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Cardiac contractility modulation (CCM) is a novel device-based therapy in patients with

heart failure with reduced ejection fraction (HFrEF). In randomized clinical trials and

real-life studies, CCM has been shown to improve exercise tolerance and quality of life,

reverse left ventricular remodeling and reduce hospitalization in patients with HFrEF. In

this case report, we describe for the first time the use of CCM as a “bridge to transplant”

in a young obese patient with advanced heart failure due to non-ischemic dilated

cardiomyopathy. The patient had a poor quality of life and frequent heart failure-related

hospitalizations despite the optimal medical therapy and, due to obesity, a suitable heart

donor was unlikely to be identified in the short term and due to severe obesity risk of

complications after implantation of a left ventricular assist device (LVAD) was very high.

Keywords: heart failure reduced ejection fraction, advanced heart failure, cardiac contractilitymodulation, obesity,

dilated cardiomyopathy

INTRODUCTION

Most patients with heart failure (HF) with reduced ejection fraction (HFrEF) respond well to
evidence-based pharmacological treatments and enjoy a good quality of life, with a significant
prolongation of life (1). However, for reasons that are as yet unexplained, up to 10% of patients
do not respond to pharmacological or non-pharmacological approaches, resulting in disease
progression to the most advanced stage of HF (2, 3).

The gold standard treatment option for patients with advanced HF is heart transplantation, or
alternatively left ventricular assist system (LVAD) implantation as a bridge to transplant or as a
destination therapy if a heart transplant is not feasible (2).

Obesity is one of the most significant factors that strongly influence the management of patients
with advanced HF (4). Indeed, for patients with end-stage HFrEF, obesity has been associated with
modestly reduced survival after heart transplantation (5).

Therefore, the International Society for Heart and Lung Transplantation (ISHLT) guidelines
consider BMI ≥35 kg/m2 to be a relative contraindication to heart transplant (6).

In addition, obese patients are more vulnerable to LVAD implantation due to their increased
risks of post-procedural complications. In fact, in an analysis of 17,095 INTERMACS (Interagency
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TABLE 1 | Demographic, clinical and echocardiographic characteristic of patient

at admission.

Age 26 years

Weight 128 kg

Height 175 cm

BMI (Deveraux) 41.8

BSA (Dubois) 2.39 m2

BP 130/80 mmHg

HR 105 b/m

LVEDD 88 mm

LVESD 71 mm

LVEDVI 123.9 ml/m2

LVESVI 99,1 ml/m2

EF (Simplon biplane) 20%

E/e’average 14

LAVI 47 ml/m2

PASP 60 mmHg

IVC diameter 24

IVC collapsibility index 29,1%

BMI, body mass index; BSA, body surface area; BP, Blood pressure; HR, heart

rate; LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic

diameter; LVEDVI, left ventricular end diastolic volume index; LVESI, left ventricular end

systolic volume index; EF, ejection fraction; E/e’ average, ratio between Peak velocity of

early diastolic transmitral flow and peak velocity of early diastolic mitral septal and lateral

annular motion; LAVI, left atrium volume index; PASP, Pulmonary Artery Systolic Pressure;

IVC, inferior vena cava.

Registry for Mechanically Assisted Circulatory Support) registry
participants who received LVADs between 2006 and 2014,
obesity was associated with higher risks of infection, device
malfunction/thrombosis, cardiac arrhythmias, and hospital
readmissions (7).

Cardiac contractility modulation (CCM) is a new therapy
for treating patients with HF that improves the performance of
the failing myocardium by delivering biphasic electrical pulses
during the refractory period (8).

Here, we describe a case of advanced HF in a young obese
patient in which CCM was successfully used as a bridge to
transplant option, highlighting the efficacy and safety of this
approach in selected patients with advanced HF.

CASE PRESENTATION

A 26-year-old male obese (height 175 cm, weight 128Kg, body
mass index 41.8 kg/m2, body surface area 2.39 m2) patient was
admitted to the Heart Failure Unit of AORN dei Colli-Monaldi
Hospital in August 2019 for marked dyspnea and asthenia. The
clinical and demographic parameters at admission are shown in
Table 1.

After adequate therapy with diuretics and inodilators
(levosimendan), which made it possible to reach a state
of euvolemia and restoration of end-organ perfusion,
an echocardiogram was performed with evidence of
a severe reduction in left ventricular systolic function
(left ventricular ejection fraction 20%), severe diastolic

dysfunction and severe mitral regurgitation (Figures 1A,B;
Supplementary Videos 1, 2).

To clarify the etiology of the HFrEF, coronary angiography
was performed, which showed the absence of hemodynamically
significant coronary lesions. Subsequently, the patient was
referred for cardiac magnetic resonance imaging that confirmed
the severe reduction of left ventricular ejection fraction
(Supplementary Videos 3, 4) with evidence of a small area
of fibrosis at the basal level of the interventricular septum
(Figures 1C,D).

