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Introduction
Heart failure is a common cardiovascular disease with a high 

morbidity and mortality despite advances in medical and device-
related management. Cardiac resynchronization therapy (CRT) 
which is also known as biventricular pacing has proven to be an 
effective treatment in heart failure [1-6]. However, CRT is generally 
recommended for patients in sinus rhythm and prolonged QRS 
complex (≥ 120 ms) with left bundle branch block (LBBB), or a QRS 
complex width of ≥ 150 ms in the absence of LBBB [6]. On the other 
hand, only 30-40% of all heart failure patients show such a prolonged 
QRS complex [7,8] and therefore the 60-70% of patients who have 
a normal QRS complex cannot be treated with CRT. Furthermore, 
around 30% of the patients eligible for CRT treatment do not respond 
to CRT [7,8].

Heart failure patients with low ejection fraction and narrow 
QRS complexes benefit from Cardiac Contractility Modulation 
(CCM) however they are also at risk for sudden cardiac death (SCD) 

[8]. Guidelines for prevention of sudden cardiac death are well 

described and include the use of implantable cardiac defibrillators 
(ICDs). In heart failure patients who do not require pacing or CRT 
but are candidates for CCM, the use of subcutaneous implantable 
cardioverter defibrillator devices (S-ICD) is a proven and attractive 
option especially compared to transvenous ICD systems. CCM 
paired with S-ICD provides the preferred treatment options while 
minimizing intravascular leads [9].

The aim of this review is to have an overview of these two 
technologies and its combination, and to give an example of a 
successful combination.

Cardiac contractility modulation (CCM)
CCM is a cardiac implantable electronic device (CIED) that 

enhances ventricular contractile strength of the failing myocardium, 
with delivering a high voltage non-excitatory electrical impulses 
during the absolute refractory period state of the cardiac muscle cells 
independently of synchrony of myocardial contraction [10-13]. These 
signals do not initiate a new contraction or affect activation sequence 
[14].

Abstract

Background: Heart failure (HF) is a common cardiovascular disease with high rates of morbidity 
and mortality despite advances in medical and device-related management. Cardiac Contractility 
Modulation (CCM) is a promising therapy in HF patients with narrow QRS complex and CCM devices 
are approved and available for clinical use in Europe. On the other hand, there has recently been an 
increased interest in subcutaneous implantable cardioverter defibrillators (S-ICD) in HF patients with 
low ejection fraction. S-ICDs obviate the vascular and lead complications associated with conventional 
ICDs. There are limited data about the combination of CCM and S-ICD in management of HF patients.

Methods: We reviewed literature about current use of CCM and S-ICD as well as data on their 
use in combination. We are also reporting our first case with this combination.

Results: The combination of the two devices is feasible, seems to be safe, and is without 
significant interaction between the two systems. 

Conclusion: CCM and S-ICD combination in patients with HF, functional class II-IV, low ejection 
fraction, and narrow QRS is an attractive approach as it avoids numerous leads inside the body. 
However, more studies are needed to prove that this approach is effective and has good clinical 
outcome.
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The CCM signals are relatively high-voltage electrical impulses 
delivered to the myocardium 30–40 ms after detection of local 
myocardial activation during the absolute refractory period (Figure 
1). A bi-phasic square wave pulse is the most common waveform 
utilized. The CCM pulses can be described by parameters of phase 
duration, delay from activation and signal amplitude. Studies of the 
mechanisms underlying the acute and prolonged effects of CCM 
signals have focused on their impact on action potentials, peak 
intracellular calcium, calcium loading of the sarcoplasmic reticulum 
and gene expression [10,15,16].

The CCM signals cause an increase in myocyte calcium in the 
cytosol during systole. This increases the muscle contraction strength. 
Additionally, within minutes, cell metabolism and gene expression, 
which are typically abnormal in heart failure, improve towards 
their normal state [17].  This beneficial effect occurs initially only 
in the area adjacent to the electrodes, but with time also spreads to 
remote areas of the cardiac muscle [17]. CCM, therefore restores the 
structure and function of damaged cells back towards their normal 
state. In some cases, disease-related changes in the ventricular heart 
structure can be partially reversed by CCM through a process known 
as reverse remodeling of the heart [18-22]. To date, the only clinically 
available system for CCM delivery is the OPTIMIZER™IVs system 
(Impulse Dynamics Inc., Orangeburg, NJ, USA). The device is similar 
to pacemaker and consists of four components, Implantable Pulse 
Generator (IPG), leads (one atrial and two ventricular leads), Battery 
charger, and programming unit (Figure 2). It is implanted into the 
pectoral region in a minimally invasive procedure and three bipolar 
pacemaker leads are introduced into the right side of the heart via the 
subclavian vein (commonly TENDRIL ST, SJM, St. Paul, MN, USA). 
One lead is placed into the right atrium to detect the atrial electrical 

activity. Two leads are positioned about 2 cm apart at the ventricular 
septum for delivery of impulses [7,23].

