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Abstract : The purpose of this work was to assess and quantify whether the beneficial effects in long-term gas exchange at
axciting frequency were obtained at different frequencies as well and then to develop a vibrating intravascular lung assist
{evice(VIVLAD), for patients suffering from acute respiratory distress syndrome(ARDS) or chronic respiratory problems. We
nvestigated the optimal condition of the frequency band excited with new vibrator at state of limit hemolysis when blood
semclysis came to through a membrane vibration action.

“he experimental design and procedures were given for a device used to assess the effectiveness of membrane vibrations.
Quartitative experimental measurements were performed to evaluate the performance of the device, and to identify membrane
sibration dependence on blood hemolysis. We developed an analytical solution for the hydrodynamics of flow through a bundle
f sinusoidally vibrated hollow fibers that is used to provide some insight into how wall vibrations might enhance the
serformance of the VIVLAD.

‘n the result, it was measured that the effect of various excited frequencies in gas transfer rate and hemolysis from the
maximum gzs transfer rate at no vibration when the maximum gas transfer rates showed at module type 6. module type 6
-onsisted of 675 hollow fiber membranes. The maximum oxygen transfer rate was caused by the occurrence of maximum
amplitude and transfer of vibration to hollow fiber membranes when it was excited by the frequency band of THz at each blood
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flow rate, because this frequency became the 2nd mode resonance frequency of the flexible in blood flow. Also, when module
type 6 was excited at an excited frequency of 7Hz, blood hemolysis was low. Therefore, we decided that the limit of hemolysis
frequency is 7THz, because maximum amplitude occurred at this frequency.

Key words ® Artificial lung, Pressure drop. Gas transfer, Hollow fiber membranes, Vibration
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tacid |« | t |« [ tiauid
Input x i [—7— output type 1 100 6.83
= A // type 2 200 6.61
ST R L, tyoe 3 20 058
Plate type 4 300 6.38
J8 1. NEg 2&8 type 5 450 6.04
Fig. 1. The diagram of test module. type 6 675 5.53
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Fig. 2. In vitro bench test system used for the oxygen transfer and the hemolysis of the test modules
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Fig. 3. Relation between the flow rate of bovine blood
and O2 transfer rate on the various numbers of hollow
fibers in bovine blood at 37T
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Fig. 4. Relation between excited frequency and O2 tran-
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Fig. 5. Amplitude of PVDF sensor output of the system
for various excited frequencies

Jp
il
mlm

] Jellle 2R wdsidy 19 S5EFH A%
F oogith 19 5% EE type 694 Zze] o 57 1
717l Foio] W] w2 PVDF AMdA A& Ads A
o AE 3718 AT Yot MR F957E THzY 9 F
o AZ9 A7 A& ok 1 olfr= 7 Hz¥9Y 7t
Fapgo ] FRAEIA7L By WEoH, of 33 AdE
FEAE & AEoR EE0 o2 FFA WA St
= & AAANA ArdEgEEE HuYZ depla gtk
a9 6L EE type 604 FHE AHEEEE o Holzz
59 Sherwood5¢t Schmidt=9] #Al oA 4 (D A
T+ a? bE A F95e] W] gt Jepldch 2AE &
T+ as 2=0.007—6.26x9 #AE ey B b b=
0.41+0.003x—0.0016x*¢] #AE ez gith oi7]4
38 7H Fukgee] WalEelth A adt bE K Fag
wglo] wel AR 5 Jong Ao &9 wie 7t
4 Fao| 1%}011 e MAAGEEE o&8 £ gt
29 7L EFE type 69 FFAF EEAA e AdiAA"
& yehlle 7HzY 7MA Fagol A 2bzke] fdolA Al
Z_H ‘?iiMl wtel doje] f¥xg vehd 2ol AAMI-

-

L

1.0

0.9 4 B Constanta
084 ® Constantb
0.7: 2
b=0.41+0.03x-0.0016x
0.6 -
[ ]
0.5 [ ] ® o
0.4 ® (4
0.3
0.2
01 2=0.007-6.28x
0.0 { —ii——a—i—a—8———a—
01 T N T ¥ T T ¥ T

0 2 4 | 6 8
Frequency, f[-]

%) 6. cldst 717 Fojo| mE A5 a2t bel g
Fig. 6. Changes of constant a and b for the various
excited frequencies

0.13
0.12
DC 50V
2 0.114 |Flow Rate(L/min)
$9 ot *0—e—3
ES oo 440
22 ] =6
"69 0.08 v
3Z 0074 L 4
o
£S5 006
o
§§ 0051 A
E; 0.04
5° o0
-4
0.02 ]
0.01
0.00 v T ¥ T T
0 1 2 3 4 5 6

Time[hour]

a7 7. 7Hzel 717l FoiollM AlZte] Aatol o cieist HH F
SolMel Ezi=o}l Xf szI=gle) W

Fig. 7. Graph reveals an variety in plasma free hemo-
globin as various blood flow rates with the passage of
time at excited 7Hz

