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• blood pressure is modelled as a function of the deformation

state (the ventricle cavity volume )

• windkessel model for the ejection phase

• filling and isovolumetric phases

Utilization of a Computational Cardiac 

Electromechanics for Mechano Electric Feedback
Yongjae Lee, Barış Cansız and Michael Kaliske

Institut für Statik und Dynamik der Tragwerke, Fakultät Bauingenieurwesen, Technische Universität Dresden

1 GOALS

• modelling the electromechanics of the myocardium

• generation of patient-specific heart models

• validation of the developed numerical schemes

• simulating arrhytmias and its termination

(commotio cordis and premature ventricular contraction)

2 CARDIAC ELECTROMECHANICS

3 PATIENT SPECIFIC HEART GEOMETRY

rheology for electro-visco-elasticity of the myocardium

4 NUMERICAL EXAMPLES

coupled governing equations

• the orthotrophy along fibre, sheet and normal directions

• multiplicative decomposition of total deformation into

elastic, viscous and active parts

ionic source (electrically normalized)

mechano electric feedback

purely electrical part

premature ventricular contraction induced by 

hemodynamic disturbance

Aliev & Panfilov model for excitation of the myocardium

hemodynamics of the ventricles

COOPERATION PARTNER5

• state variables

• quasi-static equilibrium

• electrical equilibrium

main steps of the virtual biventricular model generation from cMRI data

generation of patient specific heart geometry

2nd force1st force

0                  800               1600               2400               3200              4000               4800         5600              6400              7200              8000

mechanically induced fibrillation

V
o
lu

m
e
 [
m

l]
  

  
  

  
  

 V
o
lt
a
g
e
 [

-]

no cardiac output

(precordial thump)

time (ms)

0                     800                  1600                 2400                 3200                 4000               4800                 5600                 6400                 7200
time (ms)

V
o

lu
m

e
 [
m

l]
  
  
  
  
  
  
  
  
V

o
lt
a

g
e
 [
-]

PVC

premature 

excitation

EF = 62.12%      64.20 %        65.43 %        42.74 % 62.04 %        66.47 %         15.52 % 53.50 %        60.87 %

reversed

T-wave
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t = 16ms     t = 56ms     t = 94ms      t = 122ms    t = 250ms     t = 286ms t = 316ms  t = 336ms   t = 504ms

commotio cordis and precordial thump

premature ventricular contraction

normal healthy cycle

the cycle with reversed T-wave
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t= 2366 ms t= 2922 ms t= 3116 ms t= 3728 ms t= 3890 ms t= 4300 ms t= 4508 ms t= 5054 ms t= 5306 ms t= 5590 ms

t= 5796 ms t= 6038 ms t= 6272 ms t= 6448 ms t= 6638 ms t= 6644 ms t= 6666 ms t= 6728 ms t= 6848 ms t= 7218 ms

main steps of the virtual left ventricular model generation from cMRI data


