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• Di quale farmaco stiamo parlando ( caratteristiche, 

meccanismo d’azione, farmacocinetica)

• Insufficienza Cardiaca ACUTA

– SC congestizio/bassa portata

– Shock Cardiogeno

– Sindromi coronariche acute

• Insufficienza Cardiaca CRONICA

– SC avanzato/refrattario

– SC cronico con Ipertensione Polmonare secondaria

AGENDA



Role of intravenous inotrope therapy in AHF

 A subject of controversy

 Lack of prospective, randomised, controlled trials

 Lack of clear recommendations from guidelines 



Pollesello P et al. Int J Cardiol 2016



 Meccanismo d’azione

 Farmacocinetica

LEVOSIMENDAN

- Peculiarità rispetto ad altri inotropi -
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LEVOSIMENDAN

- Peculiarità rispetto ad altri inotropi -



Levosimendan



Levosimendan

Utilizes a dual mechanism of action

• Ca++ sensitization of the contractile proteins

– Inotropic effect

• Smooth muscle K+ channel opening

– Peripheral vasodilation

• Potent acetylated metabolite

– Ca++ sensitizer, 80 hs half-life

Increase in Cardiac Output ≥30% and a Decrease in PCWP ≥25%

Lido Trial

P= 0.022

Follath et al. Lancet 2002



Levosimendan: a triple mechanism of action

• calcium dependent binding to cTnC

• opening of KATP channels on smooth muscle cells in vasculature

• opening of KATP channels in cardiac mitochondria

Papp Z et al. Int J Cardiol 2012;159(2):82-7
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Levosimendan: a triple mechanism of action

• calcium dependent binding to cTnC

• opening of KATP channels on smooth muscle cells in vasculature

• opening of KATP channels in cardiac mitochondria

Papp Z et al. Int J Cardiol 2012;159(2):82-7



Levosimendan increases the efficiency 

Guarracino F et al. Acta Anaesth Scand 2007;51:1217–24
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levosimendan
in patients with ischemic cardiomyopathy

human/clinical



Zemljic G, et al. J Cardiac Fail 2007;13:417-21

Levosimendan improves long-term renal function

in advanced chronic heart failure patients awaiting cardiac transplantation.

Levosimendan increases kidney function

human/clinical 



Levosimendan: a triple mechanism of action

• calcium dependent binding to cTnC

• opening of KATP channels on smooth muscle cells in vasculature

• opening of KATP channels in cardiac mitochondria



Levosimendan has an anti-ischemic effect

levosimendan reduces myocardial infarct size and increase left ventricular 

function after acute coronary occlusion

Tarkia M et al. Heart 2016 [ePub Jan 13] 

Levosimendan vs placebo after occlusion of the left anterior descending coronary artery. Left 

ventricle end-diastolic volume (EDV), end-systolic volume (ESV) and ejection fraction (EF) 

measured by CT after 8 weeks of levosimendan treatment (5 mg/kg/day) vs no therapy

In vivo pig model



Levosimendan has an anti-stunning effect

In a 24 patient group with ACS the total number of hypokinetic segments 

decreased in the levosimendan group vs placebo

Sonntag S et al. JACC 2004;43:2177 
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 Farmacocinetica

LEVOSIMENDAN

- Peculiarità rispetto ad altri inotropi -



Levosimendan and its active metabolite 

Szilagyi S et al. Eur J Pharmacol 2004;486:67-74



 Molecola madre (Levosimendan)

 Rapida insorgenza d’azione (circa 20 minuti dopo il bolo e 4 ore durante infusione 

continua).

 Rapida eliminazione (t1/2 = 1 ora). E’ completamente metabolizzato ed eliminato 

per via urinaria (55%) e attraverso le feci (45%). 

