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Abstract —The left ventricular-assist device is
an important device to aid the pumping function
of the natural
parameters of heart and vascular is essential for

heart. The hemodynamic

designing a left ventricular-assist device, which
is adapting to physiological condition of human.
In this project plan, the Taita No. 1 centrifugal
blood pump was implanted on the calf. The
pump inflow flow and pump outflow pressure
were recorded and analyzed synchronously in
real time. Using Doppler method to measure the
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flow, which is used to be a feedback parameter
of the left ventricular-assist device controller.
According to the status of aortic valve and
mitral valve, the cardiac cycle was divided into
four stages. The flow in each stage was
calculated and an optimal pump control index
was obtained. The index suggests an optimal
applied voltage of pump for reducing suction
and backflow effect.

Keyword: blood pump control, LVAD, flow
monitor

Rl

ECEHBE (LVAD) RhiER (%
1) BEABE (Be) YT A
TN RIFEL A BRIEEHEE - £R I
LVAD ¢4# % £ & A ®MEK & - (1) R
AYHAKERTHERS > E£18 LVAD &
BHRPETRNHTHBHEZTHEAAR
N AEEBERANES  ERATEELA
Feo(2) BOANAASKBEERAELEHR
A REAGR B2 RTRM 28N
MBARAMERARCHNEORA HAR
HoERE LALAERABESHACERY
B mESEHRACHEEERE RERE
MBS AR CHH B ERAXE
MASRORBENH B - BN CHBE T
A A A 8 & % (Fuzzy automatic control



system) R ¥ B/ LA R Bm & 2R R
MAREEE - AMET S/ Kty LVAD ey &,
HERBEH EMRGH X HRAF R B
BHERAKNEEL K ENLEOHKETH
TR BAERMEIES > THEA KRR LVAD #
e EMEA -
AHERHEAAL - ACERRF Xty
M EHLECERERALZHE AL
LVAD R BB eyRERARUARFE 48 M
o AR IVAD 6 a8 (r4L) > #474A &M
MR - s (F) LEAR%R T3
B HAEARERE LVAD b2 $0A%
B Bp B dn R A SRR 64 5 o A M9 R L ALER
ey LVAD R$BRAACKERAELLE
HBARBITRBES AR AT BEM
BEABRRBAGAAMETRMAE 25550
BARUEFOR LY o BB ORS)
ABEFHEX > LFRBAG BB

F ik Bk

ATHRXBCNECERYB- 4 A%
(T-LVAD)[1] » REA—_MBAELE R P&
#80~100 2 ey N A BITECEHBER
oo B DNFRR 2 L BITER -
R W > & T #0K 1 49 5558 B ( Citosol ) »
RETRENEEE T LR EL BITA
M2 5 M8k (Haloxane) » 47HIBG 4 - £ %
WAREN BB THREHRUARLECE » 1L
RN ARGAL G445 T80 0
RoRBECERDEHTABR -BUS -1
BREUBAAL 0 E B L LS MB RS E
MR RBECERBS SR — 15 L0
KA > Wik R F 3B 30 H
S AMBACERYE -Robhit &F
AT —ESL > MikiEs]l ACT GGEuit
S B3R ) S HI4E 180-200 £ 2 F - HHFRE S
BEGO BELCTHISHERTL B
BEFLCERGS SRR EHHEL S

MR ENE 2w+ ik B8R
RoBRRENE > BNFREEL TS 2
RIZFBVRELFTIHEL » ACT sk R AL
b R RETE » HERE B E B
TR N RS RERY R
4o B — i 0 ¥ H A% (inflow) sy B % &
HECEREEMBELCTE » il
(outflow) ] 3% £ * 8k (descending aorta) - [
HEAERGE N FHCTRRY A Egn
B~ BN R TR -

BRERFRAL P HAEH LR 0 R
ERER LSRR K2 EE$Z HP &
HEREABZRAN i E i Eutisd
MR —HARASEES AR HiEd — 14
BEF EHSFTRABE —fr RiEs8
AARE —RAMOBEZ TR Xiz4 §
RILEH 10V 2] 18V 5 — 46 5 P35 4% 4] »
ER AR o B =T o

Aortic Valve RSl
) Left Atrium

Descending Aorta

B Prossure Detection

B— - 2 vERERERER

LCD
bi

é‘? :::g ] ADC [+ Microcontroller -+ DAC |-+Driver M‘

hi
Keypad

B = A SEHBSEHEHFRE




Calf S
Outflow Pressure MC.AO,AC and
LVAD MO Detection
inflow l

LVAD Flow Integrate

Controller Separately
MCAC/ACMC

Flow Index

M= ACERMBSIEH SRR

TR A A A [2][3) & H - WA #A
(cardiac cycle)#R 4 X ®) Bk 35 B (aortic valve)Fv
= R 5 s (mitral valve) &4 B B 4k 58 5 Ak v9 8 K
fE (stagel-staged) - ¥ $) Bk 3 B 47 B (AVO) >
) Ak 9B ) BA(AVC) » — R BB 37T B(MVO) »
= R EBL M BI(MVC) - Stagel H-# MVC #v
AVO z [d] » stage 2 /4% AVO #= AVC z B »
stage 3 7 AVC fe MVO 2 il » stage 4 /M #
MVO %0 F — 18 MVC Z [} - %18 stage #4-F34
YHRETORA(DHE ik 184500 %
MVC &85 5] » 2 & AVO #9858 > t3 & AVC
#85k] 0 t4 & MVO #9850 » Qi & % — stagei
PN ERE -

