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Abstract: Acute heart failure (AHF) represents a major burden in developed countries. However,
pharmacological approaches have remained almost the same for 30 years and are still based
on consensus rather than evidence, given that no medical therapy has been shown to positively
affect clinical outcomes. Current pharmacological approaches are still based on decongestion
by using diuretics in almost all patients, plus either vasodilators or inotropic agents to improve
hemodynamics according to perfusion status. The role of loop diuretics (furosemide) and nitrates
(nitroglycerin and nitroprusside) is well established, but new agents such as vasopressin and
adenosine antagonists, as well as nesiritide, have failed to show any additional value. In the
presence of hypoperfusion, the use of inotropics must be considered despite the lack of benefit in
terms of survival, and the use of phosphodiesterase inhibitors and levosimendan has not shown
any significant advantages over catecholamines (dobutamine). AHF involves a wide spectrum
of patients and syndromes, and this probably accounts for the failure of trials set up to evaluate
new therapeutic approaches for improving outcomes: therapies need to be tailored to specific
patients. At this time, serelaxin represents a promising new agent which has a multifaceted
effect, including organ protection, and has shown encouraging results when tailored for a well
defined population. In addition, the role of ularitide, a synthetic form of the natriuretic peptide
urodilatin, and the new cardiac myosin activators, as a new class of inotropic agents, will be
established in the near future by ongoing trials. Therefore, AHF continues to be an unsolved
problem and, in light of the lessons learned, new pharmacological approaches should be tailored to well defined AHF populations, incorporating concepts such as “the sooner the better”,
“improve and stabilize”, and “prevent organ damage”, in order to be able to improve clinical
outcomes, including both mortality and readmission rates.
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Acute heart failure (AHF) represents a major burden in developed countries. However,
while AHF has almost doubled in the last 25 years and represents the main cause
of hospitalization in those over 65 years of age, there have been few changes to the
available pharmacological options.1 Patients admitted to hospital with AHF have up to
10% inhospital mortality; if they survive, there is a spike in mortality of up to 12% in
the first month and up to 30% in the first year. Moreover, the risk of rehospitalization
is up to 30% in the next 60 days,2,3 which accounts for the majority of related health
expenditures. These numbers have not changed in recent decades,4 and no medical
therapy has been shown to positively affect the clinical outcomes of patients with
AHF, while some have shown the potential for harm. Numerous disappointments in
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Current approaches
Pathophysiology
Using current guidelines patients are classified into three
simple clinical types of presentation: 5,6 i) patients with
volume overload, manifested by pulmonary and/or systemic congestion; ii) patients with signs and symptoms of
both fluid overload and impaired systemic perfusion; and
iii) patients with predominant signs of depression of cardiac
output and/or shock syndrome. The vast majority of patients
with AHF present with dyspnea and evidence of pulmonary
and/or systemic congestion (types i and ii) either as a decompensation of chronic heart failure (HF) (80%) or as a de
novo presentation (20%). Patients with predominant signs of
hypoperfusion (shock, type iii) are a minority and reflect a
final stage of the disease or a severe acute cardiac insult; in
these cases, treatment should be directed to reverse such a
situation, by treating the underlying cause or replacing heart
function (transplant or mechanical circulatory support).
Therefore, most patients with AHF are currently recognized by the presence of clinical congestion and, in some
cases, associated signs of hypoperfusion. Accordingly,
current algorithms are based on clinical evaluation of
congestion and perfusion (Figure 1), and the pharmacological
therapies are poorly recommended and mainly consensusbased (Table 1). Treatment for AHF consists of diuretics
in almost all patients, plus either vasodilators or inotropic

Acute heart failure

Identify and correct
cardiac disease and precipitants

Congestion

Intravenous loop
diuretic
Respiratory failure
and/or renal failure
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large Phase II and III pharmacologic studies have occurred.
Therefore, AHF currently represents an unsolved problem,
and most therapeutics and guidelines are still based on consensus rather than evidence.

