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(CRT), continued to experience clinically significant symptoms.

Methods: This was a multi-center, open label, treatment-only, feasibility study of 17 CRT non-responders
who received CCM therapy. Changes in NYHA class, ejection fraction (EF), Minnesota Living with Heart Failure
Keywords: Questionnaire (MLWHFQ) score, and exercise tolerance (6 minute walk test; 6MWT and peak VO,) were
Cardiac contractility modulation analyzed over 6 months. Mortality and hospitalization rates were determined.

CRT Results: Patients (82% male) were 69.4 4+ 9.6 years of age with baseline EF = 22.8 4 6.5%. Among primary end-
points, peak VO, increased 1.1 4 1.6 ml/kg/min (p = 0.03) and MLWHFQ improved (—16 + 16 points; p <0.01).
Mean NYHA class improved (—0.33 4 0.49; p = 0.02), 6MWT increased (52 4+ 60 m; p < 0.01), while EF trended
up (2.9 4 5.8%; p = 0.08) at 6 months. During the 6-month follow-up period, there were 18 hospitalizations in
9 subjects and 2 patients died.

Conclusions: Patients with heart failure and reduced ejection fraction who remain moderately to severely symp-
tomatic despite use of CRT, may benefit from CCM therapy with improvement in quality of life and exercise
tolerance. A larger prospective study in this population is warranted.
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1. Introduction

Heart failure is a widely prevalent and growing health problem
throughout the world. Development of therapies to improve heart func-
tion, relieve symptoms, reduce hospitalizations and improve survival is
a high priority in cardiovascular medicine. Cardiac resynchronization
therapy (CRT), when added to optimal medical therapy (OMT) in
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patients with symptomatic systolic heart failure, depressed left ventric-
ular ejection fraction (LVEF), and prolonged QRS duration, improves
heart failure symptoms, quality of life and exercise capacity and reduces
hospitalizations and mortality [1,2]. Results from the recently published
EchoCRT Trial demonstrate that patients with systolic heart failure and a
QRS duration of <130 milliseconds (ms) not only failed to benefit from
CRT, but also had potentially higher mortality [3]. Accordingly, the
recently (2016) updated European Society of Cardiology (ESC) heart
failure guidelines indicate a class I recommendation for CRT, only in
patients with a QRS duration >130 ms and left bundle branch block
(LBBB) pattern and a class Il recommendation in patients with a QRS
duration 2130 ms and non-LBBB pattern [4]. Despite the careful selec-
tion criteria, approximately 30% of implanted patients fail to benefit
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from CRT highlighting the need for alternative device therapies in this
population [5].

Cardiac contractility modulation (CCM) is an effective treatment for
heart failure in patients who remain symptomatic on OMT and who
have a narrow QRS duration. CCM has been recently referenced in the
ESC HF guidelines [4] as a treatment which may be considered in pa-
tients with symptomatic heart failure and narrow QRS. It is not known
whether CCM can serve as an effective treatment option in patients
who fail to benefit from CRT.

CCM applies relatively high intensity, non-excitatory signals during
the absolute refractory period of ventricular depolarization and has
been shown to enhance the strength of left ventricular (LV) contraction
and improve exercise tolerance and quality of life [6]. The mechanisms
of action involve changes in myocardial gene expression, including a re-
versal of several components of the fetal gene program expressed in
heart failure, and contractile protein phosphorylation and upregulation
with improved calcium handling [6]. Three randomized trials have
demonstrated that CCM improves heart failure symptoms, quality of
life, and exercise capacity [7-10]. Since the mechanism of action differs
from that of CRT, it may be expected that the effects of CCM are indepen-
dent of and possibly additive to those of CRT and that CCM may be
beneficial in patients where CRT does not improve symptoms of heart
failure.

In fact, short-term studies have demonstrated that CCM can in-
crease contractile force on top of that observed with biventricular
pacing [11]. Ndgele et al. in 2008 [12] studied CCM as an adjunctive
therapy in 16 CRT non-responders with severe heart failure (markedly
reduced LVEF and New York Heart Association (NYHA) Class III or
IV symptoms). Significant improvement in LV dP/dt was demon-
strated at the time of device implantation. After a follow up period
of 147 4 80 days, LVEF increased and NYHA symptoms improved sig-
nificantly. CCM as an adjunct for CRT non-responders appeared to be
safe and feasible; however, mortality and event rates remained high in
this very sick population [12,13]. In a preliminary study, Ndgele et al.
found that baseline peak VO, was a clear and significant differentiator
between survivors and non-survivors, suggesting that a baseline
peak VO, of 9 ml/kg/min or more, best predicted a benefit from CCM
[13]. These provocative findings by Ndgele et al. [13] were obtained
from a single center and need to be confirmed in a prospective multi-
center cohort of patients. They also need to be extended to consider
broader endpoints including heart failure hospitalizations, 6GMWT, and
peak VO,.

