
QuickOpt	(SJM)	
IEGM-based	

SmartDelay	(BSc)	
IEGM-based	

SonR		(Sorin)	
metodo	emodinamico	

AdapBve	CRT	(Mdt)	
IEGM-based	

ECOguidata	
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NON-Responders	in	CRT:	ancora	un	problema	

Daubert	JC	&	al.	Heart	Rhythm	2012	(CRT	consensus	document)	



Adapted	from:	
“Insights	from	a	CRT	OpBmizaBon	Clinic	as	Part	of	a	HF	Disease	Management	Program”.	
Mullens	W	&	al,	JACC	2009:53;765-73	

n	=	400	pz	HF	tra0a1	con	CRT:	
	

n	=	75	pz	iden1fica1	come	NR		

AVD		
NON-oCmizzato	

		



	OCmizzazione	programmazione	device	

•  Ridurre	percentuale	non-responder	
	
•  Cosa?	

– 2	momenF:	
•  Diastole	(A-V)	
•  Sistole	(V-V)	

•  Come?	
– 2	metodi:	

•  Ecoguidata	
•  Algoritmi	device-based	

		



OCmizzazione	diastolica	(AVD)	nei	pz	BAV/CRT:	
Approcci	e	Metodi	

Antonini	L	&	al.,	
Europace	2012	
(background	&	
	criBcal	review)	

FORMULE	(predefinite)	

Metodi	ITERATIVI	





E	 E	 E	

A	 A	 A	

Long	AVD	 Short	AVD	Appropriate	AVD	

CAZEAU	S.	Heart	2000;84:579	

ASINCRONIA	ATRIO-VENTRICOLARE	
Metodo iterativo basato sul DFT 



OCmizzazione	diastolica	(AVD)	nei	pz	BAV/CRT:	
Approcci	e	Metodi	

Antonini	L	&	al.,	
Europace	2012	
(background	&	
	criBcal	review)	





	Calcolo	stroke	volume	con	VTI	
aorFco	

•  Obtain	Pulsed	Wave	Doppler	
of	LVOT	with	several	
different	sequen<al	
ventricular	intervals	

•  Select	the	largest	VTI		
•  CSA	is	assumed	constant,	

therefore	varia<ons	in	SV	is	
based	on	VTI	alone	

pre	

Post-CRT	



		

Beneficio clinico non chiaro 



Metodiche	ecocardiografiche	
	•  Miglioramento	emodinamico	in	ACUTO,	ma	risultaF	

controversi		a	lungo	termine	
	
•  Limitazioni:	

–  variabilità	inter/	intra-operatore	
–  bassa	riproducibilità	
–  oCmizzazione	in	specifiche	condizioni	in-Lab		
					(a	riposo)	
–  non	possibili	valutazioni	ripetute	nel	tempo	(Bme	and	

resource-consuming)			

				⇒	limite	alla	loro	applicabilità	nella	praBca	clinica	



OTTIMIZZAZIONE		dei		parametri		CRT:		
		LG	ESC	2013	(Pacing	&	CRT)	

(SMART-AV),79 Optimization Study Using the QuickOpt Method
(FREEDOM)76 and Adaptive CRT trials.81

Biventricular pacing vs. left ventricular pacing alone
Biventricular pacing is the most common mode of delivering CRT.
However, several studies have demonstrated the non-inferiority of
LV pacing alone. The Bi vs. Left Ventricular Pacing: an International
Pilot Evaluation on Heart Failure Patients with Ventricular Arrhyth-
mias (BELIEVE) trial randomized, to biventricular- or LV pacing, 69
HF patients in NYHA functional class II– IV, QRS duration
≥130 ms, LBBB and LVEF ≤35% who fulfilled the criteria for ICD im-
plantation.84 After 12 months of follow-up, LV pacing induced similar
improvements in clinical status, exercise capacity and LV dimensions
and function, compared with biventricular pacing. These results were
further confirmed in the recent Biventricular vs. LEFT Univentricular
Pacing with ICD Back-up in Heart Failure Patients (B-LEFT) HF trial,
which randomized 176 CRT-D recipients to biventricular or LV
pacing.85 A meta-analysis of pooled data collected from 574 patients
has shownthatLVpacing induced similar improvements in6-min walk
distance, quality of life, NYHA functional class and peak oxygen con-
sumption, compared with biventricular pacing. However, in terms of
echocardiographic endpoints, biventricular pacing tended to induce
larger improvements in LVEF and reductions in LV volumes, com-
pared with LV pacing.86 The results of the multi-centre, double-blind,
crossover Evaluation of Resynchronization Therapy for Heart Failure
in Patients with a QRS Duration GREATER Than 120 ms (GREATER-
EARTH) trial showed that LV pacing was similar to biventricular

