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BACKGROUND

Low cardiac output syndrome (LCOs) is a serious complication in critically ill patients or those undergoing major surgery, resulting in multiple organ damage with significant in-hospital and long-term morbidity and mortality, as well as prolonged hospital stay. In this setting the mortality rate is distressingly high despite improvements in intensive care treatment, but survivors have an acceptable quality of life.

Three recent meta-analysis suggested that levosimendan has cardioprotective properties and reduces cardiac troponin release and mortality in patients undergoing cardiac surgery and in those with acute decompensated heart failure. 

In the first meta-analysis (1) a total of 139 patients undergoing cardiac surgery (5 randomized clinical trials) were randomized to receive levosimendan or best available treatment. We observed that levosimendan was associated with a significant reduction in cTn peak release (weighted mean difference = 2.5 ng/dl [-3.86,-1.14], p = 0.0003.) and in time to hospital discharge (weighted mean difference = -1.38 days [-2.78,0.03], p = 0.05).

The second, (2) more updated meta-analysis (a total of 440 patients from 10 randomized controlled studies) was also performed in the specific setting of cardiac surgery. Levosimendan was associated with a significant reduction in postoperative mortality (11/235 [4.7%] in the levosimendan group vs 26/205 [12.7%] in the control arm, OR=0.38 [0.19-0.76], p for effect=0.007, NNT=12).

In the third meta-analysis, (3) that included 3350 cardiac surgery and heart failure patients receiving levosimendan (1893 patients) or best available treatment (1457 patients) the use of levosimendan was associated with a significant reduction in mortality (333/1893 [17.6%] in the levosimendan group vs 326/1457 [22.4%] in the control arm, OR=0.74 [0.62-0.89], p for effect=0.001 NNT=21). 

It should be underlined that no inotropic drug has ever demonstrated to have beneficial effects on outcome in the setting of heart failure or cardiac surgery. On the contrary, previous studies and meta-analysis suggested an increased mortality in patients receiving “old” inotropic drugs. (4) (5) (6)

RATIONAL

No inotropic drug has ever demonstrated to have beneficial effects on outcome in the setting of heart failure or in the perioperative period of major surgery. Previous studies and meta-analysis suggested an increased mortality in patients receiving “old” inotropic drugs. (4) (5) (6)The originality of this large multicentre randomized placebo-controlled trial stands on the current non-evidenced-based-medicine use of inotropic agents in critically ill patients with low cardiac output syndrome or with decompensated heart failure. 

Interestingly, the calcium sensitizer levosimendan has a double mechanism of action that could explain, in part, why do we expect to document, for the first time, a beneficial effect of an inotropic agent in clinically relevant outcomes: by binding to cardiac troponin C, it enhances myofilament responsiveness to calcium, thereby increasing myocardial contraction without increasing myocardial oxygen consumption; in addition, levosimendan activates adenosine triphosphate-dependent potassium channels which are important mediators of ischemic and pharmacological cardioprotection. (7) 

Most importantly, the originality of this trial will stay in the updated knowledge of the principal investigators. After publishing a first meta-analysis on this topic (1) and documenting the cardioprotective properties of this drug, we performed further meta-analyses (2), (3) and documented, for the first time, the possible beneficial effects on survival of an inotropic agent. Even if we presented the preliminary results of this meta-analysis to an important congress, (3) we still have a “competitive advantage” with regard to other investigators who are not fully aware of the important results of these meta-analyses.

It should be underlined that we’re planning to treat patients “early” in the course of their low cardiac output syndrome: at the beginning of surgery in case of an ejection fraction< 25%, immediately after cardiopulmonary bypass in those patients who need high doses inotropic drugs for weaning, and early in the intensive care in those patients who will develop an initial low cardiac output syndrome within 24 hours from surgery).

An other originality of this study is represented by the important existing network of Italian centres that will participate to the study under the coordination of ITACTA (Italian Association of Cardiothoracic Anesthesiologists) allowing for a rapid patients’ enrolment and conclusion of the study.

In summary, the originality of this study includes:

--studying a clinical setting with an high mortality rate where all previously studied inotropic agents have failed

--using updated evidence based medicine (meta-analyses) as background and study hypothesis

- involving those patients who would benefit more from cardiac protection (those with an early low cardiac output syndrome)

- using a new inotropic agents that doesn’t increase myocardial oxygen consumption and that have pharmacological preconditioning effects

--using an established network of Italian cardiac anesthesia and intensive care units.

