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Abstract

Hypertension is the most prevalent cardiovascular risk factor and its relationship with atherosclerosis make this an uppermost
factor to be taken into consideration in the overall evaluation of the patient. The early detection of atherosclerosis represents
an ideal standard to be reached and is based mainly on the non-invasive evaluation of the peripheral arteries such as the
carotid and femoral arteries. The overused echographic parameter intima-media thickness (IMT) proved to have a very poor
sensitivity and specificity with no other supplemental advantage over the other classical cardiovascular risk factors such as sex,
age, hypertension, dyslipidemia etc. All the meta-analysis against the utility of IMT urged the research for other parameters.
Carotid artery plaque score (PS) and atherosclerosis burden score (ABS) are better to be used in the detection of atherosclerosis
having improved correlation with the invasive detected of atherosclerosis as observed in various studies. Ankle-brachial index
is a good test for the detection, prognosis and follow-up of the patients with peripheral arterial disease, although lack of stan-
dardization in the determination method is an issue to be considered. Arterial stiffness with pulse-wave velocity and arterial
augmentation index as surrogate determinants seems to be highly related with vascular aging and even more with early arterial
aging. Still there are black holes to be enlighten by large population clinical trials on hypertension and atherosclerosis.
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Hypertension is the most widely spread risk factor for
premature cardiovascular diseases (CVD) as its inci-
dence is higher compared with the other cardiovascu-
lar risk factors such as: cigarette smoking,
dyslipidemia or diabetes. Among patients with a re-
cent stroke or transit ischemic attack, the prevalence

of hypertension is approximately 70% [1] and history
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of hypertension is present in 75% of patients with
chronic heart failure (HF) [2]. Studies have demon-
strated graded associations between higher systolic
and diastolic blood pressure and increased CVD risk
[3,4] from young to old individuals (from 30 to older
than 80 years of age).

Observational and experimental studies show a
link between hypertension and the development of ath-
erosclerosis [5-7]. The most frequently cited pathophys-
iological mechanism of hypertension that may promote
atherosclerotic disease is the increased arterial shear
stress which promotes arterial smooth muscle hyperpla-
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sia and hypertrophy and increases endothelial perme-
ability to plasma electrolytes by endothelial damage,
that induces fibromuscular thickening of intima and
media of large and small arteries [8]. Despite an unified
concept of hypertension and atherosclerosis, these re-
main two separate disorders that cause similar, but dis-
tinct changes on the vascular tree; not every
hypertensive individual shows extensive atherosclerosis
and also not always atherosclerosis is accompanied by
hypertension. Despite certain proves taken all together
experimental, pathogenic and epidemiological studies
does not clearly show that hypertension in the absence
of other atherogenic factors causes atherosclerosis [9].

The early detection of atherosclerosis in subclinical
stages currently represents a standard to be reached as
the incidence and mortality rate of cardiovascular dis-
eases is in continuous increase. Epidemiological studies
have shown correlations between the atherosclerosis in
one arterial territory and the involvement of other ar-
teries such as coronary, carotid or femoral arteries [10].
Consecutively, early detection of arterial disease in an
apparently healthy population has focused on arteries
such as carotid and femoral arteries as they are easy to
investigate and low cost. Many echographic parameters
have been investigated, but none proved sufficient sen-
sitivity and specificity.

Carotid and Femoral ultrasound

Carotid ultrasound is mainly based on the measure-
ment of intima - media thickness (IMT) and the pres-
ence and characteristics of plaques. Plaque thickness
was showed to predict cardiovascular risk, reason for
which intima-media thickness was included in many
studies as a risk factor for cardiovascular risk [10]. How-
ever more recent studies pinpoint that IMT measured
according to Mannheim consensus does not define ath-
erosclerosis, as individuals with the same IMT can have
totally different risk for cardiovascular events such as
stroke, myocardial infarction etc [11]. IMT is not a sign
of early atherosclerosis, but represents smooth muscle
hypertrophy/hyperplasia induced by factors including
hypertension. Several reasons may explain the impedi-
ment brought by IMT over traditional risk factors such
as age, sex, blood pressure or hypercholesterolemia. It
is measured in the common carotid artery, whereas the
advanced lesions tend to appear in the bulb or in the
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proximal zone of the internal carotid artery. Another
reason may be the poor axial resolution of usual carotid
echography as the limit of significance is 200 pm out-
side the possibilities of accurate measurements. Algo-
rithms that provide a more precise measurement or the
3D ultrasound with volumetric determinations may in-
crease ultrasonographic performance. Despite all these
drawbacks, ultrasonography remains a low-cost, non-in-
vasive and easy to perform technique that can still have
its place in the risk assessment and diagnosis of ather-
osclerosis. Meta-analysis showed that IMT alone with-
out taking into account plaques, weakly predicts CV
risk [12].

The need to study new novel risk factors is reiter-
ated by large populations studies that show there is low
correlation between traditional risk factors and carotid
IMT. If the prevention ESC guide currently proscribes
the determination of carotid ultrasound IMT in the
CV risk assessment, there is a [Ib recommendation for
atherosclerotic plaque detection and ankle-brachial
index [13].

Plaque is usually defined as the presence of a focal
wall thickening at least 50% greater than the surround-
ing wall vessel or as a focal region with an IMT higher
that 1.5 mm that protrudes into the lumen [14].
Plaques have to be characterized by their number, size,
shape and echodensity. Plaques are related to both is-
chemic cardiac or cerebrovascular events, and echolu-
cent much more than calcified plaques increase the risk
for acute ischemic incidents. Many studies reveals the
greater importance of variables that include plaque area
and thickness, rather than IMT for CVD [15,16]. De-
spite the fact that formal indications have not been es-
tablished as guideline recommendations, carotid artery
plaque assessment with ultrasonography may be con-
sidered a risk modifier in CVD prediction.

