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Towards Transcutaneous Characterization of Atherosclerotic Plaque
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Minute changes in thickness of less than 100 um in the arterial wall cannot be measured by conventional B-mode or M-mode imaging.
This paper describes a novel noninvasive method (phased tracking) for measuring such minute changes in arterial wall thickness during one
cardiac cycle. A method for evaluation of the regional elastic modulus in the circumference direction, E, , from the resulting change in wall
thickness is also described. The method was used for two in vivo studies: (1) E, was determined in two groups consisting of 31 healthy
subjects and 95 subclinical subjects with normal wall thickness of the carotid arteries, and the value in the subclinical group was found to be
larger than that in the healthy group. (2) For subjects with hyperlipemia, the spatial distribution of £, was evaluated for carotid atherosclerotic
plaque. Soft inclusions were found in every plaque, and there were differences in elasticity from the surrounding hard tissues. This novel
method is a potentially useful diagnostic technique for analysis of both early-stage atherosclerosis and plaque vulnerability.
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Fig.1 Schema of measurement and display of the elastic modulus for
each point in the region of interest. The spatial resolution for
each point is shown at the bottom right.
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Fig.2 In vivo experimental results for the common carotid artery of
a 36-year-old male patient with hyperlipemia who has normal
arterial wall thickness. (a) Three tracking results (intimal side
and adventitial side of the anterior wall and intimal side of the
posterior wall) overlaid on the M-mode image, (b) ECG, (c)
phonocardiogram (PCG), (d) velocity signals in Vin(t) in the
intimal side of the anterior wall, (e) velocity signals in Vad(t)
in the adventitial side of the anterior wall, (f) velocity signals in
Vp(t) in the intial side of the posterior wall, (g) change in
thickness, h(t), of the anterior wall, and (h) change in diameter,
d(t), of the lumen.
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Fig.3 The measured elastic moduli, £,,vs,age in 95 subclinical
subjects (risk group) and 30 healthy subjects. Even though both
groups have normal wall thickness, the elasticity of the arterial
wall is much larger in the risk group. The difference of the wall
elasticity becomes larger in the elder subjects, e.g., the elasticity
of the risk group is twice that of normals at 60 year old.
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Figd The measured arterial wall elastic modulus, E #, and risk
index. There is a linear relationship between the two parameters.
The risk index is the key determinant of arterial wall elasticity.
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Fig.h (a) B-mode cross-sectional image from a 52-year-old male
patient with hyperlipemia. There is an atherosclerotic plaque on
the posterior wall of the common carotid artery. (b) Cross-
sectional image of the elastic modulus, £,. The soft tissue
(yellow) is included in the plaque and is surrounded by hard
tissue (red or blue).
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