The patient was discharged in September 2019 and had
regular outpatient check-ups in the followingmonths to optimize
therapy with the disease-modifying drugs.

As of October 2019, the patient had undergone optimized
drug therapy (sacubitril/valsartan 97/103mg bis in die, bisoprolol
10mg once a day, eplerenone 50mg daily), but despite this, severe
left ventricular systolic dysfunction and NYHA class III persisted,
and a subcutaneous ICD was implanted.

During hospitalization for ICD implantation, a
cardiopulmonary test was performed to objectively evaluate
his functional capacity, which indicated a severe reduction in
functional capacity even after correction of the peak VO2 for
obesity (VO2 peak 13.8 ml/kg/min).

Given the severe reduction in functional capacity despite
optimized therapy, the patient was listed for cardiac
transplantation in November 2019.

However, during follow-up, the patient experienced three
episodes of acutely decompensated heart failure, requiring
increased home diuretic therapy and, in one case, hospitalization
for levosimendan infusion (Supplementary Figure 1).

Therefore, given the limited possibility of receiving a
compatible heart within a short period, and considering the high
risk of infection, device malfunction and pump thrombosis that
LVAD implantation poses in obese patients, other therapeutic
strategies were considered.

Mitraclip could be a viable therapeutic option for treating
functional mitral regurgitation. However, the patient did not
have a COAPT-like profile, and therefore this strategy would
be unlikely to affect the patient’s prognosis. Pulsed ambulatory
infusion of levosimendan is another treatment possibility for
patients with advanced HFrEF; however, this option has not been
taken into account due to the severe obesity that may affect the
drug efficacy.

Therefore, the only feasible therapeutic option as a bridge to
transplant strategy was the off-label implantation of anOptimizer
Smart R© (Impulse Dynamics Inc. Orangeburg, NY, USA) device
to deliver CCM therapy.

The implant was performed in March 2021
(Supplementary Figure 2), and in the first 3 months after
implantation, the patient showed progressive improvement
in symptoms, NYHA class, quality of life (as assessed by
the Minnesota Living with Heart Failure Questionnaire),
echocardiographic parameters and of N-terminal brain
natriuretic peptide plasma levels (Table 2).

Six months after implantation, the patient repeated the
cardiopulmonary test, which showed an increase of VO2 peak
and a reduction in the VE/VCO2 ratio (Table 3).
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FIGURE 1 | Echocardiographic evidence of severe diastolic dysfunction (A) and severe mitral regurgitation (B). At cardiac magnetic resonance, evidence of small area

of fibrosis at the basal level of the interventricular septum (C,D).

Through November 2021, the patient is in stable NYHA
class II, following a diet to improve the possibility of a heart
transplant. No further episodes of acutely decompensated heart
failure occurred during follow-up.

DISCUSSION

Advanced HF is a clinical syndrome that is challenging
to manage.

Intolerance to disease-modifying drugs is a hallmark of the
end-stage phase of HFrEF, and electrical therapy such as cardiac
resynchronization therapy is only indicated in patients with
specific electrocardiographic characteristics (wide QRS interval,
preferably with left bundle-branch block morphology), which are
found in no more than 30% of all patients.

Cardiac transplantation is the gold standard therapy for these
patients, and LVAD implantation is a valid treatment option, but
both are limited by the presence of co-morbidities such as obesity.

In fact, a BMI >35 is related to a high risk of post-
implant LVAD complications, such as drive-line infections, pump
malfunction and pump thrombosis.

CCM is a new therapy for the treatment of patients with
HF and severe-moderate systolic dysfunction. By delivering non-
excitatory impulses to the myocardium, a series of long-term
biochemical and molecular effects are induced, such as reduced
expression of fetal genes (overexpressed in failing myocardium),
improved calcium cycling and, finally, myocardial contraction
(9, 10).

In randomized clinical trials, CCM reduces hospitalization
and improves functional capacity and quality of life in patients
with HFrEF (11, 12).

In a retrospective study of 68 patients who underwent CCM
therapy at a follow-up after 4.5 years, the mortality of the
enrolled patients was lower than predicted by the Seattle Heart
Failure Model (SHFM) (13). In a retrospective single-center
study, 81 patients with CCM demonstrated improvements in
left ventricular ejection fraction, quality of life as measured by
the Minnesota living with Heart Failure Questionnaire and a
reduction in symptoms during a mean follow-up of 3 years (14).
These patients had lower mortality rates than predicted by the
Meta-Analysis Global Group in Chronic Heart Failure scores.

Recent results from the largest published registry to date,
CCM-REG25-45, showed that the survival rates of patients with
LVEF <35% were significantly higher than the survival predicted
by the SHFM (p= 0.46) (15).

