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Abstract: Despite continuous efforts to prevent cardiovascular diseases (CVDs), heart failure
prevails as the number one cause of death in developed countries. To properly treat CVDs,
scientists had to take a closer look at the factors that contribute to their pathogenesis and either
modernize current pharmaceuticals or develop brand new treatments. Enhancement of current
drugs, such as tolvaptan and omecamtiv mecarbil, sheds new light on already-known therapies.
Tolvaptan, a vasopressin antagonist, could be adopted in heart failure therapy as it reduces pre- and
afterload by decreasing systolic blood pressure and blood volume. Omecamtiv mecarbil, which
is a myosin binding peptide, could aid cardiac contractility. The next generation vasodilators,
serelaxin and ularitide, are based on naturally occurring peptides and they reduce peripheral
vascular resistance and increase the cardiac index. In combination with their anti-inflammatory
properties, they could turn out to be extremely potent drugs for heart failure treatment. Car-
diotrophin has exceeded many researchers’ expectations, as evidence suggests that it could cause
sarcomere hypertrophy without excessive proliferation of connective tissue. Rapid progress in
gene therapy has caused it to finally be considered as one of the viable options for the treatment
of CVDs. This novel therapeutic approach could restore stable heart function either by restoring
depleted membrane proteins or by balancing the intracellular calcium concentration. Although it
has been set back by problems concerning its long-term effects, it is still highly likely to succeed.
Keywords: heart failure, therapy, cardiovascular diseases

Introduction

Cardiovascular disease (CVD) is currently one of the most common causes of mortality
and morbidity in developed countries.! In the last 20 years, strong emphasis was placed
on improving survival and quality of life in patients with heart failure (HF); however,
despite these great efforts, the HF 1-year mortality rate has only slightly declined and
the 5-year mortality rate has not declined at all over the last 10 years.?

The current goals of HF research include the short-term improvement of clinical
status and quality of life as well as the long-term targets of reducing all-cause readmis-
sion and, most importantly, reducing mortality. Thus, the emphasis is on identifying
drugs with detrimental long-term effects.?

The standard therapy for HF involves the use of inotropic agents, vasodilators,
and loop diuretics. These drugs, in combination with angiotensin-converting-enzyme
inhibitors and beta-blockers, are effective forms of evidence-based therapies. The exist-
ing medical therapies for HF have brought about moderate success (52.6% of patients
die within 5 years);* however, there is still an unmet need for new pharmaceuticals
that could be beneficial in HF treatment.*

This article aims to summarize the clinical progress of new therapeutic agents that
could become standard HF therapies in the future (Table 1).
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Table I An overview of the presented novel therapeutic methods with respect to their mechanism of action and latest stage of clinical

development

Name Mechanism of action Stage of clinical trials
Omecamtiv | Cardiac myosin activator; increases stroke power Phase 3 (estimated
mecarbil completion date in 2021)
Ularitide Urodilatin analog, promotes diuresis and natriuresis through binding with NPR-A receptor Phase 3
Serelaxin Member of relaxin family; stimulates NO production, increases cardiac output while decreasing Phase 3b
vascular resistance via RXFP family receptors (G-protein coupled)
Tolvaptan Oral V, receptors antagonist; promotes aquaresis without increasing electrolyte concentration in urine | Phase 3
CT-1 Promotes beneficial, reversible cardiac remodeling -
SERCA2a Improves Ca?* balance in the heart, which leads to recovery of cardiac contraction and relaxation Phase 2
Note: “~" is not applicable.

Omecamtiv mecarbil

Treatment guidelines state that positive inotropic agents may
be a therapeutic option in some specific types of HF, such
as in patients with a low ejection volume, cardiogenic shock
or low tissue perfusion. However, administering inotropic
agents has no positive effects on mortality or hospitalization
time, and these substances also have proarrhythmic effects.’
The use of standard inotropic agents increases cAMP levels in
cardiomyocytes through various mechanisms. They produce
a higher calcium concentration in the cytoplasm, which leads
to better contractility; however, this is also accompanied by
a higher oxygen use, which could have negative effects on
patients’ health.®® These disadvantages of inotropic agents
mean that there is a strong incentive to develop new and safer
substances with similar pharmacological effects. One such

substance could be the specific cardiac myosin activator,
omecamtiv mecarbil.*1°

Omecamtiv mecarbil binds to the catalytic domain of
myosin with high affinity and shifts the equilibrium of ATP
hydrolysis toward ADP-P during the stroke. The change of
equilibrium increases the number of myosin heads ready
to bind to actin filaments. This results in a more powerful
stroke without increasing the calcium level or oxygen use in
cardiomyocytes (Figure 1).57°

