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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 Il study, all studies have included patients in advanced heart failure, New
York Heart Association functional class IlI-1V, 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
were also treated with an implantable cardioverter-defibrillator.



Reverse remodeling in CRT Pts:

Importance of etiology
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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
not translated survival difference.



LVEF change at 6 month predicts long-term

outcome independently from etiology
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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
the other who had an in increase of at least 6 absolute points.



Effect of CRT on Death,

Hospitalization, and i.v. Medications
Hazard Ratio
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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
emphasizes that the results obtained in clinical randomized controlled studies
are reproducible in daily practice.



Table 2 Results of intention-to-trear analysis
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Although atrial fibrillation is frequently present in functional class NYHA IlI-1V,
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.



All-cause mortality
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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.



Effect of Ablation and CRT in HF
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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
biventricular pacing, as achieved by ablation of atrioventricular junction, was
able to significantly improve functional, reverse remodeling, and survival
outcome.



Device Therapy for Advanced HF:
Cardiac Resynchronization Therapy
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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 | and lla 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
levels 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. | 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.



Mode of Death in COMPANION

Time to Heart Failure Death - Time to Sudden Cardiac Death
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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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e Definite: witnessed sudden unexpected collapse with docu-
mented arrhythmia (classified as “arrhythmic™);

e Probable: witnessed sudden unexpected collapse without docu-
mented arrhythmia (classified as “unknown but probably
arrhythmic™): and

e Possible: unwitnessed sudden unexpected death (classified as
“unknown cause but known mode of death™) in the cardiovas-
cular category.

Uretsky et al. J Cardiac Fail 2008

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.



Mode of Death in CRT-D and CRT-P
| Patients (n=1298): The MILOS Registry
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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
rate 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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Effect of CRT on Time to SCD or to HF

Death in Stable NYHA 1V 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 Il 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 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
remain in functional class IV and which patient will receive significant benefit
from CRT.
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No reliable criteria to predict clinical
responders
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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 Ill 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 QRS
duration above 120 ms, do not present mechanical dyssynchrony.
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PROSPECT study: Selected

echocardlographlc methods and cut-offs
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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
echocardiographic examination including multiple, simple, as well as advanced
echocardiographic techniques for detecting mechanical dyssynchrony.
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PROSPECT study:

End-points

Primary outcome Responder defined as

Clinicol Composite Score “improved” ot 6 months

LVESY Atleast 15% decrease ot 6 months

Secondary outcome Responder defined as

NYHA doss Decrease in NYHA ot 6 months by of least one class

6-minute hall wolk At least 10% improvement ot & months or any
distance ot & months if walked zero ot boseline

MN LWHF Quality of Life At least 9-point decrease of 6 months

LV end diastolic volume At leost 15% decrease of 6 months

LV end systolic dimension Any decrecse of 6 months

LV end diastolic dimension Any decrease at 6 months

LV mass Any decrease at 6 months

LVEF At least 5% increase at 6 months

Mitral regurgitation Decrease in severity on the basis of mitral regurgitation
area as a percentoge of ek atrial area) ot 6 menths

Myocordial performance index Any decrecse ot 6 months

MN LWHF, Minnesota Living ‘With Heart Failure.

Chung et al. Circulation 2008

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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Predictive Value of Echo Dyssynchrony
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Chung et al. Circulation 2008

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
CRT.
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ASE Expert Consensus Statement:

Conclusion

Echocardiography for Cardiac Resynchronization
Therapy: Recommendations for Performance and
Reporting-A Report from the American Society of
Echocardiography Dyssynchrony Writing Group
Endorsed by the Heart Rhythm Society

Tobn G 0, Th Abrah: Bl Agler en | T, MDD,

CLINICAL PRACTICE AND REPORTING

Although a number of echocardiographic dyssynchrony methods
discussed have suggested superiority to ECC QRS width for predict-
ing response to CRT, evidence from large-scale clinical trials and
current practice guidelines do not include an echocardiographic
Doppler dyssynchrony study for patient selection.'” Accordingly,
this writing group currently does not recommend that
. patients who meet accepted criteria for CRT should have
therapy withheld because of results of an echocardio-

graphic Doppler dyssynchrony study.'’

