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Introduction
The role of the italian society of cardiovascular echography
in the preventive cardiology

Atherosclerotic cardiovascular disease (CVD) is a chronic
disorder developing insidiously throughout life and often
asymptomatic for a long period. It is the major cause of
premature death in Europe and of mass disability.
The World Health Organization has stated that over
three‑quarters of all CVD mortality may be prevented with
adequate changes in lifestyle.
The success of preventive measures depends on the accurate
identification and treatment of individuals who are at risk for
cardiovascular (CV) events (risk prediction).
Risk prediction, till now, relies mainly on the assessment of
risk factors, but traditional ones (including age, sex, smoking
habits, and lipid profile) do not identify everyone who will
eventually develop CVD.
The net result is that as many as half of individuals who
develop coronary heart or cerebrovascular disease have
only one if none of traditional risk factors and the most
disappointing element is that for such individuals prevention
strategies are not undertaken. However if we consider those
with few or none clinical risk factors all together, they
represent the group of subjects with the largest number of
cardiovascular events.[1,2]

for characterizing earlier stages, when subclinical disease is
not always apparent.
Global risk scores, although designed to estimate risk across a
continuous range from 0% to 100%, have most commonly been
advocated as a method by which patients can be categorized in
broad terms as “low risk,” “intermediate risk,” and “high risk.”
In general, patients are deemed to be high risk if they are found
to have a global risk estimate for hard coronary heart disease
events of at least 20% over 10 years. The threshold between
low and intermediate risk is not uniform, since some propose
a lower cutoff value of 6% risk over 10 years, whereas others
use a value of 10% over 10 years.[1,3]
European CV risk charts as well as national ones (i.e., Progetto
Cuore in Italy) usually account for common and well‑known
risk factors, as well as age, sex, smoking habits, cholesterol,
and blood pressure levels. Anyway, it is dramatically clear that
many CV events happen in otherwise healthy subjects, with
no exposure to any of the previously cited risk factors. This
claims for a deeper approach for stratification.

The Role of the Italian Society of Cardiovascular
Echography in the Preventive Cardiology
The identification of asymptomatic patients at high CV risk
is a great challenge. Ultrasound, the most commonly used
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This consideration prompts the emergence of potential novel
screening tests.
Actual imaging biomarkers detect the presence of subclinical
CVD but, with few and recent exceptions, are of limited value
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noninvasive tool for the evaluation of CV anatomy and
function, plays an important role in prognostic evaluation.
Worldwide, approximately 17 million people are living with
the consequences of atherosclerotic CVD; every year, millions
die from its consequences. Curative care is not able to cope
with the magnitude of the problem, and new solutions must
be sought to combat the global epidemic of heart attacks
and strokes. We know what to do, but we do not know how
to implement. To meet this challenge, our association faces
important responsibilities. Preventive cardiology deserves
a central stage in the Italian Society of Cardiovascular
Echography (SIEC), and we will assure that this position is
being taken. The SIEC is synonymous with the excellence
in preventive CV care and research.[4] For all these reasons,
efforts are increasingly being targeted toward early diagnosis
for intervening at an earlier stage of disease. Italian Society
of Echocardiography has been involved from its origins in
preventive field, developing several research programs,[4‑14]
including Disfunzione Asintomatica VEntricolare Sinistra[15]
study (on cardiac field), and considering deeply prognostic
implications of vascular disease.

Electrocardiogram
The routine or screening electrocardiogram (ECG) is a common
office procedure, even in the current era of cost‑conscious
health care. There is a hard debate if the resting ECG signs,
both major or minor, are able to discriminate between
healthy asymptomatic individuals and those likely to develop
cardiocirculatory events. Recent studies have demonstrated
that in older patients, this simple technique (ECG) could be
useful to discriminate individuals with an increased risk of
CV events. Many ECG alterations, in heart failure population,
have strong prognostic and therapeutic implications. Due to its
relatively low cost, easiness of use, and widespread availability,
ECG remains an important instrument for large‑scale
preventing interventions.

Noninvasive Vascular Imaging: Conventional
Indices and Stiffness Evaluation
Over the last few years, noninvasive imaging of atherosclerosis
and CV mechanics has increasingly been used in clinical
practice. It is appalling to realize, however, that there is a
lack of data regarding the impact of such screening. Available
evidence regarding atherosclerosis screening is limited, with
mixed results regarding CV factors control.

Carotid vessels

A screening program that uses carotid duplex ultrasound
(B‑mode and Doppler) aims to detect individuals with
asymptomatic carotid artery stenosis for several purposes.
1. To identify individuals at risk for CV event, particularly
in the cerebrovascular and coronary circulations
2. To select individuals who need significant risk factor
modification
82

3.