pacing in terms of improvement in exercise capacity, LV function
and volumes and N-terminal pro-B type natriuretic peptide circulat-
ing levels.87 Moreover, a respective 21% and 17% of patients who did
not respond clinically or echocardiographically to biventricular
pacing, responded to LV pacing mode. Finally, a recent meta-analysis
of five randomized trials for a total of 372 patients randomized to
biventricular pacing and 258 to LV-only pacing showed that, in
patients with moderate-to-severe HF, these two pacing modalities
did not differ with regard to death/heart transplantation or need
for hospitalizations.88

Clinical perspectives:

† The usual (standard) modality of CRT pacing consists of simultaneous
biventricular pacing (RV and LV) with a fixed 100–120 ms AV delay
with LV lead located in a posterolateral vein, if possible. This practice
is largely empirical. However, AV and VV delay optimization has
limited effect on clinical or echocardiographic outcomes in CRT recipi-
ents. Current evidence does not strongly support the performance of
AV and VV optimization routinely in all patients receiving CRT.

† LV pacing alone, in non-pacemaker-dependent patients, seems to be
non-inferior to biventricular pacing for improving soft endpoints
(quality of life, exercise capacity and LV reverse remodelling) and
might be considered, to lower the costs and complexity of the procedure
and to increase the longevity of the device. LV pacing alone seems par-
ticularly appealing in children and young adults (see section 4.3).

† Additional trials are needed in order to determine the real value of
multiple-site LV pacing.

Table 13 Summary of current evidence for CRT optimization

Parameter Standard 
(current practice)

CRT optimization
(compared to standard)

References

LV lead position Posterolateral • Avoid apical
• Target latest activated area

less hospitalization for HF)

70–72
73

AV delay Fixed empirical AV 
interval 120 ms
(range 100–120 ms)

• Echo-Doppler: shortest AV delay without 
truncation of the A-wave (Ritter’s 
method) or change in LV systolic function

• Uncertain or mild (one small RCT and 
several observational positive)

74

• Device-based algorithms
(SmartDelay, QuickOpt)

• Uncertain (two RCTs negative) 76, 79

VV delay Simultaneous BiV • Echo: residual LV dyssynchrony • Uncertain or mild (one RCT showed 
mil

77

• Echo-Doppler: largest stroke volume • Uncertain (one RCT negative, one 
controlled positive)

78, 80

• ECG: narrowest LV-paced QRS; difference 
between BiV and preimplantation QRS

• Unknown (no comparative study) 75

• Device-based algorithms (Expert-Ease, 
Quick-Opt, Peak endocardial acceleration)

• Uncertain (three RCTs negative) 76, 82, 83

LV pacing alone Simultaneous BiV n.a. Non-inferior 84–88

AV ¼ atrioventricular; BiV ¼ biventricular; CRT ¼ cardiac resynchronization therapy; DTI ¼ tissue Doppler imaging; HF ¼ heart failure; LV ¼ left ventricular; n.a. ¼ not available;
RCT ¼ randomized controlled trial; VV ¼ interventricular delay.
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Brignole	M	et	al.-	ESC	Pacing/CRT	Guidelines.		EHJ	2013;34:2281-329	

Raccomandazioni		Fepide:	beneficio	clinico	“incerto”	o	“lieve”			





StrumenF	device-based	per	oCmizzare	AVD	/	VVD	
Luna1	M	&	al.	
JAFIB	2014	Aug/Sep	
Vol.	7(2)	

QuickOpt	(SJM)	
IEGM-based	

SmartDelay	(BSc)	
IEGM-based	

SonR	(LivaNova-Sorin)	
Metodo	Emodinamico	

AdapBve	CRT	(Mdt)	
IEGM-based	



QuickOpt	
(SJM)	

SmartDelay	
(BSc)	

AdapFve	CRT	
(Mdt)	

OCmizzazione		
AVD	

Solo	@	RIPOSO;	
Paced	&	sensed	

Solo	@	RIPOSO;	
Paced	&	sensed	

RIPOSO	e	ESERCIZIO	
Paced	&	sensed	

OCmizzazione	VVD	 OK	 OK	 OK		
(LV	synchro	opp.	BiV)	

@	visita	FU		
(In-clinic)	vs.	
AUTOMATICO		
(“ambulatory”)	

