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Development of the Control Algorithm for Counterpulsation
between a Moving-actuator type Bi-Ventricular Assist Device
(AnyHeart) and a Natural Heart
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R o HABZAX (ventricular assist device, VAD)& I SA4 48 a4 7152 22317 Y84 ALRET wab, A8 z3x
o Aol dxndEs 1T dole Hed F A4 dele PoE HAhFToz FoFE Ao| Fasit oY AAdAAd Hels B
oF7] A8l 7 dutF o R ALEEE Ao Walo] HlE A4 AAR2AR 457k FA] #BES AEE counterpulsation Ao] #2]o]
t}. A4AZ Nanas(1)(2) 5& 52438 5d 40 &48 4894 counterpulsation ZJ*V} HATH R one I WX ertE
AFsisitt. B AFdAe, dA4 Aedgwn O‘**]’J‘q:r'"é4 (Fiupolem=ghel Al FEOR ML A o|BIErE AAEZER
(AnyHeart™)oll AF8& 4= %1% counterpulsation Alo] LueES Mdstn, ALE LB 44 52 Ado] Assirlo] ¢M moLy
AE o)&dta AUE YnEse TEAS ASEN Hoith AA4Ae dlE AEE AAzte s JJroLOV] A8 AA%(electrocardiogram,
ECG) A& J¥o g Wolgd AdE #3ste WS Agagon, nosadziore 48 A AdRzAx9 4d4F 7t B4 d&
W2 g7t AR dojdE A ¢ 3t

Abstract : A Ventricular Assist Device(VAD) is used to support the injured natural heart. So, when considering a control
algorithm for VAD, it is important to reduce a natural heart’s load to enhance its recovery condition. To reduce natural
heart’s load, a counterpulsation algorithm is used commonly. In this study, we developed a counterpulsation control algorithm
for moving-actuator type VAD and tested its usefulness using in vitro MOCK circulatory system. To notice a natural heart’s
pumping status, electrocardiogram(ECG) signal was used and as a result of test, the counterpulsation effect between VAD and
a natural heart was occurred and Automatic Control Mode Transition was occurred properly.

Key words : Counterpulsation. Ventricular assist device, Control algorithm, Electrocardiogram
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£20] It} Nanas[1][2] A7 A7E AHR
o Aol &4k ABHLV Failure)ol Al counterpulsation

Ax2 Hes A9 AYdE W (ascending aorta) ol FAE
o]2l3t 9 counterpulation #X& AMESHA @2 A¢
Hla) ol 347 % gEe] 58% #ZageH, ded &
7] gt 353% #HaFon, Fad FHv @ dEe 26
#as Aoz uehyth o] counterpulsation A& Al
gogA e At Fivt FolEden, 8R9EH
25 FAA 9L v £ &S Yehle 95 43
B g o)2ld counterpulsation AlE s A

c},
%(Electrocardiogram, ECG) A5& Agsled zd4d2e]
Z 712 AAzter AESUx, 29 met A wE f
Fefiats WA Ao LuEFs ALIACE A
AE ¢EEe ov 97 Agsel
AeEo] glomz [31[4][51(6] & At
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Table 1. Ejection profiles

HERE =zZael HR : PR
3 1:17:1:0 4:3
4 1:1:7:01 4:4
5 1:1:1:2 4:5
6 1:2:1:2 4:6
7 2:2:21 4:7
8 2:2:2:2 4:8
9 2:2:2:3 4:9
10 2:3:2:3 4:10
1M 3:3:3:2 4: 11
12 3:3:3:3 4:12

cA)1234, A1, 2002

& ol daes AN disdozel Fof o]
EAd dojuA FEF = FA AANTY dEAE S
sk S A ol AARZAA WEEs dASH
FAAIE del 2 FdE Fouoh Age AgE Addx
A%E DNI Nevada Inc.oAl A2 Patient Simulator
217AS AHgsle 9L AEE FEIY AMESIAY. AMEE
AlF¥ Normal Sinus, amplitude 2 mV, Normal axis

deviation, ST segment variation off2 4#3sslom, TA4d
AEE "W ZEZIas EF3s T o2/t E(A/D)
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ANEE AsAYNA QRS APE AAReE A
EE A BAEZE(COMDE F3 Aoz

24 W Aoj71E AlofstAl A

1.1 8E2E ASME Z2EZ

AR Rz E QAT ey HozE AHFY F
o] B o, 2 BE3 4 oldl wEs 7] Hsl
AHgHB R deE e A S Bl
2331 ) g GAT
4 qlojorgt FTh(5 {/min) ¥WHHoR &FE AAAEE
grzaro] 1~2 {/min ATt 7183, AAREGAE= 3~
4 4/min® &L A} dAA FAH Folopt I
ag) 3, o)Ay HFLFEY AARZAR] wEFS AL FA
& ¢ goHd, AANFe wEso] FEaA Y AR
ole] AarzAA BErE FAY £ Jojopt I £
AToME olfF AdrzgAe EX @&FE 30 {/min,
35 £/mind] % 7IAE AAsed Adge Adgaigon, Hx
E Ax Agd Ag" AdRzANY 3¢ 30 {/min =
o wEae AW EF 90~1003), 35 {/min A=
wzze Gx3leid 29 100~1108 AT WHEFE A
& e Ao Aastgdtt ayEz AR HhEge 3
A &4 o] AxY AduzFR wErE A e
g, A wHESe Adrzgae v o] €4
3 AFHE fASEE MAse Aol s 439

