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1 SUMMARY 170 

Scientific justification of the study 

In France, almost 17,790 patients underwent coronary artery bypass grafting (CABG) surgery 
with the use of cardiopulmonary bypass (CPB) in 2009 (PMSI 2009 data from the ATIH). About 
9% of these patients develop a postoperative low cardiac output syndrome (LCOS), a 
complication associated with a poor prognosis. Despite the use of inotropes and mechanical 
circulatory support, postoperative mortality remains close to 20% for patients with LCOS. By 
contrast, for patients without LCOS, postoperative mortality is below 1%1. 
 
The main risk factor for LCOS after CABG is a left ventricular ejection fraction (LVEF) ≤40% 
before surgery1, 2. The prevalence of this risk factor is about 20%, corresponding to about 3560 
patients/year among candidates for CABG.  
 
Levosimendan is a new ino-vasodilator that sensitizes myofilaments to calcium, thereby 
increasing myocardial contractility. Three randomized trials have suggested that levosimendan 
pretreatment is potentially useful in patients with a LVEF ≤40% undergoing CABG, with or 
without valve surgery3, 4, 5. This treatment reduced: 

• The duration of intubation, 
• The need for inotropes, 
• The need for mechanical support, 
• The hospital and intensive care unit length of stay. 

These data are encouraging, but not very robust, because they were obtained in single-blind 
single-center studies on very small numbers of patients. Levosimendan has not yet been 
scientifically validated for use as a pretreatment before CABG with the use of CPB. We 
propose to carry out a large-scale study that will validate or invalidate the use of levosimendan 
before surgery in patients with a LVEF ≤ 40%, who are considered at “high risk” of 
postoperative LCOS. 

Objectives 

Primary: To evaluate the efficacy of levosimendan treatment started at the time of anesthetic 
induction in order to decrease the incidence of LCOS in patients with a LVEF ≤ 40% 
undergoing CABG (isolated or combined with a valve surgery) with the use of CPB. 
Secondary: To evaluate mortality and economic impact through a cost-efficacy analysis. 

Selection criteria 

Inclusion criteria: Age ≥ 18 years, patient with a preoperative LVEF ≤ 40% undergoing 
isolated or combined CABG with the use of CPB. 

                                             
1 Rao V et al. Predictors of low cardiac output syndrome after coronary artery bypass. J Thorac Cardiovasc Surg. 1996;112:38-
51. 
2 Açil T et al. Value of prolonged QRS duration as a predictor of low cardiac output syndrome in patients with impaired left 
ventricular systolic function who undergo isolated coronary artery bypass grafting. Am J Cardiol. 2006;98:1357-62. 
3 De Hert SG, Lorsomradee S, Cromheecke S, Van der Linden PJ. The effects of levosimendan in cardiac surgery patients with 
poor left ventricular function. Anesth Analg. 2007;104(4):766-773. 
4 De Hert SG et al. A randomized trial evaluating different modalities of levosimendan administration in cardiac surgery patients 
with myocardial dysfunction. J Cardiothorac Vasc Anesth. 2008;22:699-705. 
5. Brezina A, Riha H, Pirk J. Prophylactic application of levosimendan in cardiac surgical patients with severe left ventricle 
dysfunction. Exp Clin Cardiol. 2009;14(2):e31-34. 
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Exclusion criteria: isolated valve surgery, pregnancy or breastfeeding, known allergy to 
levosimendan, surgery of the thoracic aorta, severe renal insufficiency, hemodialysis, severe 
hepatic insufficiency, dynamic obstruction of the left ventricular outflow tract, history of torsade 
de pointe, refusal to consent, lack of affiliation with social security, enrollment in another study. 

Ethics 

Patients with particularly marked hemodynamic instability treated with inotropes or with an 
intra-aortic balloon pump before surgery may be included in the study, as treatment with 
levosimendan or placebo is additional to existing treatment. 

Methodology 

Prospective, multicenter, randomized (two arms), double-blind, placebo-controlled study. 

Randomization 

The randomization procedure will take into account the center, the type of surgery performed 
(isolated CABG or coronary surgery combined with valve surgery), LVEF (<30%, or between 
30 and 40%), history of previous interventions, preoperative treatment with an inotrope or an 
intra-aortic balloon pump (IABP), and the preoperative use of beta-blockers. Treatments will be 
attributed by minimization (dynamic deterministic attribution) in order to balance the distribution 
of these prognostic factors between the two groups and within each center. We will introduce a 
random component to decrease the predictability of allocation. The randomization algorithm 
will be established by an independent statistician and installed on a website with secure 
access.  
 
For reasons of feasibility, we will not impose the use of standardized anesthesia or 
cardioplegia techniques. Stratification by center will balance the distribution of these factors in 
each group. 
 

Outcome measures 
Primary outcome measure: Composite criterion reflecting LCOS and combining (1) use of a 
positive inotrope more than 24 hours after the end of the study treatment infusion; or (2) use of 
mechanical circulatory support techniques (IABP or other) or the continuation of these 
techniques beyond 96 hours if already in use before surgery; or (3) use of a renal replacement 
therapy (RRT) (conventional intermittent hemodialysis or continuous blood filtration). 
 
