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Evolution of Device Therapy for HFrEF
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In the largest cohort with 
≈15 000 patients with HF, 
only 9.1% of the population 
was eligible for CRT.
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CCM Improves Myocardial Gene Expression in 
the Failing Human Heart

• Expression of 
multiple HF related 
genes improves with 
CCM

• Findings in human 
myocardial samples 
from a double-blind 
randomized 
controlled study

N=11

Butter C, et al. J Am Coll Cardiol 2008;51:1784–1789.
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A. CCM increases septal contraction

B. Mechanoreceptors activate vagal afferents

C. Sympathetic activity decreases (central 
/peripheral)

D. Improvement in autonomic balance

CCM and Its Suggested Influences on the 
Sympathetic Activity

Adapted from Tschöpe et al. Eur J of Heart Fail 2019;21:14–22.
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FIX-HF-5:  Greater Benefit in Patients with Ejection 
Fractions > 25% 

Subgroup (EF ≥ 25%)
(N=229)

Abraham WT, et al. J Card Fail 2011; 17:710-717.
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CCM Effect on Cardiovascular Death and HF 
Hospitalizations:  FIX-HF-5 + FIX-HF-5C

p=0.036

Abraham WT, et al. JACC Heart Failure 2018; 6:874-883.

FDA approval in patients 
with HF ineligible for CRT 

(March 2019) 



Cardiac Contractility Modulation:
Who Should Receive This Therapy?



Current Ongoing Large-
Scale Studies for CCM in 
Narrow Complex Heart 

Failure



ELECTRICAL DEVICE–
BASED MODULATION of 

the AUTONOMIC NERVOUS 
SYSTEM (ANS)

(1)carotid baroreceptor activation therapy (BAT) 

(2) vagal nerve stimulation (VNS)



Device-based Modulation of the ANS

• HF is associated with autonomic imbalance with increased sympathetic 
activity and withdrawal of parasympathetic activity.

• This leads to subcellular myocardial dysfunction (including abnormal 
calcium handing and apoptosis), increase in interstitial fibrosis, a higher 
susceptibility of arrhythmia, and increased peripheral vascular resistance.

• Autonomic dysfunction is also a strong contributor to HF progression and 
mortality.

• Consequently, manipulating the ANS to restore sympathovagal balance 
may be an attractive therapeutic option for HF patients.



cardiac afterload





J A C C : H E A R T F A I L U R E V O L . 3 , NO . 
6 , 2 0 1 5; J U N E 2 0 1 5 : 4 8 7 – 9 6

BAROSTIM HOPE4HF Trial



Zile et al., J A C C VOL . 7 6 , N O . 1 , 
2 0 2 0 J U L Y 7 , 2 0 2 0 : 1 – 1 3

BeAT-HF Trial

FDA approval in 
patients with advanced 

HF ineligible for CRT 
(August 2019) 



Who should receive BAT?

• Neither HOPE4HF nor BeAT-HF was adequately powered or had follow-up
long enough to determine whether BAT reduced death or HF 
hospitalizations. 

• On the basis of the results of the BeAT-HF trial, the FDA approved the 
Barostim neo system in 2019 for the improvement of symptoms of HF in 
patients in NYHA functional class III (or class II with a recent history of class 
III), LVEF ≤35%, and NT-proBNP <1,600 pg/mL who are not CRT candidates.

• The extended phase of BeAT-HF is ongoing, and the presentation of the 
morbidity and mortality results is expected in 2022.



Phrenic nerve 
stimulation (PNS)



Prevalence of Sleep Disordered Breathing in Cardiovascular Disease

•30% of cardiac disease patients
– Schafer et al, Cardiology 1999

•50% of heart failure patients (40% CSA; 11% OSA) 

Javaheri, Circulation 1998

• 40% pts with systolic HF 

• 50% pts with diastolic HF

•30% of hypertensive patients
– 83% of refractory hypertension

Logan et al, J Hypertension 2001

27



Central Sleep Apnea/Cheyne-Stokes respiration:
mechanism

• CSA-CSR reflects derangements in ventilatory control 
mechanisms because of irritant receptor stimulation by 
pulmonary microvascular congestion (left atrial hypertension 
and decreased cardiac output), heart failure patients 
chronically hyperventilate, resulting in low blood carbon 
dioxide tensions during wakefulness. 

• The relative hypocapnia, together with a heightened 
chemoreflex response to carbon dioxid and prolonged 
circulation time, destabilize the ventilator control system 
during sleep and result in CSA-CSR. 

• As would be expected by these mechanisms, inhalation of a 
carbon dioxide– enriched gas abolishes CSA. 28



phrenic nerve stimulation 

pathophysiology
Vein targets: left pericardiophrenic or 
right brachiocephalic



FDA approval in 2017 
for CSA

 Apnea: cessation of airflow that lasted 
at least 10 seconds, 

 CSA: absence of airflow and 
thoracoabdominal movements

 OSA: absence of airflow in the 
presence of thoracoabdominal
movements. 