The Acute Treatment with Omecamtiv Mecarbil to
Increase Contractility in Acute Heart Failure (ATOMIC-HF)
study was a phase 2 prospective trial that compared a placebo
and omecamtiv mecarbil in patients with acute HF. The results
showed that use of the cardiac myosin activator as a treatment
did not match the predicted dyspnea relief, except in the higher
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Figure | Mechanism of the impact of OM on muscle contraction.
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Notes: OM binds to myosin filaments and shifts the equilibrium of ATP hydrolysis toward the ADP-P state. OM increases the number of myosin filaments ready to bind

actin filaments, in turn increasing the stroke power.

Abbreviations: OM, omecamtiv mecarbil; ATP, adenosine triphosphate; ADP, adenosine diphosphate; P, inorganic phosphate.
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administration group; however, omecamtiv mecarbil increased
systolic ejection time (SET) and was well tolerated.”®!!

The Chronic Oral Study of Myosin Activation to Increase
Contractility in Heart Failure (COSMIC-HF) study showed
better results for the treatment of chronic HF with omecamtiv
mecarbil. This was a phase 2 trial that was designed to show
the pharmacokinetics and optimal oral dose of omecamtiv
mecarbil in the treatment of chronic HF. Changes in SET,
stroke volume, end-diastolic diameter and N-terminal prohor-
mone of brain natriuretic peptide (NT-proBNP) levels were
also examined.”!" Patients received a placebo or different
dose of omecamtiv mecarbil. The results showed that the
therapy was safe and well tolerated. It also led to an increased
SET and stroke volume but decreased the heart rate, NT-
proBNP level, and left ventricular volume.” These results
were very promising, therefore there are huge expectations
for phase 3 trials in a larger group of patients.”!*!!

The Multicenter Study to Assess the Efficacy and Safety
of Omecamtiv Mecarbil on Mortality and Morbidity in
Subjects With Chronic Heart Failure With Reduced Ejection
Fraction (GALACTIC-HF) study is a phase 3 clinical trial
that is estimated to conclude in 2021. The study will include
8,000 patients with HF and its main outcome is to measure
the time of the first HF event or CV death during omecamtiv
mecarbil therapy.’

Ularitide

The natriuretic peptide hormone family includes ANP, BNP,
CNP, DNP and urodilatin. There are three main natriuretic
peptide receptors (NPRs): NPR-A, NPR-B, and NPR-C."
Elevated levels of natriuretic peptides (BNP >35 pg/mL or
NT-proBNP >125 pg/mL) are indicative of HF.> Downregu-
lation or desensitization of NPRs leads to beneficial effects
in HF treatment, which makes them a target for pharmaco-
logical therapy.'

Ularitide is a synthetic analog of urodilatin, which is a
kidney peptide hormone secreted by the distal tubule, col-
lecting duct cells in response to increased pressure. It binds
to NPR-A and results in increased diuresis and natriuresis
(Figure 2)."* Other pharmacological effects of ularitide
include vasodilation and inhibition of the renin-angiotensin-
aldosterone system.!>!¢ Clinically, it demonstrates prolonged
activity in comparison with atrial peptides."”’

Initial phase 1 studies found that ularitide decreases pul-
monary capillary wedge pressure (PCWP) in healthy men's
and decreases systemic vascular resistance and PCWP and
increases cardiac index and stroke volume in patients with
acute HF (AHF)." These preliminary studies were followed
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Figure 2 Mechanism of action of urodilatin.

Note: The consequences of NPR-A receptor activation include increased cGMP
production, resulting in lowered intracellular calcium level which reduces the
smooth muscle tonus.

Abbreviations: AVP, arginine vasopressin; GTP, guanosine triphosphate; cGMP,
cyclic guanosine monophosphate; NPR-A, natriuretic peptide receptor A.

by the phase 2 SIRIUS I study, which explored the potential
clinical value of ularitide. Patients subjected to ularitide treat-
ment showed improved PCWP, reduced NT-proBNP, and
improved dyspnea without renal function effects.?

