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ABSTRACT

The purpose of this study was to determine the doppler fluid effects of carbonated water (CBW) in a
bi-directional flow phantom model. A bi-directional flow phantom model was chosen to realize arterial and
venous flow, and the structure of the inner and outer tanks allowed for fluid circulation and also made the size
of the phantom small. Carbonated water (CBW), salt fluid (SAF), sugar fluid (SUF), and distilled water (DW)
were used as fluids, and ultrasound scans were performed at depths of 1.5 cm and 3.0 cm from the surface of
the tank, using B-mode and color Doppler effects. All fluids tested showed color Doppler effects, but CBW had
the highest doppler shift and the least variation with depth. In conclusion, we determined that CBW was the most
suitable fluid to be used as a doppler fluid and confirmed that the bubbles dissolved in CBW act as doppler
scatterers, just like red blood cells inside human blood. Therefore, it is possible that CBW can be used as a
blood-mimicking fluid in doppler ultrasound phantoms through further research, and this study will provide basic
data.
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Model : HI-311
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Size : 50{L) x 44(H) x 36(W) mm
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Fig. 1. Phantom is designed for doppler fluid flow
in both directions.
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Fig. 2. Bi-directional Doppler phantom(A), magnified
image of tank's inner section(B). B-mode image of an
ultrasound scan of a bi-directional doppler phantom(C),
Color Doppler image of an ultrasound scan of a
bi-directional doppler phantom(D).
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Fig. 3. B-mode images of doppler phantom scans of
CBW(A), SAF(B), SUF(C), and DW(D). (A"), B "), (C"),
(D ") means the pulse repetition frequency(PRF) was set to 43.3
cm/sec for each fluid, (A”), B”), (C”), (D”) means the PRF
was set to 77.0 cm/sec, and (A”), B”), (C”), (D”) means the

PRF wsa set to 86.6 cmy/sec.
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Table 1. Comparison of the Doppler distribution and
area fraction (%Area) was performed for each Doppler
fluid

(Plg/{?)teéﬁl/ssec N Mean p! %Area p’
CBW(43.3) 30  86.5+3.7 339+1.5
SAF(43.4) 30 31.6+13.2" 12.4 + 527
.000 .000
SUF(43.3) 30 24.5+53" 9.6+2.1”"
DW@433) 30 31.7+86¢" 12.4 + 3.3
CBW(77.0) 30  81.4x29 31.9+1.1
SAF(77.0) 30 20929 82+ 1.1
.000 .000
SUF(77.0) 30  30.0+6.6"" 11.7+2.6"
DW(77.0) 30 31.8=12.6" 12.4 + 4.9
CBW(86.6) 30 80237 314+14
SAF(86.6) 30 222+49" 8.7+ 1.9
.000 .000
SUF(86.6) 30 23.7+6.6™ 93+2.6"
DW(86.6) 30 29.2+12.8"" 11.4+5.07

M=SDp't = post hoc test with scheffe of whole means (p’%#>0.05)
and M+SDp2+ = post hoc test by scheffe of whole percentage area (p*>0.05)

LoAF-Aom dvnd @2 W5 5 55(PRF)
433 cm/secE 1LAT AE AN EHF, AFE, A
FE B B Fargt 2 WAL & (%Area)>
ME T2A GUAATHp>0.05), Tk 9t 86.5+3.7
2 M EoH o SHEAT(p<0.05). B2 ukE

A%

T35(PRF) 77.0 cm/secoll A AFE, T/7T9 =
ZY ¥ gk 2 A E S (%Area) it A= o
22 ek 1‘{?(p>0 05), 2w =9 F a2 20.9+2.9
2 8144290 % 7} =7
S ATHp<0.05). F2~ WHE F35(PRF) 86.6
cm/secoll A AFE, AEE, SHTY =58 £X
Ht gk 2 WS (%Area)S A2 ThEA] koton
(»>0.05), Bk o] Ht gk 80.2+3.7% 7 =
=74 = A Hp<0.05).
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2. W5 4~Z(Distilled water)2] EHANAMHFEEH 1.5
cm Zolo AXAg =&Y A ZE {Eo| A it
T, hwwE, AYE, 2 TR d2 Bk Fo
(PRF) 43.3 cm/sec®ll 4] = Table 2} #o] ¥ 71%] &
N =EY X Fargh 2 AT E(%Area)kol
ME G=A ko, H2 gy F945(PRF) 77.0
cm/sec®} 86.6 cm/secoll e AFET EAG =
29 B¥ Hog 2 A9 E S (%Area)ito] tE Al
&N Hlaste] F=A 574 5 ATH(p<0.05).

