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Introduction

Acute heart failure (AHF) continues to be a substantial cause of illness and death,
with in-hospital and 3-month mortality rates of 5% and 10%, respectively, and 6-
month re-admission rates in excess of 50% in a range of clinical trials and registry
studies; the European Society of Cardiology (ESC) Heart Failure Long-Term Registry
recorded a 1-year death or rehospitalization rate of 36%. As regards the short-term
treatment of AHF patients, evidence was collected in the ESC Heart Failure Long-
Term Registry that intravenous (i.v.) treatments are administered heterogeneously in
the critical phase, with limited reference to guideline recommendations. Moreover,
recent decades have been characterized by a prolonged lack of successful innovation
in this field, with a plethora of clinical trials generating neutral or inconclusive find-
ings on long-term mortality effects from a multiplicity of short-term interventions in
AHF. One of the few exceptions has been the calcium sensitizer and inodilator levosi-
mendan, introduced 20 years ago for the treatment of acutely decompensated
chronic heart failure. In the present review, we will focus on the utility of this agent
in the wider context of i.v. inotropic and inodilating therapies for AHF and related
pathologies.

decades as a safer inotropic option than traditional classes
of drugs in these settings.”? As an inodilator that: (i) pro-

The use of intravenous (i.v.) inotropes to correct haemody-
namic dysfunction in patients with decompensated heart
failure is still a frequent feature of the medical response.
The impact of these interventions on prognosis is not, how-
ever, consistently affirmative. Indeed, the data sometimes
associate use of catecholamines and phosphodiesterase
inhibitors with an increase in mortality risk."? Proposed
explanations for these observations include increased car-
diomyocyte oxygen consumption in already ischaemically
jeopardized myocardium, tachycardia, and an increased
risk of cardiac arrhythmias.

The calcium sensitizer and potassium-channel opener
levosimendan has been described over the past two

motes contractility by augmenting the sensitivity of cardio-
myocyte troponin C to ionic intracellular calcium and (ii)
exerts vasodilatory and cardioprotective effects through
the opening of adenosine triphosphate-dependent potas-
sium (Karp) channels in vascular smooth muscle cells and
mitochondria, levosimendan promotes inotropy via a
broadly energy-neutral route. In addition, its inodilator
profile combines an increase in cardiac output with vasodi-
lating effects that include reduction of central venous
pressure and pulmonary capillary wedge pressure, distinct
effects on the renal vasculature and relief of hepatic con-
gestion.> Taken in combination with an extended duration
of effect due to the formation of a long-acting metabolite
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designated OR-1896, this pharmacology identifies levosi-
mendan as a notable asset for the management of acute
heart failure (AHF) (Table 1).*°

The successful development and deployment of levosi-
mendan in these indications marks it as a relative rarity in a
field of cardiovascular medicine in which there is a per-
ceived strong need for innovation but which has recorded
a substantial number of setbacks, disappointments, and fail-
ures in recent decades. Some of the conceptual, procedural
and technical obstacles that have frustrated developments
in this area have been the subject of recent discussion
papers.®” Summarized in the briefest terms, it may be said
that future success in the development of effective thera-
pies requires a recognition that this is ‘a heterogeneous syn-
drome in which functional and structural biomarkers change
dynamically during disease progression in a patient-specific
fashion’.® Given the multiple possible origins of AHF, it is
perhaps not surprising that in-hospital endpoints do not al-
ways correlate with long-term clinical endpoints and that so
many recent clinical trials have produced disappointing
results.®” Responses to these frustrations should include:
implementation of new technologies for precision pheno-
typing; highly granular characterization of pathophysiologi-
cal targets; and the adoption of different trial designs and
concepts, favouring, for example, the platform trial over
the classic twin-arm placebo-controlled trial.’

