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CARDIAC CONTRACTILITY MODULATION: PRIMI STUDI



PAZIENTI CON QRS STRETTO E SCOMPENSO CARDIACO

• LA CRT È DUNQUE CONTROINDICATA IN PAZIENTI CON QRS INFERIORE 

A 130 MS.



PAZIENTI CON QRS STRETTO E SCOMPENSO
CARDIACO



OPZIONI TERAPEUTICHE NEI MD PER PAZIENTI CON QRS 
STRETTO E CHF

• SPINAL CORD STIMULATION ( SCS AND DEFEAT STUDY )

• VAGAL STIMULATION ( NECTAR TRIAL )

• BARORECEPTOR-STIMULATORS ( BEATHF TRIAL )



OPZIONI TERAPEUTICHE NEI MD PER PAZIENTI CON QRS 
STRETTO E CHF: CCM

▪ CCM – CARDIAC CONTRACTILITY 

MODULATION.

▪ I SEGNALI CCM SONO DI NATURA NON 

ECCITATORIA.

▪ TALI SEGNALI VENGONO EROGATI DURANTE

IL PERIODO REFRATTARIO ASSOLUTO DELLA

CELLULA CARDIACA.

▪ LA CCM ESERCITA UNA ATTIVITA’ IN PRIMA 

BATTUTA LOCALIZZATA IN PROSSIMITA’ DEGLI

ELETTRODI.



CARDIAC CONTRACTILITY MODULATION: MECCANISMO
D’AZIONE

Lyon et al. 2013 Nat. Rev. Cardiol.
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CARDIAC CONTRACTILITY MODULATION: MECCANISMO
D’AZIONE

La Terapia CCM interessa tutti e 6 i componenti dello scompenso cardiaco

1. Distribuzione del Calcio nei Cardiomiociti

2. Fosforilazione della Tititna

3. Fibrosi Cardiaca

4. Controllo sistema nervoso autonomico

5. Bilancio dell‘energia

6. Rimodellamento tessuto cardiaco
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Normalizes ryanodine 
receptor (RyR2)

Imai et al. JACC, 2007

Restores normal level of PLB

Imai  JACC, 2007

Normalizes SERCA mRNA expression

Sabbah et. al. Curr Heart Fail Rep. 2006;

CARDIAC CONTRACTILITY MODULATION: MECCANISMO
D’AZIONE



Yu et al. JACC Cardiovascular Imaging, July 2000

METHODS:

Thirty patients (60 + or - 11 years, 80% male) with New York Heart 

Association (NYHA) functional class III heart failure, ejection fraction 

<35%, and QRS <120 ms were assessed at baseline and 3 months. 

LV reverse remodeling was measured by real-time 3-dimensional 

echocardiography. 

RESULTS:

LV reverse remodeling was evident, with a reduction in LV end-

systolic volume by -11.5 + or - 10.5% and a gain in ejection fraction 

by 4.8 + or - 3.6% (both p < 0.001). Myocardial contraction was 

improved in all LV walls, including sites remote from CCM delivery 

(all p < 0.05) (…) Clinically, there was improvement of NYHA 

functional class (p < 0.001) and 6-min hall walk distance (p = 

0.015). 

CONCLUSIONS:

CCM improves both global and regional LV contractility, including 

regions remote from the impulse delivery, and may contribute to LV 

reverse remodeling and gain in systolic function. Such improvement is 

unrelated to diastolic function or mechanical dyssynchrony.

Similar results in long term follow up (Mannheim data)10

CARDIAC CONTRACTILITY MODULATION: MECCANISMO
D’AZIONE



• Device estremamente piú piccolo rispetto alle precedenti generazioni ( 31 CC, 48 Gr )

• Batteria ricaricabile dall’esterno;

• Non neccessariamente associato all‘impianto di un ICD;

• Disponibile per pazienti con FA;

CCM: PRECEDENTI DEVICES & OPTIMIZER SMART



CCM: PRECEDENTI DEVICES & OPTIMIZER SMART

Cassa Caricatore portatile Programmatore



OPTIMIZER SMART: LINEE GUIDA ESC

• LINEE GUIDA ESC SU HF (OTTOBRE 2016)

• COSA FARE QUANDO OMT NON GENERA

MIGLIORAMENTI SIGNIFICATIVI

• PRIMA VOLTA MENTION SU CCM

• ALTRE TERAPIE DIMOSTRATE NON EFFICACI!



