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43% of CRT patients classified as negative or non-

responders after 6months

43%

CRT Challenge

Ypenburg, C., et al. Journal of the American College of Cardiology2009
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CRT Response: Inadequate and unpredictable

Daubert, J.C., et al. Europace, 2012
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Survival Effect of CRT of Super-Responders,  Responders, and

Non-Responders

Rickard et al. Heart Rhythm 2014
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Who is CRT responder? Different definition

• The% of non-responders depends on the parameter that you chose to measure and the cut-off value to define the 
response.

• Expect 100% responder is not realistic.
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▪ Non – response rate remained almost the same in the last decade
▪ Non-responders cannot be always  identified at the time of implant. 



Mullens, W. et al. J Am Coll Cardiol 2009;53:765-773

Potential Reasons for Suboptimal Response





LV Pacing and Location:  

Anatomical Specific LV Lead  placement

LBBB

Conventional: LV Site of electrical & mechanical

delay = lateral and PL wall

Target Lateral or PL branch of the CS  Issues

30-40% Non-responder rate

8-10% of eligible pts do not receive CRT due to

anatomical constraints



LV Pacing and Location:

Patient Specific LV Lead placement

Need to “personalize” LV final site  

How to determine “best” LV site

Site of latest electrical activation

Guided by QLV, Electrical mapping

Site of latest mechanical activation

Guided by hemodynamic data

Guided by imaging (ICE/3 D Echo/Tissue speckle  tracking, MRI, CT scan, 
SPECT Nuclear)

How to arrive at “best” LV site

Transvenous vs Epicardial vs Endocardial



LV Pacing and Location

Non-apical LV lead location better than apical

Target the site of maximal electrical delay: 

QLV >95 ms,Body surface mapping

Target the site of maximal mechanical delay: 

Tissue  speckle tracking (TARGET Trial), Cardiac MRI,  SPECT (Guide-CRT)

Quadripolar LV leads better than bipolar leads

Multisite (MPP) LV lead pacing maybe better than single  site

LV endocardial pacing may be better than epicardial pacing



LV Lead Position & Clinical Outcome
Death &/or Heart Failure

• No difference amongst Anterior, Posterior and Lateral lead positions

• Apical lead positions associated with significantly worse clinical outcome

• Differences maintained even after non-apical leads sub-stratified to mid-ventricular & basal

Anterior, posterior and lateral position Apical versus Non-apical position



Imaging



Khan FZ et al. J Am Coll Cardiol 2012;59:1509–18



Avoiding myocardial scar

Less LV remodelling with  scar burden X6 fold   CV death if LV tip in scar (using CMR)





Intracardiac ultrasound

guided LV lead implant

BiV

Base-
line

Tip of Ultrasound Catheter

Positioning of left ventricular pacing lead guided by intracardiac echocardiography with vector velocity imaging during cardi ac  

resynchronization therapy procedure. Bai R, et al. J Cardiovasc Electrophysiol. 2011 Sep;22(9):1034-41
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Aim Left ventricular (LV) lead position at the latest mechanically activated non-scarred myocardial LV region confers

improved response to cardiac resynchronization therapy (CRT). Weconducted adouble-blind, randomized controlled

trial to evaluate the clinical benef t of multimodality imaging-guided LV lead placement in CRT.
............................................................... ................................................................ ......................................

Methods

and results

Patients were allocated (1:1) to imaging-guided LV lead placement using cardiac computed tomography (CT)

venography, 99mTechnetium myocardial perfusion imaging, and speckle-tracking echocardiography radial strain to

target the optimal coronary sinus (CS) branch closest to the non-scarred myocardial segment with latest mechanical

activation (imaging group, n= 89) or to routine LV lead implantation in a posterolateral region with late electrical

activation (control group, n= 93). The primary endpoint was clinical non-response to CRT [≥1 of the following after

6months: (1) death, (2) heart failure hospitalization, or (3) no improvement in New York Heart Association class

and <10%increase in 6-min walk distance]. Secondary outcomes included LV remodelling and the combination of

all-cause mortality and hospitalization owingto heart failure during1.8± 0.9years. Analysiswas intention-to-treat. In

the imaginggroup, fewer patients reached the primary endpoint (26%vs. 42%, P= 0.02). More patients in the imaging

group had the LV lead placed in the optimal CS branch (83% vs. 65%, P= 0.01). There were no between-group

differences in reverse LV remodelling or the combined endpoint of death or hospitalizations for failure.
............................................................... ................................................................ ......................................

