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NEW INSIGHTS IN ULTRASOUND IMAGING FOR CARDIOVASCULAR
DISEASES AND LARGE ARTERIES PROPERTIES

Mathias Fink
Institut Langevin, ESPCI ParisTech, 10 rue Vauquelin, 75005, Paris, France

Recent developments of ultrafast ultrasound imaging scanners open very
exciting possibilities in the field of cardiovascular imaging. Thanks to the
new design of the most recent ultrasound scanners that uses a fully
software-based ultrasound platform, frame rates as large as 20.000
frames/s are reached today. Compared to classical ultrasound scanners
that delivered some 100 frames/s these new possibilities represent
a complete breakthrough. We will describe at least three innovations that
leverage ultrafast ultrasound imaging. The first one is a new imaging mode
that provides quantitative viscoelastic analysis of arterial wall by following
the propagation of both pulse waves and shear waves with a spatial
resolution and precision that were never obtained with classical techniques.
The second one allows to image in a very quantitative way the cardiac
elasticity anisotropy by studying shear wave propagation in different
directions. The last innovation is new way to perform Doppler flow analysis,
from ultrafast scanners, changing completely the performances and work-
flow paradigms of Color and PW modes. Various results obtained with these
techniques in the field of cardiovascular imaging will be presented.

VASCULAR BIOMECHANICS: CONSTITUTIVE MODELLING AND
CHARACTERISATION OF THE ARTERIAL WALL

F. N. van de Vosse
Eindhoven, The Netherlands

Insight into the mechanical properties of the arterial wall can give
valuable information concerning the understanding of pulse wave propa-
gation in the arterial tree, the genesis and progress of atherosclerosis,
vessel wall adaptation and remodelling, and the prediction of the effects
of medical intervention, such as blood-pressure regulating drug admission,
balloon angioplasty, and bypass surgery. A widely used approach to
characterize the mechanical properties of arteries is based on a mixed
experimental—numerical method, in which parameters of mathematical
constitutive models are fitted to experimental stress—strain data. For wall
remodelling studies (Machchyn et al., 2010) these parameters preferably
are based on micro-structural information such as collagen content and
morphology (Rezakaniha et al.,2011). A generic set of parameters can be
obtained from ex-vivo experiments where stress-strain relations can be
obtained for transmural pressures ranging from a non-physiological
unloaded to physiological fully loaded configuration (van den Broek et
al., 2011). If only clinical data at physiological loading are available, extra
constraints on the parameter set can be used to obtain a unique
characterization (van der Horst et al., 2011). Several aspects regarding
the above mentioned micro-structural based models will be discussed
during the presentation. For predictive models of pulse wave propagation,
micro-structural based constitutive models must be casted into pressure-
area relations, whereas, for prediction of adaptation and arterial wall
remodeling, the dynamics of smooth muscle cell behavior must be taken
into account. Both facets will be shed light upon and illustrated by results
recently obtained.
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NEW INSIGHT IN CORONARY VULNERABLE PLAQUE MECHANICAL
PROPERTIES
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Vulnerable coronary atherosclerotic plaque rupture is a recognized major
cause of acute coronary syndrome. Such vulnerable plaques can be detected
clinically by various techniques, including intravascular ultrasound (IVUS) and
optical coherence tomography. Detecting lesions vulnerable to rupture is
a major issue, as it could lead to the development of specific treatment
strategies for the prevention of acute thrombotic events. Clinical and
biomechanical studies performed recently by our group have originally
identified new morphological factors as the key predictors of vulnerability
to rupture. Moreover, it is now recognized that prediction of the vulnerable
coronary plaque rupture requires not only an accurate quantification of fibrous
cap thickness and necrotic core morphology but also a precise knowledge of
the mechanical properties of plaque components (IVUS Modulography of
Atheroma Plaque). We demonstrated why, in clinical practice, biomechanical
plaque instability is not a consequence of Capyick alone, but rather of a subtle
combination of Captnick, Corenick and Remodingex. Moreover, Residual Stress/
Strain (RS/S) present in a vulnerable coronary plaque dramatically influences
the spatial stress distribution and spotlights some new sites of stress concen-
tration. RS/S could play a major role in the biomechanical stability of vulner-
able coronary plaque and in the growth process of the lipid core. Additionally,
we showed that plaque rupture is to be viewed as a consequence not of
external pressure alone but rather of a subtle combination of external loading
and intraplaque RS/S.

Recent publications of our group in this field
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