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Abstract: The most common use of inotropes is among hospitalized patients with acute
decompensated heart failure, with reduced left ventricular ejection fraction and with signs of
end-organ dysfunction in the setting of a low cardiac output. Inotropes can be used in patients with
severe systolic heart failure awaiting heart transplant to maintain hemodynamic stability or as a
bridge to decision. In cases where patients are unable to be weaned off inotropes, these agents can
be used until a definite or escalated supportive therapy is planned, which can include coronary
revascularization or mechanical circulatory support (intra-aortic balloon pump, extracorporeal
membrane oxygenation, impella, left ventricular assist device, efc.). Use of inotropic drugs is
associated with risks and adverse events. This review will discuss the use of the inotropes digoxin,
dopamine, dobutamine, norepinephrine, milrinone, levosimendan, and omecamtiv mecarbil.
Long-term inotropic therapy should be offered in selected patients. A detailed conversation with
the patient and family shall be held, including a discussion on the risks and benefits of use of
inotropes. Chronic heart failure patients awaiting heart transplants are candidates for intravenous
inotropic support until the donor heart becomes available. This helps to maintain hemodynamic
stability and keep the fluid status and pulmonary pressures optimized prior to the surgery. On the
other hand, in patients with severe heart failure who are not candidates for advanced heart failure
therapies, such as transplant and mechanical circulatory support, inotropic agents can be used for
palliative therapy. Inotropes can help reduce frequency of hospitalizations and improve symptoms
in these patients.
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1. Introduction

Inotropic agents have been in use for many years for the treatment of patients with acute
decompensated systolic heart failure, also known as heart failure with reduced left ventricular
ejection fraction (HFrEF). These drugs improve the contractility of the myocardium by definition,
but can also affect the heart rate and peripheral vascular resistance. The most common use of
inotropes is among hospitalized patients with acute decompensated HFrEF with signs of end-organ
dysfunction in the setting of a low cardiac output. Due to advancements in advanced heart failure
therapies, including transplant and mechanical circulatory support, their use is becoming more
common for other indications. Inotropes can be used in patients with severe systolic heart failure
awaiting heart transplant to maintain hemodynamic stability, or as a bridge to decision. In cases
where patients are unable to be weaned off inotropes, these agents can be used until a definite or
escalated supportive therapy is planned, which can include coronary revascularization or
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mechanical circulatory support (intra-aortic balloon pump, extracorporeal membrane oxygenation,
impella, left ventricular assist device, etc.).

Use of inotropic drugs is associated with risks and adverse events. Therefore, patient selection
for short- and long-term use of these agents is important. In this review, we will discuss different
inotropic agents that have been in use for decades, and some new drugs, with focus on their
mechanism of action, indications, and evidence supporting their use Table 1.

Table 1. Inotropic drugs.

I in Intracellul
Drug Mechanism ncre.ase n Intrace u ar Effect on Mortality
Calcium Concentration

Neutral; increased mortality
Digoxin Na-K pump inhibitor Yes of discontinued after
long-term use [1]

Pure adrenergic; 31> 32>«

Dobutamine . Yes Increased [2]
receptor agonist
D 1 i i
Dopamine ose related a.ctlon .on adrenergic Yes Increased [3]
and dopaminergic receptors
Endogenous catecholamine;
Norepinephrine stimulates 3 and Yes Increased [3]
o adrenergic receptors
Milrinone PDE inhibitor Yes Increased [4]
Levosimendan Calcium sensitizer No Not well established [5,6]
- Enh -
Omecam.tlv . nhances @yosm and. No Unknown [7,8]
Mecarbil actin cross-bridge formation
Na = sodium; K = potassium; PDE = phosphodiesterase.
2. Digoxin

