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Background

Cardiac contractility modulation delivers an electrical current during the absolute refractory period, 30 milliseconds
to 40 milliseconds after detection of local myocardial activation and without generating an action potential or cellu-
lar contraction (ie, “nonexcitatory”). Studies have demonstrated that these signals modulate action potential duration,
contractility, and cardiac relaxation through cellular mechanisms involving sarcoplasmic reticulum calcium entry." In
addition, improvements in global and regional contractility suggestive of reverse remodeling have been demonstrated
in small-cohort studies.> Cardiac contractility modulation may provide a benefit to patients with heart failure (HF)
for whom implantable cardioverter-defibrillator implantation and cardiac resynchronization therapy (CRT) are not
recommended as well as to specific patients with New York Heart Association (NYHA) class III symptoms and a
left ventricular ejection fraction (LVEF) of 25% to 45%."

Current Opportunities for Improvement

For patients with American College of Cardiology/American Heart Association stage C HF, CRT has demonstrated
benefits in reducing symptoms, hospitalizations, and mortality rates and. In the absence of a pacing requirement,
CRT is recommended for patients who meet specific criteria: either (1) NYHA class I symptoms, with an LVEF of
no more than 30%, ischemic cardiomyopathy, and a left bundle-branch block (LBBB) of at least 150 milliseconds
(class of recommendation [COR] 2b) or (2) NYHA class II to ambulatory class IV symptoms, with LBBB of at least
150 milliseconds (COR 1) or between 120 milliseconds and 149 milliseconds (COR 2a) or non-LBBB of at least
150 milliseconds (COR 2a) or between 120 milliseconds and 149 milliseconds (COR 2b). Cardiac resynchroniza-
tion therapy is not recommended (COR 3: no benefit) for patients with a QRS duration less than 120 milliseconds
or with NYHA class I or II symptoms and a non-LBBB pattern less than 150 milliseconds.* Device-based therapies
for patients with HR but for whom CRT is contraindicated remain an area of interest and clinical development.

Recent Developments

The current generation of cardiac contractility modulation device, Optimizer Smart (Impulse Dynamics), was
approved by the US Food and Drug Administration in October 2019 and includes an implantable pulse generator
and 2 leads, each of which is implanted in the right ventricular septum. Previous generations of cardiac contractility
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modulation devices included a third lead that was
implanted in the right atrium. The 2 ventricular leads
perform sensing and cardiac contractility modulation
signal delivery, applying a biphasic electrical signal
of +7.5 V and a 20-millisecond duration during the
absolute refractory period. The pulse generator delivers
five 1-hour therapies across a 24-hour period, each
separated by 3.8 hours, and is wirelessly rechargeable,
with expected battery longevity exceeding 15 years.

Randomized clinical evidence in support of cardiac con-
tractility modulation in patients with HF was predomi-
nantly performed with the previous generation’s 3-lead
cardiac contractility modulation device. Borggrefe et
al’ randomly assigned 164 patients with an LVEF less
than 35% and NYHA class II or III symptoms and
who had received cardiac contractility modulation de-
vice implantation to 3 months of cardiac contractility
modulation therapy followed by sham or vice versa and
demonstrated improved exercise tolerance and quality
of life (QOL). Kadish et al® randomly assigned 428 pa-
tients with NYHA class III or IV symptoms and an
LVEF no more than 35% but who did not meet CRT
criteria to optimal medical therapy with or without
cardiac contractility modulation; their study did not
demonstrate improvement in the primary outcome of
ventilatory anaerobic threshold but did find improved
secondary outcomes of peak maximal oxygen consump-
tion and quality-of-life measures without a significant
difference in safety. Post hoc subgroup analyses sug-
gested a possible benefit for patients with an LVEF at
least 25% and NYHA class I1I symptoms.” The Evalu-
ate Safety and Efficacy of the OPTIMIZER® System in
Subjects With Moderate-to-Severe Heart Failure (FIX-
HF-5C; ClinicalTrials.gov identifier NCT01381172)
study examined this cohort further, randomly assigning
160 patients with NYHA class III or IV symptoms, an
LVEF between 25% and 45%, and a QRS duration less
than 130 milliseconds, finding improvement in peak
maximal oxygen consumption, QOL, and 6-minute
walk distance with cardiac contractility modulation
compared with optimal medical therapy.® Notably, the
composite of cardiovascular death and HF hospital-
izations was reduced from 10.8% to 2.9%, driven by
a significant reduction in events for patients with an
LVEF between 25% and 35% and narrowly meeting
significance by Kaplan-Meier estimates at exactly 24
weeks, though not by log-rank testing.® A prospective
registry study compared 140 patients with an LVEF
between 25% and 45% who received cardiac contrac-
tility modulation therapy with mortality estimates by
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Abbreviations and Acronyms

COR class of recommendation

CRT cardiac resynchronization therapy
HF heart failure

LBBB left bundle-branch block

LVEF left ventricular ejection fraction
NYHA New York Heart Association

QoL quality of life

the Seattle Heart Failure Model and with pretherapy
hospitalization rates, QOL, and symptom measures;
researchers found a reduction in cardiovascular and
HF-related hospitalizations and improvement in QOL
and NYHA class for patients receiving cardiac contrac-
tility modulation and lower mortality compared with a
Seattle Heart Failure Model prediction in patients with
an LVEF between 35% and 45% in nonrandomized,
nonblinded observational analysis.” Patients receiving
therapy through the current-generation 2-lead cardiac
contractility modulation device were compared with pa-
tients in the control group from the FIX-HE-5C trial in
the nonrandomized, observational FIX-HF-5C2 cohort
study; this comparison suggested similar cardiac con-
tractility modulation signal delivery and similar safety
profiles, with fewer device-related adverse events with
the 2-lead system than with the 3-lead system."

Future Directions

Post Approval Study (PAS) of the OPTIMIZER
Smart and CCM Therapy (PAS) (ClinicalTrials.gov
identifier NCT03970343), a prospective, multicenter,
nonrandomized, single-arm, open-label study, is
currently enrolling 620 participants with NYHA
class III symptoms and an LVEF of 25% to 45% to
assess the long-term safety and efficacy of the current
2-lead cardiac contractility modulation device in a
real-world cohort. Additional randomized controlled
trials include Assessment of CCM in HF With Higher
Ejection Fraction (AIM-HIGHer; ClinicalTrials.gov
identifier NCT05064709), a prospective, multicenter,
randomized, quadruple-blind trial of 1500 participants
with an LVEF of 40% to 60% undergoing cardiac
contractility modulation therapy vs sham, and
Assessment of Combined CCM and ICD Device in
HFEF (INTEGRA-D; ClinicalTrials.gov identifier
NCT05855135), a single-arm, prospective, multicenter
study to examine a combined cardiac contractility
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modulation—implantable cardioverter-defibrillator
device in 300 participants with an LVEF of no more
than 40%; each study is expected to be completed by
early 2026.
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