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O 1. Microscopic images of red blood cells (RBCs) [7].
(a) Normal RBCs. (b) Aggregated RBCs.
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0 2. Mechanism of formation of red blood cell (RBC)
aggregation and relationship between RBC aggregation

and circulatory diseases.
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00 3. MC-Fan method [28].
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0 4. Theoretical power spectrum Q(ka)/4ma’.
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O 5. (a) Theoretical power spectrum of scattered
ultrasonic echo Q(ka)/4ma®. (b) Logarithmic power
spectrum log,o{Q(ka)/4na’} .
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O 6. Theoretical power spectrum at 2a = 12 pum
logio{QO(ka)/4ma®}  (dashed line)
normalized power spectrum logo{Ps(f;)/P(f;)} (solid
line).
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O 7. Sum of squared difference oy(a, b) plotted as a
function of scatterer diameter 2a. In this case, scatterer
diameter 2a was estimated to be 12 um.
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0 8. (a) Ultrasonic signal measured with a hydrophone.
(b) Power spectrum of the measured echo signal.
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No. | particle diameter | specific gravity | volume fraction polymer material

mean + SD (pum) (%)

(1) 5+2 1.10 0.0910 copolymer with Cly

(2) 11+ 3 1.00 0.1000 copolymer without Cly

(3) 15+5 1.11 0.0901 copolymer with Cly

(4) 30 + 10 1.00 0.1000 copolymer without Cly

0 1. Diameters and materials of microspheres.
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O 9. (a) Power spectra of echoes from the microspheres
listed in Table 1. (b) Power spectra of echoes from
silicone rubber plate placed in water with the

microspheres.
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0 10. Weighting functions {w(f;)} (solid lines) obtained
by echoes from microspheres and those obtained by
echoes from red blood cells.
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O 11: Normalized power spectra [logio{P(f)/P:(f)}]
(solid lines) and theoretical power spectra
[logio{O(ka)/4ma*}] (dashed lines) which gives the least
squared difference o.

No. | particle diameter | estimated scatterer diameter | slope values [1/logyof]

mean + SD (um)

mean + SD (pm)

mean + SD

1) 542

7.0+ 4.0

4.23 +£1.35

(2) 11+3

9.8 + 4.6

3.40 £+ 1.08

(3) 15£5

16.2 + 4.3

2.24 £ 0.90

(4) 30 £ 10

287+ 7.6

1.32 £ 0.79

O 2. Estimated diameters of microspheres and slopes of

normalized power spectra.
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0 12. M-mode images of a dorsum manus of a 24-year-
old male (subject A). (a) Rest. (b) At 240 s after the

beginning of ischemia. (c) At 120 s after recirculation.
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0 13. (a) M-mode image of the dorsum manus of subject
A. (b) Ultrasonic RF echo from the posterior wall of the
dorsum manus. (c) Power spectrum of the echo from the
posterior wall.
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O 14. (a) Power spectra from echoes from red blood
cells measured at rest, during avascularization, and after
recirculation.  (b)  Normalized power  spectra
[logi0{Ps(f)/PAf)}] (solid lines) and theoretical power
spectra [logo{Q(ka)/4ma*}] (dashed lines) at rest, during

avascularization, and after recirculation.
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O 15. Mean, maximum, and minimum of the estimated
scatterer diameters during the measurement. B-mode
images measured at rest, during avascularization, and

after recirculation are also shown.

U 4 Uiibbooboboonoboonbobd
goooobbbbooooooooooobooboobo
gJoboboooboboboooobbooooon
goooobbbbooooooooooobooboobo
UJ0d 4% 00000000000000000

gobooooooooogobboouobobnboo
gogoobobobobbboooooooooooo
gobooooooooogobboouobobnboo
gogoobobobobbboooooooooooo
goood