JASE 2008

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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' Specific situations

Patients with RBBB
Aged patients

Patients with diabetes

Patients with chronic renal failure

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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Is CRT delivery suboptimal in these patients ?
Are these patients sicker ?

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
possible 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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RBBB vs LBBB

TABLE 1
Clinical and Hemodynamic Data of Patients with Right Bundle Branch Block and Lefi Bundle Branch Block
AN Patients (T00) Tatients with RBED (6) Tatients with LEBE (94) T Value
Gender (M/F) 74126 R 69/25 ns.
Age (vears) 62+ 10 654 6211 s,
Etiology (CAD/DCM) 38/62 M 3361 < (.03
NYHA class (v 96/4 42 9272 < (L001
Ejection fraction (%) 2+7 1738 B+7 < (L03
Peak VO2 (mifkg/min) 1384 36 126444 139436 ns.
Rhythm (SRIAF) Be/l4 ] BO/14 ns.
Mean heart rate (bpm) T4+ 15 BOL 19 T3+ 14 < (L0
PR interval (ms) 189 + 26 208 &+ 25 188 £ 25 n.s.
QRS duration {ms) 158 £ 22 150 £ 22 158 £22 15,
LVEDD (mm) 67£9 67£7 689 s
PA systolic pressure (mmHg) ELE T 5012 T4 < (L4
PCW mean pressure (mmHg) 1249 13£6 1249 n.s.
Pulmonary resistance (WL ot 16 47+ 13 15+ 16 <0007
Left ventricle (mmHg)
, Systolic pressure 104 + 20 100 + 26 104 + 20 s,
Diastolic pressure 7 I8£5 [E] <0.04

Fantoni et al. JCE 2005

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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RCTs and Registry (Age Issue)

MIRACLE COMPANION CARE-HF Piccini et al.

(2002) (2005) (2005) (2008)
Age 64 66 67 71
Gender (W) 32% 33% 26% 31%
Race (W/B/I) 90/NA/NA NA NA 82/12/3
Diabetes NA 40% 25% 16%
CAD 50% 55% 67% 57%
LVEF 0.22 0.22 0.25 0.25
QRS 167 ms 160 ms 160 ms NA

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.



s Comparison of end point after 6
eSSl months in young and aged patients

Variahle Age <65 Age 65-75 Age 575

CRTON CRT OFF P value CRTON CRT OFF P value CRTON CRT OFF P valoe
NYHA clms 0844074 A48 £0T] =0.001* ~0.78£0.79 A9£0.70 onoe ~0.TR+071 04074 0.004*
LVEF (%) 5234784 1384632 «<0.001* 20848.00 0,756,775 0o 4034887 0584476 0.008*
fmin ball walk {m) 51.9+11756 4455611964 0.33 3764+120.58 26,45+ 1006 042 45.76:4129.7, 30 14£13255 048
MLHFQ score -21.58+23.17 -122:4.20 =0.001* -15924244 13142072 035 ~16.44+21.08 ~11.84£25.99 04
Peak VO2 {mbkg/min) 1004357 0294135 0,097 1334294 0.204250 o007* 0.404265 0404293 099
Exercise time (sec) RO.57+193.01 225417501 oo 696718682 29817621 0006 29.184£15226 -17.93£1983% 020
LVESV (mL) 426747028 1.57457.08 <0.001% 227745793 35180 <0.001* 17.68:456.45 0.86441.71 .06
LVEDV imL) -39,73470.90 =327 460,03 <0.001* -21.93463.67 5414513 oooe -14.5364.78 0.30+51.338 (AL
LVESD {mam) ~0.744092 <0 B3 0,66 =0.001* ~0.08£0.70 .16 £0.64 055 ~0,254081 “006 £ 0,64 032
LVEDD {mm) 0,45+0.76 00036 £0.67 <0.001* ~0.088+0.62 0.1240.58 059 =0, 164062 0. 124054 082
ORS dumation {msec) 1736431 49 36243406 <0001*  -1873+37.02 ~7.02431.66 0O0T* <13.79430.78 ~7.58433.46 024

