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• Consultant - Medtronic



Case
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• 75 M with ischemic Cardiomyopathy, PAF, and a history of severe MR s/p 
MVR in 2015. 

• Continues to have SOB at rest and DOE with minimal exertion and poor 
energy

• On GDMT including 

– Beta-Blocker: Bisoprolol 2.5mg daily

– ACEi/ARB/ARNI: Entresto 12/13mg BID

– Aldosterone Antagonist: Spironolactone 25mg

– SGLT2i: dapagliflozin 10mg daily

• CRT-D



Adequate CRT

4

BiV Pacing 96%

Afib Burden 48%



Additional Testing
CPET 

Peak VO2 12.2 mL/kg per minute (50 % of predicted).
Peak RER was 1.21 suggesting a good effort. 
Anaerobic threshold is 40 % of predicted (>40% normal).
The VE-VCO2 ratio at anaeorbic threshold was 35 (<34 
normal). 
Breathing reserve 66.3 % (>30% normal).

RHC 
Arterial BP: 130/82 (98)
RA: 6 RV: 44/3

PA: 44/15 (30) PW: 15
TP Gradient: 15

PA Sat: 61 %
Aorta Sat: 97 %

CO / CI (Fick): (4.21 L per min / 1.89 L per 
min per m²)
CO / CI (Thermodiluaiton): (5.07 L per min / 2.27 L per min 
per m²)
PVR: 285 Dynes.sec/cm5 3.56Woods
SVR: 1748 Dynes.sec/cm521.85 Woods

Echocardiogram
3/16/23

Left Ventricular ejection fraction = 30-
35%; Severe hypokinesis of 
anteroseptal and inferior walls 

The right ventricle is normal size with 
Mildly depressed right ventricular 
systolic function 

The right atrium is moderately dilated. 

Mild mitral regurgitation 

Moderate tricuspid regurgitation: 
Doppler-derived pulmonary artery 
systolic pressure = 30 mmHg +
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Next Steps

Currently, he is a candidate for cardiac contractility 
modulation since he has not responded to cardiac 
resynchronization.

Indications for CCM:

• LVEF 25–45%

• NYHA Class III

• Symptomatic despite guideline directed medical therapy

• In normal sinus rhythm

• Not responsive to Cardiac Resynchronization Therapy
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Pre-Implant
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https://www.wowt.com/2024/01/02/new-device-
changes-life-congestive-heart-failure-patient-nebraska-
medicine/

https://www.wowt.com/2024/01/02/new-device-changes-life-congestive-heart-failure-patient-nebraska-medicine/
https://www.wowt.com/2024/01/02/new-device-changes-life-congestive-heart-failure-patient-nebraska-medicine/
https://www.wowt.com/2024/01/02/new-device-changes-life-congestive-heart-failure-patient-nebraska-medicine/


Post Implant
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Follow up

• Currently, Mr. Turner notes he is feeling great. He feels 
like he's a new person and can do so much more now 
than he could do a few months ago. 

• This has been sustained for > 1 year

• No HF hospitalizations.
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4 Pillars of GDMT

Beta blockers Mineralocorticoid 
antagonist

ACEI/ARB/ARNI SGLT2i

Four Pillars of Heart failure Therapy
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Beyond Pharmacotherapy
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Novel Device based Therapy for Heart failure who 
are not candidates for or Non-responders to CRT

CRT remains the primary device-based therapy for HF

FDA approval 2019
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• Deviceimplantation 

resembles a 

traditional 

transvenous pace-

maker system but 

uses 2 RV lead

• Delivers electrical 
impulse during the 
Absolute refractory 
period of the 
ventricle

• 4-7.5V in 4 biphasic 
pulses (20ms)CCM therapy does not excite tissue but rather increases 

inotropy by prolonging the action potential



Mechanism of Action
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A Randomized Controlled Trial to Evaluate the 
Safety and Efficacy of Cardiac Contractility 
Modulation (FIX-HF-5)

19

Abraham, W. T. et al. A Randomized Controlled Trial to Evaluate 
the Safety and Efficacy of Cardiac Contractility Modulation. JACC: 
Hear. Fail. 6, 874–883 (2018).

https://www.sciencedirect.com/science/article/pii/S2213177918303032?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2213177918303032?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2213177918303032?via%3Dihub
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Changes with CCM therapy

22



Indications

Impulse Dynamics received FDA approval in 2019 

• NYHA class III symptoms, despite GDMT

• who do not have indications for CRT, including a narrow

underlying QRS

• LVEF between 25% and 45%

The potential roles of CCM in the settings of HFmrEF

and HFpEF populations (NCT05064709) and in 
combination with ICD therapy (NCT05855135) are 
currently under

investigation.
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Guidelines

In the 2022 AHA/ACC/HFSA guidelines, it is stated,

“Four RCTs have shown benefits  in exercise capacity and

quality of life (QOL) but, as of yet, no benefits in death or

hospitalizations.”

