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Talk plan

Scales:
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2. Whole body Case studies:
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4. Pathways & networks
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Cardiac models

1. Myocardial mechanics

2. Fluid mechanics

3. Coronary flow

4. Myocardial activation

5. Coupling .. Mechano -electro -fluid model IMﬁ,(j
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3D cardiac cell models
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Clinical workflows

Image Fitting Model
toolkit algorithms repository
Load patient Segment Fit model from Compute
DICOM images images virtual populat.n| | organ function

database

'\ mmp index or

Visualisation

software

Computational
software library

Derive
diagnostic

treatment
strategy
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Clinical applications

euHeart: Philips Technologie GmbH

W ComHeart-assisted CRT system

File

Model Quality Check Anatomical Overview Lead location chaice Simulation Resulks

Patient data used: Segmentation Quality Yerification

1. Heart shape and Lv volume (MRI)

2. Heart scars {gadolinium-enhanced MRI)

3. Conductivity maps (EnSite non-conkact syskem)
4., Catheter measuremnens of pressure

Baseline metrics fitting

Measurement Simulated

Ejection Fraction (%) 3 { EE

6D
=

Max dP{t}jdk {mmHgys) I HBR

QRS duration {ms) i EE i EE a0 ¥ >
Conductivity Maps fitting Pressure and volume fitting
Observation and data processing: Observation and data processing:

Afterload

|

|

Model reproduction: electrical activation propagation Model reproduction. Afterload and compliance Fitting,
& a R aorta
i : R system

C system

Berlin Heart

Personalised models, MuHlscale, Population databases
Aim for clinical trials within next few years TMA (i
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Cardiac Atlas ProjegNIH funded)

w www.cardiacatlas.org
w Structural and functional atlas of the heart
w Cardiac MRI examinations

w Fit model to each case and then derive subject speci
functional analyses and associated clinical variables

IMAG



http://www.cardiacatlas.org/
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Cerebral aneurysm models

An intracranial aneurysm with CTA scanning
(55 yr old male patient)

How should this aneurysm be treated?
w Clipping?
w Endovascular treatment?

others (.. gature? IMAG
W ers (e.g. ligature) 11\ 75" }



Blood perfusion withDigital Subtraction Angiography (DSA)
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Aneurysm model construction
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Define boundary conditions

Pressure (kPa)
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Particle streamlines Wall shear stress
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Validation: flow patterns

MNNSYS

Particle tracking:

Particle size: 20em
Density: 2300kg/m3 LI )




Wall mechanics

Shear Stress

v

Compensatory Vascular Tone

v

Growth and Remodelling

v

Aneurysm




Tissue to cellular

Shear stress

Cyclic Elastic Adventitia *

Strain Lamina (fibroblasts, connective tissue)

/ Endothelial
¥ v N

NO prostacyclin  PDFGBB

Cyclic
Strain

others...
Cummins et al. (2007)Am J Physiol Heart Circ Physiol:29ZFig 1. *
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Approach

w Multiple pathways with significant crosstalk
w Multiple cell types
w Multiple networks on multiple time scales

w Emergent properties important
Biophysicallybased systems biology approach necessary
w Library of biochemical module models

w Reparameterisedand reused




Musculo-skeletal models

Subjectspecific modelling of gait dynamics in orthopaedic researc

Joint
degradation [>
with age

Subject-specific - Bone SN Osteo-
loading remodelling arthritis

Cerebral
palsy

Morphological*Pathological_’ Bone

Alterations

gait deformities MA (i
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Workflow

Subject-specific
anatomy

I—»

/ DYNAMIC GAIT SIMULATION

Gait kinetics &
kinematics

-

BONE REMODELLING '4_ FE ANALYSIS i/ O\

Mechanlcal
stress

Force boundary
condition
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from measurement

to simulation
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ABI Gait research

@ MMVIII Auckland Bioengineering Institute

e
\\ Bloer
[’
Muscle architecture | Medical education
in CP! Muscle deformation www.gaitworld.com

during walking?