O 1so00b0ooooogobobobgoogn
gobooooooooooobboouobobonoo
goobobob 48 pmO000on0onoooon
gobooooooooogoobboouoboboo
goobobob 12-22wmdbooooooon
gogbooobooobbooobooobood

ooooao

gogbogooboooobooooooogonn
gogoobobobobbboooooooooooo
gobooooooooooobboouobobonoo
gogoobobobobbboooooooooooo
gobooooooooooobboouobobonoo
gooboobogoo

gogbogoobooooboooobooon
gogoobobobobbboooooooooooo
gobooooooooooobboouobobonoo
gogoobobobobbboooooooooooo
gobooooooooooobboouobobonoo
goobobobobog

gobobooooobboodgn imvive DDOO
gogoobobobobbboooooooooooo
gobooooooooogobboouobobnboo
goboboooopobboooobobobogd 20 pm
gobooooooooooobboouobobonoo
gbobobooooooboobobobon

aoooo

[1] Tsuzuki K, Hasegawa H, and Kanai H. Threshold
setting for likelihood function for elasticity-based
tissue classification of arterial walls by evaluating
variance in measurement of radial strain. Jpn J Appl
Phys 47, 4180-4187, 2008.

[2] Ikeshita K, Hasegawa H, and Kanai H. Flow-
mediated change in viscoelastic property of radial
arterial wall measured by 22 MHz ultrasound. Jpn J
Appl Phys 48, 07GJ10-1-07GJ10-5, 2009.

[3] Paeng DG, Chiao RY, and Shung KK. Echogenicity
variations from porcine blood I: ‘Bright ring’ under
pulsatile flow. Ultrasound Med Biol 30, 45-55, 2003.

40 O0.0000D00bDObOOObDOob.oO
00,00,251-256, 1974.

[Sjboooo.oooogbob.ocobooog
00,00, 148-153, 2004.



[6] Huang CC and Wang SH. Characterization of blood
properties from coagulating blood of different
hematocrits using ultrasonic backscatter and attenuation.
Jpn J Appl Phys 45, 7191-7196, 2006.

[7700000.00000.0000000O,00,
2000.

8] 00 OO0.000000bO00O0bDbOoOn
go.000,00,16-19,2002.

pjooooo.oboooobo.googooo,obg,
1990.

(lo)0ooobob0oogob0.oboboboOoboOooDbo
0.0000,00, 52-55,2003.

[11] Chabanel A, Horellou MH, Conard J, and Samama
MM. Red blood cell aggregability in patients with a
history of leg vein thrombosis: Influence of post-
thrombotic treatment. Br J Haematol 88, 174-179,
1994.

[12] Berliner S, Zeltser D, Rotstein R, Fusman R, and
Shapira 1. A leukocyte and erythrocyte
adhesiveness/aggregation test to reveal the presence
of smoldering inflammation and risk factors for
atherosclerosis. Med Hypotheses 57, 207-209, 1991.

[13] Schmid-Schonbein H and Volger E. Red-cell
aggregation and red-cell deformability in diabetes.
Diabetes 25, 897-902, 1976.

[14] Razavin SM, Atger V, Giral P, Cambillau M, Del-
Pino M, and Simon AC. Influence of HDL
subfractions on erythrocyte aggregation in
hypercholesterolemic men. Arterioscer Thromb 14,
361-366, 1994.

[15] Nguyen LC, Yu FTH, and Cloutier G. Cyclic
changes in blood echogenicity under pulsatile flow
are frequency dependent. Ultrasound Med Biol 34,
664-673, 2008.

[16] Cloutier G, Zimmer A, Yu FTH, and Chiasson JL.
Increased shear rate resistance and fastest kinetics of
erythrocyte aggregation in diabetes measured with
ultrasound. Diabetes Care 31, 1400-1402, 2008.

[(17]00000.00000.0000D0,000,
0, 2009.

(18] 000b00O0.000.0000,00, 60-69,
1998.

(9j0ooo0oooob.ooooooooooo
ooobooooooooooonog. Jgn J Med
Ultrason 31, 179-182, 2004.

[20] Paeng DG, Chiao RY, and Shung KK.
Echogenicity variations from porcine blood II:
The ’bright ring’ under oscillatory flow. Ultrasound
Med Biol 30, 815-825, 2004.

