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IniFal	epicardial	pacing	allows	to	defer	transvenous	
implantaFon	to	a	significantly	higher	age			

Kubuš	P	et	al.	Europace	2011	

(N=119,	period	1977–2009)	

Epicardial	pacing	survival	according		
to	implantaFon	era	



Variable	in	model	 LV	EF	≥55	
%	

LV	EF	<55	%	 p-value	 Odds	raFo	(95%	CI)	

Male	gender	 36·1	%	 54·1	%	 0·086	 0·45	(0·18-1·12)	
Congenital	AV	block	 73·6	%	 80·5	%	 0·972	 0·98	(0·29-3·35)	
Maternal	autoanFbodies	 41·1	%	 49·3	%	 0·103	 0·37	(0·11-1·23)	
Age	at	implantaFon	[years]	 4·24	(4·46)	 4·69	(4·83)	 0·323	 0·94	(0·82-1·07)	
LVA	and	LVLat	pacing	 29·2	%	 4·7	%	 0·018	 8·26	(1·46-47·62)	
DDD	pacing	 45·8	%	 50·6	%	 0·455	 1·50	(0·52-4·33)	
Pacing	duraFon	[years]																					5·88	(3·78)	 6·64	(4·30)	 0·425	 0·95	(0·84-1·08)	
QRS	duraFon	[ms]	 149	(22)	 158	(23)	 0·593	 0·99	(0·97-1·02)	

Factors associated with preservation of LV function (LV EF ≥55 %) 

Circulation 2013;127:613-623 





Minimal	invasive	ASD	surgery	



What	do	we	have	right	now?	

•  Current	thoracoscopic	techniques	
–  Invented	mainly	

•  For	epicardial	lej	ventricular	CRT	leads	
•  For	epicardial	ICD	leads	in	children	

– Clinical	experience	–	adults	
– Animal	studies	mimicking	pediatric	implantaFon	



Human	studies	



Le;	ventricular	apical	pacing	in	children	–	feasibility	and	long-
term	effect	on	ventricular	funcIon	

	Kovanda	J.,	Janousek	J.,	Lozek	M.,	Kubus	P.	
	

•  N=36	paFents	with	CAVB	
– spontaneous	(N=22)	
– surgical	(N=14)	
– 18/22	spontaneous	CAVB	–	subxiphoid	approach	

• Weight	median	10.4	(2.7	-34.0)	kg	

Accepted	for	AEPC	2017	



Ann	Thorac	Surg	2013	



Ann	Thorac	Surg	2013	



JACC	2014	



Ann	Thorac	Surg	2009;87:1234	–9	

•  N=7	
•  Median	age	5	yrs	
•  Median	weight	14			
(8-46)	kg	

•  Small	subxiphoid	
incision	



Animal	studies	



Heart	Rhythm2016;13:1096–1104		

•  8/7	piglets	(3-4	kg)	
•  Prototype	bipolar	ICD	leads		

–  4-F	lumenless	lead	body	
–  3-cm	long	defibrillaFon	electrode	
–  Side	epicardial	fixaFon		

Minimally	invasive	

Open	surgical	



Ann	Thorac	Surg	2013	

5	piglets,	weight	4-5	kg	



Where	may	be	the	(bright?)	future?	

•  Leadless	epicardial	micropacemaker	
•  OptogeneFc	pacing	
•  Human	biological	pacemakers	



Cardiovascular	Engineering	and	Technology	(	2017)	





2012	hESC-CMs	 iPSC-CMs	

hESC-CMs	

iPSC-CMs	

AcFvaFon	spikes	and	
repolarizaFon	waves	 The	chronotropic	response	The	mean	beat	rate	



Nature	Biotechnology	2017	



Can	we	avoid	thoracotomy/
sternotomy?	

•  Yes	we	can	
– Hardware	not	yet	opFmized	
– SubopFmal	epicardial	pacing	leads	for	
thoracoscopic	implantaFon	

•  Future	developments	may	completely	change	
the	way	we	are	approaching	cardiac	pacing	



JACC	–	CE	2015	

6	dogs,	5	swines	



Human	biological	pacemakers	

•  Transfer	of	pacemaking	genes	to	the	heart	
•  ImplantaFon	of	exogenous	pacemaking	cells		
•  CombinaFon	of	gene	and	cell	therapies	
•  Human	induced	pluripotent	stem	cell–	derived	
cardiomyocytes	
–  human	somaFc	cells	such	as	hair	follicles	or	skin	cells	
are	reprogrammed	to	become	pluripotent	stem	cells	
and	are	differenFated	into	cardiomyocytes	

–  allows	the	creaFon	of	pacemaker	cells	from	a	
paFent’s	own	Fssue	