To potentially intervene with carotid endarterectomy or
carotid stenting to prevent a stroke.

Screening studies using carotid duplex ultrasound have
shown that 4%–8% of individuals aged 50 years will have an
asymptomatic 50% carotid stenosis.
Population‑based studies have shown a correlation between
the severity of atherosclerosis in one arterial territory and the
involvement of other arteries. Therefore, early detection of
arterial disease in apparently healthy individuals has focused
on the peripheral arterial territory and on the carotid arteries.
Risk assessment using carotid ultrasound focuses on the
measurement of the intima‑media thickness (IMT) and the
presence of plaques and their characteristics.[7]
Cerebrovascular risk stratification is possible using a
combination of clinical and ultrasonic plaque features. There
is an independent association between carotid IMT and CV
events.[16] However, there are few data showing that it improves
measures of predictive performance. Many results underline
the benefits of assessing these parameters only in limited
cohorts of patient (i.e., older women).
Epidemiological studies have shown that, in the absence
of detectable carotid stenosis, thickness differences of the
intimal‑medial layer in the common or internal carotid artery
have independent prognostic significance for future CV events.
Nevertheless, the predictive value is relatively small compared
with the finding of a stenosis and the technique requires careful
training and standardization.[7,8,14]
Although a variety of imaging modalities are available to
visualize the abdominal aorta, in search of asymptomatic
aneurysms, ultrasonography is the noninvasive procedure of
choice for screening because of its widespread availability,
reasonable accuracy, relatively low cost, and excellent safety.
The sensitivity and specificity of ultrasound for the detection
of abdominal aortic aneurysm disease are 95% and 100%,
respectively.
The assessment of arterial stiffness, a common feature
of aging, exacerbated by many common disorders such
as hypertension, diabetes mellitus, or renal diseases, has
become an attractive tool for identifying structural and
functional abnormalities of the arteries in the preclinical
stages of atherosclerotic disease.[5,13] Arterial stiffness has been
recognized as an important pathophysiological determinant
of systolic blood pressure and pulse pressure (PP) increases
and therefore the cause of CV complications, demonstrating
also an independent predictive value for CV events.
Although there are many techniques and indices currently
available, their large clinical application is limited by a lack
of standardization, with important difficulties to effectively
measure, quantify, and compare.[17] Moreover, information on
“heart‑vessel coupling disease,” in which combined stiffness
of both heart and arteries interacts to limit CV performance
and its possible implications in different clinical conditions,
is still not well known.

Journal of Cardiovascular Echography ¦ Volume 27 ¦ Issue 3 ¦ July-September 2017

[Downloaded free from http://www.jcecho.org on Friday, November 24, 2017, IP: 131.114.66.104]
Di Bello, et al.: Cardio-ankle vascular index, local artery carotid stiffness and global longitudinal strain: A new paradigm for cardiovascular prevention

Arterial stiffness can be assessed as local, regional, and
systemic stiffness. Although systemic arterial stiffness may
only be estimated, local and regional stiffness can also be
measured. Direct measurement of arterial stiffness implies the
measurements of change in arterial diameter and pressure at the
same site.[18] This could be performed invasively or noninvasively.
Diameter changes can be determined accurately, especially with
high‑definition echo‑tracking systems, but the estimation of
pressure changes at the same site may be difficult because of
PP amplification and inaccuracy of all cuff sphygmomanometer
systems.[19] Indices of local stiffness are distensibility (the
relative change in diameter with pressure), compliance (the
absolute change in diameter or area with pressure), Peterson’s
elastic modulus (pressure change required for theoretic 100%
increase in diameter), and Young’s elastic modulus (pressure
change per square centimeter for theoretic 100% extension).
A nondimensional index of local arterial stiffness frequently
used is the stiffness index (ratio of logarithm [systolic/diastolic
pressures] to relative change in diameter).
Pulse wave velocity (PWV) is accepted as the most simple,
robust, and reproducible method to determine the regional
arterial stiffness.[20,21] There is a linear correlation between
pulse speed along an arterial segment and arterial stiffness. To
calculate PWV, the distance between the two sites at which the
wave is being recorded is divided by the time of wave from
the first to the second site:
PWV = distance/time
It is usually measured using the foot‑to‑foot velocity method
from various waveforms at different sites (pressure, distension,
or Doppler waveforms).
An important body of evidence links increased PWV, elevated
PP, and premature/increased arterial wave reflections with a
higher risk of CV morbidity and mortality.[22] Aortic stiffness
has independent predictive value for all‑cause and CV
mortalities, fatal and nonfatal coronary events, and fatal stroke
in hypertensive, diabetic, or renal patients, in elderly or healthy
subjects and in the general population.[23,24] The independent
predictive value of aortic stiffness has also been demonstrated
after adjustment to classical CV risk factors. Recent data from the
Framingham Heart Study show that the prevalence of abnormal
aortic stiffness increases steeply with advancing age in the
community, especially in the presence of obesity and diabetes.

