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Abstract; Objective To study the mock circulation system (MCS) which can accurately reproduce the human
hemodynamic environment for in vitro test in the development of artificial organs such as ventricular assist devices
(VAD) and artificial heart-lung machine.Methods A double-heart MCS including the systemic and pulmonary
circulation was established, which basically covered the main physiological characteristics and functions of the
cardiovascular system. The simulation of valves and arteries were proposed with a new way made of silicone
material. The MCS could simulate a variety of physiological environments such as normal human body, heart
failure, valvular diseases, arteriosclerosis and peripheral obstruction changes by adjusting the control system
parameters or structural parameters. The sensor and control system were used to realize the real-time display,
control and data preservation of pressure and flow. Results The MCS could simulate the hemodynamic
environment of normal human body and a variety of diseases, which were basically consistent with the actual
human condition. The new valve and artery model reduced pressure fluctuations in a much better way. The
HeartCon VAD of RocketHeart was connected to the experimental platform under simulated state of heart failure,
and the hemodynamic environment ( aortic pressure, left atrial pressure, cardiac output, etc.) could all be
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recovered to the normal range.Conclusions The MCS can accurately reproduce the hemodynamic environment of

body and pulmonary circulation under a variety of physiological states, and provide an effective experimental

platform for the performance test and control strategy design of artificial organs such as VAD. At the same time,

the simulation method of making valves and arteries with silicone material can also be further improved in MCS.
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Fig.1 Structure of the MCS (a) Principle diagram, (b) Picture
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Fig.2 Valve model (a) Assembly drawing, (b) Exploded view
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Fig.3 Pressure-volume relationship curve of aorta model
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Fig.4 Electronic control system

JEAE A BE M S 4 B s 8] 5 LG | Frank-Staring AL
AR R RERE . Al AR S5 2 R4 « S BRI
WL RS H (P78 FIOC AN 4x) AR R R 4270
I, XF 0 = i B 3¢ & (ventricular assist
device , VAD) FUEH%  fESCIR RGP T 1420, RIME
A OB JERIRAL, 32 Sl Dk ik A e it T T
TREERI B4 1, G 75 B2 VAD I 3 i B8R
VAD 3t 1 500Nk AR EE T IFERIEEI AT,
ASSCHY KA P REM L e 2 A MCS B 4D IE
TR O AE B L e AR 21 BEL P 1 R
AR LI Bl 7“7 858 MR I 3aChR o SO 25K (L
) AR ARAR” O RERE T HEA VAD, WLER I
Tl T F R A
£1 WKEMH(1 mmHg=0. 133 kPa)
Tab.1 Test conditions

M35 5 FRFROFERES VAD IR ZS
LF/ (R -min™') 93 93
RS/ (L-min™") 3 5.5+0.5
7% J1/mmHg 20 <20
¥ F2 Bk mmHg 60 95+10
MR/ (romin™!) 0 2 000~3 600

2 HR5ITE

FIFZ MCS B0 % 70 YK/ min B IE # A
LTS ZFBOOIRAS T M 8h J1 24 B, e
FIE A LRSI, A 300 1M S HO9 75 A AR E 5L
A PRSHEE I (WL 2) , HOZCRES T LIAE Ry itk
5 H AR REBRALE ST R

R2 EFANEEESH (1 mmHg=0. 133 kPa)
Tab.2 Physiological parameters of healthy human body

T kIR ./ mmHg 100~ 120
F Bk EF 5K/ mmHg 60~80
B L/ mL 60~80
L EAF/mL 40~130
Ze0> % e J1/mmHg 4~12
DHER/(L-min™") 4.5~6.0
LR/ (W min™") 60~80

TERSAL O RS | BR O s 2 B A9 38, &=
BRI ST e 0EE R T A R R S AN W
RO &7 AR A R 70 B TR AR AN B KR i
Je T e 028 B 2R L RE T 08055, o] i 1 AN BEAT 2 A
RORH R ZE 03 Fe0 Dy 9 BRI L 22
P S A o i S0 A 384 K e i 3l Jk ) 5 T ] A
Ths XS4 5 PR b0 3 B RS RAR AT [ I
Fl5(a) .