Perfusion

SBP >110 mmHg
Add vasodilator
(eg, NTG)

Shock or
SBP <85 mmHg
Add inotrope
non-vasodilator

Consider
mechanical
support

Monitoring
continous reassessing
Figure 1 General algorithm for management of acute heart failure.
Abbreviations: NTG, nitroglycerin; SBP, systolic blood pressure.
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agents depending on perfusion status. However, the use of
these agents is based on limited evidence, generally from
small, single-center studies assessing the effect on acute
hemodynamic parameters. Importantly, there is very limited
evidence on the effect of these agents on outcomes.
Against this very simplistic view of the problem, a change
toward a more complex view is necessary in order to assess
the true impact of pharmacological therapy on clinical
outcomes. AHF comprises a wide spectrum of patients and
syndromes, which probably accounts for the failure of several
therapeutic approaches for improving outcomes: “different
patients and different problems need different solutions”.
A more exact knowledge of the predominant pathophysiology
in each patient is necessary in order to select the appropriate
therapy for a given patient. In other words, therapies need to
be tailored for specific patients.

Loop diuretics
Elevated filling pressures are ultimately responsible for many
of the signs and symptoms of heart failure. Indeed, data
from ADHERE (the Acute Decompensated Heart Failure
National Registry)7 show that 90% of hospitalizations for
acute decompensated heart failure are due to fluid overload in
patients who have failed to respond to chronic oral diuretics.
Consequently, the goals of care include relief of congestion,
with diuretics being the first-line therapy for these patients.
Loop diuretics (furosemide, torsemide, and bumetanide) are
used preferentially because of: a superior water clearance
for the same degree of natriuresis; their effectiveness despite
renal impairment; and their increasing effect with increasing
dose (“high ceiling” diuretics). The bioavailability of oral
administration shows high interindividual and intraindividual
variability, and may be considerably lower in patients with
AHF. Therefore, diuretics should be initially administered
intravenously as a bolus to ensure maximal bioavailability.8
Intravenous loop diuretics reduce pulmonary capillary wedge
pressure and increase venous capacitance within a few minutes, before any increase in urinary output, a phenomenon
that is likely to be mediated by vasodilatory prostaglandins.9
Diuretics can be given by bolus or continuous infusion and
in high or low doses. These strategies were assessed recently
by Felker et al in the DOSE (Diuretic Optimization Strategies Evaluation) trial10 that enrolled 308 patients with AHF
and tested a high dose versus low dose of furosemide and
a continuous infusion versus bolus intermittent dose, for
the primary endpoint of global symptom assessment and
creatinine at 72 hours. There was no significant difference
between continuous infusion and bolus dosing in terms of
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Table 1 Current pharmacological therapies based on guideline recommendations
Medication

Class of
recommendation

Level of
evidence#

Main indication

Disadvantages

Loop diuretics
Thiazides
Vasopressin antagonists
Dopamine
Nitrates

I
IIa
IIb
IIb
IIa

B
B
B
B
B

Sodium nitroprusside

IIb

B

Decongestion
Diuretic resistance
Hypervolemia and hyponatremia
Natriuresis (,3 μg/kg per minute)
Reduce preload
Coronary vasodilator
Reduce preload and afterload

Nesiritide
Morphine
Dobutamine

IIb
IIa
IIa

A
C
C

Reduce preload and afterload
Reduce anxiety and preload
Inotropic

Milrinone

IIb

C

Levosimendan

IIb

C

Norepinephrine

IIb

C

Inotropic
Vasodilator
Inotropic (with beta blockers)
Vasodilator
Vasoconstrictor

Azotemia
Azotemia
Azotemia
Hypoxemia
Hypotension,
headache, tolerance
Hypotension
Isocyanate toxicity
Hypotension
Vomiting
Ischemia
Arrhythmias
Hypotension
Arrhythmias
Hypotension
Ischemia
Arrhythmias

Notes: Class 1, should be performed; Class IIa, reasonable to perform; Class IIb, may be considered;5 #A, data derived from multiple randomized controlled trials or metaanalyses; B, data derived from a single randomized controlled trial or large nonrandomized studies; C, consensus of opinion of the experts and/or small studies, retrospective
studies, registries.