Peripheral artery disease: Ankle‑brachial index

The ankle‑brachial index (ABI) is the ratio of systolic blood
pressure at the ankle and at the arm. It is measured with supine
patient, usually with a sphygmomanometer and Doppler
ultrasound probe. The precise technique and calculation of the
ABI have not been standardized universally, but a common
approach is to measure systolic pressure in both arms and at
the posterior tibial and dorsalis pedis arteries in each ankle
with the patient in a supine position. The ABI for each leg is
then calculated as the higher pressure at the ankle divided by
the higher of the left and right arm pressures.

In theory, the ABI might be used for two linked but different
screening purposes.
1. To detect asymptomatic arterial disease in the legs
to prevent progression to claudication or critical limb
ischemia
2. To detect individuals at high risk of future CV events to
initiate CV risk reduction measures.
Only 20% of major CV events occur in individuals with a
history of CVD, while for those without such a history of risk
factor scoring systems such as the Framingham risk score
have limited accuracy. There is thus considerable interest in
the potential of other markers to improve prediction of CV
events. An ABI <0.90 has been associated consistently with a
2–4‑fold increased relative risk of CV events and death. For the
evaluation of screening, however, measures of validity, such
as sensitivity, specificity, and positive and negative predictive
values, are more relevant.
Recent evidence of B‑mode evaluation of bilateral iliofemoral
arteries provides an incremental yield in identifying
subclinical atherosclerotic disease as compared to carotid
evaluation alone. In particular, the Fuster‑Narula Score,
evaluating intima‑media volume, is a promising tool for
patients’ stratification.
There is a large amount of evidence on the importance of
arterial stiffness in predicting outcome in patients with CV risk
factors. The accepted “gold standard” for measuring arterial
stiffness nowadays is the carotid femoral PWV as reported
by the recent guidelines on diagnosis and treatment of arterial
hypertension.
Recently, other measures of arterial stiffness have been
proposed and validated in different clinical scenarios, namely,
the cardio‑ankle vascular index (CAVI) and local carotid
artery stiffness measured by a high-resolution ultrasound
radiofrequency system to obtain the radiofrequency based
quality arterial stiffness (RF-QAS) at common carotid artery
level. The CAVI is a stiffness and arteriosclerosis indicator
of thoracic, abdominal, common iliac, and distal arteries
independent of arterial blood pressure.[25‑28] To obtain CAVI,
the distance from the level of the aortic valve (i.e., the brachial
level) to the measuring point (i.e., the ankle) is recorded, and
then the time delay between the closing of the aortic valve to
the variation detected in the arterial pressure wave at the set
point is also recorded.[27,29] Information for CAVI calculation,
including PWV, blood pressure, and arterial pulse waveforms,
can then be acquired through the ECG, cardiac phonogram,
and pressure cuffs on the testing subject at the reference
points. In comparison to PWV, CAVI has two distinctive
aspects. First, CAVI changes in a short period that depends
on alterations in circulatory condition. Second, CAVI reflects
the state of contraction of smooth muscle rather than changes
in blood pressure.[30] Regarding the clinical and prognostic
role of CAVI, there is an increasing amount of significant
evidence, particularly from Eastern Asian countries, while in
Europe and United States, published studies are not so much,
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probably reflecting a lower spread of necessary devices in
these countries.[25,28‑38]
Similarly, clinical and prognostic information of carotid RF‑QAS
is still limited in the international literature; however, in addition
to traditional parameters, also, arterial stiffness (RF‑QAS) values
could be very useful in helping to understand arteriosclerosis,
its severity, and progression. Arterial stiffness is an independent
predictive marker of CV events. RF‑QAS may help detect
early patients with high‑speed PWV relative to their age group,
reflecting early atherosclerotic impregnation that occurs before
the diagnosis of stiffness according to the value published in
various pathological studies (12 m/s). This technique is the
most innovative and accurate method in the evaluation of
the “state of health of blood vessels.” Probably, accurate CV
management at an early stage can provide a benefit to efficiently
plan prevention and treatment.[16,39] PWV measurement is
used to evaluate arterial stiffness in real time. This measure
is intended to assess the degree of aging of the arterial system
and its influence on the central pressure and pulse (clinical
markers). RF‑QAS measures carotid artery’s wall stiffness and
represents a truly study of the functional remodeling of the artery.
Arterial wall stiffness is expressed as the PWV obtained from
the brachial blood pressure and the accurate measurements of
diameter and diameter variation. Local blood pressure at the
site of the ultrasound measurement is also measured. Through
dedicated algorithms, RF‑QAS associates the parameters of
relaxation of the walls of the vessels to the local blood pressure,
thus determining the vascular stiffness.[16] The importance of
RF‑QAS technology is based on the accurate resolution of the
measurement. By analyzing RF, it is possible to reach greater
independence and greater measurement accuracy as compared
to all other available solutions.[7,40]