 Metabolita attivo (OR-1896) (5%)

 Lenta insorgenza d’azione (raggiunge il picco di concentrazione in 48 ore)

 Lenta eliminazione  (t1/2= ~80 ore)

 OR-1896 è un “calcium sensitizer” potente come levosimendan

 Il profilo emodinamico è simile a quello del levosimendan

 Risposta emodinamica protratta

Farmacocinetica e metabolismo del levosimendan



Levosimendan and its active metabolite have similar 
inotropic effects

Szilagyi S et al. Eur J Pharmacol 2004;486:67-74

In vitro cell model



Erdei N et al. Br J Pharmacol 2006;148:696-702

Levosimendan and its active metabolite have similar 
vasodilatory effects

Ex vivo rat model



Levosimendan and its active metabolite non-protein bound 
plasma concentrations
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24 h infusion

from  Kivikko M et al. Int J Clin Pharm & Ther 2002;40:465
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L-Simendan

Different Haemodynamic effects of inotropic drugs

Milrinone



LEVOSIMENDAN

- INSUFFICIENZA CARDIACA ACUTA -



Circ Heart Fail 2010;3;314-325

Clinical Presentation, Targets and Therapies  



When?

How long?

Which

inotrope?

Inotropes alone or 

with vasodilators?

Clinical

protocol?

Inotropes alone or 

with vasoconstrictors?

Randomized

trials?

Guidelines?



LEVOSIMENDAN: Studio SURVIVE

• Età >18 a., FE <.30.

• Scompenso non responsivo a diuretici e vasodilatatori

• Uno o più dei seguenti sintomi/segni:

– Dispnea o necessità di ventilazione

– Oliguria non secondaria a ipovolemia

– WP >18 mmHg e/o CI <2.2 l/min/m2.

• End-point: mortalità a 6 mesi

Levosimendan 0,12 g/Kg/min x 1 h,

poi 0,1-0,2 g/Kg/min per 23 h

Dobutamina 5 g/Kg/min, max 40,

per almeno 24 h (tapering usuale)



:

LEVOSIMENDAN: 

SURVIVE Study

Mebazaa et al. JAMA 2007;297,1883-1891



SURVIVE Study

Mebazaa, A. et al. JAMA 2007;297:1883-1891

Mean Change From Baseline in Systolic and Diastolic Blood Pressure

Through 5 Days by Treatment Group



Inotropes

and Beta-Blocker Therapy

83



Effects of Long-term Carvedilol on the Cardiac 

Index Response to Inotropic Agents

Dobutamine
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Subset Analysis of Patients Enrolled in the LIDO Study

With b-Blockers*P=0.01; †P=0.03

*

*

†

†

Without b-Blockers

With b-Blockers

+b

+b+b

+b

LEVO, n = 103

DOB, n = 100

LIDO Effect of b-Blockers

Follath F, et al. Lancet. 2002;360:196-202.



0 0,5 1 1,5 2

Hazard Ratio (95% CI)

Favors 

Levosimendan
Day, Group

5 b-blocker users*
b-blocker non-users

14 b-blocker users*
b-blocker non-users

31 b-blocker users*
b-blocker non-users

90 b-blocker users*
b-blocker non-users

180 b-blocker users*
b-blocker non-users

Favors 

Dobutamine

p-value = 0.01

Hazard Ratios for Patients on Blockers 

at Baseline Appeared to Favor 

Levosimendan

* Within 24 hours of study drug infusion

Interaction
p-value

0.014



0,1 1 10
Hazard Ratio (95% CI)

Favors 

Levosimendan

Favors 

Dobutamine

SURVIVE 

Day, Group

5 Previous history of CHF
No previous history of CHF

14 Previous history of CHF
No previous history of CHF

31 Previous history of CHF
No previous history of CHF

90 Previous history of CHF
No previous history of CHF

180 Previous history of CHF
No previous history of CHF

0.5 2
88% had history of CHF

12% had no previous history of CHF

Interaction
p-value

0.053

0.023

0.046

Mebazaa et al. JAMA 2007;297,1883-1891



Inotropes

and Ischemic Aetiology

96



Spinar J et al. Critical Care 2011

52% 59%





OPTIME-CHF Trial: Sub-Group Survival

Milrinone
Non-ischemic
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Ischemic
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Felker GM, et al. J Am Coll Cardiol. 2003;41:997-1003.

