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Inotropes are pharmacological agents that are indicated for the treatment of patients presenting with acute heart failure (AHF) with
concomitant hypoperfusion due to decreased cardiac OUtpUE. They are usually administered for a short period during the initial management
of AHF until haemodynamic stabilisation and restoration of peripheral perfusion occur. They 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.
The currently available inotropic agents in clinical practice fall into three main categories: beta agonists, phosphodiesterase fil inRibitors
and CaIGIUR SEASIEISErS However, due to the well-documented potential for adverse events and their association with increased long-term
mortality, physicians should be aware of the indications and dosing strategies suitable for different types of patients. Novel inotropes that
use alternative intracellular pathways are under investigation, in an effort to minimise the drawbacks that conventional inotropes exhibit.

Traditional inotropes, novel inotropes, inotropes, acute heart failure, cardiogenic shock, cardiac myosin activators, calcium sensitisers,
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Acute heart failure (AHF) is defined as the sudden presentation
or sudden aggravation of signs and symptoms of heart failure,
often requiring hospitalisation.” It is a life-threatening condition, with

in-hospital mortality ranging from 22% to 37% in severe cases of
[cardiogenic Shock »* inotropes have been used in the management
of patients with AHF for decades, especially for patients with systolic
dysfunction - heart failure with fedUCced Ejection ffaction - due to their
enhancing effect on cardiac contractility.® They also have chronotropic
and peripheral vascular effects that accompany their positive inotropic
effect. They are most commonly used in hospital settings for patients
with peripheral organ hypoperfusion and SeVerel/diminished cardiac
BUEREES However, the use of inotropes does have some [BAVErSe effects,
including [aFFAYEAMOgENeSIS and myocardial [sehaeia, contributing to
an |Unfaveurable impact on Iohg tefm SUrvival As a result, their use
is as [fOUEIRE practice for [l patients with [’
However, they remain USEfUl as SHOFE SR regimens for patients who

present with AHF and evidence of FiyPOperfusion and ifipaired cardiac

[GOREractility Careful selection of the most appropriate inotrope for
each individual patient is of utmost importance (Table 7).

eaditional motropes

Currently available inotropic agents for the management of patients
with AHF can fall into Hifeg| categories, based on their mechanism of

action: dopamine, obUtamIne, AOMEPINERATiNg and [EPIRERAIIAE that

© RADCLIFFE CARDIOLOGY 2019

act as [petaagonists; MilfiAGAE, a phosphodiesterase (PBE) type @
inhibitor; and levesimendan), a CalCilif SEnSitiser (Table 2).o7

Dopamine

Dopamine is an endogenous catecholamine that exerts its dose-
dependent effects on the cardiovascular system via its interaction
with four different receptors: dopaminergic type 1 and type 2 and
adrenergic alpha-1 and beta-1. When used at lower doses of up to
2.5 pg/kg/min, its primary net effect is Vasodilation of the SPIEACANIC,
[66FoRary and [fénal vasculature. While theoretically this effect seems
favourable for the renal function of AHF patients, as it increases renal
perfusion, there is no evidence that this translates to significant clinical
benefit.

In a cohort of patients in intensive care with impending renal failure,
the administration o [GWAB0SeIIV/dopaMINe i ROBPToVe o haverany
- in terms of reduction of peak creatinine levels or prevention
of worsening [féhal [fllREEIGA compared with placebo Also, in the
Dopamine in Acute Decompensated Heart Failure I (DADSHE) trial
published in - the addition of low-dose dopamine to low-dose

furosemide was [iGf associated with [iproVements in symptoms,

readmissions, mortality or renal function in patients with acutely
decompensated chronic HE? Additionally, in the Renal Optimization
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Clinical Practice

