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New Perspectives in the Treatment
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ABSTRACT

Acute and chronic heart failure with reduced ejection fraction (HFrEF) is a major public health
problem, studies showing a 25% survival rate at 5 years after hospitalization. If left untreated,
it is a common and potentially fatal disease. In recent years, the medical and device therapies
of patients with HFrEF have significantly improved. The aim of our review is to provide an
evidence-based update on new therapeutic strategies in acute and chronic settings, to pre-
vent hospitalization and death in patients with HFrEF. We performed a systematic literature
search on PubMed, EMBASE, and the Cochrane Database of Systemic Reviews, and we included
a number of 23 randomized controlled trials published in the last 30 years. The benefit of beta-
blockers and renin-angiotensin-aldosterone system inhibitors in patients with HErEF is well
known. Recent developments, such as sodium-glucose cotransporter 2 inhibitors, vericiguat,
transcatheter mitral valve repair, wireless pulmonary artery pressure monitor and cardiac
contractility modulation, have also proven effective in improving prognosis. In addition, other
new therapeutic agents showed encouraging results, but they are currently being studied. The
implementation of personalized disease management programs that directly target the cause of
HFrEF is crucial in order to improve prognosis and quality of life for these patients.
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INTRODUCTION

Acute and chronic heart failure (HF) is one of the most im-
portant cardiovascular diseases, considering the increas-
ing morbidity and mortality rate."? It is also the most fre-
quent cardiovascular reason for hospital admission among
people older than 60 years of age.>~> The mortality rate of
patients with chronic HF at one year is 7.2%, and the one-
year hospitalization rate is 31.9%.%7 Over the last several

decades, there have been important advances in the treat-
ment of HF; new medications and devices are being used
in clinical practice in order to prevent hospitalization and
death, and also to improve the quality of life.

According to the value of left ventricular ejection frac-
tion (LVEF), HF may be classified into three categories:
HF with reduced ejection fraction (HFrEF, with LVEF
<40%), HF with midrange ejection fraction (LVEF 41—
49% and diastolic dysfunction), and HF with preserved
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ejection fraction (LVEF 250% and diastolic dysfunc-
tion)."® Approximately 50% of patients with HF have a
reduced LVEF.¢

The appearance of several new medications that in-
volve neurohormone inhibition of the sympathetic ner-
vous system, the angiotensin receptor neprilysin, and
the renin-angiotensin-aldosterone system, and also
device therapies, was associated with a reduction in
the hospitalization and mortality rates of patients with
HFrEF.7-9 More recently, some randomized clinical trials
have demonstrated an important reduction of mortal-
ity and cardiovascular events in these patients by us-
ing dapagliflozin, a sodium-glucose cotransporter 2
(SGLT2) inhibitor,* vericiguat, an oral soluble guanylate
cyclase stimulator," and omecamtiv mecarbil, a selec-
tive cardiac myosin activator.’> Given the benefits seen
in these recently published clinical trials, all these new
drugs have been included in the next updated HF guide-
lines, this year.

Despite all these therapeutic advances in the manage-
ment of patients with HFrEF,3-*® almost 50% of patients
with ventricular dysfunction die within five years, and
approximately 40% of them die in the first year after
hospitalization for HF, in most of the cases by sudden
cardiac death.”~** Considering the high mortality rates
related to cardiac dysfunction and also the recent ad-
vancements in medical and device therapies of patients
with HFTEF, the aim of our systematic review is to pro-
vide an evidence-based update on recent advances and
perspectives in the context of treatment, in acute and
chronic settings.

We performed a systematic literature search of
PubMed, EMBASE, and the Cochrane Database of Sys-
temic Reviews for randomized controlled trials on medi-
cal and device therapies of patients with HFrEF. We
filtered the results for randomized controlled trials pub-
lished in English between January 1, 1990, and August 1,
2020. The following search terms were included: HF with
reduced ejection fraction, HFrEF, medical therapeutics,
device therapies, hospitalization, death, and random-
ized trials. We also reviewed the most recent guidelines
on HF of the European Society of Cardiology (ESC), the
American College of Cardiology (ACC), and the Ameri-
can Heart Association (AHA). The studies included in this
systematic review were considered eligible if they were
(a) randomized clinical trials; (b) included patients with
HF with reduced ejection fraction (LVEF £40%); (c) com-
pared drug or device therapy with placebo, no medication
or standard medical therapy, with at least 12 weeks of
follow-up; (d) provided data about all-cause mortality,

sudden cardiac death, cardiovascular death, cardiovas-
cular/HF hospitalization, worsening HF event. A number
of 23 studies were included in this review, and the results
were stratified according to the drug treatment or de-
vice treatment for patients with HF with reduced ejection
fraction.

