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e Study on the thermoregulation in the periphery
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Two-dimensional FEM thermo-fluid model of the human
finger

One-dimensional blood circulation model in the upper
limb and the coupling analysis with the thermal model of the
finger

Experimental observation

e Variation of tumor blood perfusion rate induced by
hyperthermia

e Summary
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Research Background (2)

- Circulatory system is not only related to the diseases of blood-
vascular system, but also important for the development and
treatment of diabetes, tumors, and so on.

- Blood Circulation significantly affect body temperature. The
factors to affect the blood circulation will cause the variation of
body temperature (especially the peripheral part).

Aging, Exercising, mental stress, Smoking etc...

- Diagnosing blood circulation illness by measuring skin
temperature (Finger skin temperature is widely used as a
parameter for the investigation of cold-induced vasoconstriction )

- How to maintain hand dexterity and comfort , how to avoid cold
Injury during cold exposure when hand work is involved




Arteries and the cross section structure of a finger
(cited from Tachenatlas Der Anatomie )







1. Bone 2. Tendon 3. Dermis 4. Epidermis 5. Artery

The geometrical model of the middle finger




Pennes bioheat equation (1948)

ol
PG Et — V(ktv-rt) + 0t T 0AG, (Ta _Tv)

DG volumetric specific heat of tissue
tt
metabolic heat generation

dmetolumetric specific heat of blood

C . .
Po™  thermal conductivity of tissue
blood perfusion rate
@ temperature of artery

T. temperature of vein, assumed to
be equal to the local tissue temperature
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Transient Temperature Distribution of the Middle Finger
In the Air and Cold Water
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» experimental result
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The variation of mean skin temperature

( the comparison between simulated results and the
experimental result)




Summary

e Two dimensional temperature distribution of the
human finger including the effect of main arteries
was obtained

e The blood perfusion rate becomes larger after
cold stimulus

e The re-warm speeds are different around the
finger. The side part re-warms faster.

iy

A FE thermo-fluid model to investigate the blood
flow Inside vessels and heat transfer in solid tissues



The geometric model of the finger in longitudinal direction

Blood flow d=1.0
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Isotherm contour and temperature profile of model-B finger
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Summary and Discussion

* The effect of blood flow on the temperature distribution of
the finger is investigated by FEM model. The results show
that there is a temperature difference in veins with different
blood velocities.

Problems:
e Long computation time
o Difficult to model the vascular structure

e The effects of blood pressure and blood vessels are not

known
1L

One-dimensional thermo-fluid model of blood circulation




The previous studies on the one-demensional model of blood flow

- Blood flow in arteries with structured —tree model (Olufsen, et al
2000)

- Blood flow in the cerebral circulation of man (Zagzoule, et al,
1986)

- Blood flow in the whole human circulation (Sheng, et al, 1995)

- The analyses of viscous resistance and viscoelasticity (Kitawaki et
al. 2003)

- Multi-scale model of blood flow (Liu, 2002)




The objectives of the present study

» Apply the one-dimensional fluid model in the thermal analysis of
blood flow

» Couple the blood-circulation model with the thermal model of
the solid tissue




Schematic diagram
of the circulation
system in upper limb




One dimensional model of elastic blood vessel

Continuity equation
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The Derivation of the Energy Equation

energy transfered frgm artery to capillaries

artery
blood
X > 1 X+dx
enthalpy enthalpy
>
X direction

v
heat exchange between artery and
tissue

Energy Balance equation in Arteries

O(PC,AT,) __ O(PpCUAT,)

> -G AT, ~A(T, ~T)



1 Bore 2 Tendon 3 Dermis 4. Epidermis 5. Artery 6\Vein

The schematic of the modeled finger




Computation of Computation of
1D modgl for Fhe Ta Tc, TV, qc 2D therma! model
blood circulation P for the finger

. Ttissue waiting
waiting

Computation of Ta, Tc, Ty, qc> Computation of
1D model for the 2D thermal model
blood circulation for the finger

The Coupling Method for the Blood
Circulation Model and the Thermal Model



Computed Pressure signals in different vessels
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Computed flow rate signals in different vessels

one period T=0.8s
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Computed temperature signals in different vessels
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Temperatures in Artery, Vein, Capillary, and
Solid Tissues of the Modeled Finger

one period T=0.8s

35.6r

Temperature, °C
w
o
N

35

35.4-

N capillary |

terminal vein

terminal artery

J— —_——

34.8

0 0.2 0.4 0.6 0.8 1

Time, s



Blood Temperature and Pressure and Pressure

e Skin Average Temperature for larger wall stiffness

Skin Average Temperature for the normal case
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Objectives of the Experiment

e The detail observation of temperature variation; especially
near the blood-vessel areas

e Comparing the experimental results and the predicted
results by the one-dimensional thermo-fluid model of blood
circulation and the thermal model




