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Evolution of Multi-Scale Models of the Heart

Extending models to smaller
spatial scales and shorter
temporal scales: Molecular to
Markov Models

Extending models to longer
time-scales: Ventricular growth
& remodeling models

Extending models from the
laboratory to the clinic:
Patient-specific models of
heart failure
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NOW: Smaller Spatial and Temporal Scales
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NEXT: Extending to Thick
Filament and Whole Cell
Mechanoenergetics Bl
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Cardiac Mechanics | . = UCSD | Bicengineering &
Research Group IR Jacobs | The Whitaker Institute
Multi-scale modeling of the mouse heart: From
genotype to phenotype

PKA-mediated phosphorylation gradients
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Andrew McCulloch (PlI)

Tom Borg (Co-Pl), University of South Carolina
Bob Price (Co-Pl), University of South Carolina

Award number: BES-0506252 April 12, 2007, NSF



B-adrenegeric regulation of myocyte
excitation-contraction coupling

ATP 5-AMP




NOW: Extending to Smaller Spatial Scales

cAMP
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NEXT:

From Thermodynamic to
Kinetic Markov Models
of PKA Activation and

Regulation
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Then

Ventricular-Vascular Coupling Model

+ Pulmonary Clrzulation
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Way Before Then

Decomposing the Growth Deformation
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F_is the elastic part of the growth deformation

required to maintain compatibility. Therefore, the
residual stress is
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Rodriguez EK, Hoger A, McCulloch AD (1994) Stress-dependent finite growth in soft
elastic tissues. J Biomech 27:455-467




Chronic Remodeling:
Anisotropic Myocyte Growth Model
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Ventricular Hypertrophy and Residual Stress

Mitral Valve Regurgitation Aortic Stenosis

Eccentric Hypertrophy Concentric Hypertrophy

Residual fiber stress [kPa]
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NOW: Myocyte Mechanosignaling Network Model
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Anisotropic Biaxial Stretch of
Aligned Neonatal Mouse Ventricular Myocytes

Transverse Longitudinal
Camelliti 2006 Stretch Stretch



Differentially Expressed Genes (FDR<0.05)

4 hour Trans 4 hour Long
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30 min Trans 30 min Long
(53) (168)




Biomedical

Agent-Based Model
of Scar Remodeling
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THEN: Peak Torsion and Maximum Untwisting Rate
Decrease When MLC2V is Dephosphorylated in the
Mouse

chulator\y Light Chain (RLC)
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NOW: Patient-Specific Modeling of Dyssynchronous Heart Failure

"

CT Imaging EnSite NavX Mapping SPECT Imaging Cardiac Catheterization

Electromechanical Model



Echocardiographic Responses to CRT

)
I
=
Z
o
=
e
Z
o
o
.
2
(a)]
i
(44
51
=
)
-
o
>
n
wl
2

(AESV,,) (%)

X X X X % % % %
BiVé6 BiV3 BiV5 BiV1 BiV8 BiV2 BiV4 BiV7
59‘:'::

60%

50%

Echo non-responder

Clinical non-responder



NOW: Add Ectopic Stimulation to Simulate CRT

20mV
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X5 mV

LBBB CRT




Does CRT Improve Ventricular Mechanical
Efficiency?

4
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Computed Reduction in Septal Myocardium Performing
“Negative” Work May Predict CRT Response
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Effect of V-V Pacing Delay on Electrical Dyssynchrony
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Next:
Machine Learning Hidden Features In Clinical
TRAIN LEARNING ALGORITHM Data From Models

PREDICTED DYSSYNCHRONY METRIC
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RMSE: 4%
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