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Tab. 1. Quantitative values of ultimate stress measured at rupture

Patient gender M M M M M M

Age 81 81 68 69 76 76
Type adventitia media media media media adventitia
Stress at

rupture
(MPa)

0.6257 0.3719 0.3686 0.4107 0.3483 1.0522
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Objectives: To model the in vivo nonlinear mechanical behavior of human
common carotid arteries (CCAs), to compute wall stresses and to deduce
changes in wall micro-constituents (elastin-dominated matrix, collagen
fibers, vascular smooth muscle cells (VSMC)) in normotensive subjects (NT)
and hypertensive patients (HT).
Methods: Clinical data were obtained non-invasively from CCAs in 16 NT (21-
64 years old) and 25 treated HT (44-69 years old). Medial diameter, intimal-
medial thickness and blood pressure (BP) were measured during several
cardiac cycles by high-resolution echotracking (Art.Lab�) and applanation
tonometry (SphygmoCor�) systems, respectively. For the theoretical
mechanical modeling, the CCAs were assumed to be hyperelastic, aniso-
tropic, active-passive, and residually- stressed. We semi-analytically solved
the boundary value problem to compute the intraluminal pressure from
carotid distension, while accounting for perivascular tissue. Best-fit values
of model parameters were adjusted by minimizing the difference between
computed and measured inner BP over the cardiac cycle.
Results: In NT, age was positively correlated (p<0.05) with residual stresses
and fibrillar collagen (stiffness and orientation). Despite treatment, HT had
increased VSMC tone (pZ0.003, +17.3%), a stiffer elastin-dominated matrix
(pZ0.01, +20.5%), and higher levels of stresses.
Conclusions: We were able to estimate wall stress fields and to quantify
changes in mechanical characteristics of wall micro-constituents with aging
and hypertension from non-invasive clinical data, though mechanical
modeling of the wall behavior. Our results are consistent with prior reports
on effects of age and hypertension, but provide increased insight into
evolving contributions of cell and matrix mechanics to arterial behavior in
vivo.
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Abstract: Arterial stiffness is an independent predictor for coronary artery
diseases (CAD). Various methods to predict coronary artery involvement
are known but most of them have limited applicability in large-scale popu-
lation screening due to cost barrier [1].
Photoplethysmography (PPG) to capture digital volume pulse signal is a simple,
low-cost and noninvasive method for rapid assessment of arterial health
conditions. An important application of PPG signal analysis has been towards
early detection of altered arterial stiffness leading to increased risk of CAD.
A Two Pulse Synthesis (TPS) model has been suggested recently for measure-
ment of vascular parameters based on PPG signal and the usefulness of the
model has been established for hypertensive and diabetic subjects [2].
This communication reports the outcome of a study based on the use of TPS
model on finger-tip PPG of 40 suspected CAD subjects. The TPS model-based
parameters considered in the study are Rise Time, Reflection Index, Foot-to-
Foot Delay, Differential-Pulse-Spread and the Spread-Delay Ratio. Angiog-
raphy has been subsequently carried out on these subjects and the findings
have been compiled to find out sensitivity, specificity, positive and negative
predictive values.
The study shows that the Positive Predictive Value of the TPS model is
respectable (69%) while the Negative Predictive Value (93%) is high. It
appears that this mathematical model may be applied to predict or rule out
CAD conditions fairly successfully. Gradual development of functional
embarrassments even in the absence of clinical manifestations may be
possible with PPG analysis through periodic application of TPS model.
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The rupture of aortic aneurysms is a catastrophic event that represents
a major public health issue. It has received a large interest from the
scientific community. However, only limited research has provided quanti-
tative values of mechanical stresses that may assess the risks of rupture of
aneurysms [1].
In this study we have applied an imaging approach for measuring the
deformations of the aneurysmal tissue tested in a biaxial inflation test [2].
The tissues have been taken from the thoracic ascending aorta of 6 diseased
patients operated for aneurysm treatment by conventional surgery at the
University Hospital of Saint-Etienne, France.
Quantitative values of ultimate stresses are reported in Tab. 1. Rupture is
anisotropic, but primarily induced by axial stresses. Moreover, it is observed
that rupture in aneurysms is preceded by a local weakening of the
mechanical properties of the tissue, especially in the intima and media
layers which are more fragile, and that these effects announcing a pending
rupture can be detected by advanced imaging techniques. Our investigations
continue in that sense for proposing novel diagnosis methodologies based on
these observations.
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