OPTIMIZER SMART: DEVICE PER ELETTROFISIOLOGI?



OPTIMIZER SMART: PROCEDURA DI IMPIANTO

• PROCEDURA SEMPLICE E LINEARE

• IDENTICA A PROCEDURA PM CON DUE LEADS IN POSIZIONE RV SEPTUM

• LEAD ATRIALE RICHIESTO SOLO SE SENSING VENTRICOLARE DEL SETTO < 2.5MV

• POSIZIONAMENTO DEVICE CON SISTEMA INDUZIONE RICARICA VERSO L‘ALTO



OPTIMIZER SMART: PROCEDURA DI IMPIANTO

• DEVICE COMPATIBILE CON BRADY LEADS ATTUALMENTE IN COMMERCIO CON ALCUNE

CARATTERISTICHE ( RIVESTIMENTO E SUPERFICIE PUNTA );

• POSIZIONAMENTO DEI 2 LEADS CCM SU RV SEPTUM CON DISTANZA DI ALMENO 1 CM ;

• DEVICE IN GRADO DI FUNZIONARE PER PAZIENTI CON FE <35% CON ICD. MANTENERE

DISTANZA DA LEAD TACHY DI ALMENO 1.5 CM PER EVITARE CROSSTALK SU ICD LEAD

CHANNEL;

• FUNZIONAMENTO ANCHE CON S-ICD;

• POSIZIONAMENTO DEVICE CON SISTEMA INDUZIONE RICARICA VERSO L‘ALTO



OPTIMIZER SMART: PROCEDURA DI IMPIANTO

• PROCEDURA DI RICARICA DEL DEVICE 1 VOLTA A SETTIMANA PER CIRCA 40-45 

MIN;

• MINICHARGER GARANTISCE UNA SERIE DI “SEMPLICI COMUNICAZIONI” SENZA

AUSILIO DEL PROGRAMMATORE;

• TROUBLESHOOTING CON MAGNETE: DISATTIVAZIONE TOTALE DEL DEVICE

• GESTIONE FOLLOW UP IDENTICA A PAZIENTI PORTATORI DI PM O ICD



CARDIAC CONTRACTILITY MODULATION: PRIMI STUDI

• Primo Studio: Am.J.CARDIOLOGY, Pappone (2002);

• Applicazione su RV Septum ( 6 patient ) e LV ( 12 Patient )

• Variazioni significative Dp/Dt



CARDIAC CONTRACTILITY MODULATION: PRIMI STUDI

• Primo Studio Cronico: Pappone et al. J.Cardiovasc Electrophysiol (2002);

• 13 Pazienti , 2 leads RV Sept (OPT II) ;

• Variazioni significative su EF, NYHA Class, 6-MWT, Peak Vo2,
MLWHFQ



Study Designation Comments Randomized 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 Republic.

164 

FIX-HF-5 Phase I 5 CCM hrs/day vs OMT, 6 months Yes Opt II USA 49 

FIX-HF-5 Phase II 5 CCM hrs/day vs OMT Yes Opt III USA 428 

FIX-HF-9 5 CCM hrs/day vs OMT Yes Opt III Hong Kong 40 

FIX-CHF-12 CRT Non-responder Study Opt III Germany 19 

FIX-CHF-13 5 vs. 12 CCM hours Opt III Germany 20 

CCM HF Registry Opt III Germany 139

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

Total 975 

CARDIAC CONTRACTILITY MODULATION: RCT



CARDIAC CONTRACTILITY MODULATION: RCT FIX-HF-4

• Due Gruppi: OMT e OMT+CCM;

• 164 Pazienti;

