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Design always involved computing
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vright 19842004, The MathWorks, Inc.



Large scale computational software

Various physics
Solid mechanics
Fluid mechanics
Heat and mass transfer

Electromagnetics
Such analyses have moved from research to
design



Some advantages of Simulation-

based design over prototype-based

Testing “what-if” scenarios can be quick and
Inexpensive

Can reduce cost

Can reduce time to market, help compete by
making shorter product cycles

Dramatic changes are easier to conceive
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Conceptual Design Phase:

How computing can help

Generate as many potential alternative
solutions to the problem as possible and
evaluate them

Can be less time and resource consuming to test
feasibility

Can include truly dramatic ideas
Can help in alternative idea generation

Can provide more detailed and quantitative
information than possible experimentally
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Metastatic Melanoma

Melanoma: Malignant tumor in the cells of bottom layer of the skin's
epidermis and middle layer of the eye, most dangerous form of skin
cancer

Treatment: Radioimmunotherapy (RIT)

In RIT, the antibody binds to a tumor-associated antigen to deliver a lethal
dose of radiation to tumor cells.
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The need for computational model

Next step???
Preparation of clinical trials in human to
examine the effect of different parameters

Different melanin concentrations (representing
different patients)

Different diffusivities (representing different
antibody or tissue type)

Computational model for RIT



Mathematical Description

Antibody uptake from blood:

C app (t) — CAbOe_m
Transport, uptake and clearance of antibody in

normal tissue
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Transport, complex formation and dissociation in
tumor
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Antigen concentration due to complex formation and
dissociation
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Complex Formation
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Despite increased penetration at lower melanin concentrations, the
average complex concentration in the tumor was remarkably similar for

76, 7.6, and 0.76 pM.



Absorbed Dose Calculation

Two contributions to lethal dose:
Complexin tumor

Cross-fire irradiation from free antibody in normal
tissue and tumor

Antibody-antigen )

complex Free antibody

Cross-fire

iIrradiation
Free antibody

J



Contribution of cross-fire to activity
could be easily seen using a model

[Melanin] = 76 uM
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Activity due to: (a) Complex formation (b) Cross-fire Radiation



Alternative to the computational model

Experimentation in animals (mice)

Actual clinical trials in patients

Difficulties in experimentation:
Computational model used to evaluate the

effectiveness of the procedure in dissimilar cases
of the disease

Computational model provides means to
investigate antibody types that can be designed in
the future- not possible through experiments
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A course on modeling in the

context of design

Engineering Undergraduate Senior and Juniors (40-
45 students; 10-11 projects)
Course content

Very short introduction to generic design

8 weeks on
Generic aspects (G.E., B.C., Properties,..)
Case studies of biomedical processes

2 weeks on software and related instruction
Semester long project
Oral presentation and report



Example course project: Tracheal
burning from hot air inhalation

airway can cause
swelling that blocks
the flow of air
W into the lungs
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Example course project:
Design of Auto-Syringe Injection

Auto-Syringe: An
automatic device that
allows patients with
limited dexterity to
administer medication
to themselves
Design Requirements:
3 seconds injection

10 pounds of force on
plunger

Compatible with current s
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Challenges for a novice audience

How to skim through a lot of computing concepts
Develop specialized coursenotes

How to give enough training in a complex software

in a very short time?

Develop tutorials
How to provide guidance to 10-11 independent
projects
Develop generic guidance to model building
Need TA/Support person with background and interest
Develop resource database



Example Tutorial: Cryosurgery

Thermal Conductivity

Specific heat

Sample window:
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Step 4: Defining Material Properties and Initial Conditions

e are sohving for the heat transfer equation. The material propeties required forthe analysis are,

themfore, themal conduclivity, specific heat and density. The density of the skin layer is assumed to

be 1000 kgm ' and that ofthe wart a=s 1500 kgm . The thermal conductivity and specific heat constant
are both taken to be fundions of temperature as specified in Figure 2. The temperature inside the skin

and the wartiz 27°C (=210 Kinitialby.

Temperature contours

Trs=16 Surface: Tempersturs 1K)

Maz: 307,085

0

ap?  Mos0ss

1.

Click on Subdamain
Sefings... under Physics.

Click on Subdemain 1 (skin)
under Subdoemain.

Mextta Tharmal Conductivity,
type inthem cond(T). This
tellz the pragram that the
themal conductivity iz a
function of temperature. e
will define this fundion |ater.

Type 1000 in the density field.
Mewtto Heat Capadty, twpe in
heat_zap(T).

Click onthe Init tab and under
Initial Walue, fill in 310,

Select 2 ffor wartiunder
Subdomain in the Physics
Tab and repeat steps 3-6
uzing 1800in the density fizld
and samewaluesinthe other
fields.

Click Ok
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Course introduces several design

aspects
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State of adoption in industry is low

but increasing significantly

State of adoption is low compared to
automotive, aeronautics, etc.

In the last few years, activities have increased
considerably

Many software companies are pushing bio
applications as their growth area

Software that can do multiphysics are being
particularly effective

Acquisition of real geometry is helping in the
process



Example of current activities

Workshop on Computer Methods for
Cardiovascular Device Design and Evaluation
on March 18, 19

DA

IH Heart, Lung and Blood Institute

SF




Challenges in including computing

to biological engineering design

Processes can be more complex and
multidisciplinary
Materials can change more significantly
Needs more resource development
Computing resource (properties database;
understanding,..)
Human resource
Culture not as friendly to computing
Bio-friendly software interfaces can make it
even easier to integrate computing
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