According to a recent meta-analysis, (1) the use of levosimendan reduces mortality in cardiac surgery. Common experience and further meta-analyses (2) (3) also suggest that the beneficial cardioprotective effects of this agent could also translate into a reduced intensive care and hospital stay. This will likely result in a decrease in the use of hospital resources and, therefore, in the cost of care. This effect will be important because we will selectively enroll high risk patients in which the risk of death is very high. Reduction in cost per patient will be also relevant.

The aim of this randomised, double blind study is to confirm the promising results of the above cited meta-analyses (1) (2) (3) and to provide valid clinical evidence on the properties of levosimendan in critically ill patients undergoing cardiac surgery.

30.000 cardiac surgical interventions are performed in Italy every year (and 1.000.000 in the world). Since mortality in 2% of the general population and up to 20% in high risk subgroups, we estimate that up to 150 high risk patients per year and 100 low risk patients (overall 7.500 in the world) could benefit (survive) yearly thanks to the results of this study.

Reduction in cost per patient will be striking, since low cardiac output syndrome prolongs intensive care and hospital stay.

HYPOTHESIS AND STUDY OBJECTIVES 
The study is powered to detect a reduction of the 30 days mortality in critically ill cardiac surgery patients from 10% to 5%. 

Secondary endpoints will be represented by

--mortality at 1 year

--time on mechanical ventilation

--acute renal failure (following the R.I.F.L.E. score definition)

--length of intensive care and hospital stay

30.000 cardiac surgical interventions are performed in Italy every year (and 1.000.000 in the world). Since mortality in 2% of the general population and up to 20% in high risk subgroups, we estimate that up to 150 high risk patients per year and 100 low risk patients (overall 7.500 in the world) could benefit (survive) yearly thanks to the results of this study.

Reduction in cost per patient will be striking, since LCOs prolongs intensive care and hospital stay.

STUDY DESIGN

We’re planning a large multicentre randomized double-blind clinical trial (levosimendan vs placebo) that will enroll 1000 patients undergoing cardiac surgery (such as coronary artery bypass grafting, valvular repair or replacement, ascending aorta replacement…). 

Sample-size calculation and interim analysis are described in details below. 

The study drug will be administered in the Intensive Care Unit for 24-48 hours and the patients observed till ICU discharge. Telephone follow up will be performed at 30 days and at one year.

Randomization

Subjects will be allocated according to a centralized randomization derived from a computer-generated list of random number (in a sealed opaque envelope) that will be available only shortly before the preparation of the study drug. Data will be collected by trained observers who will not participate in patient care and will be blinded to the administered drug. The randomisation, performed at the last available moment, will reduce most biases together with the double blindness of the study.

Timing

The study will be concluded within 2 years after the first randomization. The work in progress will be checked monthly. The final report will be provided 2 months after randomizing the last patient.

We’ll perform two ad interim ad analysis after enrolling at 250 and 500 patient, but the results of the analysis will be blinded. 
Structure and equipment available for research and collaborations
The study will be conducted in cardiac surgery operating rooms and intensive care units of Italian Teaching Hospitals. All these hospitals have the structure and equipment to conduct the research. It should be underlined that the study has a very simple design and that the administration of levosimendan versus placebo will be the only non-routinely part of the management of the enrolled patients. All the patients included in the study will be strictly assisted by qualified personnel evaluating all the possible clinical variations. All of them will be routinely and invasively monitored.

The following centers will participate to the study

· Ospedale San Raffaele di Milano (coordinating centre) 

· Policlinico Umberto I Roma 

· Azienda Ospedaliera Universitaria Pisana

· European Hospital Roma 

· Azienda Ospedaliera San Gerardo Monza 

· Ospedale Civile di Legnano

· Az. Ospedaliera S. Giovanni Battista Molinette  Torino 

· Azienda Ospedaliera Universitaria Senese 

· Presidio Ospedaliero Spedali Civili - Brescia 

· Ospedale San Bortolo Vicenza 

· S. Anna Hospital Catanzaro

· San G Moscati Avellino 

· AO Monaldi Napoli

· Presidio Ospedaliero G.M. Lancisi - Ancona

· Azienda Ospedaliera Papardo  Messina

· Casa di Cura Villa Verde Taranto

· Ospedale Civile SS Annunziata  Sassari 

· Ospedale L.Sacco Milano

· Fondazione Toscana "G. Monasterio" Osp. del Cuore "G. Pasquinucci", Massa Carrara

