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Why	are	we	interested	in	studying	cardiac	dynamics	?	

Cardiac	diseases	are	among	the	leading	causes	of	death	and		
we	should	understand	beKer	all	the	mechanisms	associated	with	them.	



The	heart	is	a	double	muscular	pump	



Cardiac	conduc1on	system	and	its	rela1on	with	the	ECG	



Composi1on	of	the	heart	at	the	cellular	level	

“Integrated	Heart	-	Coupling	mul1scale	and	mul1physics	models	for	the	simula1on	of	the	cardiac	func1on”	
A.	Quarteroni,	et	al.	,	May	2016.	Computer	Methods	in	Applied	Mechanics	and	Engineering	314	

Intra-cellular	

Extra-cell	

The	electrical	ac1vity	is	due	to	the	ion	transport	across	the	cell	membrane		



The	heart	is	a	mul1physics	and	mul1scale	system	

“Integrated	Heart	-	Coupling	mul1scale	and	mul1physics	models	for	the	simula1on	of	the	cardiac	func1on”	
A.	Quarteroni,	et	al.	,	May	2016.	Computer	Methods	in	Applied	Mechanics	and	Engineering	314	



Normal	electric	ac1vity	may	be	disrupted	by	failures	in	the	
propaga1on	of	the	ac1on	poten1als	

(Keener y Panfilov (1995)) 

Tachicardia	->	Ventricular	fibrilla1on	



One	common	type	of	arrhythmia	is	atrial	fibrilla1on	(Afib)	

“Integrated	Heart	-	Coupling	mul1scale	and	mul1physics	models	for	the	simula1on	of	the	cardiac	func1on”	
A.	Quarteroni,	et	al.	,	May	2016.	Computer	Methods	in	Applied	Mechanics	and	Engineering	314	

Healthy	 Afib	



One	of	the	clinical	solu1on	to	Afib	is	to	ablate	the	re-entry	
circuit	and	essen1ally	the	PVs	

“M.	Nuñez	Garcia,	Ph.D.	thesis,	UPF,	2018”	

~30%	of	the	abla1on	procedures	will	fail	(Afib	presents	a7er	1	year	follow-up)	



System	used	prior	to	abla1on	to	map	the	pa1ent	le7	atrium	
Rhythmia	system	(Boston	scien1fic)	

Ac1va1on	1me	mapping,	
and	bipolar/unipolar	voltage	mapping	are	acquired		
(~20	min/pa1ent)	
The	data	are	saved	in	a	readable	Matlab	format	for	analysis	

64	electrodes	



Anatomical	mesh	of	the	Le7	Atrium	

Note:	Green	dots	indicate	the	“Mask”	that	is	the	loca1on	of	the	Pulmonary	veins	(PV).	
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~10,000	ver1ces	per	map	



Bipolar	Voltage	Maps	(Matlab)	

mV	

X	(mm)	 Y	(mm)	

Z	(mm)	

Bipolar	measurements	reduce	SNR	with	respect	to	unipolar	measurements	!	



‘close-up’	of	the	geometry	of	the	LA	

In	this	case,	e.g.,	the	total	surface	consists	of	18,546	triangles	(faces)	and	9,275	ver1ces.	
Note:	Not	all	triangles	have	the	same	area	!!	



Remainder	of	basic	geometry		

Ver1ces	A,	B	and	C	define	the	triangle	area.	

At	each	ver1ces	we	have	the	corresponding	

voltage	𝜙.	So	we	can	compute	easily	the	

average	voltage	on	each	triangle.	The	average	

voltage	on	the	en1re	surface	is	the	weighted	

average	of	the	local	voltage.	
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histograma de las areas de los triangulosTriangle	area	histogram	

Compute	the	total	Area	of	the	LA	
#	of	triangles	forming	the	total	surface	
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histograma de los potenciales Voltage	histogram	

Average	poten1al	on	the	LA	

Average	voltage	on	each	triangle	



Atrial	appendage	
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Voltage	histograms	(bipolar	recordings)		
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histograma de los potenciales 

 

 

D8; slope=−1.434 (0.1381) ; R2=0.6921

D4; slope=−0.9279 (0.0344) ; R2=0.938

D2; slope=−0.3715 (0.0128) ; R2=0.9465

D3; slope=−0.2394 (0.0149) ; R2=0.8455

Voltage	histogram	linear	interpola1on	



Quan1ta1ve	values	for	the	4	examples	

File	 NV	 NF	 Area	
(cm^2)	

	
				(mV)	

Slope	
(mV^-1)	

R^2	 	
			(mV)	

	
(mm^2)	

D2	 15148	 30292	 215.15	 2.2293	 -0.3715	
(0.0128)	

0.9465	 2.2331	
(2.7616)	

0.7103		
(0.2051)	

D3	 1307	 2610	 20.18	 4.4067	 -0.2394	
(0.0149)	

0.8455	 4.442	
(4.1126)	

0.7734		
(0.2426)	

D4	 8971	 17938	 182.82	 0.5557	 -0.9279	
(0.0344)	

0.938	 0.537		
(0.8706)	

1	
(0.38)	

D8	 9275	 18546	 185.26	 0.2244	 -1.434	
(0.1381)	

0.6921	 0.2216		
(0.3331)	

1	
(0.37)	

Numbers	in	parentheses	in	the	table	indicate	standard	errors	or	std.	



We	studied	98	pa1ent	maps	(prior	to	abla1on)	

Working	hypotheses:	
1)  Low	voltage	areas	correlate	with	scar	1ssue	areas	(see	LGE-MRI	studies)	
2)  Scar	1ssue	(fibrosis)	is	prone	to	generate	re-entry	(arrhythmogenic	substrate)	
3)  Heavily	damaged	LA	is	more	suscep1ble	to	lead	to	“redo	procedure”	(probability)	

à	Average	poten1al	and	slope	are	two	“electrical”	biomarkers	of	the	LA	!	



Main	results	of	the	map	analysis	

Results:	
Both	mean	voltage	(Vm)	and	Vslope	are	predictors	of	AF	recurrence	a7er	abla1on	!	
29/98	pa1ents	showed	AF	recurrence	 Recurrence	of	AF	

No 	 	 	Yes(29/98)	



Conclusion	and	Perspec1ves:	
The	average	poten1al	and	the	slope	are	good	predictors	for	a	repeat	procedure	at	one	year		
(persistent	Afib.).			More	complicated	sta1s1cs	are	currently	being	tested.		

ß	Regional	sta1s1cs	UPF	
	
Geodesic	distance	in	the	
ac1va1on	1me	map	à	
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