We deliberately chose to use this easy-to-determine criterion based on the hypothesis that 
levosimendan should decrease its occurrence if it is to be considered an effective treatment for 
preventing LCOS. 
Secondary outcome measures: (1) mortality at day 28 (D28) and D180; (2) the individual 
items making up the composite criterion and (3) the number of days “out of intensive care”, “off 
the ventilator” and “out of hospital” at D28. 
Description of the treatments 
Levosimendan and placebo will be administered as a continuous infusion over a 24-hour 
period. The dose will be 0.1µg/kg/min, with no bolus administration. The infusion will begin just 
after anesthetic induction. 
 
The anesthesiologists and surgeons will be kept unaware of treatment group because the 
placebo will have the same pale yellow color as the levosimendan, once reconstituted. 
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Number of subjects required 
Based on the following assumptions:  

(1) Incidence of the composite criterion of 65% in the control group (estimated from the data 
stored in our departmental database for three consecutive years)  
(2) Incidence of the composite criterion of 50% in the levosimendan group, according to the 
results of Levin et al.6, 
(3) An α risk of 5% and a β risk of 20%.  

We calculate that we will need to include 170 patients per study arm, corresponding to a total 
of 340 patients.  
Utility of this study 
In France, about 3560 patients/year with a LVEF ≤ 40% undergo CABG on ECC. According to 
the database of the anesthesia and reanimation department of the HEGP, 65% of these 
patients present elements of our principal outcome measure after surgery. A 15% decrease in 
this incidence would mean that it might be possible to prevent LCOS in 534 patients if the 
entire target population in France were to be treated. 
 
Such a decrease in the incidence of LCOS would also have an economic impact, by making it 
possible to decrease care consumption (mechanical circulatory support and hemodialysis 
sessions) and the number of days spent in hospital (in and out of intensive care). 

Feasibility of the study 

Study duration: 30 months 
Duration of the inclusion period: 24 months 
Duration of individual participation for individual patients: 6 months  
Number of participating centers: About 15 centers will participate in this study. 
Feasibility: All these centers perform almost 8000 CABGs with CPB/year. The proportion of 
patients with a LVEF ≤ 40% before surgery is about 20%, corresponding to about 1600 
patients/year. These patients will constitute the study population. If each center includes a 
mean of one patient every two weeks, it will take about one year to recruit the number of 
patients required. The outcome criterion used was deliberately chosen so as to be simple and 
robust, to demonstrate a clear benefit of the study treatment and to facilitate its recording by 
clinical study technicians. The investigators will be responsible for including patients (selection 
and collection of informed consent) and administering the study product. Each center will be 
free to apply its routine anesthesia and cardioplegia techniques, to ensure adherence to the 
protocol and to maximize feasibility. The clinical study technicians will be recruited locally; their 
funding will be proportional to the number of inclusions.   
Study products: The Orion Corporation has agreed, in writing, to supply the study drug and 
the placebo free of charge. 

171 

                                             
6 Levin RL et al. The calcium sensitizer levosimendan gives superior results to dobutamine in postoperative low cardiac output 
syndrome. Rev Esp Cardiol. 2008;61:471-479. 
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2  SCIENTIFIC JUSTIFICATION OF THE STUDY AND PUBLISHED DATA 172 

2.1 Definition of low cardiac output syndrome (LCOS) 173 

In 5 to 10% of patients undergoing cardiac surgery on ECC, it is difficult to re-174 
establish satisfactory hemodynamic competence after surgery. These patients may 175 
display postoperative low cardiac output syndrome (LCOS), a state of hypoperfusion 176 
due to hypocontractility and leading to organ dysfunction or even multiple organ 177 
failure2, 3. 178 

LCOS is defined on the basis of hemodynamic criteria: a cardiac index < 2.2 179 
L/min/m2 and an occlusive pulmonary artery pressure >15 or 18 mm Hg, depending on 180 
the study considered2, 4-6. Alternatively, postoperative LCOS is often defined as a need 181 
for catecholamine infusion to restore contractility, or a need for a mechanical 182 
circulatory assist device (intra-aortic balloon pump, Impella, or ECMO), after the 183 
exclusion of valve dysfunction, tamponade and cardiac ischemia.  184 

The occurrence of postoperative LCOS is associated with longer stays in hospital 185 
and in intensive care, and greater use of healthcare in the form of a larger number of 186 
drugs and medical devices/procedures (inotropes, circulatory support, RRT)3, 7-9. 187 

2.2 Epidemiology of LCOS 188 

The prevalence of LCOS after coronary artery bypass graft (CABG) on ECC is 189 
about 10% for the total population. Mortality after CABG is much higher in patients 190 
with LCOS than in patients without postoperative LCOS (17% versus 0.9%) 2. 191 

The principal predictive factor for LCOS is a low LVEF before surgery: the odds 192 
ratio is 5.1 for a LVEF <30% and 2.4 for a LVEF between 20 and 40%.2, 10. 193 

2.3 The search for an alternative treatment: levosimendan 194 

The treatment of postoperative LCOS is based on the use of inotropic drugs or 195 
mechanical circulatory support devices, if drug treatment fails, and systems for 196 
replacing the functions of failing organs (kidneys, lungs). 197 

