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Martin Borggrefe, MD
Douglas L. Mann, MDCardiac contractility modulation (CCM) is a device-based therapy for heart 

failure (HF) that involves applying relatively high-voltage (≈7.5 V), long-dura-
tion (≈20 milliseconds), biphasic electric signals to the right ventricular septal 

wall during the absolute myocardial refractory period. Accordingly, CCM signals 
do not elicit a new contraction; rather, they influence the biology of the failing 
myocardium. CCM signals have been shown to induce an acute, mild augmenta-
tion of left ventricular (LV) contractile strength without an increase in myocardial 
oxygen consumption in both animal HF models1 and patients with reduced ejec-
tion fraction (EF). Three-dimensional echocardiographic studies showed that CCM 
induces reverse LV remodeling and improves LVEF over time. The myocardial ef-
fects of CCM are multifactorial: Studies show effects on molecular, cellular, and 
extracellular properties that express themselves over different time frames. Acute 
effects appear to involve alterations of myocardial calcium handling, whereas over 
intermediate and longer time frames, CCM exerts a multitude of biochemical and 
molecular effects locally and remotely from the site of stimulation, including shifts 
of a large number of abnormally expressed genes toward normal, many of which 
involve pathways that regulate calcium cycling and myocardial contraction. Al-
though the major clinical trials (reviewed below) have focused on patients with 
normal conduction, CCM effects appear to be additive to those of cardiac resyn-
chronization therapy (CRT) when applied to patients with prolonged QRS duration.

Three randomized prospective studies have compared patients treated with 
guideline-directed optimal medical therapy (including an implanted cardiac de-
fibrillator, when indicated) with those treated with optimal medical therapy plus 
CCM. The earliest of these, the FIX-HF-4 study, which was conducted in European 
Union, showed that 3 months of CCM treatment improved exercise tolerance 
and quality of life.2 Although the FIX-HF-5 study, which randomized 428 patients 
who were followed up for 1 year, missed its US Food and Drug Administration–
mandated primary end point (an analysis of anaerobic threshold measured on 
cardiopulmonary stress test), it showed significant improvements in the secondary 
end points of peak Vo2 and Minnesota Living With Heart Failure Questionnaire 
score with treatment effects of 1.4 mL O2·kg−1·min−1 and 11.8 points, respec-
tively.3 This study was also the first to show that patients with an LVEF between 
35% and 45% benefited the most, whereas those with EF <25% derived inad-
equate benefit. Most recently, the FIX-HF-5C study (n=160), conducted in sites 
in the United States and European Union, was designed to confirm findings that 
CCM improves peak Vo2 and Minnesota Living With Heart Failure Questionnaire 
score in patients with LVEF between 25% and 45% and, secondarily, to confirm 
even larger effects in patients with LVEF of 35% to 45%.4 The study used a bayes-
ian statistical design, meaning that there was statistically appropriate pooling of 
data from the prior FIX-HF-5 study conducted in the United States.3 Data from 
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the combined study showed an ≈50% reduction in the 
composite end point of cardiovascular death and HF 
hospitalizations. FIX-HF-5C met its primary and sec-
ondary end points, showing treatment effects in the 
entire cohort (LVEF, 25%–45%) amounting to 0.84–
mL O2·kg−1·min−1 improvements in peak Vo2 (P=0.011) 
and 11.7-point incremental improvement over the 
control group in Minnesota Living With Heart Failure 
Questionnaire score (P<0.001), as well as a 24.6-m 
improvement in the 6-minute walk test (P=0.006). For 
patients with LVEF of 35% to 45%, the incremental 
improvements were 1.8 mL O2·kg−1·min−1 for peak Vo2 
(P=0.009), 14.9 points for the Minnesota Living With 
Heart Failure Questionnaire score (P=0.003), and 57.1 
m for the 6-minute walk test (P=0.003). This study 
also showed an ≈50% reduction in the composite end 
point of death and HF hospitalizations.

In addition to these randomized studies, a number 
of real-world registry studies have shown that CCM-
mediated improvements in symptoms, exercise toler-
ance, and quality of life are sustained through 2 years 
of follow-up.5 They have also shown that patients with 
EF between 35% and 45% have even greater clinical 
improvements than those with LVEF <35% and that for 
all patients CCM reduces the rate of HF hospitalizations 
compared with the year before treatment.

In addition, in patients with LVEF of 35% to 45%, 
3-year mortality is less than predicted by both the Me-
ta-Analysis Global Group in Chronic Heart Failure score 
and the Seattle Heart Failure Model score, whereas the 
effect for those patients with an LVEF of 25% to 35% 
does not reach statistical significance.

As a result of the earliest of the studies noted above, 
CCM has been made available to patients in countries 
that recognize the CE Mark and in China, India, Brazil, 
the Middle East, and Australia. CCM was already men-
tioned in the European Society of Cardiology guidelines 
for the management of patients with HF. CCM is cur-
rently under review for approval by the US Food and 
Drug Administration.

