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Introduction 

Recent studies revealed that peak circumferential stress, occurring in the cap, is a major 
indicator of plaque vulnerability. Palpography has been introduced as a surrogate of 
elastography to highlight fibrous cap stress, by means of quantifying the strain distribution 
induced by the intraluminal pressure. State-of-the-art literature quantifies the strain by 
performing two steps: the detection of the vessel wall contours, and, the estimation of the 
radial strain along it. The proposed model jointly estimates the contour of the vessel wall and 
the strain by including mechanical a priori. This leads to a constrained problem that drives the 
segmentation while ensuring palpography consistency.  

Methods 

A tracking method is proposed to extract both the inner and outer contours of the vessel wall 
and the displacement and strain distributions along them. This estimation is carried out by a non 
parametric sequential Bayesian method. The Bayesian modeling holds three ingredients: the 
prior, which is given by a manually defined segmentation of the contours on the first image; the 
transition, which is assumed to follow a Markovian random walk; and the likelihood, which is a 
non parametric measure of the difference of intensity distributions between the blood and the 
vascular wall. The underlying Bayesian posterior distribution is approximated using a sequential 
Monte Carlo approach. The elasticity palpogram were computed using a simple differential 
analysis of the estimated radial displacements between the inner and outer contours. The shear 
palpogram were approximated using an analytical model of the average stress. 

Results 

The analytical palpography model was validated using finite element analysis. Experiments were 
conducted in vitro, on three different phantoms with no inclusion, one soft inclusion, and two 
soft inclusions, respectively. Estimated elasticity palpograms highlighted the presence of the 
inclusion(s) with low Young moduli. Shear palpograms showed higher values at the shoulders of 
the inclusions. In particular, the inclusion closest to the lumen obtained higher shear values. For 
the phantom with no inclusion, elasticity and shear palpograms resulted in homogeneous values 
as expected from the theory. 

Discussion 

The proposed palpography approach highlights the average Young modulus of the vascular wall. 
Shear palpograms seem to reveal the thickness of the cap covering soft inclusions and thus may 
serve as a new marker of plaque vulnerability. Perspective works include improvements of 
biomechanical prior models used in the estimation, and validation of the proposed model on in 
vivo data. 
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