
Several randomized controlled trials conducted in about 3800 patients have 
built the evidence for the use of cardiac resynchronization therapy in heart 
failure patients. Apart few exceptions such as CONTAK-CD study and PATH-
CHF II study, all studies have included patients in advanced heart failure, New 
York Heart Association functional class III-IV, significantly reduced left 
ventricular ejection fraction and QRS duration above or equal 120 ms. The 
vast majority of patients were in sinus rhythm and about 50% of the patients 

l t t d ith i l t bl di t d fib ill twere also treated with an implantable cardioverter-defibrillator.
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The effects of CRT on reverse remodeling are remarkable and extensive. Here 
is one of the many studies – the MIRACLE trial - showing that CRT induces a 
significant reduction of both left ventricular end-diastolic and end-systolic 
volume resulting in a large increase in left ventricular ejection fraction and 
reduction of left ventricular mass. Although differences in reverse left 
ventricular remodeling between patients with ischemic and non-ischemic 
cardiomyopathy have been consistently reported, this difference however was 

t t l t d i l diffnot translated survival difference.
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Indeed, our data showed that when left ventricular ejection fraction increased 
at least 6 absolute points, there was no difference in survival of patients with 
ischemic or non-ischemic etiology.  Of note, the change in left ventricular 
ejection fraction at 6 months predicted long-term (mean follow-up time about 3 
and half year) survival. In this study, however, it was not possible to distinguish 
whether a different survival existed in those patients who had impressive 
change in left ventricular ejection fraction, >= 11 abolute points, compared to 
th th h h d i i f t l t 6 b l t i tthe other who had an in increase of at least 6 absolute points.
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The 4 largest prospective randomized controlled trials conducted in heart 
failure patients which had mortality and/or hospitalization as primary end-point 
consistently showed that CRT had a very large and significant reduction in the 
total number of deaths, hospitalization rate and use of i.v. medications 
(inotropics, vasodilators, and diuretics). The hazard ratio of all these studies 
varied between 0.58 and 0.69 indicating a reduction of combined events of at 
least 35% to 40% in favor of CRT.
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The impressive reduction of yearly mortality rate observed in prospective 
randomized controlled trials has been recently confirmed in the comparative 
analysis of the mortality rate in the Multicenter Longitudinal Observational 
Study (MILOS). There was great similarity in the patient characteristics of the 4 
centers participating to the MILOS study; more importantly, the yearly all-
cause mortality observed in the MILOS trial was 8%, thus being consistent 
with mortality rate of both COMPANION and CARE-HF study. MILOS study 

h i th t th lt bt i d i li i l d i d t ll d t diemphasizes that the results obtained in clinical randomized controlled studies 
are reproducible in daily practice. 
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Although atrial fibrillation is frequently present in functional class NYHA III-IV, 
only one prospective randomized controlled study – the MUSTIC-AF study –
has addressed this important group of patients. However, the results of the 
study were quite disappointing. Indeed, on both intention-to-treat analysis and 
efficacy analysis the effect of biventricular pacing was nearly indistinguishable 
from conventional right ventricular pacing.
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In contrast, a recent meta-analysis using data collected in observational trials 
as well as in the MUSTIC-AF study included 367 atrial fibrillation patients and 
797 sinus rhythm patients. The meta-analysis showed that both all-cause 
mortality and changes in left ventricular ejection fraction were of similar 
magnitude in patients with sinus rhythm or with atrial fibrillation. However, 
there was some heterogeneity in respect to changes in left ventricular ejection 
fraction.
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In this respect, the data presented by Gasparini and our group showed that, in 
order to obtain a similar degree of reverse remodeling and change in exercise 
capacity in patients with atrial fibrillation as those in sinus rhythm, ablation of 
the atrioventricular junction should be performed. Indeed, although a good 
resting heart rate was successfully obtain with pacemaker programming and 
antiarryhthmic drugs in all atrial fibrillation patients in whom no ablation was 
performed, this was apparently not enough. Indeed, only 100% continuous 
bi t i l i hi d b bl ti f t i t i l j tibiventricular pacing, as achieved by ablation of atrioventricular junction, was 
able to significantly improve functional, reverse remodeling, and survival 
outcome.
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All these results represented the clinical evidence on which guidelines have 
been issued.

Clinical practice guidelines for cardiac resynchronization therapy (CRT) have 
recently been updated by both European and American scientific societies. 
These are largely consistent with respect to Class I and IIa recommendations. 