· Ospedale S. Maria della Misericordia Perugia

· Azienda Ospedaliera di Padova

· Ospedale Mauriziano Umberto I Torino

· Azienda Ospedaliero-Universitaria di Parma, Ospedale "Maggiore" 

· Hesperia Hospital  Modena 

· Clinica Mediterranea Napoli 

· Azienda Ospedaliera Universitaria Vittorio Emanuele -  Ferrarotto S. Bambino Catania

· Ospedale " Vito Fazzi" Lecce

· ACO San Filippo Neri  Roma

· Ospedale Maggiore  Novara

· Ospedale G. Brotzu Cagliari

· Centro Cuore Morgagni Pedara Catania

The trial has already been published on the web sites of the two Italian anesthesiological societies:

ITACTA (Italian Association of Cardiothoracic Anesthesiologists)
www.itacta.org
http://www.itacta.org/Itacta/studi.html
SIAARTI (Società Italiana di Anestesia Analgesia e Terapia Intensiva)
www.siaarti.it
http://www.siaarti.it/scientifica/studi_multicentrici_archivio.php?page=scientifica&sub=studi_multicentrici
INCLUSION AND EXCLUSION CRITERIA
INCLUSION CRITERIA:

· written informed consent

· age > 18 years

· perioperative myocardial dysfunction defined as preoperative low ejection fraction or as need for intra aortic balloon pump (IABP) or high doses inotropic support: A) very low preoperative ejection fraction - < 25% B) need for IABP in the perioperative period C) need for high inotropic support for weaning from cardiopulmonary bypass D) need for high inotropic support to treat initial low cardiac output syndrome within 24 hours from surgery. High inotropic support is defined as “inotropic score” > 10 for example one of the following: 1) epinephrine > 0.1 ug/kg/min; 2) norepinephrine > 0.1 ug/kg/min; 3) dopamine > 10 ug/kg/min; 4) dobutamine > 10 ug/kg(min 5) enoximone > 10 ug/kg/min 6) a combination of the above cited inotropic drugs to reach an “inotropic score” > 10. Perioperative period is defined as follows: from entrance into the operating room till the first 24 postoperative hours.

EXCLUSION CRITERIA

· previous unusual response to levosimendan or soluvit or any of their components

· inclusion in other randomised controlled studies in the previous 30 days

· levosimendan administration in the previous 30 days

· Parkinson’s desease

· emergency operation

· Kidney or liver transplant

· Liver cirrhosis (Child B or C)

· decision to use ECMO (ECMO already started or planned)

· do not resuscitate patient

All the patients will receive standard treatment (high dose inotropic drugs and/or IABP).  Beside the standard treatment the patients will receive Levosimendan or placebo, according to their allocation group. 

STUDY PROCEDURES

This large randomised controlled study would enrol those patients who will need high doses inotropic support after cardiac surgery (those with very low ejection fraction - < 25%, those who need high doses inotropic drugs for weaning from cardiopulmonary bypass, and those who develop initial LCOs within 24 hours from surgery).

According to the literature (1),(2), (3) Levosimendan will be administered at a starting dose of 0.05 ug/kg/min (ranging from 0.05 to 0.2 ug/kg/min) for 24-48 hours (or till discharge from the intensive care unit). Levosimendan will be diluted as follows: 1 ampul of 5 ml (2.5 mg/ml) in 100 ml of glucose 5%. Levosimendan will be compared in a double blind randomised fashion to placebo prepared as follows: “Soluvit” ATC BO5XC (a mixture of vitamins with a yellow colour that is indistinguishable from the study drug Levosimendan) half ampul in 100 ml of glucose 5% Both Levosimendan and placebo (soluvit) will be kept in fridge. The study drug will be started in the operating room.

The randomisation, performed at the last available moment, will reduce most biases together with the double blindness of the study. Data will be collected by trained observers who will not participate in patient care and will be blinded to the anaesthetic regimen. All case report form will be monitored by medical specialists not directly involved in patient care. 

