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MICT-RFA

MICT: Recommended by IRs
➢ Minimal Invasive Cancer Treatment
➢ Under treatment: 

❖ Recurrence of Tumour
➢ Over Treatment: 

❖ Kills unnecessary cells → Death

RFA is most common
➢ Requires more experienced IRs

RFA Procedure
➢ Locoregional treatment
➢ Use RFA needle (umbrella shaped) 

to induce heat energy
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(S,Q,M)

System:

oEntire Body, Clinical Environment of RFA Treatment

Questions:

1. Can we create a simple model for RFA Treatment?
a) Can we create liver, vessel, tumour model?

b) Can we produce the same power produced by the needle virtually?

c) Can we implement the same protocol followed by doctors?

2. Can we predict the temperature profile before the treatment?

3. Can we predict the cell deaths?
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(S,Q,M)

Mathematical Statements for:

1. Heat transfer from RFA needle to the liver

2. Power generation or Heat Source from needle

3. Temperature controlled power supply

4. Cell death due to temperature
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Input-Output System

Input

➢CT Scan Images

➢Blood Perfusion

➢Body Temperature

➢Protocol

➢Needle location on image

➢Power output from machine

Output

❑Liver Geometry, Tumour Geometry

❑Vessel Geometry, Needle Geometry

❑Temperature around tumour cells

❑Cell States around tumour cells
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Cancer Treatments
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1. Bruix J, Sherman M (2011) Management of hepatocellular carcinoma: an update. Hepatology 
53(3):1020–1022

Image Sources: https://angiodynamics.com
https://http://www.mermaidmedical.dk/

Common Liver Cancers

HCCs

Bridging Therapy

RFA, MWA
IRE, Cryo
FUS, Laser

Standard Therapy

• Surgical Treatments: 75-90% 
unsuitable1

• Transplantation

Less Experienced IRs

Under treatment: Recurrence
Over Treatment: Death

MICT Guidance

Help IRs
Change of parameters

https://angiodynamics.com/
http://www.mermaidmedical.dk/
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Clinical Model
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Clinical Workflow
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Device-Specific Parameters
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 Power Input

 Needle Geometry

 Temperature Controlled Algorithm

 Treatment Protocol

 Cooling Procedure
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Device-Specific Parameters
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RITA Starburst Needle and RF Generator
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Patient-Specific Parameters
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 Blood Perfusion
Tissue

Tumour

TACE

 Specific heat capacity

 Thermal conductivity

 Many more…
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Mathematical Model
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Heat Transfer

A discipline of thermal engineering

Conversion, exchange of heat between physical systems
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Heat Equation

Heat flow in a solid rod with circular cross section 𝐴

Perfectly insulated rod. No heat escapes radially

Heat flow only along the axis of symmetry of the rod

Initial temperature = room temperature
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Heat Equation

At one end temperature raised suddenly

Heat flow from hot to cold

Let 𝛿𝑥 denote thickness of a section through the 
rod located at the point 𝑥

Some of the heat absorbed by the rod

Heat flow at 𝑥 ≠ Heat flow at 𝑥 + 𝛿𝑥

Conservation Energy
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Rate of change of heat content = net rate of heat 
conducted in and out of section
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Heat Equation

Assume no heat production inside the rod or 
heat loss from the surface of the rod.
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Rate of change of heat content = net rate of heat 
conducted in and out of section
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Derivation: Heat Equation

𝑇(𝑥, 𝑡) denotes the temperature of the rod at position 
𝑥, at time 𝑡. 

Some of the heat energy is absorbed by the rod. 

Changes in temperature at time 𝑡 + 𝛿𝑡

Temperature difference: 𝑇 𝑥, 𝑡 + 𝛿𝑡 − 𝑇(𝑥, 𝑡)
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Rate of change of heat content = net rate of heat 
conducted in and out of section
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Derivation: Heat Equation

Temperature difference: 𝑇 𝑥, 𝑡 + 𝛿𝑡 − 𝑇(𝑥, 𝑡)

Amount of heat required to change the temperature 
of the entire mass of the cross section??

Proportional to mass of section??

Mass = density x volume 

Volume = 𝐴 × 𝛿𝑥
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Rate of change of heat content = net rate of heat 
conducted in and out of section
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Derivation: Heat Equation

Let 𝑄(𝑡) be the heat content of the section between 𝑥 
and 𝑥 + 𝛿𝑥
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Rate of change of heat content = net rate of heat 
conducted in and out of section
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Experiment 1
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Experiment 2
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Observation
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Observation
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Observation
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Observation
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Derivation: Heat Equation

Let 𝑄(𝑡) be the heat content of the section between 𝑥 
and 𝑥 + 𝛿𝑥

How much heat does it take to warm a cup of water?
𝑄 = 𝑚𝑐Δ𝑇
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Rate of change of heat content = net rate of heat 
conducted in and out of section
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Derivation: Heat Equation
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Derivation: Heat Equation
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Derivation: Heat Equation
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Derivation: Heat Equation
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Derivation: Heat Equation
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Observation
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Observation
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Derivation: Heat Equation