• Trial Multicentrico, Randomizzato, doppio cieco con
Crossover;

• Primary Endpoint: Delta pVO2, Secondary Endpoint: QoL
(After 12 and 24 weeks);

• Effetto Placebo presente ma NON SOSTENUTO;

• Risultati simili al MUSTIC (stesso periodo storico)



CARDIAC CONTRACTILITY MODULATION: RCT FIX-HF-5

• Due Gruppi OMT e OMT+CCM

• 428 Pazienti, 50 centri (US) ;

• Multicentrico, Randomizzato, unblinded

• Primary Endpoint: Ventilatory anaerobic threshold (VAT),
Secondary Endpoint: pVO2 and MLHFQ

• Pazienti con NYHA III-IV; EF <35%; QRS <130ms; OMT

• Sottogruppo pazienti con EF >25%

• Scelta della VAT con endpoint primario;



CARDIAC CONTRACTILITY MODULATION: REVERSE REMODELING

• Pubblicazione 2017, 143 Pazienti, 23 centri;

• Stratificazione pazienti FE> o < di 35%;

• Guadagno in TUTTI i gruppi in termini di FE
da 28.3% a 34.9%



CARDIAC CONTRACTILITY MODULATION: LONG TERM 



CARDIAC CONTRACTILITY MODULATION: ANALISI RCT 

• > 1000 PAZIENTI IN STUDI CLINICI RANDOMIZZATI, CON
ALTRI 3.000 IN REGISTRI E CONTESTI COMMERCIALI DA
OLTRE 10 ANNI DI TRATTAMENTO;

• 3 STUDI RANDOMIZZATI HANNO MOSTRATO UN IMPATTO
SIGNIFICATIVO SULLA TOLLERANZA ALL'ESERCIZIO E SULLA
QUALITÀ DELLA VITA

• FIX-CHF-4 (N=164; RANDOMIZED, DOUBLE-BLINDED; EU)

• FIX-HF-5 FEASIBILITY (N=50; RANDOMIZED, DOUBLE-
BLINDED; US)

• FIX-HF-5 PIVOTAL (N=428; RANDOMIZED; US)

• PEAK VO2 ENDPOINT COSTANTEMENTE POSITIVO IN TUTTI
I TRIALS;

• ANALISI DI SOTTOGRUPPI SUGGERISCONO BENEFICI IN
PAZIENTI CON INSUFFICIENZA CARDIACA E FRAZIONE DI
EIEZIONE LIEVEMENTE RIDOTTA;



CARDIAC CONTRACTILITY MODULATION: FUTURE DATA

• FIX-HF-5C, 230 pazienti, FDA Approval study

• Analisi pazienti con FE tra 25 e 45%

• Primary endpoint : Delta peak VO2

• CCM Registry (Registro monitorizzato)

• Analisi Ospedalizzazioni, Quality of Life, Tolleranza esercizio





• 160 patients randomized 1:1: at 20 US sites and 8 EU sites

• Target population: Heart failure patients with EF 25% to 45%

• Primary Efficacy Endpoint:  Improvement in peak VO2

• Primary Safety Endpoint:  Proportion of Treatment group that did not experience an 

Optimizer device or Optimizer procedure related complication through 24-weeks greater 

than 70% (OPC)

• Major Secondary Efficacy Endpoint

• Minnesota Living with Heart Failure Quality of Life (QoL) Score

• Granted Expedited Access Pathway by the FDA qualifying for priority review

FIX-HF-5C “CONFIRMATORY” STUDY



N=160

FIX-HF-5C “CONFIRMATORY” STUDY SCHEMATIC



Efficacy:
• Between group differences in peak VO2 at 24 weeks

• Bayesian repeated measures model-estimated treatment effects

• Fixed, 30% borrowing of information from the prior FIX-HF-5 subgroup with 25% ≤ EF ≤ 

45% 

• MLWHFQ and NYHA as secondary endpoints

Safety:
• Objective Performance Criterion (OPC) 

