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inotropes
•

pharmacological agents

•

indicated for the treatment of patients presenting with acute heart failure (AHF)
with concomitant hypoperfusion due to decreased cardiac output

•

shock
–
–
–
–

Cardiogenic shock
Distributive shock (septic)
Hypovolemic shock
Obstructive shock

•

usually administered for a short period during the initial management of AHF until
haemodynamic stabilisation and restoration of peripheral perfusion occur

•

can be used for longer periods to support patients as a bridge to a more definite
treatment, such as transplant of left ventricular assist devices, or as part of a
palliative care regimen

Monitoring of Vasoactive Therapy
• Arterial blood pressure monitoring ( target mean BP 65-70 mmHg)
• PAC monitoring : cardiac filling pressures, CO, and SVR
– for patients with an uncertain mechanism of shock, as well as in patients with
moderate-to severe cardiogenic shock who have not responded to initial
therapy

• The most commonly used biomarkers
– lactate
– SVO2, and
– AVDCO2

• titration of inotropes to increase SVO2 is potentially more relevant

Norepinephrine I
• vascular alpha-1 adrenergic receptors
– vasoconstriction and increasing systolic and diastolic blood pressures

• cardiac beta-1 receptors
– chronotropic and inotropic effects

• norepinephrine is primarily used in patients with AHF who present with
cardiogenic shock, always in addition to another more potent inotropic
agent
• Norepinephrine is the initial choice in over 90% of patients in
contemporary studies

dopamine was associated with an increased risk for adverse events
including arrhythmias compared with norepinephrine

Norepinephrine in clinical practice
•

usually infused at a rate of 0.01–0.03 µg/kg/min but can reach up to 1 µg/kg/min,
until target blood pressure is achieved

•
•
•
•

Adverse events of norepinephrine include
tachycardia that can significantly
Hypertension and tachyarrhythmias
increase myocardial oxygen demand, which may be detrimental, especially in
cases of active myocardial ischaemia.
direct toxic effect on cardiac cells, primarily due to cell apoptosis induced by beta
adrenergic stimulation

•

Epinephrine I
•

lower doses of up to 0.01 µg/kg/min, it primarily acts on beta-2 peripheral
adrenergic receptors thereby causing vasodilation

•

an increased rate of >0.2 µg/kg/min, its effect on beta-1 and alpha1 receptors
predominates, resulting in overall positive inotropy and vasoconstriction.

•
•
•
•

This vasoconstriction includes the
peripheral vasculature but also
pulmonary arterial and
venous circulation

Epinephrine
increased rates of
lactic acidosis,
tachycardia,
arrhythmia and
gastric mucosal hypoperfusion
rendering it less safe to use in
such patients

CardShock study

epinephrine use in patients with cardiogenic
shock was associated independently with
• increased 90-day mortality and with
•declining renal and cardiac function

Intensive Care Med 2018

limited in everyday clinical practice to cases of cardiac arrest

Dopamine I
•

four different receptors: dopaminergic type 1 and type 2 and adrenergic alpha-1 and beta-1

•

lower doses of up to 2.5 µg/kg/min, vasodilation of the splanchnic, coronary and renal
vasculature. increases renal perfusion, there is no evidence that this translates to significant
clinical benefit

•

intermediate doses of 3–5 µg/kg/min, significant chronotropic and inotropic effects
primarily by stimulating sarcolemmal beta-1 receptors in cardiomyocytes, but it also
increases the pulmonary capillary wedge pressure (PCWP)

•

at higher doses of more than 5 µg/kg/min, its net effect is a potent vasoconstriction,
facilitated mostly via its effect on alpha-1 adrenergic receptors of the vasculature.
–

•

This leads to a significantly elevated afterload that can prove detrimental for patients with AHF and systolic
dysfunction

The most notable adverse effects of dopamine include hypertension and tachyarrhythmias
that are more frequently encountered at doses of >10 µg/kg/min

the addition of low-dose dopamine to low-dose furosemide was not
associated with improvements in symptoms, readmissions, mortality or
renal function in patients with acutely decompensated chronic HF

Dobutamine I
•
•

enhances cardiac contractility via its stimulatory effect on myocardial beta-1 receptors.
It also affects the peripheral vasculature due to its combined action on vascular alpha-1
receptors and beta-2 receptors.

•

In clinical practice, low doses of dobutamine (<5μg/kg/min) lead to increased cardiac
output through enhanced inotropy, while simultaneously reducing afterload by exerting a
vasodilatory effect on the peripheral arterial vasculature, thereby resulting in improved
symptoms

•

exceeding 5 µg/kg/min, the effect on peripheral vessels shifts towards vasoconstriction as
the alpha-1 agonist

•

used primarily in the in-hospital setting for short-term improvement of symptoms

Am J Cardiovasc Drugs 2015

Dobutamine II
•

Compared with dopamine, dobutamine increases CO and reduces cardiac filling
pressures more, with less augmentation of MAP

•

The combination of both drugs at moderate doses may produce a greater
hemodynamic effect than either drug at a high dose

•

the effect of dobutamine may be blunted in patients who are under chronic betablockade therapy, at least in usual doses

•

Another important limitation of dobutamine is that tolerance may develop even
after short administration periods

•

In terms of adverse effects, dobutamine and has been proven to be
arrhythmogenic in most dosage schemes, it has also been linked to the rare
occurrence of eosinophilic myocarditis.