The 2021 ESC HF guideline states CCM use

“was associated with a small improvement in exercise 
tolerance and QOL”; however, like the 2022 AHA/ACC/

HFSA guideline document, a specific guideline 
recommendation was not provided. 
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Heidenreich et al. 2022 AHA/ACC/HFSA HF Guidelines

https://www.ahajournals.org/doi/10.1161/CIR.0000000000001063


Who is CCM for?
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• CRT is only beneficial in 10-
15% of the HF population

• CCM will potentially apply to 
another significant portion
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Borggrefe, M. & Mann, D. L. Cardiac Contractility Modulation 
in 2018. Circulation 138, 2738–2740 (2018). 

Suggested pathway for how cardiac contractility modulation(CCM) fits, 

compared with cardiac resynchronization therapy (CRT), in

the treatment of patients with heart failure

https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.118.036460
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.118.036460


Relationship with other implantable 
Equipment

• CRT: 20-30% non-responders, and CCM can be used 
as an adjunct.

• 17 patients with significant HF despite CRT

28 Kuschyk, J. et al. Cardiac contractility modulation treatment in patients with symptomatic heart failure 
despite optimal medical therapy and cardiac resynchronization therapy (CRT). Int. J. Cardiol. 277, 173–177 
(2019).

https://www.internationaljournalofcardiology.com/article/S0167-5273(18)34035-X/abstract
https://www.internationaljournalofcardiology.com/article/S0167-5273(18)34035-X/abstract
https://www.internationaljournalofcardiology.com/article/S0167-5273(18)34035-X/abstract


Relationship with other implantable 
Equipment
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• CCM systems have not 
shown interactions 
with TV-ICD or S-ICD 
systems

• Many patients will have 
LVEF < 35%

• 20 patients 
• One inappropriate 

shock unrelated to 
CCM

• 6 VT episodes all 
successfully 
treated

• Improvement in 
HF class, EF, and 
MLWHFQ

• Integra-D

Röger, S. et al. Long‐term results of combined cardiac contractility modulation and 
subcutaneous defibrillator therapy in patients with heart failure and reduced 
ejection fraction. Clin. Cardiol. 41, 518–524 (2018)

https://onlinelibrary.wiley.com/doi/10.1002/clc.22919
https://onlinelibrary.wiley.com/doi/10.1002/clc.22919
https://onlinelibrary.wiley.com/doi/10.1002/clc.22919


Limitations

• Multiple Leads

• Infection

• Tricuspid Regurgitation

• CCM Non-response

• Device Interaction

• Category III CPT code

• Paperwork Medicare
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Integra-D

• Prospective Single Arm Trial to 
investigate safety and 
effectiveness of the CCM-D 
system

• Focus on the defibrillator 
function

• Includes DFT test

• If it functions as expected, it 
will be approved as an ICD
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• HFpEF now affects as much 

as 50% of the population with 

heart failure (HF)

• There are limited therapeutic 

options

• FIX-HF-5C2, the upper range 

of EF was extended to 45%, 

suggesting the possibility of 

benefit for CCM in individuals 

with HFpEF

https://www.ahajournals.org/doi/10.1161/CIRCHEARTFAILURE.119.006512


Aim Higher
The AIM HIGHer Clinical Trial is a prospective, multi-
center, randomized, quadruple-blind, sham-controlled trial 
of the safety and efficacy of CCM therapy delivered via the 
OPTIMIZER Smart Mini System in subjects with heart 
failure and an LVEF =40% - 60%.

Subjects will be randomized in a 2:1 ratio to either CCM 
ON (CCM group) or to CCM OFF (Sham group). 

Inclusion Criteria:

• Diagnosed with symptomatic heart failure;

• LVEF =40 and =60% 

• Heart failure hospitalization within 12 months AND 
elevated BNP
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34 Pipilas, D. C., Hanley, A., Singh, J. P. & Mela, T. Cardiac Contractility 
Modulation for Heart Failure: Current and Future Directions. J. Soc. 
Cardiovasc. Angiogr. Interv. 2, 101176 (2023).

https://linkinghub.elsevier.com/retrieve/pii/S2772930323011778
https://linkinghub.elsevier.com/retrieve/pii/S2772930323011778
https://linkinghub.elsevier.com/retrieve/pii/S2772930323011778
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