Levosimendan is a positive inotrope and vasodilator developed in the 1990s and 198 
authorized for market release in 12 European countries (including Norway, Sweden, 199 
Finland, Austria, Germany, Italy and Spain). It has nominative expanded access status 200 
in France. In these countries, the official indication is the treatment of acute episodes 201 
of decompensation in patients with heart failure. According to the recommendations of 202 
the European Cardiology Society, levosimendan is indicated for the management of 203 
this disease with a level of proof of IIb and a level of evidence of B, meaning that it is 204 
“of utility and/or efficacy less well established by evidence and/or opinion” and for 205 
which the data were “obtained in a single controlled study or in non-controlled 206 
studies”11. 207 

In 2010, a group of European anesthesiologists issued recommendations 208 
concerning the perioperative management of cardiac insufficiency in patients 209 
undergoing cardiac surgery. The authors of these recommendations drew attention to 210 
the utility of levosimendan in this clinical situation12. 211 
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2.3.1 Pharmacology and pharmacokinetics of levosimendan 212 
Levosimendan has two pharmacological actions. It facilitates contact between actin 213 

and myosin and prolongs the time of contact between these two molecules, without 214 
modifying intracellular calcium concentration or myocardial oxygen consumption. This 215 
results in a positive inotropic effect. Through its agonistic effect on K+-ATP-216 
dependent channels, levosimendan has a vasodilator effect (particularly on the 217 
coronary arteries) and a cardio protective anti-ischemic effect. 218 

Unlike other positive inotropes, levosimendan does not modify intracellular calcium 219 
concentration (which can cause arrhythmia and cell death) or myocardial diastolic 220 
relaxation. It increases the contractile force of the myocardium without modifying its O2 221 
consumption, and is therefore a very useful active agent for the treatment of 222 
postoperative LCOS following CABG with CPB13-16. 223 

The pharmacokinetic characteristics of levosimendan are: a biological half-life of 60 224 
minutes, a plasma clearance of 300 mL/min and a plasma protein binding rate of 97%. 225 
Equilibrium is reached four to eight hours after injection. Following its intravenous 226 
injection, levosimendan is rapidly metabolized by the liver to generate an active 227 
metabolite called OR-1986, which has pharmacological properties identical to those of 228 
levosimendan, but with a half-life of about three days14, 17, 18. 229 

 230 
The mechanisms of action of levosimendan are thus different from and 231 

complementary to those of dobutamine 14. 232 

2.3.2 Levosimendan and LCOS prophylaxis in cardiac surgery 233 
Table 1 summarizes the clinical data available for levosimendan pretreatment in 234 

cardiac surgery with ECC. The data presented in this table were obtained in controlled 235 
clinical trials (we have excluded “clinical case reports”). 236 

Levosimendan pretreatment consists of an injection of this drug between the 237 
induction of anesthesia and release of the aortic cross-clamp. In all cases, the injection 238 
is administered before the onset of LCOS. This use of levosimendan can be 239 
justified on the basis of: 240 

(1) The predictability of postoperative LCOS on the basis of preoperative 241 
risk factors (preoperative LVEF, history of cardiac surgery etc.),  242 

(2) The metabolism of levosimendan to generate an active metabolite with 243 
a long half-life (3 days), and  244 

(3) The good tolerance profile of levosimendan. 245 
 246 

Six of the seven studies presented in this table were randomized, and four of 247 
these six studies were also carried out in double-blind conditions19-25. In four studies, 248 
levosimendan was compared with placebo, whereas the comparator molecule was 249 
milrinone in the other three studies. 250 

In total, five of the seven studies reported a greater clinical benefit for the 251 
patients treated with levosimendan: shorter duration of intubation (four studies), 252 
shorter stay in intensive care (two studies), shorter duration of IABP use (two studies) 253 
and shorter duration of positive inotrope use in intensive care (three studies). The two 254 
studies in which no clinical benefit was observed aimed to assess hemodynamic 255 
parameters and included only very small numbers of patients (24 per study)19, 21. 256 
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Five studies reported a clinical benefit of pretreatment with levosimendan: two 257 
placebo-controlled studies and three studies in which milrinone was the comparator. 258 
These studies can be summarized as follows: 259 

• Eriksson et al. 20 studied patients undergoing isolated CABG, with a 260 
moderately altered LVEF before surgery (40 to 50%). The comparator 261 
was placebo and the primary outcome measure was successful weaning 262 
from CPB at the first attempt. This criterion was defined as the 263 
obtainment of a cardiac index ≥ 2.2 L/m2/min, an SvO2 ≥ 70% and a 264 
pulmonary capillary pressure ≤ 16 mmHg, 10 minutes after the cessation 265 
of CPB, without the addition of another positive inotropic treatment. In 266 
this study, 73% of the patients in the levosimendan group and 33% of 267 
those in the placebo group were successfully weaned off CPB at the 268 
first attempt (p=0.002). There were 30 patients per group in this study. 269 

• Tritapepe et al. 25 studied patients undergoing isolated CABG, with a 270 
moderately altered LVEF before surgery (40 to 50%). The comparator 271 
was placebo and the primary outcome measure was the duration of the 272 
patient’s stay in intensive care. Patients left the intensive care unit when 273 
their cardiac and renal functions were considered satisfactory, without 274 
the need for an inotrope or vasoconstrictive agent. The patients in the 275 
levosimendan group spent significantly less time in intensive care: 276 
24 hours versus 32 hours (p=0.002). This study included a total of 106 277 
patients. 278 