These remarks notwithstanding, levosimendan has been
evaluated in several hundred clinical trials in a broad range
of therapeutic settings. Experience in all those areas has
been subjected to multiple meta-analyses, 31 of which
have been conducted in just the past 3 years. In every
instance, levosimendan has been associated with a favour-
able impact on the outcome(s) under consideration,
although not always with a statistically significant effect.'

Table 1

Against that background, we set out in this short review
some views on the place and role of vasoactive drugs in the
management of AHF, with an emphasis on levosimendan
and some practical considerations.

Intravenous cardio-vasoactive therapies in
acute heart failure

The negative effect on survival observed with various clas-
ses of traditional inotropes has already been mentioned. It
must be acknowledged, however, that adverse outcomes
may be related not only to their inherent limitations and
dose-dependent adverse effects (e.g. increase in myocar-
dial oxygen demand, Ca** overload in myocardial cells, ap-
optosis, etc.) but also to their inappropriate use. Registry
data identify quite high rates of usage for inotropes in
patients with normal or even increased systolic blood pres-
sure.'! The correct identification of patients who are suit-
able candidates for inotropic or inodilator therapy is thus a
cardinal consideration for their successful use.

The assessment and management of AHF have been com-
prehensively documented in the 2016 guidelines of the
European Society of Cardiology (ESC)," which should be
regarded as the current definitive guide on that subject.
Working from that source, and with insights from our own
experience, we have developed a three-step guide to the
use of inotropes in AHF (Figure 1).’

Points for consideration in this framework include the
importance of understanding causative pathophysiology in
order to assign treatments appropriately. For example,
AHF caused by vasoconstriction with increased venous re-
turn, raised left ventricular pressure and fluid redistribu-
tion leading to pulmonary congestion is a presentation
calling primarily for vasodilators. In practice, these drugs

Comparison of key pharmacological and haemodynamic features of adrenergic drugs, the phosphodiesterase inhibitor mil-

rinone and the calcium sensitizer levosimendan as they relate to their use as inotropes or inodilators in the treatment of heart

failure*
Adrenergic receptor agonists Calcium sensitizer PDE Il inhibitor
Dopamine Dobutamine Norepinephrine Epinephrine Levosimendan Milrinone
Mechanism of action D=p: HDo B1=p2=>a a= 1= p2 B1=p2=>a Calcium sensitization; PDE Il inhibition
HD, PDE Il inhibition
Inotropic effect 11 11 (1) 11 1 1
Arterial vasodilatation 11 (renal, LD) 0 1 t 11
Vasoconstriction 11 (HD) 1 (HD) T T {HD) 1] 0
Pulmonary vasodilatation tor0 | or 0 (at high PVR) | or 0 (at high PVR) Tt 11
Elimination ti2 2 min 2.4 min 3 min 2 min 1.3h 25h
(active metabolite, 80 h)
Infusion dose <3 pg'kg/min: renal 1-20 0.02-10 0.05-0.5 0.05-0.2 0.375-0.75
vasodilation; pa/kgimin pa/kgimin pglkg/min pg/kg/min pa/kgimin
3-5 pg/ka/min:
inotropic;
=5 pg/kg/min:
vasoconstrictor
Bolus dose MNo No No 1 mg during resuscitation 6-12 pg/kg over 10 min 25-75 pglkg over

every 3-5 min (optional, only in euvolaemic 10-20 min

and eukalaemic state)

PDE: phosphodiestarase; D: dopaminergic receptors; HD: high dose; LD: low dose; PVR: pulmonary vascular resistance; CS: cardiogenic shock

a: alpha-adrenoceptors; B: beta-adrenoceptors.
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Decompensated heart failure

, Low cardiac output
StEp 1: SBP <90 for 30
<80 mmHg for =30 min
Is there a renal Cl<2.2 Liminim’
need for an inotrope? Cold & sweated extremities
Skin mottling