Cuffe MS, et al. JAMA. 2002;287:1541-1547.

Effect of Milrinone on Survival
Kaplan-Meier Survival Curves to 60 Days by 
Heart Failure Etiology and Treatment Assignment



Kaheinen P et al. J Cardiovasc Pharmacol 2004

Effects of levosimendan and milrinone on oxygen consumption 

in isolated guinea-pig heart.



Moiseyev VS et al.  Eur Heart J 2002

Safety and efficacy of a novel calcium sensitizer, levosimendan, in patients

with left ventricular failure due to an acute myocardial infarction. A 

randomized, placebo-controlled, double-blind study (RUSSLAN).



Fuhrmann JT, et al. Crit Care Med 2008  

Levosimendan is superior to enoximone in refractory cardiogenic 

shock complicating acute myocardial infarction

32 pts with refractory cardiogenic shock for >2 hrs requiring additional therapy.



Hemodynamic improvement following levosimendan treatment in 

patients with acute myocardial infarction and cardiogenic shock*

Russ MA et al. Crit Care Med 2007  



Early and sustained haemodynamic improvement

with levosimendan compared to intraaortic balloon counterpulsation

(IABP) in cardiogenic shock complicating acute myocardial infarction.

Christoph A et al. Acute Card Care 2008







135

Int J Cardiol 2010



Int J Cardiol 2010



Journal of Cardiothoracic and Vascular Anesthesia 2015



ALARM-HF Registry

Mebazaa A  Intensive Care Med 2011





INOTROPI
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Mortara A, Oliva F  et al. J Heart Lung Transplant 2014; 33: 1056-65.
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Altenberger J J Cardiovasc Pharmacol 2018



LEVOSIMENDAN

- INSUFFICIENZA CARDIACA Cronica Avanzata -



Advanced HF

Red Flags

• Intolerance of beta-blockers and/or ACE 
I/ARB

• High diuretic requirement

• Persistence of elevated BNP/NT proBNP

• Recurrent hospitalizations

• Need for inotropes

• Hyponatremia

• Progressive renal insufficiency
F.Oliva



IN-HF Outcome Chronic HF: 

All-cause mortality by NYHA and etiology

NYHA class

(n. 3755) (n. 3084) (n. 671) (n. 2044) (n. 1711)

p<.0001

p=0.17

Etiology



IN-HF Outcome

Acute HF: all-cause mortality

(n. 1855) (n. 1058) (n. 797)

24.0%

27.7%

19.2%

Oliva F, Mortara A, Cacciatore G et al EJHF 2012



Recurrent hospitalisations – impact on outcome 

Setoguchi S, et al. 2007;154(2):260-6



Economic burden

• Distribution of monthly medical costs from the time of HF 
diagnosis until death for those surviving 36–48 months 
after diagnosis

High costs at diagnosing phase and near end of life

Dunlay MS et al, Circ Cardiovasc Qual Outcomes. 2011;4(1):68–75





Yes

Listing Txc

Stable
Outpatient Clinic

Unstable/In-hospital
Difficult access Donors pool

No

Suitable for LVAD

Yes

LVAD Implant
Bridge

Destination

Advanced Heart Failure

Elegible for  Txc

Reversible cause

No
Yes

Correct Reversible cause

No



Treatment of heart failure
- adapted from ACCF/AHA guideline

Yancy CW. Circulation. 2013;128:e240-e327

HRQOL =  health-related quality of life 
ICD  =  implantable cardioverter-defibrillator 
MCS =  mechanical circulatory support





Intermittent 6-month low-dose 

dobutamine infusion in severe HF:

Control
(19 patients)

Dobutamine
(19 patients)