In-clinic	
(@	visita	FU)	

In-clinic	
(@	visita	FU)	

AutomaFca	

Outcome	dai	trial:	
SICUREZZA	

OK	 OK	 OK	
		

Outcome	dai	trial:	
EFFICACIA	

ONm	CRT	@	visita	FU	
NON-	INFERIORE		
alla	praFca	clinica		
CCS		a		1Y	(FREEDOM)	

ONm	CRT	@	visita	FU	
EQUIVALENTE		a	
programm.		ECO-guidata	
o	empirica,	
struSuralmente	&	
funzionalmente	a	6M	
(SMART-AV)	

Approccio	Adap<ve-CRT			
NON-INFERIORE	ad	
approccio	pacing	BiV	Eco-
oCmizzato			
CCS	a	6M	
(AdapFve-CRT)	

OCmizzazione		con	metodo	ELETTRICO	(IEGM)	⇒	
NON-inferiorità		vs.	metodi	ecoguidaF	



Quick	Opt		



Metodi	di	oCmizzazione	basaF	su	EGM	(QuickOpt,	SJM)	
FREEDOM	trial:	disegno/obieCvi	



ALL	randomized	pts	 ALL	pts	who	strictly	followed	the	protocol	

%	of	pts	CLINICALLY	IMPROVED	@	12M	FU	
	

Packer’s	endpoint:		
all-cause	death	/	HF	events	/	NYHA	/	QoL	

Metodi	di	oCmizzazione	basaF	su	EGM	(QuickOpt,	SJM)	
FREEDOM	trial:	RISULTATI	ad	1	anno	di	FU	(n	=	1644	
pz)	





Metodi	di	oCmizzazione	basaF	su	EGM	(Smart-AV,	BSc)	
SMART-AV	trial:	disegno	/	obieCvi	



Metodi	di	oCmizzazione	basaF	su	EGM	(Smart-AV,	BSc)	
SMART-AV	trial	(n	=	980	pz):	rimodellamento	LV	a	6M			

•  LVESV	e	LVEF:	trend	a	favore	dell’	AVD	
oNmizzato	(eco	o	algoritmo)	vs.	AVD	fisso,	
nonostante		le	p	=	ns	

	
•  Questo	studio	era	suffic.	POTENZIATO	per	dare	
risulta<	significa<vi	?	

•  Gli	assun<	sta<s<ci	erano	correN	?	





Metodi	di	OCmizzazione	basaF	su	EGM	
Algoritmo		AdapFve	CRT	(Mdt)	
Assunto	FISIOPATOLOGICO	dell’algoritmo:	
nei	pz	con	true-LBBB	(con	fronte	d’aNvazione	RV	spontaneo),	un	pacing	“LV-sincrono”	è	
un’opzione		raccomandabile		alterna<va		al	pacing	standard	BiV	

KEY	elements	of	the	“AdapFve	CRT”	
algorithm:	
	

1.	evalua<on	of	intrinsic	conduc<on	
	

2.	determina<on	&	update	of	pacing	configura<on:		
	-	LV	or	BiV		
	-	AV	delays	(p/s)	
	-	VV	delay	

Krum	H	&	al.	Am	Heart	J	2012	





Outcome	@	6M	FU:	

	
Sicurezza	&	

NON-INFERIOR
ITA’	clinica	vs.	e

cocardio	

Metodi	di	OCmizzazione	basaF	su	EGM	
Algoritmo	AdapFve	CRT	(Mdt):	outcome	@	6	mesi	



Birnie D & al. Heart Rhythm 2013 

Sub-analisi Adaptive-CRT:  
“synchronized LV pacing” 

OBJECTIVE  
To examine whether synchro-LVP resulted  
in better clinical outcomes. 
 

METHODS  
Stratification by % synchro-LVP and 
multivariate Cox proportional hazards 
model used to assess the relationship 
between % synchro-LVP and clinical 
outcomes. 
 

Outcomes were compared between pts in 
the Adaptive-CRT arm and control pts  
stratified by intrinsic AVD at randomization 

Conclusion 
 

Higher % synchronized-LVP was independently 
associated with superior clinical outcomes.  
 