DRUG TREATMENT

1. BETA-BLOCKERS

Considering the important role of sympathetic nervous
system activation in the pathogenesis of HF, its suppres-
sion with beta-blockers has demonstrated beneficial ef-
fects in reducing all-cause and cardiovascular mortality.
Bisoprolol, carvedilol, or metoprolol succinate should be
administered in all patients with HFrEF if they are not
contraindicated or there is no intolerance, considering
that they decrease all-cause mortality, sudden cardiac
death, and hospitalization.?3~2¢

Guidelines recommend the use of beta-blockers for all
patients with stable, symptomatic HFrEF, in order to re-
duce HF hospitalization and death. In patients with signif-
icant bradycardia, second- or third-degree atrioventric-
ular block (without a cardiac pacemaker), and bronchial
asthma, beta-blockers are contraindicated, but in patients
with stable chronic obstructive lung disease they are usu-
ally not.*®

The initial and target doses of beta-blockers should be
selected according to the clinical status of the patient and
blood pressure values.?’” Dose adjustment should be per-
formed once every 1—2 weeks, with the aim to achieve the
maximum tolerated dose after 3—6 months of treatment.

2. ANGIOTENSIN-CONVERTING ENZYME
(ACE) INHIBITORS AND ANGIOTENSIN
Il RECEPTOR BLOCKERS (ARBS)

Various studies have demonstrated that ACE inhibitors
and ARBs improve clinical outcomes and reduce all-cause
mortality in patients with HFTrEF in the range of 20% to
30% (Table 1).28737 ACE inhibitors and ARBs are indicated
for patients with HFrEF unless contraindicated: patients
with angioedema during previous administration of a drug
from these classes, those who are pregnant or plan to be-
come pregnant, or patients with bilateral artery steno-
sis.©3839 It is estimated that almost a quarter of patients
treated with ACE inhibitors develop a dry cough, indepen-
dent of the dose. In this case, it is recommended to replace
the ACE inhibitor with an ARB.4%#



90

3. MINERALOCORTICOID RECEPTOR
ANTAGONISTS (MRAS)

Given the inappropriate activation of the renin-angio-
tensin-aldosterone system in patients with HFTEF, treat-
ment with MRAs improved clinical outcomes in these pa-
tients. The benefit of MRAs in addition to a HF treatment
regimen has been demonstrated only in few multicenter,
large-sized studies such as the Randomized Aldactone
Evaluation Study (RALES) trial,** the Eplerenone Post-
Acute Myocardial Infarction Heart Failure Efficacy and
Survival Study (EPHESUS),** and the Eplerenone in Mild
Patients Hospitalization and Survival Study in Heart Fail-
ure (EMPHASIS-HF).** MRAs demonstrated a 15% to 30%
reduction in mortality and a 15% to 40% reduction in HF
hospitalizations in patients with HFrEF after a minimum
monitoring period of 16 months, even in patients with
myocardial infarction. MRAs should be added to the treat-
ment regimen of patients with LVEF £35% and persistent
NYHA classes 1I to IV symptoms, despite ACE inhibitors/
ARB/angiotensin receptor-neprilysin inhibitors (ARNI)
and beta-blocker therapy.*>~47 It is absolutely necessary to
monitor kidney function and serum potassium one week
after initiation of treatment or dose adjustment, then
monthly for the first three months, every three months
for a year, and then every 6 months.4®

4. HYDRALAZINE AND ISOSORBIDE DINITRATE

The African-American Heart Failure Trial (A-HeFT) dem-
onstrated that for Black patients with advanced HF, the
addition of a fixed dose of isosorbide dinitrate plus hy-
dralazine to standard therapy, including neurohormone
blockers, significantly reduced mortality and HF hospital-
ization.*®

