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Abstract

Trans Arterial Chemo Embolisation (TACE)
has been developed for liver tumor patients
who can't be treated by invasive resection. In
TACE, the chemotherapectic drugs are
placed at the tumor location by the way of
catheter. The tumors needed oxygen and
nutrients are thus deprived and can

eventually cause the cells to die very quickly.

It is, therefore, important to estimate factors
that may affect the placement of
chemetherapatic drugs properly in the
TACE surgery. In order to make sure the
chemotheratpatic drugs won't kill cells other
than tumor, a 3D finite-volume model for
two liver tumor surgery is presented and
discussed.

1. Introduction

In Taiwan, the second leading death is
associated with liver cancer which kills
more than 7000 people per year. In the
world, over one million patients die of
primary and metastatic malignancies
annually. While surgical resection is still the
current choice for well-localized primary
and metastatic hepatic malignancies, some
patients may not be suitable for surgical
resection because of the multifocal disease,
tumor size and location. Thus, other surgical
operations have been developed for patients
who can't be treated by invasive resection.
Trans Arterial Chemo Embolisation (TACE)
isaminimally invasive treatment for cure of
hepatic malignancies without losing the
entire segments or lobes of normal liver.

The procedure TACE involves, as schematic
in Fig. 1, inserting thin catheters in small
incisions of the femora artery in the thigh.

The surgeon snakes the catheter through the
arterial network to the problem area [1,2].
For a better navigation and positioning of
the catheter, surgeons rely heavily on x-rays
to have a snapshot of the arterial system as
they manually push and pull the catheter in
the network of blood vessels. This study is
motivated to provide a prototype for TACE
in  blocking the tumor artery by
chemotherapy drugs.

Catheter Pathway

—> Hepatic artery

Liver
Portal Vein

Fig.1 Schematic of TACE surgery

2. Numerical M odel

Simulation of blood flow in liver artery
involves solving the unsteady Navier-Stokes
equations (1)-(2) for drug and blood
transport in the TACE surgery.
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The three dimensional domain of interest is
featured with a curved tube (Catheter)
placed inside a hepatic artery and the tumor
branch. The geometry consists of a hepatic
artery diameter of 4mm (outer cylinder) and
3 mm catheter (inner cylinder). The entry
flow is assumed to develop fully with a flow
rate of 400 ml/min. The blood density and



viscosity are taken as 1.059g/cm® and 0.3
Ps Sec, respectively. It is assumed that the
velocity at the inlet is 40 cm/sec along with
the constant pressure 100mmHg.

In a TACE treatment, a cytotoxic agent such
as doxorubicin or cisplatin is mixed with the
radio-opaque iodized oil (Lipiodol) and
injected into the artery. The iodized oil
serves as a vehicle to carry the cytotoxic
agent to the tumor and aso as the
embolizing agent that can block the tumor's
vessels. The viscosity and density for the
drug under current investigation are
approximately taken to be 5 times of the
blood. Usually there are three appropriate
terminating positions as schematic in Fig. 2
for the catheter placement. In the National
Taiwan University Hospital, the catheters of
6-3Fr (3Fr =1 mm) and 4 Fr are frequently
used. The micro catheters (1Fr) along with
the above millimeter catheters are used to
reach the tumor feeding vessel as close as
possible.
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Fig.2 Schematic of three catheter pl acem&t locations

3. Numerical Methods

The CT angiography dlices that include
geometry information for the axis and cross
section of liver artery are provided by
National Taiwan University hospital as
shown in Fig. 3. By virtue of thisimage data,
the segmented cross section and axis of liver
artery are generated using TGS-AMIRA
schematic in Fig. 4. Mesh generation is
performed using the commercially available
software.

Fig. 3. The hepatic CT angiography data (Courtesy
from National Taiwan University Hospital)

Fig. 4 Schematic of the segmented cross section and
axis of liver artery

4. Resultsand Discussion

The simulated blood flow
characteristics in an artery with or without
catheter, as shown in Fig. 5, are discussed in
detail in this section. The flow with its rate
schematic in Fig. 6 is simulated at different
density and viscosity in the artery and
catheter. It is found that when the blood
density is greater than drug density, the flow
in the artery suppress the drug flow.

Catheter ¢

Fig.5 Schematic of the liver artery model without and
with catheter
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Fig. 6. Blood and drug flow rates Q m/s

The artery pressure as depicted in Fig.7
reveals that at the lower end of the
bifurcated artery has much lower pressure
value than the inflow artery. Due to the high
inlet velocity, there can be a higher pressure
a the inlet. Normally the tumor is seen at
the end of the artery with the lower pressure.
Hence tumors get the blood from higher
pressure artery. As seen in Fig. 7 the
pressure decreases towards the downstream
side. The blood flow is traced by the seeded
particles as shown in Fig.89. It is observed
that due to the pressure variations the
particles are seen to flow towards the
downstream direction. Here the normal
hepatic artery blood pressure is seeded at the
inlet.

This paragraph deals with the blood
and drug flow with the presence of the
catheter inside the hepatic artery, which is of
our main interest. As the velocity of the drug
IS taken to be five times higher than that of
the blood flow, there is no change in the
mass flow rate of the drug flow. Due to the
presence of bifurcations, the flow rate of
blood changes dramatically. This evidenceis
schematic in Fig.9.

Fig. 7. Schematic of the artery pressure
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Fig. 8 Particle tracers

In the presence of catheter, the blood
and medicine flow paths are shown in Fig.9.
As the drug flow velocity is five times
greater than the blood flow, it sweeps the
blood along with it. More analysis is needed
to perform for better understanding the
feature with various velocities between the
blood and drug flow. If the drug flow
velocity is less than the blood, then it can be
seen that the drug is carried slowly aong
with blood. Also the streamlines can be
compressed by the blood flow due to
pressure variation in the drug and blood.
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Fig. 9. Schematic of blood and drug flow

In the current study, we considered the
drug flow velocity is five times higher than
the blood. Hence the higher pressure is
observed at the inlet as shown in Fig.10.
Due to pressure and velocity variations at
the inlet of the catheter and outlet of the
artery, the particle tracer (drug) shown in
Fig.1ll is observed to flow in equa
directions at both sides of the bifurcated
artery.
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Fig. 10. The simulated artery-catheter pressure

Fig. 11. The simulated drug article tracer
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