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Development of an autonomous and flexible artificial heart control method to
intervene in control of the cardiovascular system
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In this study, we developed an autonomous and flexible artificial heart control
method to intervene in control of the cardiovascular system. First, the flow rate control algorithm was
constructed on the basis of a stochastically searchin? algorithm. The validity of the constructed control
algorithm was examined in a mock circuit simulated a left heart bypass support. As a result, in response
to a low-flow state with_the different causes, the flow rate of the VAD reached a target value with
self-adaptive behavior without designing the detailed control rule based on the experience or the model
of the cardiovascular system. Next, we analyzed RR interval of ECG obtained from an animal model with
pulsatile LVAD. It was confirmed that the heart rate was attracted to the beating rate of the VAD in this
analysis. The algorithm to intervene in control of the cardiovascular system was constructed on the basis
of this result and it was integrated with the autonomous flow rate control algorithm.



B X C—19, F—19., Z—19 (GtaH)

1. WFZERRMA L PO 5

(1) B A T.0oMig (ventricular assist device;
VAD) & 27 TICHLGA L O VAD
DERICHSND 78, ~N— U =7 OiEH
kv EMBoGEEEIXm ELTRY .,
VAD (T X 2 fEER A Bh 1T OBl 2 1k 3= 2
FHELDADEFICE 5T, T TICHLELRAK
RIRIRTFEL > Cn5, TO—F T, A
BRI K A IRESCHAEREKE & OJFHIC X
ZDEREDRIERHED K 9 228 LWERED
FHEZ T, MAMESRHumRIED X 67 52
= IR R O BRI E S HEEF ST
HIZHBED LT Z AEERHIEO R, S
F I EREOHE R ST R XEE A L
TW5h, ZIHIZx LT, VAD O BXE)H|
708V 7 NEND O EKEE(LIZERE R T
2—FOOEOTHD, =&z, TR
F DEEPRE T V% VT2 Al Bh it S AE<e,
T VAD 1B\ T 0 R L ClE
A BB ST 2 2 & TOERERIECA T
JETPIEE W o TZERIRAIZN R 25 L 5 &5
% OWFFERRA LN TS, o, —/F
O R [ C L RF D W U & i T oAl Bh i &
HEFF D72 OHiIRERE 2 3 CTIT 2 TV D,
UL, BERIZBWTIZEE L — h— &
[ CEREI SN D Z EMTEAETH D,
EFEMEREET VAD o HEVEIEA WS
RWERTER E LT, BMIMICLE L4
RIF RO, BRI R OE T LR
WEE T D7, THERIRRED T H]H dazsH)
WCEE L TT A=Y XARMTE L., fafze
BRENZIE D ATREER T oD, Zhbh
5. AR LICHES L., EHICHED
EhED O ARITE B 2 X O e BEme 7
VAD #ENI W E IS STV 720,

V7 MEDE VAD OEsiE b7 Sh

AU, W EmMBEEE & LT Tl
HIELDAEORBETELE L TBHEIZDD
DA 72 B 2 =T RREE R B D, S DI,
VAD OBEREh G BARMRERZIIULO ET5H
ARFlOFEHEEICEBEHTL N TE
AR, BRI RS SN TV AT
Bb o3 - 21EREIEO R 72 X, BRI
BT ORESZRET 5 B L 22 5 n e
NH D,
(2) TAEDAFZRZEICIBNT, /A R (W
5 ) ZRIA LI BRI ZEE DN D etk 72
WISHEICEE R &EE R L TWDH L
DHLMNERY SOH 502, X 5T, ZDft:
Az v Ry MREE R EAN LY OHIEEIC
JGHT DA N R EN TS, VAD H#EIC
BT HERD K5 7o ZlR 70 it 23 45
TEIUTT N T X AORKE R+ % —
B e meetEnid 5,

FTo, AR ENED R D T ODEEY
R LANRHHE ORI L > TIRES N DL —
TIWZREKT B, T720b Y XANRFERPHT D
(5] &GARBSR | BAEROLIHCMER Y X A
IZABNDZ ERMLINTWA, A XA
B X D RFAZE VT VAD ofd@hdicemlis

B 282 L0 AERR OISR CH S 5T
2 PERIT 2 W N TR 247 2 % T REME
VAR SRR

2. WHEDOHK
ARBFFETIX, WO F AR BRI E ) &
BIGR DR VR IBFRIZ K D IR E M T
n—F LI RN D REHS (5] &iA
HBIR) ZISHT 52 LT TBHEREGEZ
A LAEKRDHIER ~REEA I & 2210 5 8
LW AL OIS oML 2 B &35,