The objective of the current investigation was to evaluate the effi-
cacy of CCM using the OPTIMIZER™ [II System in subjects from multi-
ple sites in Germany who have reduced left ventricular function and
who, despite OMT and cardiac resynchronization therapy (CRT), con-
tinue to experience clinically significant symptoms (e.g. NYHA III).
The hypothesis is that CCM therapy improves quality of life and exercise
tolerance (primary endpoints) as well as LVEF, NYHA symptoms, and
that CCM in these patients, and reduces hospitalizations (secondary
endpoints).

2. Methods

2.1. Patient population

Seventeen (17) patients with heart failure and reduced LVEF previously treated with
CRT and deemed “non-responders” were implanted with an Optimizer™ device (IMPULSE
Dynamics, Orangeburg, NY, USA) for CCM therapy. CRT non-responders were defined as
heart failure patients on optimal medical management who did not improve symptomat-
ically (i.e. remained at FCIII) despite 6 months of CRT therapy. Each site P was responsible
for final adjudication regarding which patients met criteria for CRT non-responders.

To be included in this study, subjects had to be at least 18 years of age; have an im-
planted CRT device (CRT-D or CRT-P) for at least 6 months; be taking appropriate stable
medical therapy for chronic heart failure (diuretic, beta-blocker, and ACE-inhibitor/
ARB); and have an LV ejection fraction of 35% or less with clinically significant symptom-
atic heart failure (e.g., NYHA Class III).

Exclusion criteria were presence of end-stage or transient heart failure; baseline peak
VO, of <9 ml O,/kg/min; inability to perform exercise testing; potentially reversible cause

of heart failure; active ischemia; heart failure hospitalization with intravenous diuretics or
inotropic support within two weeks prior to enrollment; recent myocardial infarction
(MI); scheduled CABG or a PTCA procedure; persistent atrial fibrillation or flutter; signifi-
cant ectopy; mechanical tricuspid or aortic valves; and prior heart transplant.

2.2. Study design

This was a multi-center, open label, treatment-only, feasibility study conducted be-
tween January 2008 and September 2012. Basic information regarding medical history,
NYHA classification, and medications was obtained for each subject. Eligible subjects
were informed of the relative risks and potential benefits of participating in the study
and then asked to provide signed informed consent. All enrolled subjects were then eval-
uated by a locally administered and interpreted echocardiogram, a cardiopulmonary
stress test, a 6-minute walk test, a heart failure questionnaire, and a 24-hour Holter
monitor.

All subjects came to the hospital between two and four weeks after implantation and
activation of the Optimizer pulse generator for interrogation to determine the number of
sensed beats, RV lead impedances and the duration of CCM signal delivery. The patients'
CRT-P/CRT-D device was also interrogated with special attention to ICD settings and his-
tory of arrhythmic events and therapies delivered. Both devices remained active through-
out the study period.

Subjects returned to the hospital for follow-up at study weeks 12 and 24 (with +
2 week windows). At each visit, the CCM device was interrogated to ensure proper func-
tioning. The subjects' CRT-P/CRT-D device was also interrogated. An interim medical
history, including NYHA classification and medications, physical examination, and
Minnesota Living with Heart Failure Questionnaire (MLWHFQ), were obtained. At the con-
cluding 24-week study visit, a cardiopulmonary stress test, 6-minute walk test, and echo-
cardiogram were also performed. After 24 weeks, subjects were asked to return for clinical
follow-up visits according to the routine standard of the hospital. The study was con-
ducted in compliance with the protocol, the Declaration of Helsinki, and was approved
by the local Ethics Committees of each enrolling site.