In our patient, when the advanced stage of HF was overt
(documented by the frequent episodes of acutely decompensated
heart failure despite optimal medical therapy), the obvious choice
would have been an LVAD as a bridge to transplant, but due to the
presence of severe obesity (BMI 41) the risk of complications was
very high, so other therapeutic options were considered.

The MitraClip System (Abbott, Abbott Park, IL, USA), which
provides transcatheter edge-to-edge repair of the mitral valve,
is the most widely used device for treating functional mitral
regurgitation in patients with HFrEF (16). In addition, the
recent Mitrabridge registry showed that Mitraclip is a safe and
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TABLE 2 | Comparison on demographic, clinical, echocardiographic and

laboratory parameters between admission and 6 months follow-up.

Parameter Baseline 6 months follow-up

Weight 128 kg 124

Height 175 cm 175

BMI (Deveraux) 41.8 40.4

BSA (Dubois) 2.39 m2 2.36 m2

BP 130/80 mmHg 120/70 mmHg

HR 105 b/m 88 b/m

LVEDVI 123.9 ml/m2 119.8 ml/m2

LVESVI 99.1 ml/m2 85.3 ml/m2

EF (Simplon biplane) 20% 28%

E/e’average 14 9

LAVI 47 ml/m2 43 ml/m2

PASP 60 mmHg 35

IVC diameter 24 18

IVC collapsibility index 29.1% 37.4%

NT-proBNP 3,569 pg/ml 2,256 pg/ml

MLWHFQ score 43 14

BMI, body mass index; BSA, body surface area; BP, Blood pressure; HR, heart rate;

LVEDVI, left ventricular end diastolic volume index; LVESI, left ventricular end systolic

volume index; EF, ejection fraction; E/e’ average, ratio between Peak velocity of early

diastolic transmitral flow and peak velocity of early diastolic mitral septal and lateral

annular motion; LAVI, left atrium volume index; PASP, Pulmonary Artery Systolic Pressure;

IVC, inferior vena cava; NT-proBNP, N terminal pro Brian Natriuretic Peptide; MLWHFQ,

Minnesota Living With Heart Failure Questionnaire.

TABLE 3 | Comparison on cardiopulmonary exercise test derived data between

baseline and 6 months follow-up.

Parameter Baseline 6 months follow-up

RER 1.07 1.12

HR 155 b/m 166 b/m

Work 88 watts 112 watts

VO2 peak 13.8 ml/kg/min 16.7 ml/kg/min

Oxygen pulse (VO2 peak/HR) 8.9 ml/beat 10 ml/beat

VE/VCO2 34 25

RER, respiratory exchange ratio; HR, heart rate; VCO2, carbon dioxide output; VE,

ventilation; VO2, oxygen uptake.

effective bridge to transplant strategy for patients with advanced
HFrEF (17).

However, the COAPT criteria were not met in our patient
(left ventricular end-systolic diameter >70mm, left ventricular
ejection fraction <20%); therefore, Mitraclip implant would
probably not have improved our patient’s prognosis (18).

Another strategy used in patients with advanced heart failure
is the periodic infusion of levosimendan (19), which can lead to
an improvement in the hemodynamic profile (20) and quality
of life as well as reduction of acutely decompensated heart
failure episodes in patients with advanced HFrEF (21). Pulsed
levosimendan infusion can be performed at fixed intervals or
by assessing changes in hemodynamic parameters (22), leading
to a clear clinical benefit in both cases. However, little data are
available on the efficacy of this therapeutic approach in obese

patients (body weight > 120 kg); therefor this therapeutic option
has not been performed.

According to Federal and Drugs Administration approved
physician labeling, CCM is indicated in patients with heart
failure in NYHA class III-IV despite optimal medical therapy;
however, no data exists regarding their use as a bridge to
transplant strategy.

The above treatment strategies were thoroughly discussed in
terms of expected outcomes and possible complications with the
patient, who decided for CCM therapy.

Thus, in our patient for the first time, an “off-label” implant
of an Optimizer Smart R© as a bridge to transplant strategy
was performed.

During follow-up, our patient experienced a reduction in
NYHA class and an improvement in quality of life, according
to the Minnesota Living with Heart Failure Questionnaire. In
addition, a reduced left ventricular filling pressure occurred,
as documented by a reduction in the level of N-terminal
prohormone of brain natriuretic peptide.

Furthermore, improvement of echocardiographic and
cardiopulmonary exercise test data occurred during follow-up,
indicating an increase in cardiac output (increase of VO2 peak)
and a reduction of wedge pressure and pulmonary pressure
(decreased VE/VCO2 slope).

CONCLUSION

In this case report, we described for the first time a case of
advanced HFrEF treated with CCM therapy as a bridge to
transplant strategy.

Based on our case, we believe that CCM could be used as
a bridge to transplant strategy in selected patients with end-
stage HFrEF, not adequately compensated by pharmacological
therapy with contraindications to LVAD, such as patients with
severe obesity.
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