Conclusions Multimodality imaging-guided LV lead placement towards the CS branch closest to latest mechanically activated

non-scarred myocardial LV segment reduces the proportion of clinical non-responders to CRT. Larger long-term

multicentre studies are needed...........................................................................................................
Keywords Cardiac resynchronization therapy • Left ventricular lead placement • Cardiac computed

tomography • Speckle-tracking echocardiography • Myocardial perfusion imaging

Introduction

Cardiac resynchronization therapy (CRT) confers symptomatic

relief, functional improvement, and reduced mortality in patients

with heart failure who remain symptomatic despite optimal

*Corresponding Author : Tel: +45784521 15; Fax: +45784521 18; E-mail: a.sommer@dadlnet.dk

..
..

..
..

..
..

..
. medical therapy, exhibit a wide QRScomplex, and have depressed

left ventricular (LV) function.1,2 Nevertheless, a signif cant pro-

portion of patients fail to achieve clinical benef t from CRT.1 The

LV pacing site has emerged as an important determinant of a

favourable outcome after CRT.3 According to guidelines, routine
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QRS morphology



Effectiveness of Cardiac Resynchronization Therapy by QRS Morphology in the 
Multicenter Automatic DefibrillatorImplantation Trial–Cardiac Resynchronization 
Therapy (MADIT-CRT)







Issue: QRS Duration  &
LBBB

Varma N et al. Card Electrophysiolo Clin 2015.

12 lead surface QRS  duration limited

information

Reflection of total duration of ventricular

activation but not a reliable marker of LV

activation

Significant variations of LV  activation

with typical LBBB  can be be seen

Important factor to  determine CRT 

response  and lead location position at  

implant







LV lead
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Quadripolar Leads

90 ms
105 ms

120 ms

130 ms

Quadripolar Leads and Multipoint PacingEvolution of Lead Technology
Quadripolar lead- Shapes + electrode spacing

van Everdingen WM, et al,  JACC: Clinical EP 2016 

LV lead
- multipoint stimulation -





Turagam MK et al. J Atr Fibrillation. 2016 Aug-Sep; 9(2): 1472
Behar JM et al. JACC Clin Electrophysiol. 2017 Feb;3(2):107-116
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Impact On L ead L ongevity  

T e current meta-analysis conf rms the f ndings of several 

recent studies showing that QL are more durable. T e most 

plausible explanation for the decreased need for lead revision or 

lead replacement with QL is the f exibility in programming in the 

presence of multiple poles.

Impact On T e Procedure D uration  

T e current meta-analysis results are consistent with the f ndings 

of prior studies demonstrating superiority of QL when compared 

with BL.12,13,20 Our meta-analysis including 26,657 patients 

demonstrated that QL was associated with a 52% reduction in post 

procedural complications in a median follow up of 7.5 months when 

reduction (relative risk 0.56; 95% CI: 0.38-0.81, p=0.002) in the risk 

of all-cause mortality at follow up (Figure 5).

Discussion

M ajor Findings  

T e principal f nding of this meta-analysis of RCTs and 

observational studies is that QL had lower post-procedural 

complications including lead deactivation, lead revision or 

replacement when compared with BL. To our knowledge, this is so 

far the f rst comprehensive meta-analysis comparing post procedural 

CRT lead outcome of QL and BL.

compared with BL placement. Our data supports and extends the 

current notion that optimal lead implantation using QL is easier 

than BL. A signif cantly lower f uoroscopy and procedure time was 

noted with QL when compared with BL with a mean dif erence 

-5.21 minutes and -10.33 minutes respectively. T e lower rate of lead 

revision and total procedure/f uoroscopy time in the QL versus BL 

was most likely due to ease of implantation from the programming 

f exibility due to multiple pacing vectors the lead has of ered. T e 

alternative pacing vectors with the QL can also overcome other 

commonly encountered challenges commonly seen with BL such as 

PNS, higher pacing thresholds and micro-dislodgement of the LV 

lead without the need for another surgical procedure. Furthermore, 

QL are reported to have lower impedance and use lower energy to 

capture the left ventricle that promotes longevity of the device and 

lowers the need for replacement.11,12

Impact Of QL L eads On T e PNS  

While implanting a CRT, it is of paramount importance to locate 

a suitable coronary sinus vein or tributary which is associated with 

low PNS and pacing thresholds. Prior studies have reported post-

implantation PNS rates with bipolar leads ranged from 7.4-14% 

and were more commonly associated with the LV lead location.21-24 

PNS was more commonly seen with the LV lead in the mid-apical, 

posterior and lateral sites and less common with the LV lead in the 

anterior or basal site. Our meta-analysis demonstrates that compared 

with BL, the use of QL is associated with 76 % reduction in PNS. 