Table 1:
Patients and the Corresponding

Inotrope of Choice

Commonly Encountered Concomitant
Conditions in Acute Heart Failure

Inotrope of Choice

Dobutamine
Dopamine

Levosimendan
Milrinone

Milrinone

Beta-blockade

Pulmonary hypertension
Acute [Cardiorenal syndrome

Dopamine

Dobutamine

Dobutamine

Heart failure of [SCAaEMIC actiology

Cardiopulmonary bypass surgery

Dobutamine
Levosimendan
Milrinone

[SERSiS related heart failure

Norepinephrine
Dobutamine

Strategies Evaluation — Acute Heart Failure (ROSE-AHF) trial, adding

low-dose [dopaming or low-dose [iSifitidel to the standard diuretic

regimen for patients with AHF and renal dysfunction did [figf lead to

citner EGGABEBH o recovery of Gl FAGEOH

When administered in intermediate doses of B2 g/kg/min, dopamine
exhibits significant [ERFonotopIc and IRGEOPIC effects primarily by
stimulating sarcolemmal [B8t&%| receptors in cardiomyocytes, but it
also [[AGFEases the pulmonary capillary wedge pressure (BEWP). when
used at higher doses of [fiofé than B [Eg/KEmin, its net effect is a
potent Va@SOCORStriction, facilitated mostly via its effect on [alphas|
adrenergic receptors of the vasculature. This leads to a significantly
ilevatedafterioad that can prove @etfimental for patients with AHF and
systolic dysfunction. The most fiotable BAVErsel effects of dopamine
include hypertension and tachyarrhythmias that are more frequently

encountered at doses of B10pg/kg/min.s

Dobutamine, a SYtAEtIE catecholamine, enhances cardiac contractility
via its stimulatory effect on myocardiallBet@aiireceptors. It also affects
the [pefipheral vasculature due to its combined action on vascular
BIPR&T receptors and [pét@ @ eceptors. In clinical practice, [6W| @668
of dobutamingl{&8 g/kg/min) for patients with AHF lead to [iicreased
[6ardia8 GUEPUE through enhanced [IRGEORY while simultaneously
[fédticing &fterload by exerting a Vasodilatory effect on the peripheral
arterial vasculature, thereby resulting in improved symptoms. However,
several studies have linked its use with an [iicrease in Fortality
rates. One meta-analysis showed that [dobUtamine Was associated
Wit higRer sk e HospitalNmortality and future HF readmissions
[c6mpared with the vasodilator ESiritidel "

Due to its potential for long-term complications, GOBUEAMING is also

used primarily in the in-hospital setting for SROFEterm improvement
of symptoms. It is noteworthy that in doses [eXceeding 5 Hg/kg/min,
the effect on peripheral vessels shifts towards VaSoconstriction as
the alpha-1 agonist effect becomes significantly more potent. The
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infusion rate of dobutamine ranges from 1-2 pg/kg/min up to 40 pg/kg/
min. When prescribing dobutamine, it should be noted that the [Efféet
of dobUtaming may be BIUAEd in patients who are under Ehronic
[péta blockade therapy, at least in usual doses. Another important

limitation of dobutamine is that EOlErarce may.develop even after short

administration periods.™ In terms of adverse effects, dobutamine and

has been proven to be [BFFAYEAMOgERIC in most dosage schemes, it has
also been linked to the rare occurrence of eosinophilic myocarditis.”°

Norepinephrine is an endogenous molecule, acting [fiG8E potently on
VeSSBS BENETEGNEGEG g osocorstcton anc
increasing SYStolie and @iastoliel blood pressures. It also acts on [Cardiae

[p&t&ireceptors, thereby exerting chronotropic and inotropic effects.
Based on these properties, norepinephrine is primarily used in patients
with AHF who present with cardiogenic shock, always in addition to
another more potent inotropic agent. Norepinephrine is also used in
combination with inodilators to prevent the development of hypotension.’

Norepinephrine is widely used for the management of other aetiologies,
including septic shock. The Comparison of Dopamine and Norepinephrine
in the Treatment of Shock SOAPH trial compared norepinephrine to
dopamine as first-line agents for 1,679 patients with shock. Even though
no statistically significant difference was found between the two arms in

terms of mortality, [dOPaMING was associated with an [iicreased risk for
BAVErSE events including [arFAYERAMIES compared with norepinephrine.
Notably, a subgroup analysis from the same trial including only patients
with [GadiGERIGTSAGEK showed that [AOTEPINEPAFNG| was SUPEHGH to
[d6pamine in terms of reduction in [rorality. *

In clinical practice, norepinephrine is usually infused at a rate of

0.0T=0.08 g/Kg/Min but can reach UPTHOTATHG/KBIN, unti target

blood pressure is achieved. Adverse events of norepinephrine include
fachycardia that can significantly [ficfease myocardial oxyger demand,
which may be detrimental, especially in cases of active myocardial
ischaemia. Also, it has been documented that norepinephrine has a
directtoxiceffectoncardiaccells, primarily due to cel|@pOPtOsISinduced
by beta adrenergic stimulation.” Hypertension and tachyarrhythmias
have also been reported with the use of norepinephrine.

