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identification of new early risk factors as well as early diagnosis of 
subclinical CVD in asymptomatic individuals who are at The sudden 
death is the primary consequence of coronary artery disease in 
50% of men and 64% of women. Historically an early detection of 
atherosclerosis has become eligible due to the noninvasive imaging 
techniques for patients with risk factors, allowing assessing and 
confirming plaque presence and estimating the extent of the flow 
limiting stenosis. This remodeling of the arterial wall is accelerated 
in diseases mentioned as inflammatory-related abnormalities and 
autoimmune mechanisms may work synergistically with traditional 
risk factors, making them particularly harmful and therefore 
contribute to endothelial dysfunction, which is considered the first 
step in atherogenesis.

The arterial wall is consist of 3 layers (ie, the intima, including 
the endothelium, the media, and the adventitia) and has individual 
importance in systemic circulation. The vascular endothelium 
settled in proper way the vascular tone, hemostasis and/or vascular 
permeability. The media is the major determinant of arterial elasticity, 
which regulates the conduit function (delivery of blood to tissues) and 
cushioning effect (for generation of continuous blood flow). Failure 
of these functions results in organ/vascular damage. The diagnosis 
of early changes of arterial status is possible since the development 
of new imaging techniques, which are commonly proposed to study 
not only mechanical properties but elastic properties. Except, these 
noninvasive methods are encouraging for assessing subclinical 
atheroma and the degree of it penetration by measuring the IMT, AS 
and the EPIV used in the calculation of the constraint of the carotid 
wall and of the level of endothelial dysfunction by the FMV method 
[6]..

The screening protocol contain in a few specific biomarkers 
directly related to the progression of atherosclerosis (the study of 
metalloproteases or bio protease obtained from a sample of urine, or 
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Introduction
Assessment of CVD risk relates to the availability of effective 

treatments that inhibit the development and progression of 
atherosclerosis early in the life [1]. Effective therapeutic intervention 
has advanced the concept of primary prevention of CAD. Primary 
prevention focuses on identifying asymptomatic individuals without 
prior history of CVD, who are at sufficiently high risk for a future CVD 
event to justify gradually more intensive risk reduction efforts. The 
causes of atherosclerosis, which are reliable for cardiovascular diseases, 
are among the leading of occasion for morbidity and mortality in the 
world. The coronary heart disease due to atherosclerosis is increasing 
in last years in developing countries. Chronic inflammatory diseases 
are associated with increasing of cardiovascular disease prevalence 
and outcomes of subclinical atherosclerosis and might detect the once 
of endothelial dysfunction by FMV method [2-4]. This phenomenon, 
called pathological remodeling, has been accelerated and may 
attribute to traditional risk factors, associated with atherosclerosis, 
but could also be the result of other autoimmune and inflammatory 
mechanisms that are aggravated in chronic inflammatory diseases 
and benefit in certain diseases, studied recently, such as chronic 
inflammatory arthritis and conjunctivitis [5]. 

Knowing the high prevalence of CVD and its risk factors , a major 
challenge is associated with primary prevention of CVD involves 
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Abstract

Non-invasive imaging is widely used to assess vascular dysfunction, including measurement of 
flow-mediated vasodilatation of the brachial artery (FMD), pulse wave velocity (PWV), the augmentation 
index (AI), and central blood pressure. Endothelial dysfunction, a main contributor of atherosclerosis is 
possible diagnostic tool by FMD. An arterial stiffness, assessing by the PWV and/or arterial dispensability 
and beta stiffness index have been associated with cardiovascular risk. Ultrasound-based methods are 
used to assess elastic properties of the arterial walls in studies of arterial stiffness and atherosclerosis. 
In asymptomatic individuals is essential in order to detect, predict and prevent cardiovascular diseases 
first be estimated based on the global assessment of risk factors? Nowadays is recommended in daily 
routine screening for coronary artery disease in asymptomatic individuals with intermediate (10-20% 
10-year risk of coronary artery disease) or high risk (>20% 10-year risk of coronary artery disease) to 
provide a further screening. 
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of plasma to be systematically associated with previous methods [7], 
let to improve the results by the end of treatment and directed by our 
future prognostic decisions [8].. Some of these biomarkers are still in 
the research stage. Still biomarkers which are using in daily practice 
for assessment of cardiovascular risk are LDL-C, HDL-C, TG, us-
CRP, glycated hemoglobin, creatinine clearance, von Will brand 
factor, myeloperoxidases, cytokines, and other markers of platelet 
reactivity. Currently the oxidative stress and calcium score (calculated 
by coronary computed tomography) used as a noninvasive end point 
in epidemiological studies and clinical trials to gauge progression and 
regression of atherosclerosis [9].