• In the study by De Hert et al. 22, most of the patients included underwent 279 
CABG, with or without associated valve surgery, and all the patients 280 
included had a severely altered LVEF (≤ 30%). The comparator was 281 
milrinone. From the start of CPB, all patients received dobutamine, 282 
together with either levosimendan or milrinone, injected at the time of 283 
aortic cross-clamp release. The primary outcome measure was 284 
hemodynamic and the secondary outcome measures were clinical (e.g. 285 
duration of intubation, duration of IABP use, length of hospital stay). 286 
Levosimendan treatment significantly decreased the duration of 287 
positive inotrope use (19 hours versus 171 hours; p=0.005) and the 288 
duration of tracheal intubation (11 hours versus 20 hours; p=0.008). 289 
This study included a total of 30 patients. 290 

• Most of the patients included in the study by Brezina et al. 24 underwent 291 
CABG, with or without associated valve surgery, and all had a 292 
severely altered LVEF before surgery (≤ 30%). The patients were 293 
treated with levosimendan before the induction of anesthesia or with an 294 
inotropic agent administered at the end of CPB. The primary outcome 295 
measure was cardiac output, and the secondary outcome measures 296 
were clinical (e.g. time spent in intensive care, use of hemodialysis). The 297 
patients treated with levosimendan had significantly shorter hospital 298 
stays (10 days versus 26 days; p=0.04) and a lower mortality at D30 299 
(0% versus 41.7%; p=0.01). This study included only 22 patients. 300 

These studies demonstrated clinical benefits that increased with the 301 
degree of LVEF alteration before surgery (greatest for a LVEF of 40% or below) 302 
and were greater for earlier injections (during the induction of anesthesia or at 303 
the time of aortic cross-clamp release). 304 
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 Finally, it should be noted that in four of these seven studies evaluating the 305 
clinical benefits of levosimendan for the prevention of LCOS post CPB, levosimendan 306 
was administered solely as a continuous infusion (no bolus).  307 

 308 
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Table 1: Clinical and hemodynamic evaluations of levosimendan for the prevention of LCOS in cardiac surgery 309 

Author Study treatments (timing of 
injection and dose) 

Study 
methodology 

Number of 
patients 

Preoperative LVEF  
Type of surgery Results 

<40% 40 to 
50% >50%

Tritapepe 19 
LVS versus placebo 
Preoperative injection of 
LVS: bolus of 24 µg/kg  

Prospective, 
single-center, 
randomized, 
double-blind 

N = 24 

(12 per 
group) 

  X CABG Non-significant differences* in the durations of 
ventilation and hospitalization 

Tritapepe 25 

LVS versus placebo 
Injection of LVS at induction 
of anesthesia: bolus of 24 
µg/kg  

Prospective, 
single-center, 
randomized, 
double-blind 

N = 106 

(53 per 
group) 

 X  CABG 

Significant differences* in:  
- Duration of intubation: shorter in the LVS group 
(11.3 h versus 13.6 h) 
- Use of inotropes 12 hours after the intervention: 
less frequent in the LVS group (4% versus 18%) 
- Time spent in intensive care: shorter in the LVS 
group (25 h versus 33h) 

Non-significant differences* in: 
- Mortality at D30: 0 patients / group 
- Total hospital stay: 11 days in the LVS group versus 
12 days in the placebo group. 

Eriksson 20 

LVS versus placebo 
Injection of LVS at the 
induction of anesthesia: 
bolus followed by the 
infusion of 0.05 to 0.2 
µg/kg/min for 24 h 

Prospective, 
single-center, 
randomized, 
double-blind 

N = 60 

(30 per 
group) 

 X  CABG 
Significant difference* in the rate of successful 
weaning of CPB: 73% of patients in the LVS group 
versus 33% of patients in the placebo group. 

Järvelä 21 

LVS versus placebo 
Preoperative injection of 
LVS: infusion of 0.2 
µg/kg/min for 24 h 

Prospective, 
single-center, 
randomized, 
double-blind 

N = 24  X  
Valve = 14 

Combined = 
10 

Non-significant difference* in the length of hospital stay 
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Author Study treatments (timing of 
injection and dose) 

Study 
methodology 

Number of 
patients 

Preoperative LVEF  
Type of surgery Results 

<40% 40 to 
50% >50%

De Hert 22 

LVS plus DOBU 
versus 
MRN plus DOBU 
Injection of MRN or LVS at 
the time of aortic cross-
clamp release 

Infusion of LVS at 0.1 
µg/kg/min  

DOBU at 5 µg/kg/min 

MRN at 0.5 mg/kg/min 

Prospective, 
single-center, 
randomized, 
single-blind 

N = 30 X   

CABG=9 

Valve =6 

Combined=15 

Significant differences* in  
- The duration of intubation: shorter in the LVS group 
(11 h versus 20 h) 
- Use of inotropes: shorter duration of use in the LVS 
group (duration of dobutamine use shortened by 19 h 
and duration of noradrenaline use shortened by 13 h) 
- Duration of IABP use: shorter in the LVS group (41 
h versus 171 h) 

Non-significant differences* in: 
- Hospital stay (10 days for the LVS group versus 12 
days for the DOBU group), 
- Mortality (0% in the LVS group versus 20% in the 
DOBU group). 
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De Hert 23 

