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Analysis of hemolytic performance of continuous blood pump
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Abstract: Hemolytic performance is one of the main factors affecting the reliability of blood pump. Effective evaluation of

hemolytic performance provides a strong basis for the design and improvement of blood pump. Herein, the commonly used

methods for hemolysis evaluation in the research and development of blood pump were summarized, including hemolysis

estimation and hemolysis experiment. Firstly, the hemolysis estimation was described, including the theoretical numerical

estimation model and the hemolysis analysis based on the computational fluid dynamics technique. After the model prototype

was developed, the hemolysis experiments were introduced, including cardiopulmonary bypass simulation and animal experiment.

Secondly, the advantages and limitations of the two methods were compared, and the comparison results showed that hemolysis

estimation was preferred in the pre-development of blood pump, while hemolysis experiment was suitable for hemolytic evaluation

with model prototype in the middle and later stages. The hemolysis estimation laid the foundation for hemolysis experiment which

verified the results of hemolysis estimation. The hemolysis experiment and numerical estimation were mutual connection and

mutual promotion, but they could not be completely replaced. Different researchers and research institutes should choose the

appropriate evaluation method according to their own conditions. Finally, the problems and the development trends in the

evaluation of blood pump hemolysis were discussed.
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Tab.1 Analysis of factors that may cause hemolysis

Factors that cause hemolysis Mechanism

. . Anti-own red blood cell antibodies and
Autoimmune reaction . o
red blood cell surface antigen binding

Blood recipients enter incompatible

Blood transfusion erythrocytes or donor plasma in the
presence of alloantibodies

. Congenital virus infection and

Infection . L .
hemolytic bacterial infection
Drugs into the body, the immune
Drug factor
response
Chemical poisoning leads to increased

Poisoning destruction of red blood cells, more

than bone marrow compensation
Blood flow caused by red blood cell

Mechanical injury .
shear force increased shear
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Fig.1 Flow chart of blood pump optimization
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Tab.2 Analysis of hemolysis calculation formula

Classification

Calculation formula

Traditional index of hemolysis

Trauma index

Normalized index of hemolysis
Normalized milligrams index of hemolysis

Modified index of hemolysis

= _100_
IH = NfreeHb x V x OxXT

CxVXSH
TI=(100 - He) =2t

= 100-Hi 100
NIH = NfreeHb X V X 100 X OxT

100~ Hi ,, 100
100 ~ QxT

mgNIH = AFREEHB X V X

_ 100 - Ht 10°
MIH = NfreeHb X V x 100 x()xTth

Afreetb(g/L), AFREEHB (mg/L): Increase in plasma free hemoglobin concentration during the sampling interval;

V(L): System size; O(L/min): Blood flow rate; Ht (%): Erythrocyte pressure; 7(min): Kind of time interval; SH: The

amount of free hemoglobin in a blood sample that has suffered the same trauma as a blood pump experiment
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Fig.2 Diagram of hemolysis test loop
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Tab.3 Comparative analysis of methods for hemolysis evaluation

Evaluation method Advantages

Limitations

Hemolysis estimation Intuitive; low cost; short time

In vitro experiment

Can evaluate the operating performance

Animal experiment o
and reveal complications

The experimental results are highly reliable

Evaluation is not comprehensive; Need to verify

Can't effectively reflect the structure of blood pump hemolysis

High cost; cumbersome experiment; longer experimental period
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Tab.4 Comparison of methods for hemolysis evaluation for different researchers

Researcher Purpose

Method and process

University & research institute Design, research

Enterprise Design and development

Hospital Comparison of existing products

Finished the design of the product

Testing facility o
esting

CFD simulation, in vitro hydraulic performance test, in
vitro hemolysis test
CFD simulation, in vitro hydraulic performance
experiment, animal experiment

In vitro hemolysis experiment, animal experiment

In vitro hydraulic performance experiment, in vitro

hemolysis experiment

PRI K A1 118 25 LG, (R 1L B 2E
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