Epinephrine, also an endogenous catecholamine, exhibits dose-
dependent effects. When administered at - doses of up to
OO g/Ke/min, it primerily acts on [DEta=2 peripheral adrenergic
receptors thereby causing Vasodilation However, when administered
at an increased rate of 20:2 HE/Kg/MIn, its effect orjlbetasd and @lpha-
il receptors predominates, resulting in overall [poSitivel [RGEGRY and
\iasoconstriction This Vasaeonstriction includes not only the peripheral
vasculature but also [pUIRIGRaRY arterial and VEAOUS circulation.

Despite its inotropic, chronotropic and vasoconstrictive properties,
epinephrine has been limited in everyday clinical practice to cases
of cardiac arrest. This is due to the results from a pilot study by

Levy et al. in 2011, in which EpiiEphine was [Compared with a
regimen comprising of [i0tepinephring and dobUtamine in patients
with [Cardiogenic SHECK = The treatment strategies demonstrated
(Coparable results i {eifis 6f AaGmoaVAaMIC:. however, there were
significantly [fCFeased rates of [actic [@EIdoSIS, tachycardia, atthythmia
and [gaSHig mucosal [VPOPEHUSION observed in the EDINEPAKIRE group,

rendering it J[E8§8af€ to use in such patients.’
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Inotropes in Acute Heart Failure

Mechanism

Dosing

Inotropy Vasoconstriction Vasodilation

Diuresis Recommendation/ Possible

Level of Evidence Side-effects

Dobutamine Beta-1>beta- 2-20 pg/kg/min - ++ + + + Neutral lib/C Tachyarrhythmias
2>alpha (-) bolus dose High doses Hypotension
Headache
Eosinophilic
myocarditis (rare)
Peripheral blood
eosinophilia
Dopamine Dopa>beta, Renal effect ++ ++ ++ + ++ lib/C Tachyarrhythmias
alpha in high <3 pg/kg/min High doses Low doses High Low doses Hypertension
doses Inotropic effect doses Myocardial
3-5 pg/kg/min ischaemia
Vasoconstriction
>5 pg/kg/min
(-) bolus dose
Norepinephrine Beta-1> 0.2-10.0 pg/kg/ + ++ Neutral + + lib/C Tachyarrhythmias
alpha>beta-2 min Hypertension
(-) bolus dose Headache
Epinephrine Beta-1> 0.05-0.50 g/ ++ ++ + Neutral/+ Neutral lib/C Tachyarrhythmias
beta-2>alpha kg/min High doses Headache
(+) bolus dose: Anxiety
1mg IV every Cold extremities
3-5 min during Pulmonary
resuscitation oedema
Cerebral
haemorrhage

Phosphodiesterase Ill inhibitors

Milrinone PDE3 inhibition  0.375-0.750 g/ + Neutral
kg/min

(+) bolus dose:

25-75 pg/kg

over 10-20 min

(optional)

++ - Neutral lIb/C Tachyarrhythmias

Hypotension
Headache

Caz sensitisers

Levosimendan  Calcium 0.05-0.20 g/ + Neutral
sensitiser kg/min
PDE3 inhibition, (+) bolus dose
opening of 12 pg/kg over
vascular K, 10 min (optional,
channels not routinely
Inhibition in recommended)
high doses

++ - + lIb/C Hypotension
Atrial and
ventricular
tachyarrhythmias

Headache

BP = blood pressure; PDE3 = phosphodiesterase type 3.

To further solidify these findings, the [Cardiogenic Shock (CardSHock)

BE@Y looked at the trends and outcomes regarding common
vasopressors and inotropes. It was found that [EDiephine use

in patients with (Cardiogenic SHOEK was associated independently
with [creased 90/day mortality and with declining renal and

cardiac function.”

Additionally, Leopold et al., in an individual-data-level meta-
analysis, associated the use of epinephrine in the management of

cardiogenic shock patients with a [fiféetimes increased mortality
rate [COMpared with BIEEFREEIVE drug regimens (OR 3.3; 95% CI [2.8-

3.9]).% Epinephrine is most commonly administered at an infusion

rate ranging from 0010108 g/Ke/min {0.0:50 BE/KG/Min refractory

cases. Notable adverse effects of epinephrine include myocardial

ischaemia, arrhythmias, hypertension, [pUlffionary [Congestion and

intracranial bleeding.