LVS at induction of 
anesthesia plus DOBU 
(group 1) 
versus 
LVS at the time of aortic 
cross-clamp release plus 
DOBU (group 2) 
versus 

MRN at the time of aortic 
cross-clamp release plus 
DOBU (group 3) 
Infusion of LVS at 0.1 
µg/kg/min  

DOBU at 5 µg/kg/min 

MRN at 0.5 mg/kg/min 

Prospective, 
single-center, 
randomized, 
single-blind 

N = 60 

20 patients 
per group 

X   

CABG=16  

Valve=7 

Combined=37 

Significant differences* in the durations of:  
- Intubation: 50 h shorter in groups 1 and 2 
- Inotrope use: 16 h shorter in groups 1 and 2 
- IABP use: 8 h shorter for group 1, 12 h shorter for 
group 2 and 42 h for group 3 
- Hospitalization in intensive care: 42 h shorter for 
group 1, 58 h shorter for group 2 and 121 h shorter for 
group 3 
- Hospital stay: 15 days shorter for group 1, 17 days 
shorter for group 2 and 22 days shorter for group 3 
All these durations were shorter in the two groups 
treated with LVS than in those treated with MRN.  
No significant difference* in mortality: 0% of the 
patients in group 1, 5% of the patients in group 2 and 
20% of the patients in group 3 
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Author Study treatments (timing of 
injection and dose) 

Study 
methodology 

Number of 
patients 

Preoperative LVEF  
Type of 
surgery Results 

<40% 40 to 
50% >50%

Brezina 24 

LVS versus MRN plus 
DOBU 
Injected at the induction of 
anesthesia 

LVS: bolus of 24 µg/kg over 
10 min, followed by the 
infusion of 0.1 µg/kg/min for 
24 hours 

MRN: bolus of 30 µg/kg 
followed by the infusion of 0.3 
to 0.4 μg/kg/min 

DOBU : infusion of 5 
μg/kg/min 

Retrospective, 
single-center, 
observational 

N = 22  

(10 in the 
LVS group) 

X   

CABG=9  

Valve=5  

Combined=8  

Significant differences* in: 
- Mortality at D30 : 0% in the LVS group versus 41.7% 
in the MRN plus DOBU group (5/12 patients) 
- Total hospital stay: 10 days in the LVS group versus 
26 days in the DOBU + MRN group 

Non-significant differences* in:  
- The duration of hospitalization in intensive care 
(mean of 5 days in each group) 

CABG: coronary artery bypass grafting; valve: valve surgery; combined: procedure combining CABG and valve surgery; CPB: cardiopulmonary bypass; LVS: 310 
levosimendan; DOBU: dobutamine; MRN: milrinone; *: α risk of 5%. 311 
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2.3.3 Levosimendan tolerance 312 
Table 2 presents the studies for which tolerance data were reported. We 313 

present here data from controlled studies only (clinical case reports have been 314 
excluded). Tolerance data were reported in two studies analyzing the effects of 315 
levosimendan for the treatment of LCOS26, 27 and in four studies dealing with 316 
levosimendan pretreatment as described above19, 22, 23, 25. The adverse effects 317 
observed were closely associated with the pharmacological properties of 318 
levosimendan as a positive inotrope and vasodilator.  319 

In studies of treatment of LCOS, tolerance to levosimendan was compared 320 
with tolerance to dobutamine. The frequency of atrial fibrillation did not differ 321 
significantly between the two groups in either of these two studies26, 27. In addition, 322 
Levin et al. 27 found that the prevalence of vasoplegia and ventricular arrhythmia 323 
were significantly lower in the levosimendan group. 324 

In studies of the prevention of LCOS in patients undergoing cardiac 325 
surgery with CPB, levosimendan was not associated with a higher frequency of 326 
episodes of postoperative atrial fibrillation or of myocardial infarction than placebo. In 327 
these two studies, the patients included displayed moderate alterations of LVEF (≈ 40 328 
to 50%) and received only a bolus dose of levosimendan 19, 25. In the two studies 329 
comparing the levosimendan-dobutamine combination with the milrinone-330 
dobutamine combination, no case of ventricular fibrillation or myocardial ischemia 331 
was observed, regardless of the treatment received 22, 23. These studies show that 332 
the frequency of postoperative atrial fibrillation varies significantly with the 333 
timing of levosimendan injection. This frequency was lower if levosimendan 334 
was injected at the time of anesthetic induction. Indeed, this frequency was 5% 335 
for patients treated with levosimendan during the induction of anesthesia and 35% for 336 
patients receiving levosimendan injections at the time of aortic cross-clamp release. 337 

These data suggest that the incidence of arrhythmia in patients treated 338 
with levosimendan is systematically lower than that in patients from the control 339 
group. In addition, levosimendan seemed to be tolerated even better if administered 340 
during the induction of anesthesia solely as a continuous infusion (no bolus injection). 341 

In the SURVIVE study, which included 1327 patients and compared the 342 
injection of levosimendan with that of dobutamine for the management of cardiac 343 
insufficiency with acute decompensation, the incidence of the following adverse 344 
events was significantly higher in the levosimendan group than in the dobutamine 345 
group: hypokalemia (9.4% versus 5.9%), postoperative atrial fibrillation (9.1% versus 346 
6.1%), migraine (8.3% versus 4.7%) and premature atrial contraction (6.1% versus 347 
3.6%). This study was a multicenter, randomized, double-blind study. Levosimendan 348 
and dobutamine were injected according to the following regimen: a bolus of 12 349 
µg/kg over 10 minutes followed by an infusion of 0.1µg/kg/ min for 50 minutes and 350 
then of 0.2µg/kg/min for 23 hours for levosimendan (the EA dose), and for 351 
dobutamine, an infusion of 5 µg/kg/min, which could be increased to 40 µg/kg/min for 352 
at least 24 hours28. 353 

