Translating multi-scale modelling to the Heart of the clinic:
developing personalised cardiac models




_ —— - - — - - = —_— - = = \

Imaging

Multimodal Registration
Acquisition

Electrical/ MR

Excitation

-

Motion

X-Ray/MR

Multi-scale Models
Anatomical Functional

! ! ==1H
N e

S= _:",( W N\

Activation

Microstructure  Mechanics

% ) S
Vasculature Coronary Flow Perfusion

Computational
OpenCMISS
SOFA

OPENFEM

LIFEV

Cheat

Numerical

basis reduction, POD

FEM, FD, ALE

Parallel Computing [*

PETsc,
MUMPS

Data assimilation
unscented Kalmann
filtering variational

approaches

Software

Visualization

|

Modelling tools and technologies } 1

\\ Patient Therapy

Patient




Computational Modelling Applications
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Fitting Electrical Conduction







Pressure Estimation Results

» Determination of pressure drops
Aortic arch

Aortic outlet
1.0
0.5
0.0
-0.5
-1.0
0 163 325 488 650
Aortic arch
o 1.0
E s
é 0.0
& -0.5 '
1.0 Time .
0 163 325 488 650 AOI’tIC OUt|et
Cavity
1.0

0.5
0.0
-0.5
-1.0

QO [r———

163 325 488 650 CaV|ty



2011 Niederer S.A., et al., Simulating human cardiac electrophysiology on clinical time-scales,
Frontiers in Computational Physiology and Medicine (in press)




%Change in dP/dt

Modelli

20

50%

100%
Frank-Starling Mechanism

150%

Sinus Rhythm LV Pacing
Septum (1) I EEEEE
LV Freewall (2)

LV Freewall (3) Mmmmms = = = ==

ng Frank-Starling

-50% (" BaseLine N( +50%
304
© © ©
S S 801 S 1201
c c c
2 2 2
g 15 g g
P = 401 ~ 601
2 2 2
< < <
0 T ! 0 T | 0 T !
0 200 400 0 200 400 0 200 400
Time (ms) F) Time (ms) G ) Time (ms)
< 0.157 — 0.8, -
A 0 'n
S E s E s 51-2‘
[} (4] ()
2< o s< . 8<
© «© . ©
S .5 S .S 5 .s 0.6
s 2 5 2 b 5 2
g 2005 gR ; 2R o
c S c £ 0 < S
g2 2 2
0 200 400 0 200 400 0 200 400
I ) Time (ms) J ) Time (ms) K) Time (ms)
1.14
S 2 2
L L L
Q [2] Q
2 2 °
7] 7 177
o o o
2 o 2
'S w ('S
0.9 T ] T ] T )
0 Ti 20? ) 400 0 Ti 20? ) 400 0 Ti 20? ) 400
ime (ms ime (ms ime (ms
\_ J L

2011 Niederer et al. Cardiovasular Res.




Role of the Frank-Starling Mechanism
On Active Tension Synchrony
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' Characteristics of LVAD Support
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LVAD Residence Times
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J, Lee, P. Beighley, E. Ritman, N.P. Smith Medical Image Analysis, 2007
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