Phenylephrine
•

synthetic direct adrenergic agonist

•

selective for alpha1 receptors

•

causes profound vasoconstriction

•

increased systemic vascular resistance, and in turn

•

reflex bradycardia

Isoproterenol
•

predominantly and non-selectively stimulates beta receptors with almost no
alpha receptor activity

•

potent beta2 receptor activity, isoproterenol leads to vasodilation and thus
decreased systemic vascular resistance (SVR)

•

cardiac beta1 receptors leads to increased heart rate and contractility, yielding
enhanced cardiac output

•

the increased cardiac output modestly raises systolic systemic arterial pressure,
the decreased SVR leads to greater declines in diastolic pressures, typically leading
to modest declines in mean arterial pressure

•

now rarely used clinically

Phosphodiesterase Type 3 Inhibitors
Milrinone

•

potentiating the actin-myosin crossbridging leading to increased cardiac contractility

•

same intracellular processes is activated in smooth muscle cells of the peripheral and
pulmonary vasculature, leading to a net vasodilatory effect in addition to its positive
inotropic effect
This combination of actions classifies milrinone as an inodilator

•
•
•

independent of the beta-adrenergic pathway.
suitable for patients with chronic HF under beta-blockade who present with AHF or
cardiogenic shock

OPTIME-CHF: evaluated the addition of IV milrinone on top of standard
medical treatment in patients with AHF.
•No benefit from the use of milrinone in terms of mortality or
hospitalisations,
•increased risk of prolonged hypotensive episodes and arrhythmias

PROMISE NEJM 1991

milrinone in clinical practice
•
•

is used in patients with AHF who maintain adequate systolic blood pressure (>85
mmHg).
For patients with systolic blood pressure in the lower range (85–100 mmHg),
milrinone is recommended to be used in combination with a vasoconstrictor,
such as norepinephrine, to counteract its vasodilating effect

•

In addition, milrinone is preferred in patients who chronically receive
betablockers, due to its beta-adrenergic pathway which is an independent
mechanism of action

•

Due to its relatively long half-life and renal clearance, milrinone should be used
with caution in patients with impaired renal function

•

Hypotension and tachyarrhythmias are also documented adverse effects of
milrinone

Calcium Sensitisers
Levosimendan

•
•

As its effects are not a result of influx of calcium in the myocyte, its arrhythmogenic potential is
significantly limited
Levosimendan has also been reported to have some PDE3 inhibitor properties and is also an inodilator

Lancet 2002; 360: 196–202

levosimendan improved haemodynamic
performance more effectively than dobutamine
This benefit was accompanied by lower mortality in
the levosimendan group than in the dobutamine
group for up to 180 days

Conclusions I
•

The general principle that applies for the use of inotropes is to use them for the shortest
amount of time possible and in the lower effective dose until the therapeutic goal of
haemodynamic stabilisation (maintaining adequate BP and CO) and restoration of vital organ
perfusion and function is achieved.

•

Norepinephrine is an appropriate first-line vasopressor
–

In terms of the vasopressor agent of choice, data support the use of norepinephrine instead of epinephrine, since
the latter has been repeatedly associated with worse mortality and renal outcomes, increased markers of
hypoperfusion (lactate) and myocardial ischaemia (troponin)

•

cardiogenic shock due to left ventricular systolic dysfunction, norepinephrine titrated to
restore MAP followed by dobutamine titrated to restore CO and organ perfusion is a
reasonable first line strategy with greater efficacy than the use of high-dose EPI alone

•

When CO is critically low and SVR is very high, NE alone may be relatively ineffective at
raising MAP until CO is increased with an inotrope

•

Using a low dose of dopamine (up to 10 μg/kg/min) or epinephrine (up to 0.1 μg/kg/min)
instead is typically less effective for raising CO, may worsen pulmonary congestion and often
produces dose-limiting tachycardia

Conclusions II
•

AHF patients commonly have concomitant renal failure
– the appropriate inotropic agent is based primarily on its half-life
– Dobutamine is the agent with the shortest half-life (2 minutes), whereas
levosimendan has an 80-hour half-life
– dobutamine is the agent of choice for these patients. However, it should be noted
that some data support the use of levosimendan in the subgroup of patients
presenting with acute cardiorenal syndrome, as it increases renal perfusion more
efficiently that other agents

•

hepatic failure, dobutamine is also the first choice as levosimendan is predominantly
excreted via the liver

•

For patients undergoing coronary artery bypass graft (CABG), the most widely used
inotrope is dobutamine, as it provides better coronary perfusion without serious
metabolic adverse effects

•

septic shock, norepinephrine remains the first-line vasopressor, with EPI or lowdose VASO added in patients not responding adequately to NE

Conclusions III
•

Current evidence does not support the first-line use of noncatecholamine vasopressors for
the majority of patients; one exception may be the use of VASO in postcardiotomy vasoplegia

•

Inodilators (milrinone, levosimendan) possess some unique properties compared with other
inotropic agents, which make them a more suitable therapeutic option for certain groups of
patients. Due to their inherent vasodilatory effect, they are well suited for patients that have
peripheral vasoconstriction. However, their use is not indicated if the systolic blood pressure
is <90 mm Hg
preferable option for the treatment of patients under chronic beta-blockade
third and more specific group of patients who might benefit from the use of an inodilator
over another inotrope are those with pulmonary arterial hypertension. Both milrinone and
levosimendan may be indicated in these patients because of their documented vasodilatory
effect on the pulmonary vasculature

•
•

• The French, Scandinavian and German recommendations are very similar
and unanimously recommend norepinephrine and dobutamine as firstline agents
• A Scientific Statement from the American Heart Association surprisingly
continues to advocate dopamine use in cardiogenic shock

• Two recent Cochrane analyses concluded that there was not sufficient
evidence to prove that any one vasopressor or inotrope was superior to
another in terms of mortality and that the choice of a specific agent may,
therefore, be individualized and left to the discretion of treating
physicians