Accordingly, assessment of properties correlated with plaque 
composition is needed for detection of subclinical atherosclerosis 
and might become a screening tool for use in daily practice in 
asymptomatic patients with risk factors. In 21st century the risk 
stratification is basically preventive measures aimed at reducing 
the occurrence of cardiovascular events [10]. Consequently, the 
aim of the present research is to promote the screening and early 
detection of subclinical atherosclerosis in asymptomatic patients with 
cardiovascular risk factors via mass screening or individual screening 
[11]. 

Cardiovascular risk factors 
Cardiovascular risk factors (Figure 1) are modifiable parameters 

closely related with the outcomes of a cardiovascular occurrence 
that increase the probability of this event: hypertension increases 
the probability of death by 13% [12,13], tobacco by 9%, [14-
16], dyslipidemia by 8 % with its atherogenic effect, and by 7 % 
malnutrition, as well as increasing the incidence of diabetes, obesity, 
and high body mass index, except where age remains the only non-
modifiable risk factor [17,18]. Some risk factors such as hypertension 
[19], smoking, and diabetes were assessed in multiple models for 
stratification of the cardiovascular risk in the general population. This 
hypothesis of an overall estimated risk to predict the cardiovascular 
risk, which plays a key role in individualized efficacy of the treatment 
[20,21]. 

The earliest sings of atherosclerosis initiate among children and 
young people and are silent and progress slowly and first clinical 
display generally appear in middle age [22], although the first event 
can be fatal for the patient. Last years there has been an increase 
in recognition of the importance of subclinical atherosclerosis, 
especially for elderly people with subclinical disease because they 
have a worse prognosis than those without this disease early disease 
[23]. Furthermore, progression of atherosclerosis can be significantly 
reduced when dyslipidemia is treated by statins; reduction in 
cardiovascular events after statin treatment has also been widely 
documented [24]. Therefore, non-invasive documentation of 
atherosclerotic lesions has become an important objective for early 
treatment as well as preventive measures. 

Non-invasive methods of assessing vascular 
functions

Endothelial function; Last 10 years the noninvasive imaging has 
been used in the diagnosis of subclinical atherosclerosis providing 
analysis of the IMT, the PWV, and the degree of endothelial 
dysfunction at the level of the brachial artery by the FMV method. 
The assessment of endothelium-dependent vasodilatation is widely 
used to evaluate endothelial function [25,26]. Measurements of 
the brachial artery diameter before and after an increase in shear 
stress induced by reactive hyperemia (ie, FMD) is most frequently 
used in the clinical setting [27,28]. During the vasodilation caused 
by increased shear stress in walls and by reactive hyperemia, 
which activates release on eNOS and increases NO production in 
the endothelium. FMD is a non-invasive method, which provide 
most robust information about a local NO bioavailability in the 
endothelium and play a major role factor in process of atherosclerosis 
[29]. Assessing FMD is possible in the daily practice [26,30]. Non-
invasive assessment of the changes in arterial wall by venous occlusion 
plethysmography is one of the methods of vascular reactivity and 
releasing the prostaglandins and endothelial-derived hyperpolarizing 
factor, in addition to NO [30], have been helped to improve the arm 
blood flow [22,30]. The impaired NO production is main leading to 
the initiation/progression of atherosclerosis via above-mentioned 

Figure 1: Major risk factors for cardiovascular diseases.
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anti-atherogenic actions of NO, like as its inhibitory effect on vascular 
smooth muscle cell growth, nuclear transcription of cell adhesion 
molecules, platelet aggregation, and leukocyte adhesion to endothelial 
cells [15]. Endothelial dysfunction is starting point of the vascular 
inflammation and that increases the production of cytokines and/
or vasoactive substances (ie, angiotensin II and endothelin-1) in the 
endothelium. Related complimentary to impair NO bioavailability, 
which causes inflammation in the vascular wall and to stiffen the 
arteries as functionally and structurally.