Levosimendan or placebo will be given to the enrolled patients on top of standard treatment that is usually represented by catecholamine (especially epinephrine) in these patients with or at risk for low cardiac output syndrome.

The study drug will be administered in the ICU environment only. Reasons to interrupt the study drug will be A) early discharge from the ICU; B) exitus; C) any untoward event at discretion of the caring anaesthesiologist/surgeon. 

Levosimendan will be administered at a starting dose of 0.05 ug/kg/min (ranging from 0.05 to 0.2 ug/kg/min) for 24-48 hours (or till discharge from the intensive care unit) and compared in a double blind randomised fashion to placebo..

The control arm will receive placebo (vitamins diluted in glucose 5%, the same quantity in ml).

We will test the hypothesis that levosimendan reduces 30 days mortality (primary end-point of the study). 

In case of any untoward event, such as refractory low cardiac output syndrome, the caring anaesthesiologist/surgeon will have the faculty to stop the study drug infusion and substitute it with any drug of his choice (including open label levosimendan, if deemed appropriate).

An independent observer will daily collect the data from the patients’ charts till hospital discharge. The outcome and safety data will be collected in the appropriate CRF.

No additional intervention or laboratory examination will be performed on these patients. All treatment and medication and laboratory examinations are routinely performed in this setting. The clinical follow up will be performed in-hospital. A telephone follow up will performed at 30 days and at 1 year as per CRF.

The drug is safe and has been administered to thousands of patients in the last few years. The patients included in this protocol are high risk patients undergoing cardiac surgery. As detailed in the attachment, we planned to notify to the Ministry any adverse reaction directly related to the drug and to the Hospital authorities all the observed death. The complications (adverse events) that commonly occur after cardiac surgery and that are listed in the CRF will be considered “disease progression” and will not be reported to the authorities during the study, but will be promptly available and will be listed in the results of the final manuscript. The investigator in charge of the reports will be Dr Elena Bignami who has an extensive experience conducting randomized trials as testified by the attached curriculum vitae.

The patients included in this study will receive a standard intensive treatment (general anesthesia, pacing, inotropic drugs, mechanical ventilation, postoperative sedation, diuretics, intravenous fluids, antibiotics….) monitoring (invasive arterial pressure, electrocardiogram, central venous pressure, pulseoximetry, temperature, arterial blood gases) and frequent routinely laboratory examination. All patients will receive a standard premedication, will have one large-bore iv catheter and a radial artery cannulated before induction of anaesthesia; pulse oximetry, 5 leads ECG with automated ST-segment analysis, central venous pressure, capnometry and urine output will be monitored as well. Temperature will be monitored with a bladder or rectal probe. Transesophageal echocardiography will be used at CPB weaning for clinical purposes, but the data will not be recorded. Induction of anaesthesia will be performed ipnotic and analgesics and orotracheal intubation facilitated by muscle relaxants. Anaesthesia will be maintained intravenous or volatile agents  No aprotinin will be used. CPB will be conducted with institutional custom packs. Myocardial protection will be ensured by cardioplegia solutions. After surgery, patients will be transferred to the intensive care unit (ICU)and weaned from the ventilator as soon as they were hemodynamically stable with no major bleeding, normothermic, and adequate levels of consciousness and pain control will be achieved. Weaning from the catecholamine infusion will be guided by standard hemodynamic criteria. Postoperative pain relief will be provided to all patients. 

Decision to transfer the patient from the ICU to the ward will be based on these criteria: SpO2 >94% at an FiO2 <0.5 by facemask, adequate cardiac stability with no hemodynamically significant arrhythmias, chest tube drainage <50 ml/h, urine output >0.5 ml/kg/h, no intravenous inotropic or vasopressor agent in excess of dopamine 5 ug/kg/min, and no seizure activity. Criteria for hospital discharge will be hemodynamic and cardiac rhythm stability, presence of clean and dry incisions, afebrile, normal bowel movement, and independent ambulation and feeding.

STATISTICS AND POWER OF THE STUDY

We’re planning a large multicentre randomized double-blind clinical trial (levosimendan vs placebo) that will enroll 1000 patients undergoing cardiac surgery (such as coronary artery bypass grafting, valvular repair or replacement, ascending aorta replacement…). 