Digoxin is one of the positive inotropic agents which improves hemodynamics and does not
have a deteriorating effect on blood pressure or heart rate [9]. Digoxin plays a role in suppressing the
neurohormonal activation which is helpful in chronic systolic heart failure patients and can be used
for long-term therapy [10]. Digoxin was being extensively used for many years until the Digitalis
Investigation Group (DIG) trial showed that digoxin has no mortality benefit in this population, but
helps reduce the frequency of hospitalization with exacerbation of heart failure symptoms [11].
There are still controversies regarding the role of digoxin in the treatment of HFrEF, as 3 blockers
were not used in the DIG trial. Monitoring the serum concentration of digoxin in patients is
important as a level of >1.2 ng/mL is associated with increased mortality. Levels between 0.5 and
0.8 ng/mL are recommended in these patients [12]. Post hoc subgroup analyses of the DIG trial
showed that women with HFrEF treated with digoxin had an increased mortality [12-16]. However,
one of these studies showed that women with a left ventricular ejection fraction (LVEF) less than
35%, and a serum digoxin concentration between 0.5 and 1.1 ng/mL, did not have increased
mortality and had reduced hospitalization for heart failure symptoms. Currently, the use of digoxin
for treatment of HFrEF in patients symptomatic despite optimal medical therapy has a class Ila
indication in the American College of Cardiology/American Heart Association 2013 heart failure
guidelines [17], and a class IIb indication for treatment of HFrEF in patients symptomatic despite
optimal medical therapy in the European Society of Cardiology heart failure guidelines [18].

Atrial fibrillation is seen commonly in patients with chronic systolic heart failure due to
chamber dilation and functional valvular regurgitation. Digoxin plays an important role in obtaining
rate control in such patients, as nondihydropyridine calcium channel blockers, such as diltiazem and
verapamil, increase mortality in patients with HFrEF [19]. 3 Blockers are very effective in treating
patients with atrial fibrillation associated with HFrEF [20]. However, they cannot be used if these
patients are hypotensive or in shock.

Digoxin is a cardiac glycoside with positive inotropic characteristics. It works by inhibiting the
sodium-potassium adenosine triphosphatase (ATPase) pump at the cellular level and prevents the
transport of sodium from the intracellular to the extracellular space. This process in turn affects the
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activity of the sodium-calcium pump and raises the intracellular level of calcium by decreasing its
efflux, which is responsible for the inotropic effect of the drug. Administration of digoxin has been
shown to help in weaning off the mechanical circulatory support and inotropic agents in patients
with left ventricular dysfunction [21]. The Randomized Assessment of Digoxin on Inhibitors of
Angiotensin-Converting Enzyme (RADIANCE) trial showed that stable chronic heart failure
patients with systolic dysfunction had worsening of symptoms when digoxin was withdrawn [1].

3. Dopamine

Dopamine is an endogenous catecholamine, and its effects are dose-dependent in patients with
cardiogenic shock in the setting of severe left ventricular dysfunction. At low doses (<3 pg/kg/min),
dopamine causes vasodilation in the body vasculature including the coronary and renal arteries. The
role of low-dose dopamine in helping improve renal function is still not well proven. No
improvement was seen in serum creatinine in a cohort of critically ill patients [22]. Neither low-dose
dopamine nor low-dose nesiritide improved renal function or symptoms when used in patients
hospitalized with acute heart failure and renal dysfunction [23]. An intermediate dose of dopamine
(3 to 10 ug/kg/min) not only exerts inotropic and chronotropic effects on the heart but also produces
an undesirable elevation in pulmonary capillary wedge pressure (PCWP). At higher infusion rates
(10 to 20 ug/kg/min), alpha-receptor mediated vasoconstriction dominates, increasing the afterload,
which is unfavorable in the treatment of patients with severe left ventricular dysfunction.

4. Dobutamine

Dobutamine is a catecholamine with -1 and -2 adrenergic agonist properties which help
improve myocardial contractility. In patients with cardiogenic shock due to decompensated heart
failure, dobutamine decreases left ventricular end-diastolic pressure and raises blood pressure by
increasing cardiac output. In some patients, it can induce hypotension by peripheral vasodilation
due to its effect on 3-2 receptors. Several studies show improvement in heart failure symptoms with
use of dobutamine at continuous infusion doses of 5 to 7.5 pg/kg/min. There is increased mortality
associated with dobutamine so it should be used only for in-patient management of patients
admitted with decompensated systolic heart failure for improvement in diuresis and symptoms. 3
blockers including carvedilol and metoprolol are widely used in heart failure patients with left
ventricular dysfunction. Carvedilol can mask the inotropic effect of dobutamine more than does
metoprolol [24].