EFIKE S ELEEA-FEA RS
150 A B...C 150
55:0 liz:\/\/\/\ 5; 100
E ., N A = Y
R (’“\\‘{\\”’i\:\*"‘f\ E 50 -
R SR A i
0
0 1 2 3 50 100 150 0 1 2
B [Al/s ZRYmL I [6)/s
AR 35 tBhRkHE 71 16 P KT
-: 6 Eb”
E NN i
n% SNV R g
e I ST 5 g 8L
B oafsim e 5 6
0o 1 2 e rE— 1 2
B fRl/s /s W/
(a) IEEAOZBIRA T MR /1 %358
K EES-BFRA LIRS
180 170 25
%‘] 140 J . é; ]1‘1‘3 %" zum
£ 100 AN AN AN £ g0 £ 15p A ¢
AN A 3 W W
§ 60l A A E 30 .];E 104 %;;V' XL/ iu‘f
20 W
2 T “1%550 80 110 130 170 S 1 2 3
B fil/s ABUmL B8/
~ 6 AR 35 fiEh ik A 25 FBES
23 . 2o, £ 20
3 SN Easp A E s
EEINYAAVAVAY =N A AVA R P WY
-------------------------- S N 7
= 2 H s H o | Vi v
| 10 5
0 1 E 0 1 2 3 0 1 2 3
B fAl/s B fAl/s B [ /s
(OEZiL SNV EIpAESZS:

B 5 MCS LR (1 mmHg=0. 133 kPa)

Fig.5 MCS simulation results (a) Hemodynamic environment
in normal and heart failure states, (b) Hemodynamic
environment in a variety of diseases

W 5(a) T A B C A AIRIE# A FLRES REOE HEO

B 5(b) H A B C A ZAMBAE | EE IO IRIEER

RHAERE R,



BIEE,E. — MR R ER R LSRR
ZHAO Yiming, et al. Simulation Experimental Study on Mock Circulation System 333

TERSAU SRR AE IS, T 700 % e 4 300 i 3
SERH 2 T BRSO A AN R B PN IV A Ay
BZhIEALFEREI SR, I ER 0=
Frank-Staring ALl , 0> % 25 BB /N 2 T 200 WL 46
IR, A U 2 e ) R A A A A 23 A
TR,

TERSAU T S PRI AE I, T 260 % S 1 BHL )
FEOR T BUAS O 5 RN T Bl DK ) s 2 49 R A 4
10 N B 9 Wt Nt N 2 AP Sl 18 Aot
P 1Tt . ARG P BH M 3 K 3 gl ko ple A= 2k
L, P )i 0 JUE s A 3 ORI 0L, PRt A
(EENiR R DN DIV YA WA S 267 N VA Retak iy =
P E B AR AR, AR T IE AR BIOR S T AR
seln A BIr ALE R gl BE sk AR A UG O JE )
B, AR AL P RS S 1 F A B 2200 X = RN
BRALIHH LA A B SE A R 2 3 [ WK 5(b) T

SEH b AT VAD 7EA [R5 R A9 PERE il 2 n
B 6 (a) Bi7R , FRARLBERAS LR A VAD J5 AR
BT ROBTUSE R AN 6(b) Fion . BEAE 5L G R
Bl R T FAAE PR 0 B SRS R 0 B TR ) AR I

N . =3 Ak, N1
/N TERG R 2 800 r/min B PR G B IEH K, 5
16 180
14 N 150l
/ N\ >
12 y X
g ¢ \ 120
B g / R %
ol —+ 2 400 r/min 5]
2 =% 2 600 r/min 60
4 - 2 800 r/min
~a- 3 000 r/min
) 3200 r/min 30
3400 r/min
0 0
2 4 6 8 10 2 4 6 8 10
O/L-min’) O/(L-min")
b
(a) VADPERE It 2%
140 EEKE S FE B K SRR
—IHRORERA 100
01200 VAD#H2 400 r/min w g0
Z 100 - VAD#%32 800 r/min g
g g 60
R 40
B
20
A
20 0 N
0 0.5 1 [ 60 80 100 120 140 160
s V/mL
6 PRpEER A 25 FEREES
zs
)
]
g
2 0

0 0.5 1 1.5 0.5 1 1.5
s ts

(b) LIBREEN VAD IR
6 VAD [HBE# & RARIUEE R (1 mmHg=0. 133 kPa)
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(a) VAD performance curve, (b ) Simulation results

under heart failure state after VAD access
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