5. IVABRADINE

Despite the strong evidence supporting the efficacy of
beta-blockers in patients with HFrEF, some patients can-
not tolerate them due to their undesirable hemodynamic
effects. Ivabradine selectively blocks the funny channel
(If) current and reduces the heart rate in patients with si-
nus rhythm, without influence on blood pressure, being
used for the treatment of patients with HFrEF and LVEF
<35%.59%! In the Systolic Heart Failure Treatment with
the If Inhibitor Ivabradine Trial (SHIFT), a randomized,
placebo-controlled trial, ivabradine reduced HF mortality
and HF hospitalization.>® Thus, ivabradine is indicated in
patients who remain symptomatic, with a heart rate of at
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least 70 beats per minute, despite treatment with a maxi-
mally tolerated dose of beta-blockers, ACE inhibitors,
ARBs and MRAs.»7% In summary, the adequate reduction
of the resting heart rate to 60 beats per minute or lower
should be one of the primary goals of therapy in HFrEF
patients. Since achieving this target heart rate with beta-
blockers alone is difficult in the majority of patients with
HFrEF, combining ivabradine is an effective alternative
approach.>®

6. ANGIOTENSIN RECEPTOR-
NEPRILYSIN INHIBITOR (ARNI)

ARNI combines an angiotensin II type 1 receptor blocker
and an inhibitor of neprilysin, the enzyme that promotes
the degradation of atrial and brain natriuretic peptides.>’

The efficacy of ARNI was demonstrated in the Prospec-
tive comparison of ARNI with ACEi to Determine Impact
on Global Mortality and morbidity in Heart Failure (PR-
ADIGM-HF) trial. Compared to enalapril, sacubitril/val-
sartan reduced hospitalization for HF and cardiovascular
mortality (Table 1).58

The current ESC guidelines recommend sacubitril/val-
sartan for patients who have no contraindications and
who remain symptomatic despite treatment with an ACE
inhibitor or ARB, a beta-blocker and a MRA.!

The ACE inhibitor should be stopped at least 36 hours
before the first intake of sacubitril/valsartan, because
their simultaneous intake may cause accumulation of bra-
dykinin and secondary occurrence of severe angioedema.

7. NEW DRUG THERAPIES

Sodium-glucose cotransporter 2 (SGLT2) inhibitors

SGLT2 inhibitors increase urinary excretion of glucose in
the renal tubules, natriuresis and osmotic diuresis, which
can lead to blood pressure reduction, weight loss, improve
glycemic control and insulin sensitivity.>*% Also, it has
been reported that SGLT2 inhibitors have cardioprotec-
tive effects and improve prognosis in HFrEF, probably by
improving cardiac metabolism, inflammation, and fibro-
sis.526162 Considering these beneficial effects of SGLT2 in-
hibitors, the 2019 guidelines of the ESC on diabetes, pre-
diabetes, and cardiovascular diseases,®* the 2019 Heart
Failure Association (HFA) position paper on the role and
safety of new glucose-lowering medications,® and the HFA
clinical practice update on HF®> sustain that empagliflozin,
dapagliflozin, and canagliflozin can be used to prevent HF
hospitalization in patients with type 2 diabetes mellitus.
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TABLE 1. Clinical trials of medical therapies for patients with heart failure and reduced ejection fraction
Study Patients Follow-up End point HR (95% CI) Results
(months)
Beta-blockers
CIBIS 113 LVEF <35% 15.6 All-cause mortality 0.66 (0.54—0.81) Bisoprolol has a significant mortality benefit in
NYHA III/IV Sudden cardiac death  0.56 (0.39—-0.80) stable heart-failure patients, independent of the
severity or cause of heart failure.
uscp? LVEF <35% 12 All-cause mortality 0.65 (0.39—0.80) Carvedilol reduces the risk of death and cardiac
CV hospitalization 0.38 (0.18-0.53) hospitalization in patients with heart failure who
receive treatment with digoxin, diuretics and an
angiotensin-converting-enzyme inhibitor.
MERIT-HF** LVEF £40% 12 All-cause mortality 0.66 (0.53—0.81) Metoprolol improves survival, reduces the need
NYHA II-1V Deaths from HF 0.51(0.33-0.79) for hospitalizations due to worsening heart

failure, improves NYHA functional class, and has
beneficial effects on well-being of patients with
symptomatic heart failure.

Angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers

SOLVD?*°

ATLAS*

CHARM?3?

LVEF =35% 48
NYHA II-1V
LVEF £30% 46
NYHA II-1V
LVEF £40% 34
NYHA II-1V

All-cause mortality
CV death or
hospitalization

All-cause mortality
All-cause
hospitalization

CV mortality
HF hospitalization

0.61(0.05-0.26)
0.26 (0.18-0.34)

0.92 (0.82-1.03)
0.88 (0.82-0.96)

0.70 (0.60-0.81)
0.80 (0.66-0.96)

Enalapril reduces the incidence of heart failure,
the heart failure hospitalizations and the risk of
death, among patients with asymptomatic left
ventricular dysfunction.

Patients with heart failure should not be main-
tained on very low doses of an ACE inhibitor
(unless these are the only doses that can be
tolerated) and the difference in efficacy between
intermediate and high doses of an ACE inhibitor
is very small.

Candesartan significantly reduces all-cause mor-
tality, cardiovascular death, and HF hospitaliza-
tions when added to standard therapies.

Mineralocorticoid receptor antagonists

RALES*

EPHESUS*?

EMPHASIS-HF4

LVEF £35% and 24
NYHA 1V, within

the six months

before enrolment
Patients with HF 16
and LVEF £40%,

at 3 to 14 days

after AMI

LVEF =35% 21
NYHA II

All-cause mortality
HF hospitalization

All-cause mortality
CV death, CV hospital-
ization

All-cause mortality
CV death, HF hospital-
ization

0.70 (0.60-0.82)
0.65 (0.54—0.77)

0.85 (0.75-0.96)
0.87 (0.79~-0.95)

0.76 (0.61-0.94)
0.63 (0.54—0.74)

Spironolactone, in addition to standard therapy,
substantially reduces the risk of morbidity and
death among patients with severe heart failure.

Eplerenone, in addition to optimal medical
therapy, reduces morbidity and mortality among
patients with acute myocardial infarction compli-
cated by left ventricular dysfunction and HF.
Eplerenone reduces the risk of death and hos-
pitalization among patients with systolic heart
failure and mild symptoms.

Hydralazine and Isosorbide Dinitrate

A-HeFT#* Black patients 10 All-cause mortality p =0.02 The addition of a fixed dose of isosorbide di-
with NYHA III or HF hospitalization p = 0.001 nitrate plus hydralazine to standard therapy is
1V, with dilated efficacious and increases survival among black
ventricles patients with advanced HF.

Ivabradine

SHIFT>? Symptomatic HF  22.9 All-cause mortality p = 0.092 Heart-rate reduction with ivabradine reduces the

and LVEF £35%,
sinus rhythm
with HR 270 bpm

Death from HF
HF hospitalization

0.74(0.58-0.94)
0.74 (0.66—-0.83)

cardiovascular death or hospital admission for
worsening heart failure.
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Angiotensin receptor-neprilysin inhibitor

PARADIGM-HF>® LVEF <40% 27
NYHA II-1V

All-cause mortality
HF hospitalization

0.84 (0.76-0.93)
0.81 (0.71-0.89)

Sacubitril/valsartan is superior to enalapril in
reducing the risks of death and of hospitalization
for HF.

Sodium-glucose cotransporter 2 inhibitors

DAPA-HF™ LVEF £40% 18.2 CV death 0.82 (0.69-0.98) The risk of worsening HF or death from cardio-
NYHA II-1V Worsening HF 0.74 (0.65-0.85) vascular causes is lower among patients who
receive dapagliflozin, regardless of the presence
or absence of diabetes.
Oral soluble guanylate cyclase stimulator
VICTORIA™ LVEF <£45% 10.8 CV death 0.90 (0.82—0.98) The incidence of death from cardiovascu-
NYHA II-1V HF hospitalization 0.90 (0.81-1.00) lar causes or hospitalization for HF is lower

among patients with high-risk HF who receive
vericiguat.

