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Consider the Following CP-EM-Systems

Error-Free System Error-Prone System

Whose problem is this to solve?


Presenter
Presentation Notes
The system on the left is error free.
The system on the right has a bug.

Although this bug is hidden, you can see its devastating social and economic effect: fibrillation and as a result, Sudden Cardiac Death.


It IS a Medical Problem

National Vital Statistics Report, Vol.49, No.11, October 12, 2006
Deaths and percent of total deaths for the 10 leading causes of death: USA

All causes 2,391,399 100.0

1 Diseases of heart 725,192 30.3
2 Malignant neoplasms 549,838 23.0
3 Cerebrovascular diseases 167,366 7.0
4 Chronic lower respiratory diseases 124,181 5.2
5 Accidents (unintentional injuries) 97,860 4.1
6 Diabetes mellitus 68,399 2.9
7 Influenza and pneumonia 63,730 2.7
8 Alzheimer’s disease 44,536 1.9
9 Nephritis, nephrotic syndrome and nephrosis 35,525 1.5
10 Septicemia 30,680 1.3
All other causes 484,092 20.2

http://www.cdc.gov/nchs/data/nvsr/nvsr57/nvsr57_14.pdf
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Presentation Notes
Fibrillation is in the first place a medical problem.

According to the US National Vital Statistics Report of 2006,
Heart diseases are the leading cause of death.

Moreover, the account as much as next two diseases combined


What are the Fundamental Questions?

For cardiologists, pharmacologists and patients:

 What is the risk of a patient to develop the disorder?
e Under what circumstances will such a disorder arise?

Given a disorder-specification and a model of the ventricle:

« What is the probability of the model to satisfy the specification?
 For what parameter-ranges does it satisfy the specification?

Whose problem is this to solve?
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Presentation Notes
But what are the fundamental medical questions for cardiologists,
Pharmacologists and patients?

Well if one has a specification of the cardiac-rhythm disorder and a model of the ventricle, the above problems can be restated as follows


It Is a Communication-Structure Problem
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4 billion nodes interconnected in a very sophysticated way!


Presenter
Presentation Notes
Today one can uncover the detailed communication
Infrastructure of the cardiac-system in digital form.

An impaired communication structure may lead to SCD. 
One can navigate navigate and visualize its defects and scars, and one can virtually ablate and inject drugs in particular regions. 


It Is a Communication-Structure Problem

Complicated structure Canine heart: slices

Pittsburgh NMR Center MicroCT Cornell
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It Is a Cellular Problem
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It IS an Electrical Problem
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— Rate of change in membrane potential (V):HE
gSum of physiological currents due to ion flows across membrane

— Physiologically detailed: 67 variables
gPifficult to simulate and formally analyze



It Is a Cellular-Abstraction Problem
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It 1Is a Molecular Problem

INa = gNa(\/ — VNa) = gNamgh(V _ VNa)

Na Channel
Conductance

o, (V)

(C] Buv) (m)
fh = 1, (V)(1=m) = B,, (V)

a, (V)

(n] 8w (0)

K=o, (V)(1-h)—B,(V)h

3 m-units
1 h-unit

Nernst
Potential

The Sodium Channel

Extracellular
) Sodium

* %y
—
0

0 ions
Lipid

Activating
m-gate

Inactivating
\4
' Intfacellular * h-gate

space



It Is a Molecular Abstraction Problem
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It IS a Molecular Abstraction Problem
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These result will appear in CMSB 2012



It Is a Simulation Problem

Nonlinear Hybrid Automaton
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Presentation Notes
Switched PDE. Not a cellular automaton. 
Modes are the phases of the AP. 


It Is a Simulation Problem

Nonlinear Hybrid Automaton Optimal Linearization of Nonlinear Terms
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It Is a Simulation Problem

Mlnlmal Model in Four State Variables (4V) Beeler- Ten-Tusscher- lyer
7 Reuter (8 V) Panfilov (19V) (67 V)
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These results appeared this year in
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Time grows with the square of number of variables
For large number of variables still close to real time. 
Not 1st, use all features of GPUs to make it faster (e.g. texture) 
Why is fast important: Verification by simulation (sampling)


It Is a Simulation Problem
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It Is a Verification Problem
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It Is a Verification Problem

Genetic regulatory network with Parameters k,y
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It Is a Verification Problem

Genetic regulatory network with Parameters k,y
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These results appeared in CAV 2011, LNCS 6806, pp. 396-411, 2011.




It IS a Control Problem

1 Shock 5 Low Energy Shcks
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The one shock is very strong. At the other much smaller.

To get to the experiments you need studies. Done on MM or FK.
The studies had to be realistic.  Then in vitro and in vivo. 
A circle of improvement.


It IS a Control Problem

Low Energy Defibrillation (LEAP) tested for Canine Hearts

Ventricular fibrillation Atrial fibrillation
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For Both AF and VF we have found successful defibrillation with LEAP using
about10% of the energy required by the standard 1 shock defibrillation protocol

Furthermore, using high resolution mCT

We obtained detail vessel distribution of These results appeared
the heart and found a scaling law which this year in Nature, Jul 13
was used to obtain a theory that explains 475(7355):235-9; 2011
the mechanism behind LEAP.
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From experiments, simulations and data, 
we create a theory of how it works.
Work was in collaboration with Max Plank Institute in Germany.


It 1Is a CPS Problem

We are on the brink of a paradigm shift in the
Diagnosis and treatment of cardiac disorders

It is up to us in to make it happen!
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