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Abstract

In the artificial heart application, productivity and hemodynamic properties of artificial heart valves are crucial in successiful application to
long term in vivo trials. This paper is about manufacture and assessment of trileaflet polymer heart valves using vacuum forming process(VFP).
The VFP has many advantages such as reduced fabrication time, reproducibility due to relatively easy and simple process for
manufacturing,

Prior to VFP of trileaflet polymer heart valves , polyurethane(Pellethane 2363 80AE, Dow Chemical) sheet was prepared by extrusion. The
sheets were heated and formed to mold shape by vacuum pressure. The vacuum formed trileaflet polymer heart valves fabrication is
composed of two step method, first, leaflet forming and second, conduit forming. This two-step forming process made the leaflet-conduit
bonding stable with any organic solvents.

Hydrodynamic properties and hemocompatibility of the vacuum formed trileaflet polymer heart valves was compared with sorin bicarbon
bileaflet heart valve. The percent effective orifice area of vacuum formed trileaflet polymer heart valves was inferior to bileaflet heart valve,
but the increase of plasma free hemoglobin level which reflect blood damage was superior in vacuum formed trileaflet potymer heart valves
. Vacuum formed trileaflet polymer heart valves has high productivity, and superior hemodynamic property than bileaflet heart valves.
Low manufacturing cost and blood compatible trileaflet polymer heart valves shows the advantages of vacuum forming process, and these
results give feasibility in in vivo animal trials in near future, and the clinical artificial heart development program.
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Fig. 1. Schematic diagram of vacuum forming process

Lok stn F2H o2 A FL s wate] EAt 2

= YNS Fr} A Z3) jet flowe] &3t %@(hemolysw)?ﬁ%
o] At @& 7N t2,3]. 28 Aul(tissue valve) L E&
9] 4 (pericardium)oj i} Agetg ey o 2 Azjsie AL
WA AHE F U=E T Aolvh A 24 & AHgat7] of
o 80| L5l §E o] B SR = Aol 9

AR AAA gme] Hg) pAde] okstm el A3sl
(calcification) 2 7}5-0} A3} B A4 o] 9ivH4,5]. &=}
TR 1960t e 7712 waty) 22 fute) 435 AH-e
Hekslr] 98 A AR FU48L o) 43 o2l Roz A
T HAHE). TEA B GAR Y] S5 Ze) e A
2] AFAE A, Ao Yol 4] Zejths
o] slont, AlRte] Solslm I {3} o] A e
ZE 7(water hammer effect)Z 7117 Ahgoletes A4S 7}
ATH5,7,8). EF DEA Ao ot (leaflet)e] 20| mha}
T4l (monoleaflet), ¥Fi(bileatlet) 2 AFgi<l(trileafelt) <.
2 PRUG. o] FAAE 494 AFBoL 05 B §4)
FYGoR AT 1Y Hol ol Fold U M ohie} $43
79 249 899 &) Axo) voie 542 st
[5,9,10]. 7129 44 A Bk 25 A H(Dipping)
< B3l A=A 4G4 mEA Feg A oz A7 & A
F, AAIZE] A 171e] AFnlgo] £t w3 HA o] v
I, Az o] Bslar #8718 71 ok A Zto) sbeEiA
78] el Aot & 4= ) o %’ii’iu}

= l‘"-*"ﬂHh AT4EHE B9 A2 AL I3l O}E‘W

< A8 2151 AR R 712 AAY ) GHE

Eﬂé & le AEA 28R Behg A F ek

AFBe e ¥ 8k AP (hydrodynamic test), 85
3H4 AJ g (hemocompatibility test), T4 A} (durability test),
A3 A8 (Biocompatibility test) T QA oA ALL-g)

7} feid e B2 Brb) e, £ A7 E d3 iy
go) Z7IAAIRA DFAF Y 98 g nEA Buke] A
2HE Adeta, 8 Ay 2Ry 8L 598
Sii=g

HnnEL_

I, &g &z

A. 434871

AIHEEL AT F7) AT FULS S F Qe Fug 2
EE4FE 1 G/ N ESE 23T 9, 71D A3E sl
aste GrlaA A EQ A H R Alolo] 3td) 3712 U E o
92T THE Bo T2 Uie] 718 B MEAA U o
HAslel g ti7]ge] g¥os 4P s o)t
[Fig. 1.]. 2 @5l AH8d 13487 dHEE A Aad
VacFrom-50029 & A} 83} tHFig. 2.]. 3 ZA P L 28 71
Fake Y Bl I 4duo] 4502 AEY e 70
2 g40l3 719 A% B Gy A= LA &
Yo g olgdct AAA 4ETH ] vlg) AR Y W ulel
QB0 2 Al AFRE, 242} BAE £E02 A9

she FERTI} SIh 7k A EY 4YLEE AFe 2
FRER AFATIE, ABY 257 HYA AR FHHA
Y L=l =Y £, 3lE7} o] 3] 71ho] A= e

o] LR F5 S0 2ol ZleiAA o] Ayt
AN E 2 Y 210 A7) 994 BE AAE 55
o2 zgsgic.

08 2, & 7ol ARBE AUBHET| (VacFrom-500,2R4(F), 3+2)
Fig. 2. Vacuum forming machine (VacFrom-500, ILBEOM Inc., Korea)
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(a) Mock system (Preload : 10mmHg, Afterload : 100mmHg )

(b) Acryl tube
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(c) Vacuum formed trileaflet polymer valve
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(e) HVAD (Electronic-pneumatic Hybrid Ventricular Assist Device),
Korea Artificial Organ Center, Korea
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Fig. 9. Pressure and flow in the proximal and distal position of the artificial heart valve in accordance to pump rate

{a) 60bpm, Bileaflet mechanical valve

{b) 60bpm, Vacuum formed trileaflet polymer valve
(c) 80bpm, Bileaflet mechanical valve

(d) 80bpm, Vacuum formed trileaflet polymer valve
(e) 100bpm, Bileaflet mechanical valve

{f) 100bpm, Vacuum formed trileaflet polymer valve
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Assessment of Hemodynamic Properties of Trileaflet Polymer Heart Valve Manufactured By Vacuum Forming Process
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