00000000 (oo 23030)

ooobbboboooobobboooooobbiod
goouobbogooooobuooooooon

gd 0O
oobooobono 0O 0boobobbobDbo

Study on Estimation of Scatterer Size by Frequency Property of Scattered
Ultrasonic Wave for Quantitative Assessment of Red Blood Cell Aggregation

Taku FUKUSHIMA
Supervisor: Hiroshi KANAI, Research Advisor: Hideyuki HASEGAWA

Red blood cell (RBC) aggregation plays an important role in blood condition. This study was conducted to
establish a noninvasive quantitative method for assessment of RBC aggregation. By dividing the measured
power spectrum of echoes from RBCs in the lumen by that of echoes from a posterior wall of the vein in
the dorsum manus, the attenuation property of the propagating medium and the frequency response of a
transmitting and receiving transducer are removed from the former spectrum. RBC aggregation was assessed
as the diameter of a scatterer, which was estimated by minimizing the mean squared difference between
the measured normalized power spectrum and the theoretical power spectrum. In this study, spherical
scatterers with diameters of 5, 11, 15 and 30 pum were measured in basic experiments. The estimated
scatterer diameters were close to the actual diameters. Furthermore, the transient change of the scatterer
diameters during the avascularization using a cuff were measured in an in vivo experiment with respect to
three healthy males. The estimated diameters (12-22 pum) of RBCs during avascularization were larger than
the diameters (4-8 pm) at rest and after recirculation. These results show the possibility of the use of the
proposed method for noninvasive assessment of RBC aggregation.
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3) 5£5 162 + 4.3
@) 30 + 10 287 + 7.6

0100000000000000000000
00000000000000000000000
00000000000 400000000000
000001.00g//000000000000000
0000000000000 logo{Ps(f)/Pr(f)}
000000000000000000000 2
00000000000 log,o{Q(ka)/4ma?} 000
000000000100000000000000
000000000000010000000000
00000000000000000000000
00000000000000000000000
ooo

== 4 um
-- 10 um
0f--.16 um
--- 24 um

|
I
[

A

normalized logarithmic
power spectrum
1
= 1
(3,1 =
L
P

I
N

|
N
o1
N
S

20 30 40 50
frequency [MHz]

0200000000000 log,o{P(f)/P-(f)}
[00]0000 « 00000000000 2200
000000000 log,o{Q(ka)/4ma®} [0 0]0

4. 0000000000 % vivoO O
gbobooobos3sbboooboooboobobooo
obooooooobooooobo20000000 5
oboooobooooooo3boboobooooon
030240000000000000000 2a
gboooooobooobooboobooooog
ooboooboooooooooooooboooobo
ooooooooooo4~8uymOO0O0000OO0
obboobooboooboooboooobooo
obooooobo12~22,ymO000000000O

boooooboooooobooboooonog
rest

during | . .
(control)  avascularization recirculation

35

E

5 30

g

g *

g 2 %i

E * ! k

S 1 ¥ ¥

g 10 | *

5 b !

0

0 100 200 300 400 500 600
time [s]

03 000000000booooooo 3000
oboooooooboobooooobobooon

5. 00
gooboogbwmmevwodl D OODOODLDDOODOOO
gobobooboopoooobobobooooooon
doobooooooboobouoooobobobon
gbooboobooboobouoboobooboobooo
g
1) D. G. Paeng, R. Y. Chiao and K. K. Shung:
Ultrasound Med. Biol., 30, pp. 815-825 (2004).
2) N. Saitoh, H. Hasegawa and H. Kanai: Jpn. J.
Appl. Phys., 48 pp. 07GJ0801 (2009).
3) P. M. Morse and H. Feshbach: Methods of The-
oretical Physics, McGraw-Hill, New York (1953).
4) T. Fukushima, H. Hasegawa and H. Kanai: Jpn.
J. Appl. Phys., (submitted).



