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Biological Background: Cardiac Excitation 

 Propagating action potentials: Co-ordinated  contraction of the heart 
muscles.  

 

Heart’s Conduction Pathway [1]  



Clinical relevance: Cardiac Arrhythmias 

Cardiac Arrhythmia: Abnormal excitation of cardiac tissue 
 
Possible causes: 
•  Abnormal trigger, e.g. cells which are not in the SAN 
•  Structural damage creating a disorganised wave front of electrical 

activity 
 
Types of Cardiac Arrhythmias: 
1. Ventricular fibrillation – can  result in sudden cardiac arrest and death 
2. Atrial fibrillation (AF) 
•  Most common type of Arrhythmia 
•  Development of serious complications, e.g. stroke 
•  It affects over 10% of people over 751  

 
 

1.  http://www.nhs.uk/conditions/Atrial-fibrillation/Pages/Introduction.aspx 



Clinical relevance: Treatment of Atrial Fibrillation 

Use of Radiofrequency (RF) ablation: 
•  Done via catheter which is inserted from the femoral artery 
•  Application of Radio frequency energy to tissue so that it can no longer be 

electrically excited  
 
Paroxysmal atrial fibrillation : 
-   Pulmonary veins-  triggers of atrial fibrillation 
-  Pulmonary vein isolation- ablation around the two pairs of pulmonary veins. 



Clinical relevance: Treatment of Atrial Fibrillation 

Use of Radiofrequency (RF) ablation: 
•  Done via catheter which is inserted from the femoral artery 
•  Application of Radio frequency energy to tissue so that it can no longer be 

electrically excited  
 
Persistent Atrial Fibrillation- common factors: 
•  Structural changes, e.g. fibrosis, hypertrophy 
•  Electrical remodelling, e.g. shortening of the refractory period  
 
Atrial Ablation Strategies: Pulmonary Vein Isolation is not sufficient, additional 
ablation required 



Clinical relevance:  Persistent Atrial ablation strategies 

Persistent Atrial ablation strategies- combination of 
• Anatomical location- e.g. PVI isolation 
• Simple vs. complex electrograms 

Limitation of strategies of AF ablation: 
-     Difficulty in determining optimal ablation locations 
-     More ablation carried out than necessary 
-      Loss of contraction 
-      Atrial ablation has a success rate of less than 40% for Persistent AF 1 

1 Cheema, A. et al. (2006). Long-term single procedure efficacy of catheter ablation of atrial fibrillation. Journal of Interventional 
Cardiac Electrophysiology 



Clinical relevance:  Persistent Atrial ablation strategies 

IDEA: 
 

NUMERICAL MODELLING CAN HELP 
INFORM ABLATION STRATEGIES 



 

 
 
 
 
 
Stimulate atrial model using electrophysiological model, e.g. 
Courtemanche  

Background: Generation of patient specific geometry 



 Register the de-MRA (contrasted) image onto the MRA geometry 

 
 
 
 
 
 
 Project intensity onto Surface Geometry 
 

Validation of model: 1.  Generation of patient specific 
geometry 



Atrial Excitation in the Clinical Software 



Isotropic excitation in Nektar ++ : 15,000 elements 



Post processing using Nektar++ Utility 



Clinical Geometry 

MRI geometry 



Probed Electrogram Points 

NavX Geometry MRI geometry 



Fibre orientation required to more accurately model anisotropy of action 
potential propagation. 
 
 

Validation of model: 2 . Reference geometry-fibre 
orientation 



Map landmark points on reference geometry onto patient specific geometry 
 
 

Validation of model: 3. Map fibre orientation onto 
patient specific geometry 



Anisotropy with Fibre Direction in Nektar ++  



Anisotropy with Fibre Direction in Nektar ++  



Modelling Atrial Wall Thickness 



Atrial Architecture 



Slice Fibre Directions 



Choosing an Example Domain 



Smoothing the data 
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Example Simulation 