The algorithm in the Figure summarizes a suggested 
pathway for how CCM fits, compared with CRT, in the 
treatment of patients with HF in New York Heart Asso-
ciation functional class III or ambulatory class IV despite 
optimal medical therapy with an EF ≤45%. It is impor-
tant to note that there are variations in clinical practice 
between the United States and the European Union 
and that CCM is not yet approved in the United States. 
Thus, the actual indications for use in the United States 
are not yet defined; therefore, the suggested algorithm 
needs to be considered accordingly. Nevertheless, in 
both regions, optimal medical therapy generally con-
sists of a diuretic, a β-blocker, an angiotensin-convert-
ing enzyme inhibitor, an angiotensin receptor blocker, 
or valsartan combined with sacubitril and, when toler-
ated, a mineralocorticoid receptor inhibitor. If the QRS 

complex shows a left bundle-branch block pattern (with 
QRS duration ≥150 milliseconds) and the LVEF is ≤35%, 
CRT-pacing is indicated, typically in combination with 
a CRT-defibrillator. However, CRT is not indicated for 
patients with normal QRS duration, and studies show 
that it may be harmful even for patients with a narrow 
QRS and echocardiographic evidence of contractile dys-
synchrony. It is for such patients that clinical trials show 
that CCM provides benefit, particularly those with LVEF 
between 25% and 45%. For patients with an LVEF of 
25% to 35%, CCM can be safely combined with an 
implanted cardiac defibrillator, and for patients with 
an LVEF of 35% to 45%, CCM is offered as the only 
device-based therapeutic option. In addition, particu-
larly in the European Union, CCM may be considered 
an option for patients not responding to CRT and those 
without an indication for CRT who continue to have 
symptomatic HF.

CRT has proved to be an effective treatment for 
patients with left bundle-branch block, normal sinus 
rhythm, and LVEF ≤35%. However, a majority of HF 
patients are not indicated for CRT, and for these pa-
tients, CCM is an option. Further studies are underway 
to help define expanded roles for routine use of CCM 
in combination with CRT and in patients with HF and 
preserved LVEF.
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Figure. Suggested pathway for how cardiac contractility modulation 
(CCM) fits, compared with cardiac resynchronization therapy (CRT), in 
the treatment of patients with heart failure. 
CRT-D indicates cardiac resynchronization therapy–defibrillator; CRT-P, cardiac 
resynchronization therapy–pacing; EF, ejection fraction; ICD, implanted cardiac 
defibrillator; LBBB, left bundle-branch block; NSR, normal sinus rhythm; 
NYHA, New York Heart Association; and OMT, optimal medical therapy.

D
ow

nloaded from
 http://ahajournals.org by on D

ecem
ber 26, 2019

mailto:﻿martin.borggrefe@umm.de﻿


Borggrefe and Mann� Cardiac Contractility Modulation in CHF

FR
AM

E 
OF

 R
EF

ER
EN

CE

December 11, 2018� Circulation. 2018;138:2738–2740. DOI: 10.1161/CIRCULATIONAHA.118.0364602740

lar Research) partner site Heidelberg/Mannheim, Mannheim, Germany 
(M.B.). Center for Cardiovascular Research, Cardiovascular Division, 
Washington University in St. Louis, MO (D.L.M.).

Disclosures
Dr Borggrefe reports honoraria/lecture fees from Boston Scientific, Medtron-
ic, Impulse Dynamics, St. Jude Medical, CVRx, Biotronic, Pfizer, Bayer, and 
Böhringer-Ingelheim. Dr Mann reports honoraria from CVRx, LivaNova, and 
Bristol Meyers Squibb.

REFERENCES
	 1.	 Imai M, Rastogi S, Gupta RC, Mishra S, Sharov VG, Stanley WC, Mika 

Y, Rousso B, Burkhoff D, Ben-Haim S, Sabbah HN. Therapy with cardiac 
contractility modulation electrical signals improves left ventricular func-
tion and remodeling in dogs with chronic heart failure. J Am Coll Cardiol. 
2007;49:2120–2128. doi: 10.1016/j.jacc.2006.10.082

	 2.	 Borggrefe MM, Lawo T, Butter C, Schmidinger H, Lunati M, Pieske B, 
Misier AR, Curnis A, Böcker D, Remppis A, Kautzner J, Stühlinger M, 

Leclerq C, Táborsky M, Frigerio M, Parides M, Burkhoff D, Hindricks G. 
Randomized, double blind study of non-excitatory, cardiac contractility 
modulation electrical impulses for symptomatic heart failure. Eur Heart J. 
2008;29:1019–1028. doi: 10.1093/eurheartj/ehn020

	 3.	 Kadish A, Nademanee K, Volosin K, Krueger S, Neelagaru S, Raval N, Obel 
O, Weiner S, Wish M, Carson P, Ellenbogen K, Bourge R, Parides M, Chi-
acchierini RP, Goldsmith R, Goldstein S, Mika Y, Burkhoff D, Abraham 
WT. A randomized controlled trial evaluating the safety and efficacy of 
cardiac contractility modulation in advanced heart failure. Am Heart J. 
2011;161:329–337.e1. doi: 10.1016/j.ahj.2010.10.025

	 4.	 Abraham WT, Kuck KH, Goldsmith RL, Lindenfeld J, Reddy VY, Carson PE, 
Mann DL, Saville B, Parise H, Chan R, Wiegn P, Hastings JL, Kaplan AJ, 
Edelmann F, Luthje L, Kahwash R, Tomassoni GF, Gutterman DD, Stagg 
A, Burkhoff D, Hasenfuß G. A randomized controlled trial to evaluate the 
safety and efficacy of cardiac contractility modulation. JACC Heart Fail. 
2018;6:874–883. doi: 10.1016/j.jchf.2018.04.010

	 5.	 Kuschyk J, Roeger S, Schneider R, Streitner F, Stach K, Rudic B, Weiß C, 
Schimpf R, Papavasilliu T, Rousso B, Burkhoff D, Borggrefe M. Efficacy 
and survival in patients with cardiac contractility modulation: long-term 
single center experience in 81 patients. Int J Cardiol. 2015;183:76–81. 
doi: 10.1016/j.ijcard.2014.12.178

D
ow

nloaded from
 http://ahajournals.org by on D

ecem
ber 26, 2019