For the first time, these guidelines have included two new groups of heart 
failure patients: patients with chronic atrial fibrillation and patients in whom 
frequent dependence on ventricular pacing is anticipated. Whilst these 
guidelines share common ground, there are also important differences. 
Prominent amongst these is that European guidelines distinguish between the 
l l f id f th t t f CRT A f CRT P ( i l ) d Blevels of evidence for the two types of CRT: A for CRT-P (pacing only) and B 
for CRT-D (with implantable cardioverter-defibrillator back-up).  This peculiar 
situation has arisen as a result of the lack of randomized, controlled, head-to-
head comparisons of CRT-P and CRT-D. I will comment in a few moments on 
this apparent contradiction.

Another important difference relates to atrial fibrillation: while US guidelines 
consider CRT appropriate for patients with atrial fibrillation without distinction 
between paroxysmal, permanent or persistent, European guidelines 
recommend CRT only in patients with chronic atrial fibrillation  who also 
undergo atrioventricular junction ablation. 
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The analysis of the mode of death in the COMPANION study showed that time 
to heart failure for both CRT-P and CRT-D was significantly longer than optimal 
medical therapy. In contrast, time to sudden cardiac death was longer only in 
those patients treated with CRT-D; patients treated with  CRT-P showed no 
difference to best medical therapy. This result however conflicted with data 
from the CARE-HF study  
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In the CARE-HF study, the probability of sudden cardiac death in CRT patients 
was extremely low. These intriguing findings  indicated that CRT-P alone may 
be able to significantly reduce sudden cardiac death. 
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Although a prospective randomized study comparing CRT-P and CRT-D is still 
missing so that the dilemma whether to use one or the other device remains, 
in the MILOS registry there are however indirect observation that suggest that 
CRT-D is probably better than CRT-P. The probability of dying suddenly was in 
general extremely low and close to that observed in the CARE-HF study. 
However, because the MILOS registry included patients who were treated with 
CRT-P due to lack of device with CRT-D capabilities, the yearly sudden death 

t 2 5% d t h t f il ti t h i l t d hrate was 2.5% compared to heart failure patients who were implanted when 
CRT-D device were available. In this latter group of patients the yearly sudden 
death rate was about 40 times less. As in the COMPANION study, heart failure 
rate was similar in CRT-D and CRT-P patients.
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Patients with Class IV symptoms of heart failure with prolonged QRS duration 
and optimal lead placement may return to Class III status or better for both 
function and survival, at which point prevention of sudden death again 
becomes a relevant goal.

Information on Class IV patients is limited because only 10% of the almost 
4000 patients in resynchronization trials have had Class IV symptoms In the4000 patients in resynchronization trials have had Class IV symptoms. In the 
COMPANION trial, there were Class IV patients for whom resynchronization 
improved QOL and reduced rehospitalization and mortality; however, these 
patients were stable at home before study entry and may not represent typical 
Class IV patients. Even in this selected group, there was no difference in 2-
year survival between CRT patients with and without the defibrillator feature.

In patients with Class IV symptoms in whom resynchronization is inadequate 
to restore clinical stability, the presence of a defibrillator often complicates the 
impending transition to end-of-life care.

There is however the issue of the precise prediction of which patient will p p p
remain in functional class IV and which patient will receive significant benefit 
from CRT.
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As we know from all randomized controlled studies, about one third of the 
patients continue to be symptomatic after CRT. As one example, the data from 
MIRACLE study showed that about 5% of the patients remained in functional 
class IV and about 35% remained in functional class III after CRT. 

One of the frequently quoted reason for the lack of improvement after CRT is 
the fact that some heart failure patients despite the fact they present a QRSthe fact that some heart failure patients, despite the fact they present a QRS 
duration above 120 ms, do not present mechanical dyssynchrony. 
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Several echocardiographic methods have been proposed to evaluate 
mechanical dyssynchrony and they have brought up the idea that only when 
mechanical dyssychrony is present and detectable by an echocardiographic 
technique the response to CRT is significantly superior to those observed in 
patients without mechanical dyssynchrony. Only recently a prospective, 
multicenter, observational controlled study – the PROSPECT study – has been 
conducted. Patients included in this trial underwent extensive 