SIRIUS II was a randomized controlled trial in 221 patients
which further defined the hemodynamic effects of ularitide
infusion. Its secondary endpoints included PCWP changes
and patient-assessed dyspnea improvements. All ularitide
groups showed significant reductions in PCWP and dys-
pnea, and the higher-dose groups also showed reductions in
systemic vascular resistance and increased cardiac index at
6 hours. As in the SIRIUS I study, a dose-dependent reduction
in systolic blood pressure (SBP) was noted in some patients.?!

TRUE-AHF was a randomized double-blind parallel-
group placebo-controlled trial in 2,157 patients. The goal
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of the study was to evaluate the effect of ularitide on CV
mortality and 48-hour clinical status. Secondary endpoints
included, among others, the length of stay, events of worsen-
ing HF, and proBNP changes.?? The drug produced satisfac-
tory hemodynamic effects such as reduced SBP and decreased
NT-proBNP levels; however, it did not significantly impact
any of the primary or secondary endpoints. Death from CV
causes occurred in 236 patients in the ularitide group and
225 patients in the placebo group.?® Therefore the findings
of this study indicate that ularitide therapy can produce
beneficial hemodynamic effects and reduce cardiac wall
stress; however, it does not reduce myocardial injury or affect
disease progression as indicated by the absence of change in
the risk of CV death.?*

Serelaxin

Relaxin is a member of the relaxin family, which includes
peptides that are structurally similar to insulin. It was first
extracted from the corpus luteum of pigs and has since been
shown to play a role in modulating CV changes in preg-
nancy. Four relaxin receptors have been identified to date
(RXFP1-4), all of which are G protein—coupled receptors.
Their presence in the heart, lung, kidney, and blood cells is
particularly important in CV therapy. Through stimulation
of nitric oxide and VEGF production and inhibition of vaso-
constrictors, relaxin can increase plasma volume and cardiac
output and decrease blood pressure and vascular resistance
(Figure 3). These results from animal models make relaxin
a potential candidate for HF treatment.**

Serelaxin is a synthetic recombinant of relaxin that
displays identical hemodynamic properties. Initial investiga-
tion of relaxin in humans began with phase 1 trials, which
examined the drug’s safety and tolerability, whereas the
subsequent phase 2 trials focused on its hemodynamic effect
and clinical efficacy. The primary phase 1 trials assessed
if serelaxin was capable of increasing renal plasma flow
and natriuresis,”® reducing PCWP, improving the cardiac
index, and reducing vascular resistance.?”’ These preliminary
studies were followed by a dose-finding pilot trial called
pre-RELAX-AHF, which was a placebo-controlled, parallel-
group phase 2 study that enrolled 234 patients with AHF.
The results from this study revealed that a 30 pg/kg/day
serelaxin infusion produced the best dyspnea improvement
with a reduction in CV death or readmission due to heart or
renal failure.?

These promising results initiated a phase 3 trial (RELAX-
AHF) that was completed in 2012. The study enrolled 1,161
patients hospitalized for AHF, all of whom suffered from
dyspnea, congestion, and elevated BNP levels. Each dose

Relaxin
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Figure 3 Effect of relaxin binding with RXFP family receptor.

Note: Mediated by G-proteins, the response involves activation of adenylate
cyclase, increase in cAMP accumulation, as well as NO production.
Abbreviations: RXFP, relaxin family peptide; ATP, adenosine triphosphate; cAMP,
cyclic adenosine monophosphate; PKA, protein kinase A; Gai3, Goi subunit 3;
GooB, Gowo subunit B; GaS, Ga subunit S; B, GB subunit; ¥, Gy subunit; PI3K,
Phosphatidylinositol-3 kinases; AKT, protein kinase B; PKC, protein kinase C;
eNOS, endothelial nitric oxide synthase; NO, nitric oxide.

produced a clinical benefit; however, a 48-hour infusion of
serelaxin at a dose of 30 ng/kg/day presented the greatest
improvement in HF symptoms with sparse adverse effects.
Investigators found that there was a great reduction in patient-
assessed dyspnea over 5 days. The 60-day survival, death, or
readmission rate did not significantly differ in serelaxin and
placebo groups; however, it reduced HF worsening by 47%
by day 5 and both all-cause and CV 180-day mortality by
37%. However, hypotensive episodes were noted in the sere-
laxin group.” In light of the results of the RELAX-AHF trial,
two global phase 3 trials were designed: RELAX-AHF-2 and
RELAX-AHF-ASIA.