CARDIAC FAILURE REVIEW

Milrinone, a [PDES [IBHIBIEGE, is @ commonly used inotropic agent in
patients with severe HF or cardiogenic shock.” It [iifiibits BBES, which
physiologically IEBIades intracellular EYClicadenosine monophosphate
(€ANIP). Through this inhibition, CAMP accumulates in the cell, causing
[proteinTKinaseVATactivation This facilitates [fiore alGitM ions to
Enter the myocardial cell, thus potentiating the actin-myosin cross-
bridging leading to ificreased [cardiac [Contractility. This mechanism is
[idependent of the jpetazadrenergic pathiway. As a result, the use of
PDE3 inhibitors, and milrinone in particular, is SUIaBIE for patients with
G HE B BSBIGER: 10 ot v A o CAIOHEE
Shoek compared it o nfropes.

Another feature of the mechanism of action of milrinone is that the

same intracellular processes is [activated in SMOOtH MUSEIE cells of the
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Clinical Practice

Ipeipfieral and [pUIORaTY VASCUIAEIIE, Ieacing to a net Vasodlatory

effect in addition to its positive [AGEFOPIE effect This combination of
actions classifies milrinone as an [iNCGilator

The short- and long-term effects of milrinone have been investigated.
The Outcomes of a Prospective Trial of Intravenous Milrinone for
Exacerbations of Chronic Heart Failure (OPTIMESCHE) evaluated the
addition of IV milrinone on top of standard medical treatment in patients
with AHF. [N statistically significant [BERefi was found from the use of
milrinone in terms of [AGHAIIY or hospitalisations, whereas milrinone

was [liiked to iicreased risk of prolonged [AYpotensive cpisodes and
Grrhythmias = 1n a SUBGFOUR analysis, milrinone was associated with
[increased [mortality rates in patients with HF of [Schaemic aetiology,
Additionally, data from the Acute Decompensated Heart Failure
National Registry (ADHERE)'EEBISHEY point towards the direction of
355 GBI o GOMaS - GRS EORREAEEd 1
nitroglycerin or nesiritide

25

The Prospective Randomized Milrinone Survival Evaluation (PROMISE)

ffiél concluded that the use of [fillfione in SYmpEOmatic HF patients,

despite optimal medical therapy, was associated with [iicieased

[mGHaliEY and readmission rates compared with placebo In clinical
practice, milrinone 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), [ilfiRGAE S

recommended to be used in combination with a vasoconstrictor, stich

as [iorepinephiing, to [CoURteract its Vasodilating cffect. In addition,
milrinone is [preférted in patients who Chronically feceive betad

[BIGEKRERS, due to its beta-adrenergic pathway which is an independent
mechanism of action.”” Due to its relatively [GRg Ralflife and renal
clearance, milrinone should be used with [GaUEGH| in patients with

[fmpaired [renal function Hypotension and Eachyarthythmias are also

documented adverse effects of milrinone.z

Calcium Sensitisers

Levosimendan
Levosimendan exerts its effects by acting on [ffOPORINNG, rendering
the cardiomyocyte more [SERSItiVEl to the already [EXISHR levels of
[Rtracelitiar Caleitim, thereby iREreasing its EoRtractility As its effects
are |6l a result of ifliX of [GaIGILIR in the FyOCYte, its arffVEAmogenic
potential is significantly - In addition to its positive inotropic
effect, levosimendan leads to |pefiphieral Vasedilation via the opening
of |ATPSersitive" potassitim channels on smooth muscle cells of the

vasculature.”?¢ Levosimendan has also been reported to have some
PDE3 inhibitor properties and is also an [odilator

Initial levosimendan studies showed [BFOMISIAG results, despite their
limited size. The Efficacy and Safety of Intravenous Levosimendan
Compared with Dobutamine in Severe Low-Output Heart Failure (EBO)

Btldy found that [GVeSimendan was SUBEHOE to dobutamine in terms
of [i@émodyiamic profile and [OHaII) » Additionally, in the Safety and

Efficacy of a Novel Calcium Sensitizer, Levosimendan, in Patients With
Left Ventricular Failure Due to an Acute Myocardial Infarction (RUSSEAN)

firial, levesimmendan] was associated with significantly [decreased rates

of @€athl and deteriorating HF.®

However, ETSHBSEGUEREIBRRERIE o i now [ESHVE FESHS

with levosimendan use. The [180-day [fOFtality rate in the Levosimendan
versus Dobutamine for Patients with Acute Decompensated Heart
Failure (SURVIVE) trial was comparable in both arms and in the