either symptoms or renal function. However there was greater
early symptom improvement with high-dose compared with
low-dose diuretics, without any significant differences in renal
function. A number of secondary endpoints also favored a
high dose, ie, greater diuresis, more weight loss, and lower
amino-terminal pro-B-type natriuretic peptide level.
Loss of diuretic potency (diuretic resistance) is a known
effect of the long-term use of diuretics. Some approaches
to managing resistance to these agents include increasing
the dose and/or frequency of the drug, restricting sodium
or water intake, administering the drug as an intravenous
bolus or intravenous infusion, combining diuretics (loop
and thiazide diuretics), and addition of vasodilators or
inotropes.11 In another subanalysis of the DOSE study,
patients receiving a high oral dose prior to the AHF episode seem to derive more benefit from a bolus strategy.12
Patients treated with diuretics should be monitored carefully
for excessive urine output, development of hypotension,
worsening renal function, and reductions in serum potassium and magnesium levels. Therefore, diuretic therapy
must be highly individualized, based on the degree of fluid
overload present and the degree of volume loss produced,
to minimize these side effects.

Vasopressin and adenosine antagonists
New diuretics such as tolvaptan, named aquaretics or
“vaptans”, antagonize the vasopressin type 2 receptors in
the kidney and promote free water clearance without any
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change in electrolytes. However, the results of the EVEREST
(Efficacy of Vasopressin antagonism in Heart Failure
Outcome Study with Tolvaptan) trial13 were disappointing in
terms of ability to reduce mortality or HF hospitalizations.
In the PROTECT (Placebo-Controlled Randomized Study of
the Selective A1 Adenosine Receptor Antagonist Rolofylline
for Patients Hospitalized With Acute Decompensated Heart
Failure and Volume Overload to Assess Treatment Effect on
Congestion and Renal Function) trial,14 rolofylline, an adenosine A(1)-receptor antagonist, also did not have a favorable
effect on improving clinical status and survival or preserving
renal function. Therefore, at this time, these agents have no
place in the pharmacological management of AHF.

Nitrates
Although diuretic therapy is highly effective in the initial management of mild volume overload states, patients with moderate to severe volume overload may not respond adequately
to diuretic management. Vasodilators are probably most
useful in patients with hypertension and should be avoided in
patients with a systolic blood pressure ,110 mmHg.5 A small
randomized trial of primarily nitrate therapy compared with
a diuretic approach suggested superiority of the vasodilator
strategy.15 Moreover, a subanalysis of the ALARM-HF (Acute
Heart Failure Global Survey of Standard Treatment) registry
showed that patients administered a combination of diuretics
and a vasodilator had lower inhospital mortality than those
treated solely with diuretics.16
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The nitrate agents, nitroglycerin and nitroprusside, act
on arterial and venous smooth muscle to increase levels
of guanosine 3′5′-cyclic monophosphate, resulting in
vasodilation. Whatever the dosage, nitrates are associated
with venodilatation, but arterial dilatation needs an increased
nitrate dosage. The vasodilator properties are associated with
decreased preload and afterload, and coronary vasodilatation.
These changes decrease left ventricular filling pressure and
the workload of the ventricles, thereby increasing the efficiency of cardiac function.17 Nitroglycerin is very effective
in treating AHF and is the preferred nitrate given its low
toxicity profile. Although nitrates can be used in different
forms (sublingual, oral, transdermal, and intravenous), the
most common route in AHF is intravenous, with a starting
dose of 10–20 µg per minute. The use of nitrates is limited
by tachyphylaxis and headache.5
Sodium nitroprusside is metabolized in erythrocytes
and degraded as nitric oxide, responsible for the drug’s
effects, and as cyanide, a toxic molecule rapidly converted
in the liver to thiocyanate. Sodium nitroprusside induces
relaxation of smooth muscle cells in arteries and veins.
The starting dose should be low (ie, 0.25–0.50 µg/kg per
minute). The hemodynamic effects include very efficient
afterload reduction and a decrease of intracardiac filling
pressures. This agent is particularly helpful for patients who
present with severe pulmonary congestion associated with
low cardiac output to improve ventriculoarterial coupling
and to increase cardiac output.5,18 Sodium nitroprusside
requires not only careful hemodynamic monitoring, often
requiring indwelling catheters, but also monitoring for
cyanide toxicity, especially in the presence of renal or liver
dysfunction.