Oliguria <30 mi/h (<0.5 mlfka/min)
Altered mental status

Serum lactate =2 nmollL

SwDg <B0%

Liver enzyme elevation

Adequate intravascular volume

Normal or increased CVP

No IWC distensibility or SVC collapsibility under IMV
Megative fluid challenge (rise in filling pressure wio
increase in CI

Negative passive leg raising test

Megative end-axpiratory occlusion test or tidal volume
challenge

SVWIPPV <12% (when applicable)

Lack of treatable causes

Acute myocardial infarction (PCI)

Tachyarrhythmias (cardioversion)

Eradycardia (pacing)

Tamponade (pericardiocenthesis)

Valvular disease (valvuloplasty or valve surgery)
Inotropes can be used in combination
with or as a bridge to casual therapies

Pulmonary embolism {thrombolysis or thrombectomy)

Lack of viable alternatives

PCl or CABG (ischaemic disease with angina or
arrhythmias)
Mechanical circulatory support

Alternatives can be used in combination
with or due to the lack of response to inotropes

Step 2:

What inotrope is the

Chronic bela-blocker therapy: Levosimendan or milrinone
Cardiogenic shock: Norepinephrine plus dobutamine or levosimendan
RV failure andfor pulmonary hypertension: Levosimendan or milrinone
‘Waorsening renal function in cardiorenal syndrome: Levosimendan

most appropriate?

Ischaemic heart disease: Levosimendan or dobutamine

Septic cardiomyopathy: Norepinephrine plus dobutamine or levosimendan
Severe Takotsubo: Levosimendan

Repetitive use for advanced heart failure: Levasimendan

Stabilization criteria

Improvement of symptoms

Reduction in serum lactate
Restoration of diuresis

N

Figure 1 Practical considerations guiding the use and selection of inotropes in

seem to be underused' just as inotropes appear to be
overused. Inotrope therapy is properly confined to AHF
arising from low cardiac output with compensatory (but ex-
cessive) neurohormonal activation and sodium and water
retention manifesting as peripheral and pulmonary conges-
tion. Those patients represent a smaller proportion of the
overall population than some inotrope-prescribing data
might suggest.

Within that qualifying population, however, levosimen-
dan figures prominently in the reply to the question ‘Which
inotrope is the most appropriate?’ (Figure 1). These assess-
ments are not, of course, unrestricted endorsements for
the use of levosimendan (or any other specified inotrope)
but they represent our judgement of suitability based on
the balance of the available evidence, as set out in the re-
mainder of this essay.

Earlier remarks about the successful future treatment of
AHF involving the correct matching of the patient’s circum-
stances and pathophysiology to the intervention(s) used
are prefigured in several large trials of levosimendan and
have helped to shape some of our views. Of note in this
context is the observation that, in the sub-population of
the SURVIVE study treated in Finland, levosimendan was as-
sociated with a substantially lower 180-day mortality than
dobutamine (17% vs. 40%; P=0.023)." That significant sur-
vival benefit has been ascribed to the fact that those

Improvement of vital signs (SBP, HR, RR), SpQ,, SvO,
Improvement of invasive parameters (Cl, PCWP)

Improvement of echo-Doppler indices

acute heart failure. Data from Farmakis et al.’

patients were more likely to have been treated with beta-
blockers (88% vs. 52%; P < 0.0001), had their study treat-
ment started earlier (41 =40 vs. 81+ 154h; P<0.0001)
and were more likely to have an admission diagnosis of
acute myocardial infarction (MI) (39% vs. 16%; P < 0.0001).