T e QL has low PNS as it of ers LV pacing from any of the four 

electrodes as cathode, and RV coil and LV electrodes as anode when 

compared with BL that of er LV pacing from the ring or the tip 

as cathode with various anode options. Furthermore, PNS can be 

posture-dependent and is usually detected post-implantation rather 

than during implantation. Post-procedural lead re-intervention 

including CRT termination due to PNS with BL was reported to be 

2-13%.21-25 A QL due to its multiple electrodes and pacing options 

Figure 4:

Forest plot showing relative risk (RR) of phrenic nerve stimulation 

(PNS) with quadripolar lead (QL) and bipolar lead (BL) at follow-

up. The use of QL results in a 76 % reduction (relative risk 0.24; 

95% CI: 0.09-0.65, p=0.005) of PNS when compared with BL. 

M-H: Mentel-Haenszel

Figure 3B:

Reduction in procedure duration. Forest plot showing unadjusted 

difference in mean (95% confide nce interval [CI]) procedure 

duration with quadripolar lead (QL) and bipolar lead (BL). QL 

results a reduction in mean procedure duration of 10.33 minutes 

(95% CI: -16.85 to -3.81, P=0.002) when compared with BL. IV: 

inverse variance

Table 1:

Study ID Type of Study Age Mean±SD Sample Size Longest follow up Risk difference between QL versus BL (95% CI)

Arias et al 2012 Prospective Observational 65.6 ± 9.9 42 9 months -0.05 [-0.20, 0.11]

Forleo et al 2012 Retrospective 68.3±10.7 45 6 months -0.23 [-0.43, -0.03]

Corbisiero et al 2014 Retrospective No data 79 3 months -0.02 [-0.09, 0.04]

Dhillion et al 2014 Retrospective 71±8 29 6 months 0.00 [-0.12, 0.12]

MORE-CRT 2014 Prospective randomized 68±10 1,068 6 month -0.03 [-0.06, 0.01]

Turakhia et al 2014 Prospective Observational 69.8±11.3 24,293 12 months -0.01 [-0.02, -0.01]

Forleo et al 2015 Prospective Observational 70.3±9.2 418 39 months -0.05 [-0.10, -0.01]

Behar et al 2015 Prospective Observational 68.4 ± 0.55 721 60 months -0.08 [-0.12, -0.05]

Figure 3A:

Reduction in fluo r oscop y duration. Forest plot showing 

unadjusted difference in mean (95% confide nce interval [CI]) 

flu

o

r oscop y duration with quadripolar lead (QL) and bipolar lead 

(BL). QL results a reduction in mean fluo r oscop y duration of 5.21 

minutes (95% CI: -7.67 to -2.75, P<0.0001) when compared with 

BL. IV: inverse variance
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procedural complications including lead deactivation, revision or 

replacement than BL in patients referred for CRT implantation. T is 

meta-analysis encourages the use of QL and also highlights the need 

for large-scale multicenter trials to further validate the ef ectives of 

this LV lead technology.
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overcomes the necessity for re-intervention by physically moving the 

LV lead to another location or CRT termination.

Improved Survival W ith QL  

Our meta-analysis also demonstrates that compared with BL, 

the use of QL is associated with 44 % reduction in risk of all-cause 

mortality. T ese f nding can be attributed to the ease of implantation 

and identif cation of optimal pacing site with QL which could 

have resulted in reverse myocardial remodeling and hemodynamic 

benef t when compared with BL. Implantation of LV lead at the site 

of a myocardial scar in patients with ischemic cardiomyopathy and 

presence of atrial arrhythmias has been associated with non-CRT 

responders.6,26,27 QL with their multiple programming and pacing 

vectors can avoid such areas of myocardial scar improving outcomes 

in patients when compared with BL.

Strengths Of T e Current M eta-Analysis  

T e potential strengths of this meta-analysis are that it is large and 

includes 26,657 patients. T ere was no heterogeneity or publication 

bias among individual studies as noted from our analysis. T ere is 

no previous meta-analysis comparing the ef ectiveness of QL when 

compared with BL with respect to post procedural complications. 