10berhofer et al., Clinical Biomechanics, 2009, online first : : X
2 Oberhofer et al., The Visual Computer, 2009, 25(9), 843-851 WA’G



Principal component analysis

PC1-97% PC2-0.94% PC3-0.82%

17 left femurs




Multiscale modeling of bone

(active) preéursor .. (active)
osteoblasts cells osteoclasts

OB Uncommited P Apoptotic
U Progenitors ap Osteoclasts

DOEu

Responding / L ! Active

OBP Osteoblasts [. OCa Osteoclasts
Doy

OB Active 2o Osteoclast

steoclas

3 Osteoblasts . i Oc;p Precursor

Apoptotic
aP Osteoblasts

David Smith, UWA




Lens & eye models
Medical theraples for cataracts

Paul Donaldson, Marc Jacobs and Ehsan Vaghefi

IMAG



)]
-
-
e
&)
-
| N—
e
7
)
-
)
—

Anterior Pole

Epithelial Cellg




3D structure of lens sutures using diffusion tensor imagir
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Modeling mechanics of lens shape changes

A Anterior pole B

Epithelium.g

W Equator

Intracellular pressure (KPa)

9150 -6.862 -4575 -2.287 O -21.454 -19.002 -16.549 -14.970 -11.545



Lens function: the internal circulation system
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Differentiation dependent changes in theubcellular
distribution of gap junctions




Osmotic stress changes tlsibcellulardistribution of P2X%

Isotonic condition

(Normal)

Hypertonic condition

(Cell shrinkage)

Hypotonic condition

(Cell swelling)



Calcium influx and initiation of cataract

Hypocalcaemia
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An integrated eye model




VPHPhysiomeainfrastructure

Modeling multiple cell processes

Individual models

A Pandit et al. (2001): Cardiac electrophysiology
- lon channels, pumps, sarcoplasmic reticulum

A Hinch et al. (2004): Calcium regulation
¢ LCC channels, dyadic space and RyR complexes

A Niederer et al. (2006): Myofilament mechanics
- calcium binding to troponin, tropomyosin kinetics

and crossbridge dynamics.
IMAG



Pandit et al. Model of cardiac action potential

www.cellml.org/models/pandit_clark giles _demir 2001 versionll]

| overview | | edit | [ view math | [ model metadata | | curation | [ view cellml | | data | | procedural code |
A Mathematical Model of Action Potential Heterogeneity in Adult Rat Left Ventricular Myocytes =i
% Download Model (151kb) | Slve model in: (help)
PCEnv 57 @15im COR Yy
Curation Status: <% PCEnv Session

'
L~k

{(What's this?)

Model Documentation
Model Status

This CellML version of the model represents the epicardial cell. A number of inconsistencies in units and errors in equations from version 07 were fixed in this version. In addition to
the formulation given by the paper and the author's later Corrections document, the IStim current has been adjusted to produce 1 Hz stimulations for 10 seconds.

Model Structure

Over the past decade electrophysiological studies have revealed transmural heterogeneity, or differences in the action potential waveforms recorded in cells isolated from the
epicardial and the endocardial tissues in the left ventricles of mammalian hearts.

The adult rat has been widely used as an experimental model to investigate the electrical heterogeneity in the left ventricle under normal conditions and pathophysiological
states. From this biophysical, experimental data, derived from patch clamp experiments, Sandeep V. Pandit, Robert B. Clark, Wayne R. Giles and Semahat S. Demir have developed
a mathematical model of action potential heterogeneity in adult rat left ventricular myocytes (see the figure below). The mathematical models for the epicardial and endocardial
cells of the rat left ventricle are based on the classical formulation of Hodgkin and Huxley (please see the CellML version of The Hodgkin-Huxley Squid Axon Model, 1952 for more
details), and are therefore similar to previous computational work carried out by this research group (see Demir et af. Sinoatrial Node Model 1994 and Demir et af, Sinoatrial Node
Model 1999). The endocardial cell model is based on the epicardial formulation with only slight modifications in certain parameters and equations.

The complete original paper reference is cited below:

A Mathematical Model of Action Potential Heterogeneity in Adult Rat Left Ventricular Myocytes, , Sandesp V. Pandit, Robert B. Clark, Wayne R. Giles and Semahat S. Demir, 2001,

@ Biophysical Journal , 81, 3029-3051. (@ Full text and @ PDF versions of the article are available for Journal Members on the Biophysical Journal website.) @ PubMed ID:
11720973


http://www.cellml.org/models/pandit_clark_giles_demir_2001_version11
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Hinch et al. Model of Ganduced Ca release

www.cellml.org/models/hinch_greenstein_tanskanen_xu_winslow 2004 version

| overview | | edit | | view math | | modelmetadata | | curation | | view cellml | | data | | procedural code |

A Simplified Local Control Model of Calcium-Induced Calcium Release in Cardiac Ventricular Myocytes =3

# Download Model (113kb) | Solve modelin: (help)
PCEnv 7777 i@1Sim COR Y717

o
Curation Status: 5757 Fﬁﬁnglsiﬁ_sig)n
at's this?