Based on the approval of CCM devices, cardiac contractility 
modulation is a treatment option for patients who are at least 18 years 
old who suffer from  heart failure symptoms  due to left ventricular 
systolic dysfunction (LVSD) despite adequate medical treatment. 
Further clinical research is required to identify which patient group 
within the scope of the device approval benefits most from CCM 
treatment [18, 24].

Most clinical studies on CCM therapy have involved heart 
failure patients who were classified initially as NYHA Class II, III 
or IV and had a normal QRS duration (QRS duration ≤ 120 ms). 
The efficacy of CCM on patients in an earlier stage of heart failure 
has not yet been studied [7, 24]. A subsequent evaluation study 
(subgroup analysis) has already suggested a particular patient group 
that responds exceptionally well to CCM therapy. The patients were 
characterized by a disease severity of NYHA class III and a left 
ventricular ejection fraction of ≥ 25% [25,26]. Cardiac contractility 
modulation has proven to be effective and safe in randomized 
controlled trials involving several hundred patients [27-30]. Meta-
analyses studying the efficacy of CCM therapy on heart failure 
[24,31], showed that CCM significantly improved important markers 
of cardiac performance including the  maximal oxygen uptake  
(peak VO2 or pVO2 – measured by ventilatory parameters during 
a cardiopulmonary exercise test), which is indicative of improved 
survival [32] and the  6-minute walk test. There was a significant 
improvement in quality of life of participating patients, measured by 
the Minnesota Living with Heart Failure Questionnaire (MLWHFQ). 
However, both meta-analyses demanded additional and larger 
randomized controlled trials in order to evaluate the effect of CCM 
more precisely. There are reports of lower long-term mortality rates 
in heart failure patients with NYHA (II–III) and QRS ≤ 130 ms when 
treated by CCM than predicted for the cohort. These findings warrant 
substantiation in a prospective study [33-35].

Currently, the CCM is only indicated in patients with sinus 
rhythm however experience with CCM in patients with heart failure 
and atrial fibrillation has been described [36]. 

The CCM devices are approved and available for clinical use in all 
European Union countries and in Australia, Turkey, India and Hong 
Kong, as well as in other countries that recognize CE marking for 
medical devices.  CCM therapy is not yet approved for clinical use 
in the United States; however, a study has been initiated in order to 

Figure 1 : A) Illustration of CCM signal delivery in relation to the cardiac 
cycle with the three characteristic signal parameters: amplitude, duration 
and delay. B) Illustration of an ECG of a heart failure patient with a CCM 
device. The first two beats are shown with “CCM Off” and the last two beats 
with “CCM On”. This illustration is based on an actual ECG recording of 
a patient with a CCM device (Borggrefe M, Burkhoff D. Clinical effects of 
cardiac contractility modulation (CCM) as a treatment for chronic heart failure. 
Eur J Heart Fail. 2012 Jul; 14(7):703-12. DOI: 10.1093/eurjhf/hfs078. PMID 
22696514. (Adapted with permission).

Figure 2 : a) Optimizer IVs Active Implantable Pulse Generator. b) Device 
programmer. c) External charger used to recharge the battery of the generator 
on a weekly basis.
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obtain FDA approval. (Clinicaltrials.gov Announcement of a study 
that will further investigate safety and efficacy of CCM devices).

Subcutaneous implantable cardioverter defibrillator 
(S-ICD)

The introduction of the implantable cardioverter-defibrillator 
(ICD) invto clinical practice over the past 25 years has provided a 
life-saving therapy for primary and secondary prevention of SCD. 
The ICD technology evolved from devices that delivered therapy 
through epicardial patch electrodes introduced by thoracotomy in 
1980s [34], to those using transvenous leads advanced to the right 
ventricle for detection and treatment of tachyarrhythmia and to 
provide bradycardia-pacing support in 1990s. The transvenous 
ICD reduced the morbidity and risk associated with thoracotomy 
implants. However, use of transvenous leads involves potential 
complications which may happen acutely such as lead dislodgement, 
pneumothorax, hemopericardium, cardiac perforation, pericardial 
effusion, and cardiac tamponade, or chronically such as device-
related infection, lead malfunction, inappropriate shocks, and venous 
occlusion [37-41].

