
HAL Id: hal-01386922
https://hal.inria.fr/hal-01386922

Submitted on 9 Nov 2016

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Rapid estimation of 3D ventricular activation from
electroanatomic mapping

Simone Pezzuto, Peter Kalavsky, Mark Potse, François Regoli, Maria Luce
Caputo, Giulio Conte, Tiziano Moccetti, Frits W. Prinzen, Angelo Auricchio,

Rolf Krause

To cite this version:
Simone Pezzuto, Peter Kalavsky, Mark Potse, François Regoli, Maria Luce Caputo, et al.. Rapid
estimation of 3D ventricular activation from electroanatomic mapping . Cardiostim EHRA Europace,
Jun 2016, Nice, France. �hal-01386922�

https://hal.inria.fr/hal-01386922
https://hal.archives-ouvertes.fr


TITLE	
Accurate	estimation	of	3D	ventricular	activation	from	electroanatomic	mapping	

AUTHORS	
Pezzuto	S.,	Kalavsky	P.,	Potse	M.,	Regoli	F.,	Caputo	M.L.,	Conte	G.,	Moccetti	T.,	Prinzen	F.W.,	Auricchio	A.,	
Krause	R.	

AFFILIATION	
-	Center	for	Computational	Medicine	in	Cardiology,	Institute	of	Computational	Science,	Università	della	
Svizzera	italiana,	Via	Giuseppe	Buffi	13,	6904	Lugano	
-	Fondazione	Cardiocentro	Ticino,	Via	Tesserete	48,	6900	Lugano	

ABSTRACT	
Purpose		Heart	failure	patients	are	often	affected	by	a	ventricular	conduction	disorder.		Accurate	
characterization	of	the	tridimensional	(3D)	activation	sequence	of	the	ventricles	is	fundamental	for	an	
effective	personalized	therapy.		Electroanatomical	mapping	provides	the	activation	times	at	the	
endocardium,	with	limited	coverage	due	to	anatomical	constraints.	Our	aim	is	to	develop	a	robust	tool	to	
generate	a	complete	3D,	biventricular	activation	map	from	a	limited	number	of	endocardial	measurements.	

Method		In	6	candidates	to	cardiac	resynchronization	therapy	a	high	density	endocardial	activation	map	of	
the	right	and	left	ventricle	was	obtained.	High	resolution	propagating	activation	was	simulated	in	patient-
tailored	anatomical	heart	models	using	the	anisotropic	eikonal	equation	and	realistic	fiber	orientation.	
Subsequently,	the	mean	square	error	between	the	measured	and	simulated	activation	times	was	
minimized	by	varying	early	activation	site(s)	and	local	anisotropic	conduction	velocities.	

Results.		A	close	correlation	was	achieved	between	the	simulated	and	measured	activation	time	for	a	single	
patient	(Panel	A)	while	detailed	3D	activation	maps	were	achieved	(panel	B	and	C).	In	all	cases,	the	optimal	
parameters	were	identified	within	few	minutes	and	the	full	activation	sequence	was	computed	in	less	than	
2	seconds.	A	0.9	to	0.95	Pearson	correlation	between	measured	and	simulated	activation	times	was	
obtained	in	all	cases.	The	mathematical	formulation	is	flexible	in	terms	of	the	number	of	activation	sites	
and	a	possible	delay	between	them,	in	order	to	mimic	the	presence	of	a	partially	working	Purkinje	network.

	

Conclusion Our	methodology	is	able	to	generate	in	a	clinically	affordable	computational	time	(few	minutes)	
reliable,	patient-specific,	fully	volumetric	activation	map	of	both	ventricles	using	a	local	workstation	or	a	
laptop.	


