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Abstract

The authors report on the use of Levosimendan, a calcium sensitiser, a novel inotropic agent
in ventilator dependent ICU patients. Ten patients were treated in the intensive care setting with
Levosimendan. All 10 patients presented to the ICU with impaired left ventricular function, with cat-
echolamine, and prolonged ventilator dependence. Cardiac performance and ventilatory parameters
were evaluated pre and post levosimendan infusion. There was a statistically significant improvement
in left ventricular function as evidenced echocardiographically by increase of left ventricular ejection
fraction. There was a statistically significant improvement of the oxygenation index (PaO,/FiO, ratio).
It was therefore possible to reduce safely FiO,. Patients who responded to levosimendan with improve-
ment of left ventricular function were more likely to be weaned off mechanical ventilation than non-re-
sponders. The authors conclude that Levosimendan appears to provide significant benefit with regard
to optimisation of cardiac function and improvement of oxygenation index in ventilator dependent
patients with impaired left ventricular function and may potentially facilitate weaning.
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Abbreviations used

FiO,, inspired fraction of oxygen; LVEF, left ventricular ejection fraction; ICU, intensive care
unit; CHF, congestive heart failure; CRRT, continuous renal replacement therapy; PaO,, arterial par-
tial tension of oxygen; Sa0,, arterial haemoglobin saturation; BP, blood pressure; HR, heart rate; MAP,
mean arterial pressure; SD, standard deviation

INTRODUCTION

A novel inotropic agent, levosimendan, is being increasingly used in critically ill
patients worldwide, broadening its previously strictly cardiological indications.

There are only very limited data available in the literature regarding use of this
calcium sensitiser to optimise cardiac performance in ventilator dependent ICU
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patients. On the other hand, there is good evidence of improved long-term prognosis
of patients with limited cardiac function treated with levosimendan (1) compared
to those treated with conventional inotropes (beta agonists and phosphodiesterase
III inhibitors).

Weaning off mechanical ventilation in patients with cardiac dysfunction recover-
ing from critical illness is a complex and sometimes complicated process. Success-
ful weaning requires optimisation of the function of several organs or organ systems
amongst which the cardiovascular system plays one of the key roles (2).

This case series report is trying to highlight whether levosimendan could poten-
tially improve some of the parameters of oxygenation and ventilation and eventually
could lead to the improvement of the success rate of weaning (3).

MATERIAL AND METHODS

Ten patients admitted to general ICU in a teaching hospital, a tertiary referral centre, between
October 2002 and December 2003 were treated with levosimendan. Median APACHE II score was
24.6. Four patients presented after cardiac surgery (3 after coronary artery by-pass grafting, 1 after
mitral valve replacement), two following acute myocardial infarction with heart failure, two with acute
exacerbation of pre-existing congestive heart failure, two patients with chronic obstructive pulmonary
disease and congestive heart failure with combined right and left ventricular failure Prior to initia-
tion of treatment with levosimendan, all ten patients required support with conventional inotropes
and vasopressors (dobutamine or combination of dobutamine and noradrenaline) for a median of
6.5 days (5-33 days). Three patients required intra-aortic balloon pump (IABP) support, but at the
time of levosimendan administration all patients were already weaned off mechanical circulatory sup-
port. The mean dose of dobutamine at the start of levosimendan infusion was 8.7 microgm/kg/min,
(5-17.5 microgm/kg/min). Seven out of ten patients were receiving dobutamine in combination with
noradrenaline in a mean dose of 0.063 microgm/kg/min (0.01-0.2 microgm/kg/min)

Two patients with acute renal failure were treated with CRRT prior to initiation of levosimendan.
There was evidence of only moderate renal impairment at the time of levosimendan initiation in three
out of ten patients Levosimendan was given as a 12 mcg/kg loading dose in six patients and then in-
fused in addition to those inotropes and vasopressors already running at a dose of

0.1-0.2 microgm/kg/min for a period of 24 hours. Other four patients received a maintenance
dose of 0.1-0.2 microgm/kg/min only (eg without loading dose) as a continuous infusion over 24
hours, because of their haemodynamic instability (noradrenaline dose > 0.1 microgm/kg/min) and/or
moderate renal impairment (urea > 13.5 mmol/l, creatinine > 220 micromol/l).

All patients had continuous monitoring of blood pressure (invasively), ECG (lead II and V5), and
Sa02 during and after the infusion of levosimendan. Only 2 patients post cardiac surgery had invasive
haemodynamic monitoring via a Swan-Ganz floating catheter. Twelve-lead ECG was taken three times
during levosimendan infusion and the potassium level was checked 4 hourly. LVEF was measured
echocardiographically by two certified operators 12-24 hours prior to commencement and 12-24
hours after termination of levosimendan infusion.