Patients on chronic beta-blocker therapy

Patients already using beta-blockers—and this applies now-
adays to a large proportion of patients with acute-on-
chronic heart failure—can be expected to have better hae-
modynamic responses to levosimendan or milrinone than
to adrenergic inotropes because both those drugs promote
inotropy independently of the stimulation of beta-
adrenergic receptors and the downstream cAMP pathway.
Levosimendan is now considered a first-choice inotropic
therapy if beta-blockade is thought to be contributing to
hypotension with subsequent hypoperfusion (Class IIb, evi-
dence level C).">"

In the OPTIME-CHF trial in patients with decompensated
ischaemic heart failure, there was evidence for an
aetiology-specific deleterious impact of milrinone therapy.
Specifically, milrinone-treated patients with ischaemic
aetiology and without true hypoperfusion tended to have
worse outcomes than placebo-treated patients on the com-
posite outcome of death or rehospitalization at 60 days
(42% vs. 36%; P=0.01)." In contrast, levosimendan has
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been associated with a consistent trend towards improved
survival in various meta-analyses."” These differences
speak to the need to assign the right drug to the right pa-
tient and for the choice of intervention to be guided by
pathophysiology and clinical evidence. In the instance of
decompensated ischaemic heart failure, our favoured
options are levosimendan and dobutamine. '8

Changes in the functionality of cardiac beta-1 adreno-
ceptors is another aspect of heart failure that needs to be
considered. Pronounced activation of the sympathetic
system leads to down-regulation and desensitization of
beta-adrenergic receptors and a diminished adrenoceptor-
mediated contractile response in some circumstances.'®
The ability of levosimendan to promote inotropy in such
circumstances may be relevant to drug selection. The 2016
ESC guidelines emphasize that beta-blocker therapy should
if possible be maintained during treatment of AHF. For AHF
patients on beta-blockers an inotrope that acts as an ago-
nist at beta-adrenergic receptors is not a rational choice of
therapy.

Cardiogenic shock arising from acute coronary
syndrome

Cardiogenic shock (CS) is a particular aspect of AHF with
ominous prognosis and increased mortality. Many of these
cases emerge in the context of an episode of acute coro-
nary syndrome or acute decompensation of chronic heart
failure. CS is associated with significant derangement of
tissue perfusion, resulting in a vicious circle of progressive
interrelated multiorgan dysfunction that can be fatal if ap-
propriate and timely interventions are not forthcoming.

CS is identified in the 2016 ESC guidelines as a condition
warranting consideration of inotrope use'? and there is, in
general, widespread use of inotropes, vasopressors, and
other classes of drugs.?° There is limited reliable informa-
tion regarding the comparative efficacy of different
agents,'>2" however, and many current practices are often
empirical and pragmatic, possibly resting as much on cus-
tom and practice as on robust evidence. Broad principles of
therapy may nevertheless be identified.

Firstly, successful management of CS requires rigorous
(and urgent) focus on aetiology in parallel with or immedi-
ately after haemodynamic and respiratory stabilization.
Haemodynamic support with inotropes and vasopressors
may often take a subordinate or subsidiary role to interven-
tions such as percutaneous coronary intervention or me-
chanical circulatory support with temporary ventricular
assist devices or extracorporeal membrane oxygenation
(ECMO), and permanent mechanical circulatory support
[e.g. a left ventricular assist device (LVAD)] or heart trans-
plantation as possible longer-term options.2?

Inotropes, as a broad class, are endorsed to support the
circulation of patients who are demonstrably hypotensive
and/or hypoperfused despite adequate filling pressures.
This is a conservative or precautionary indication that
reflects concerns that adrenergic inotropes [and phospho-
diesterase (PDE)-Ill inhibitors] may increase cellular energy
demands and oxygen consumption in a situation of ischae-
mic compromise. These agents may also exert undesirable
influences on heart rate and/or rhythm, to the detriment

of patients. Because of its calcium-sensitizing action, levo-
simendan does not provoke similar untoward responses.
Moreover, it has anti-stunning and pre-conditioning effects
that may be advantageous. Data from a meta-analysis of
six studies involving 1065 patients with AHF/CS docu-
mented improvements in various indices of haemodynamic
function in acute coronary syndrome patients treated with
i.v. levosimendan and did not identify an adverse effect on
mortality.2® That finding is compatible with the survival
benefit of levosimendan in the RUSSLAN trial (in patients
with left ventricular failure due to an acute Ml1).%* Of note
also in this respect is that, in the subset of patients in the
SURVIVE trial who had acute Ml as a cause of AHF, the abso-
lute mortality rate among patients who received i.v. levosi-
mendan was 4% lower than in the dobutamine-treated
comparators (28% vs. 32%). That difference was not statis-
tically significant, perhaps due to limited numbers, but is a
noteworthy outcome. '