Natriuretic peptides: nesiritide
Natriuretic peptides provide a promising mechanism of
action in the pathophysiologic background for treating
congestive heart failure based on their vasodilatory and
diuretic properties, and effective inhibition of the renin–
angiotensin–aldosterone system. Nesiritide is a recombinant
natriuretic peptide with the same 32 amino acid sequence as
human B-type natriuretic peptide. Like B-type natriuretic
peptide, nesiritide binds to a specific cell surface, leading to
relaxation of mesangial and vascular smooth muscle cells,
natriuresis, and vasodilation. This molecule was approved in
2001 for use in patients with AHF on the basis of the studies by
Collucci et al19 and the VMAC (Vasodilation in the Management of Acute CHF [congestive heart failure]) trial,20 showing
a reduction in pulmonary capillary wedge pressure and an
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improvement in dyspnea at 3 hours. However, a subsequent
meta-analysis brought the safety and efficacy of the drug into
question, suggesting that nesiritide, as compared with placebo,
was associated with higher rates of worsening renal function
(increased by a factor of 1.5) and early death (increased by
a factor of 1.8), although the confidence intervals associated
with these estimates were wide.21,22
The ASCEND-HF (Acute Study of Clinical Effectiveness of Nesiritide and Decompensated Heart Failure) trial
was designed to prospectively answer the questions raised
by the meta-analyses and to respond to the concerns of an
expert panel commissioned by the drug sponsor.23 A total of
7,141 patients were randomized 1:1 to nesiritide or placebo,
with concomitant standard medical therapy and without differences in the use of loop diuretics, positive inotropes, or
vasodilators between the two groups after randomization.23
Self-reported dyspnea improved marginally in the nesiritide
group at 6 and 24 hours, but the prespecified criterion for
statistical significance was not met. Similarly, there was no
significant difference in the outcome of death or heart failure
hospitalization within 30 days between the treatment groups
(9.4% in the nesiritide group versus 10.1% in the placebo
group; P=0.31). There were also no differences in the safety
endpoint between the groups with regard to the proportion
of patients with a decrease in estimated glomerular filtration rate from baseline. The recently published ROSE-AHF
(Renal Optimization Strategies Evaluation in Acute Heart
Failure) trial22 randomized 360 hospitalized patients with
AHF and renal dysfunction (estimated glomerular filtration
rate 15–60 mL/min/1.73 m2) within 24 hours of admission
to low doses of dopamine (2 µg/kg per minute) or low-dose
of nesiritide (0.005 µg/kg per minute without bolus) and
compared with placebo. The data from this study showed that
neither low-dose dopamine nor low-dose nesiritide improved
decongestion or renal function when added to diuretic
therapy, as measured by the cumulative urine volume and
change in cystatin C level. Therefore, considering the latest
results of clinical trials, nesiritide is not associated with any
substantial benefit compared with standard therapy, so cannot
be recommended as an effective therapy in AHF.

Morphine
Although its beneficial mechanism of action in AHF is
unclear, morphine is thought to produce mild venodilatation
and reduction of preload. It may also impart a beneficial
effect by relief of anxiety and a diminished catecholamine
response.24 Given that opiates may depress respiratory drive,
caution is needed.
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Dopamine
The pharmacodynamic effects of dopamine are dose-dependent.
At $5 µg/kg per minute, it stimulates β-adrenergic receptors
and induces release of norepinephrine from vascular neurons,
thereby increasing heart rate, cardiac output, and peripheral
resistance. Low-dose dopamine or a “renal dose” is generally
considered to be #3 µg/kg per minute and may have selective
renal arterial vasodilator activity promoting natriuresis. However, there is no evidence from recent randomized clinical trials
that these effects translate into clinical benefit.25,26