In pts with normal AV conduction, the Adaptive-CRT algorithm 
provided mostly synchronized-LVP and demonstrated better 
clinical outcomes compared to echo-optimized BiV-pacing 

Ad-CRT arm 

Subgroup with normal  
AV conduction (both arms) 



OCmizzazione	AUTOMATICA	su	base	emodinamica:		
la	tecnologia	SonR	

Sacchi	S	&	al	(Univ.	Careggi,	Florence,	Italy).	Hemodynamic	Sensors	in	Cardiac	Implantable	Electric	Devices:	
The	Endocardial	Accelera1on	Technology.	J	Healthcare	Eng.	2013;4:453-64	







Algoritmo	SonR:	riprogrammazione	automaFca	seCmanale		
dei	ritardi	AV/VV	(su	base	emodinamica)	

Sacchi	S	&	al	(Univ.	Careggi,	Florence,	Italy).	Hemodynamic	Sensors	in	Cardiac	Implantable	Electric	Devices:	
The	Endocardial	Accelera1on	Technology.	J	Healthcare	Eng.	2013;4:453-64	



Tecnologia	SonR:	studio	pilota	CLEAR	

n	=	268	pz	(51	Centri,	8	Paesi)	inclusi	dal	2005	al	2009;	
Endpoint	Clinico	Combinato	(Packer’s):	All-cause	Death,	HF	events,	NYHA	class,	QoL	

n	=	268	

n	=	238	

n	=	100	 n	=	99	

Rieer	P	&	al.	A	randomized	pilot	study	of	CRT	opBmizaBon	in	SR	pts	using	a	PEA	sensor	vs	standard	methods.	Europace	2012.	

•  RS,	qualsiasi	eziologia	
•  NYHA	III/IV	
•  LVEF<35%	
•  LVEDD≥30	mm/m2	

•  QRS>150	ms,	opp.	

				QRS>120	ms	+	diss.	mecc.	

•  Terapia	medica	odmale	



| 

Delta	[12M	vs	BL]:	PEA	vs	Controls	
	

	-	BNP 	p	=	0.5045	
	-	QRS 	p	=	0.5475	
	-	LVEF 	p	=	0.8482	
	-	LVESD 	p	=	0.5475	

	

Adverse	Events	(Fatal	&	Non-Fatal):	
	NO	significant	differences	(PEA	vs	Controls)	

Conclusions:	

Rieer	P	&	al.:		A	randomized	pilot	study	of	CRT	opBmizaBon	in	SR	pts	using	a	PEA	sensor	vs	standard	methods;		Europace	2012.	

Studio	pilota	CLEAR:	endpoint	1-ari	&	2-ari	

0% 
10% 
20% 
30% 
40% 
50% 
60% 
70% 
80% 
90% 

100% 

CCE	Packer	 Alive	&	No	HFH	 Alive	 No	HFH	 NYHA	impr.	 QoL	impr.	

PEA	

Controls	

p	=	0.0285	 p	=	0.0020	
p	=	0.5891	 p	=	0.4737	 p	=	0.9734	 p	=	0.42	

76%	

62%	

83%	

64%	
SonR	(n=100)	
	
Controls	(n=99)	



| 

IMPLANT 
Paradym SonR CRT-D &  SonRtip 

(0-7 days post enrollment) 
SonRtip Complications 

Echocardiographic assessment 
sonR Optimization 

CRT Optimization = AV+VV 
Vital Signs, Standard Device Check, 

SonRtip Complications 

 

Echocardiographic assessment 
Echocardiographic Optimization CRT 

Optimization = OFF 
Vital Signs, Standard Device Check, 

SonRtip Complications 
 

 

PREDISCHARGE / 
RANDOMIZATION (2:1) 
(0-14 days post implant) 

 

 

3M / 6M / 12M / 18M FOLLOW UP 
Standard Device Check 
Mortality, HF-related 

Hospitalizations, NYHA, QOL 
SonRtip Complications 

 
  
 
 

 

ENROLLMENT 
Baseline : NYHA, QOL 

n = 1032 

6W FOLLOW-UP 
Vital Signs, Standard Device Check 

SonRtip Complications 

 

6W FOLLOW-UP 
Vital Signs, Standard Device Check 

SonRtip Complications 

 

3M / 6M / 12M / 18M FOLLOW UP 
Standard Device Check 
Mortality, HF-related 

Hospitalizations, NYHA, QOL 
SonRtip Complications 

 
  
 
 

 24M FOLLOW UP 
Standard Device Check 

Mortality, HF-related 
Hospitalizations, NYHA, QOL 

SonRtip Complications 
 
  
 
 

 

24M FOLLOW UP 
Standard Device Check 

Mortality, HF-related 
Hospitalizations, NYHA, QOL 

SonRtip Complications 
 
  
 
 

 Each 6M until Study End  
(US only) 

Standard Device Check 
SonRtip Complications 

 
  
 
 

 