ACE, angiotensin-converting enzyme; AMI, acute myocardial infarction; bpm, beats per minute; CV, cardiovascular; HF, heart failure; HR, heart rate; LVEF, left ventricular

ejection fraction; NYHA, New York Heart Association

Oral soluble guanylate cyclase stimulator

Vericiguat is an oral soluble guanylate cyclase stimulator,
used to reduce the risk of HF hospitalization and cardio-
vascular death. The Vericiguat Global Study in Subjects with
Heart Failure with Reduced Ejection Fraction (VICTORIA)
trial evaluated the efficacy and safety of vericiguat in pa-
tients with a reduced ejection fraction and chronic HF with
recent decompensated HF." They found that vericiguat re-
duced the first HF hospitalization and cardiac death over a
medium follow-up of 10.8 months. Symptomatic hypoten-
sion and syncope occurred in both groups, but there was no
statistically significant difference (Table 1).

DEVICE TREATMENT

1. CARDIAC RESYNCHRONIZATION THERAPY AND
IMPLANTABLE CARDIOVERTER-DEFIBRILLATOR

Since their inception, implantable cardiac devices, such as
implantable cardioverter-defibrillators (ICDs), and car-
diac resynchronization therapy (CRT) have proven their
effectiveness in improving cardiovascular outcome in HF
patients. The selection of patients who might benefit from
an ICD or CRT is challenging, considering the undesired
effects of these devices such as infections, lead and gen-
erator problems, or inappropriate shocks.!®6¢

The current ESC guidelines recommend CRT for symp-
tomatic patients with LVEF <35%), despite optimal medi-
cal therapy, who have left bundle branch block and a QRS
duration =130 ms.' The use of multimodality imaging,
such as late gadolinium enhancement detected by cardi-
ac magnetic resonance and radial strain, demonstrated a

higher portion of CRT responders compared with the con-
trol group, but the clinical outcomes were similar.%?

The Cardiac Resynchronization in Heart Failure (CARE-
HF) trial demonstrated that, compared with optimal med-
ical therapy, CRT reduces all-cause mortality, the inter-
ventricular mechanical delay, the end-systolic volume,
and the area of the mitral regurgitant jet. Also, CRT im-
proved the LVEF, symptoms and the quality of life.®® The
benefits of CRT in reducing hospitalization and all-cause
mortality were also demonstrated in a subgroup analysis
from the Multicenter Automatic Defibrillator Implanta-
tion Trial with Cardiac Resynchronization Therapy (MA-
DIT-CRT) trial, but only for patients with a QRS duration
2150 ms and left bundle branch block morphology.®®

ICD is generally recommended for primary prevention
in symptomatic HF patients with LVEF £35% despite >3
months of optimal medical therapy, but there are also
slightly different indications according to specific cardiac
pathologies.!

The benefits of ICD in reducing all-cause mortality
were demonstrated in patients with ischemic cardiomy-
opathy in the Multicenter Automatic Defibrillator Implan-
tation Trial IT (MADIT II) trial.’° On the other hand, in the
Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT),
these benefits were demonstrated both in patients with
ischemic (21% reduction) and nonischemic HF (27% re-
duction) (Table 2).7*

2. ATRIAL FIBRILLATION ABLATION IN HEART FAILURE

Considering that atrial fibrillation is the most common
arrhythmia in patients with HF and that it can decrease
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TABLE 2. Clinical trials of device therapies for patients with heart failure and reduced ejection fraction

Study Patients Follow-up End point HR (95% CI) Results
(months)

Cardiac resynchronization therapy

CARE-HF®® LVEF <35%, 29 All-cause mortality 0.64 (0.48-0.85) Cardiac resynchronization improves symptoms
NYHA III-1V, HF hospitalization 0.48 (0.36-0.64) and quality of life, reduces complications and
QRSd 2120 ms, the risk of death in patients with HF and cardiac
sinus rhythm, dyssynchrony.
LVESD 230 mm

MADIT-CRT®? LVEF £30%, 29 All-cause mortality or 0.66 (0.52—0.84) CRT combined with ICD reduced the risk of
NYHA I-1I, QRSd HF hospitalization heart-failure events in relatively asymptomatic
2130 ms, sinus patients with a low ejection fraction and wide
rhythm QRS complex.

Implantable cardiac defibrillator

MADIT-I17° Prior MI (21 20 All-cause mortality 0.69 (0.51-0.93) Prophylactic implantation of a defibrillator in
month), patients with a prior myocardial infarction and
LVEF <30% advanced left ventricular dysfunction improves

survival.
SCD-HeFT” LVEF £35%, 45 All-cause mortality 0.77 (0.62-0.96) Single-lead, shock-only ICD therapy reduces

NYHA II-IIT

overall mortality by 23%, whereas amiodarone
has no favourable effect on survival.

