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Programming and Follow-up of CRT 



No	relaEonships	to	disclose	



LV regional circumferential strain: εcc min-max during ejection 

Dyssynchronous heart failure is a problem of contraction efficiency and energy loss 

CRT should maximally improve the myocardial energetic bilance 



Clustered	dyssynchrony		
due	to	temporal	acEvaEon	delay	

Kass DA, JACC 2008 

Clustered 

Helm RH et al.,Circulation 2005 

Amenable to CRT 



Dyssynchrony	amenable	to	CRT	

300 ms 



Dispersed	dyssynchrony	
due	to	contracEle	disparity	

Kass DA, JACC 2008 Helm RH et al.,Circulation 2005 

Dispersed 

Not amenable to CRT 



Dispersed	segmental	dyssynchrony		
due	to	contracEle	disparity	

120 ms 

Often seen in idiopathic dilated cardiomyopathy with narrow QRS 



EffecEveness	of	CRT	by	QRS	Morphology	

Zareba	W	et	al.	MADIT-CRT	
trial.	Circula;on	2011	

Risk of heart failure event or death after CRT  

Non-LBBB 

LBBB 

Not just any prolonged QRS but a specific electrical activation delay 
within the systemic ventricle is the indication for CRT!   



Circulation. 2013; 127:873-881 

Time to first hospitalization 
for heart failure 

Polar map of left ventricular contraction 
CRT off CRT on 



NEJM 2013 

Death from any cause or hospitalization for heart failure 

Death from any cause 

Echo-CRT study 

Conventional indication criteria met 
• NYHA III-IV 
• QRS<130 ms 
• Echo signs of dyssynchrony 



Look	at	ECG	first!	
•  CRT	is	based	on	correcEon	of	an	electrical	
acEvaEon	delay	within	the	failing	ventricle	

•  Prove	its	presence!	

V1	 V6	



SAN 

AVN 

RV LV 

normal activation 

paced activation 

pacing site 

Electrical preexcitation of the electrically late activated segments 
      of the failing ventricle 

V6 



ECG	changes	
Before	CRT	
RBBB,	QRS	200	ms	

A2er	CRT	
QRS	140	ms	



MV inflow 

Parasternal M-mode 

170 ms 

500 ms 

LV ejection 

Put	the	pieces	together	



Septal to lateral delay 
300 ms 

Earliest contracting 
segment 

Latest contracting 
segment 

Put	the	pieces	together	

LV ejection 



Electrical	acEvaEon	Eme	predicEve	
of	CRT	effect	

Correlation between the extent of LV lead electrical 
delay and change in dP/dt after CRT 

(% QRS duration) Singh JP et al, HeartRhythm 2006 



Mechanical	acEvaEon	Eme	predicEve		
of	CRT	effect	

SuffoleAo	MS,	Circula;on	2006	

Lead	placement	concordant	with	latest	mechanical	
acEvaEon	carries	opEmal	CRT	response…		



TesEng	of	CRT	effect	prior	to	implantaEon	
•  May	play	a	role	in	difficult	to	reach	substrates	

–  Systemic	RV,	funcEonally	single	ventricle	

(in systemic RV) 

Janousek J et al. JACC 2004 



Resynchronizing	the	single	ventricle	
The	complete	AV	block	paEent	

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



Single-site pacing in fusion with intrinsic activation 

Resynchronizing	the	single	ventricle	
The	bundle	branch	block	paEent	



LV	vs	BiV	pacing	in	adult	idiopathic/
ischemic	heart	disease	

ContracEle	funcEon	
maximized	if:		

•  opEmal	fusion	between	
septal	wall	acEvaEon	
(intrinsic	conducEon)	
and	free	wall	acEvaEon	
(pacing)	

	

Gold MR et al. HeartRhythm 2011;8:685–69 

% improvement in LV dP/dt max according to AV delay 
LV vs BiV pacing 



Post-procedural	opEmizaEon	

•  Achieve	>98	%	of	CRT	pacing1	
–  Propper	AV-delay,	PVARP	and	UTR	se`ngs	

•  AV	and	VV	delay	opEmizaEon	
–  Current	evidence	does	not	support	AV	and	VV	
opEmizaEon	rouEnely	