Dobutamine is known to cause eosinophilic myocarditis and peripheral eosinophilia. This
hypersensitivity reaction is not uncommon in patients awaiting heart transplant, while they are on
dobutamine [25]. A small study randomized end-stage heart failure patients to intermittent
low-dose dobutamine infused at 2.5 microgram/kilogram/min for 48 h per week for a period of 6
months or optimal medical management. No significant difference was seen in mortality or
improvement in symptoms, but all-cause hospitalizations for heart failure exacerbations were lower
in the dobutamine group [26]. In the past, dobutamine infusion was used for longer periods of time
including as a home inotropic agent. However, in a recent meta-analysis, dobutamine was shown to
be associated with higher in-hospital mortality and readmission rates for heart failure exacerbation
when compared to nesiritide therapy [2]. Higher doses of dobutamine is not preferred in patients
with recent myocardial ischemia, as it can increase myocardial oxygen demand and induce
tachycardia. Dobutamine can also be pro-arrhythmic. The half-life of dobutamine is a few minutes,
which is an advantage compared to other inotropic agents.

5. Norepinephrine

Norepinephrine is an endogenous catecholamine which is synthesized in the body and carries
adrenergic properties. It has both a and [ agonist properties. Therefore, it can increase cardiac
chronotropic and inotropic response along with peripheral vasoconstriction. It is widely used in
patients with septic shock. Due to its 3-agonist properties, norepinephrine can lead to tachycardia,
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which in turn can be harmful in patients with a recent myocardial infarction as it can increase
myocardial oxygen demand. The risk of cardiac arrhythmia is also high with the use of
norepinephrine. Similar to other vasopressor agents, norepinephrine should be given via a central
venous catheter as skin necrosis and sloughing can occur if given via a peripheral intravenous line.

Norepinephrine use in patients with shock has been compared to dopamine [3]. No mortality
benefit was seen in both groups. More side effects such as cardiac arrhythmias were seen with
dopamine. A sub-analysis of patients with cardiogenic shock derived more survival benefit from
norepinephrine compared to dopamine [3]. Norepinephrine is typically infused at 0.2 to
1 ug/kg/min and is preferred over the use of epinephrine in cardiogenic shock, as epinephrine can
promote thrombosis in the coronary vasculature. Patients who present with cardiogenic shock are
also occasionally in a vasodilated state causing hypotension. Norepinephrine should be used in such
conditions. Patients who have a recent implantation of mechanical circulatory support for end-stage
heart failure can also benefit from such a vasoactive agent when they have a component of
vasodilatory shock post implant [27].

6. Milrinone

Milrinone is a widely used positive inotropic agent in patients with end-stage heart failure and
cardiogenic shock [28]. It has been in use for almost two decades. Along with its inotropic properties,
milrinone also causes peripheral vasodilation [29]. Milrinone also reduces left ventricular filling
pressure in chronic heart failure patients. Milrinone is a bipyridine and inhibits the
phosphodiesterase-3 intracellular enzyme, thus preventing the degradation of cyclic adenosine
monophosphate (cAMP) within the cell. Increased cAMP levels increase activation of protein kinase
A, which in turn leads to more influx of calcium into the cell. Increase in intracellular calcium
stimulates myocardial contractility. The positive inotropic action of milrinone is independent of
[-receptor stimulation in the myocardial cells, which makes it different from dobutamine and
dopamine. This mechanism of action makes use of milrinone preferable in advanced heart failure
patients who are on 3 blockers as part of optimal medical therapy. Milrinone may help reduce
pulmonary artery pressure by vasodilating pulmonary vasculature via cAMP, which may improve
right ventricular function. Effects of milrinone in pulmonary hypertension and right ventricular
failure are still under investigation.

Milrinone is an intravenous preparation that is cleared renally and has a longer half-life of a few
hours [30]. It should be avoided in patients with renal failure. Milrinone can induce cardiac
arrhythmias and hypotension. These side effects can persist for a few hours even after its infusion is
switched off. Initial studies with milrinone showed a reduction in re-hospitalization frequency and
improvement in heart failure symptoms [31].