It has been proposed that levosimendan may be consid-
ered in four clinical AHF/CS scenarios based on a patient’s
haemodynamic status and Killip classification.”™ In the
lower Killip classes, and in patients with relatively well-
sustained blood pressure (systolic >110mmHg), levosimen-
dan may be used as monotherapy to enhance urinary out-
put if the response to diuretics is inadequate or to
overcome the effects of ongoing beta-blockade. In the
more advanced stages, it should be combined with a vaso-
pressor to augment cardiac output and support blood
pressure. All i.v. inotropes and vasopressors should be
used at the lowest effective dose and for the shortest possi-
ble time.

When vasopressors are used to support blood pressure,
noradrenaline should be preferred to adrenaline, based on
the findings of the OPTIMA-CC trial, in which adrenaline
induced excessive refractory heart failure,? and findings
from the SOAP-II trial.?® Although no definitive randomized
trials have been conducted which focus directly on the
arrhythmogenic effect of positive inotropes, it is known
from real-world experience that the beta-adrenergic drugs
dopamine, dobutamine, and adrenaline have a greater pro-
pensity to trigger fatal and non-fatal arrhythmias than
agents acting via alternative mechanisms, such as PDE
inhibition or calcium sensitization.

Supplementing a vasopressor with an inodilator may
merit consideration. This proposition is based on a propen-
sity score-matched analysis from three observational stud-
ies by the GREAT network, and therefore requires
confirmation in a suitably powered randomized controlled
trial.?” Nevertheless, the scale of the benefit achieved
with a (vasopressor + vasodilating inotrope) combination
over a vasopressor-only intervention is notable (hazard ra-
tio 0.66, 95% confidence interval 0.55-0.80). Subject to
confirmation from controlled trials, these and related
observations?®%? hint at a possible role for levosimendan in
combination with noradrenaline as an alternative to dobut-
amine or PDE inhibitors.

These positive sentiments notwithstanding, it has to be
acknowledged that there are currently no large, high-
quality studies of levosimendan in CS that provide convinc-
ing evidence of survival benefit?'-**3" and that there are
various obstacles to its use in that setting, notably the
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Figure 2 Kaplan-Meier analysis of the impact of addition of levosimen-
dan therapy (vs. no levosimendan) to standard-of-care measures on sur-
vival rates for patients being weaned from intensive care veno-arterial
extracorporeal membrane oxygenation. From a cohort of 150 patients, 42
of 51 were successfully weaned in the levosimendan group vs. 61 of 99 in
the non-levosimendan group (P=0.01). After Vally et al.*

potential for systemic arterial hypotension. In addition,
the long half-life may make it difficult to reverse vasodila-
tation once it has occurred.

A new randomized controlled trial (LevoHeartShock,
NCT04020263) is in progress that is designed to compare
the effect of levosimendan vs. placebo on top of conven-
tional dobutamine inotropic therapy on a combined mor-
bidity-mortality endpoint in patients with CS requiring
noradrenaline pressor therapy. A guiding principle of this
study, which is scheduled to recruit 610 patients, is that
the early use of levosimendan, by enabling the discontinua-
tion of dobutamine, will accelerate the resolution of signs
of low cardiac output and facilitate myocardial recovery.
This may be seen as an acknowledgement that at least
some of any benefit derived from levosimendan may arise
from the substitution of a more deleterious treatment
(dobutamine).