–  Liale	benefit	over	a	fixed	100–120	ms	AV	delay	in	adults	
– May	play	a	role	in	non-responders	2	
–  No	clear	difference	between	automaEc	ECG	algorithms	
and	echocardiographic	methods3,4	

–  Pediatric	data?	 1Hayes DL et al. HeartRhythm 2011 
2Brignole M et al. EHJ 2013 
3Abraham WT et al., Am Heart J 2012 
4Martin DO et al., HeartRhythm 2012 



JCE 2016 

•  ProspecEve,	pediatric,	single-center	cross-over	trial	
comparing	ECHO	and	ECG	opEmizaEon	(N=19)	

•  OpEmal	synchronizaEon	
–  ECG	=	shortest	QRSD	
–  ECHO	=	lowest	dyssynchrony	index	by	Essue	Doppler	

•  Endpoints	
–  ejecEon	fracEon,	velocimetry-derived	cardiac	index,	quality	of	life,	

ECHO-derived	stroke	distance,	M-mode	dyssynchrony,	study	cost,	
Eme	

•  Conclusion	
–  ECHO	opEmizaEon	not	superior	to	ECG	
–  ECG	opEmizaEon	required	less	Eme	and	cost	





PaEents	

•  Children´s	Heart	Centre,	30	consecuEve	pts	
–  structural	CHD	(N=28),	congenital	AV	block	(N=2)	
–  systemic	ventricle:	lem	(N=12),	right/single	(N=18)	

•  CRT	implantaEon	(2002	–	2014)	
–  primary	=	11,	upgrade	from	convenEonal	pacing	=	19	
–  transvenous	=	3,	thoracotomy	=	19,	mixed	=	8	
–  addiEonal	cardiac	surgery	=	13/30	

•  Age	at	CRT-P	implantaEon:	median	12.9	(IQR	6.5-18.2)	yrs		

•  Follow	up:	median	9.0	(IQR	4.5-11.4)	years	on	CRT	
–  Ventricular	funcEon	
–  Exercise	capacity	
–  NT-proBNP	



•  CRT	response	definiEon	
–  	increase	in	systemic	ventricular		

•  EF	(Simpson	biplane,	systemic	LV)	or	
•  fracEonal	area	of	change	(FAC,	systemic	RV/SV)	by	>10	
points	and		

– ≤	NYHA	class	at	the	end	of	FUP	
•  Actuarial	survival	probability	

–  	5	and	10	years	amer	CRT	implantaEon	

Methods	



Results	(I)	
Freedom from cardiovascular death or heart failure hospitalization 
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Sudden cardiac death = 3 
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Results	(II)	
Freedom from CRT complications leading to surgical system revision
(elective generator replacement excluded) or therapy termination 
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Surgical revision = 3 
Pacing system extraction (infection) = 1  
CRT termination (exit block) = 5 



Results	(III)	
Overall probability of an uneventful therapy continuation
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Results	(IV)	

Ejection fraction/fractional area of change
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P < 0.001 
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Results	(VI)	
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Long term CRT response

Non-responders
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P = 0.060 

      Systemic LV      Systemic RV or SV 
Responders (15/30 = 50 %): 

Systemic LV = 9/12 

Systemic RV or SV = 6/18  



Cases	



A	paEent-tailored	approach	

•  To	adapt	to	the	variety	of	structural	and	
funcEonal	condiEons	in	congenital	heart	
disease	



JCE 2004 



PACE 2009 





Pre-procedural mechanical activation mapping 

RVFW 

Mechanical TV 

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

Heart Rhythm 2014;11:2303–2305)  



Peri-procedural electrical activation mapping 

Late activation at the right ventricular free wall 

q-RV =160 ms 

Search for latest local electrical activation during baseline rhythm 

RV free wall 



Lead placement according activation mapping 

RV free wall 

RV apex 

RA 



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	
normalizaEon	
•  Myocardial	fibrosis?	
•  Dyssynchronopathy?	

Resynchronizing	the	pulmonary	RV?	
RBBB	is	by	far	the	most	frequent	
dyssychrony	paaern	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	a2er	
•  RV:	EDV/ESV	141/87	ml/m2,	EF	38	%	
•  LV:	EDV/ESV	63/28	ml/m2,	EF	56	%	

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


