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GDMT PRODUCES MODEST IMPROVEMENTS IN EXERCISE CAPACITY

% Improvement in exercise capacity versus control arm

n = number of 
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CRT IS INDICATED FOR ONLY 30% OF HFREF PATIENTS

30% 70%

Not Indicated 
for CRT

Indicated 
for CRT

NYHA II & III
EF ≤ 35%

GDMT
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CARDIAC CONTRACTILITY MODULATION (CCM) THERAPY



Northwell Health®

Physiology of CCM Therapy
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“Effects on End-Stage Failing 
Human Heart Muscle”

Burkhoff, Daniel, et al. "Electric currents applied during the 
refractory period can modulate cardiac contractility in vitro and 
in vivo." Heart failure reviews 6 (2001): 27-34.



Northwell Health®
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Cardiac Contractility Modulation Therapy
Effects on Intracellular Calcium

+ dP/dt (reflects increased contractility)

- dP/dt (reflects improved relaxation)

Mohri, Satoshi, et al. "Electric currents applied during refractory period enhance contractility and systolic calcium in the ferret heart." American 
Journal of Physiology-Heart and Circulatory Physiology 284.4 (2003): H1119-H1123.



Clinical effects of CCM signal on global LV function 

Borggrefe, M., & Burkhoff, D. (2012). Clinical effects of cardiac contractility modulation 
(CCM) as a treatment for chronic heart failure. European journal of heart failure, 14(7), 
703-712.

Physiology of CCM Therapy

Figure 2. Effects of cardiac 
contractility modulation (CCM) signals 
on global function assessed by left 
ventricular pressure (LVP) and the rate 
of rise of LVP (+dP/dt) in a patient 
undergoing an acute OPTIMIZER III 
device implant



MYOCARDIAL GENE EXPRESSION IN HF:  
THESE ARE GENES WITH ABNORMAL EXPRESSION IN HF
SIGNIFICANT IMPROVEMENT WITH CCM THERAPY

Adapted from Butter, JACC 2008 FIX-HF-4 (N=11 patients); Group 1: Therapy On > Off (n=7); Group 2: Therapy Off to On (n=4)
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Source - Imai , et al., Therapy With Cardiac Contractility Modulation Electrical Signals Improves Left Ventricular Function 
and Remodeling in Dogs With Chronic Heart Failure JACC Volume 49, Issue 21, 29 May 2007, Pages 2120-2128

SERCa2a Expression is impacted acutely only in the region near where CCM signals are delivered

CCM ®  Therapy
Improved Regional Cardiac Function Induces Global Improvement and Reverse Remodeling
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remote from the site of CCM signal delivery by 3 months of treatment
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CCM ®  Therapy
Improved Regional Cardiac Function Induces Global Improvement and Reverse Remodeling



Western Blotting Demonstrates Improved Phosphorylation 
of Phospholamban in HF model with CCM Therapy

PLB-P = Phosphorylated Phospholamban
PLB = Total Phospholamban

Physiology of CCM Therapy



Physiology of CCM Therapy

HUMAN STUDIES OF CCM AND MVO2: 
NO INCREASE WITH CCM

When you compare LV. Pacing, CCM versus  DBA



CARDIAC CONTRACTILITY MODULATION:

Delivers biphasic, high-voltage electrical signals to the RV septum 
during the absolute myocardial refractory period, which enhances 
myocardial contractility without increasing O2 demand.  

Improves calcium handling, reverses fetal myocyte gene  
programming associated with HF facilitating reverse remodeling.



CLINICAL EXPERIENCE



CCM  Therapy Delivery

Simple
• Procedure is like a dual-chamber pacemaker 

implant

Safe
• Low complication rates – similar to a standard 

transvenous pacing system implantation 
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The Science Behind CCM 
More Than 150 Publications in Peer-Reviewed Journals

Select Publications

• Kuschyk et al: “Long Term Clinical experience with cardiac 
contractility modulation delivered by the Optimizer Smart system”  
European Journal of Heart Failure, May 2021

• Tschope - Clinical effects of cardiac contractility modulation in heart 
failure with mildly reduced systolic function ESC Heart Failure 
December 2020

• Abraham et al: “A Randomized Control Trial to evaluate the safety 
and efficacy of Cardiac Contractility Modulation” JACC HF, May 2018

• Tschope et al: “Cardiac contractility modulation: mechanisms of 
action in heart failure with reduced ejection fraction and beyond” 
European Journal of Heart Failure, August 2018