Total hospitalizations 17 11

Worsening HF
hospitalizazion

11 7

> 2 hospitalizations 4 0

Death 3 5

Time to death, days 114 93

Withdrawals 4

Oliva et al., Am Heart J 1999; 138:247

DICE multicenter trial



Meta-analysis 2002 
(Thackray et al, Int J Cardiol)

4 randomized studies, intermittent dobutamine infusion 

Doubt effect on mortality 

Less use of   ßB, amiodarone and ICD 



• No increase in intracellular calcium concentration or 
myocardial oxygen demand (unlike dobutamine and 
milrinone)

• Beneficial haemodynamic effects (PCWP, CO) 

• Beneficial symptomatic effects

• Beneficial effects on neurohormones (natriuretic peptides)

• Prolonged effects via formation of active metabolite(s)

• No attenuation of effects in beta-blocked patients (unlike in 
case of dobutamine)

Altenberger J et al. Eur J Heart Fail 2010;12:186−92

Theoretical advantages of levosimendan (1)



Levosimendan REP

LIDO trial, Lilleberg et al. J Heart Fail 2007

Authors NANAS

2005

PARISSIS

2006

MAVROGENI

2007

PARLE

2008

PAPADOPOLOU

2009

BONIOS

2011

N patients 36 17 50 44 20 21 + 21

Study 

design random

Dobu(D)vs 

L

random

OMT vs L

random

OMT vs L

observational longitudinal

prospective

random 

D vs L vs L+D

Protocol

0,2 

γ/kg/min 

for 24 h 

every 2 

weeks

0,1 

γ/kg/min in 

24 h  with 

BOLO 

every 2 

weeks

0,1 γ/kg/min 

24 h with 

BOLO  every 

month

12, 5 mg/ 24  

in 24 h every 

66 days

0,1 γ/kg/min 

in 24 h every 

month

0,2-0,3 

γ/kg/min 

per 6 h

every  week

Fw up 
(months) 3 6 6 6 6 6

Results

Survival 

improveme

nt with  L at 

45 days

Improvement 

in NYHA 

class,Echo 

parameters 

and lab

Improvement in 

NYHA 

class,Echo 

parameters and 

lab, 6 month 

survival, safety

Improvement in 

NYHA 

class,Echo 

parameters and 

lab,

QoL and echo 

parameters

Survival 

Improvement 

with L at 6 

month, 

NYHA, CI e 

PCP a 3 m

Singol-center study,  low number of patient.

All patients with refractory HF with severe LV dysfunction 

(FEVS<30%).

In all the protocols repetitive planned treatment, mostly 

inpatient

Significant improvement in QoL, NYHA class, echo 

parameters,  BNP/NT-proBNP decrease



Altenberger J J Cardiovasc Pharmacol 2018



Altenberger J J Cardiovasc Pharmacol 2018



RELEVANT-HF
REpetitive LEVosimendan in AdvaNced refracTory Heart Failure

• Registro multicentrico retrospettivo sull’effetto di 
Levosimendan periodico in pazienti con scompenso cardiaco 
avanzato refrattario (ARHF) per valutare efficacia e sicurezza 
di infusioni ripetute programmate.

• Obiettivi:
• Giorni trascorsi in ospedale per scompenso cardiaco (DIH) 

nei 6 mesi dall’inizio del trattamento rispetto ai 6 mesi 
precedenti

• Numero e durata dei ricoveri nei 6 mesi di trattamento 
rispetto ai 6 mesi precedenti

• Variazioni rispetto al basale di classe NYHA, GFR, livelli di 
peptidi natriuretici

• Combinazione di decesso/trapianto urgente/impianto di 
LVADnei 12 mesi dall’inizio del trattamento