As a further example of the differential effects of ino-
tropes, there is evidence to suggest that patients who de-
velop CS after cardiac surgery and require temporary
extracorporeal life support and inotrope support for wean-
ing may benefit more from levosimendan than milrinone.?’
Preliminary studies, including a case series, indicate that
levosimendan may facilitate weaning of patients with CS
from veno-arterial ECMO support3?3* (Figure 2), thereby
reducing the potential for development of pulmonary oe-
dema. The need for high-dose conventional inotropes may
also be reduced.®® These findings, while theoretically
attractive, are, however, in need of thorough evaluation
and essential practical aspects, such as the timing and
duration of treatment and the optimal dosage, remain to
be established.

In a complementary study in 64 patients with post-
cardiotomy cardiac failure, use of levosimendan rather
than milrinone was associated with a higher rate of suc-
cessful weaning from extracorporeal life support (92% vs.
79%; P=0.18) and a significantly reduced requirement for
an intra-aortic balloon pump to aid weaning (7.7% vs.
15.40%, P=0.008). No significant differences were

recorded in inter-group noradrenaline requirements or in
death rates at 28 or 180 days (35% vs. 40%; P=0.28 and 50%
vs. 44%; P=0.80, respectively).® Further insights into
these matters may emerge from the Weanilevo trial
(Interest of Levosimendan in Reducing Weaning Failures of
ExtraCorporeal Life Support; NCT04158674).

Takotsubo cardiomyopathy

Catecholamines appear to play a central pathophysiologi-
cal role in the pattern of temporary left ventricular dys-
function in Takotsubo cardiomyopathy. Accordingly, the
use of adrenergic inotropes or PDE inhibitors should be
regarded as contraindicated on the grounds that further
amplification of adrenergic processes may worsen the
clinical status and prognosis of patients. Owing to its non-
adrenergic mode(s) of action, levosimendan has been ad-
vocated as a first-choice inotropic intervention when me-
chanical circulatory assist devices are not available,3¢”
and it may be preferable to the introduction of beta-
blockers. For the moment, however, this approach is
supported primarily by the pathophysiological rationale,
inferences from sophisticated preclinical models and
encouraging case reports rather than outcomes data from
robust clinical trials. Ivabradine may be an appropriate
alternative in cases characterized by excessive sinus
tachycardia.>®

Right ventricular failure and/or pulmonary
hypertension

In patients with right ventricular (RV) failure and/or pulmo-
nary hypertension (PH), we are disposed towards inodilata-
tion with milrinone or levosimendan for inotropic support,
due to their vasodilatory effects on the pulmonary vascula-
ture (Figure 3).>%*° A material consideration is that levosi-
mendan improves cardiac output in patients with left heart
failure without increasing biventricular oxygen consump-
tion, leading to an improvement in RV mechanical
efficiency.*!

It should be noted at the outset that this assessment
applies primarily to Type 1 PH (pulmonary arterial hyper-
tension) and Type 2 PH (PH due to left heart disease). The
latter accounts for two-thirds or more of cases,** making it
by far the most significant presentation.

A recent meta-analysis of 10 studies of levosimendan in
acute right heart failure identified statistically robust ben-
efits over placebo, with reductions in systolic pulmonary
artery pressure (PAP) and pulmonary vascular resistance
(PVR) (P <0.003 for both), plus a non-significant trend to-
wards lower PAP. Tricuspid annular plane systolic excursion
(TAPSE) and ejection fraction (EF) were significantly aug-
mented (P < 0.002 and P < 0.003, respectively).*

In investigations by Yilmaz et al.,** open-label levosi-
mendan was found to exert more favourable effects than
dobutamine (also open-label) in 40 patients with acutely
decompensated systolic heart failure and moderate-to-
severe RV dysfunction. Both treatments improved RV ejec-
tion fraction and decreased systolic PAP, but TAPSE, 24-h
urine output and creatinine all responded more favourably
to levosimendan than to dobutamine. Supportive findings
emerged from a separate echocardiographic study
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Increased heart rate