RELAX-AHF-ASIA was a randomized, double-blind,
placebo-controlled phase 3 trial that aimed to evaluate the
effects of serelaxin in Asian patients, unlike previous trials,
which targeted primarily Caucasian patients. The study
aimed to recruit 1,520 patients with AHF and assess the
symptom relief and clinical outcomes with the endpoint being
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treatment success, treatment failure, or no change in status.
The secondary endpoints included HF worsening by day 5
and deaths by day 180.%

RELAX-AHF-2 aimed to confirm the beneficial effects
of serelaxin on 180-day CV death and worsening HF by
day 5, with secondary endpoints including 180-day all-cause
mortality, CV death or rehospitalization, and length of hos-
pitalization. Patients were randomized to receive 48-hour
serelaxin infusions (30 pg/kg/day) or a placebo in addition
to their standard therapy.’' However, RELAX-AHF-2 did
not meet any of its endpoints. There was no difference in
CV mortality at 180 days and the reduction of worsening
HF was not statistically significant. Serelaxin also failed to
meet its secondary endpoints (ie, all-cause 180-day mortality,
length of hospitalization, and rehospitalization due to heart or
renal failure). The results of the study indicate that serelaxin
is a safe but inefficacious drug (ie, it does not improve the
outcomes compared with the placebo). These results were
contrary to the findings of the RELAX-AHEF trial, where a
hemodynamic improvement was accompanied by a reduc-
tion in mortality.*

Tolvaptan

One consequence of HF is fluid retention, which leads to
edemas and increased pulmonary congestion. The main
causes of fluid retention are sodium retention and neurohu-
moral abnormalities.**3* Arginine vasopressin (AVP) levels
increase during HF, and higher levels of AVP are charac-
teristic of the advanced stage of this disease. The main role
is played by the nonosmotic regulatory pathway. Reduced
cardiac output and decreased blood pressure lead to activa-
tion of baroreceptors and the renin-angiotensin-aldosterone
system, which leads to increased AVP release from the
pituitary gland.*

Increased vasopressin levels and the use of loop diuretics
can cause hyponatremia.** Loop diuretics are commonly
used in HF treatment;***%37 however, up to 30% of patients
are resistant to this type of therapy. Other side effects of
loop diuretic therapy include electrolyte imbalance or
hypotension.>*37-3%

Tolvaptan is an oral vasopressin type 2 receptor antagonist
that affects collecting ducts and increases aquaresis. Urine
volume is increased but there is no change in the excretion
of electrolytes.**35% Studies show that tolvaptan increases
serum sodium levels in patients with hyponatremia3*3537-
and has a lower tendency for worsening renal function than
standard diuretics.>¢

Many studies assessed the beneficial effects of tolvap-
tan in the treatment of HF. For example, the Efficacy of

Vasopressin Antagonism in Heart Failure: Outcome Study
with Tolvaptan (EVEREST) trial checked the long- and
short-term safety and efficacy of tolvaptan administration in
addition to standard HF treatment. This was a double-blind,
placebo-controlled test in 1,567 patients with HF. Patients
were asked to complete the Kansas City Cardiomyopathy
Questionnaire to assess their health-related quality of life
(HRQOL) at 1 week after discharge. The results showed
dyspnea relief in most patients; however, there was no
improvement in the HRQOL score. There was also no asso-
ciation with mortality or dyspnea as assessed by a physician.*’

The Qualification of Efficacy and Safety in the Study
of Tolvaptan in Cardiac Oedema (QUEST) study was a
prospective observational study. Patients were treated with
tolvaptan (administered daily) for a standard observation
time (eg, 14 days). The trial assessed HF symptoms, such as
lower limb edema, dyspnea, pulmonary congestion, jugular
venous distention, and hepatomegaly, during the treatment.
Body weight and urine volume were also evaluated. All
data were recorded from baseline to the end of treatment at
day 14. The results showed a shrinking prevalence of these
symptoms, a reduction in body weight, and an increase in
diuresis; however, some patients developed hypernatremia
with higher doses of tolvaptan.*’

CT-1

CT-1 is a novel drug that is based on gp130, which forms
part of the receptors for cytokines including IL-6, IL-11, and
CT-1. These cytokines and their receptors are commonly
associated with inflammation.