Inotropics
Positive inotropic agents have beneficial hemodynamic
effects in patients with AHF and systolic dysfunction. The
current guidelines recommend inotropic agents when there
is clinical evidence of hypoperfusion due to a decrease in
cardiac contractility and cardiac output. However, currently
we must differentiate between inotropics with and without
vasodilatory properties.
Dobutamine is a synthetic catecholamine with a strong
affinity for both β1 and β2 receptors, to which dobutamine
binds at a 3:1 ratio. With its cardiac β1 stimulatory effects,
dobutamine is a potent inotrope with weaker chronotropic
activity. Vascular smooth muscle binding results in combined
α1-adrenergic agonism, as well as β2 stimulation, such that
the net vascular effect is often mild vasodilation, particularly
at lower doses (,5 µg/kg per minute); meanwhile, doses up
to 15 µg/kg per minute increase cardiac contractility without greatly affecting peripheral resistance.27 Symptomatic
improvement has been demonstrated in patients with
advanced heart failure after treatment with a continuous infusion of dobutamine (5–7.5 µg/kg per minute) for
3–5 days.28–30 However, there are no placebo-controlled trial
data documenting improved survival as a result of either
intermittent or continuous dobutamine infusion.31,32 In this
setting, dobutamine appears to be as effective as milrinone.33
A nonrandomized retrospective study from ADHERE suggested that after attempted adjustment for differences in risk,
milrinone and dobutamine were associated with increased
mortality when compared with patients treated with nitroglycerin or nesiritide.34 Given that sicker patients were treated
with the inotropes, it is difficult to know if the adjustments
were sufficient. The 2013 American College of Cardiology
Foundation/American Heart Association guideline concluded
that long-term infusion of an inotropic agent may be useful
until a definitive therapy becomes available (eg, coronary
revascularization, mechanical circulatory support, or heart
transplantation) or resolution of the acute precipitating
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problem.6 It was felt to be reasonable as a bridge therapy in
patients with AHF refractory to standard therapy, who are
eligible for and awaiting mechanical circulatory support or
cardiac transplantation. It was also felt reasonable to consider
its use as palliative therapy for symptom control in selected
patients with end-stage HF despite optimal medical and
device therapy.
Phosphodiesterase inhibitors, fundamentally milrinone, decrease the rate of degradation of cyclic adenosine
monophosphate. The increase in cyclic adenosine monophosphate concentration results in enhanced calcium influx, a rise
in cell calcium concentration, and increased contractility.
However, it must be noted that these drugs cause systemic
arterial and venous dilation via inhibition of peripheral
phosphodiesterase.35 Administration of intravenous milrinone can provide an acute hemodynamic and symptomatic benefit in patients with advanced heart failure (New
York Heart Association class III).5,6 However, the possible
benefit of such therapy was not confirmed in OPTIME CHF
(Outcomes of a Prospective Trial of Intravenous Milrinone
for Exacerbations of Chronic Heart Failure), a controlled trial
in 949 patients admitted to hospital with AHF and severe
systolic dysfunction (mean left ventricular ejection fraction
23%).36 Patients were randomly assigned to milrinone or placebo for 72 hours and then followed for 2 months. Milrinone
therapy showed an increment in significant hypotension and
atrial fibrillation, with a nonsignificant increase in inhospital mortality (3.8% versus 2.3%) and mortality at 60 days
(10.3% versus 8.9%). In a subanalysis, those patients with
ischemic cardiomyopathy deteriorated on milrinone whereas
a neutral/modestly beneficial effect was seen in patients with
nonischemic cardiomyopathy.37
Levosimendan belongs to a group of calcium-sensitizing
agents that enhance myocardial contraction via a unique
