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Abstract 
 

Knowledge of the physical properties of 
atherosclerotic plaque is essential when evaluating its 
vulnerability in a clinical setting. Such knowledge, 
however, is still difficult to obtain with the various 
approaches developed to date. We have developed a 
noninvasive method for evaluating the regional 
elasticity (the elastic modulus in the circumferential 
direction) of tissue surrounding atherosclerotic plaque 
in which a novel approach is applied to measure minute 
changes in thickness of each of the multiple layers of 
the arterial wall during one heartbeat. By comparing 
the pathological findings with the distribution of 
elasticity, average elasticity of lipid and that of a 
mixture of smooth muscle and collagen fiber can be 
determined.  Based on these reference parameters, each 
point is statistically categorized as lipid, mixture, or 
other.  Thus, the plaque is electronically stained using 
transcutaneous ultrasound. This novel method offers 
potential as a diagnostic technique for detection of 
plaque vulnerability with high spatial resolution. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. Introduction 
 

The steady increase in the number of patients with 
myocardial infarction or cerebral infarction, both of 
which are considered to be mainly caused by 

atherosclerosis, is becoming a serious problem. 
Therefore, it is important to diagnose atherosclerosis in 
the early stage. Computed tomography (CT), magnetic 
resonance imaging (MRI) and ultrasonic diagnostic 
equipment are employed for the diagnosis of 
atherosclerosis. 

However, they provide information only on the 
shape of the artery such as the diameter of the lumen. 
In addition, CT and MRI are not suitable for repetitive 
diagnosis due to the exposure to radiation and the high 
expense. However, the diameter of the lumen, which 
can be measured by these methods, is not changed by 
early-stage atherosclerosis. In addition, it is essential to 
evaluate the mechanical properties and tissue 
composition of atherosclerotic plaque for diagnosing 
its vulnerability. Therefore, it is necessary to develop a 
method for measuring the elastic property of the 
arterial wall. 
 
2. Conventional Measurements of Elasticity 
 

To measure the elasticity of the arterial wall, the 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
pulse wave velocity (PWV) method was developed as a 
technique for the noninvasive diagnosis of 
atherosclerosis [1]. In this method, the elasticity of the 
arterial wall is evaluated by measuring the velocity of 
the pressure wave propagating from the heart to the 

Fig. 1. Tissue classification of arterial wall by noninvasive elasticity measurement. 



femoral artery. Though it is useful in terms of 
noninvasive evaluation of elasticity, regional properties 
cannot be evaluated due to a low spatial resolution of 
tens of centimeters, which almost corresponds to the 
distance from the heart to the femoral artery. 
     Methods for measurement of the change in artery 
diameter have been proposed. in order to obtain the 
circumferential distensibility of the arterial wall in the 
plane which is perpendicular to the axial direction of 
the artery. By assuming the artery to be a cylindrical 
shell, the average elasticity of the entire circumference 
of the plane can be evaluated [2,3]. However, the 
regional elasticity of atherosclerotic plaque cannot be 
obtained by these methods, because an artery with such 
plaque cannot be assumed to be a cylindrical shell with 
uniform wall thickness. 
 
3. Exploration of High Resolution Ultrasound 
Elasticity Imaging 
 

In our series of studies, we have been attempting to 
evaluate the elasticity of a local region, even in the case 
of atherosclerotic plaque using transcutaneous 
ultrasound (Fig. 1) [4-6]. Such a technique for 
noninvasive measurement of the spatial distribution of 
the regional elasticity would be useful for diagnosis of 
the vulnerability of such plaque as well as for the 
diagnosis of early-stage atherosclerosis. In our method, 
the small displacement gradient (change in thickness) 
of the arterial wall due to the heartbeat was accurately 
measured in each local region which corresponds to the 
focal area of the ultrasonic beam. From the resultant 
displacement gradient, the regional strain and the 
elasticity of the arterial wall were noninvasively 
evaluated. Recently many studies were conducted to 
measure the elasticity of the arterial wall with 
ultrasound [7-9].  
     In addition to diagnosis of developed atherosclerosis, 
it is also important to diagnose atherosclerosis in its 
early stage. Ross hypothesized that endothelium cells, 
which covers the luminal surface of the arterial wall 
(Fig. 2), are injured in the early-stage atherosclerosis 
[10]. The endothelial function can be evaluated by 
measuring the change in elasticity of the arterial wall 
due to the endothelial-dependent dilation after 
avascularization because the endothelium cells 
produces nitric oxide (NO) in response to the increased 
shear stress due to recirculation and NO produced by 
endothelium cells relaxes smooth muscle in the media. 
 As described above, ultrasound elasticity imaging of 
the arterial wall has various possibilities for accurate 
diagnosis of atherosclerosis. 
 
4. Conclusion 
 

High-resolution images of arterial walls can be 
obtained by recent ultrasonic diagnostic equipment. 
However, morphological information is mainly derived 
from such cross-sectional ultrasound images whereas 
the mechanical properties and tissue composition in the 

arterial wall are more important for diagnosis of 
atherosclerosis. Ultrasound elasticity imaging based on 
the detailed analysis of ultrasound signal provides 
additional useful information for accurate diagnosis of 
both developed and early-stage atherosclerosis. 

 
 
Fig.2. Structure of arterial wall [10]. 
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