












	Wave	can		circula,on	of	pulse	in	a	ring	of	the	length	L		
if		L>R*v	(refractory	period	,mes	velocity)	



In	2D	we	obtain	a	wave	of	spiral	shape	rota,ng	around	an	obstacle	
Period	is	determined	by	the	ovstacle	size	L	and	wave	velocity	v:		T=L/v	



Period is determined by the      
refractory period R: T≅R





































Cardiac	Resynchroniza0on	Therapy	(CRT)	







Nash	and	Panfilov	PBMB	2004	



Deforma,on	induces	breakup	and	driO	of	spiral	waves		





Griffith	and	Peskin	



Griffith	and	Peskin	

Flow	in	LV	 RV	



Dynamical	anchoring	of	cardiac	
arrhythmias	
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Steep	APD	Gradient	in	the	“M-cell”	
region	of	a	non-failing	human	leO	ventricle	

Glukhov,	Circ.	Res.	2010	



Heterogeneity can create spirals  

Krinsky	1966	



High	frequency	pacing	of	a	heterogeneity	



Spiral	at	a	distance	from		a	heterogeneity	



Abrac,on	to		an	inexcitable	obstacle	(scar)	



Small	size	ionic	heterogenei,es	can	abract				rotors	

Defauw	et	al.,	Am.	J.	Physiol.	2014		



Small	size	ionic	heterogenei,es	can	abract				rotors	



FIBROSIS	and	ARRHYTHMIAS	





homogeneous	 heterogeneous	











 

Schotten U et al. Physiol Rev 2011;91:265-325 





Heterogeneity	σ	means	
fibrosis	percentage	is		
f-σ/2<fibrosis	<f+σ/2	
where	f	is	mean	fibrosis	
σ	is	heterogeneity	
	



Heterogeneity	σ	means	
fibrosis	percentage	is		
f-σ/2<fibrosis	<f+σ/2	
where	f	is	mean	fibrosis	
σ	is	heterogeneity	
		
	



Heterogeneity	σ	means	
fibrosis	percentage	is		
f-σ/2<fibrosis	<f+σ/2	
where	f	is	mean	fibrosis	
σ	is	heterogeneity	
	ALL	IS	DETERMMINED	BY		REGIONS	WITH		LARGEST	FIBROSIS	

	
	



dependency	of	the	period	on	the	mean	fibrosis		for	
different	values	of	heterogeneity		when	l	=	16	mm.	







Schotten U et al. Physiol Rev 2011;91:265-325 







MRI heart data 
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Generation of fibers 
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Fibrosis 

Gray level corresponds to 
the ratio of inexcitable tissue 

Reconstructed heart with 
the scar 

This was modeled with small inexcitable 
obstacles 



In presence of fibrosis 

Kazbanov, Vandersickel  et al., (in preparation) 



In presence of fibrosis 

Kazbanov, Vandersickel  et al., (in preparation) 



In presence of fibrosis 

Kazbanov, Vandersickel  et al., (in preparation) 



In presence of fibrosis 

Kazbanov, Vandersickel  et al., (in preparation) 

Leads V2, V3, and V4 of clinical ECGs obtained during incuction of ventricular tachicardia for two patients with scars 
in the left ventricle. First several beats until the mark "0 msec" correspond to external pacing. 
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Global	alernans	instability	
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Conclusions	
Small	sized	heterogenei,es	abract	rotors		
via	dynamical	anchoring	
	
Scars	surrounded	by	the	fibro,c	regions	abract	rotors	
	
Dynamical	anchoring	occurs	due	to	spread	of	wavelets,		
which	may	be	cause	by	the	global	alternans		instability		
	



	