136

Randomized Multicenter Evaluation of Intravenous Levosimendan

Efficacy (REVIVESIfiEl, despite a documented [ifiprovement in [HiF
SYmPLOMmS, levosimendan féiled to prove Befeficial in terms of oMty

reduction and led to more cases of arrhythmias and [iypotension =

As a result, the use of [EVGSIMENGaN femains & fopiC 6 debate and

it is only approved for use in Europe. Current European Society of

Cardiology guidelines fESeNVEItS USSINAHF patients\with Aypoperfusion
that may be related to beta-blockade therapy.” Levosimendan is usually
administered at a rate of{0105=0:20 Ug/Kg/min. Adverse effects include
Fijeterison A+ Fijgokaleria, heacache and BifhyAAIEY

mnotropic Agents

Omecamtiv mecarbil (OM) is the first and most investigated agent in
a new class of inotropes calledjfardiaC MYOSIATactivators * It exerts
its effect by binding on an allosteric site on myosin itself. This leads
to a stabilisation of the lever arm of myosin, rendering it primed. This
effect when multiplied for numerous intracellular myosin molecules
prior to the initiation of contraction, produces an increased number of
primed myosin molecules and consequently an increased number of
myosin heads available to cross-bridge with actin generating|iicfeased

It is important to note that the [iEchanism of action of [BM is
independent from [CaICItm and BAME ooth of Which Contfibutel to
arrhythmogenesis

and myocardial [§Chaemia, as documented for
traditional inotropes acting through these mediators. Additionally, since
- acts independently of the adrenergic pathway, it can be used as

an [alternativel to [milfincnel and [EVesimendan in HF patients who are

35,36

The haemodynamic effects of OM have been tested in previous

studies. Specifically, when compared to placebo, [ONificreased Strokel
Volumerand ejection fraction in AHF patients* These [Beneficial
results initially failéd to translate into Clifically [FEleVanRt fesuits, as
in a phase Il trial patients treated with the agent did - report an
[mprovement in [dyspioea - It should also be noted that an increase
in troponin levels in patients treated with excessive doses of OM has
been found. This has been hypothesised to be a result of diminished
coronary filling during diastole due to prolonged ventricular systolic
phase.®# However, at the regular therapeutically relevant exposures,
no relationship was identified between troponin increases and systolic
ejection time. The mechanism for the increases in troponin at
therapeutically relevant exposures is currently unknown.

Sarcoplasmic reticulum Ca?+-ATPase (SERCA), and its 2a isoform, is
a sarcolemmal membrane-bound enzyme that handles free calcium
influx back in the sarcoplasmic reticulum in the post-systolic period.
SERCAZ2a, via this mechanism, affects the mechanics of both diastole
and systole and its expression is long known to be reduced in HF
patients, leading to systolic impairment.'# Consequently, it could be
hypothesised that targeting the function and/or expression of this
enzyme could be beneficial for HF patients.

SERCA2a Gene Therapy

SERCA2a modulation in HF patients can be achieved through gene
therapy. An initial approach involved intracoronary administration of
an adeno-associated virus type 1 encoding sarcoplasmic reticulum

CARDIAC FAILURE REVIEW
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calcium ATPase (AAV1/SERCAZ2a). This gene therapy strategy initially
proved to have an acceptable safety profile in and was tested in
terms of efficacy in phase Il trials.® The Calcium Upregulation by
Percutaneous Administration of Gene Therapy in Cardiac Disease
(CUPID) trial included 39 patients with AHF in total. It was documented
that gene delivery was superior to placebo in terms of symptomatic
improvement, exercise tolerance, biomarkers and haemodynamic
profile in the 6-month follow-up period.** However, the larger
CUPID 1l trial that followed, with 250 HF patients, could not replicate
the results from the initial CUPID trial, as the administration of AAV1/
SERCAZ2a did not significantly reduce HF-related endpoints, such as HF
hospitalisations and worsening HF compared with placebo.*

on the Optimal Administration
of Inotropes in Acute Heart Failure

Approximately[10% of all {GSpitaliSEd|FF patients also have Fiypotension,
S O o i o' BB -
this considerable subgroup of patients, [ifi0tfopes| are Fécommended

as part of their management (Figure 1)." In refractory cases, circulatory
support devices can be used in selected patients to maintain perfusion
and haemodynamic stability for short periods of time." However, due
to the sparsity of these devices compared with the large number of
AHF patients, their use is reserved as [BFidge-to-transplant or other
treatment decisions, while inotrope infusions as initial short-term
support remain very common in everyday clinical practice.

