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Abstract

BACKGROUND: Ventricular assist devices are widely used in patients with heart failure. Although different blood pumps have
been developed and used throughout the world, few blood pumps are used in China because of the high prices. Development of a
less expensive pump for clinical use is urgently needed in China.

OBJECTIVE: To test the hemolytic characteristics of an implantable magnetic suspension centrifugal ventricular assist device

in vitro.

METHODS: The flow field of the blood pump was analyzed with the computational fluid dynamics. Blood pumps were connected in
a mock circulatory loop, filled with fresh sheep blood, and the pump generated 5 L/min flow against a head pressure of 100 mm Hg
(1 mm Hg=0.133 kPa). The in vitro hemolytic properties were evaluated by determining the level of plasma free hemoglobin at
defined intervals.

RESULTS AND CONCLUSION: Based on the computational fluid dynamics, a stable blood flow line was shown inside the pump,
the wall shear stress inside the pump was less than 68.5 Pa and the internal static pressure distribution was smooth without
adverse area. The normalized index of hemolysis was (0.075+0.017) mg/L. The blood pump showed satisfactory hemolytic
properties as compared with the other third generation pumps. No mechanical failure occurred during the experiments. Therefore,
long-term in vivo circulation assist experiment of the new blood pump could be carried on to evaluate its hemodynamics and
end-organ effect in the future.

Wu GH, Lin CY, Chen C, Yang P, Qu WB, Yao LF, Wang J. In vitro hemolysis test of a maglev centrifugal ventricular assist device.
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Figure 1 The design model of the blood pump
(I (B335 4

1.2 M R&GCFDHAT 0% 5l B3 AR
R ANE BRI IR N A
B W R o DX RN (B F X, BA R B ) )
D30 G X 6 X3k P 7 A T DA S I AT T
FS 5 PRI SR AR PRI T Js o DRI I 2R ¥ 110 20
P LB FIX LG ), B BUE X CFD A
PAVH ML I P B, X AN BRI 8l X ek ik
Aok, Bl R PR FE B AL S v T I fe P S
D/ IS i TN L - S e
FAHT, IR A A ) B AR

) 8 F CFD# FfLANSYS CFX. CFD
TR TR TN L, IR AN A2 B T X
A, ARAE— N AR S AE TR AT LA

ISSN 1673-8225 CN 21-1581/R  CODEN: ZLKHAH

BB A A B AR I . AT b R R A
B N1 I B 3 o N 7 S0 - el
(3.0~4.0)x107° Paes 2 [i], 155 7 iy 5% 14 B 5
H3.6x10° Pass; Iy # 1 090 g/L. I %
VAR E2, - F A FE A B8 0.3 mm.
RIS TAR S, 7RI 1 22 PN RE [ 4 S5 38
%, UL A2 Mmsh. X Timimsial, &
T FRARFNE SR il e & = 4EN-STTRE, i it
TR k- 15578

Figure 2 Computational model diagram of the
blood pump
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Figure 3 Entity graph of the blood pump
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Figure 4 Mimic diagram of in vitro hemolysis test
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Figure 5 The simulation of the pump using computational
fluid dynamics
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Figure 6 The speed vectogram of the blood pump under the
speed of 2 800 r/min and pressure difference of
100 mm Hg (1 mm Hg=0.133 kPa)
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Figure 7 The wall shear stress distribution inside the pump
under the speed of 2 800 r/min and pressure
difference of 100 mm Hg (1 mm Hg=0.133 kPa)
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The position of maximal shear
stress with 68.3 Pa

Figure 8 The maximal shear stress of the vane under the
speed of 2 800 r/min and pressure difference of
100 mm Hg (1 mm Hg=0.133 kPa)
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Table 1 Hemolisis test in vitro

Normalized index of hemolysis (mg/L)

Hematocrit
Test Y
(%) 60 min 120 min 180 min 240 min 300 min
1 29 0.070 0.098 0.057 0.087 0.064
2 31 0.072 0.069 0.041 0.063 0.054
3 29 0.091 0.087 0.075 0.061 0.047
4 28 0.097 0.074 0.066 0.082 0.076

The position of maximal shear
stress with 61.3 Pa

Figure 9 The maximal shear stress in the walls of volute
under the speed of 2 800 r/min and pressure
difference of 100 mm Hg (1 mm Hg=0.133 kPa)
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Table 2 The in vitro hemolysis test results compared with the
other domestic blood pumps

Blood, Experimental Loop Cycle Ngrmahzed
Name of ) - . index of
blocd pump capacity temp?rature condition  time hemolysis
(mL) (C) (mm Hg/L) (h) (mg/L)
Tongxin Sheep 22 100/5 5 0.075+0.017
ventricular  blood,
assist 500
device
Fuwai Bovine 25 100/5 4 0.2
FW-2 blood,
500
Tongji axial Sheep 37 100/5 4 0.650+0.015
flow pump blood,
2000
Xiehe axial Sheep 37 100/5 4 0.164+0.002
flow pump blood,
500

3 it 5itie

[Pa]

Figure 10 Distributions of static pressure in the pump under
the speed of 2 800 r/min and pressure difference
of 100 mm Hg (1 mm Hg=0.133 kPa)
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