T e current meta-analysis is the f rst attempt to explore the benef cial 

ef ects of QL over BL in regards to post procedural complications.

Study L imitations  

T e study has some potential limitations.

1.Most of the studies performed on QL have been from prospective 

registries. Only one study was a RCT. We cannot exclude the existence 

of potential unmeasured confounding factors in the included studies.

2.T ere were more patients in the BL (N=20,894) than compared 

to the QL (N=5,763) which can lead to some discrepancy in 

interpretation of results and the sample size may be not large enough 

to draw f rm conclusions.

3.T e type of lead implanted in the studies was at the discretion of 

the invasive cardiac electrophysiologist that could result in a selection 

bias.

4.Median follow- up in our study was limited to 7.5 months, so 

we cannot exclude the possibility of lead complications arising over a 

longer follow-up period.

5.Our meta-analysis does not include data regarding number of 

patients with ischemic cardiomyopathy and atrial arrhythmias in 

each individual group as it may impact CRT response and mortality.

6.We are unable to perform additional analysis due to limited 

number of studies and unpublished data.

Conclusions
Overall, this meta-analysis conf rms and extends the f ndings 

of most clinical trials by demonstrating that QL have lower post 

Figure 5:

Forest plot showing relative risk (RR) of all-cause mortality with 

quadripolar lead (QL) and bipolar lead (BL) at follow-up. The use 

of QL results in a 44 % reduction (relative risk 0.56; 95% CI: 0.38-

0.81, p=0.002) in all-cause mortality when compared with BL. 

M-H: Mentel-Haenszel
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and ‘left ventricular lead’ to identify all RCT ’s and observational 

studies comparing the ef ects of QL with BL lead on outcomes of 

CRT. A hand search was also performed in major search databases 

to identify potentially relevant literature on QL with regard to CRT.

Study Selection  

T e inclusion criteria of our meta-analysis consisted of RCTs and 

observational studies of patients undergoing biventricular device 

implantation in age ≥18 years’ assigned to QL or BL which reported 

post-procedural outcomes including lead deactivation, revision or 

replacement at any time during follow-up. Our literature search was 

limited to studies published in peer-review journals in English. We 

excluded studies having no reported procedural outcomes. Studies 

published in animal models and foreign languages were excluded. A 

search for unpublished literature was not performed.

Data Extraction  

Two investigators independently performed a search strategy for 

eligible studies. All items were initially reviewed at the title and 

abstract level. Potential eligible manuscripts were reviewed in full 

text. T e data was extracted using a standardized form.

Primary Outcome  

T e primary endpoint was post-procedural outcomes including 

lead deactivation, lead revision or replacement.

Secondary Outcome  

Total duration of the procedure/f uoroscopy, PNS and all-cause 

mortality were assessed as secondary outcomes with random ef ect 

meta-analysis.

Quality Assessment  

We followed the criteria established by Juni et al in the quality 

assessment of the included RCTs in the meta-anal ysis.19

Statistical Analysis  

After the data elements were verif ed for accuracy, systematic and 

statistical analyses were conducted using Cochrane RevMan version 

5.3, and results were expressed as risk ratio (RR) for dichotomous 

outcomes and mean dif erence for continuous variables with 95% 

conf dence intervals (CIs). T e dif erence between the QL and 

BL were estimated by weighted mean dif erence (WM D) with a 

two-tailed 95% CI in a DerSimonian-L aird random-ef ects model 

for heterogeneous studies. Statistic value I2 was used to quantify 

the degree of inconsistency. P < 0.05 was considered statistically 

signif cant. For the I2 statistic, heterogeneity was def ned as low 

(25%–50%), moderate (50%–75%), or high (>75%). A f xed-ef ects 

model was only used if heterogeneity was low.

Results

Search Results  

T e original search strategy retrieved 29 clinical studies. T e 

title and abstract were reviewed and after applying the inclusion 

and exclusion criteria, 20 articles were selected for further detailed 

assessment. After the exclusion of review articles, duplicates and 

studies with irrelevant outcomes, we found a total of 8 studies 

comparing QL and BL implantation in CRT outcomes for inclusion 

in the f nal analysis (Figure 1). Follow-up duration for the studies 

ranged from 3 to 60 months. T e years of publication ranged from 

2012 to 2015 (Table 1).

Study Characteristics  

Table 1 summarizes the characteristics of included studies. T e 

meta-analysis includes a total of 8 studies (one randomized control 

study, four prospective observational and three retrospective studies). 