mechanism of action that increases calcium sensitivity with
lower intracellular calcium concentration requirements.38
The positive inotropic effect of levosimendan is based on
stabilizing and prolonging the conformational change that
occurs when the drug binds to calcium-saturated cardiac
troponin C.39,40 Levosimendan increased myocardial contractility, improved hemodynamics, and dilated both the
peripheral and coronary vessels.41–43 Several studies have
evaluated the efficacy and safety of levosimendan in patients
with AHF.44–48 Despite improvement in hemodynamic indices, there is no clear evidence of a short-term or long-term
clinical benefit.
LIDO (the Levosimendan Infusion versus Dobutamine
study), the first large trial,45 found that levosimendan was
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associated with a significant mortality benefit when compared
with dobutamine at both 1 month (8% versus 17%, respectively) and 6 months (26% versus 38%). This result was
similar to that in the RUSSLAN (Randomized stUdy on
Safety and effectivenesS of Levosimendan in patients with
left ventricular failure due to an Acute myocardial iNfarct)
trial of 504 patients within 2 days of an acute myocardial
infarction.46 Compared with placebo, a 6-hour infusion
of levosimendan did not affect the primary endpoint of
hypotension or clinically significant myocardial ischemia,
but significantly improved the secondary endpoint of death
or worsening heart failure at 1 day and 2 weeks (12% versus 20%), with a strong trend toward improvement at 6
months (23% versus 31%).
However, in SURVIVE (Survival of Patients with Acute
Heart Failure in Need of Intravenous Inotropic Support,49
the first prospective, double-blind, randomized trial utilizing mortality as the primary endpoint, levosimendan did
not reduce all-cause mortality, cardiovascular mortality,
or days out of hospital at 180 days when compared with
dobutamine. This trial enrolled 1,327 hospitalized patients
with severe AHF, left ventricular ejection fraction ,30%,
and a clinical need for intravenous inotropic support after
intravenous diuretics and/or vasodilators. There were no
differences in the proportions of patients who reported more
than mild improvement in dyspnea. At 180 days, no difference in mortality was observed between patients treated
with levosimendan and those treated with dobutamine (26%
versus 28%, respectively; hazards ratio 0.91, confidence
interval 0.74–1.13, P=0.401). No significant differences in
incidence of hypotension, cardiac failure, atrial fibrillation,
or ventricular tachycardia were found after treatment with
levosimendan when compared with dobutamine.
Finally, in the sequential REVIVE (Randomized
Multicenter Evaluation of Intravenous Levosimendan
Efficacy) I and II trials,50 700 patients with acute decompensated heart failure who remained dyspneic after intravenous diuretics were randomly assigned to intravenous
levosimendan or placebo for 24 hours. Although patients in
the levosimendan group reported a greater improvement in
symptoms and had lower B-type natriuretic peptide levels for
up to 5 days, levosimendan was associated with more frequent
hypotension and cardiac arrhythmia as well as a numerically
higher risk of death in the two trials (40 versus 40, P=0.29)
at 90 days.
Given the above findings, the long-term results in patients
with AHF and systolic dysfunction treated with levosimendan
clearly do not support a survival benefit. Levosimendan is
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currently approved for intravenous use in some countries in
Europe and South America, but remains unlicensed in the
USA. The 2012 European Society of Cardiology heart failure
guidelines note that the efficacy and safety of levosimendan
are still uncertain, although they suggest a potential pharmacological rationale for intravenous levosimendan (or a
phosphodiesterase inhibitor) to reverse the effect of betablockade, if beta-blockade is thought to be contributing to
hypoperfusion.5