The need to completely avoid venous access issues, endovascular 
mechanical stress producing lead malfunction, and extraction-
associated risks led to the development of the entirely subcutaneous 
ICD (S-ICD) [9]. Its unique design avoids endovascular leads, thus 
eliminating many of the complications associated with the traditional 
transvenous-ICD [9]. The S-ICD (Boston Scientific, Marlborough, 
Massachusetts) consists of a pulse generator and single lead with a 
shock coil. The pulse generator is implanted in the left axillary position, 
between the anterior and mid-axillary lines near the apex of the left 
ventricle. A single lead for sensing and defibrillation is tunneled from 
the lateral pocket medially to the xiphoid process and subsequently 
cephalad and is usually positioned 1 to 2 cm to the left of and parallel 
to the sternum, with the distal tip near the manubriosternal junction. 
Using the pulse generator as a third electrode provides 3 potential 
sensing vectors (pulse generator to proximal or distal electrode and 
distal to proximal electrode). The shock vector is from pulse generator 
to coil and is reversed if more than one shock is needed to terminate 
an arrhythmia (Figure 3) [42]. The S-ICD lacks functionality for 
bradycardia or antitachycardia pacing, but can provide up to 30 s of 
post-shock transthoracic pacing [43]. 

The initial feasibility, safety, and effectiveness of subcutaneous 
defibrillation were established in earlier human studies of the 
S-ICD System [44,45].  The S-ICD provides a useful alternative for 
high-energy (ICD) therapy in those deemed at risk and who need 
defibrillation and in whom there are no indications for cardiac 
resynchronization, bradycardia support or anti-tachycardia pacing 
[46].

The S-ICD has developed and tested over the past decade 
and demonstrated high efficacy for detection and termination of 
ventricular arrhythmias. Complications and inappropriate shock 
rates were reduced consistently with strategic programming and as 
operator experience increased. These data provide further evidence 
for the safety and efficacy of the S-ICD [43,47]. S-ICD received 
CE Mark approval in Europe in 2008, and U.S. Food and Drug 
Administration approval in 2012. 

Case demonstration of the CCM and S-ICD 
combination

Our first patient with CCM and S-ICD combination was a 50-
year old male patient with history of ischemic heart disease, as he 
sustained anterior wall myocardial infarction (MI), and underwent 
a percutaneous coronary intervention with stent to left anterior 
descending artery (LAD), 2 years prior to presentation. His cardiac 
risk factors include smoking, which he quit at the time of his MI, 
dyslipidemia, and a positive family history of ischemic heart disease. 
His left ventricular ejection fraction dropped over 16 months 
from 40% to < 25% despite being on optimal medical therapy. He 
underwent S-ICD implantation for primary prevention of sudden 
cardiac death with no complications. He was still complaining of 
shortness of breath (SOB), New York Heat Association (NYHA) 
functional class- III. There was no history of orthopnea or paroxysmal 
nocturnal dyspnea. His 12-lead CG showed a narrow QRS complex. 
The option of CCM was discussed with the patient and he accepted 
it.  The device was implanted into the left pectoral region- as per 
patient wish, one pacemaker lead was placed at the right atrium and 
two pacemaker leads were placed at the right ventricular septum via 
the left subclavian vein. During the procedure, a cross talk test with 
the activated CCM device was performed using the three sensing 
configurations of the S-ICD. The primary vector showed noise during 
CCM activation but the secondary vector demonstrated accurate 
sensing with minimal noise and absence of double detection of 
ventricular signals, despite active CCM stimulation. The procedure 
was uneventful.  The chest X-ray post procedure is shown in Figure 
4. On 3 and 6 months follow-up, he was feeling better with SOB on 
exertion NYHA functional state I. Six minutes’ walk test showed 
improvement in the walked distance from 363 meters to 528 meters.

On cardiopulmonary exercise testing, his maximal oxygen 
consumption/maximal oxygen uptake (VO2 max) improved from 
15.9 to 19.7ml/kg/min. 

His echocardiogram showed improvement of LVEF from <25% 
to 30%.

Discussion
Successful combination of CCM and S-ICD devices has been 

described [23,48]. In six patients who were treated by S-ICD in 

Figure 3 : Subcutaneous Implantable Cardioverter-Defibrillator device and 
lead with demonstration of the three sensing vectors. A = distal electrode, B= 
proximal electrode.
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combination with CCM, crosstalk testing between the two systems 
was performed and at least 1 of the 3 S-ICD vectors showed “noise-
free” ventricular sensing during CCM activity, and this vector was 
selected for use. All 5 patients had successful intraoperative S-ICD 
testing during CCM signal delivery, and none showed signs of over 
sensing during exercise testing or provocation maneuvers [23]. This 
study showed that in suitable patients, combining an S-ICD with 
CCM might provide an acceptable means to reduce the number 
of transvascular leads. S-ICD appeared safe with CCM over an 
intermediate follow-up period. Additional prospective randomized 
controlled trials examining S-ICD in conjunction with CIEDs are 
warranted [23].

Conclusion
The combination of CCM and S-ICD technology is safe and 

provides attractive approach in patients with heart failure NYHA 
FC II-IV, low ejection fraction, and narrow QRS complex. This 
combination has the advantages of defibrillation therapy and CCM 
heart failure management with less intravascular hardware. 

Improvement in CCM technology with using a single or dual 
leads would further simplify the use of this combination. A CCM 
device with defibrillation capability would be more ideal.
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