Each 6M until Study End 
 (US only) 

Standard Device Check 
SonRtip Complications 

 
  
 
 

 

Study End 

OUS OUS 
US US 

VVI 40 

SonR 
Group 

(treatment) 
n=688 

Echo Group 
(control) 
n = 344 

2/3	 1/3	Study	Design		
(n	=	1032	pz)	
	
Endpoint	1-ario:	
Combinato	Clinico	
di	Packer	@	12M	

Clinical TRial of thE SonRtiP Lead and  
Automatic AV-VV OptimizatioN Algorithm  

in the ParaDym RF SonR CRT-D 

clinicaltrials.gov ID: 
NCT01534234  
(sponsor: SORIN Group) 

OTTIMIZZ.	SETTIMANALE	
(automaBca,	SonR-based)	

dei	ritardi	AV	/	VV	

NO	ri-ogmizzazioni	
dei	ritardi	AV	/	VV	

durante	il	FU	

Ad	ogni	visita	di	FU:	
	

Valutazione	
in	CIECO:	

classe	NYHA,	
QoL	(KCCQ),	
evenF	clinici,	
terapia	medica	
}	 {	

Brugada	J	.	(HRS,	2016)	
		

SINGOLA	OTTIMIZZAZ.	
AVD	/	VVD	con	ECHO	
@	PRE-DIMISSIONE	

NO	ri-ogmizzazioni	
dei	ritardi	AV	/	VV	

durante	il	FU	



•  L’ottimizzazione automatica con SonR è risultata efficace quanto 
l’ottimizzazione ecoguidata (responders 75% vs 70.4%): 

     L’end-point primario efficacia è stato centrato. 
 
 
•  Per la maggior parte dei sottogruppi è stata riscontrata risposta clinica a 

favore di SonR, specialmente nei pazienti con storia di fibrillazione atriale 
o disfunzione renale. 

 
 
•  L’ottimizzazione SonR guidata ha mostrato una riduzione di rischio 

relativo del 35% relativamente all’ospedalizzazione per scompenso 
cardiaco.  

 

Conclusioni:	



Follow-up	pz	CRT: 	effeN	dell’	oCmizzazione	
	 	 	 	 	 	 	(…	e	della	sua	frequenza)	

Rif:			CoorB	storiche	CRT,		FREEDOM,		Smart-AV,	
	AdapBve	CRT,		CLEAR	,	RESPOND-CRT	

		
		
 
•  OCmizzazione		CRT	à	beneficio	emodinamico	in	acuto	
	

•  OCmizzazione	 	 con	 	 device	 	 al	 	 FU	 (IEGM)	à	 beneficio	 clinico		
sovrapponibile	al	metodo	ecocardiografico	

	

•  OCmizzazione	 	 automaFca	 (IEGM/SonR)	 à	 beneficio	 clinico	
superiore	in	soSogruppi	di	pazien<	seleziona<	

	

	

Frequenza	di	
odmizzazione	
crescente	



		
			

Conclusioni	
•  	 L’	 oNmizzazione	 della	 programmazione	 dei	 disposi<vi	 per	
CRT,	 comportando	 il	 miglioramento	 	 sia	 della	 diastole	 che	
della	 sistole,	 	 possiede	 i	 presuppos<	 	 teorici	 per	 produrre	
beneficio	clinico	

• Seppure	 i	 benefici	 in	 acuto	 dell’	 oNmizzazione	 	 con	 	metodi	
ecocardiografici	 	 	non	siano	sta<	conferma<		nel	lungo	periodo	
e	non	sia	 	sostenibile	 	ricorrere	ad	essa	 	sistema<camente	 	nel	
FU	 (limi<	 di	 tempo/risorse)	 	 la	 scelta	 	 di	 	 non	 oNmizzare		
potrebbe		non	essere	ragionevole	

	
• Essendo	 aSualmente	 	 disponibili	 	 sistemi	 	 di	 oNmizzazione		
“device-based”	 meno	 <me-consuming	 ,	 alcuni	 anche	
automa<ci	e	in	grado	di	lavorare	sistema<camente,	per	i	quali	è	
stata	 dimostrata	 la	 non	 inferiorità,	 se	 non	 addiriSura	 la	
superiorità	 in	 termini	 di	 beneficio	 clinico	 vs	 l’	 oNmizzazione		
ECO-guidata,		perchè	non	u<lizzarli?	



Ogmizzare	la	terapia	di	
resincronizzazione	per	tug	i	pazienB…	
un	po’	meno	sogno	e	un	po’	più	realtà	