 Hypopnea: ≥50% decrease in the sum 
of thoracoabdominal movements 
lasting ≥10 seconds, followed by a 
reduction in Sao2 of at least 4%.

 Apnea-hypopnea index (AHI) is an 
assessment of sleep apnea severity 
based on the number of apnea and 
hypopnea events per hour of sleep 

96 (64%) enrolled patients 
had previous heart failure 



 improvement in sleep metrics 
 reduction in the severity of CSA
 improvement in both sleep and

HF-specific quality of life measures
 Small increase in LV systolic function
 No difference in cardiovascular mortality 

or time-to-first HF hospitalization 



Current Ongoing Large-Scale Studies in PNS With 
Outcomes Being Evaluated in HF Patients 

Estimated Study Completion Date : April 15, 2027



vagal nerve stimulation 
(VNS)



 ANTHEM-HF (Autonomic Neural Regulation Therapy to Enhance Myocardial 
Function in Heart Failure) study-completed

 INOVATE-HF (Increase of Vagal Tone in Heart Failure) study-completed
 NECTAR-HF (Neural Cardiac Therapy for Heart Failure) study-completed

 ANTHEM-HFrEF (Autonomic Regulation Therapy to Enhance Myocardial 
Function and Reduce Progression of Heart Failure with Reduced Ejection 
Fraction)-ongoing

 ANTHEMHFpEF (Autonomic Neural Regulation Therapy to Enhance Myocardial 
Function in Patients with Heart Failure and Preserved Ejection Fraction)-
ongoing

VNS

No Δ in mortality/morbidity/ hospitalization



Thank You!
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3D Echo studies in humans and ventriculography studies in 
animals demonstrate reverse remodeling within 3 months of 
initiating CCM therapy

Cardiac Contractility Modulation Produces LV 
Reverse Remodeling

Imai et al. JACC 2007

Yu et al. JACC Cardiovascular Imaging 2009





Randomized Controlled CCM Trials Prior to FIX-HF-5C

• Three randomized studies showed significant impact on exercise 
tolerance and quality of life:

• FIX-CHF-4 (n=164; randomized, double-blinded; EU)

• FIX-HF-5 Feasibility (n=50; randomized, double-blinded; US)

• FIX-HF-5 (n=428; randomized; US)

• Peak VO2 endpoint consistently positive across trials

• Pre-specified subgroup analyses of FIX-HF-5 demonstrated greatest 
benefits in patients with heart failure and mildly to moderately 
reduced ejection fractions ranging from 25% to 45%1

1Abraham WT, et al. J Card Fail 2011; 17:710-717.



Cardiac Contractility Modulation Significantly Improves 
Peak VO2

• Success = Posterior Probability > 0.975

Difference (95% CI)

Mean Peak VO2

Difference
(mL/kg/min)

Posterior 
Probability

Bayesian Model 0.84 (0.12, 1.55) 0.989

-2 -1 0 1 2 3

Favors CCMFavors OMT

Abraham WT, et al. JACC Heart Failure 2018; 6:874-883.



FIX-HF-5C Secondary Efficacy Endpoints
CCM Significantly Improves QoL and Functional Status
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Pre-specified Subgroup Analysis by LVEF
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Abraham WT, et al. JACC Heart Failure 
2018; 6:874-883.



Conclusions:  Cardiac Contractility Modulation

• Based on the totality of clinical data in NYHA Class III heart failure 
patients with HFrEF and HFmrEF (LVEF ranging from 25% to 45%), CCM:
• Improves exercise capacity, quality of life, and functional status
• Shows strong trends toward improved morbidity and mortality, especially 

reduction in heart failure hospitalizations
• Has an acceptable rate of device/procedure-related complications, similar to 

CRT

• Effects are seen in both HFrEF and HFmrEF groups

• CCM is a valuable addition to our armamentarium for the treatment of 
heart failure, especially in HFmrEF where no effective drug or device 
therapies exist



Cardiac Contractility Modulation
Current Regulatory Status

• CE Marked and commercially available in many countries around the 
world

• Extensive post-market experience in European Union

• FDA approved CCM on March 21, 2019

• “The OPTIMIZER Smart System, which delivers CCM therapy, is indicated to 
improve 6-minute hall walk distance, quality of life, and functional status of 
NYHA Class III heart failure patients who remain symptomatic despite guideline 
directed medical therapy, who are in normal sinus rhythm, are not indicated for 
CRT, and have an LVEF ranging from 25% to 45%”



Cardiac Contractility Modulation:
Frequently Asked Questions

• Who prescribes the therapy?:

• Anyone who takes care of NYHA Class III heart failure patients 

• Who implants the device/performs the procedure?

• Electrophysiologists and those skilled in cardiac implantable electronic device 
implantation 

• What is next for this therapy?

• Development of a combined CCM-ICD device

• Expansion of indication to other heart failure populations 

• Who should really receive this device?

• Heart failure patients with NYHA Class III symptoms despite optimally-tolerated 
guideline directed medical therapy, who are not candidates for CRT