Coronary vasodilation
Unaffected RV oxygen consumption
Increased RV mechanical efficiency

Increased capillary density

Vasodilation
Reduced RV afterload
Attenuated pulmonary vascular
remodeling

Improved RV, EF and CO
Increased RV contractility
Improved right ventricular pulmonary arterial coupling
Cardioprotection
Reduced RV hypertrophy

Figure 3 Outline of the main cardiovascular effects of levosimendan in pulmonary hypertension and right heart failure. CO, cardiac output; EF, ejection
fraction; PH, pulmonary hypertension; RV, right ventricle. Rendition of figure from Hansen et al.*

involving 62 patients with acute left heart failure who
were randomized to levosimendan or dobutamine.®
Levosimendan was found to be superior to dobutamine in
improving RV systolic and diastolic function and reducing
systolic PAP.#

Levosimendan was found to be as effective as milrinone
in improving biventricular function and reducing mean PAP
and PVR in a randomized clinical trial in patients with PH
(N=40) undergoing valve replacement but was associated
with a greater increase in heart rate, a decrease in sys-
temic vascular resistance and a greater need for
noradrenaline.*

Other preclinical data and observations are encouraging
but require fuller investigation and scrutiny in adequately
powered and well-configured randomized clinical tri-
als.*”*® |n particular, there appear to have been no studies
of the effect of levosimendan on PH due to left ventricular
failure with preserved EF.

Septic cardiomyopathy

A low cardiac output state emergent as septic cardiomyop-
athy is a relatively common phenomenon in patients with
refractory septic shock.

Dobutamine has traditionally been used in this setting,
but the familiar catecholaminergic effects (initiation or ex-
acerbation of tachycardia, increased myocardial oxygen
consumption) limit its usefulness.

Levosimendan, again by virtue of its non-adrenergic
mode of action, can be used to support cardiac function in
septic cardiomyopathy, though it has to be recognized that
this is another ‘niche’ application for levosimendan, cur-
rently not well supported by clinical evidence.**>!

Pragmatic advice in this area is that it is prudent to main-
tain ionized calcium levels >1.2mmol/L when delivering
levosimendan. The need for increased vasopressor require-
ments can be mitigated by measures such as ensuring

adequate volume replacement, and perhaps a lower than
usual target for mean arterial pressure.>

Ventricular-aortic coupling

Effects on ventricular elastance (Ees), aortic elastance
(Ea), and ventricular-aortic (V-A) coupling merit some
consideration.

Optimal ventricular energy efficiency is achieved when
Ees is approximately equal to Ea. In AHF with reduced EF,
however, the combination of low EF and increased filling
pressures shifts the left ventricular end-systolic pressure-
volume relation downward and to the right: hence Ees
decreases. At the same time, Ea increases as part of the
normal autonomic response to compensate for the reduced
stroke volume. These alterations lead to a mismatch be-
tween ventricular and aortic compliance during systole
such that proportionately less energy is directed towards
useful work (i.e. cardiac contractility) and more is wasted,
as described in the left ventricular pressure-volume loop
(PVA).>® The PVA itself correlates with myocardial oxygen
consumption so these shifts in the Ees/Ea relation reflect
both energetic and contractile inefficiency in an often al-
ready compromised myocardium.

Medical intervention in AHF aims to restore a more
favourable Ees/Ea ratio either by (i) using vasodilators
(e.g. beta-blockers, calcium-channel blockers) to reduce
Ea or (ii) using i.v. inotropes to increase Ees even though
several of those agents (e.g. catecholamines or PDE-III
inhibitors) are associated with increased myocardial oxy-
gen consumption, as well as adverse effects such as
arrhythmias and increased mortality.>*

As an inodilator with impact on both Ees and Ea, levosi-
mendan can improve V-A coupling and enhance cardiovas-
cular performance via a distinctive mode of action.>>>¢
Such effects may be relevant in several of the settings con-
sidered in this essay.



