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 Due recenti sperimentazioni prospettiche multicentriche randomizzate 
sull'insufficienza cardiaca lieve (MADIT-CRT  e REVERSE) dimostrano 
una morbilità ridotta. 

 Il 18% dei pazienti in REVERSE e il 15% dei pazienti in MADIT-CRT 
erano nella classe NYHA I alla baseline, sebbene la maggior parte di 
questi pazienti fosse stata precedentemente sintomatica. 

 Il miglioramento si è osservato principalmente nei pazienti con  
QRS ≥ 150 ms e/o LBBB tipico. 

 Nel MADIT-CRT, le donne con LBBB hanno mostrato una risposta 
particolarmente favorevole. 

 Vantaggio in termini di sopravvivenza non stabilito. 

 In MADIT-CRT l'estensione del rimodellamento inverso era 
concordante e predittiva del miglioramento nei risultati clinici. 

Pazienti con insufficienza cardiaca  
in Classe NYHA II: Punti chiave 

2010 Focused Update of ESC guidelines on device therapy in Heart Failure, K.Dickstein et al., European Heart Journal doi:10.1093/eurheartj/ehq337 



C. Linde: the REVERSE  trial 2009 

CRITERI D’INCLUSIONE E METODO 
 

Classe NYHA I-II; LVEDD>55mm; FE: <40%; RS; QRS>120ms 
 

CRT on (con o senza ICD)   vs   CRT off  (con o senza ICD) 



C. Linde 



1. N Engl J Med. 2009 Oct 1;361(14):1329-38. Cardiac-resynchronization therapy for the prevention of heart-failure events. MADIT-CRT Trial Investigators. 

2. Indicazione FDA 2010 per il sistema CRT-D COGNIS (solo USA). 

*Il blocco di branca sinistro (LBBB) non era un parametro di inclusione per la sperimentazione MADIT-CRT. È stata tuttavia rilevata un'interazione significativa tra il 
trattamento e la morfologia del blocco di branca sinistro. Ulteriori analisi hanno evidenziato che il blocco di branca sinistro (LBBB) è una discriminante oggettiva del 
beneficio assicurato al paziente dalla CRT-D indipendentemente da altre caratteristiche alla baseline. 

RISULTATI NEJM 20091 

 

Risposta notevolmente precoce nel braccio 
CRT-D – a partire dai primi 2 mesi 

 

 

 

 

 

 

 

 

ENDPOINT PRIMARIO PER TUTTI I PAZIENTI 

Riduzione relativa del 34% della mortalità per 
tutte le cause o del primo evento di 

insufficienza cardiaca (p=0,001)  

SOTTOANALISI LBBB* CON ULTERIORI 
6 MESI DI FOLLOW-UP2 

 

 

 

 

 

 

 

 

 

 
ENDPOINT PRIMARIO PER I PAZIENTI LBBB 

Riduzione del 57% della mortalità per tutte le 
cause o del primo evento di insufficienza cardiaca 

rispetto al solo ICD (p<0,001) 









Patients in atrial fibrillation 



Patients with an indication for upgrading from conventional 
pacemaker or implantable cardioverter defibrillator to cardiac 

resynchronization therapy devices 

De novo cardiac resynchronization therapy pacing in 
patients with conventional indication for anti-bradycardia pacing  

and moderate-to-severe LV dysfunction 













Loss of biventricular pacing 
 

Sustained and effective biventricular pacing is crucial to achieving  
the best results from CRT.  

 
In a recent trial involving 1812 HF pts treated with CRT, a percentage of 

biventricular pacing between 93–100% was associated with a 44% reduction in the 
composite end point (all-cause mortality and heart failure hospitalization), 

compared with a percentage of biventricular pacing between 0–92%  
(HR 0.56; P 1/4 0.00001). 

 
In a cross-sectional analysis including 80 768 patients,  

a percentage of biventricular pacing > 98% was achieved in only 59% of pts.  
For pts with < 98% biventricular pacing, the most frequent cause of pacing loss  
was inappropriately programmed long AV delay (accounting for 34% of cases) 

followed by atrial tachycardia/AF (31% of cases)  
and premature ventricular complexes (17% of cases).  

 
 

This evidence indicates that biventricular pacing has to be kept  
as close as possible to 100% 



Biventricular pacing vs. left ventricular pacing alone 
 

Several studies have demonstrated the non-inferiority of LV pacing alone.  
 

The 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%.  

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.  

 
Recently B-LEFT HF trial, which randomized 176 CRT-D recipients to biventricular  

or LV pacing, confirmed these results. 
 

 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. 

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 particularly appealing in children and young adults 







Selection of left ventricular lead position  
 

The largest delay in mechanical contraction in an HF patient with LBBB is most often 
located in the LV posterolateral region, which is therefore also the preferred location to 

place the LV lead.  
 

A subanalysis of the COMPANION trial showed that anterior, lateral and posterior 
positions of the LV lead yielded similar clinical improvements and survival benefit. 

  
The REVERSE study indicated that a lateral LV lead position was associated with 

superior results concerning reverse LV remodelling and time to death and/or first HF 
hospitalization.  

 
Data collected from the MADIT-CRT trial have demonstrated that basal or mid-ventricular 

positions of the LV leadportended superior long-term outcomes compared with apical 
positions.  

 
The TARGET trial randomized 220HFpatients to an LV non-apical lead position, 

coincident with the latest activated areas (as assessed with speckle tracking 
echocardiography) or to standard unguided LV lead position.  