Baseline characteristics, procedural details and patient ’s follow up 

were similar across all studies. A total of 5,763 patients with QL and 

20,894 patients with BL were found. T e median follow-up duration 

was 7.5 months (range 3 months to 60 months), and the median 

sample size was 248 patients (range 29 to 24,293 patients).

Quadripolar L eads Last L onger T an Bipolar L eads  

Compared with BL, the use of QL is associated with 52 % 

reduction (relative risk 0.48; 95% CI: 0.36-0.64, p=0.00001) in the 

risk of deactivation, lead revision or replacement of the LV lead 

(Figure 2).

QL Leads Require Reduced Fluoroscopic Exposure And Procedure 

T ime For Optimal Placement  

Compared with BL, the use of QL reduced f uoroscopy by a mean 

duration of 5.21 minutes (95% CI: -7.67 to -2.75, P<0.0001) and 

mean procedure time by 10.33 minutes (95% CI: -16.85 to -3.81, 

P=0.002) (Figure 3A, 3B).

QL Leads Are Associated W ith Decreased Phrenic Nerve 

Stimulation  

Compared with BL, the use of QL is associated with 76 % 

reduction (relative risk 0.24; 95% CI: 0.09-0.65, p=0.005) in risk of 

PNS due to the LV lead (Figure 4).

Placement Of QL L eads Improves Survival   

Compared with BL, the use of QL is associated with 44 % 

Figure 1: Flow diagram for the included studies

Figure 2:

Forest plot showing relative risk (RR) of lead deactivation, revision 

or replacement with quadripolar lead (QL) and bipolar lead (BL) at 

follow-up. The use of QL results in a 52% reduction (relative risk 

0.48; 95% confide nce interval [CI]: 0.36-0.64, p=0.00001) when 

compared with BL. M-H: Mentel-Haenszel

lead deactivation, 
revision or 
replacement

PNS

mortality



Multipoint pacing



What is MultiPoint pacing (MPP)?

Ability to pace from 2 LV sites with a single LV lead with programmable delays

LV1 LV2 RV
Delay 1 Delay 2

D1M2

M3
P4

Quartet™ LV Lead 1458Q

Quadripolar Pacing Technology … a consolidate base 
for a new CRT era: the MultiPoint Pacing



Numbers rapresent 
activation time (ms) 
related to the 
earlier point of 
activation

Convex Wavefront Flat Wavefront

Fast et al., Cardiovascular Research  1997; 33: 258–271

Results:
▪ Optical activation maps obtained with laser scanning

▪ Demonstrate that stimulation by single electrode generates a more elliptical  wavefront , while the 
stimulation from linear array generates a flatter wavefront

▪ The greater curvature of the more elliptical wavefront causes a lower conduction velocity of 15%.

Pacing from Single point Paging from linear array

Role of wavefront curvature in propagation of 
cardiac impulse



Concept of Multipoint Pacing: Early Experimental Evidence

Muscle bundle with horizontal fiber orientation

Spach MS, et al. Circ Res. 1982;50:175 -191

nonuniform conduction, slow activation, delay of ± 15 ms between 1 - 4

single point 
pacing

simultaneous 
multipoint pacing

uniform conduction, faster activation, virtually no delay between 1 - 4

1
2
3
4

1
2
3
4

1

2

3

4

1

2

3

4



Possible Patterns of Wavefront Propagation with 
conventional LV Pacing vs. MPP in HF, Scarred 

Heart

3
3






○ Capture a larger area

○ Generate wavefronts flat

○ Conduction time faster 

Point stimolation Line stimolation

Convex excitation front Flat excitation front



Benefits AUTHOR PARAMETER RESULTS

Electrical 
activation

Menardi et al.
Heart Rhythm  2015 

QRS lenght
activation time of the LV

12% relative reduction of QRS
15% relative reduction of the total activation time

Forleo et al.
Europace 2016

QRS lenght
Significant reduction of the QRS accompamied by a 
LVEF increase

Mechanical

Rinaldi et al.
Journal of Cardiac Failure 
2013

Dyssynchrony (TDI)
Significant reduction in echocardiographic 
dyssynchrony in 63% pts

Osca et al.
Europace 2015

Dyssynchrony (Radial 
Strain)

Dyssynchrony  reduction

Rinaldi C.A et al., 
J Interv Card 
Electrophysiol 2014

Dyssynchrony (TDI)
VTI LVOT

Dyssynchrony  reduction in 64% of patients
Increase of VTI LVOT (evaluated in 13 patients)

