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No	rela-onships	to	disclose	
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Propor-on	of	complex	CRT	substrates	



Khairy P et al. PACES/HRS Expert Consensus Statement on the Recognition and Management of Arrhythmias 
in Adult Congenital Heart Disease. HeartRhythm Journal 2014 



Pathophysiology	

•  More	complex	than	just	dyssynchrony	
–  Intrinsic	myocardial	dysfunc-on	

•  Subop-mal	myocardial	fiber	arrangement	
•  Decreased	myocardial	perfusion	reserve	
•  Contrac-le	disparity	rather	than	ac-va-on	delay	

– AV	valve	regurgita-on	
– Fontan	physiology	

•  May	prevent	reverse	remodeling	



Is	this	dyssynchrony	good	for	CRT?	

•  Look	at	QRS	morphology	and	dura-on	
– Conduc-on	delay	within	the	failing	ventricle!	

•  Do	I	need	an	ECHO	study?	
– Yes	for	all	atypical	substrates	

•  Degree	of	pathologic	remodelling	
•  Exclusion	of	scars	
•  Confirma-on	of	mechanical	dyssynchrony	

•  What	ist	the	golden	parameter	to	look	at?	
– None,	put	all	pieces	together	



Where	is	the	sweet	pacing	spot?	

•  Site	of	late	ac-va-on	
– Electrical	

•  Surface	ECG	(BBB	QRS	morphology)	
•  Intra-opera-ve	ac-va-on	mapping	

– Mechanical	
•  Echo	–	speckle	tracking	

– Should	be	concordant	



Lead placement by mechanical/electrical 
activation mapping 

RVFW 

Mechanical TV 

HLHS, st.p. BCPA and TV replacement 
Failing dyssynchronous RV due to 

RBBB 

Materna et al. HeartRhythm J. 2014 

Late activation at the right ventricular free wall 

q-RV =160 ms 

RV free wall 



Studies	on	CRT	in	systemic	RV	

Motonaga, KS  et al. Circulation 2014 



Resynchronizing	the	single	ventricle	

Cecchin F et al. JCE 2009;20:58-65 



Studies	on	CRT	in	single	V	

Motonaga, KS  et al. Circulation 2014 



Single-site pacing in fusion with intrinsic activation 



•  N=11	
–  SV	(+	rLV)	=	6	
–  SV	(-	rLV)	=	1	
–  BiV	=	4	

•  Cineangiographic	assessment	of	long	axis	and	short	axis	
dyssynchrony	

•  CRT	response	=	53.8	%	

• In patients with long axis dyssynchrony (regardless of LV) the leads 
should be placed at furthest sites in the longitudinal RV direction. 
• In patients with short axis dyssynchrony and rudimentary LV the leads 
should be placed laterally on opposite sides of both ventricles. 

To prevent the delay in the contraction of both ventricles and swinging 
motion of the blood flow between ventricles during systole 
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Long term CRT response

Non-responders
Responders

P = 0.060 

      Systemic LV      Systemic RV or SV 

Responders (15/30 = 50 %): 

Systemic LV = 9/12 

Systemic RV or SV = 6/18  

Long-term	outcome	of	pa-ents	with	congenital	heart	disease	
undergoing	cardiac	resynchroniza-on	therapy	

Peter	Kubuš	(1),	Jan	Rubáčková	Popelová	(2),	Jan	Kovanda	(1),	Kamil	Sedláček	(3),	Jan	Janoušek	(1)	

•  N=30	
•  Age	at	CRT	implanta-on:	median	12.9	(IQR	6.5-18.2)	yrs		

•  Follow	up:	median	9.0	(IQR	4.5-11.4)	years	on	CRT	



Tes-ng	of	CRT	effect	prior	to	implanta-on	

•  May	play	a	role	in	difficult	substrate	

(in systemic RV) 

Janousek J et al. JACC 2004 



Therrien J, Am J Cardiol 2005 
Oosterhof T, Circulation 2007 
Henkens IR, Ann Thorac Surg 2007 
Baumgartner H et al. EHJ 2010 
Kutty S et al. J Am Soc Echocardiogr 2008 

•  Decreased	probability	of	RV	reverse	remodeling	amer	PVR		
–  RVEDV	>150	to	170	mL/m2		or	RVESV	>	82	to	90	mL/m2	
–  RV	EF	≤45%	
–  QRS	≥160	ms!	

•  PVR	alone	may	not	lead	to	RV	myocardial	performance	
normaliza-on	
•  Myocardial	fibrosis?	
•  Dyssynchronopathy?	

Resynchronizing	the	pulmonary	RV?	
RBBB	is	by	far	the	most	frequent	
dyssychrony	pasern	in	CHD!	



Before	CRT	
RBBB,	QRS	200	ms	

Amer	CRT	
QRS	140	ms	



Before	
•  RV:	EDV/ESV	212/172	ml/m2,	EF	19	%	
•  LV:		EDV/ESV	80/46	ml/m2,	EF	41	%	

6	months	a5er	
•  RV:	EDV/ESV	141/87	ml/m2,	EF	38	%	
•  LV:	EDV/ESV	63/28	ml/m2,	EF	56	%	

Exercise	stress	tes-ng	-	V02	max:	21,0	(before)							30,4	ml/kg/min.	(6	mos	of	CRT)	
NYHA	II								I	



SHORTENING	 STRETCH																																					

SSF	=	0.003	SSF	=	0.180	

Contrac-on	efficiency	increased	by	RV-CRT	
Systolic	stretch	frac-on	calcula-on	

Kovanda J et al., HRS meeting 2016 

N=22 



Can	we	Really	Resynchronize	the	Single	
Ventricle	or	(Systemic)	Right	Ventricle?		

•  Yes,	at	least	some	
–  If	in	doubt,	check	acute	CRT	response	(dP/dt)	
–  Other	myocardial	pathologies	may	decrease	CRT	effect	

•  Impact	on	mid/long-term	survival	unknown	
–  Long-term	follow-up	data/registries	needed	

•  Preliminary	results	seem	to	open	a	space	for	
pulmonary	RV-CRT	

•  Terminal	heart	failure	associated	with	dyssynchrony	
–  CRT	vs	Mechanical	support	vs	HTx	lis-ng	vs	Decreased	
likelihood	being	transplanted	(adult	single-V	pa-ents)	



How precise do we have to place the leads?  

Helm RH, Circulation 2007 

42 % of LV free wall 

28 % of LV free wall 

17 % of LV free wall 

Percentage of max. CRT response related to area of lead placement 


