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Imaging of Elasticity Distribution in Arterial Wall
by Transcutaneous Ultrasound and Electronic Staining

Hiroshi KANAI, PhD*, Hideyuki HASEGAWA, PhD*2, Masataka ICHIKI, MD*3,
Fumiaki TEZUKA, MD*4 and Yoshiro KOIWA, MD*%

Knowledge of the physical properties of atherosclerotic plaque is essential when evaluating its vulner-
ability in a clinical setting. Such knowledge, however, is still difficult to obtain with the various ap-
proaches developed to date. This paper describes a novel noninvasive method (phased tracking method)
for measuring minute change in thickness of each of the multiple layers of the arterial wall during one
cardiac cycle. Such minute change in thickness less than 1004m of the arterial wall cannot be measured
by conventional ultrasound B-mode or M-mode images. A method for evaluation of the regional elastic
modulus in the circumference direction, Es, from the resultant change in wall thickness is also described.
This method was applied to in vivo experiments in subjects with hyperlipemia and normal subjects. The
spatial distribution of the regional elastic moduli, Es, was evaluated for the carotid atherosclerotic
plaques. 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 could be determined. Based on the-
se reference parameters, each point was statistically categorized as lipid, mixture, or other. Thus, the
plaque was electronically stained using transcutaneous ultrasound. By applying this method to the com-
mon carotid arteries, the presence of thin collagen fiber was clarified along the arterial axis for normal
subjects, while soft inclusion of lipid was found for every plaque in subjects with hyperlipidemia: This
novel method offers potential as a diagnostic technique for detection of plaque vulnerability with high

spatial resolution.
[Rinsho Byori 51 : 805~812, 2003]
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Figure 1
(a) Ilustration depicting ultrasonic scanning. (b) By measuring change in thickness of each layer, the spa-
tial distribution of elasticity was obtained (¢). (d) By referring to the stained image (center), the regions of
lipid and of the mixture of smooth muscle and collagen fiber were assigned (left-most side) . From the histo-
gram of Ee,m,» for each region (right-most side), the elasticity for each category was registered as a refer-
ence (e), from which each tissue was categorized as belonging to one of the three categories (f).
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Figure 2 Examples of the i# vive measurement of the waveforms for a 36-year-old male patient with

hyperlipidemia.

(a) Measured displacements of the two points set in the intima side and adventitia side of the anterior

wall are overlaid by red lines on M-mode image.
(d) Measured velocity of the point in the intima side of the anterior wall.
(f) Measured change in thickness of the anterior wall.

point in the adventitia side of the anterior wall.

(b) Electrocardiogram.  (c¢)Heart sounds.
(e) Measured velocity of the
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Figure 3 Measured elasticity distribution and the results of electronic staining for the common carotid
arteries of two male patients with hyperlipidemia.
(a) 66-year-old and (b)71-year-old. The area outlined by green in each uppermost figure is analyzed

in the middle and bottom of the figure.
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