CT-1 is often connected with pathological hypertrophy
of the heart,*' and elevated CT-1 plasma levels are associ-
ated with myocardial fibrosis.*> This substance is believed
to play a key role in the stimulation of fibroblasts. Induction
of cardiomyocyte hypertrophy and collagen synthesis is
also connected with higher CT-1 levels. Furthermore, there
is also a positive correlation between CT-1 plasma levels
and heart valve disease.*? According to recent research,
CT-1 is important for physiological hypertrophy of the
heart, eg, research conducted on cardiomyocytes showed
an instant modification in cell function and structure and a
significant change in the length-to-width ratio. This change
was different from those caused by pathological hypertrophy
agents such as o-adrenergic agonists.** Importantly, CT-1
also slows down the pathological hypertrophy induced by
the aforementioned agents. The curbing of this unfavorable
process is also observed in people who practice regular aero-
bic exercise. Therefore it is possible that hypertrophy is also
curbed naturally (after exercise) by CT-1.#
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CT-1 not only influences single cardiomyocytes but it
also affects the whole cardiac muscle. These changes are
reminiscent of those observed in sportsmen (eg, heart hyper-
trophy). Cardiac wall thickening occurred without changes in
the internal diameter of the ventricle.* The changes brought
about by isoproterenol or phenylephrine are not as beneficial
as those caused by CT-1, and isoproterenol and phenyleph-
rine produce a negative change in the left-to-right ventricle
internal diameter ratio.

Another difference between physiological and patho-
logical hypertrophy is reversibility. Only changes caused by
CT-1 therapy are fully reversible, which resembles physi-
ological hypertrophy.

The molecular process responsible for the difference
between CT-1 and phenylephrine activity is probably asso-
ciated with the STAT1:STAT3 balance.* STAT3 is anti-
inflammatory (probably activated by CT-1), while STAT1
is proinflammatory (probably activated by o-adrenergic
agonists). Caspases are also important for CT-1 activity, and
knockout of CASP-3 or CASP-9 stops the positive effect of
CT-1 stimulation.* This suggests that beneficial hypertrophy
depends on gp130, CASP-3, CASP-9, and STAT3 domination
over STATT1. Another effect of CT-1 stimulation (probably via
STAT3)* is angiogenesis, which is vital for providing energy
for sarcomeres (oxygen consumption after CT-1 therapy is
increased).* CK2, which is a caspase inhibitor, is activated
by CT-1 and is the reason why CT-1-induced caspase activa-
tion is restricted and does not cause pathological changes.*

Another research group has shown a positive influence
of CT-1 on human health.* CT-1 depletion in a murine
model can produce insulin resistance and lead to many
subsequent negative consequences; however, CT-1 delivery
can prevent insulin resistance. CT-1 also affects the regula-
tion of food intake and leads to a noticeable reduction in
consumption.

A separate study also showed the importance of CT-1 as
a CV insufficiency therapy. A drug that could simultaneously
promote beneficial heart remodeling, impede pathological
changes, and fight against obesity (induced by increased
food intake and insulin resistance) would solve the two main
problems in those suffering from CV insufficiency.

Gene therapy

Gene therapy is believed to be a great hope for rare congeni-
tal diseases; however, many scientists think this is an unreal
expectation due to its lack of spectacular success. Cardiology
could also benefit from gene therapy. Supplementation of
genes for molecules such as SERCA2a, SUMOL1 (S100A1, a
calcium sensor), and PP1 inhibitor-1 (an upstream regulator of

SERCAZ2a via inhibition of PP 1) could be the future of mod-
ern cardiology. Other ways to treat CV insufficiency include
upregulating the B-adrenergic receptor (by stopping GRK2
from using the genes of its inhibitors)*” and overexpressing
microRNAs or other types of RNA to regulate gene expression
and prevent hypertrophy and fibrosis.*** The regulation of
calcium levels inside cardiomyocytes is often imbalanced in the
heart of a person with CV insufficiency, therefore proteins that
regulate calcium levels are the main targets of gene therapy.
The use of SERCA2a, which transfers Ca?* from the cytosol to
the lumen of the sarcoplasmic reticulum, in gene therapy bodes
very well. Supplying a cell with genes for SERCA2a restores
the intracellular calcium concentration in different phases of
myocardial activity (Figure 4). A 12-month observational study
concluded that a high-dose treatment significantly decreases
the risk of CV events (HR =0.12; P=0.003) and reduces the
average time of hospitalization 11-fold vs a placebo (P=0.05).%
An additional 3-year experiment proved that this gene therapy
is safe and reduces the risk of CV events.*!