• Borggrefe and Mann: “Cardiac Contractility Modulation in 2018” 
Circulation, December 2018

• Butter C: “Cardiac Contractility Modulation Electrical Signals Improve 
Myocardial Gene Expression in Patients with heart failure” Journal of 
the American College of Cardiology, May 2008

• Borggrefe M.M. et al: “Randomized, double blind study of non-
excitatory, cardiac contractility modulation electrical impulses for 
symptomatic heart failure” European Heart Journal, January 2008



CCM CLINICAL TRIAL HISTORY



60 subjects, 88 % male, 66 ± 9 years, NYHA III/IV a, 
LVEF 25%-40% (34± 9) not eligible for CRT.

FIX-HF-5C2 (2-lead system, no RA lead) 
Previous studies were performed with a 3-
lead system (Fix HF-5C)
All patients received an Optimizer 2 lead system.

Primary end point was estimated difference in the 
change of peak VO2 from baseline to 24 weeks. 
Additional efficacy end points include NYHA class and 
NT-pro BNP.

Primary safety end point was device-related adverse 
events
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Comparison of the effects of CCM™ and CRT on peak oxygen consumption (VO2) obtained from 
different clinical trials.

0 0.2 0.4 0.6 0.8 1 1.2 1.4

CRT Trials CCM Trials
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“Although studied in different populations, 
one with wide QRS and the other with 
narrow QRS, as detailed in the original 
papers, most of the other baseline features 
are very similar between the groups. With 
this as a caveat, the impact of CCM on 
peak VO2 is comparable with the impact 
of CRT.” 

CRT AND CCM ®  LANDMARK TRIALS



Source - Yu, et al., Impact of cardiac contractility modulation on left ventricular global and regional function and remodeling. 
JACC Cardiovasc Imaging. 2009 Dec;2(12):1341-9. doi: 10.1016/j.jcmg.2009.07.011.

CCM  Therapy
Improved Regional Cardiac Function Induces Global Improvement and Reverse Remodeling



SUSTAINED EVIDENCE OF REMODELING

LVEF < 30% LVEF > 30%



Fix HF-5 & 5C:
Concomitant ICD in 83% of pts 
no inappropriate shocks due to CCM® 
therapy reported to date

SAEs: 6 in 6 subjects (8.8%)

CCM  VS. CRM DEVICE RELATED COMPLICATIONS



CCM® AND RIGHT HEART FUNCTION

Figure 2. Effects of CCM therapy of right ventricular 
contractility indexes. 

Small (n=21), single-center study prospective study
analyzed the effects of CCM on RV systolic function 
and RV–pulmonary artery (PA) coupling using 
echocardiography:
tricuspid annular systolic excursion (TAPSE)
myocardial systolic excursion velocity (RVs)
RV free-wall strain
PA systolic pressure (PASP) - estimated from TR + CVP
RV-PA coupling calculated as TAPSE/PASP rati0

Conclusions: At six months, CCM increases RV 
reverse remodeling and performance, reducing RV 
size and improving RV systolic function, PASP, and 
RV-PA coupling.

* = p < 0.05



CCM® AND RIGHT HEART FUNCTION

Tricuspid Regurgitation?
Fix HF-5/5C/EU REG: 
no reports of worsening TR 
in 651 patients

Growing Body of Clinical Evidence that CCM 
therapy can:
• treat LV HF
• reduce RV pressure
• improve RV dimensions
• potentially stabilize or even improve pre-

existing TR 

Abraham, William T., et al. "A randomized controlled trial to evaluate the safety and efficacy of cardiac contractility 
modulation." Heart Failure 6.10 (2018): 874-883.

Kadish, Alan, et al. "A randomized controlled trial evaluating the safety and efficacy of cardiac contractility 
modulation in advanced heart failure." American heart journal 161.2 (2011): 329-337.

Kuschyk, Jürgen, et al. "Long-term clinical experience with cardiac contractility modulation therapy delivered by the 
Optimizer Smart system." European Journal of Heart Failure 23.7 (2021): 1160-1169.