Rate of change of heat content = 𝑐𝜌𝐴𝛿𝑥
𝜕𝑇(𝜉,𝑡)

𝜕𝑡

𝜉 ∈ (𝑥, 𝑥 + 𝛿𝑥)

𝑐 proportionality factor or specific heat constant, 
depends on metal
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Rate of change of heat content = net rate of heat 
conducted in and out of section
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Derivation: Heat Equation

Heat flux 𝐽(𝑥, 𝑡): The rate of heat passing through a cross-
section, per unit area, per unit time
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Rate of change of heat content = net rate of heat 
conducted in and out of section
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Fourier’s Law
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More is the area exposed → More will be the heat transferred
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Fourier’s Law
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More is the area exposed → More will be the heat transferred

𝐽 ∝ 𝐴
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Fourier’s Law
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More is the temperature difference → More will be the heat transfer.
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Fourier’s Law
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More is the temperature difference → More will be the heat transfer.

𝐽 ∝ 𝑑𝑇
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Fourier’s Law
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Farther is the heat source – Lesser is the heat transferred

Rank Planet
Mean 
Temperature (C)

1 Venus 464

2 Mercury 167

3 Earth 15

4 Mars -65

5 Jupiter -110

6 Saturn -140

7 Uranus -195

8 Neptune -200

9 Pluto -225
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Fourier’s Law
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Farther is the heat source – Lesser is the heat transferred

𝐽 ∝
1

𝑑𝑥
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Fourier’s Law
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𝐽 ∝ 𝐴
𝑑𝑇

𝑑𝑥

𝐽 = −𝑘𝐴
𝑑𝑇

𝑑𝑥
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Derivation: Heat Equation

Rate of change of heat content = 𝑐𝜌𝐴𝛿𝑥
𝜕𝑇(𝜉,𝑡)

𝜕𝑡

Net rate of heat conducted in and out of cross section

J 𝑥, 𝑡 − 𝐽 𝑥 + 𝛿𝑥, 𝑡 = 𝑘𝐴
𝑑𝑇(𝑥+𝛿𝑥,𝑡)

𝑑𝑥
 −𝑘𝐴

𝑑𝑇(𝑥,𝑡)

𝑑𝑥

𝑐𝜌𝐴𝛿𝑥
𝜕𝑇(𝜉,𝑡)

𝜕𝑡
= 𝑘𝐴

𝑑𝑇(𝑥+𝛿𝑥,𝑡)

𝑑𝑥
 −𝑘𝐴

𝑑𝑇 𝑥,𝑡

𝑑𝑥

𝑐𝜌𝐴𝛿𝑥
𝜕𝑇(𝜉,𝑡)

𝜕𝑡
= 𝑘𝐴

𝑑𝑇 𝑥+𝛿𝑥,𝑡

𝑑𝑥
 −

𝑑𝑇 𝑥,𝑡

𝑑𝑥

𝑐𝜌
𝜕𝑇(𝜉,𝑡)

𝜕𝑡
= 𝑘

𝑑𝑇 𝑥+𝛿𝑥,𝑡

𝑑𝑥
 −𝑑𝑇 𝑥,𝑡

𝑑𝑥

𝛿𝑥

𝑐𝜌
𝜕𝑇(𝑥,𝑡)

𝜕𝑡
= 𝑘

𝜕2𝑇

𝜕𝑥2
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Heat Equation
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𝑐𝜌
𝜕𝑇(𝑥, 𝑡)

𝜕𝑡
= 𝑘

𝜕2𝑇

𝜕𝑥2

𝑐𝜌
𝜕𝑇(𝑥, 𝑡)

𝜕𝑡
= 𝑘𝛻2𝑇

𝑐𝜌
𝜕𝑇(𝑥, 𝑡)

𝜕𝑡
= 𝑘

𝜕2𝑇

𝜕𝑥2
+

𝜕2𝑇

𝜕𝑦2
+

𝜕2𝑇

𝜕𝑧2
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Bioheat Equation
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𝑐𝜌
𝜕𝑇(𝑥, 𝑡)

𝜕𝑡
= 𝑘𝛻2𝑇

𝑐𝜌
𝜕𝑇(𝑥, 𝑡)

𝜕𝑡
= 𝑘Δ𝑇 + Qext + Q𝑠𝑖𝑛𝑘
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Mathematical Model

𝜌𝐶
𝜕𝑇

𝜕𝑡
= 𝑘∆𝑇 + 𝜔𝑏𝜌𝑏𝐶𝑏 𝑇𝑎 − 𝑇 + 𝑄𝑒𝑥𝑡

Specific heat of 
tissue/blood

Density

Temperature

Blood Perfusion

Blood Density

Thermal conductivity

Arterial Temperature

Heat Source Term
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Bioheat Equation: Exercises
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https://www.sciencedirect.com/topics/engineeri
ng/bioheat-transfer

𝜌𝐶
𝜕𝑇

𝜕𝑡
= 𝑘∆𝑇 + 𝑄𝑝𝑒𝑟𝑓 + 𝑄𝑚 + 𝑄𝑜𝑡ℎ𝑒𝑟𝑠

“Since the body does not operate with 100% efficiency, only a fraction of 
the metabolic rate is applied to work and the remainder shows up as heat. The 
mechanical efficiency associated with metabolic energy utilization is zero for most 
activities except when the person is performing external mechanical work, such as 
in walking upstairs, lifting something to a higher level, or cycling on an exercise 
machine. When external work is dissipated into heat in the human body, the 
mechanical efficiency is negative. An example of negative mechanical efficiency is 
walking downstairs. Storage of energy takes place whenever there is 
an imbalance of production and dissipation mechanisms. In many instances, such 
as astronauts in space suits or military personnel in chemical defense garments, 
energy storage is forced due to the lack of appropriate heat exchange with the 
environment.”