• Optimizer procedure- or device-related complication rates through 24-weeks 

• Superiority based on exact binomial 95% confidence interval with complication-free proportion of patients 

higher than 70%

FIX-HF-5C ANALYSIS PLAN



Variable 

Control CCM

P-value
86+112 (198)* n=74+117 (191)*

Age (yrs) 61±12 60±12 0.51

Male    76.3% 71.3% 0.34

Ethnicity (White) 71.7% 74.9% 0.49

CHF Etiology (Ischemic) 64.7% 68.1% 0.52

Prior MI 59.1% 59.7% 0.92

Prior ICD 81.3% 82.7% 0.79

Diabetes 50.5% 49.7% 0.92

NYHA (%IV) 11.6% 9.4% 0.51

QRS Duration (ms) 102±13 101±14 0.24

LVEF (%) (core lab) 32±5 32±5 0.89

LVEDD (mm) (core lab) 58±9 58±10 0.76

MLWHFQ 57±23 59±23 0.36

6MHW (meters) 324±91 322±86 0.08

CPX (core lab)

Peak VO2 (ml/kg/min) 15.0±3.0 15.0±2.9 0.73

Exercise Time (minutes) 11.2±3.3 11.3±3.1 0.74

*Primary analysis cohort from FIX-HF-5C + FIX-HF-5 25≤EF≤45 Subgroup

PATIENT BASELINE DEMOGRAPHICS*
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FIX-HF-5C PRIMARY EFFICACY ENDPOINT MET
CCM SIGNIFICANTLY IMPROVES EXERCISE CAPACITY 
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FIX-HF-5C:  PRIMARY EFFICACY ENDPOINT
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7 protocol-specified device/procedure-related events (n=68)
5 - lead dislodgements

1 - deep vein thrombosis

1 - generator erosion/ pocket stimulation with pocket revision/lead exchanges

• Event Rate 10.3% [95% CL 4.2-20.1]

• Complication-free rate: 89.7% [95% CL 79.9-95.8]
• OPC required 95% LCL > 70%

FIX-HF-5C PRIMARY SAFETY ENDPOINT MET



GROUP GENDER AGE DAYS* Adjudicated Cause of Death

CONTROL

M 61.6 70 Cardiac Procedure-VT Ablation

M 69 36 Cardiac-Pump failure

F 70.6 117
Non-CV - Pulmonary: Complication of a non-

cardiac procedure

M 51.8 4 Cardiac-Pump failure

ACTIVE

F 69.6 -2 Cardiac-Sudden prior to implant

F 73.6 164 Non-CV: Sepsis post cholecystectomy

*Days following Randomization

FIX-HF-5C OVERALL MORTALITY
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Greater Days alive not hospitalized for HF

CCM: 165.8 (hosp. days 2.5)

Control: 162.0 (hosp. days 6)

(Δ=3.8; p=0.035) 

Greater Total Days Alive Out of Hospital*

CCM: 164.3 (hosp. days 3.7)

Control: 160.4 (hosp. days 7.6)

(Δ=3.9; p=0.035)

Reduced Rate of HF hospitalizations compared to year prior to 

CCM (table)

1 yr Prior 24 Wk Study Period p

CCM 1.11 0.44 0.004

Control 0.65 0.39 0.126

CCM 0.81 0.13 0.001

Control 0.37 0.31 0.616

Events/Patient Year

All CV

HF

HOSPITALIZATIONS AND DAYS ALIVE OUT OF HOSPITAL



PRE-SPECIFIED SUBGROUP ANALYSIS:   EF 35%-45%

39



• Study met all endpoints

• In patients with EF 25%-45%, QRS<130ms, on guideline-directed medical therapy with 

persistent NYHA III/IVa symptoms;

• CCM Reduce Cardiovascular Death/HF Hospitalizations

• CCM improves: Peak VO2, MLWHFQ, NYHA 

• CCM treatment is safe

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

SUMMARY  OF NEW FIX-HF 5C STUDY  



• TECHNOLOGY DESCRIPTION

• MECHANISM OF ACTION

• CLINICAL DATA

• LONG TERM EXPERIENCE

CONTENTS

41



CCM-REG-5C REGISTRY STUDY

• 140 PATIENTS AT 31 EU SITES

• TARGET POPULATION-HEART FAILURE PATIENTS: 