Last years were reported that FMD is a predictor of the clinical 
outcome in patients with CVD [30], which proposes that FMD causes 
plaque destabilization via local inflammation and prothrombosis 
activation [31]. But some of the studies are relatively small and needed 
a larger numbers of subjects. Some study shown that FMD provided 
incremental prognostic information in 2,264 post-menopausal 
women [32]. But in other studies this parameter as a prognostic 
indicator was relatively limited in 2,792 elderly subjects [33] and 842 
multi-ethnic cohorts [34]. There by further studies of a larger number 
of subjects, especially low-risk subjects [35], are needed to verify the 
usefulness of FMD as a predictor of CVD outcomes.

Assessment of arterial elasticity
Pulse wave velocity (PWV): PWV represent segmental arterial 

elasticity in arterial wall. Contraction of the left ventricle generates a 
pulse wave that is propagated throughout the arterial tree [25]. PWV 
is measured as the distance traveled by the pulse wave divided by the 
time taken to travel the distance [36,37]. Increased arterial stiffness 
is associated with an increased propagation speed of the pulse wave 
in the artery. PWV can be analyzing in any arterial segment [38]. 
Assessment of central arterial stiffness is more relevant to CVD 
risk stratification than peripheral arterial stiffness. Carotid–femoral 
PWV (Figures 2,3) is the gold standard for assessing central arterial 
stiffness. Some restraint of analyzing the brachial–ankle PWV is that 
this marker reflects on elastic arterial stiffness and muscular arterial 

stiffness [39]. Nonetheless, the brachial–ankle PWV has a close 
correlation with aortic PWV and carotid–femoral PWV. 

PWV analysis represented the degree of aging of the arterial 
system and its impact on the central pressure and pulse (clinical 
markers). The normal ranges of different parameters used by this 
method are for the PWV– VOP ≤ 12 m/s (age limit 70 years) and the 
size of the coefficient stiffness parameters (α, β): α ≥ 11 and β ≥ 20.The 
measurement technique is first performed by ultrasound on common 
carotid artery with a 7.5 MHz transducer in two-dimensional (2D) 
mode [40]. The measuring window is placed with the line 1 cm from 
the bulb, with three alternating 15-mm measurements taken on each 
common carotid [22,41,42]. The Color Doppler should be parallel to 
the artery walls, remaining synchronous to the kinetics of analyzing 
wall. 

The curve of the PWV must be fluently without a hitch and keep 
regular for analyzing for 10–12 seconds. The process stops at the 
moment the standard deviation is <5 [43,44] (Figure 4).

The carotid–femoral PWV were analyzed in healthy subjects, 
hypertensive subjects too and has been shown to be a forecast of 
future cardiovascular events [45,46]. In studies with patients with 
acute coronary syndrome and chronic renal disease [47] or heart 
failure [48], the brachial–ankle PWV has been shown as a predictor 
of the prognosis for cardiovascular events [49]. Aging, BP and 
other atherogenic factors reflected in the vascular damage that 
cause different level of structural stiffening of the arterial wall [50]. 
Increasing of the BP develop an arterial wall gradient, reasoning in 
functional stiffening of the arteries [51]. Commonly, PWV is widely 
used as predictor of atherosclerotic vascular damage, but increased 
BP is a disturbing variable, causes extra structural arterial stiffening 
and which may also related to the atherosclerotic vascular damage. 

Augmentation index (ai) and central brachial 
pressure (bp) 

The AI is used for measurements of the stiffness of the systemic 

Figure 2: Carotid –femoral PWV.
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Figure 3:  PWV in healthy volunteer he heart is the pump of the circulation.