New pharmacological strategies
Pathophysiological approach
Review of the literature published in recent years suggests
a change in the way AHF is managed and that a desirable
pharmacological approach should include the following
considerations:
• symptom relief is important but should not lead to decisions by itself; instead, relief of congestion is the right
way forward
• decongestion is the main objective, but should have
two additional components, ie, stabilization and organ
protection
• hemodynamic and neurohormonal improvements should
be tailored to achieve stabilization
• organ damage (mainly myocardial, renal, and vascular) is
frequent as a consequence of the AHF episode and should
be minimized
• in order to avoid organ damage, no time can be lost, and
an early approach could prevent it and facilitate a protective approach
• pharmacologic approaches should have a good safety
profile, a low risk of hypotension, and the ability to
achieve decongestion, reverse neurohormonal hyperactivation, and prevent organ damage
• finally, a reduction in the risk of mortality and new
decompensation is necessary to demonstrate the efficacy
of a pharmacological approach.

Serelaxin
Serelaxin is a recombinant form of human relaxin-2, a naturally occurring peptide hormone mediating the physiological cardiovascular and renal adaptations of pregnancy. The
mechanism of action upregulates vascular endothelin B
receptor, vascular endothelial growth factor, and production
of nitric oxide, promoting systemic and renal vasodilatation
and natriuresis, and also has beneficial pleiotropic effects.51
This process results in decreased systemic vascular resistance, increased cardiac output, increased renal blood flow,
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and an increased glomerular filtration rate. Serelaxin is also
thought to inhibit angiotensin II and endothelin. In contrast
with targeted therapy using vasodilators and inotropes, the
multifaceted effects of serelaxin may make it a valuable
option in the treatment of AHF, a complex disease.
In contrast with other promising therapies, serelaxin has
been tailored for a well defined population of patients with
AHF, ie, those presenting with dyspnea, radiographic evidence of pulmonary congestion, increased brain natriuretic
peptide, mild-to-moderate chronic renal failure, and systolic
blood pressure .125 mmHg. In these patients, serelaxin was
started during the first 16 hours after admission and administered for 24 hours. The results obtained have been encouraging, and the US Food and Drug Administration has labeled it
as a “breakthrough” intravenous therapy for AHF.
In Pre-RELAX-AHF (Relaxin for the Treatment of
Acute Heart Failure), a multicenter-randomized Phase IIb
trial,52 administration of serelaxin versus placebo showed
improved dyspnea, a decrease in days of hospitalization, and
reduced cardiovascular mortality and hospital readmissions
for heart or kidney failure at 60 days, all associated with a
good safety profile. The recently published, randomized,
placebo-controlled Phase III trial, RELAX-AHF,53 has
further confirmed the favorable clinical effects of serelaxin
30 µg/kg/day for 48 hours in 1,161 patients with the same
clinical profile. Serelaxin improved dyspnea and reduced
worsening heart failure events, signs and symptoms of
congestion, length of stay, and time spent in intensive care.
The most favorable effect was a significant reduction in allcause and cardiovascular mortality at 180 days. However, the
study was not powered to address this secondary outcome
and the reduction in rate of rehospitalizations for heart failure
did not reach statistical significance. Subanalyses of this trial
showed that the effect of serelaxin appeared to be similar
across subgroups of patients.54 Moreover, administration of
serelaxin improved markers of cardiac, renal, and hepatic
damage, consistent with the notion that prevention of organ
damage may be related to the observed benefits.55
An important issue with serelaxin is the good safety
profile, in that even worsening renal function was significantly lower in the serelaxin group than in the placebo group.
Patients with vasoconstriction, congestion (such as those
receiving background loop diuretics), and mild-to-moderate
renal impairment early in the course of an exacerbation of
heart failure are most likely to benefit from this medication.
However, more data are necessary in order to confirm if
single use of this drug is able to reduce short-term and
long-term mortality, and a significant reduction in the rate of
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rehospitalizations would be expected to explain such clinical
benefit. These findings will be confirmed or not in the ongoing RELAX-AHF 2 trial (Efficacy, Safety and Tolerability
of Serelaxin When Added to Standard Therapy in AHF,
ClinicalTrials.gov identifier NCT01870778). This study is
powered to detect a survival benefit, it is planned to recruit
more than 6,000 patients with AHF and it is expected to be
completed in June 2016.

