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What is cardiac contractility modulation?

Cardiac contractility modulation (CCM) is an electrical device-based therapy for symptomatic HF 
patients and no indication for CRT (narrow QRS)

HF population

HFpEF

HFrEF

≈ 30% meet 
criteria for CTR

≈ 70% HFrEF patients who remained symptomatic despite 
GDMT may benefit from this technology 

New answer for unresolved needs



What is cardiac contractility modulation?

Electrical CCM signals are biphasic and high voltage non-
excitatory electrical signals applied during the cardiac 
absolute refractory period.

Electrical stimulation during refractory period modulates 
cardiac contractility. 

Cardiac cycle and CCM



What is cardiac contractility modulation?

CCM signals are delivered to the heart from an implanted pulse generator through two ventricular leads: one 
for sensing timing of local electrical activation and other for delivering CCM signals *  

Rechargeable battery
20 years of duration

Charge every 7 days
60-90 min charge






What is cardiac contractility modulation?



Cardiac contractility modulation: mechanisms of action

Improvement in contractility
(minutes-hours)

• Intracellular Ca2+ metabolism 
and handling

• Improve diastolic Ca2+ levels

Am J Physiol Heart Circ Physiol 282: H1642–
H1647, 2002.

Improvement in pressure-
volume loops

Improvement in dP/dt (max)

Rev Cardiovasc Med. 2017;18(1):1-13

Biochemical and gene profile 
normalization (hours-weeks)

Butter C et al.J Am Coll 
Cardiol 2008;51:1784–9

Tschöpe C et al.Eur J 
Heart Fail  2019;21: 
14-22

Reverse remodeling
(weeks-months)

J Am Coll Cardiol Img 2009;2:1341–9

• Normalization of matrix 
metalloproteinases

• ↓ replacement and interstitial 
fibrosis.

• ↑ LV systolic reserve

• Reverse maladaptive fetal 
gene program

• Normalizes expression of key 
sarcoplasmic reticulum Ca2+ 

cycling and stretch response 
genes

• ↑ Phosphorilation of PLB,  
myofilaments (TnI, MBP) and 
titin.

• ↓ Sympathetic nerve activity



Cardiac contractility modulation: clinical evidence

J Cardiovasc Electrophysiol 2004; 15, . 418-427

130

140

150

160

170

180

LVEDV (mL)

Baseline 8 weeks 24 weeks

58

60

62

64

66

68

70

LVEDD (mm)

Baseline 8 weeks 24 weeks

0
5

10
15
20
25
30
35
40

LVEF (%)

Baseline 8 weeks 24 weeks

0
5

10
15
20
25
30
35
40

MLWHFQ

Baseline 8 weeks 24 weeks

12
12,5

13
13,5

14
14,5

15
15,5

16
16,5

PeaK VO2 (mL/Kg/min)

Baseline 8 weeks 24 weeks

Compared with the period previous to 
inclusion 54% absolute risk reduction 
for HF hospitalization and WHF



Cardiac contractility modulation: clinical evidence

Neelgaru et al. J Card Fail. 2006;12:S74.
N= 49, 6 mo  FU

FIX-HF-4. Eur Heart J. 2008;29:1019–1028.
N=164, 6 mo FU FIX-HF-5. Am Heart J. 2011;161:329–337

N= 428 pacientes, 6 mo FU

FIX-HF-5C. JACC Heart Fail. 2018;6:874–883.
N= 160. 6 mo FU

FIX-HF-3. Eur Heart J. 2004;25:650–655
N= 23.  8 W FU. 

Kushcyk el al. Int J Cardiol. 2015;183:76–81
N= 81, 34 mo FU

Müller et al. Clin Res Cardiol. 2017;106:893–904
N= 143. 24 Mo FU

CCM-REG25-45. Eur J Heart Fail. 2019;21:1103–1113.
N= 140. 3 Y FU

FIX-HF-5C2. Circ Heart Fail. 2020;13:e006512
N= 60. 6 mo FU

CCM-REG. Eur J Heart Fail. 2021;23:1160–1169.
N= 503. 24 mo FU.

Linde C et al. Eur J Heart Fail. 2022; 24:2275-2284
N= 47. 24 w FU

Randomized clinical trial

Observational studies and 
registries

2005 2010 2015 2020 2025



Cardiac contractility modulation: clinical evidence
FIX-HF-5 trial 
• 428 patients  6 months
• NYHA III-VI
• QRS < 130 mseg and  LVEF <35%