Finally, no drug interaction requiring specific management was described in 354 
studies of levosimendan use in combination with other positive inotropes14. 355 
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Table 2: Reported tolerance data for the injection of levosimendan during surgery 356 
 357 

Author Objective of the study Study 
methodology 

Number and characteristics of 
the patients Tolerance data 

Alvarez 26 

LVS versus DOBU 
LVS: bolus and then infusion of 
0.2 µg/kg/min for 24 h 
DOBU: infusion over 24 h 

Single-center, 
randomized, 
open 

N = 41 
 
LVEF for LVS group : 36 ± 4% 
LVEF for DOBU group: 33 ± 
5% 

Non-significant difference* in the prevalence of 
postoperative atrial fibrillation: 9.5% in the LVS group 
versus 10% in the DOBU group 

Levin 27 

LVS versus DOBU 
LVS: bolus and then infusion of 
0.05 to 0.2 µg/kg/min for 24 h 
DOBU: 5 to 12.5 µg/kg/min  

Multicenter, 
randomized, 
open 

N = 137 
 
LVEF for LVS group: 36 ± 4% 
LVEF for DOBU group: 38 ± 
5% 

Significant difference* in the prevalence of: 
- Perioperative infarction: 1.4% in the LVS group versus 
11.8% in the DOBU group 
- Vasoplegia: 1.4% in the LVS group versus 13.2% in 
the DOBU group 
- Acute renal insufficiency: 7.2% in the LVS group 
versus 30.9% in the DOBU group 
- Ventricular arrhythmia: 4.3% in the LVS group versus 
17.6% in the DOBU group 
- Sepsis: 1.4% in the LVS group versus 13.2% in the 
DOBU group 
No significant difference* in the prevalence of 
postoperative atrial fibrillation between the two groups: 
21.7% in the LVS group versus 39.7% in the DOBU 
group 

Tritapepe 19 
LVS versus placebo 
Preoperative injection of 
LVS: bolus of 24 µg/kg  

Prospective, 
single-center, 
randomized, 
double-blind 

N = 24  
 

LVEF in LVS group = 50±7% 
LVEF in placebo group = 52 ± 
5% 

No significant difference* in the prevalence of:  
- Postoperative atrial fibrillation: 16.6% in the LVS 
group versus 25% in the placebo group 
- Myocardial ischemia: 8.3% in the LVS group versus 
16.6% in the placebo group 
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Author Objective of the study Study 
methodology 

Number and characteristics of 
the patients Tolerance data 

Tritapepe 25 
LVS versus placebo 
Injection of LVS at the induction 
of anesthesia: bolus of 24 µg/kg  

Prospective, 
single-center, 
randomized, 
double-blind 

N = 106  
 
LVEF: between 40 and 50% 

No significant difference* in the prevalence of: 
- Postoperative atrial fibrillation: 20% in the placebo 
group versus 23% in the LVS group 
- Myocardial infarction: 2% in the placebo group 
versus 0% in the LVS group 

De Hert 22 

LVS plus DOBU versus. 
MRN plus DOBU 
Injection of MRN or LVS at the 
time of aortic cross-clamp 
release 
Infusion of LVS at 0.1 µg/kg/min  
DOBU at 5 µg/kg/min 
MRN at 0.5 mg/kg/min 

Prospective, 
single-center, 
randomized, 
single-blind 

N = 30 
 
LVEF < 40%  

No significant difference* in the prevalence of:  
- Postoperative atrial fibrillation: 40% in the LVS 
group versus 46.6% in the MRN group. 
- Ventricular fibrillation: 0% in both groups 
- Myocardial infarction: 0% in both groups 

De Hert 23 

LVS at induction of 
anesthesia plus DOBU (group 
1) 
versus 
LVS at the time of aortic 
cross-clamp release plus 
DOBU (group 2) 
Versus MRN at the time of 
aortic cross-clamp release 
plus DOBU (group 3) 
Infusion of LVS at 0.1 µg/kg/min  
DOBU at 5 µg/kg/min 
MRN at 0.5 mg/kg/min 

Prospective, 
single-center, 
randomized, 
single-blind 

N = 60 patients 
 
LVEF < 40%  
 
50% of the patients underwent 
combined CABG and valve 
surgery 

Significant difference* in the prevalence of 
postoperative atrial fibrillation: 
- group 1 LVS-DOBU: 5% of patients 
- group 2 LVS-DOBU: 35% of patients 
- group 3 MRN-DOBU: 50% of patients 

 
No case of ventricular fibrillation or myocardial 
infarction was reported. 