h di hi i ti i l di lti l i l ll d dechocardiographic examination including multiple, simple, as well as advanced 
echocardiographic techniques for detecting mechanical dyssynchrony.
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The study had as primary outcome a clinical composite end-point and 
significant reduction in reverse remodeling. Multiple secondary end-points 
were also selected. The basic idea of the study was that in those patients in 
whom mechanical dyssychrony was detected the clinical composite score and 
the amount of reverse remodeling should be much higher than those patients 
without mechanical dyssynchrony.
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Against any expectation, there was no echocardiographic parameter which 
scored better than any other. Overall the presence of single mechanical 
dyssynchrony added little to clinical composite end-point. Although there was a 
trend towards a higher frequency of patients with significant reverse 
remodeling when mechanical dyssynchrony was present, all indexes equally 
perfomed. This study questioned the real value of echocardiographic 
evaluation of mechanical dyssynchrony in heart failure patients candidate to 
CRTCRT.
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For this reason, the conclusion of a recent report from the American Society of 
Echocardiography Dyssynchrony Writing Group was that patients who meet 
accepted (electrocadiographic) criteria for CRT should not have therapy 
withheld because of results of an echocardiographic Doppler dyssynchrony 
study. This view is shared by guideline committee members who did not 
include dyssynchrony in the latest reccomendations.
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Although both COMPANION study
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and CARE-HF studies showed that all subgroups of these prospectively 
randomized trials equally benefited of CRT,
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There are some specific situations in which the value of CRT is still unclear. 
Among the others, these four listed clinical situations are probably the most 
common and important ones which deserve more attention. 
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Patients with left bundle branch block is the largest group of patients usually 
treated with CRT. About 20% of heart failure patients candidate to CRT shows 
a right bundle branch block QRS complex. The question was whether this 
latter group of patient equally benefited of CRT. The data collected in the 
COMPANION study suggested that patients with RBBB tend to have less 
survival benefit than patients with RBBB. Because patients with right bundle 
branch block usually have different electrical activation sequence, it is entirely 

ibl th t “ ti l” CRT i b ti l i th ti t Alt ti lpossible that “conventional” CRT is suboptimal in these patients. Alternatively, 
these patients may be sicker than patients with left bundle branch block.
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This hypothesis is apparently substantiated by findings of a small, non-
controlled, observational trial by Fantoni et al. These authorse showed that 
patients with right bundle branch block have more frequently severe coronary 
artery disease, larger left and right ventricles, higher pulmonary pressures and 
resistance, and capillary wedge pressure. 
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Aged patients are usually underrepresented in randomized controlled trials, but 
they represent a significant, and growing proportion of heart failure patients. 
This slide shows, for example, that the mean age of patients included in the 
MIRACLE trial, the COMPANION study, and the CARE-HF study are 
significantly lower than the mean age of heart failure patients usually admitted 
in US hospitals.
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As shown in this slide, although there was a trend toward less benefit in 
patients older than 75 years compared to younger patients, still there was an 
advantage to treat aged patients with CRT.
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Similarly, the survival rate of both young and aged patiens treated with CRT 
however seem to be similar.
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As far as the type of device is concerned, we should note that the incremental 
cost per year of quality of life gained varies significantly depending from the 
age at starting the treatment and longevity of the device. Although both CRT-P 
and CRT-D have a very low incremental cost per QALY gained compared to 
optimal drug therapy, it is obvious that the use of CRT-D versus CRT-P is 
characterized by a significant hypothetical and never tested incremental cost 
per QALY gained. Moreover, if the device has a longevity of 5 years rather 
th th t d 7 th i t l t i ifi tl ithan the expected 7 years, the incremental cost significantly increases, 
whereas even if device longevity increases one year there is little reduction.
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Patients with diabetes represent about one quarter of all patients treated with 
CRT. As shown by these data, although patients with diabetes had less 
reverse remodeling and lower increase in peak oxygen consumption, the 
survival was impressively similar.
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In the CARE-HF study this observation was confirmed by a post-hoc analysis. 
As shown in this slide, both diabetic  and nondiabetic CRT patients had a 
similar frequency of death from any cause or unplanned hospitalization for a 
cardiovascular event of worsening heart failure.
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Finally, interaction between renal failure and heart failure in CRT patients has 
received little attention so far. Most of the published data are pointing toward a 
worse prognosis of CRT patients with renal failure.
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The importance of renal failure on top of presence of mechanical dyssychrony 
evaluated by magnetic resonance imaging and presence of posterolateral scar 
in CRT patients has been recently shown. Leyva et al. have created a 
multiparametric score which included several clinical and laboratory  variables. 
These authors showed that only each of these 3 variables could significantly 
impact survival of CRT patients, the strongest one being location of a 
posterolateral scar. If this data will be confirmed in the future, it is very likely 
th t t i di ti t CRT ill b d d At th ti ththat our current indication to CRT will be amended. At the same time, the use 
of CRT in several new patient populations are currently evaluated and 
probably extension of the indication to functional class II patients is the new, 
upcoming indication. 
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Until that point, however we should continue to use and to consolidate 
currently available guidelines. As shown in my presentation, there is currently 
no contraindication to treat aged, multi-morbidity (diabetes, renal failure, etc.) 
by CRT. In rare circumstances however, it possible to diverge from these 
recommendations. This is a always a clinical decision which should be 
however shared with the patient and his/her family.
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