Atrial fibrillation ablation in heart failure

CASTLE-AF"? LVEF £35%, 37.8 All-cause deathHF 0.53(0.32—0.86) Catheter ablation for atrial fibrillation in patients
NYHA II-1V,ICD hospitalization 0.56 (0.37—0.83) with heart failure was associated with a signifi-
cantly lower rate of all-cause death or HF hospi-
talization than was medical therapy.
Transcatheter mitral valve repair
MITRA-FR75 LVEF: 215 and 12 All-cause mortality 111 (0.69-1.77)  The rate of death or unplanned hospitalization for
<40%; HF hospitalization 1.13 (0.81-1.56) heart failure at 1 year did not differ significantly
NYHA II-1V; between patients who underwent percutane-
Moderate to ous mitral-valve repair in addition to receiving
severe mitral medical therapy and those who received medical
regurgitation therapy alone.
COAPT7¢ LVEF: 220 and 2/ All-cause mortality 0.62 (0.46—0.82) Transcatheter mitral-valve repair resulted in a
<50%; HF hospitalization 0.53 (0.40—-0.70) lower rate of hospitalization for HF and lower
NYHA II-1V; all-cause mortality than medical therapy alone,
Moderate to among patients who remained symptomatic
severe mitral despite the use of maximal doses of guideline-
regurgitation; directed medical therapy.
LVESD =70 mm
Remote monitoring
CHAMPION?? NYHA III 18 All-cause mortality 0.68 (0.45—-1.02) Pulmonary artery pressure-guided HF manage-
HF hospitalization 0.72 (0.59—0.88) ment reduces morbidity and mortality in patients
with NYHA III on guideline-directed medical
therapy.
Cardiac contractility modulation
FIX-HF-5C28 LVEF: 225 and 2/ Change of peak VO, 1.72 (95% BCI, The 2-lead system is safe and improves peak VO2
<45%; (mL/kg/min) 1.02—-2.42) and NYHA, with less device-related adverse ef-
NYHA III-1V; NYHA improvement 83.1% vs. 42.7%  fects as the 3-lead system.
Not eligible for by at least 1 functional (p <0.001)

CRT

class

BCI, Bayesian credible interval; CRT, cardiac resynchronization therapy; HF, heart failure; ICD, implantable cardiac defibrillator; LVEF, left ventricular ejection fraction;
LVESD, left ventricular end-systolic diameter; MI, myocardial infarction; NYHA, New York Heart Association; peak VO2, peak oxygen consumption; QRSd, QRS duration on

electrocardiogram
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LVEF and cause symptoms of HF, atrial fibrillation abla-
tion may be considered in symptomatic HFrEF patients,
despite optimal medical therapy.! CASTLE-AF (Catheter
Ablation for Atrial Fibrillation with Heart Failure) is a re-
cently published trial that demonstrated the beneficial ef-
fect of atrial fibrillation ablation in HFrEF patients (Table
2).72 In patients =65 years or with more than one risk fac-
tor for stroke, this beneficial effect was not shown in the
Catheter Ablation Versus Antiarrhythmic Drug Therapy
for Atrial Fibrillation (CABANA) trial.”> The utility of atrio-
ventricular junction ablation followed by CRT in patients
with HF and symptomatic atrial fibrillation, but who are
not candidates for atrial fibrillation ablation or in those
who have failed to respond to this treatment, was dem-
onstrated in the Ablate and Pace in Atrial Fibrillation plus
Cardiac Resynchronization Therapy (APF-CRT) trial. Even
if it included a small number of patients, this strategy was
associated with a decreased rate of HF-related morbidity
and mortality and improved quality of life.”*