• WITH EF 25% TO 45% (CCM-REG-5C COHORT)

• SUBPOPULATION WITH EF 35% TO 45% (CCM-REG-5C≥35 COHORT)

• NYHA CLASS III AND IVA

• VIRTUALLY IDENTICAL WITH FIX 5C STUDY POPULATION

• FOLLOW UP - 3 YEARS 

• PRIMARY EFFICACY ENDPOINT:  COMPARISON OF OBSERVED SURVIVAL (BASED ON KAPLAN-MEIER 

ANALYSIS) TO THAT PREDICTED BY THE SEATTLE HEART FAILURE MODEL (SHFM) 

• MAJOR SECONDARY EFFICACY ENDPOINTS:  RATE OF HEART FAILURE AND CARDIOVASCULAR 

HOSPITALIZATIONS, MINNESOTA LIVING WITH HEART FAILURE QUALITY OF LIFE (QOL) SCORE, NYHA 

CLASS, EF%



CCM-REG-5C; LONG TERM SURVIVAL: POPULATION UNDER THE FIX-5C CRITERIA

All data monitored



CCM- 5C- REG: MARKED HOSPITALIZATION REDUCTION

44

All data monitored

P-value: Hospitalization events are based on a Poisson distribution.  Establishing event-rates (events per patient-year) allows for standardized comparisons between 

time periods (pre-enrollment vs. post-enrollment).  The p-value is derived from a chi-square test on the difference between event-rates.

Patient-Yrs Events Event-RatePatient-Yrs Events Event-Rate

HF 134 0.96 73 0.26 <0.0001

CV 34 0.24 24 0.09 <0.0001

HF/CV 168 1.20 97 0.35 <0.0001

HF 47 0.82 18 0.16 <0.0001

CV 23 0.40 9 0.08 <0.0001

HF/CV 70 1.23 27 0.24 <0.0001

p-valueEVENT

140.0EF 25-45

SUBGROUP
Pre-Enrollment Post-Enrollment

EF 35-45 57.0 113.5

279.6



CCM-REG-5C; LONG TERM SURVIVAL: POPULATION UNDER THE FIX-5C CRITERIA, 
35%+)

All data monitored



CCM-REG-5C; IMPROVEMENT OF QOL & EF
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P: <0.001 P: <0.001 P: 0.0167

Change from baseline analyses at 6, 12, 18, and 24 months for left ventricular ejection fraction (LVEF), New York Heart Association (NYHA) Class, and the Minnesota Living with Heart Failure 

Questionnaire (MLWHFQ) were assessed with a paired t-test. The influence of time (Baseline, 6 months, 12 months, 18 months, and 24 months) for LVEF, NYHA Class, and MLWHFQ was also 

assessed using a mixed linear model (PROC MIXED) with a repeated measures approach.

All data monitored; publication under preparation 



Muller et al. Clin Res Cardiol 2017

▪ N=143, NYHA II-IV IN 28 CENTERS

▪ EF UP TO 45%, MEAN 28.3 ± 6.4   (20% HAD EF≥35%)

▪ 95% OF CASES WITH EF ≥ 35% MAINTAINED THIS EF LEVEL, A THIRD OF EF 30-35% BECAME EF≥35% (MAY CONSIDER AVOIDING THE NEED 

FOR AN ICD)

▪ DATA COMPARABLE TO SINGLE SITE EXPERIENCE (KUSHYK ET AL) PREVIOUSLY PUBLISHED 

LONG TERM DATA: 1ST GERMAN CLINICAL REGISTRY

Functional Status (NYHA) Quality of Life (MLWHFQ) Performance (Ejection Fraction)
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OPTIMIZER SMART: CANDIDATO TIPO



Ci sono tanti cuori 

troppo sani per morire

ed alcuni cuori 

troppo malati per vivere