No evidence to date that CCM significantly worsens TR





Peak VO2
0.13 mlO2/kg/min (95% CI: -0.73-0.98, p=0.770)

6 MWT
Increase 44.96 M (95% CI: 2.73-87.2; p=0.037)

NYHA
Decrease 0.89 (95% CI: -1.18—0.60; p<0.001)

MLHFA
Reduction of 11.83 (95% CI: -15.65—8.02, p<0.001)



LVEF
Increase by 5.96% (95% CI 4.65-7.26, p < 0.001)

LV ESV

LV EDV



Heart Failure Hospitalization

• 0.37 (95% CI: 0.22-0.62; p=0.0001)
• Reflecting a 63% reduction in HF 

hospitalization.

Mortality rates

• 10% (95% CI: 6%-16%,; p <0.0001)



FEWER HOSPITALIZATIONS FOR PATIENTS RECEIVING CCM

“Fewer patients required HF 
hospitalization in the 1-year 
period after CCM therapy device 
implant compared to the 1-year 
period prior.”
15 of 47 patients (32%) required at 
least one HFH in the year prior to 
device implantation.
5 of 47 patients (11%) required at 
least one HFH in the year after 
device implantation
represents a 67% reduction in the 
number of patients experiencing a 
HFH (p=0.004)
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67% reduction
(p=0.004)

Linde, C., Grabowski, M., Ponikowski, P., Rao, I., Stagg, A., & Tschöpe, C. (2022). Cardiac 
contractility modulation therapy improves health status in patients with heart failure with preserved 
ejection fraction: a pilot study (CCM-HFpEF). European Journal of Heart Failure.



CARDIAC CONTRACTILITY MODULATION: 
MECHANISMS AND CLINICAL EVIDENCE

Cardiac contractility modulation (CCM) therapy has demonstrated benefits in 
symptomatic heart failure patients with reduced ejection fraction (HFrEF)who have 
narrow QRS complex and are not candidates for CRT.



THE TECHNOLOGY

CCM® Therapy Delivery

§ CCM impulses are 300-400 X the output of typical pacing capture threshold for 
ventricular tissue

§ therapy is non-excitatory given the timing of impulse delivery24-hour Therapy Schedule

CCM® Therapy Schedule 
§ Seven (7) one-hour therapy delivery phases equally spaced over 24-hour period

§ Device is recharged for 1 hour weekly 

§ Rechargeable battery warranted for 20 years



OPTIMIZER® IDEAL LEAD PLACEMENT 

RAO LAO



THERAPY DELIVERY – EXAMPLE ECG



THERAPY DELIVERY – EXAMPLE ECG

Post-OPTIMIZER EKG
(therapy delivered in R-S segment) 
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Optimizer® Smart Optimizer® Smart Mini Optimizer® Integra CCM-D
Clinical Portfolio

Post Approval Study
620 subjects

3-year follow-up
MLWHFQ, Mortality vs SHFM, Safety

AIM HIGHer Trial (Feb 2022)
~1,500 subjects, LVEF 40-60%
Randomized, double blinded, 

CCM ON:CCM OFF 2:1, 6- and 18-month endpoints

INTEGRA-D Trial (Early 2023)
300 Subjects

FDA Breakthrough Designation
6-month and 2-year endpoints

FUTURE DIRECTIONS



Current FDA Approved Indications
NYHA Class III heart failure patients who:

Have an LVEF (left ventricular ejection fraction) from 45 % to 25 %

Remain symptomatic despite GDMT (guideline directed medical therapy)

Have no current indication for CRT (Cardiac Resynchronization Therapy)



Northwell Intermediate Heart Failure Device Algorithm
Symptomatic HF, LVEF < 45%, on optimal GDMT

HF Risk Stratification
6MWT, CPET, Right Heart Catheterization

HIGH RISK FEATURES:
CI < 2.2

< 350 m on 6MWT
VO2 max < 14 mg/kg/min
 or < 12 (on beta blocker)

VE/VCO2 slope > 34
NYHA class IV

Referral for LVAD or Heart 
Transplant Evaluation

(if life expectancy > 1 yr)

LVEF 35-40%LVEF 25-35%LVEF <25%

Consider BAT (Barostim)
If NT pro BNP < 1600, NYHA III or 

recent II, and no sub-cutaneous ICD

Consider CCM
if NYHA III

Evaluate risk of device related TR, 
especially if existing transvenous 

device (e.g PPM/ICD)

No high-risk features...evaluate EF

Not a CRT candidate OR CRT non-responder
No clinical improvement > 3-6 months post implant despite:

Bi-V pacing > 90%, appropriate LV lead placement, maintenance of sinus rhythm, and device optimization by EP team

CCM = Cardiac Contractility Modulation
BAT = Baroreflex Activation Therapy