A percutaneous technique was used to insert genes into
patients’ hearts; however, the main disadvantage of this
method is that it is invasive. AAV1, AAV6, and AAV9 can
be used as vectors in gene therapy;**>* however, further trials
must be conducted to determine the best way to transfer DNA
to cardiomyocytes.

The two main problems of gene therapy for CVDs
include: 1) the reaction of the patient’s immune system,
which could prevent AAV penetration, and 2) worsening of
the therapy’s effect over a prolonged period of time. These
problems probably led to the results being far below the
expectations of more optimistic researchers. Despite good
results in the first stages of the study, CUPID 2 did not
reach an endpoint with a substantial improvement in patient
conditions.*

C- -

Sarcolemma

L Al

Sarcoplasmic
reticulum

Figure 4 Mechanism of action of SERCA2a.
Note: This ATPase pump transfers calcium ions from the sarcolemma to the
sarcoplasmic reticulum.
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Table 2 A summary of the latest clinical trials with respect to their outcomes and observed adverse effects

Agent name | Trial name Clinical trial Sample size Outcomes Observed adverse
registry number events
Omecamtiv ATOMIC-AHF NCTO01300013 614 AHF patients | — failed to meet the primary — no difference in adverse
mecarbil endpoint of dyspnea improvement effect rate compared to
— increased SET placebo
COSMIC-HF NCTO01786512 544 HF patients | — increased SET and stroke volume | — no difference in adverse
— decreased heart rate and effect rate compared to
NT-proBNP level placebo
GALACTIC-HF NCT02929329 8,000 patients Estimated completion date in 2021
(recruiting)
Ularitide TRUE-AHF NCTOI1661634 2,157 AHF — no significant differences in — adverse effect on dyspnea
patients primary endpoints in 17% of ineligible
— significant dyspnea reduction in patients (prohibited
83% of eligible patients intravenous medications)
Serelaxin RELAX-AHF NCT00520806 I,161 patients — VAS AUC scale dyspnea — infrequent hypotensive
hospitalized improvement events
for AHF — fewer deaths at day 180
RELAX-AHF-2 NCT01870778 6,600 AHF — failed to meet primary endpoints | — no serious adverse events
patients (180-day cardiovascular death and
worsening heart failure through
day 5)
RELAX-AHF-ASIA | NCT02007720 1,520 patients — terminated on the basis of
with AHF RELAX-AHF-2 study results
Tolvaptan QUEST-HF NCTO1651156 244 HF patients | — reduced heart failure symptoms — thirst
such as: lower limb edema, — hypernatremia
pulmonary congestion or dyspnea
EVEREST-HF NCT00071331 4,133 HF patients | — no improvement in HRQOL — dry mouth and thirst
score and mortality — no serious adverse effects
— dyspnea relief compared to placebo
SERCA2a CUPID-2b NCT01643330 250 HF patients | Lack of improvement of patients’ Lack of differences between
clinical course placebo and AAV/SERCA2a
treated groups

Abbreviations: AHF, acute heart failure; HF, heart failure; HRQOL, health-related quality of life; NT-proBNP, N-terminal prohormone of brain natriuretic peptide; SET,
systolic ejection time; AAV/SERCA2a, adeno-associated virus / Sarco/endoplasmic reticulum Ca?*-ATPase 2a.

This last result should not discourage researchers, as
vector modifications and technical improvements may lead
to more refined therapies in the near future. Overcoming
the present-day problems of gene therapy would be a great
milestone, not only for cardiology but for medicine as a
whole. Increasing numbers of gene therapy tests, not only in
cardiology, is a good sign that high hopes are fully justified.

Conclusion

CVD is undoubtedly one of the biggest challenges for modern
medicine. Increasing numbers of people suffering from CVD
requires scientists to develop new therapeutic methods.
Increasing knowledge of the pathological mechanisms of
heart disease means that it is possible to employ therapies
that take advantage of new pharmaceutical targets. The
continuous progress of physiology and cardiology increases
the chances of finding a highly successful therapy for the
treatment of HF.

The outcomes of the aforementioned therapeutic methods
are promising (the latest clinical trials summarized in
Table 2); however, all require further research before they
become efficacious therapeutic options. It should be men-
tioned that patients enrolled in clinical trials were treated not
only with clinical trial medication, but also received standard
HF treatment.
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