*: α risk of 5%; LVS: levosimendan; DOBU: dobutamine; MRN: milrinone. 358 
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2.4 Scientific justification of the study 359 

The data from studies of levosimendan pretreatment — administration of this 360 
drug prior to surgery, at the time of anesthetic induction — are encouraging. 361 
However, due to their methodological bias, proof of concept has not been firmly 362 
established for the preoperative injection of levosimendan. Nevertheless, many 363 
requests for the use of this drug in this specific situation are made to the ANSM each 364 
year, attesting for a need from the community of anesthesiologists working in cardiac 365 
surgical centers. 366 

For this reason, we felt that it was important to carry out a prospective, 367 
multicenter, randomized, double-blind, placebo-controlled study of the preoperative 368 
administration of levosimendan in patients at high risk of LCOS after CABG with the 369 
use of CPB. 370 

3 OBJECTIVES OF THE STUDY 371 

3.1 Primary objective 372 

The principal objective is to evaluate the efficacy of levosimendan 373 
administered at the time of anesthetic induction in patients with a LVEF ≤ 40% 374 
undergoing CABG (with or without associated valve surgery) with CPB to decrease 375 
the incidence and severity of postoperative LCOS.  376 

3.2 Secondary objectives 377 

The secondary objectives will be:  378 
(1) To compare mortality at D28 and D180 between the two groups. 379 
(2) To evaluate the economic impact of levosimendan injection in a cost-380 
efficacy assessment during hospital stay. 381 

4 OUTCOME MEASURES 382 

4.1 Primary outcome measure 383 

The principal outcome measure is a composite criterion reflecting LCOS. 384 
This criterion combines the following: 385 

(1) The use of a positive inotrope beyond H48 hours after the start of the 386 
study drug infusion; or 387 

(2) The use of mechanical circulatory assistance techniques (IABP, ECLS) 388 
or failure to wean from IABP within 96 hours following study-drug 389 
initiation, if inserted prophylactically before surgery; or 390 

(3) The use of a renal replacement technique (conventional intermittent 391 
hemodialysis or continuous hemofiltration) in intensive care. 392 

We deliberately chose to use these simple-to-record items, based on the assumption 393 
that levosimendan must decrease the occurrence of the composite criterion to be 394 
considered an effective treatment for preventing LCOS. We will consider 395 
pretreatment to be effective if the prevalence of the primary outcome measure is 15% 396 
lower in the pretreatment group than in the control group. 397 
 398 
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4.2 Secondary outcome measures 399 

Our secondary outcome measures evaluate mortality and economic impact. 400 

• The following criteria will be used to evaluate mortality:  401 
(1) In-hospital mortality 402 
(2) Mortality at D28 403 
(3) Mortality at D180. 404 
 405 

• The following criteria will be used to study economic impact:  406 
(1) Total number of days out of hospital at D28 407 
(2) The numbers of days spent in intensive care and in a conventional ward 408 
(3) The total number of days without mechanical ventilation during the 409 
patient’s hospital stay 410 
(4) The duration of catecholamine infusion 411 
(5) The number of days on mechanical circulatory assistance 412 
(6) The number of hours of RRT and the numbers of RRT kits used. 413 
 414 

4.3 Measures taken to prevent bias 415 

Mortality was not chosen as the primary outcome measure because the 416 
prevalence of death in this context was lower than that of the three elements 417 
comprising the composite criterion. The use of mortality as the primary outcome 418 
measure would thus have necessitated the inclusion of a much larger number of 419 
patients to achieve acceptable power29. The elements of the primary outcome 420 
measure are universally recognized as strong markers of LCOS associated with a 421 
poor prognosis. It is not possible to combine morbidity-related elements with mortality 422 
in a composite criterion, due to the difference in seriousness between these 423 
elements29. 424 

The lack of consensus concerning the use of positive inotropes in the 425 
postsurgical period, in patients undergoing cardiac surgery, leads to diverse 426 
prescription practices. By contrast, the maintenance of inotrope treatment for more 427 
than 48 hours after surgery generally reflects a true alteration in myocardial 428 
contractility30. 429 

The study treatment should have similar effects on each of the three elements 430 
of the composite criterion. 431 

 432 
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5 DESIGN OF THE STUDY 433 

5.1 Hypothesis tested 434 

We hypothesize that the administration of levosimendan, at the time of 435 
anesthetic induction, in patients with a LVEF ≤ 40% undergoing CABG with or 436 
without associated valve surgery, should decrease the frequency and severity of 437 
postoperative LCOS. 438 

According to Levin et al. 27, the postoperative administration of levosimendan 439 
in patients with LCOS decreases:  440 

- The frequency of additional positive inotrope use by 28% relative to patients 441 
receiving dobutamine, 442 
- The use of IABPs by 12% relative to patients receiving dobutamine. 443 

Based on these findings, we hypothesize that levosimendan will make it possible 444 
to decrease the incidence of the primary outcome measure by 15% in the 445 
treated group relative to the control group. 446 

5.2 Study methodology 447 

This French, multicenter, randomized, double-blind study with two parallel 448 
groups will compare the effects of a 24-hour infusion of levosimendan with placebo. 449 

About 15 centers will participate in this study. These centers will be 450 
anesthesia departments involved in cardiovascular surgery. 451 