Hemodynamic

Thibault et al. Europace 
2013

Variation of dp/dt dp/dt improvement in 72% of patients

Pappone et al.
Heart Rhythm 2014

Pressure/Volume loops Improvement of the hemodynamic parameters

Pacing site Zanon et al.
Heart Rhythm 2015

Q-LV e dP/dt
Correlation between most delayed Q-LV and 
increased dP/dt

Benefits of multipoint pacing





• Prospective, randomized, multi-centre study, designed to assess the impact of MPP to treat

echocardiographic nonresponders to standard biventricular pacing after 6 months

• This is the Phase I of the study which allows physicians to programme MPP according to

their discretion (‘no mandated MPP programming’)

• Pts with an LVESV reduction of at least 15% classified as responders exited the study. Pts

non-responders were randomized in a 1:1 ratio to receive either MPP or continued

biventricular pacing for an additional 6 months.





The study results demonstrated no 
difference in non-responder to 
responder conversion rate between 
the MPP and BiV arms



Spaziatura
elettrocateteri



Vettori disponibili



The study assessed non-responder to responder conversion rates with MPP programmed to a wide
anatomical separation [i.e. distance between cathodal LV electrodes >_30mm—either D1–P4/P4–D1 (47
mm) or D1–M3/M3–D1 (30 mm) cathodal combination for LV1 and LV2] and the shortest intraventricular
and interventricular timing delays of 5ms (MPP-AS)

MPP-AS provided a significantly higher non-responder to responder conversion rate compared to MPP-
Other and a non-significant trend in higher conversion rate compared to biventricular pacing

MultiPoint Pacing programming subgroup analysis 



MORE-CRT MPP–PHASE II trial 

▪ prospective, randomized, multicenter study 

▪ to assess the 6M impact of MPP programmed to mandated MPP-AS settings in 
subjects who do not respond to 6 months of BiV pacing (MPP OFF).

▪ Approximately 5,000 subjects with a standard CRT indication will be enrolled and 
implanted with a quadripolar CRT system (Abbott) capable of delivering MPP. 

▪ Only BiV pacing is activated at implant. 

▪ At 6M, subjects classified as CRT nonresponders (15% reduction in LV end-systolic 
volume) are randomized (1:1) to MPP or continued BiV pacing. 

▪ The mandated MPP parameters (eg, MPP-AS) are programmed to subjects 
randomized to the MPP arm. 

▪ At 12M, the 2 groups will be compared to determine if there is a difference in CRT 
response rate.



Cardiac Contractility Modulation



OPTIMIZER Smart and CCM™ signal

• Cardiac Contractility Modulation is a unique and 
innovative therapy for patients with reduced and 
moderately reduced left ventricular systolic 
function and normal QRS duration.

• CCM therapy is delivered by the Optimizer® Smart, 
an implantable pulse generator, that delivers the 
non-excitatory impulses to the right ventricular 
septum during the absolute refractory period



OPTIMIZER Smart system details

• Implant with 2 usual pacemaker screw-in leads in 
right ventricle (atrium not necessary with the 
latest algorithm)

• Rechargeable battery: expected life 15 years

• Charging suggested once per week / ~ 60-90 min



Mechanism of Action

Reversal of the 
Fetal Gene 
Program

Seconds Hours Months

Normalization of  
Key Regulatory

Proteins Activity

Demonstrated 
Reverse 

Remodeling                

▪ CCM non-excitatory electrical signal 
results in acute changes in calcium 
handling. 

▪ It enhances the efficiency of 
cytoplasmic-sarcoplasmic reticulum 
calcium transfer and elicits a rapid 
positive inotropic effect without 
increasing myocardial oxygen 
consumption, by strengthening the 
contractility of the myosin filament.