Global Longitudinal Strain
Conventional echocardiography allows us to obtain several
parameters to describe the anatomy and function of cardiac
structures. It allows quantification of left ventricular (LV)
structure and function from the geometric measurements such
as internal diameters, wall thickness, volumes, mass to global
and regional systolic function (ejection fraction [EF], wall
motion), and diastolic function (tissue Doppler imaging [TDI]).
Cardiac‑derived hemodynamics is detectable by Doppler flow
and tissue Doppler analysis.
LV asymptomatic systolic dysfunction is an incidental finding
during ambulatory visits, or it may be diagnosed during
hospitalization. It has strong adverse prognostic implications.
An appropriate stratification of these patients by echo to
allow the identification of the causes of systolic (or diastolic
impairment) should be mandatory for an efficient preventive
strategy.[41,42]
Diastolic dysfunction is a common finding in patients at risk
for developing heart failure with preserved EF. Sometimes,
earlier systolic abnormalities coexist with diastolic impairment.
Indeed, stage B heart failure (cardiac involvement without any
84

previous or present sign/symptom) represents the vast majority
of cases (about 70% of heart failure patients’ burden). Actually,
technological development has made available pocket size
echocardiographic devices. These devices, with low cost
and fundamental functions, are becoming useful partners of
diagnostic routine clinical approach because of the obvious
added potential of echocardiography over simple clinical
examination.[43]
There is actually great interest in myocardial deformation
imaging, actually estimated by speckle tracking
echocardiography (STE).
STE is a newer technique, based on frame‑by‑frame tracking
of small rectangular speckle patterns within the myocardial
region of interest (ROI) on gray‑scale echocardiographic
images. The tracking algorithm creates a model of the chamber
of interest after manual delineation of the endocardial border.
Myocardial strain by speckle tracking is directly calculated
from the variation of the segment length (“Lagrangian” strain).
Thus, at a given time ti: Si (Li − L0)/L0, where Si is strain at
time ti, Li is the segment length at ti, and L0 is the segment
length at onset of QRS (end‑diastolic length theoretical point
of zero strain).
Strain rate is calculated as strain temporal derivative. Global
strain and strain rate are calculated using the entire length of
the tracked myocardium as baseline length. This approach is
suitable for assessment of both long‑ and short‑axis mechanics.
The validity of myocardial mechanics measurements (strain
and strain rate, both systolic and diastolic) with speckle
tracking has been extensively validated by sonomicrometry
in animals and with cardiac magnetic resonance (CMR) in
humans. Global values of strain measurements, which are
reproducible parameters of global systolic function, have
been demonstrated to have superior prognostic properties over
LVEF in major observational studies. In particular, speckle
tracking is also suitable for right ventricular (RV) function
assessment.[41,44-48]
The technique is semi‑automated, with fewer possibilities of
human errors. Inter‑observer and especially intra‑observer
reproducibility of global strain is superior to EF as a measure
of global LV systolic function; furthermore, it has strong
prognostic implications after an acute myocardial infarction,
superior to that of biplane LVEF. In addition, speckle tracking
has a superior reproducibility compared with TDI for the
assessment of regional and global ventricular mechanics in
head‑to‑head studies. Finally, test‑retest reproducibility of
mitral annular velocities, an important component of diastolic
function assessment, appeared to be better with speckle
tracking as compared to TDI in a detailed comparative study.
STE has recently allowed a noninvasive, fast, and reproducible
assessment of the subtle alterations already present in the earlier
phase of many pathological contexts such as hypertension,
diabetes mellitus, silent ischemia, and cardiomyopathies.
It is therefore pivotal to promote a wider application of the
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technique to have stronger reference values and prognostic
correlates to alterations found.
Recent introduction of three‑dimensional (3D) echocardiography,
allowing a direct, fast, and noninvasive correlation of cardiac
structural and functional parameters with other imaging
techniques such as CMR imaging, opens new frontiers for
reclassification of patients already evaluated with common
parameters (EF; LV mass).
The Research group of SIEC is able to provide a wide network
of expert researchers and centers on the field of application
of ultrasounds in preventive cardiology. In the last years,
several studies related to heart‑vessel interaction and clinical
application of arterial stiffness, as well as speckle tracking
technology, using different techniques, have been published
in international journals by the SIEC Research Group.