F.Oliva



RELEVANT-HF
Criteri Inclusione

• Scompenso cardiaco avanzato refrattario (ARHF) avviati a LEVO-REP 

come palliazione o ponte a terapie di sostituzione cardiaca

• Storia di > 2 ospedalizazioni o accessi in DEA per scompenso cardiaco 

nei 6 mesi precedenti

• Classe NYHA III-IV       INTERMACS 4-7

• HFrEF

• Terapia farmacologica ottimizzata da almeno 4 settimane

• GFR > 30 ml/min

• Infusioni periodiche , senza bolo, dose 0.05-0.2 mcg/kg/min, 

intervallo 2-8 settimane
F.Oliva



RELEVANT-HF

• 185 pazienti dal Maggio 2005 all’Ottobre 2016

• 7 centri cardiologici ( range di arruolamento 8-50 pz)

• Età 66+13 anni           80% maschi

• Indicazione al trattamento:
• Bridge to Txc/candidacy/decision 69 pz (37%)

• Palliation 116 pz ( 63%)

• Modalità di trattamento:
• 33% domicilio

• 11% Day hospital 
• 56% ricovero breve

F.Oliva



1,3

17,4

2,8

1,8

21,6

9,6

0 5 10 15 20 25

 N° HF admissions

Length of stay HF
admissions

Percent days in hospital
(DIH)

6 months  pre-LEVO 6 months on LEVO

RELEVANT-HF

Oliva F. et al ESC 2017* p<0.0001 ** p=0.001

*

**

**



0%

20%

40%

60%

80%

100%

Baseline 3 6 12

NYHA class changes over time

I II III IV

RELEVANT-HF

Oliva F. et al ESC 2017



600

650

700

750

800

BNP n=77

0
1000
2000
3000
4000

NT-proBNP n=82

Median natriuretic peptides values  over 6 months

RELEVANT-HF

Oliva F. et al ESC 2017



Yes

Listing Txc

Stable
Outpatient Clinic

Unstable/In-hospital
Difficult access Donors pool

No

Suitable for LVAD

Yes

LVAD Implant
Bridge

Destination

Advanced Heart Failure

Elegible for  Txc

Reversible cause

No
Yes

Correct Reversible cause

No



Yes

Listing Txc

Stable
Outpatient Clinic

Unstable/In-hospital
Difficult access Donors pool

No

Suitable for LVAD

Yes

LVAD Implant
Bridge

Destination

Complications urgent Txc Listing

Complications LVAD Replacement

No
Congestion

Diuretic ev
Amb/DH

UF/Dialisi

Advanced Heart Failure

Elegible for  Txc

Reversible cause

No
Yes

Correct Reversible cause



Yes

Listing Txc

Stable
Outpatient Clinic

Unstable/In-hospital
Difficult access Donors pool

No

Suitable for LVAD

Yes

LVAD Implant
Bridge

Destination

Complications urgent Txc Listing

Complications LVAD Replacement

No
Congestion

Diuretic ev
Amb/DH

UF/Dialisi

Hypotension/
Low output

Levosimendan

Non
Responder

Ambulatory
Dobutamine  

Responder

Levosimendan Rep

Recurrent Acute HF

Advanced Heart Failure

Elegible for  Txc

Reversible cause

No
Yes

Correct Reversible cause



• Outpatient inotropic therapy may be considered as bridge or 
palliative therapy

• Current data suggest that intermittent/repetitive 
Levosimendan infusion can be used to maintain patient 
stability

• There is evidence showing improvements in haemodynamics, 
symptoms, rehospitalization rates, QoL and biomarkers.   The 
issue of mortality will require further studies.

Advanced-Refractory HF Treatment
INFERENCES 



What do we know?

Meta-analysis on trials with levosimendan vs placebo, dobutamine or 

prostaglandins – reduction in mortality!

Silvetti S, et al. Int J Cardiol 2016:202



Proposal for a new study:

Rationale



Study hypothesis

Compared with placebo, repetitive administration of
levosimendan in the post-acute heart failure syndrome (AHFS)
discharge period, will be associated with greater clinical
stability through 14 weeks as assessed by a composite clinical
endpoint consisting of mortality, acute heart failure episodes and
change in natriuretic peptide levels

Aim of the study

To test the efficacy and safety of intermittent levosimendan
therapy started during the vulnerable phase after a recent
hospitalisation for heart failure