0 =—— fowar (1)

4,1,

i+l

FAMAABM A G MiE Ao BERER
LERAREGHYETRLEE RS RAI RIS

F°3 3
Nty REhS YAkt ER
HEReB AT EEREAESGHRE
HOERAESHK - FEUANT AL RE

B EHRAESE  IFEPEIAEI S o

8
6 PN TN +
L S
= 4 ]
§ s o §
g 2 ek =
K D 4 X
E 0 —X—
2 T
-2 “f('bf T T 0T B
4 _ -
6 -
10 12 14 16 18

Applied Voltage(V)
© MVC-AVO(stagel)
0 MVO-MVC(stage4)
A MEAN
X AVO-AVC(stage?2)
© AVC-MVOQ(stage3)

B w9~ S REE A v 18 stage 89 W HB A LA E

ER BRI OR T TR Y KT8
AT 410 2] 18V 9 X ER(Vm)wE| o i ¥
ALl RN ESER M Vm #om b
FoVm BN ERR  HHETARH I NAE
HEMESHGEHE -M¥F Vm &% ¥ #H
A% R EHK-0.24 8] 4.38 L/min > ¥ &gt
2446 %] 4228 RPM -

AKX (1) 48518 stage &9 T340 TR 75
8 & B &8 AE T 8RS
QI>Q4>Q2>Q3 » 44 Loy #] - IR
M H— 8K F 42 Q2/QM4 % »n
(QI+Q2)/(Q3+Q4) » Vm Fu gk ifi & 4545 & B 14
B AR VM ERE 138V Lihg
FROXNDBENEB A B ITA—EE
& #4471 25 (critical point, CP) » & Vm {&#% CP
B CEREALRENGR ME Vm eyl
AR CP BFi§ 7 36 A i 4 04 2O M B 3K
Bt 0 3548 Q12/Q34 NN sk tyiz s
FER—ERFHIETE -

€ Vm=13.8V 6> sbof &y ¥ & #4i& A 3200



RPM > ¥ &7 & A 13.7 L/min > ¥ A& %69
BA#HH 135 mmHg - £ ERIEH T K4
gt AERRBEERR - LTREBNCHEA
LAEMNOTBRHMTHRLER TR TS TR
£ F

150

g t
8 |
a 100 | |
5 [}
> 50 P
[+ |
k= \"
3 0 e i ‘I A e
3 N\.
[T [}

50 b '

10 1 12 13 14 15 16 17 18 19

Applied Voltage of Motor (V)

BE -~ HEeys TR Vm A FHEHR
Q12/Q34 &) Ml 14 -

R

— BRI LECERMPIEF BLALED
KBEAGERFT R RAHGREITE L
5 - i mBLA SR W f 4T TR ENE - AR
THRRRETHeRnTHE —FBLAL
MY ARG R FEREBE R
AR 2P EAIEHE RLAH R
BRA GO B H N RBEFE A ERGHE
CAERENE AL E PR & F R Y
BRALCEHB A S -

o A i8R W76 B4 K SR A EE AR KR A4
SET A8 F e aF o Rk Sh REM
BERFABEESZHHERLER LB MY
o H X BATT AP B R bR & B A B Y
BREE AR B /it
H—ETHMEHECERBIEHE -

i
LVAD ##| B &3t £ H U TR T
T-LVAD SHA24F 0 B oTH - ¥l
AN ERY B HRR AR ek
RIE o B3 —EATHAR QI2/Q34 A
P B HIEHIER TR ERECH AN Hrmid

BIREAAKE-BANCERBRH AL
Artificial Organs fv— & ® #3# X% & #& IEEE
L

s

B O3 B # & 3 & 4% %% : NSC
90-2213-E-002-122 $2 NSC 90-2213-E-002-138
Z @B EHB) -

% TR

[1] Chou NK, Wang SS, Lin YH, Shyu JJ, Hsieh
KH, Jen GJ, Chu SH. 2001. Development of
a totally implantable pulsatile centrifugal

pump as ventricular assist device. Artif Org
25(8): 603-606.

[2] Chou NK, Wang SS, Chu SH, Chen YS, Lin
YH, Chang CJ, Shyu JJ, Jan GJ. 2001,
Physiological analysis of cardiac cycle in an
implantable  impeller centrifugal left
ventricular assist device. Artif Org 25(8):
613-616.

[3] Lin YH, Chou NK, Chen YY and Jan GJ.
2001, A Pump Control Index For Reducing
Suction and Backflow Effect Caused by the

Portable Centrifu‘gal Blood  Pump,
Proceedings of 23 Annual IEEE/EMBS
Conference.