3. #FFED L
ARFZETITE T, B E 725 BHEMA L
figel g 7 v =V X L OEE & AREE A O BRE)
H S O EIT 5, HH T, VAD IZ &
ZHBAEER T O A EYARAT (IR R B I B
HT . W Ry IR U X B EBRERAT) 12k v |
VAD OERENC B AR R (5] ZiAA) &
NG ERGET 5, DT, HEL L 7= Lk
T Y X LD FERERENE A SRR E BR R I
BUWCEHE L. MiBhii & oHiR: & A 2Lms|
TIALBERE H T NIV AGA S, iR B AL
T 2%, OB &R U 7= Eh T ok CHEE
MREEATV, ATRE T HIVUZEMM FEBRIC KL D EF
%479,
(1) BT L) XA
ED ) A X EFIH LT RRNEE) &5
B3 A28FET VL LC Kashiwagi 5137
N7 7 ZBIRET L EMER D (D)X 2R
L=,
X=-VU(X)- A+7 (1)

ZITx VAT LAORRE, URIFAT
VY NVEE (AT LAOEALFTITA), A
FNRA T A (VAT AORREOEEEZ H 5
DIRHMEBEE) . niX /A X (T U F LK
&) Thbd, ZOFET/MIY AT LOIREEN
REYICRDEADENKETTHZ2 LTy
DEEHIETD, T F LT+ —TI12L~>T
WO RT N7 X ERET D, AR TIE
VAD @ HHERHIEERESE O —BRE L LT,
B B2 MR 28T b T 7 23R
T NVEIGH LT,

(2) FEiEER kBRI X 2 FLrs s v
TNT Y X AORHEFHGO 72, #lii A
7w RS & U TRV — R BR [n]
\ZCRRENRRER 21T - 7=, I R TR
LI-EFETE 74— KXv 7 L, BTV
TV AACTHELZEBEIES 2T —X N7
AN DT DR E Lz, RUTRA - i
HE ), Ry 7, [RIEEHEE 5 4 &t
L., H#EAT7 A =% AUR), A, c, n &6
Rk L=, 7Y 2% 100 Hz, /87
A —HEHEHITL 1 sec & L=, HIEUE BT
k32 B D B & BEFNOFFE & LT, fEBR
BEia2lbsdi, £/, RERRELSLE
BEL CTHRACE N E24E T SO
;IEE MR LT,



(3) VAD BR#EhIC L2 A 05 X iAHRDfE
Hr

SEATARSRIC ﬁ&f“ﬁﬂ*?j<$ﬁ$%0>*¥ﬂbﬂﬁﬁ%
&ﬁ%%%Tw fébmﬁ%(MW)
DUVWVTHRET L. L\Hé WCARBE 25RO %%wio
AT, m%ﬁ”wmaan&U B
HEAPRIEENC 5 2 D TS\ T, VAD D%
EMENEIC X DB oW TRB LTz, EE
7 Nipro VAD (2 X 2 . DABEMEET VIC
C. VAD ¥R, VAD f3Eh#% 70, 80, 60
bpm %5, HRV & HOOHOET S %
iR L7z,

(4) 7TV XAPEER X OVE DA BRI

BEIEIC & A REE

B 28R 2 RE 2 CEBEHE O KR
TEERENATRE/, E— X R T A "B X OHE
IS RE LA A AT o P r—F 0 5
RSN HRIEY AT AEE L, i
FANWT, BBRELE=7 A3 XARHE T Th
HIEREICHERE T 5 0>, BB &4 L 7=
B g R CRMm L7 (K 1), Z DES,
U DR Z R D D55, A0 n ONER/ T
A B IRATE R R b L7e, Fz, AR
BELEHSEDL L TELRSFICE DM
FEE A2 AR L L. Ao LHiEE (HR
H L<IE LF) ZFHMBI%k & L TR v 7 il
B A B ARRIZ R 2 BEE) 2 f1 AGA AU T2,
HR FEEE DU TR EE B ek B (8 o 41 8h
R 7 OB Z AT L-BEOMES A
OEBZ X VRFEL7Z, LF {220V TIEAER
FHANZ S WIBEE 2 L) A oL &%
esR L7z,

. WG ARR
1) Hmpyra=ay X4
BBk L L CHERIEAR S SRR R E L
MBI B2 MEFF T DRI T L T U X L E A
FELT,

X(t+1) = x(t) - At ILEO)

ax(t) +n(t)/ BA(Y)
x(t):FERE I E B, U)o ARE% (A
TR ZIERT 5 x I ZES8%) AUK)
DBR~DF| X IAHLZNFE LT AFHMBEEE, n:
AR
UL, o 2B E L, FLbERET
LHNNTGA—FrEck L, AlZ. VAT LD

ELZREST L HERERTH D, £7.

o RAnaIug /o v
ﬂm =

Working fluid: tap water (37°C)

Measurement items
s LVP, AoP [mmHg]
. Flow rate [L/min]
Control signal x [V],
Power consumption of VAD [W]
Rotational speed [rpm]

Sampling rate: 100 Hz,
Control cycle : 1 sec
U8 (parameter update cycle)
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