2.3. Endpoints

The co-primary efficacy endpoints were mean change in quality of life, as assessed by
the MLWHFQ, and mean change in exercise tolerance, as measured by peak oxygen con-
sumption (peak VO,) determined during cardiopulmonary exercise stress testing (CPX)
at baseline and 24 weeks. The co-secondary efficacy endpoints included mean change in
exercise tolerance, as measured by 6-minute walk test, mean change in left ventricular
function, as assessed by echocardiographically determined EF, and mean change in heart
failure class, as assessed by the NYHA classification. Other endpoints included the inci-
dence of mortality, hospitalizations for any cause, and hospitalizations for heart failure.
An interim analysis was made at 12 weeks for NYHA, 6MWT, and MLWHFQ, Safety out-
comes including adverse events (AE) and serious adverse events (SAE) were also moni-
tored and reported by each site.

2.4. Device and implantation

The Optimizer™ system consists of an implantable pulse generator (IPG), two right
ventricular septal pacing leads and an atrial lead for sensing. In each case, the Optimizer
was successfully implanted under local anesthesia and conscious sedation as described
previously [5,6]. Briefly, intravascular access was achieved via the subclavian or cephalic
vein after a right pectoral skin incision. Two screw-in leads (St Jude Medical Tendril)
were placed under fluoroscopic guidance into the right ventricular septum and a third
lead was fixed into the right atrium. Stimulus induced elevations in LV dP/dtyax
(measured by Millar catheter) were used to establish optimal septal electrode placement
so that CCM-induced increase in dP/dt,,.x of at least 5% was observed. After device implan-
tation a cross-talk test was performed to exclude interference with the CRT-D device. CCM
signals were delivered for at least 7 h per day.

2.5. Statistics

This was a nonrandomized, open label, treatment-only study. Changes in efficacy
parameters are compared between baseline, 3 and 6 months, and evaluated by repeated
measures analysis of variance. The threshold for significance was considered when
p < 0.05. All data are reported as mean 4 SE.

This feasibility study was not powered to demonstrate statistical significance of effi-
cacy or safety parameters. The study was intended to provide information that may be
used for the design of a subsequent randomized study in the same target population.

3. Results

A total of 19 subjects from 4 sites were enrolled and implanted with
an Optimizer IPG device between January 2008 and September 2012.
Two patients were excluded due to baseline CPX testing results with
peak VO, <9 ml O,/kg/min, results which were not available until
after device implantation. The baseline characteristics of the remaining
17 subjects are typical for patients with advanced symptomatic heart
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Table 1
Baseline demographics. Values are presented as M =+ SE.

Baseline characteristics Value (N/%)

Age 69 + 9.6 (17)
Male 14 (82%)
Female 3(18%)
Cardiomyopathy - ischemic 6 (35%)
Cardiomyopathy - dilated 10 (59%)
Cardiomyopathy - other 1(6%)
dP/dtmax at implant 133 + 4.6 (14)
NYHA Score 29+0.2
MLWHFQ 45418

6 minute walk (meters) 264 + 102 (16)
Peak VO, (ml/kg/min) 11.5+£22
LVEF (%) 228 £ 6.5
LVEDD (mm) 714 +£ 9.5
Beta-blocker 17 (100%)
ACE-I/ARB 15 (88%)
AT1/AT2 2 (12%)
Diuretic 17 (100%)
Antiarrhythmic 6 (35%)

failure with NYHAIII (94%) or Il (6%) symptoms (Table 1). Baseline LVEF
was 22.8% + 6.5%, peak VO, was 11.5 + 2.2 ml O,/kg/min, and quality of
life was impaired (MLWHFQ 45 4 18). All patients were in sinus
rhythm at the time of implantation.

The follow up period for all endpoints was 6 months. There was im-
provement in the co-primary endpoint of MLWHFQ at both 3 (—11.6 +
20.3 points; p = 0.04) and 6 (—15.9 + 16.1; p = 0.02) months of CCM
therapy compared to baseline (Fig. 1A). Therefore, CCM therapy induces
sustained improvement in quality of life measures in patients who were
not responding to CRT treatment.
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Fig. 1. Primary endpoints: A) MLWHFQ (mean + standard error at baseline and
6 months); and B) peak VO, (mean + standard error at baseline and 6 months).

The change in exercise tolerance, the other co-primary endpoint,
measured by peak oxygen consumption (peak VO,), was determined
by cardiopulmonary exercise stress testing (CPX) at baseline and at
6 months follow up. The average peak VO, increased significantly after
6 months of CCM therapy compared to baseline by 1.1 ml/kg/min +
1.6 (p = 0.03; Fig. 1B). Thus the beneficial effects of CCM in these sub-
jects were sustained for at least 6 months, possibly due to structural im-
provement in heart failure [14].