Model Documentation

Model Status
This model is known to run in PCEnv and COR to reproduce the output shown in the publication. A PCEnv session file is also associated with this model.

Model Structure
This CellML model was based on the December 2004 paper:

"A Quantitative Analysis of Cardiac Myocyte Relaxation: A Simulation Study” by Hinch, Greenstein, Tanskanen, ¥u and Winslow.
The following is the abstract of this paper:

Calcium (Ca2+)-induced Ca2+ release (CICR) in cardiac myocytes exhibits high gain and is graded. These properties result from local control of Ca2+ release. Existing local control
models of Ca2+ release in which interactions between L-Type Ca2+ channels (LCCs) and ryanodine-sensitive Ca2+ release channels (RyRs) are simulated stochastically are able
to reconstruct these properties, but only at high computational cost. Here we present a general analytical approach for deriving simplified models of local control of CICR,
consisting of low-dimensional systems of coupled ordinary differential equations, from these more complex local contral models in which LCC-RyR interactions are simulated
stochastically. The resulting model, referred to as the coupled LCC-RyR gating model, successfully reproduces a range of experimental data, including L-Type Ca2+ current in
response to voltage-clamp stimuli, inactivation of LCC current with and without Ca2+ release from the sarcoplasmic reticulum, voltage-dependence of excitation-contraction
coupling gain, graded release, and the force-frequency relationship. The model does so with low computational cost.

The complete ariginal publication reference is cited below:

@A Simplified Local Control Model of Calcium-Induced Calcium Release in Cardiac Ventricular Myocytes, R. Hinch, 1.R. Greenstein, A.J. Tanskanen, L. ¥u, R.L. Winslow, 20045
Biophysical Journal , Volume 87 pp.3723-3736, PubMed ID: 15465866


http://www.cellml.org/models/hinch_greenstein_tanskanen_xu_winslow_2004_version02
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Niederer et al. Model of myofilament mechanics

www.cellml.org/models/niederer _hunter_smith 2006 version02

| overview | | edit | [ view math | [ model metadata | [ curation | | view cellml | [ data | | procedural code |

A quantitative analysis of cardiac myocyte relaxation: a simulation study Sho,

* Download Model (52Kb) Solve model in: (help)
PCENv 75y @1Sim COR 75

Curation Status: 57+ PCEnv Session
o (What's this?)

Model Documentation
Model Status

This model is known to run in PCEnv and COR to reproduce the output shown in the publication. A PCEnv session file is also associated with this model.

Model Structure
This CellML model was based on the March 2007 paper:

"A Quantitative Analysis of Cardiac Myocyte Relaxation: A Simulation Study” by S.A. Niederer, P.J. Hunter and N.P. Smith.

The following is the abstract of this paper: The determinants of relaxation in cardiac muscle are poorly understood, vet compromised relaxation accompanies various pathologies
and impaired pump function. In this study, we develop a model of active contraction to elucidate the relative importance of the [Ca++]i transient magnitude, the unbinding of Ca++
from troponin C (TnC), and the lengthdependence of tension and Ca++ sensitivity on relaxation. Using the framework proposed by one of our researchers, we extensively
reviewed experimental literature, to guantitatively characterize the binding of Ca++ to TnC, the kinetics of tropomyosin, the availability of binding sites, and the kinetics of
crossbridge binding after perturbations in sarcomere length. Model parameters were determined from multiple experimental results and modalities (skinned and intact
preparations) and model results were validated against data from length step, caged Ca++, isometric twitches, and the half-time to relaxation with increasing sarcomere length
experiments. A factorial analysis found that the [Ca++]i transient and the unbinding of Ca++ from TnC were the primary determinants of relaxation, with a fivefold greater effect
than that of length-dependent maximum tension and twice the effect of tension-dependent binding of Ca++ to TnC and length-dependent Ca++ sensitivity. The affects of the
[Ca++]i transient and the unbinding rate of Ca++ from TnC were tightly coupled with the effect of increasing either factor, depending on the reference [Ca++]i transient and
unbinding rate.

The complete original publication reference is cited below:

@A Quantitative Analysis of Cardiac Myocyte Relaxation: A Simulation Study, Steven Niederer, Peter Hunter, Nicholas Smith, 2006 & Biophysical Journal , 90 1697-1722 @ PubMed
ID: 16339881
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