Sample-size calculation is based on a two-sided alpha error of 0.05 and 0.8 power. On the basis of literature data (meta-analyses) we predict 10 % mortality in the control group and a 5% mortality in the levosimendan group. We calculated that we will need a sample size of 435 patients per group. We plan to randomly select 500 patients in order to take into account possible protocol deviations. All 1000 patients will be analyzed according to the intention-to-treat principle, beginning immediately after randomization.

The expected 50% reduction in mortality is in accordance with the results of the above cited meta-analysis (Landoni et al, focusing on the 10 RCTs performed so far in cardiac surgery): 11/235 [4.7%] in the levosimendan group vs 26/205 [12.7%] in the control arm 34/525 [6.5%] in the fenoldopam group vs. 59/569 [10.4%] in the control arm OR=0.38 [0.19-0.76], p for effect=0.007, NNT=12.

Two ad interim analysis will be performed after enrolling 250 and 500 patients following the suggestions of De Mets’ (8) with the 95% confidence intervals based on the Wilson score for the difference between independent proportions as explained by Newcombe. (9) If the analysis will show that a 50% reduction in mortality is not expected at the end of the study the protocol will be interrupted for organizing and ethical reasons. If we’ll observe a better-than expected reduction in mortality (p<0.005 after enrolling 250 patients or p<0.014 after enrolling 500 patients) the study will be interrupted for ethical reasons. The results of the analysis will be unblinded for the safety committee and blinded for the investigators.
Randomization

Subjects will be allocated according to a centralized randomization derived from a computer-generated list of random number (in a sealed opaque envelope) that will be available only shortly before the preparation of the study drug. Data will be collected by trained observers who will not participate in patient care and will be blinded to the administered drug. The randomisation, performed at the last available moment, will reduce most biases together with the double blindness of the study.

Numerous Italian centres asked to participate to this study (see above and attachments for details).

The enrolment will be competitive.

Timing

The study will be concluded within 2 years after the first randomization. The work in progress will be checked monthly. The final report will be provided 2 months after randomizing the last patient.

Statistical Analysis

Data will be stored electronically and analyzed by means of the Epi Info 2002 (CDC), SPSS 11.0 (SPSS), and STATA 9.0 (STATA) softwares, when appropriate.

All data will be analyzed according to the intention-to-treat principle. All data analysis will be carried out according to a pre-established analysis plan. Dichotomous data will be compared by using two-tailed (2 test with the Yates correction or Fisher's exact test when appropriate; 95% confidence interval estimation for the differences between independent proportions will be performed with methods based on the Wilson score. Continuous measures will be compared by analysis of variance (ANOVA) or the Mann-Whitney U test when appropriate; 95% confidence interval estimate for the mean/median difference will be performed. Two sided significance tests will be used throughout.

REFERENCES

1. Zangrillo A, Biondi-Zoccai G, Mizzi A, Landoni G. Levosimendan Reduces Cardiac Troponin Release After Cardiac Surgery: A Meta-analysis of Randomized Controlled Studies. J Cardiothorac Vasc Anesth 2009 

2. Landoni G et al. Reducing mortality in cardiac surgery with levosimendan. A meta-analysis of randomized controlled trials. J Cardiothorac Vasc Anesth 2009 (in press)
3. Landoni G et al. Levosimendan reduces mortality in patients with heart failure. A meta-analysis of randomized trials. Proceedings of the 19th SMART congress 2008, May 28th-30th, Milano, Italy
4. Thackray S et al. The effectiveness and relative effectiveness of intravenous inotropic drugs acting through the adrenergic pathway in patients with heart failure-a meta-regression analysis. Eur J Heart Fail 2002;4:515-529
5. Teerlink JR.Overview of randomized clinical trials in acute heart failure syndromes. Am J Cardiol. 2005;96(6A):59G-67G.

6. Bayram M et al. Reassessment of dobutamine, dopamine, and milrinone in the management of acute heart failure syndromes. Am J Cardiol 2005;96:47G-58G
7. Toller WG et al. Levosimendan, a new inotropic and vasodilator agent. Anestesiology 104:556-569, 2006

8. DeMets DL, Pocock SJ, Julian DG. The agonising negative trend in monitoring of clinical trials. Lancet. 1999;354:1983-1988

9. Newcombe RG. Interval estimation for the difference between independent proportions: comparison of eleven methods. Stat Med 1998;17:873-890

PAGE  
16