The general principle that applies for the use of [GEFOPES is to use
them for the [SHOFESE amount of time possible and in the [GWer
effective @088 until the therapeutic goal of haemodynamic stabilisation
(maintaining adequate BP and CO) and restoration of vital organ
perfusion and function is achieved.

The types of AHF patients that usually receive iiOtfopiC SUPPOF fall
into two broad categories: those that present with [cardiogenic Shock
and those with [GWIBP| and signs of YPOPErUSIon that do G present
with [oVer [Eardiogenicl SRGCK Patients presenting with [cardiogenic
BRGEK have severely diminished cardiac output that leads to Severel
[vipctension (Below the 88| MimHg cut-off) and [decreased peripheral and
vital organ [BEFUSIGR. This hypoperfusion becomes evident via clinical
hallmarks of cardiogenic shock including [Coldl EXEremities, elevation in

[GCEatE Ievels and [FédUced i€l output and Mentation changes.

The - step in treating a patient in cardiogenic shock should be
aimed towards haemodynamically stabilising the patient and restoring
tissue and vital organ perfusion. The regimen of GRGICE includes the
immediate administration of an inotropic agent, notably deBUtaMINE,
in [EOMBINGEIGH with a VaSOPressor to offset the possible vasodilatory
effect of the inotrope.” In terms of the vasopressor agent of choice, data
support the use of [iGTEPINEPATINg 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).” It should be noted that the combination of an

\/aSopressor agent at an fificreased doss, since that would lead to a more

potent vasoconstrictive effect, increasing cardiac afterload and the risk
of ischaemia.“ In refractory cardiogenic shock cases, circulatory support
with mechanical devices is recommended when feasible.

[RGEFGPES are not only indicated for patients in overt cardiogenic shock
(BP <85 mmHg), but also for HF patients with either marginal or even

CARDIAC FAILURE REVIEW

Figure 1: Practical on the Use of
Inotropes in Patients with Acute Heart Failure and
Hypoperfusion

AHF with hypoperfusion

\ \4

( SBP <90 mmHg ) ( SBPE90mmHg )
(Inotropestvasopressors) ( Vasodilators )

\ \d

Clinical stabilisation

¥ 4 4 4
G () () &)
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Transition to ' Inotropes ' Transition to
CHF treatment ; CHF treatment
Clinical stabilisation

4 A4
( No ) ( Yes )
¥ A4

Transition to
CHF treatment

AHF = acute heart failure; CHF = chronic heart failure; SBP = systolic blood pressure.

Clinical stabilisation

Mechanical
| circulatory

support

normal BP who do exhibit evidence of iyPOperfusion This evidence
includes both clinical (cold extremities, altered mentation, diminished
pulse pressure) and laboratory findings (increased blood urea nitrogen
and creatine elevations in hepatic function tests and serum lactate and
hyponatraemia). In these patients, the usual regimen of choice includes
an inotrope or an inodilator with the goal to reverse the hypoperfusion.
The decision to use which specific agent is individualised to each
patient and dictated by the specific haemodynamic parameters of each
case. Table 2 presents a summary of commonly encountered clinical
scenarios and their corresponding inotropic agents.

[RGEIIEEaFS (milrinone, [EVSIMEndan) 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 Vasodilatony effect, they are well suited for patients

that have |pefipheral Vasoconstriction. However, their use is [iGE
indicated if the [SySEOIiE blood [pressuire is'<90 mmHg: Additionally, i

severe [AYPOEEASION occurs after the administration of an inodilator,

the (ORCOMItaN use of a VASOCONSHICEiVEl agent is ECoMmmMended to

counteract its vasodilatory effect. Also, since the inotropic effect of

milrinone and levosimendan is [idependent of the Beta adrenergic

pathway, they are the [preferablé option for the treatment of
patients under [ChFONIC beta-blockade! It should be noted that in the
Efficacy and Safety of Short-term IV Treatment with Levosimendan
vs Dobutamine in Decompensated HF Patients Treated with Beta-

blockers (BEACHF)ifal] the use of [evoSimendan and Hobutamine
were [€0mparablé in terms of [i@@modynamic improvement (PCWP

decrease and increased cardiac output) after 1 day of therapy.”
A third and more specific group of patients who might benefit
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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
VESadilatory effect on the pllionary Vaseulatire. Milrinone has been
shown to reduce pulmonary vascular resistance in patients waiting
for a heart transplantation.*