Rebalancing Cardiac Autonomic Tone

RVLM

CCM
Stimulus

NTS

DMNV

Sympathetic

efferents

Parasympathetic

afferents

Parasympathetic

efferents

A
x

D

C

Parasympathetic

afferents

B

B

D

x

C

CCM: Restoring vagal cardiac tone

A. CCM increases septal contraction
B. Mechanoreceptors activate vagal 

afferents, 
C. NTS is stimulated to inhibit RVLM (rostral 

ventrolateral medulla) and activate 
DMNV (dorsal motor nucleus of vagus)

D. Sympathetic outflow is inhibited 
centrally and peripherally

E. Autonomic balance is restored



Optimizer®: Randomized Clinical Trial History

Study Name Comments Rand. Device Countries
Total 

patients

FIX-HF-1 Acute study Opt I Italy 40 

FIX-HF-2 First chronic study Opt I Italy 6 

FIX HF-3 CE study (EU) Opt II Italy, Germany, Austria 22 

FIX-CHF-4 Crossover double-blind, 6 

months

Yes Opt II Italy, Austria, Germany, France, 

The Netherlands and Czech
164 

FIX-HF-5 

Phase I

CCM vs OMT, 6 months Yes Opt II USA 49 

FIX-HF-5 

Phase II

CCM vs. OMT Yes Opt III USA 428 

FIX-HF-9 CCM vs. OMT Yes Opt III Hong Kong 42 

FIX-CHF-12 CRT non-responder study Opt III Germany 19 

FIX-CHF-13 CCM dosage (5 vs. 12 

hours)

Opt III Germany 20 

CCM HF CCM Registry Opt III Germany 143

FIX-CHF-18 Comparison 1 vs 2 leads Opt III, Opt IVs Germany 48 

Fix-5c CCM vs. OMT confirmatory Yes Opt IVs USA, Germany, Czech 160

CCM-REG CCM Registry Opt IVs, Smart Germany, Russia, France, Italy 370

Total 1511



▪ All randomized studies showed significant impact on exercise 
tolerance and quality of life

▪ Peak VO2 endpoint consistently positive across all trials

▪ Subgroup analyses (whether or not pre-specified) 
demonstrated greatest benefits in HF patients with moderately 
reduced ejection fractions ranging from 35% to 45%



Clinical evidence: from latest publications to patient selection

Abraham et al, JACC Heart Failure 2018
G. Hasenfuss, European Journal of Heart Failure (2019) doi:10.1002/ejhf.137

The FIX-HF-5C Study

“Real World Registry”: 
CCM-REG



FIX-HF-5C Study

▪ Prospective, randomized study of optimal medical therapy 
(OMT) alone versus OMT+ CCM

▪ NYHA III or IV, QRS <130 ms and EF 25%-45

▪ 160 + 229 = 389 pts

▪ Study met all specified endpoints: 

• Peak VO2, MLWHFQ, NYHA, 6MWT better with treatment

• Even stronger effects noted in patients with EF 35-45%

JACC: Heart Failure 2018: ISSN 2213-1779



Abraham et al, JACC Heart Failure 2018

FIX-HF-5C Study

Even stronger 
effects in 

patients with EF 
35-45%



FIX-HF-5C Study

JACC: Heart Failure 2018: ISSN 2213-1779

• Significant improvement in survival free of cardiac 
death and heart failure hospitalization (97.1% in 
treatment vs. 89.2% in control; p < 0.07) 

73% reduction in event rates 
from 10.8% in the control to 2.9% in the treatment group

• Subgroup analysis showed that this improvement was 
mainly driven by a significant reduction in events for 
the EF 25% to 35% cohort (p < 0.009). 



Summary for the FIX-HF-5C Study

• Study met all specified endpoints:

• Peak VO2, MLWHFQ, NYHA better with treatment

• Acceptable rate of device/procedure-related complications

• Reduced Cardiovascular Death/HF Hospitalizations

• Even stronger effects noted in patients with EF 35-45%

• In patients with EF 25%-45%, QRS<130ms, on Guideline Directed Medical 
Therapy with persistent NYHA III/IVa symptoms, CCM is safe and effective in 
improving exercise tolerance and QoL and reduces HF hospitalizations

Abraham et al, JACC Heart Failure 2018



“Real World Registry”: CCM-REG

• European prospective registry study @ 31 sites aimed to assess longer-term 
impact of CCM on hospitalizations and mortality in a real-world experience 
with the same population as FIX-HF-5C (25≤EF≤45%)

• 400 pts in total, 140 patients with EF 25% - 45% receiving CCM therapy for 
clinical indication

• 2 Year Follow-up: Minnesota Living with Heart Failure Questionnaire 
(MLWHFQ), LVEF, Cardiovascular and HF hospitalizations (compared to 
hospitalizations during the year prior to CCM)

• 3 year Follow-up: Mortality (compared to predicted mortality by the Seattle 
Heart Failure Model, SHFM; MAGGIC) 

G. Hasenfuss, EHF, Vienna 2018
European Journal of Heart Failure (2019) doi:10.1002/ejhf.1374



“Real World Registry”: CCM-REG

G. Hasenfuss, EHF, Vienna 2018
European Journal of Heart Failure (2019) doi:10.1002/ejhf.1374

Symptoms and quality of life (NYHA class, 
MLHFQ) showed sustainable improvement 

and of similar magnitude to the ones 
observed in the randomized studies.