Ularitide
In addition to nesiritide, ularitide is another natriuretic peptide studied in AHF. Ularitide is a synthetic form of urodilatin, a human natriuretic peptide produced in the kidneys. It
induces natriuresis and diuresis, relaxing smooth muscle cells
and leading to vasodilation and increased renal blood flow.
Urodilatin significantly decreases systolic blood pressure and
central venous pressure and increases diuresis and urinary
sodium excretion. The safety and efficacy of ularitide was
tested in 24 patients with acute decompensated heart failure in
the SIRIUS (Safety and Efficacy of an Intravenous PlaceboControlled Randomized Infusion of Ularitide in a Prospective Double-blind Study in Patients With Symptomatic,
Decompensated Chronic Heart Failure)-I trial, 56 where
ularitide was infused over 24 hours and compared with
placebo. After 6 hours, urodilatin significantly decreased
pulmonary capillary wedge pressure in a dose-dependent
manner and tended to improve dyspnea. The subsequent
SIRIUS-II study assessed the clinical effects of ularitide
more precisely in a greater number of patients (n=221) with
AHF.57 Ularitide achieved a significant reduction in pulmonary capillary wedge pressure in all three dosage groups
(7.5, 15, and 30 ng/kg per minute), a reduction in systemic
vascular resistance, and increased cardiac index at higher
doses, along with an improvement in dyspnea. TRUE-AHF
(Efficacy and Safety of Ularitide for the Treatment of Acute
Decompensated Heart Failure, ClinicalTrials.gov identifier
NCT01661634) is an ongoing randomized Phase III clinical
trial designed to evaluate the role of ularitide as an intravenous infusion in addition to conventional therapy in patients
with AHF.58 This trial is planned to recruit approximately
2,116 patients with AHF, and is expected to be completed
in September 2014.

Myosin activators
Cardiac myosin activators represent a new class of cardioselective compounds that work directly on sarcomeric proteins
within cardiac myocytes, influencing the cross-bridge cycle.
These molecules accelerate the rate of actin-dependent
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phosphate release from the weakly bound actin-myosin
cross-bridge (the rate-limiting step of the cross-bridge
cycle) promoting transition to the force-producing on-state
of the cross-bridge.59 As a consequence, more cross-bridges
enter the force-producing state, more cross-bridges are
activated per unit of time, and contractile force increases.
Several of these compounds have been investigated in recent
years,60 and found to stimulate myosin-adenosine triphosphatase and increase the fractional shortening of myocytes
without increasing intracellular calcium transients. The
most studied molecule so far is omecamtiv mecarbil (formerly CK-1827452), a cardioselective allosteric activator
of the myosin S1 domain.61,62 In different animal models,
it has been shown to improve cardiac contractility by
prolonging systolic ejection time, without altering myocardial oxygen consumption, myocyte calcium levels, or
the rate of development of left ventricular pressure.61,63 In
Phase I–II trials,64,65 it has demonstrated dose-dependent
and concentration-dependent increases in several parameters of contractility and systolic function. Because of the
concern that omecamtiv might adversely impact diastolic
filling time and increase the risk of coronary ischemia,
another study evaluated patients with documented ischemic
cardiomyopathy, exercise-induced angina, reduced ejection
fraction, and symptomatic heart failure.66 Omecamtiv
mecarbil was generally well tolerated as a 20-hour infusion,
and did not limit exercise capacity. ATOMIC-HF (Acute
Treatment with Omecamtiv Mecarbil to Increase Contractility in Acute Heart Failure) is an ongoing, randomized,
controlled, multicenter Phase IIb trial (ClinicalTrials.gov
identifier NCT01300013) that has recruited 600 patients
with systolic dysfunction and hospitalized for AHF to
evaluate the safety and efficacy of intravenous infusion of
omecamtiv mecarbil.67

Conclusion
AHF remains an unsolved problem and represents a major
burden in developed countries. Current therapies remain
almost the same as they were 30 years ago, and therapeutic
approaches are still based on consensus rather than evidence, given that no medical therapy has been shown to
positively affect the clinical outcomes for patients with
AHF. In order to improve symptoms and eliminate volume
overload based on diuretics, and to improve hemodynamics
based on vasodilators or inotropic agents, we need to
incorporate new approaches and pharmacologic agents
able to improve clinical outcomes. AHF comprises a wide
spectrum of patients and syndromes, which probably
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accounts for the failure of several therapeutic approaches
to improve outcomes, so therapies need to be tailored for
specific patients. In this way, new approaches in selected
populations such as “the sooner the better”, “stabilize”,
and “prevent organ damage” could make it possible to
improve clinical outcomes, including mortality and readmission rates.
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