared 
to the measurement of IMT. Determination of risk is more 
predictive if the measurement of IMT is combined with the 
determination of plaque thickness and total plaque area.
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