Secondary efficacy endpoints of the study included exercise toler-
ance by 6-minute walk test, LVEF, and NYHA symptoms. Exercise toler-
ance as measured by 6-minute walk test improved with CCM therapy
by 57 + 84 m (p = 0.02) after 3 months of therapy and 52 + 60 m
(p = 0.008) after 6 months of CCM therapy compared to baseline
(Fig. 2A). LVEF, as assessed by echocardiography at 6 months, showed a
trend toward improvement (2.9 + 5.8%; Fig. 2B, p = 0.08). NYHA class
improved with CCM after 6 months (—0.33 + 0.49; Fig. 2C, p = 0.02)
with a trend to improvement after 3 months (—0.31 4= 0.60 vs. baseline,
p = 0.055). These results indicate that CCM therapy can improve exercise
tolerance, NYHA, and possibly ejection fraction in CRT non-responders.

Atotal of 19 adverse events (AEs) were reported in 9 patients during
the study. Of these, 18 were serious adverse events (SAEs), reported in 9
subjects, including 2 deaths. One patient died from renal failure and one
died from severe pneumonia; neither of which was classified by the in-
vestigator as related to the device or the procedure. Four (4) of the SAEs
(in 3 patients) were reported to be associated with the procedure, and 4
of the SAEs (in 3 patients) were considered to be associated with the de-
vice (1 eventin 1 patient due to diaphragm stimulation and 3 instances
were observed in 2 patients of RA lead dislocation). Altogether, 6 SAEs in
5 patients were device or procedure related. Two (2) SAEs in 2 patients
were HF or dyspnea related. There were 7 episodes of either atrial fibril-
lation or nonsustained VT in 4 subjects.

Event-free (composite of all cause hospitalization and mortality)
survival curve throughout the follow-up period and up to one year is
depicted in Fig. 3.

4. Discussion

The key findings from this multi-site feasibility study are that CCM is
efficacious and safe in patients with moderate-to-severe heart failure on
OMT, who do not respond to CRT. Following 3-6 months of CCM added
to OMT and CRT, patients showed improvements in exercise tolerance
(peak VO,), and quality of life (MLWHFQ), as well as 6 minute walk
distance, and NYHA classification, with a trend toward improvement
in LVEF. These data highlight the potential for CCM as an effective ther-
apy for patients (nearly one third) with heart failure in whom signifi-
cant symptoms persist despite use of CRT.

Chronic heart failure is a major cause of hospitalizations and morbid-
ity in developed countries. A large number of patients remain symptom-
atic despite optimal medical treatment [4]. CRT reduces morbidity and
mortality in patients with chronic heart failure, severely reduced LVEF
and wide QRS duration ms [1,2,15]. Evidence-based guidelines for treat-
ment of heart failure published by the European Society of Cardiology
indicate a class I recommendation for CRT, only in patients with a QRS
duration 2130 ms and left bundle branch block (LBBB) pattern or a
class Il recommendation in patients with a QRS duration >130 ms with-
out LBBB [4]. However, only a fraction of the heart failure patients meet
these criteria and as many as 30% of those treated with CRT are consid-
ered non-responders. Therefore, there is an unmet need for alternative
or additional therapeutic options in this population.

The Optimizer device implanted in this study was shown to properly
deliver CCM therapy in a safe and efficacious manner in the study
population. The existence of two implantable devices, each with its own
set of electrodes raises general questions about the number of leads re-
quired. However current experience with CCM combined with ICD or
CRT devices has not identified a correspondingly larger number of com-
plications. Future devices are likely to combine various features and
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Fig. 2. Secondary endpoints: 6 minute walk distance (mean =+ standard error at baseline, 3 and 6 months); left ventricular ejection fraction (mean + standard error at baseline and

6 months); and NYHA classification (mean + standard error at baseline, 3, and 6 months).

therapies thus reducing the number of implanted leads and size of the
pulse generators. Currently used CCM delivery devices exclude the atrial
lead, thus reducing the number of implanted leads from three to two.