The Outcomes of Prospective Trial of Intravenous Milrinone for Exacerbations of Chronic Heart
Failure (OPTIME-CHF) was a randomized controlled trial looking at clinical outcomes when
intravenous milrinone was added to standard medical therapy in patients hospitalized with acute
exacerbation of heart failure [4]. A total of 951 patients with a mean LVEF of 23% were randomly
assigned to either intravenous milrinone or placebo for 48 h and followed for 60 days. Milrinone was
associated with significant sustained hypotension and atrial arrhythmias compared to placebo. No
differences were seen in in-hospital mortality, 60-day mortality, or readmission [4]. A post hoc
analysis of patients randomized in the OPTIME-CHF study showed that intravenous milrinone
(0.5 pg/kg/min without a loading dose) was associated with higher mortality and re-hospitalization
rate in ischemic cardiomyopathy patients [32]. A neutral beneficial effect was seen in patients with
non-ischemic cardiomyopathy as the etiology for decompensated heart failure [32]. The Acute
Decompensated Heart Failure National Registry (ADHERE) registry also showed a significantly
higher in-hospital mortality in patients admitted with acute decompensated heart failure, when
treated with milrinone or dobutamine compared to intravenous nitroglycerine or nesiritide [33]. In
the Prospective Randomized Milrinone Survival Evaluation (PROMISE) trial, 1088 patients with
severe chronic heart failure and left ventricular dysfunction were randomized to oral milrinone or
placebo to determine the effect of milrinone on the mortality of such patients who continue to be
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symptomatic on optimal medical therapy [34]. All patients had symptoms of New York Heart
Association functional class III or IV for at least three months. A six-month follow-up showed
significantly higher mortality and more frequent hospitalizations in the milrinone group [34]. A
meta-analysis of 21 randomized trials also showed that phosphodiesterase inhibitors are associated
with significantly higher mortality and cardiac arrhythmias when compared to placebo [35].

Considering the concern for cardiac arrhythmias and higher mortality with milrinone and
dobutamine, these inotropic agents should be used in selective groups of patients. They can be
considered in cardiogenic shock and decompensated heart failure patients who are not able to be
adequately diuresed secondary to worsening end-organ function [36]. Inotropic therapy with
milrinone or dobutamine can be used in chronic heart failure patients as a bridge to recovery from
an acute hemodynamically compromised state and in advanced stage heart failure patients awaiting
advanced heart failure therapies, such as mechanical circulatory support and heart transplant.
Milrinone or dobutamine can also be used in stage D heart failure patients who are not candidates
for advanced heart failure therapies as a palliative therapy in addition to maximum tolerated
optimal medical therapy for symptom improvement.

7. Levosimendan

Levosimendan is a calcium sensitizing agent which can exert its inotropic effect by increasing
the sensitivity of cardiomyocyte to intracellular calcium. Levosimendan increases the sensitivity of
cardiomyocyte to intracellular calcium by binding to troponin C. Achieving an inotropic effect
without increasing intracellular calcium levels can prevent an increased risk of cardiac arrhythmia
with this agent. Levosimendan also has vasodilatory properties by opening adenosine triphosphate
(ATP)-sensitive potassium channels in vascular smooth muscle, causing their relaxation. This
mechanism reduces the preload and afterload which is helpful in treating patients with acute
decompensated heart failure. It may also have some phosphodiesterase (PDE) inhibitor activity.
Levosimendan is widely used in Europe but is not approved for this use in the United States.