[21] Paeng DG, Nam KH, Choi MJ, and Shung KK.
Three-dimensional reconstruction of the ‘bright ring’
echogenicity from porcine blood upstream in a
stenosed tube. IEEE Trans Ultrason Ferroelectr
Freq Control 56, 880-885, 2009.

[22] Paeng DG, Nam KH, and Shung KK. Cyclic and
radial variation of the echogenicity of blood in
human carotid arteries observed by harmonic
imaging. Ultrasound Med Biol 36, 1118-1124, 2010.

[23] Lizzi FL, Astor M, Kalisz A, Liu T, Coleman DJ,
Silverman R, Ursea R, and Rondeau M. Ultrasonic
spectrum analysis for assays of different scatterer
morphologies: Theory and very-high frequency
clinical results. /IEEE Ultrason Symp, 1155-1159,
1996.

[24] Lizzi FL, Alam SK, Mikaelian S, Lee P, and
Feleppa EJ. On the statistics of ultrasonics spectral
parameters. Ultrasound Med Biol, 1671-1685, 2006.

[25] Fontaine I, Savery D, and Cloutier G. Simulation
of ultrasound backscattering by red cell
aggregatates: Effect of shear rate and anisotropy.
Biop Soc 82, 1696-1710, 2002.

[26] Yu FTH and Cloutier G. Experimental ultrasound
characterization of red blood cell aggregation using
the structure factor size estimator. J Acoust Soc Am
122, 645-656, 2007.

[27] Franceschini E, Yu FTH, Destrempes F, and
Cloutier G. In vivo ultrasound characterization of
red blood cell aggregation using the structure factor
size and attenuation estimator. /EEE Ultrason Symp,
301-304, 2009.

[28] Kikuchi Y, Sato K, and Mizuguchi Y. Modified
cell-flow microchannels in a single-crystal silicone
substrate and flow behavior of blood cells.
Microvasc Res 47, 126-139, 1994.

[29] Saitoh N, Hasegawa H, and Kanai H. Estimation of
scatterer diameter using ultrasonic backscattering
property for assessment of red blood cell
aggregation. Jpn J Appl Phys 48, 07GJ08-1-
07GJ08-5, 20009.

[30] Fukushima T, Hasegawa H, and Kanai H.
Estimation of scatterer diameter by normalized
power spectrum of high-frequency ultrasonic RF
echo for assessment of red blood cell aggregation.
Jpn J Appl Phys 50, 07THF02-1-07HF02-8, 2011.

[31] Ueda M and Ozawa Y. Spectral analysis of echoes
for backscattering coefficient measurement. J
Acoust Soc Am 77, 38-47, 1985.

[32] Fontaine I and Cloutier G. Modeling the frequency
dependence  (5-120 MHz) of  ultrasound
backscattering by red cell aggregates in shear flow
at a normal hematocrit. J Acoust Soc Am 113, 2893-
2900, 2003.

[33] Morse PM and Feshbach H. Methods of theoretical
physics. McGraw-Hill, New York, 1953.

[34] Rodrigues-Macias KA, Naessen T, and Bergqvist
D. Validation of in vivo noninvasive high-frequency
ultrasonography of the arterial wall layers.
Ultrasound Med Biol 27, 751-756, 2001.

[35] Lizzi FL, Greenebaum M, Feleppa EJ, Elbaurn M,
and Coleman DJ. Theoretical framework for
spectrum  analysis in  ultrasonic tissue
characterization. J Acoust Soc Am 73, 1366-1373,
1983.

[36) 00 O.000000000000.000
0,00, 66-67, 1999.

[37] Yagi S and Nakayama K. Acoustic scattering in
weakly  inhomogeneous  dispersive  media:
Experimental analysis. Acoust Soc Jpn 39, 659-667,
1983.

[38] Yagi S and Nakayama K. Absolute measurement
of scattering characteristics of dispersive media
using ultrasonic wideband pulse. Acoust Soc Jpn 43,
777-785, 1987.