The group of patients with the LV lead positioned at the latest activated areas had a 
greater proportion of echocardiographic responders at 6 months follow-up 

 (70 vs. 55%; P 1/4 0.031), more clinical responders and lower rates  
of all cause mortality and HF hospitalizations (log-rank P 1/4 0.0031). 











Pacing configurations Cathode Anode 

1 D1-M2 Distal Tip Medium 2 
2 D1-P4 Distal Tip Proximal 4 
3 D1-RVc Distal Tip Rv coil 
4 M2-P4 Mid 2 Proximal 4 
5 M2-RVc Mid 2 Rv coil 
6 M3-M2 Mid 3 Medium 2 
7 M3-P4 Mid 3 Proximal 4 
8 M3-RVc Mid 3 Rv coil 
9 P4-M2 Mid 4 Medium 2 
10 P4-RVc Mid 4 Rv coil 
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Besides, thanks to 10 possible bipolar and unipolar pacing 
configurations, it may allow to avoid phrenic nerve stimulation 
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Single left ventricular vs. multiple site 

Regarding multiple-site LV pacing, a small study including NYHA class III–IV HF patients 
in SR and LBBB demonstrated that dual-site LV pacing conferred larger acute 

haemodynamic improvements, compared with single-site LV pacing. 
 

 Two small controlled trials showed some functional benefit.  
 

Additional larger randomized trials with long-term clinical follow-up are needed in order 
to determine the real value of this pacing modality. 

 
 Similarly, endocardial LV lead positioning has been shown to provide more 
homogeneous ventricular resynchronization and larger acute and mid-term 

improvements in LV function. 
 

However, the associated thrombo-embolic and infection complications need to be 
resolvedbefore recommending this pacing modality. 

 
 Ongoing randomized trials using wireless leads will provide further evidence to this field. 





Criterio Elettrocardiografico: 
 

 QRS > 120 msec 



Reliability and Reproducibility of QRS Duration 

• Results: Significant interobserver differences (P < 0.001) were 
found between each combination of paired observers, with an up to 
50-ms absolute variability between cardiologists and low 
concordance with computerized measurements. Intraobserver 
absolute variability was also significant (P < 0.01) for the 3 
observers. These significant differences persisted (P < 0.01) when 
focusing our interest on the ECGs in the  100–140 ms range 
(defined as at least one out of the 4 measures in this range). 
Considering the 120 ms limit, 22 (27.5%) ECGs were differently 
classified by at least one of the cardiologists. We observed similar 
interobserver differences between each combination of paired 
observers with a 50 mm/s sweep speed. 

Guillebon et al. J Cardiovasc Electrophysiol, Vol. pp. 1-3, In press. 



    

Evidences from randomized clinical trials 

QRS duration (msec) 

COMPANION <  147   NO advantage 
148-168 No advantage in primary end-point 

> 168 CRT better 

CARE-HF < 160 NO advantage 
> 160 CRT better 

MUSTIC Only > 150 enrolled 

MADIT-CRT > 150 CRT better 
< 150 No advantage 

REVERSE > 152 CRT better 



Effectiveness of Cardiac Resynchronization Therapy by QRS 
Morphology in the Multicenter Automatic DefibrillatorImplantation 

Trial–Cardiac Resynchronization Therapy (MADIT-CRT) 

Circulation. 2011;123:1061-1072 



CRT in Patients with HF and Narrow QRS 
(RethinQ) trial 

Primary end point 
Proportion of patients with 
an increase in peak oxygen 
consumption of at least 1.0 
ml per kilogram of body 
weight per minute during 
cardiopulmonary exercise 
testing at 6 months. 

•Ischemic or nonischemic cardiomyopathy 
• Ejection fraction ≤35% 
• NHYA class III heart failure 
• QRS interval <130 msec 
• Mechanical dyssynchrony as measured on 
echocardiography. 



CRT in Patients with HF and Narrow QRS 
(RethinQ) trial 

CRT did not improve peak 
oxygen consumption in patients 
with moderate-to-severe HF, 
providing evidence that patients 
with HF and narrow QRS 
intervals may not benefit from 
CRT. 

Peak oxygen consumption and the 
NYHA class improved in patients in 
the CRT group with a QRS ≥120 msec. 
However, no difference was observed in 
the quality-of-life score and the 6-
minute walking test 
in either stratum. 



Criterio Clinico: 
 

Classe NYHA  



The limitations of the NYHA functional 
classification system  

    Raphael et al. Heart 2007;93:476-482 



The limitations of the NYHA functional 
classification system  

    
Raphael et al. Heart 2007;93:476-482 



Terapia Medica Ottimale 



Euro Heart Failure Survey 2003 

M. Komajda et al. European Heart Journal (2003) 

Only 17% of the population 
received the Recommended 
Triple Association: Diuretic, 
ACE- Inhibitor, Beta-blocker. 



Euro Heart Failure Survey II 2009 

M. Komajda et al. European Heart Journal (2009)    



Voigt A. et al. Clin Cardiol 2010 

Pennsylvania, USA… 



Criterio Ecocardiografico: 
 

FE < 35% 



Sugeng L et al Circulation 2006;114:654 



RENAL FUNCTION AND CRT 

    

Overall survival among CRT-D recipients stratified according to 
baseline GFR category 

ADELSTEIN ET AL. PACE 2010; 1–10. 
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