All of the patients in our study had an active CRT-D at the time of the
CCM system implantation. This is consistent with OMT in this patient
population with very low LVEF. Although the numbers are small, our
findings are consistent with a case report by Butter et al. and a case
series reported by Négele et al. [12,16] Both demonstrate that applica-
tion of CCM in CRT non-responders is feasible, that safety hazards are
not augmented, and that clinical improvements are observed.
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Fig. 3. Event-free survival (composite hospitalization and mortality of any cause).

The results of the present study are congruent with the findings of
Ndgele et al. [12], although the severity of symptoms at baseline was
generally greater in the study by Négele (higher MLWHFQ [61], NYHA
[3.4]) and the EF was higher (22.8% in the present study and 27% in
the paper by Ndgele). Thus our findings extend the population of
heart failure patients failing CRT who might benefit from CCM to include
those with less severe symptoms. Furthermore, the data provide ratio-
nale for future studies of CCM in patients with wide QRS duration,
a group that has previously been excluded from clinical trials of CCM.
A specific, larger scale study looking at CCM in CRT non-responders is
warranted.

5. Limitations

Several potential limitations should be mentioned. This was a small
analysis without a randomized control group. Even with recruitment at
4 centers for up to 5 years only 19 patients were enrolled into the study.
The reason for the unexpectedly low numbers of subjects is not known,
especially given the relatively modest rate of CRT non-responders, but
may represent difficulty in recruitment, subject reluctance to receive
an additional implanted device, or other reasons. The key point is that
among those who did receive CCM, a benefit was observed suggesting
that the two interventional therapies are complementary and one may
work when the other fails. A larger clinical trial is needed to determine
the magnitude of the effect of CCM on heart failure in patients who
fail CRT.

Changes in medication type and dose, e.g. addition of aldosterone-
inhibitors or ivabradine were at the discretion of the treating physicians
and might influence overall clinical status. However, drugs in these
classes were not extensively used in this study.
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For a number of outcomes, subjective assessment is necessary, open-
ing up the possibility of a placebo effect with CCM, a confounding issue
that is more prominent with implantable devices than traditionally
observed with medications. For two reasons we believe this bias is
minimal in our study. First, each patient has already failed a device
inserted in a similar fashion. Thus our cohort may instead be a group
predisposed to less of a placebo effect. Second, the FIX-HF-4 clinical
trial was a double blinded cross-over trial that indicated that a placebo
effect of CCM was observed at 3 months but this did not persist to
the 6 month time point [8]. In the present study improvements at
6 months were similar or greater than those at 3 months, suggesting
absence of a placebo effect.

The serious adverse event rate must be considered in relation to the
acuity of the patients enrolled. The patients enrolled in this study had
higher acuity of illness than typical heart failure populations since
1) by design they had class IIl symptoms despite medical therapy, and
2) they must also have failed CRT despite a clinical indication for this
therapy. Thus the adverse event rate might be expected to be higher
than in standard heart failure populations. Support for this explanation
can be obtained by comparing with other study populations although
caution is required since study durations and designs differ. For example
in the largest randomized, controlled trial of CCM, FIX-CHF-5 [8], pa-
tients were younger (58 years vs 69 years in the current study); LVEF
tended to be higher (26% vs 23% in the current study); LVEDD was
smaller (63 mm vs 71 in the present study); and peak VO, was higher
(14.7 vs. 11.5 in the present study) indicating lower acuity in FIX-
CHF-5. The serious adverse event rate in in FIX-CHF-5 [8] (129 of
210 subjects) was 61% over a period of one year. In the present study
18 serious adverse events were recorded among 9 subjects (53%)
over 6 months. Factoring in the longer follow-up time and lower acuity
in FIX-CHF-5, one can speculate that the acuity- and time-adjusted se-
rious adverse event rates are comparable between studies. Importantly
most serious adverse events were not device-related. There were
6 serious adverse events in 4 subjects that were related to the proce-
dure or device. A future longer study of CCM in CRT failure is needed
to confirm this projection.

6. Conclusion

In patients with chronic heart failure who fail to benefit from CRT,
treatment with Cardiac Contractility Modulation (CCM) may result in
a significant improvement in function, quality of life, NYHA class, and
peak VO, during intermediate follow-up without an increase in adverse
events. This study supports a role for Cardiac Contractility Modulation
as a safe and effective treatment for chronic heart failure patients with
reduced left ventricular ejection fraction who fail to clinically respond
to CRT.
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