ASOTFAT ASTMTFA wE AgaxE 6475 849
L85 2 ZA3 Aotk 749 £EEE ézof?} 25 7
Aute] g3 rolr), AFAIY Z7he] {EA THzS M F
4R AT 243 A% $8xE W] nie] o
2 £4L uAA 43S ¥ F Y9G

UH AEE o] 43 AEY 7R FAE o]&ste
¥ BzxRAe /lNE AFAE 43 iy 28&S F
AN = Y B3 2 AYFAE Yl o8 F e
AAE ALASS, AAA A DS FE Fo Ut IF
o Wa A& WIAFAAN ZAHe 8&e] SUsE Het
7 55H BEAT Y wiHoR Jgdd ¥ nzFA
24 Ju 4P 4dS 9L o€ HR 2
Ay Hes sty aRHoz Hgd ¢

=

0O

Aol & W A

J. Biomed. Eng. Res: Vol. 24, No. 2, 2003



._.
(Vo]
(=%
oy
N
113
r&
=
4

E<

rhu

A4 F3A A B0l 3endd W Zol7k 120 en®
g AYE & gled 7l Faert THzE Y
AGEES R

1. Bartlett, RH., Roloff, D.W., Comnell, R.G., Andrews,
AF., Dillon, PW. and Zwischenberger, A.B., "Extra-
corporeal circulation in neonatal respiratory failure:
a prospective randomized study”, Pediatrics, 4, pp.
479-487, 1985

2. Pearson, G.D. and Short, B.L., "An economic anal-
ysis of extracorporeal membrane oxygenation”, .
Intens. Care. Med,, 2, pp. 116-120, 1986

3. Finder, N.N., Tierney, A.J., Hallgren, R., Hayashi, A.,
Peliowski, A. and Etches, P.C., "Neonatal congenital
diaphragmatic hernia and extracorporeal membrane
oxygenation”, Can Med. Assoc. J.,, pp. 146-501, 1992

4. Campell, Terry G., "Changing criteria for the arti-
ficial lung: Historic controls on the technology of
ECMO”, ASAIO J., 40, pp. 109-120, 1994

5. Fedespiel, W.J., Hout, M.S., Hewitt, T.J., Lund, L.

W., Heinrich, S.A., Litwak, P., Walters, F.R,, Ree-

der, G.D., Borovetz, H.S. and Hattler, B.G., "De-

velopment of a low flow resistance intravenous oxy-

genator”, ASAIO J., 43, M725-M730, 1997

Hewitt, Todd J., Hattler, Brack G. and Federspiel,

o

o) F8t3 A A243, A2%, 2003

o,
on

oo

10.

11.

12.

13.

14.

15.

16.

-olaba

William J., "A mathematical model of gas exchange
in an intravenous membrane oxygenator”, Ann.
Biomed. Eng., 26, pp. 166-178, 1998
. Vaslef, Steven N., Mockros, Lyle F. and Anderson,
Robert W., "Development of an intravacular lung
assist device”, Trans. Am. Soc. Artif. Intern. Organs,
35, pp. 660-664, 1989
. Federspiel, William J., Hewitt, Todd J., Hout, Mariah
S., Walters, Frank R. et al, "Recent progress in
engineering the Pittsburgh intravenous membrane
oxygenator’, ASAIO J., 42, M435-M442, 1996
. Federspiel, William J., William Jeffrey L. and Hattler,
Brack G., "Gas flow dynamics in hollow-fiber mem-
branes”, AIChE J., 42(7), pp. 2094-2099, 1996
Nodelman, Vladislav, Baskaran, Harihara, and
Ultman, James S., "Enhancement of 02 and COZ2
transfer through microporous hollow fiber by pre-
ssure cycling”, Annals of Biomedical Engineering, 26,
pp. 1044-1054, 1998
Vaslef, Steven N, Cook, Keith E., Leonard, Ronald
J., Mockros, Lyle F. and Anderson, Robert W., "De-
sign and evaluation of a new, low pressure loss,
implantable artificial lung”, ASAIO ]J., 40, M522-M-
526, 1994
Federspiel, William J., Lund, LW., Bultman, J.A.,
Wanant, S., Matoney, J., Golob, J.F., Frankowski,
B.J., Watach, M., Litwak, P., Hattler, B.G., "Ex-vivo
testing of the intravenous membrane oxygenator—
(IMQ)", ASAIO ]., 45, pp. 127, 1999
Lee, S.C., Kim, K.B,, Hong, S.C., Kim, M.H., Jheong,
G. R.,"The evaluation of artificial lung using blood
substitutes”, Journal of Biomedical Engineering
Research, 21(3), pp. 311-320, 2000
http://www.eurekalert.org/pub_releases/2002-06/uomh-
ual061002.php
Nos¢ Y. Recommended Practice for Assessment of
Hemolysis in Continous Flow Blood Pump. West
Conshohoken, PA:American Society of Testing and
Materials, F04:40-41, 1998
Naito K, Mizuguchi K, Nose¢ Y., "The Need for
Standardizing the Index of Hemolysis". Artificial
Organs, 18, pp. 7-10, 1994