3. TRANSCATHETER MITRAL VALVE REPAIR

It is known that functional mitral regurgitation, often en-
countered in HFrEF, is a predictor of mortality.! Because
the surgical risk of HFTEF combined with mitral regurgi-
tation is high, the percutaneous correction of functional
mitral regurgitation is actively studied. A recent study,
Percutaneous Repair with the MitraClip Device for Severe
Functional/Secondary Mitral Regurgitation (MITRA-FR),
that compared percutaneous mitral valve repair using the
MitraClip device with medical therapy vs. medical therapy
alone, found no differences in mortality and HF hospital-
ization rates.”> Conversely, the Cardiovascular Outcomes
Assessment of the MitraClip Percutaneous Therapy for
Heart Failure Patients with Functional Mitral Regurgita-
tion (COAPT) trial demonstrated a significant reduction
of HF hospitalization (35.8% vs. 67.9%; HR 0.53 [95% CI
0.40—0.70]) and all-cause mortality (29.1% vs. 46.1%; HR
0.62 [95% CI 0.46—-0.82]) compared with medical therapy
alone, within 2 years of follow-up (Table 2).7°

4. REMOTE MONITORING

Wireless pulmonary artery pressure monitors in patients
with persistent NYHA class III symptoms following hos-
pitalization for acute HF is one of the most active fields in
the management of HF, in order to guide the treatment.
The CardioMEMS Heart Sensor Allowing Monitoring of
Pressure to Improve Outcomes in NYHA Class III Heart
Failure Patients (CHAMPION) trial demonstrated that he-
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modynamic monitoring with a wireless implantable pul-
monary artery pressure monitoring device significantly
reduces hospitalizations for HF, over a mean follow-up
period of 18 months (Table 2).77

5. CARDIAC CONTRACTILITY MODULATION (CCM)

Inrecent years, a new therapy that delivers high amplitude
biphasic pulses to the right ventricular septum during the
absolute refractory period of the myocardium — cardiac
contractility modulation (CCM) — has become available.
The system delivers, through a small implantable pulse
generator, biphasic pulses, modulating the strength of the
contraction of the myocardium by generating non-excit-
atory impulses. The therapy is delivered for a total of 7 to
12 hours, at regular intervals throughout the day. Thus,
the CCM system modulates the strength of the myocar-
dium contraction rather than the rhythm, as is the case of
pacemaker or defibrillator devices.”®

CCM has been studied in several randomized studies, in
patients with symptomatic HF on optimal medical therapy
and with a QRS duration <130 ms and EF <45%, thus being
ineligible for CRT. Collectively, the results indicated that
CCM improves quality of life, LVEF, indexes of diastolic
function, NYHA classification, 6 min walk test (6MWT)
distance, and peak oxygen consumption (peak VO2) dur-
ing cardiopulmonary stress testing.’8-8° The FIX-HF-5C2
study evaluated the safety and effectiveness of a 2-lead
system (eliminating the atrial lead) compared with the
3-lead system and demonstrated that the 2-lead system
effectively delivers a comparable number of CCM signals
(including in patients with atrial fibrillation) as the 3-lead
system, is equally safe and improves peak VO, and New
York Heart Association classification with less device-re-
lated adverse effects (0% vs. 8%; p = 0.03) (Table 2).3!

CCM is applicable for patients with NYHA class II or III
symptoms, a normal QRS, a LVEF 220%, peak VO, 210 mL/
kg/min, and fewer than 10,000 ventricular ectopic beats or
bigeminies per day.®°

Table 2. Clinical trials of device therapies for patients
with heart failure and reduced ejection fraction

NEW THERAPEUTIC AGENTS THAT
ARE CURRENTLY BEING STUDIED

1. OMECAMTIV MECARBIL

Omecamtiv mecarbil is a selective cardiac myosin ac-
tivator and a myotrope that increases cardiac function
and decreases ventricular volumes, with no increase of
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the calcium level or oxygen use in cardiomyocytes, as
is the case with standard inotropic agents.'>8283 It also
decreases the heart rate and N-terminal pro-B-type
natriuretic peptide in patients with HFrEF.%4 Results
from phase 2 trials were very promising, and therefore
there are major expectations for the Global Approach to
Lowering Adverse Cardiac Outcomes Through Improv-
ing Contractility in Heart Failure (GALACTIC-HF) study,
which is a phase 3 clinical trial. It is a double-blind, pla-
cebo-controlled trial that included patients with class II,
III or IV HF, a LVEF of 35% or less, elevated natriuretic
peptides, and either current hospitalization for HF or
history of hospitalization or emergency department visit
for HF within a year of screening.* Its main objective is
to evaluate if omecamtiv mecarbil can improve symp-
toms, prevent HF events, and delay cardiovascular death
in patients with chronic HF. The trial’s estimated date of
completion is 2021.

