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Abstract

Interventional surgery is an important means of treating liver cancer, and anticancer drugs that cannot be
delivered to the target vessels will cause damage to normal liver tissue. Blood flow simulation technology can
be used to predict the movement state and trajectory of anticancer drugs based on the patient’s hepatic vascular
model before or during surgery, thus reducing the risk of liver tissue damage. Currently, the mainstream blood
flow simulation method is hemodynamic simulation based on three-dimensional vascular geometric model,
which requires a large amount of computer arithmetic power and cannot provide timely or even real-time
blood flow parameter support for surgeons. In order to solve the above problems, the present study aims at
the research and application of one-dimensional blood flow simulation technology. One-dimensional blood
flow simulation technology is mainly based on the finite element method for the discrete and numerical
computation of the mathematical model of one-dimensional blood flow simulation, which can be used to
perform fast blood flow simulation while maintaining a certain degree of accuracy. In this study, a one-
dimensional blood flow simulation system for hepatic blood vessels was developed based on the Nektar++
finite element framework and techniques related to one-dimensional blood flow simulation, and the main

studies include:

(1) Design of a one-dimensional blood flow simulation solver for hepatic vessels based on a pressure
loss model at the vessel bifurcation. The one-dimensional blood flow simulation model simplifies the rele-
vant mathematical model as well as the vessel geometry model, and does not consider the pressure loss at
the vessel bifurcation. Since the hepatic vessels have bifurcation forms with large bifurcation angles and the
effect of pressure loss at the bifurcation gradually accumulates with the increase in the complexity of the
vessel network, it is necessary to take the pressure loss at the bifurcation into account in the one-dimensional
blood flow simulation of the hepatic vessels. In this study, a one-dimensional blood flow simulation solver
was implemented based on the 3-Windkessel model as the outlet boundary condition, the pressure loss model
at the vessel bifurcation as the bifurcation boundary condition, and the finite element calculation method.
The experimental results show that this solver has higher accuracy than the one-dimensional solver without
considering the pressure loss at the bifurcation, and achieves the expected results compared with the Fluent
three-dimensional solver simulation results with significantly reduced computational consumption. In this
study, the total values of the simulation results during the cardiac cycle were calculated and it was found that
the average accuracy of the total values of pressure and velocity of the present solver compared to the total
values of the Fluent simulation results during the whole cardiac cycle was 74.73% and 84.18%. Calculating
the simulation results for each time point during the cardiac cycle, it is found that the average accuracy of the
pressure and velocity simulation results of the three-outlet and six-outlet hepatic vascular model compared
to the Fluent simulation results is 64.55% and 70.47%, respectively. This study also analyzes the fluctua-
tion characteristics of blood flow parameters in the simulation results of this solver, and the analysis results
show that the fluctuation characteristics of velocity and pressure parameters in the simulation results are in

accordance with the real physical and physiological laws.

(2) Implementation of automated calculation method for liver injury coefficient. Accurate assessment of

liver reserve function before interventional liver cancer surgery can reduce the risk of liver injury after surgery,

II
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and effective estimation of liver volume is one way to carry out liver reserve function assessment. In this
study, an automated assessment algorithm for liver injury coefficient was proposed, in which the ratio of the
vascular flow in a region of the liver to the total hepatic vascular flow was approximated to be expressed as a
percentage of the liver volume, and the results of the one-dimensional blood flow simulation were bound with
the binary tree structure of the vascular network, and the automated calculation of the liver injury coefficient
was achieved based on the algorithm for calculating the average flow of the vascular segments as well as
the algorithm for the automated configuration of the one-dimensional blood flow simulation implemented in
this study. This study also evaluated the effect of changes in the outlet parameters of tumour blood supply
vessels on the liver injury coefficient, the experimental results showed that the coefficient of liver injury
decreases with an increase in the value of outlet resistance and increases with an increase in the value of

outlet compliance. The experimental results have certain reference value for medical workers.

(3) Implementation of one-dimensional blood flow simulation system for hepatic vessels. This part of
the work integrates the first two parts of the work, and designs and implements a one-dimensional blood
flow simulation system for hepatic blood vessels based on Python programming language and frameworks
such as Nektar++ and Qt. This system realises the automation of processes such as extraction of geometric
information and topological relationship of vascular network, construction of 1D vascular network model,
construction and calculation of 1D blood flow simulation model, post-processing and visualization of simu-
lation results, and analysis of liver injury coefficient as well as a simple and beautiful user interface, which
makes this system easy to operate and reduces the difficulty of medical workers to get started. In this study,
the system was tested in detail, and the test results show that the system meets the expected needs and has

certain value for medical workers.

Key words: One-dimensional blood flow simulation ; Nektar++; Pressure loss ; Liver injury analysis
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