Experimental Study on the Elimination of
Microairbubbles in an Extracorporeal Circulation

by Ultrasonic Waves
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amplitude ; RBC, red blood corpuscle ; W, watt ; WBC, white blood corpuscle
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Fig.1. Stationary wave in water.
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Fig. 2. Stationary wave of sound pressure and
force acting on air bubbles. When o is
smaller than w, the air bubbles are subject to
a force moving in the direction of larger
sound pressure amplitudes. On the contrary, a
force moving in the direction of smaller sound
pressure amplitudes acts on the air bubbles
when w is larger than w, Namaly, the air
bubbles are subject to a force in the positive
direction of the X axis when they are at X1,
and in the negative directon when they are at
X2.
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Fig. 3. Force acting on air bubbles in flowing
water. 1, buoyant force; |, resistant force.
The air bubbles in flowing water are subject
to a force in the positive direction of the X
axis when they are at X3, and in the negative
direction when they are at X4. Air bubbles
of the conditions of @ > w, rest toward the
loop while those of the conditions of @ < @,
become stationary toward the node.
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Fig.4. Simulated test circuit. = The bubble
eliminator will be installed behind the pump
for the convenience at the time of an operati-
on.

.~~~ “Bubble generator
0:(1.16atm




FRIC L 2 RNERROBIREOBRECHET 205k 637

WIZAET S, EVATEREIC L » THIESER 28
BYBBIC LV —V—XEELENE . CDHIsER
RENELT S . COXBEEENEFEHEE (photo
multiplier tube, PMT) TEREZEICEBRL, Z0F
tx MR30 ALy b F—FLa—% (47w, H
2) CEEEFE L TRETS. SRt (®T7)
FUTOM C/ERL 72, HE 10mm, £ & 60mm O
MEER 2 A7 5 —O—|IEC T 7 ) LVEIRIR - #EE
L, ZOHRIICEEZ2.6mm O (L —H — R A
) 25V, REEO PMT @ L -/ &1 &
AHEANB PMT AR TR0 2 0BEEIZE -
177 UNVEEEREEEL, ER0.2mm DK (L —
PR EATFL) HI . £, PMT OZREIC L
2mmX3mm DA BT, 2D R 7 ITEELY
FRIZEREoTRPIT EERCESEL, B o
PEENEETEI LRS- DTHS

2) P MBY AT A

ISR A 7 A THRBFENLBEFEREL > iR
EBARL 2 WERBLT, X001 2 HE» &> TME
B, AL 7B TRBERDZONT— 5 0H
ATLTHE. ZO7 0y 7MERSITRT. =47
uarEa—% HP-9816 (HAEEL, HE) TO RS

/1 00mmy

100mm””
z

>
A
I

f

mm
) 2
abldl L
sV
0mmi
< X Window
¥Transduoer

Fig.5. Bubble eliminator. Ultrasonic waves
are irradiated through the window covered
with a vinyle sheet provided on the bottom
face of an acrylic resin box. The ultrasonic
generator was dipped in water outside the
bubble eliminator to be isolated from the
medium inside the bubble eliminator.
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Fig.6. Block diagram of bubble-measuring and
recording system. The changes in quantity of
light due to bubbles are converted into
fluctuations of voltage and recorded.
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Fig. 7. Bubble-detecting cell. An acrylic resin
board is bonded to one side of blood-flow
circuit of an inside diameter 10mm and a
length of 60mm. In the center of the board, a
hole of 2.6mm in diameter is drilled for the
entrance of leaser beam. An acrylic resin
board is also bonded to the opposite side,
facing the PMT, and a hole of 0.2mm in
diameter is drilled in the center of the board.
The board is painted in black to prevent the
scattered light due to bubbles from entering
into the PMT.
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Fig.8 Block diagram of data processing
system. This system detects the spike due to
bubbles from the waveform of voltage recor-
ded by the bubble-measuring and recording
system, and determines the diameter of
bubbles from the height of spike and the
number of bubbles from the number of spike.
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Fig.9. Spike observed in the data processing
system.
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Fig.10. Basic experimental device of the elimi-
nation of air bubbles by ultrasonic wave
irradiation. The bubble genarator is placed
at the bottom of the water tank and ultraso-
nic waves are irradiated to the area where
the bubble sproduced by the bubble generator
move upwards.

Tablel. Experimental conditions to exami-
ne the influence of the ultrasonic wave on
the fresh blood

Sample AOQOX 1T .**

number (mW/cm?) (sec)
1 X%k
2 36 10
3 36 20
4 36 50
5 72 10
6 72 20
7 72 50
8 72 100
9 180 10
10 180 20
11 180 50
12 540 10
13 540 20
14 540 50
15 540 100

* Average of output of ultrasonic wave
power.

** Jrradiation time of ultrasonic wave.

*¥** No irradiation of ultrasonic wave.
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Fig.11. Distribution of relative pressure ampli-
tude around stationary air bubbles in position
of z direction. Position of Z direction: X
Z=127cm; O, Z=132cm ; A, Z=13.7cm. (a),
case of the position of x direction; (b) case of
the position of y direction.
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Fig.12. Joining of air bubbles. (a), case of
irradiation of ultrasonic waves (average
output, 6mW/cm? ; (b), case without irradia-
tion of ultrasonic waves,
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Fig.13. Change of the number of bubbles in
relation to the irradiation time of ultrasonic
wave. Flow velocity: @, 80cm/min; O,
60cm/min.
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Fig.14. Relation between flow velocity and
bubble removal rate. V=V’/S$x1000: V(cm/
min), flow velocity in the bubble eliminator;
S(cm?, sectional area of bubble eliminator;
V'(l/ min), pump flow rate (perfusion flow
rate).