Table 2. A comparison was made between the Doppler
distribution and area fraction (%Area) of a Doppler
shift tube at a depth of 1.5 cm

Materials
(PRF) cm/sec

N Mean (1.5cm) p’ %Area (1.5cm) p?

CBW(43.3) 30  73.1+42 350+7.7
SAF(43.4) 30 283=+12.1”" 33.1+9.3"
.000 .000
SUF(43.3) 30 223+47" 31.8 4.9
DW43.3) 30 274x98" 62.73+1.24
CBW(77.0) 30  643=1.7 592+1.0
SAF(77.0) 30  18.6+28 252+24
000 .000
SUF(77.0) 30 268+7.9" 34.9 + 6.5
DW(77.0) 30 28.1+13.1*" 34.5+10.3"
CBW(86.6) 30  61.6+3.2 584+1.5
SAF(86.6) 30 192+4.4" 27.0+3.9"
.000 .000
SUF(86.6) 30 222+7.6" 309+ 7.6
DW(86.6) 30 232+97" 29.2 +8.9""

M=+SDp't = post hoc test by scheffe of whole means (p*>0.05)
and M+SDp2t = post hoc test by scheffe of whole percentage area (p%>0.05)
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3. W5 4~ZF(Distilled water)e] FEHAAF-EH 3.0
cm Zolo AXe E=Ee] AIZE frytolA] gt
T, awE, AYE 2 SHFY A2 0k Foig
(PRF) 43.3 cm/secoll A= =1
THTY EZY X Hagtol AR a2 &%
o1 (p>0.05), AL FHEFh 6.5+2.001%0 3, &

Mo HA gk 81.9+10.60.2 7Y A el
TH(p<0.05). 2 Rk F315(PRF) 77.0 cm/secell A
T EE §99 Hagtol MR 2 gokor
(p>0.05), EMAFo] e 59144008 7Y =
A GERth(p<0.05). wAIRto 2 Hx ukE o)

bt

L‘.

Z~(PRF) 86.6 cm/secolM &= A~gEY SHF2 H
TEkol AR T EA %O H (p>0.05), HBES H
TS 5.9+2.50| a1, BRSO F gk 53.846.2
ow wakge] gl M wA dEbd
(»<0.05).
Table 3. A comparison was performed on the Doppler
distribution and percentage area fraction (%Area) of a
Doppler shift tube at a depth of 3.0 cm
Materials N1 Nfean (3.0cm)  p! %Area (3.0cm) p?
(PRF) cm/sec ’ P ‘ ’ p
CBW(433) 30 81.9+10.6 70.7 +£3.1
SAF(43.4) 30 14.8+10.7"" 20.5+11.3""
.000 .000
SUF@433) 30  65+20 11.0+3.5
DW(433) 30 142+46 67.8+2.6
CBW(77.0) 30  59.1+4.0 67.8+2.6
SAF(77.0) 30  7.8+2.8" 11.7+3.0"*
.000 .000
SUF(77.0) 30  10.0+3.2°" 172+ 4.6
DW(77.0) 30 13.5+8.4" 19.9 + 8.8”*
CBW(86.6) 30 53862 67.1+3.1
SAF(86.6) 30  7.6+3.1”" 124+ 42"
.000 .000
SUF(86.6) 30  59+25 10.8+3.8
DW(86.6) 30  13.4+9.0"" 21.1+11.8"

M=+SDp" = post hoc test by scheffe of whole means (p%#>0.05)
and M+SDp2t = post hoc test by scheffe of whole percentage area (p*>0.05)
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B R Ak Fig 4%t Lol AuE, ARE, SF
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Fig. 4. A comparison was made between the Doppler
distribution and percentage area fraction (% Area) for

each Doppler fluid at depth of 1.5 cm and 3.0 cm.
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