The Experimental System

TVS-600
thermography

Infrared

connection cable

Euilt in board to the software for

main body Capture board analysis of

on PC thermal images

Automatic sphygmomanometer
HEM 770 Fuzzy




(a)Thermal Images of the Palm (b) Spectrum
Analyses of the Temperature in the Palm before
and after Exercising
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Summary

A one-dimensional thermo-fluid model is developed to
Investigate the relationship of flow rate, pressure, and
temperature in upper limb

The temperature of the solid tissue is computed by coupling
the 1D blood-circulation model and the thermal model. Thus, it
becomes possible to simulate the temperature variation with the

blood circulation

The periodic skin temperature near the vessel was detected
after exercising




Numerical Study of the Blood Flow and Living Tissue under

Laser Irradiation




Microcirculation plays an important role in the growth,
metastasis, detection, and treatment of tumors.

Radiotherapy

Hyperthermia . Prevention of neoplastic
+

vascularization

Immunotherapy

Chemotherapy

Improve the efficiency of

cancer treatment




Research Background

Advantages of laser power
Low invasive

High power densities
Precise irradiated area

A wide range of wavelengths

Response of the tissue to the laser Irradiation

Optical Response

Thermal Response

Laser Irradiation as a “cytotoxic measure”

Laser Irradiation as an adjuvant measure




Objective of the Study

How does the tumor blood flow respond to the
Laser irradiation?

How does the tumor blood flow affect the laser-
Irradiated tissues?




Previous Studies

Makuuchi, M. et al.(1997): Study on development of
multi-channel laser coagulation method using surface
cooling

Majumdar and Sharma (2003): FE analysis on the
thermal response of laser-irradiated tissue

He, Y. et al. (2003): Numerical and experimental
study on the blood circulation and temperature
distribution in the human upper limb




Schematics of laser irradiated tissues

H=45cm

L=20 mm
W =20 mm

= Skin \

« Computational
Domain

<7 Gland layer

rtumor =5 mm

Laser Type: Nd-Yag laser
Wave Length A: 1064nm

Coolant Temperature: 10°C

Maximum Power: 100W




Three Type of Geometric Relationship between Normal tissue and
Tumor vascular bed ( C. W. Song):




Tumor and Normal Tissue VVascular Bed
In the Laser Irradiation Model

vessals In
a tumor 4

Veins 6

—~

arterioles 2\ Venuies 5

vessals in normal
tissues 3




Heat Generation

I (X, Z) _ IO(X)e—(a+S)(H +2)

dl
=—— =al,(x)e "+
Q i 0 (X)

{ laser 1(2)+dl(2)

Lambert - Beer’s law




Assumption of vessel response to the
temperature variation

A, T, cross sectional area and blood
temperature before heating

b variation coefficient
b=0.1 T=39~42°C
b=-01 T >42°C




Numerical Solution and Data Transfer
Thermal Model of

Solid Tissue
Two-step Lax-
Wendrott Method tumorblood - g o0 ations for
perfusion rate Ti
1 Issue
Continuity and @ Temperatures
Momentum ﬁ
Equation
_ Tumor average CG methOd
Energy equation temperature (Conjugate
for blood flow Gradient
1 Method)
Upwind differencing
Blood Circulation Model







Temperature Distribution inside Living Tissues
under the Laser Irradiation

A5
JCE

3

w
=
o

254

w
o
al

X
)
S
>
=
©
©
S
£
o
l_

207

20




Predicted Tumor Blood Perfusion Rate Under
Different Laser Power

—— laser power: 3.8W,
------ no laser irradiation
—— laser power: 3W
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Summary

Detailed work has conducted to investigate the mechanism of
thermoregulation in the periphery. The results show that
coupling of the one-dimensional blood circulation model and
thermal model of the solid tissue iIs a valid way to investigate
the thermal characteristics of biological system.

An initial study is carried out to investigate the tumor blood
perfusion rate using the similar method as that of work for the
thermoregulation in the human finger.

Further experimental and numerical work may be carried out
In the Investigation of tumor vasculature and blood flow as well
as peripheral blood perfusion rate.
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