2. ULARITIDE

Ularitide is a synthetic form of urodilatin, a human natri-
uretic peptide, produced by distal tubules of the kidney,
collecting duct cells as a response to increased blood pres-
sure. Ularitide increases diuresis and natriuresis, produces
vasodilation, and inhibits the renin-angiotensin-aldo-
sterone system.®>® In a phase 1 study, ularitide reduced
the pulmonary capillary wedge pressure (PCWP) and the
systemic vascular resistance, and also improved the sys-
tolic function in patients with acute HF. SIRIUS I, a phase
2 study, evaluated the clinical value of ularitide and dem-
onstrated that it improved the PCWP, reduced N-terminal
prohormone of brain natriuretic peptide (NT-proBNP)
levels, and relieved dyspnea, without affecting kidney
function.®® Therefore, these studies indicate that ularitide
may have beneficial hemodynamic effects in patients with
HF, but further phase 3 studies on patients with chronic
HFrEF are needed.

3. SERELAXIN

Serelaxin is a synthetic recombinant of relaxin, a peptide
structurally similar to insulin, which can increase plasma
volume and cardiac output, and decrease blood pressure
and vascular resistance.®”#® In phase 1 trials, serelaxin
has been shown to be safe and tolerable; it increased re-
nal plasma flow and natriuresis, reduced PCWP and vas-
cular resistance, and improved the cardiac index.%? These
promising results initiated a phase 2 study which dem-
onstrated that serelaxin improved dyspnea and reduced

cardiovascular death or readmission due to heart or renal
failure in patients with acute cardiac failure.”°

The results from phases 1 and 2 trials were followed by
phase 3 trials such as the Recombinant Human Relaxin-2
for Treatment of Acute Heart Failure (RELAX-AHF) trial.
According to the results from this study, serelaxin had no
significant effect on readmission for renal or heart failure,
but was associated with a 47% reduction of HF worsening
and a 37% reduction of all-cause and cardiovascular 180-
day mortality.**

4. TOLVAPTAN

In HF, reduced cardiac output and blood pressure deter-
mine an activation of baroreceptors and of the renin-an-
giotensin-aldosterone system, which will increase argi-
nine vasopressin levels. Tolvaptan is an oral vasopressin
type 2 receptor antagonist that increases aquaresis, with-
out changes in the excretion of electrolytes.?2~%9 Also,
compared with standard diuretics, it increases serum so-
dium levels in patients with hyponatremia and has only
a slight tendency to affect renal function.”>°# In a phase
3 placebo-controlled study, the efficacy and safety of
tolvaptan was evaluated in treating HF patients with vol-
ume overload, despite the use of conventional diuretics.
The results of this study demonstrated a reduction of HF
symptoms, an increase in diuresis, and a decrease of body
weight.

Currently, several device therapies for the manage-
ment of patients with HFrEF are under study. The Reduce
Elevated Left Atrial Pressure in Patients With Heart Fail-
ure (REDUCE LAP-HF) phase 1 study demonstrated that a
transcatheter interatrial shunt device reduces pulmonary
capillary wedge pressure at 1 month in patients with HF
and LVEF 240%.9° Recent phase 2 and 3 trials evaluated
the effect of vagus nerve stimulation in symptomatic pa-
tients with HFrEF, but they failed to show a significant
improvement of clinical outcomes and left ventricular di-
ameters.97:98

The results of these studies regarding the aforemen-
tioned new therapeutic agents for the treatment of HF are
promising, but they require further research before they
can be used as efficacious therapeutic agents.

CONCLUSIONS AND PERSPECTIVES

Heart failure with reduced ejection fraction is a major
health problem with significant morbidity and mortality.
Few areas in medicine have had such a remarkable prog-
ress over the past decades, as that observed in the man-
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agement of patients with HFrEF. The current manage-
ment of HFTEF has changed significantly in recent years,
with the advent of many new drugs and devices that have
been shown to improve the quality of life and to reduce
the mortality of these patients. Understanding the mecha-
nisms responsible for each patient’s clinical status is cru-
cial in order to apply a therapeutic strategy that directly
targets the cause of the hemodynamic compromise.
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