Figure 4:  Flow pattern in aorta, so it Right –handed helical flow in the ascending aorta and arch during middle and late systole. Courtesy by Markl M., Draney MT, 
Miller DC et al. J Thorac. Cardiovascl Surg. 2005;130: 456-463.

arterial tree. In the arterial walls early changes are associated with 
an increase in arterial resistance. A reflected pulse wave (from the 
periphery to the heart) occurs at the sites of an abrupt increase in 
arterial resistance, such as arterial branching. The interaction or ratio 
between the incident pulse wave (from the heart to the periphery) 
and the reflected pulse wave (from the periphery to the central 
region) is assessed by pulse wave analysis and expressed as the AI 
[22,40]. Enhanced central arterial pressure waveform (PWV) and 
peripheral pulse reflectance are important determinants of the AI. 

There is statistical relationship between increased central arterial 
stiffness and/or peripheral reflectance with an increase in central 
blood pressure and ages in population, decreases of the heart rate is 
associated with increase of AI and normally women are with higher 
AI that men [52]. In the clinical setting there are two non-invasive 
methods available to measure the AI. The first involves measurement 
of the AI at the carotid artery (carotid AI) and the other involves 
its measurement at the radial artery (radial AI); central BP can be 
non-invasively estimated from these recordings. Central (aortic 
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and carotid) pressures are pathophysiologically more related than 
peripheral pressures in the outcomes of CVD [53]. Conventionally, 
increased stiffness in the arterial wall is related to increase the speed of 
the pulse wave and to shift the reflection point and increase the AI too 
[54]. The macro vascular dysfunction is related to the micro vascular 
dysfunction as part of the endothelial dysfunction. Higher AI is related 
with more target organ injures. In different studies with healthy 
volunteers and hypertensive patients were found that the carotid–
femoral PWV is a predictor of future cardiovascular events [55,56] 
and the brachial– ankle PWV could be a good marker of prognosis 
in subjects with acute coronary syndromes, end-stage renal disease 
or heart failure [57,58]. Aging, BP and dyslipidemia, diabetes causes 
vascular damages and increase the stiffening of the arteries [59,60]. 
Arterial stiffness parameter are closely associated with conventional 
risk factors and has been influenced by mean BP [61,62], which is 
demonstrated that structural arterial stiffening may also be related to 
atherosclerotic vascular damage. Last year several other methods (ie, 
ultrasound examination, computed tomography and/ or MRI) have 
been proposed for assessing the severity of atherosclerosis [64]. The 
PWV is correlated significantly and positively with atherosclerotic 
injures of the arterial wall and is one of the major markers for 
assessment the risk of CVD [65,66] and together with AI are more 
related with to the increased risk of CVD associated with elastic artery 
stiffness. The stiffness index- β, is a marker of arterial stiffness with 
minimal influence of BP and were established as a marker of regional 
arterial stiffness [67]. Beta can be measured at the brachial, femoral or 
carotid artery, or at the aorta, after adjustment for BP in the different 
regions. Correlating with PWV is very important to know that beta is 
not useful for segmental arterial stiffness, because BP differs between 
the proximal and distal sites. Some studies have shown that each non-
invasively increased AI and/ or central BP of 10 increase the adjusted 
overall risk in subjects with end-stage renal disease or coronary heart 
disease, American- Indians and hypertensive subjects [68,69]. Age, 
sex and heart rate are important determinants for the AI [70,71] 
and has been shown in the CAFÉ study that hemodynamics data 
reduction of central BP is related to improvement of the prognosis. 
[59]. So, the AI and central BP may be promising as markers of the 
effect of interventions for risk factors of CVD on outcomes.

FMD is very useful for the progression of structural artery disease, 
and the PWV is reported as a predictor of new onset of hypertension 
[72,73]. All noninvasive vascular functional tests have the potential 
to predict progression of vascular damage and target organ damage. 