Starting from the recommendations that indicate
the importance of plaques in the CV risk assessment,
an index denominated carotid artery plaque score (PS)
was calculated by summing each plaque taking into ac-
count it maximum thickness in the ipsilateral carotid
artery and by adding the bilateral carotid plaque scores
is obtained a total PS. Terzi proved on more than
50.000 patients that plaque score (PS) had a higher di-
agnostic value for predicting future myocardial infarc-
tion events compared with IMT [17].

Another group [18] made use of another index of
assessment, the atherosclerosis burden score (ABS), a
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IMT P Avg 0.81 mm
IMT P Max 0.88 mm
IMT P Min 0.72 mm
IMTP SD 0.07 mm
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Figure 1. Carotid bifurcation with a large plaque (2.6 mm in its maximum diameter)

score that sums the number of carotid and femoral bi-
furcations with plaques. The predictive value of ABS
surpassed IMT, carotid/femoral plaque scores in the
detection of coronary artery disease in a cohort of pa-
tients with coronary angiography. In the ABS study
mentioned above both left and right carotid and
femoral arteries were examined (four arterial sites).
Carotid investigation included common carotid artery
(CCA), bulb, and the origin of the internal and exter-
nal branches. Femoral arteries were examined from 4
cm above bifurcation to 4 cm in the superficial branch
as well as the origin of the profound branchial branch.
All in all, ABS proved to be a better predictor of pe-
ripheral atherosclerosis as it takes into account not only
a short segment of the common carotid artery that may
be free of plaques, but a wider area throughout multi-
ple locations of the arterial tree increasing the likeli-
hood to accurately detect atherosclerosis. The
hypothesis that the presence of atherosclerosis on
carotid arteries is associated with plaques on other ar-
terial branches such as femoral was infirmed in the
CAFES-CAVE study, where 30% of the patients with

normal carotid arteries had significant plaques on
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femoral arteries [19], observations confirmed also by
other studies [20].

To exemplify the lack of clinical significance of
IMT, we report the case of two patients with the value
of IMT within the normal range, although one has im-
portant plaques at carotid (figure 1) and femoral bifur-
cations (figure 2), and implicitly a high ABS, while the
other has no plaques at the same arterial zones investi-
gated (figure 3 and 4). In the case of the patient with
numerous plaques, aortic PWA and augmentation in-
dexes sustained the high cardiovascular risk.

Ankle-brachial index

The ankle-brachial index (ABI) is an easy to perform
and reproducible screening test available even in the
early stages of atherosclerotic disease, when it can be
considered an surrogate marker for atherosclerosis. ABI
was found to have important prognostic information
for future cardiovascular events [21]. An ABI of less
than 0.9 indicates a stenosis of more than 50% be-
tween the aorta and the distal arteries of the inferior
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Figure 2. Femoral bifurcation displaying a large plaque (3.2 mm in its maximum diameter) with a thin fibrous cap

@H
IMT P Avg 0.84 mm
IMT P Max 0.91 mm
IMT P Min 0.75 mm
IMTP SD 0.04 mm
IMT P Pts 58

Figure 3. Carotid bifurcation with no plaques
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Figure 4. Femoral bifurcation with no plaques

limb. With a sensitivity of 79% and a specificity of 90%
an ABI of less than 0.90 is considered to be a reliable
marker of peripheral artery disease (PAD) [22]. An ab-
normal ABI in an asymptomatic individual would re-
classify into a new higher risk category for future CVD.
There are controversial studies regarding the potential
of ABI to reclassify patients in different risk categories
[23]. Future research must fill the gaps to determine
the benefits and harms of aggressive treatment of per-
sons reclassified from low or intermitted into high risk
category and the effects of reclassifying from high or
intermediate. ABI is recommended as part of the man-
agement of the patient with recent lower extremity
revascularization as an ABI improvement of 0.15 post
percutaneous transluminal angioplasty had 67% sensi-
tivity and 100% specificity for patency of post-surgery
artery. Different methods and values of cut-off have
been used in different population studies which de-
creases its value as confident marker. Therefore is a
need to define a uniform method to be used world-
wide.

©The Author(s) 2018
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Arterial stiffness

The aging of the large artery wall is characterized by a
reduction in the elastin content, along with an in-
creased amount of collagen and changes between cells
and matrix leading to increased arterial stiffness de-
fined by an increased rigidity of the artery wall that can
occur in association with increased age and/or various
other CV risk factors. Arterial stiffness is commonly
measured using either aortic pulse wave velocity (PWV)
or arterial augmentation index. The concept of vascu-
lar aging can be motorized through changes in arterial
stiffness. The predictive value of arterial stiffness for
CV events has been well demonstrated in various trials
with the largest amount of evidence for aortic stiffness,
measured through carotid-femoral pulse wave velocity
(cfPWV). Many studies and reviews consistently
showed the independent predictive value of aortic stiff-
ness for fatal and nonfatal CV events taking a PWV
threshold of 12 m/s has the point from where increases
the arterial damage [24]. The Sixth Joint Task Force of
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the European Society of Cardiology suggests to use
PWV as marker of CV risk only for individuals close
to cut-off, but regular use in all patients to improve CV
risk classification is not recommended [13].

Gaps in evidence

The lack of homogeneity in the definition and meas-
urement of ultrasound or hemodynamic parameters for
the assessment of CV risk urged the development of
new standardized scores with less variability and higher
intra and inter individual reproducibility such as
carotid artery plaque score (PS), atherosclerosis burden
score (ABS). Although continuous improvement is
made in the field there are still gaps to be filled through
large clinical trial.
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