E 2.2F w=2 3.5 {/minY mie| gtERE XSME
Table 2. Ejection mode automatic selection when refe-
rence VAD output is 3.5 £/min

HR 9ERE SHE2H( £ /min)
30-40 12 3.4
40-50 10 3.8
50-60 8 3.7
60-70 7 3.7
70-80 6 3.7
80-90 6 3.8
90-100 5 4.0
100-110 4 3.7




fza] AA Bz JdFAFH 2443 749 counterpulsation Aol gz Fe] s 35

F 3. AolAlRl] wtEAy| 2ot 70~808], 2 80~903(0 AL wlZeko] 35 /mingl A$Y Ao dEgo] ug v
of MFE HofIxt Zresh deht glon], a9 2dE A4 RuEy 223
Table 3. Selected control parameters when HR is 70~80 Aol WA wrEEe X Ash= o] Ueh} ok
and 80~90
HR | 2&E 3 LV RV DT 1 DT 2 1.2 HOJPIX} XIS T2EE

1 500 500 100 10 AApzAAe FA AHE 245 A8 AEEHE 718
70-80 2 650 650 50 10 9] g8 AoINAE Fo)A counterpulsation EEF W=

3 & ZAEA o AYA oz AHEHE B #F oJFEE

1 500 500 80 10 (LV, RV), &% AAAZHLBT, RBT)°] vk EJ, 7]E9
80-90 2 750 750 50 5 Aoz el Az F7kE AR E Al - A2 AAARE

3 (DT_1, DT_2)o] 9t} ol&ol dis) zteks] Adishd oh&3

2t}
HolE Y& Algdte AR WEFE T% 30~1108 2 32 o|EaE-AARZAR Y o)% ZE7|(moving-actuator)
Aststg on, AdAzel wesrl £ 308 Afel A4 7} 7101 Y& o] Fdhe SX(deg/sec)
wEAxe MELE By Q03E FAT ¢ I=E LEF 5 HAAZ-AARZFA S o) FEV|7F % £ A
7k A BlE 1:34:12)e08 AT, T3 AA47 oA AAE T weF Agkelo] whh WEke Rz FH o779
vtERr B 11089 A9 AARzFER e desE £F A7 A9 ((¥10) msec)
PRI T FAF F YEF 5, o] Hi HE 4:38082 4 H 1 RHEAZ-A 2 QRS #yo] 7hAd A5 ARz
Hatgh agx, olgld Hol - Ha v A F 10 FF Az Hz F2 W& dd oF AF7|7L Folr] A
o] WMEF U E A E HEREE A5 5 AR g w7x ¢ A7 A (msec)
gt AARzgA 9 vhga ol 4:3,4:4, 415 416, M 2 XAAZ-A%E T 719 QRS T4¥ Abole) 23] o
v 401290 7L AEEES dAsin adm, Adigel o] ARz uhgo] doju FS(MHR:PR=4:5 F&
Ao 43 wEd For AURZFAAY FHF HEo] o 4:9 53 2 Aol ARz 3 wEo] o|Fojxu
Wi ge2 dolurks vehly) 93 & 1 des A A olF ZAEIIE $& B AAR Sk AFFH He #
Ze wz zznd /pds BYsidch F, e TEatdol Z s 93 o)F FAEI7E o7l AAE wriA e A
1:1:1:1 olghe AL AdNZ AAnzgx7t g HA 7+ A1 A (msec)
Wztolrbe] W&t AL grgch B PEAR 2T
dzzlel g dEg 98 5 5y AS ZEsd A 7} wERT Wa &y T /Y QRS #Hd Alelol $1X
ge AL JINEE MEFHem(4:0:0:00] ofd 1: = AdwzAR e B 3457 daez g kRHe ¥
1:1:18 A, A Adge] dgge] wa Abde] AH 42 93 AR AR B 5F HE gl we
¥ 10 279 wEro g FoA B wEH GAE A3 2 9o AAJQAEY #g AEHoR MANA F= dRIYES
83 ERCE MR HAYstes e WA or HdE ZAstget. &, A4 AdAFe wEErt 3 60320 A¥
242 5SS A Aojsle P Hx wEFe] 2T o} B 9039l A, EE d&d F e QRS 33 Alold
A e AR dERs fFA% £ JRE A 181, Aete ARz wE 34t 139 weh 239 o),
olglgh wE = HY L2 EZLE Al Alged Ho|¢Iax adx 389 we #$ o5ey AAANEES Z47 dE2d
odlde) e 24 Add s ZAHAN & 2¢le =& ARgoeM, AdE 7 Wil ZxE s daugel A4
E 4. 9SS 4:4 9 4:2 2 A9 NAND MUBTHR| | HES
Table 4. Heart rate and pump rate for 4:4 and 4 : 2 ejection mode
Heart Rate VAD Rate Heart Rate VAD Rate

30 30 30 15

40 40 40 20

50 50 50 25

60 60 60 30

70 70 70 35

80 80 80 40

90 90 90 45

100 100 100 50

110 110 110 55
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