AHF patients commonly have (EGfiComitant fenal and/or figpatic faillire

In the case of primary renal failure, the choice of the appropriate
inotropic agent is based primarily on its half-life. Dobutamine is the
agent with the shortest half-life (2 minutes), wheread/|eVosimendar
lhasTan 8ohourhalfilifel Therefore, dobutamine is the agent of choice
for these patients. However, it should be noted that SoMme|data SUPPOrt
the use of [EVOSiMendan in the subgroup of patients presenting

wit e Cardorenal SYAGEOME, o it INGiEAseS fenel petuson

[more Efficiently that other agents.®® For patients with impaired
hepatic function, dobutamine is also the first choice as leVoSimendan
is predominantly EXcreted via the iVEE However, similarly to the
cardiorenal syndrome indications, IEVoSimendan hias better sUpporting
videncelinnormalising liver function tests compared with dobutamine
in people with acute [CardioAepatic dysfunction.

For patients undergoing coronary artery bypass graft (GABG), the most

widely used inotrope is [dOBUEaMINg, as it provides Bettercoronary
[perfusion Withiout Serious metanolic Baverse cffects. Additionally,
ImilFiAGRE has the disadvantage of being [more afAVIAMOgERIE than
dobutamine while it may also [COURtEract the VaSOCONSEVE effect of
the iiialed afaesthetics on e DUImMONary Vasculafliie -~ Finally
levosimendan has been shown tfiMprove post:srgical OUECOmes,

including length of stay and time to extubation.®* However,
in the Levosimendan in Patients With Left Ventricular Systolic
Dysfunction Undergoing Cardiac Surgery On Cardiopulmonary Bypass

EVORGTSINE - PROBIIEEAR s o IUGSHRERERN ' o'
patients with FedUCEd [ejection [fraction undergoing CABE failed to

demonstrate [BEREAIE over placebo. When treating AHF that occurs
after cardiotomy, the most widely accepted regimen comprises
of dobutamine (or a different beta-agonist) in combination with
milrinone or levosimendan. This combined approach is superior to

monotherapy in terms of cardiac output, length of intubation and
length of hospital stay.®

In SepSIS related/ARFEases, recent data and recommendations suggest
that [dobUtamine and GrepinephFife should be the inotropic agents

of choice.”*s However, recent data concerning levosimendan use in
these patients have been encouraging. Specifically, [EVosimendan has
been shown to [decreasel serum Jactatel levels, exert a feno protective
role, and [fEStore (cardiac [idex Without increasing myocardial OXygerl
[d8mand Ieading to Better short-term OUECOMESs <

Recommendations on the F

As soon as congestion is alleviated and renal function improves, shown
by an increase in urinary output and a decrease in blood urea nitrogen
and creatinine levels, inotropic support should be tapered with the

goal of complete weaning. During this time, [Stafidard oral HF treatment
ShoUId Be Feifstated, and target doses should be reached after inotropic

support is completely withdrawn. Unfortunately, there is a subset of
patients who are unable to maintain adequate BP and perfusion without
inotropic support despite multiple attempts to discontinue them. These

patients, often referred to adiotfope-dependent, are usually supported
with inotropes for [prolonged [Perieds of time either as a bridge (to

transplant or a left ventricular assist device) or as part of a broader
[palliEtive strategy aimed at symptomatic relief.

Conclusion

Inotropic agents have long been associated with adverse events
including arrhythmogenesis and unfavourable long-term mortality
outcomes. However, they remain a key weapon in the arsenal of
physicians that manage AHF patients, due to the lack of other
efficacious medical or interventional strategies. Their use should be
limited to the minimum possible dose for the shortest amount of time
adequate to restore BP and peripheral perfusion. Ongoing and future
research in the field of inotropes aims to assess the safety and efficacy
of new molecules that act through novel or alternative pathways
to reduce the adverse events profile of inotropes and reduce their
negative effect on long-term survival. &
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