The statistical method used to compare changes of measured physiological parameters was a
paired T-test calculated with GraphPad QuickCalcs software

RESULTS

There was an improvement in left ventricular function as evidenced echocardio-
graphically by a statistically significant (p = 0.02) increase from pre-infusion (29.5 %)
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to post-infusion (36.5 %) left ventricular ejection fraction. Following the use of
levosimendan there was also a highly statistically significant

(p = 0.003) increase of the oxygenation index (172 pre-infusion to 190 post-
infusion)

Improvement of OI allowed a statistically significant (p = 0.0005) reduction in
FiO, from 0.475 to 0.405. Other monitored parameters (eg SaO,, BP mean, BP
systolic, BP diastolic and heart rate) showed no significant difference pre and post
levosimendan infusion.

Selected measured parameters are summarised in the following table:

Pre infusion (SD) Post infusion (SD) p value
Heart rate (b/min) 90 (11) 89 (12) 0.6
MAP (mmHg) 84 (12.3) 87.2 (11.9) 0.51
Sa02 (%) 95.8 (2.1) 96.1 (1.8) 0.9
OI (PaO2/Fi02) 172 (5.62) 189 (13.6) 0.003
FiO2 0.475 (0.09) 0.405 (0.09) 0.0005
LVEF (%) 29.5 (4.97) 36.5 (7.1) 0.02

Conventional inotropes (dobutamine) were weaned in all cases within 24 hours
and vasopressors (noradrenaline) were weaned in all cases during the following 1-5
days after completion of levosimendan infusion without any signs of haemodynam-
ic instability. In three cases it was necessary to increase the dose of noradrenaline
due to transient hypotension during administration of the loading dose. No other
adverse effects (myocardial ischemia, prolonged QT, hypokalemia or dysrhythmias)
were noted.

Six out of ten patients were successfully weaned off mechanical ventilation and
survived to discharge from hospital. Two patients were extubated within 12 hours
after termination of levosimendan infusion. The average time from termination of
levosimendan infusion to successful weaning (defined as 48 hours without need of
any ventilatory support) was 3.6 days (2-4). A subgroup of six patients with previous
long-term ventilator dependence, eg > 2 weeks, all of them tracheotomised, showed
an interesting difference with regard to weaning off ventilatory support. Those who
responded to levosimendan and showed increase in LVEF > 5 % were subsequently
successfully weaned (2 patients). Four patients without any improvement or with an
increase of LVEF just equal to 5% were impossible to wean and all of them died. Of
the four who died (day 9-32 post levosimendan infusion), two died from sepsis, one
from multiorgan failure, and one from successive myocardial infarction.
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DISCUSSION

Drugs routinely used in many ICU’s to optimise cardiac function - such as

catecholamines and phosphodiesterase III inhibitors - have been shown to have
major setbacks with regard to short-term effects, eg tachyphylaxis (4), and espe-
cially to long-term prognosis (3,6). Levosimendan acts through direct binding with
troponin-C, thereby increasing the affinity of troponin-C for calcium in calcium
dependent manner causing enhanced actin-myosin cross-bridging, and hence in-
creased strength of systole (7) without additional energy and oxygen requirements.

During diastole (under low prevailing calcium concentrations) levosimendan,
unlike other calcium sensitisers, does not show any “calcium sensitising effect”(7).

This is probably of great importance for the prevention of potential worsening of
diastolic dysfunction (&). In addition, the long-lasting pharmacodynamic effects of

levosimendan metabolite OR-1896 (5-9 days) may help to maintain improved
cardiac performance (9) during prolonged weaning and even during the first 24-48
hours after extubation, which is often a very problematic phase.

Via opening ATP-dependent K channels levosimendan causes clinically signifi-
cant vasodilatation predominantly within coronary and pulmonary vasculature (/0)
and improves O, supply to myocardium and reduces right ventricular afterload. An
increasing number of patients with congestive heart failure receiving chronic beta
blockade (/7) present to ICU’s worldwide with acute decompensation. Administra-
tion of beta-agonistic drugs such as dobutamine is often ineffective or could be even
harmful because of a competing mechanism of action and the need for much higher
doses of beta agonists to obtain the desired haemodynamic effect (/2). This may be
another rationale why levosimendan could be a good therapeutic option for venti-
lator dependent patients with failing myocardium. Positive haemodynamic effects
have been demonstrated by Nijhawan also in a group of patients undergoing cardiac
surgery with the use of cardiopulmonary by-pass (/3).

The reported case series shows that levosimendan can be used in critically ill
patients with prolonged ventilator dependency and those with significant increase
of their LVEF are more likely to be successfully weaned off ventilator support com-
pared to those who do not respond to levosimendan administration. The improved
success rate of weaning may be directly attributed to the improvement in cardiac
performance, since there was no difference between pre and post infusion results
of other important parameters such as renal function (urea, creatinine), levels of
potassium, phosphates, calcium, magnesium, thyroid function tests, level of con-
sciousness, and muscle power.