Short-term treatments for acute cardiac care

D9

Other treatment considerations

The effects of i.v. milrinone and dobutamine have been
compared directly (retrospectively) in 329 patients admit-
ted for an acute exacerbation of congestive heart failure.>”
There was no significant difference in the in-hospital mor-
tality rate (dobutamine, 7.8%; milrinone, 10%) or clinical
outcome between the two groups. Furthermore, the use of
parenteral nitroglycerine and dopamine was similar in both
groups. However, 109 patients (40%) in the dobutamine
group required parenteral nitroprusside for haemodynamic
optimization, compared with 11 (18%) in the milrinone
group (P < 0.001). Dobutamine was favoured in the judge-
ment of the researchers because of its substantially more
favourable average direct cost per patient (inter-group dif-
ference ~US$1800; P < 0.0001). Dobutamine’s potential
for tachyphylaxis is at least theoretically problematic in
this setting. Its association with increased mortality is dis-
cernible®® but, as noted above, may not be an absolute de-
terrent for some patients.

Brief examination of the possible role of inotropes as a
‘bridge to destination therapy’ is also appropriate.

Among 103 patients at Eurotransplant high-urgent status
managed in a single centre in Germany, different inotropes
(adrenaline, dobutamine, levosimendan, milrinone, and
noradrenaline) were administered to restore haemody-
namic equilibrium. Patients were weaned from inotropes
as soon as possible after initial recompensation and then
treated with intermittent inotropes for up to 8 weeks.
During the period of observation, 14 patients died; 14 more
needed an LVAD; and 87 received heart transplants.
Cumulative survival rates were 75% and 67% at 3 and
12 months, respectively.>®

These data are supportive of a role for intermittent ino-
tropes as a bridge to transplant for some patients. In more
than half these patients, however, additional inotropic sup-
port was necessary. Prospective trials are therefore needed
to define closely the types and categories of patients most
likely to benefit from this measure and the most efficacious
agents and treatment protocols.

Inter alia, two pilot studies (one of them retrospective)
have produced indications that pre-procedural levosimen-
dan may be used with advantage in patients undergoing
LVAD implantation, both to improve clinical outcome and
survival and to aid the identification of patients at high risk
of RV failure. These possibilities merit further appraisal in
larger controlled trials.5%

Conclusions

Appropriate, effective and successful use of i.v. vasoactive
drugs in AHF flows from accurate appreciation of the causes
and pathophysiology of decompensation. One objective of
such an assessment is to avoid the inappropriate use of these
agents: there are indications that inotropes may have
been—and continue to be—somewhat over-prescribed in sit-
uations of acute cardiac decompensation. Inotropes (along
with vasopressors) are suited to the circumstances of
patients who display signs of inadequate peripheral perfu-
sion despite adequate filling status. Levosimendan is an

agent that can enhance cardiac inotropy through energy-
neutral mechanisms that sidestep the traditional adrener-
gic/catecholaminergic pathways to enhance cardiomyocyte
contractility.” It also exerts vasodilator effects that are rele-
vant to the relief of symptoms of haemodynamic decompen-
sation and perhaps the perfusion of major internal organs.
Due to its mode of action, levosimendan can be used in sit-
uations of chronic beta-blocker therapy.

These properties, combined with the lack of untoward
effect on later survival, make levosimendan a useful alter-
native to conventional inotropes in various decompensa-
tion states, as reviewed in this essay and elsewhere.%%%”
Once decided upon, treatment with levosimendan should
be started early, to minimize the potential for end-organ
damage. Bolus or loading doses should be avoided when a
fast response is not needed, and infusion should be com-
menced at doses of 0.1-0.2 ug/kg/min and continued for
24-48 h, with monitoring for hypovolaemia and electrolyte
imbalances. Noradrenaline should be available to maintain
adequate perfusion pressure (broadly, a mean arterial
pressure of >60-65 mmHg).
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