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In vitro simulation experimental study of a fully magnetically

levitated ventricular assist device based on mock circulatory system

HUANG Zhong-yu', DANG Wei-guo', CHEN Chen’, MA Xiao®>, MIAO Jin-jing*,
XU Bo-ling' (1. Artificial Organ Technology Lab, Biomanufacturing Research Center, Soochow University,
Suzhou 215000, China; 2. China Heart Biomedical Inc. , Suzhou 215000, China)

Abstract. Objective To investigate the circulatory supporting effect of the third generation fully magnetically levi-
tated China Heart ventricular assist device (CH-VAD) under heart failure (HF) condition. Methods An in vitro
mock circulatory system (MCS) was developed. This system could simulate a healthy adult under resting state
and a patient with heart failure, and incorporate the CH-VAD to evaluate the assisting performance under continu-
ous flow mode. Furthermore, CH-VAD was equipped with a pulsatile flow controller and its initial performance
was accessed. The pulsatile mode was obtained by using sinusoidal velocity waveform of the pump which syn-
chronized the CH-VAD with the ventricle simulator of the MCS. Results CH-VAD under continuous flow mode
could recover the hemodynamic parameters (arterial pressure and cardiac output) under HF condition to normal
range. Preliminary pulsatile test results showed that amplitude of current pulse speed had a minor influence on
the hemodynamic performance. CH-VAD under continuous flow and pulsatile flow mode could obtain comparable
mean arterial pressure, systolic arterial pressure, diastolic arterial pressure and mean flow. Conclusions CH-
VAD can generate a certain degree of speed pulse via appropriate pulsatility control, so as to provide sufficient
support on ventricular function. Further optimization on pulsatile controller of CH-VAD is required to conform to
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natural physiology. The developed MCS can be utilized as an effective and controllable in vitro platform for de-
sign, optimization and verification of VADs or other mechanical circulatory support devices.
Key words: Mock circulatory system; Hemodynamics; In vitro test; Ventricular assist device (VAD); Human

circulatory system
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F1 MCS #HRER ORRESH
Tab.1 Parameter settings and simulated results of the MCS under

healthy and heart failure ( HF) conditions
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W/ &5k Lt 4:51:2~1:12:3 -
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mCO/(L - mim™")  4.76 4.35~6.75 3.56 3.1~3.9
mAOP/mmHg 88.9 74 ~97 76.5  67.5~85.5
AOEDP/mmHg 64.5 59.3~88.8 57.5 55 ~77
AOESP/mmHg 115.6 103.3~132 100.3  89.5~114
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Fig.5 Simulated pressures and cardiac output waveforms under
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Tab.2 Results of the hemodynamic parameters at various rotation-
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Fig. 6 Relationship between the simulated arterial pressures and

cardiac output versus the pump rotational speed under con-

tinuous flow mode of the CH-VAD (a) Simulated arterial

pressure, (b) Simulated cardiac output
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Tab.3 Results of the hemodynamic parameters at the same mean

rotational speed 3 300 r/min with various pulse speeds of
the CH-VAD under the pulsatile flow mode
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Tab.4 Results of the hemodynamic parameters at the same pulse
speed 500 r/min with various mean speeds of the CH-VAD

under the pulsatile flow mode
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