Carotid intima media thickness 
The thickening of the intima media is used in testing of extent of 

carotid atherosclerotic diseases and to analyzing the progression of the 
process. Usually this progression of IMT is 1–5 microns per year. The 
increase of IMT above of the normal value is associated with higher 
risk of cardiovascular events. Contributing factors for IMT increase 
are hypertension, diabetes, smoking, obesity, dyslipidemia, ages and 
hereditary lifestyles the main objective of the method is detection of 
carotid atheroma in the earliest phases in patients with risk factors, 
but also monitoring of the progression of IMT after aggressively 
treatment. Asymptomatic patients with pathological IMT have the 
higher risk for stroke and myocardial infarction. The screening and 

detection of subclinical atherosclerosis allow us to achieve specialized 
care and reduce the frequency of occurrence of cardiovascular events 
[74,75]. Arterial stiffness is an independent marker to predict of 
cardiovascular events.

Flow mediated vasodilatation (fmd)
FMD is an additional noninvasive technique using in the indirect 

assessment of the degree of endothelial dysfunction, applied at the 
brachial artery and applicable to patients with risk factors and very 
well reproducible as test. The analysis of the pathological results 
is correlated with the progression of arterial atherosclerosis. This 
method is reflected by the degree of oxidative stress and severity 
of risk factors or poor control of the disease [31,40,74,76]. The 
measurement technique is based on initial ultrasound detection 
(with a 7.5 MHz linear transducer in 2D mode) of the brachial artery 
followed by radio frequency measurement of the mean diameter and 
spectral analysis of the baseline blood flow (in cm/second). Once 
these baseline measurements have been made, an inflatable cuff (with 
a defined length of 10 cm) is placed around the proximal third of the 
arm and a 300 mmHg occlusive pressure is applied for 5 minutes. 
The first step is to then measure the baseline brachial artery diameter 
and flow. The next step is to measure the brachial artery diameter and 
flow after reactive hyperemia. In case of pathology, a physiological 
15-minute arterial recovery period is required before continuing 
to the second part of the procedure (only in patients presenting 
endothelial dysfunction diagnosed by radio frequency (FMD)).

The second part of the procedure is the reversibility test, which 
is used to assess endothelial function (FMD). The reversibility test 
with an FMV-NO donor is expressed as the percentage recovery 
of the arterial diameter after reactive hyperemia compared to the 
same artery’s baseline diameter of the endothelial dysfunction 
[3,40,77-79]. FMD, the PWV and the AI reflect in different faces of 
the atherosclerotic process, underlying functional vascular damage. 
Witte et al reported from their meta-analysis that FMD is related to 
the principal cardiovascular risk factors only in low-risk populations 
[80].

McEniery et al., proposed that the AI might be a more sensitive 
marker of arterial stiffening and cardiovascular risk in younger 
individuals, whereas the aortic PWV is likely to be a better measure 
in older individuals [81].

New technical noninvasive tests last years were proposed for the 
detection of subclinical atherosclerosis with very encouraging results: 
EPIV and MRI velocimetry [82-84]. 

Echo particle image velocimetry (EPIV)
EPIV is a new technique in the detection of subclinical 

atherosclerosis, used in measurements of shear wall stress through 
vector analysis of blood flow velocities of the wall at the carotid 
bifurcation. It is a ultrasound method, which need a technical 
high-temporal resolution of 0.7 ms and a spatial resolution of 
0.4 mm, combining EPIV contrast with a conventional 2D echo 
method. This technique is a synthesis of two technologies: particle 
image velocimetry, using the vectors, detecting the blood flow and 
ultrasound contrast agent used is a product of contrast micro-
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bubbles, which allows a better study of velocities and stresses (Figure 
4). The parameters analyzing via EPIV are the vascular speed profile, 
velocity vector, speed, maps, and hemodynamic blood flow to the wall 
shear stress (calculating the average shear stress in the arterial wall in 
dyne/cm2). The standards used for the wall stress are −20 + 5 dyne/
cm2 and wall pathological stress > 200 dyne/cm2 [85-87]. 

The challenge with this type of imaging is the great of quantity of 
information regarding flow velocity and direction changes rapidly, 
especially around bifurcations and valves where rapid changes are 
found. For example, the vortex in the carotid bifurcation presented 
in Figure 4 appears after peak systole and disappears within 100–200 
ms downstream as the velocity is around 0.4–0.6 m s−1. It is therefore 
often necessary to inspect slow moving cine-loops or to study still 
frames as shown in this article to perceive the wealth of information.