Compared with comtrols, patients from all dwee age groups whose CRT was activated had statistically significant improvements in NYHA class and LV gjection fraction

MNHFQ minnesota living with hean faikure quality of life score, 02 oxygen consumption, LVEDY kefi venricular end diastolic volume, LVESD Icfi venmicular end systolic dismeter, LVEDD
lefit ventricular end diastolic dismeter

*P<0.035

Kron et al. J Interv Cardioll 2009

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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Effect of Starting Age and Device

Longevity on Cost per QALY — Base case
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~*+=CRT+MTvs MT  =*=CRT+ICD+MT vs CRT + MT ~*~ CRT+ICD+MT vs MT

Freemantie N. on behailf of CARE-HF Investigators

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
than 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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= Diabetes and CRT

CARDIOCENTROTICING

pVO,(mL/Kg/min) ©
I+ 5

Event-free survival (death, LVAD, urgent HTX)

P03

Fantoni et al. EHFJ 2008

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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Diabetes and CRT

Diabetic patients Mondiabetic patients P (interaction
Medical Medication + Medical Medication + between CRT
Outcome therapy CRT therapy CRT and diabetes)
n 101 106 303 303
End points
Death from any cause or 64 (63.4) 43 (40.6) 160 (33.0) 116 (38.3) 0.39

unplanned hospitalization for a
cardiovascular event
Death from any cause or 54(53.5) 35(33.0) 137 (5.4 83(274) 091
unplanned hospitalization with
worsening heart failure
Other serious adverse events
Myocardial infarction 30 (29.7) 43 (40.6) 100 (33.1) 106 (35.0) 0.24
Stroke, transient ischemic attack (3.0 3(2.8) 6(2.0) 3(Lo) 0.55

Diabetes Care 2007

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.



1 DSC index <3 (3/83 [4%])
HR: 30.5 (9.15 to 101.8), p<0.0001

DSC index 3 to 5 (9/30 [30%])
HR: 111 (3.00 to 41.1), p=0.0003

2 DSC index 25 (25/35 [71%])

Survival from cardiovascular death

o Log rank p <0.0001

0 250 500 750 1000 1250 1500 1750 2000 2250
Time (days)

B coefficient (95% Cl) HR (95% CI) Zscore  p

Posterclateral scar location 2.50 (1,60 to 3.40) 122457 10 30.1) 548 =0.0001
CMA-TSI, ms* 0,01 {0.00 to .02} 104 (1.00 10 1.02) 325 0.0011
Craatining, umollL 0.01 {0.00 ta 0.02} 1.04 (1.00 18 1.02) 283 0.0045

Model LR ¥ 73.4, p<0.0001

Leyva et al in press

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
that 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 Il patients is the new,
upcoming indication.
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Device Therapy for Advanced HF:
Cardiac Resynchronization Therapy

ESC/EHRA ESC/HFA/ESICM ACC/AHA/HRS

2007 2008 2008

Guidelines on pacing and CRT Guidelines for the diagnosis and Cardiac Pacemakers &
treatment of acute and chronic Antiarrhythmia devices
heart failure

Class | LVEF £35% LVEF £35% LVEF £35%

QRS 2120 ms QRS 2120 ms QRS 2120 ms

NYHA Il - NYHA IV NYHA Il - NYHA IV NYHA 11l - NYHA IV ambulatory

OoMT OoMT omMT

LV Dilatation A (CRT-P) A (CRT-P) eI

Sinus rhythm “

As above
Class | for an ICD
(upgrade or replacement) n

Class lla Asabove As above
Permanent pacing Frequent dependence on
{upgrade or replacement) ventricular pacing
As above As above
Permanent atrial fibrillation and Atrial fibrillation
indication for AV junction
ablation “

Vardas et al. EHJ 2007 Dickstein et al. EHJ 2008 Epstein et al, Circutation 2008

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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