LVEF also improved during the early follow-
up period, as in prior studies.



“Real World Registry”: CCM-REG

G. Hasenfuss, EHF, Vienna 2018
European Journal of Heart Failure (2019) doi:10.1002/ejhf.1374

3-year survival was 
comparable to that predicted 
by SHFM in the overall group 
and the CCM-REG25-34 group, 
whereas in the subset of 
patients with 35%≤LVEF≤45%,
survival was significantly 
better than predicted by 
SHFM. 

Collectively, these data both 
confirm and extend the 
evidence for the safety and 
efficacy of CCM.



CCM in the ESC consensus HF 2019



CCM: Position in the Treatment Paradigm



CCM tomorrow

60

Smart Mini                                Integra

Open invetigations:

- CRT non responder
- Diastolic HF



CCM HFpEF Study

Tschope et al., EJHF (2019) 21, 14–22
Thschope et al., International Journal of Cardiology 203 (2016) 1061–1066

CCM -HFpEF study

▪ Ongoing pilot study to evaluate the efficacy and

safety of CCM therapy in heart failure patients

with baseline EF ≥ 50%

▪ Prospective, multicentre, single arm open label, 
exploratory study

▪ Expansion of CE mark for therapy in patients 

with HFpEF

▪ 60 patients will be enrolled from up to 30 sites

▪ Follow up period 24 weeks



FIX-CHF-12: CCM in CRT non responders

62

CCM is efficacious and safe in patients with moderate-to-severe heart failure on OMT, who do not respond to CRT. 

Following 3–6 months of CCM added to OMT and CRT, patients showed improvements in exercise tolerance 
(peak VO2), and quality of life (MLWHFQ), as well as 6 minute walk distance, and NYHA classification, 

with a trend toward improvement in LVEF.

J. Kuschyk et al. / International Journal of Cardiology 277 (2019) 173–177



CCM tomorrow

Smart Mini CCM

• ~23cc IPG with “physiological” tear-drop-
shaped enclosure.

• Delivers CCM signals using algorithms that are 
substantially equivalent to those of the 
OPTIMIZER Smart IPG. 

• Auto-setup of CCM delivery algorithm
• RF-based communications for high-speed 

telemetry
• >15 years longevity

▪ Integrates CCMTM therapy with a rescue ICD in a two-
lead IPG

▪ CCMTM and telemetry features same as OPTIMIZER 
SMART-Mini

▪ Rescue ICD capable of delivering ATP, 36J 
defibrillation shocks, and post-shock brady pacing

▪ 15 year minimum longevity
▪ Uses rechargeable Li-ion cell for CCMTM and ICD 

sensing
▪ Hybrid Li-SVO/CFx battery used only for antitachy

therapy (and sensing if Li-ion cell is discharged)

Integra CCM-D





CRT Response
Current Issues

Multiple different factors between individual pts can affect response:

Genetic & genderdifferences  

Stage & CHF etiology

LV lead location

QRS morphology &width

Presence of co-morbidities, LV scar, & AF/PVC’s

Coronary sinus valves/stenosis/limited target vessels  

Device management: AV & VV optimization, ensuring BiV pacing



divinizzazione della tecnica

riduzione della complessità socioculturale

della persona ai modelli biologici

individuo come oggetto genetico e 

non soggetto esistenziale

economicismo (tutti i malati dovrebbero 

essere X, quindi tutti loro dovrebbero 

avere le necessità Y perché tutti loro 

dovrebbero costare Z)

caratteristiche del modello medico positivista



MODELLO MENTALE
è una visione semplificata 

della realtà che ci aiuta a 

risparmiare energie nel tentativo

di comprendere il mondo 

NARRAZIONE

DEL PAZIENTE

NARRAZIONE DEL

PROFESSIONISTA



COMPLESSITA
’ DEL 

PAZIENTE

ELSTCOMPLESSITA’ 
GESTIONALE

COMPLESSITA’ 
BIOMEDICA 

INDIVIDUALE

PERSONALIZZARE SIGNIFICA 
RISPONDERE ALLA COMPLESSITA’ 



Geographical Information System System Medicine 





71