Short-term use of levosimendan has been shown to cause rapid dose-dependent improvement
in hemodynamics and symptoms in patients with decompensated heart failure [37,38]. In the
Levosimendan Infusion versus Dobutamine (LIDO) study, intravenous levosimendan was compared
with dobutamine in severe low-output heart failure patients [39]. A hemodynamic improvement
(increase in cardiac output and decrease in PCWP) was associated with a lower mortality at one- and
six-months with levosimendan compared to dobutamine [39]. Similarly, in the Randomized Study
on Safety and Effectiveness of Levosimendan in Patients with Left Ventricular Failure after an Acute
Myocardial Infarct (RUSSLAN) trial, levosimendan did not cause hypotension or clinically
significant ischemia [40]. Levosimendan also reduced the risk of worsening heart failure and
death [40]. In the Survival of Patients with Acute Heart Failure in Need of Intravenous Inotropic
Support (SURVIVE) trial, levosimendan failed to significantly reduce all-cause mortality at 180 days
and did not affect any secondary clinical outcomes, when compared to dobutamine [5]. The
Randomized Multicenter Evaluation of Intravenous Levosimendan Efficacy (REVIVE-Il) study
showed that levosimendan was associated with more adverse effects like hypotension and cardiac
arrhythmias while providing improvement in symptoms in acutely decompensated heart failure
patients [6]. Recent European Society of Cardiology (ESC) guidelines for the treatment of patients
with acute heart failure recommend that intravenous levosimendan may be considered to reverse
the state of hypoperfusion caused by [3-blockers [18]. Although these trials are available, the safety
and clinical efficacy of levosimendan has not been well established in these patients.

8. Omecamtiv Mecarbil

Due to multiple risks associated with current inotropes being used in clinical practice, there
have been many efforts in the last few years to develop safe and efficacious inotropes. Current
inotropic agents increase cCAMP which results in increased levels of intracellular calcium (Table 1). A
high level of calcium in cardiac myocytes is associated with many risks, and its homeostasis requires
more energy utilization via adenosine triphosphate (ATP). This increases myocardial oxygen
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demand which is not beneficial in patients being treated for heart failure. Omecamtiv mecarbil is one
of the newer agents and works as a cardiac specific myosin activator [41]. Omecamtiv mecarbil
exerts an inotropic property resulting in the improvement of systolic function of the heart without
increasing its energy demand. This drug has been studied in patients with heart failure [41].

Cardiac myocytes contract through an interaction between the myofilaments actin and myosin.
The chemical energy derived from this cross-bridge formation between myofilaments is derived
from the breakdown of ATP. Omecamtiv mecarbil activates the myocardial ATPase, thereby causing
an effective interaction between myofilaments possible. This increases the contractile force, hence
improving the stroke volume. A phase II trial investigated the use of omecamtiv mecarbil in stable
heart failure patients with left ventricular dysfunction. Increase in left ventricular ejection fraction
and stroke volume was seen with reduction in left ventricular end-systolic and end-diastolic
volumes [7]. In another crossover study, omecamtiv mecarbil caused improvement in stroke volume
and left ventricular ejection [8].

HF:EF

Stage C HF

Optimal Medical Management
(ACE-I, Beta-blockers,
aldosterone antagonists, diuretics)

CHF exacerbation

Hypoperfusion Well Perfused
(End-organ dysfunction, AMS) Normotensive
Hypotension
IV diuresis
Inotropes Ultrafiltration
IV diuresis
Taper off Bridge to Palliative Worsening Improved
decision, OHT care creatinine, {(euvolemic)
LVAD LFTs

Figure 1. Approach to use of inotropic agents in patients hospitalized with acute decompensated
systolic heart failure. HFrEF = Heart failure with reduced ejection fraction; ACE-I = Angiotensin
converting enzyme inhibitor; CHF = congestive heart failure; AMS = Altered mental status;
IV = intravenous; OHT = Orthotropic heart transplant; LVAD = Left ventricular assist device;
LFT = Liver function tests.

9. Selection of Patients for Home Inotropes

Long-term inotropic therapy (milrinone or dobutamine) should be offered in selected patients.
A detailed conversation with the patient and family shall be held, including a discussion on the risks
and benefits of use of inotropes. Inotropes at home can be managed with the help of a home infusion
program and a visiting nurse. Chronic heart failure patients awaiting heart transplants are
candidates for intravenous inotropic support until the donor heart becomes available [42]. This helps
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to maintain hemodynamic stability and keep the fluid status and pulmonary pressures optimized
prior to the surgery. On the other hand, in patients with severe heart failure who are not candidates
for advanced heart failure therapies, such as transplant and mechanical circulatory support,
inotropic agents can be used for palliative therapy (Figure 1) [43]. In such a situation, the patient and
family should be informed of the risks and benefits of this therapy. Inotropes can help reduce
frequency of hospitalizations and improve symptoms in these patients.
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