Magnetic resonance imaging (mri) velocimetry
MRI velocimetry is a very promising technique for the detection 

of subclinical atherosclerosis. This technique studies the velocity 
profile, shear rate, and shear flow stress of the arterial wall. It is a 
noninvasive technique, more sensitive and reliable than the EPIV 
(with the border error between the two techniques of 10% for MRI). 
MRI velocimetry has both advantages and disadvantages, due to its 
high temporal resolution; it is now considered a promising approach 
for the noninvasive assessment of changes in carotid wall thickness, a 
marker for subclinical atherosclerosis in young patients with high risk 
and abdominal adiposity [88-90]. 

The MRI velocimetry appears to have a wide-range of applications. 
These sequences provide accurate reproducible haemodynamic 
information when the acquisition settings and section planes are 
chosen carefully. They appear to be underused in common practice, 
partly because of a lack of large series comparing their use with that 
of conventional methods (invasive or non-invasive)

Traditional risk factors predict future cardiovascular events and 
are major determinants in the assessment of cardiovascular risk 
(Framingham score and Euro SCORE) and the choice of primary 
prevention strategy. Nowadays early diagnosis of cardiovascular 
disease is a challenge, and especially its management along with 
a decrease in mortality, the cardiovascular disease still remains a 
major cause of morbidity and mortality of coronary in 50% of men 
and 64% of women. In future years, there will be a further increase 
in the prevalence of cardiovascular disease secondary to the aging 
population and the rise of the percent of prevalence in obesity and 
diabetes. Currently the only available strategy to reduce mortality 
in this population is primary prevention in face of atherosclerosis 
screening. This approach in primary prevention is more effective when 
it is directed toward the early detection of subclinical atherosclerosis 
using new noninvasive imaging techniques that add value, not only in 
the screening of asymptomatic patients with risk factors, but also in 
the stratification of cardiovascular risk These new techniques allow us 
to have an overall picture of the state of physiological or pathological 
arterial remodeling and the degree of endothelial dysfunction. The 
results obtained with these techniques in the future will be associated 
with specific biomarkers to refine the diagnosis of subclinical 
atherosclerosis.

Key Facts
Assessment of the degree of subclinical atherosclerosis and 

particularly on arterial remodeling and endothelial function is 
available with different technics. 

The use of duplex sonography for screening and early detection 
of subclinical atherosclerosis is reliable and reproducible and 
allows us to assess the sensitivity of the patients with risk factors for 
atherosclerosis and reducing the occurrence of cardiovascular events 
in the long term.

The new ultrasound parameters for assaying of vascular function 
are basically for the evaluation of the cardiovascular risk in patients 
with asymptomatic and symptomatic cardiovascular diseases.

The ultrasounds techniques allow to analyzing changes according 
to age and measure the pathological value as the thickness of 
the intima media, the speed of the pulse wave, and the degree of 
endothelial dysfunction. The screening is legitimate in asymptomatic 
patients with cardiovascular risk factors (hypertension, diabetes, 
obesity, dyslipidemia, and tobacco smoking).

Summary Points
Multiple risk factors are of major importance for the prevention 

of atherosclerosis and coronary artery diseases (CAD). However, it is 
clear that dyslipidemia plays a central role. The network of evidence is 
strongest for elevated levels of total cholesterol (TC) and low-density 
lipoprotein cholesterol (LDL-C). An inverse association has also been 
demonstrated between levels of high-density lipoprotein cholesterol 
(HDL-C) and its principal Apo lipoprotein, A-1, and risk of CAD.

Early diagnostic on the atherosclerosis in the human body 
will provide and early therapeutic lifestyle changes and effective 
therapeutic intervention has advanced the concept of primary 
prevention of coronary artery diseases. The purpose of this article 
is to review these contributions on all new noninvasive imaging 
techniques, with an emphasis on early changes on arteries and heart 
in patients with dyslipidemia.
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