Table 2. Air bubble diameter and bubble
removal rate

Air bubble

bubble removal

diameter( 4 m) rate(%)
> 60, =100 52
>100, =150 89
>150, =200 98
>200, =300 99
>300, =340 11
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Fig.15. Distribution of airbubbles in relation to
their size. @, case with irradiation of ultra-
sonic waves; O, case without irradiation of
ultrasonic waves
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Fig.16. Relation between volume of bubble
eliminator and bubble removal rate.

o
S
—

C00505000502005,

%
s

Bubble removal rate (%)
s
T

0 2 L . \ ) L

0 28 30 32 34 36
Right from bottom face of bubble eliminator
to water level (cm)
Fig.17. Change in bubble removal rate due to
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Fig.18. Power of ultrasonic waves and bubble
removal rate. When the electrical input was
more than 2.2W, the bubble removal rate
exceeded 90%. The power of ultrasonic
waves in this experiment was 74.2mW/cm?
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Fig.19. A design of asupractical bubble elimi-
nator devised according to information obtai-
ned in the preceding experiments. Comparati-
vely large air bubbles are removed in space
(2) by virtue of then natural upward movem-
ent. The volume of the space of irradiation
of ultrasonic waves (1) is 400ml. Another
partition was provided to prevent aspiration
of stationary air bubbles. -, direction of
blood flow.
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Table 3. Influence of the ultrasonic wave on the fresh blood
Experimental condition Value after irradiation of ultrasonic wave
Sample AO. ILT. RBC WBC LDH K Hemolysis
number (mW/cm?) (sec) (X 108/1) (X10%/1) (Wro u/l) (mEq/1) y
1 No* 5.05 7.5 319 4.1 —*
2 36 10 4.94 6.4 325 4.3 -
3 36 20 4.95 6.0 309 4.2 —
4 36 50 4.90 5.1 330 4.1 -
5 T2 10 4.49 5.0 256 3.9 -
] T2 20 4.96 7.1 334 4.1 —
7 T2 50 3.89 7.1 348 4.1 -
8 72 100 4,98 6.6 300 4.1 -
9 180 10 4.95 5.3 291 4.1 -
10 180 20 4.75 6.4 295 4.0 -
11 180 50 4.60 7.5 398 4.2 +
12 540 10 4.34 7.3 374 4.1 +
13 540 20 5.36 5.0 322 4.1 +
14 540 50 4.96 5.9 351 4.2 -+
15 540 100 4.59 6.4 429 4.3 +
Abbreviations. A.O., average of output of ultrasonic wave power; 1T, irradiation time of

ultrasonic wave, RBB, red blood corpuscle; WBC, white blood corpuscle; LDH, lactate

dehydrogenase ; K, kalium.
* No irradiation of ultrasonic wave.
** _ negative; +, positive.

Table 4. Bubble removal rate of water,
glycerin and blood (Case of using the
practical bubble eliminator)

Ultrasonic Bubble removal rate(%)

wave power(W) water glicerin  blood
0.5 97.8 80.6 77.1
1.0 97.0 96.9 97.5
2.0 98.6 9.3 99.8
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Experimental Study on the Elimination of Microairbubbles in an Extracorporeal

Circulation by Ultrasonic Waves

Yoshihiro Mori, Department of Surgery (1), School

of Medicine, Kanazawa University, Kanazawa 920—J. Juzen Med. Soc., 99, 634—647

(1990)
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circulation
Abstract
To eliminate mocroairbubbles arising from artificial lungs during extracorporeal
circulation, a method has heen devised whereby the blood stream is irradiated

ultrasonically to produce stationary waves.

Through irradiation many air bubbles are

concentrated and combined at one point by the force of the sound pressure amplitude,
applied to the bubbles directed towards the abbomen and nodes, and then removed. A
bubble removal device was designed using this method and a basic experiment was
performed. In this experiment, the relation between the flow rate, size of the bubble
power of the ultrasonic waves, and the bubble removal effects were
investigated, after it was confirmed that the bubbles were combined during ultrasonic
irradiation and could be removed quantitatively. The results indicated that the direction
of the irradiation of the ultrasonic waves into the water flow in the bubble remover, did
not affect the bubble removal rate. The bubble removal rate was decreased ‘proportionally
when the flow rate was increased at the site of ultrasonic irradiation. The bubble removal
rate was high for air bubbles of a such size that the resonance frequency obtained from the
air bubble diameter, was the same as the frequency of the irradiated ultrasonic waves. The
inner volume of the bubble remover must be 400ml. There were no major differences in
the bubble-removing action even if the height of the bubble remover was not an integral
multiple of 1/2 of the wave length of the ultrasonic waves. Based on these results, a
bubble remover toassure the most effective removal of air bubbles was produced and

remover or
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subjected to experiments using blood. The results showed that the bubble removal rates
were 77.1% when the power of the irradiated ultrasonic waves expressed as electric input
was 0.5W, and 97.5% when it was I1W. When it was 2W, almost complete removal was
obtained, the removal rate was 99.8%. It was found that the bubble removal was highly
effective and there was no risk of destruction of the blood components if the remover was
used in the 2.2-5.5W range. It was possible to remove microairbubbles in the blood stream
by placing the bubble remover designed on the basis of this research, in the extracorporeal
circulation circuit and producing stationary waves by means of ultrasonic irradiation.