Majid Ghassemi and Azadeh Shahidian, 
Nano and Bio Heat Transfer and Fluid Flow, 
2017, Chapter 3.

https://www.sciencedirect.com/topics/engineering/bioheat-transfer
https://www.sciencedirect.com/topics/engineering/bioheat-transfer
https://www.sciencedirect.com/topics/engineering/bioheat-transfer
https://www.sciencedirect.com/topics/engineering/bioheat-transfer
https://www.sciencedirect.com/topics/engineering/bioheat-transfer


Panchatcharam

Domain of our Problem
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What is the domain of the problem?

Is the system closed?

Is the problem well posed?

Do we need initial conditions?

Do we need boundary conditions?
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Bioheat Equation1
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𝜌𝐶
𝜕𝑇

𝜕𝑡
= 𝑘∆𝑇 + 𝜔𝑏𝜌𝑏𝐶𝑏 𝑇𝑎 − 𝑇 + 𝑄𝑟 𝑜𝑛 Ω

ℎ𝑐𝑇 + 𝑘
𝜕𝑇

𝜕𝑛
= ℎ𝑐𝑇∞ on vessels boundary

𝑇 = 𝑇0 on 

1. H. H. Pennes, Analysis of tissue and arterial blood temperature in the 
resting human forearm, J. Appl. Physio. 85(1):93-102, 1948
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  𝛿 x


  x


  x ≠


  x + 𝛿 x


  T ( x , t )


  x ,


  t


  t + 𝛿 t


  T  ( x , t + 𝛿 t ) − T ( x , t )


  T  ( x , t + 𝛿 t ) − T ( x , t )


  A × 𝛿 x


  Q ( t )


  x


  x + 𝛿 x


  Q ( t )


  x


  x + 𝛿 x


  Q = m c Δ T


  c 𝜌 A 𝛿 x   𝜕 T ( 𝜉 , t )  𝜕 t


  𝜉 ∈ ( x , x + 𝛿 x )


  c


  J ( x , t )


  J ∝ A


  J ∝ d T


  J ∝  1  d x


  J ∝ A   d T  d x


  J = − k A   d T  d x


  c 𝜌 A 𝛿 x   𝜕 T ( 𝜉 , t )  𝜕 t


  J  ( x , t ) − J  ( x + 𝛿 x , t ) = k A   d T ( x + 𝛿 x , t )  d x


  − k A   d T ( x , t )  d x


  c 𝜌 A 𝛿 x   𝜕 T ( 𝜉 , t )  𝜕 t = k A   d T ( x + 𝛿 x , t )  d x


  − k A   d T  ( x , t )  d x


  c 𝜌 A 𝛿 x   𝜕 T ( 𝜉 , t )  𝜕 t = k A  [   d T  ( x + 𝛿 x , t )  d x   −   d T  ( x , t )  d x ]


  c 𝜌   𝜕 T ( 𝜉 , t )  𝜕 t = k


     (   d T  ( x + 𝛿 x , t )  d x   −   d T  ( x , t )  d x )  𝛿 x


  c 𝜌   𝜕 T ( x , t )  𝜕 t = k    𝜕 2 T  𝜕  x 2


  c 𝜌   𝜕 T ( x , t )  𝜕 t = k    𝜕 2 T  𝜕  x 2


  c 𝜌   𝜕 T ( x , t )  𝜕 t = k  𝛻 2 T


  c 𝜌   𝜕 T ( x , t )  𝜕 t = k  (    𝜕 2 T  𝜕  x 2 +    𝜕 2 T  𝜕  y 2 +     𝜕 2 T  𝜕  z 2 )


  c 𝜌   𝜕 T ( x , t )  𝜕 t = k  𝛻 2 T


  c 𝜌   𝜕 T ( x , t )  𝜕 t = k Δ T +  Q ext +  Q  s i n k


  𝜌 C   𝜕 T  𝜕 t = k ∆ T +  𝜔 b    𝜌 b C b  (  T a − T ) +  Q  e x t


  𝜌 C   𝜕 T  𝜕 t = k ∆ T +  Q  p e r f +  Q m +  Q  o t h e r s


  𝜌 C   𝜕 T  𝜕 t = k ∆ T +  𝜔 b    𝜌 b C b  (  T a − T ) +  Q r   o n   Ω


   h c T + k   𝜕 T  𝜕  n → =  h c  T ∞


  T =  T 0