Nutritional parameters were not measured but it is unlikely to expect any sig-
nificant changes within 24-48 hours of levosimendan infusion. To validate the ob-
served results as well as the prognostic value of responsiveness to levosimendan
with regard to the subsequent weaning success (non-responders did not survive), we
will need much larger studies to be conducted in the future.
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CONCLUSION

We conclude that Levosimendan appears to be safe and may offer a significant
benefit with regard to improvement of oxygenation in ventilator dependent patients
with impaired cardiac function. Despite the limited number of patients reported in
this case series the authors believe that levosimendan may potentially facilitate the
weaning process and can improve the success rate of weaning off mechanical venti-
lation in patients with limited cardiac function.

Stérba M., Wigmore T.

LEVOSIMENDAN ZLEPSUJE HEMODYNAMICKY PROFIL, OXYGENACNI INDEX A
USPESNOST ODPOJOVANI VENTILOVANYCH PACIENTU INTENZIVNI PECE SE
ZHORSENOU SRDECNI FUNKCI. KAZUISTIKY 10 PACIENTU

Souhrn

Autori referuji zkuSenosti s pouzitim levosimendanu, nového inotropika u pacientl intenzivni
péce, zavislych na umélé plicni ventilaci. Deset pacient bylo IéCeno levosimendanem v podminkach
oddéleni intenzivni péce. VSech 10 pacientli bylo prijato se znamkami zhorsené funkce levé komo-
ry, zavislosti na katecholaminech a bylo dlouhodobé na umélé plicni ventilaci. Srde¢ni vykonnost a
ventilacni parametry byly méfeny pied a po podani infiize levosimendanu. Bylo zaznamenano stati-
sticky vyznamné zlepSeni funkce levé komory, coz bylo prokazano echokardiograficky jako zvyseni
ejekéni frakce levé komory. Doslo ke statisticky vyznamnému zvySeni oxygenaéniho indexu (poméru
Pa02/Fi02), bylo tedy mozno bezpecné snizit inspiracni frakci kysliku (FiO2). Pacienti, u nichz doslo
ke zlepSeni funkce levé komory po podani levosimendanu, méli vyssi pravdépodobnost uspésného
odpojeni od umélé plicni ventilace nez pacienti, ktefi na levosimendan nezareagovali.

Autofi uzaviraji, ze podani levosimendanu muze poskytovat vyznamnou vyhodu pii optimaliza-
ci srdecni funkce a zlepSeni oxygenacniho indexu u pacient zavislych na umélé plicni ventilaci se
srde¢nim selhavanim a pfipadné usnadnit jejich odpojovani od umélé plicni ventilace.

REFERENCES

1. Follath, Cleland, Just et al: Efficacy and safety of intravenous levosimendan compared with do-
butamine in severe low output failure (the LIDO study): randomised double-blind trial. Lancet
2002; 360: 196-202.

2. Bersten S: Oh’s Intensive Care Manual, 5th edition, 2003; 316-318.

3. Papadoupolou, Manolakoglou, Stanopoulos: Haemodynamic effects of nitroglycerine and levosi-
mendan during difficult weaning. http://meeting.chestjournal.org/cgi/

4. Leier, Binkley: Parenteral inotropic support for advanced congestive heart failure. Prog Cardiovasc
Dis 1998; 41(3): 207-224.

5. Packer, Carver, Rodeheffer et al: Effect of oral milrinone on mortality in severe chronic heart failure.
N Engl J Med 1991; 352: 1468-1475.

6. Uretsky, Jessup, Koostam et al: Multicentre trial of oral enoximone in patients with moderately
severe congestive heart failure: lack of benefit compared with placebo. Circulation 1990; 82:
774-780.

7. Gillies PS, Goa KL, Figgitt DP: ADIS new drug profile: levosimendan. Drugs 2001;

8. Janssen, Datz, Zeitz, Hasenfuss: Levosimendan improves diastolic and systolic function in failing

human myocardium. Eur J Pharmacol 2000; 404: 191-199.

9. Takahashi, Talukder, Endoh: Inotropic effects of OR-1896, an active metabolite of levosimendan,
on canine ventricular myocardium. Eur J Pharmacol 2000; 400: 103-112.

10. De Witt, Ibrahim, Bayer et al: An analysis of responses to levosimendan in the pulmonary vascular
bed of the cat. Anesth Analg 2002; 94: 1427-1433.

357



11.
12.

13.

Cleland: The evidence for beta blockers in heart failure. BMJ 1999; 318: 824-825.

Cavana, Pignarato, Fraticelli, Mebazaa: The clinical experience with Levosimendan in anaesthesiol-
ogy and in the intensive care unit. Ital Heart J 2003; 4 (Suppl 2): 61S-64S.

Nijhawan, Nicolosi, et al: Levosimendan enhances cardiac performance after cardiopulmonary
bypass: a prospective randomized placebo-controlled trial. J Cardiovasc Pharmacol 1999; 34:

219-228.

358