Kadish A et a. Am Heart J. 2011;161:329–337

Patients with LVEF ≥ 25% and 
NYHA III benefit the most from 
CCM therapy 



Cardiac contractility modulation: clinical evidence

FIX-HF-5 FIX-HF-5C 160 patients. ≥ 25% LVEF ≤ 45%
NYHA III-IV. 
QRS <130 mseg

Abraham WT et al JACC Heart Fail. 2018;6:874–883



Cardiac contractility modulation: clinical evidence

Abraham WT et al JACC Heart Fail. 2018;6:874–883

FIX-HF-5C Trial

Significant improvement for NYHAIII patients
Greater effect on LVEF > 35%



Cardiac contractility modulation: clinical evidence

Abraham WT et al JACC Heart Fail. 2018;6:874–883

Exploratory analysis of composite cardiac death and HF hospitalization 
N= 371

73% lower rate of death or 
HF hospitalization

P Log Rank= 0.0042



Cardiac contractility modulation: clinical evidence
Meta-analysis of randomized controlled clinical trials. N= 861 

Peak VO2  (mL/Kg/min)

MLWHFQ

Giallauria F et al. ESC Heart Fail 2020; 7: 2922–2932



Cardiac contractility modulation: clinical evidence

Real world data: CCM-REG Registry

↓0.6± 0.7 ↓10± 21 ↑5.6%± 8.4%
Kuschyk J et al. Eur J Heart Fail. 2021;23:1160–1169



Cardiac contractility modulation: clinical evidence

Real world data: CCM-REG Registry

Kuschyk J et al. Eur J Heart Fail. 2021;23:1160–1169
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Cardiac contractility modulation: clinical evidence

Real world data: CCM-REG Registry

Kuschyk J et al. Eur J Heart Fail. 2021;23:1160–1169

Observed survival vs. predicted survival for the 
MAGGIC risk score

LVEF ≤ 25%

LVEF 26-34%

LVEF ≥ 35%



Cardiac contractility modulation: clinical evidence

Real world data: CCM-REG Registry

CCM effect was maintained in patients with intermediate QRS duration (120-149 msec)

Total cardiac, HF related and cardiac non-HF related hospitalization event rates 

QRS < 120 msec QRS 120-149 msec

Fastner C et al. Heart Rhythm 2025; 22:1756-1762



Cardiac contractility modulation: clinical evidence

May be CCM therapy useful beyond HFrEF?

RCT and registries showed a greater effect with higher EF

From FIX-HF-5

Calcium metabolism
• Phosphorylation of PLB  ↓SERCA2a inhibition 

↑intracelular Ca2+ reuptake  ↑ lusitropism
Myofilaments
• ↑ PKA and PKG titin phosphorilation  ↑ titin 

compliance and recoil
• ↑ Binding of HSP27/𝛼𝛼B-crystallin to titin ↓ titin

aggregation ↓ stiffness
Extracellular matrix
• Normalization of metalloproteinases
• ↓ fibrosis and collagen depostion

Tschöpe K et al. Eur J  Heart Fail 2019; 21: 14–22
Talha KM et al. J Cardiac Fail 2022;28:17171726Mohri S et al. Am J Physiol Heart Circ Physiol 2003;284:H1119-23



Cardiac contractility modulation: clinical evidence

CCM-HFpEF pilot study

Linde C et al. Eur J Heart Fail 2022;24:2275-2284



HF patients candidates for CCM therapy
•  Stable NYHA class III despite optimal GDMT
• LVEF 25-45%. Specially recommended for LVEF 

35%-45%1.
• No pacemaker dependent and QRS < 130 msec 2. 
• No candidates for CRT.
• Low ventricular arrhythmias burden (less tan 8000 

VE/24 hours).
• No severe concomitant valve disease (except

secondary mitral regurgitation)

1. CCM is approved in Europe for HFpEF patients
2. QRS  may be > 130 msec if patient is not candidate for CRT

Cardiac contractility modulation: patient selection

Beta-blockers
ACEi/ARB/ARNi
ARM
SLGT2 inhibitors
Vericiguat

Exclude CRT

Window for intervention



Cardiac contractility modulation: patient selection

Masarone, D et al.. Expert Review of Medical Devices 2023; 20, 525–528



Cardiac contractility modulation: patient selection

OMT
NYHA III/IVa

EF ≤ 45%

LBBB

EF ≤ 35%

CRT-D 
Vs CRT-P

Continued 
OMT

Continued NYHA III/IVa

Consider CCM

EF

EF < 25%

Continued 
OMT + ICD

25%≤EF≤ 35% 35%<EF≤ 45%

ICD + CCM CCM

NO YES

YES NO

Borggrefe M et al. Circulation. 2018;138:2738–2740



Cardiac contractility modulation: future directions



Cardiac contractility modulation: future directions



• CCM improves both systolic and diastolic function and promotes
reverse remodeling in HF patients.

• In chronic HF, CCM therapy improves symptoms, exercise capacity
and quality of life.

• Patients with LVEF ≥ 35% and functional class NYHA III benefit the
most from CCM therapy.

• Larger randomized controlled trials are needed for assessing impact of
CCM in survival and HF hospitalizations.

Take home messages



Thank you
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