Aims
The aim of our project is to deeply observe a large study
Italian population (preclinical stage) collected of both Class A
(asymptomatic individuals at risk for developing CV events)
and Class B (individuals with no symptoms but evidence of
cardiac and vascular involvement and at risk for developing
CV events) to achieve more punctual strategies to prevent
clinical events and validate a simple, readily available clinical
and instrumental approach with most solid parameters to use
in daily clinical practice.
We will evaluate prospectively a large series of both normal
subjects and patients with CV risk factors, to obtain (major
objectives):
1. Reference normal values of CAVI and carotid RF‑QAS,
stratified for age, and gender (still lacking for Caucasian
populations)
2. Correlation between CAVI, carotid RF‑QAS, left and right
functional remodeling, and CV risk factors in different
clinical settings
3. Respective clinical role of CAVI and RF‑QAS in predicting
early and late signs of atherosclerosis (i.e., quality
IMT [Q‑IMT], carotid and aortic plaques, aortic thoracic
and abdominal aneurysms, mitral annular calcification,
and aortic valve sclerosis)
4. Respective clinical and prognostic role of speckle tracking
echocardiography (global longitudinal strain [GLS])
in predicting CV events. Reproducibility of strain
parameters
5. Cost‑effectiveness analysis and quality control.
Each one of these objectives will be translated into a
scientific publication, addressing the clinical value of these
techniques.
Every year, with a predetermined schedule, will include one or
more projects into clinical publications with a wide subsequent
diffusion.
There will also be evaluated (minor objectives) side studies
in single specific cohorts of the overall population as well as

reproducibility assays (intra‑ and inter‑operator) and clinical
applicability of the methods.

Methods
A number of certified SIEC laboratories (5–10) will participate
to the multicentric survey. Normal subjects and patients
with CV risk factors will be enrolled (after signing a written
informed consent, previously shared with Local Ethical
Committee) and evaluated by means of:
• Clinical, pharmacological, and familial history
• ECG findings
• Risk functions (SCORE, JNC‑VII, Framingham, and
Progetto Cuore)
• Metabolic screening (glucose, insulin, homeostatic model
assessment index, total cholesterol, high‑density lipoprotein
cholesterol, triglycerides, low‑density lipoprotein
cholesterol, uric acid, creatinine, estimated glomerular
filtration rate): de novo or recent (within 6 months)
• CAVI measures
• Echo vascular at carotid and abdominal level, from
standardized to novel parameters, including PWV,
augmentation index, beta index, wave intensity, arterial
compliance
• Carotid ultrasound with RF‑QAS and Q‑IMT
• Conventional 2D echocardiography with measures of
LV and RV structure, remodeling and systolic function,
diastolic function; tissue Doppler velocities at mitral
annular site, LV and RV GLS
• Integrated cardiovascular approach, including coupling
• Using the same ESAOTE machine.

Inclusion criteria
•
•
•

Age ≥18 years
Absence of CV risk factors
Presence of CV risk factors without clinical events
(diabetes mellitus, hypertension, dyslipidemia) according
to SCORE, Framingham, and National (Progetto Cuore)
risk charts.

Patients with previous CV events (stroke, transient ischemic
attack, acute coronary syndromes, heart failure, and stable
angina) will be excluded from the study.
An electronic case report form will include all above‑mentioned
parameters, to share a common database.
Each center will be able to complete and modify data online and
will be able to perform statistical analysis on its own population.
Administrator will dispose of all the datasets and will organize
development of specific objectives for each center.
This group of patients will be observed for 3 years, with a
deep workup every year/6 months (telephonically interview
with predetermined questionnaire):
a. The first scope is to detect in this population the incidence
of early subclinical abnormalities of CV function, related
to metabolic, genetic, and lifestyle parameters
b. Another objective of the project is the detection of
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c.

unexpected CV event of the examined subject (major or
minor CV events) during follow‑up period
The determination, on the basis of Cox multivariable
analysis and Kaplan–Meier curves, of the prognostic
impact of the above‑mentioned parameters.

Patients will be asked for major CV events, introduction of
therapies, clinical status, and laboratory findings.

12.

13.
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