This study will require a total of 340 subjects: 170 per group. 452 
  453 

5.3 Inclusion criteria 454 

The inclusion criteria are as follows:  455 
- Patients aged 18 years or older 456 
- Patient covered by social security 457 
- Patient having signed the informed consent form after having received and 458 
understood information about the study 459 
- Patient undergoing isolated or combined CABG, with the use of CPB 460 
- Preoperative LVEF ≤ 40% (as demonstrated by an examination performed 461 
during the six months preceding inclusion.  If several LVEF measurements are 462 
available, the most recent must be taken into account) 463 
- Patients with acute preoperative circulatory insufficiency requiring treatment 464 
with a positive inotrope or by mechanical means (IABP or ECLS) may be 465 
included in the study. The levosimendan treatment or placebo will be added to 466 
the patient’s existing treatment regimen. Prophylactic IABP prior to surgery is 467 
also acceptable. A minimization technique will be used to balance the 468 
distribution of these patients between the two groups. 469 
 470 

5.4 Exclusion criteria 471 

- Refusal to give consent 472 
- Beating heart CABG 473 
- Valve surgery without coronary revascularization 474 
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- Pregnancy or breast-feeding 475 
- Participation of the patient in another clinical research protocol. 476 
- Contraindications to levosimendan (as listed in the monograph): 477 

- Known allergy to levosimendan or one of its excipients 478 
- Severe preoperative renal insufficiency (creatinine clearance <30 479 
mL/min) 480 
- Patient requiring hemodialysis sessions before surgery 481 
- Severe hepatic insufficiency (PR < 50% in the absence of anti-vitamin 482 
K treatment) 483 
- Severe hypotension and tachycardia 484 
- History of torsade de pointe  485 
- Dynamic obstruction of the LV. 486 

5.5 Planned duration of individual participation 487 

The study subjects will be followed throughout their hospital stay, until hospital 488 
discharge. They will be contacted by telephone 28 days after the surgical intervention 489 
if they have already left the hospital, and then 180 days after the surgical 490 
intervention. 491 

Patients will be followed for six months (signing of consent form on D-1, 492 
operation on D0 and postoperative follow-up until discharge from hospital), with 493 
telephone follow-up at 28 days and then at 6 months (corresponding to 180 days). 494 

5.6 Ethics 495 

No preoperative treatment is currently systematically recommended for 496 
patients at high risk of LCOS following CABG with the use of CPB, with or without 497 
associated valve surgery. 498 

For patients with particularly high levels of hemodynamic instability before 499 
surgery, inotrope treatment may be initiated or an IABP implanted before surgery. 500 
These patients may be included in the trial, with the study treatment (or placebo) 501 
simply added to the existing pretreatment regimen. 502 

6 STUDY PLAN  503 

6.1 Chronology of the research project 504 

This research project will be carried out in seven steps, as summarized in Figure 1. 505 
 506 

Step : Anesthesia consultation on D-n 507 
- Checking of the inclusion and exclusion criteria  508 
- Description of the protocol to the patient. 509 
- Proposal of inclusion  510 

 511 
Step : Hospital admission, the day before surgery, D-1 512 

- Inclusion in the protocol can be proposed at this stage if not already done 513 
at the time of anesthesia consultation 514 
- Signing of the consent form by the patient, inclusion of the patient and 515 
randomization 516 
- Delivery of the study-drug to the anesthesiologist by the pharmacy, upon 517 
presentation of the prescription. The treatment must be stored at a 518 
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temperature of 2 to 8°C before use: the anesthesiologist will systematically 519 
be reminded of the need to keep the drug in a refrigerator prior to 520 
reconstitution. 521 
 522 

Step : In the operating theatre, D0 523 
- Delivery of the study drug, by the pharmacy, to the anesthesiologist, if not 524 
already done at step . The treatment must be stored in a refrigerator, at 2 525 
to 8°C until use. 526 
- Reconstitution of the study treatment, in 500 ml of 5% dextrose solution 527 
(G5%; 1 or 2 ampoules of study treatment per pouch, depending on the 528 
weight of the patient, see section 7. 1). 529 
 530 
The dilution of 12.5 mg levosimendan or of placebo in 500 ml Dextrose 531 
(5%) will be performed by the anesthesiologist immediately prior to 532 
administration, due to the poor stability of diluted levosimendan. 533 
 534 
- At T0, infusion of the study-drug will be initiated by the anesthesiologist 535 
just after the induction of anesthesia, once the central catheter (at least 536 
four channels) is in place. The product will be administered as a continuous 537 
infusion over 24 hours, with a flow rate defined as a function of weight to 538 
achieve 0.1µg/kg/min. (see section 7.1) 539 
 540 
- Anesthesia, CPB, the surgical procedure and postoperative care will be 541 
performed according to the local standards by the team concerned. 542 

 543 
Step : During hospitalization (in intensive care unit and in a 544 
conventional ward) 545 

- The continuous infusion of the study product will be stopped at T0 + 24 546 
hours. 547 
- Recording, by a clinical study technician, of the therapeutic means used 548 
to maintain satisfactory hemodynamic function:  549 

 For agents with positive inotropic action, the dose and duration of 550 
the infusion will be recorded.  551 
 For circulatory assistance techniques (IABP or ECLS) and RRT: 552 
the date and time at which the use of these techniques begins and 553 
ends will be recorded. In addition, the number of RRT kits used will 554 
be noted (dialysis circuits and catheters). 555 

- Recording, by a clinical study technician, of the clinical status of the 556 
patient:  557 

 Alive or dead (if appropriate, the day of death relative to D0 should 558 
be noted, together with the cause of death) 559 
 Mechanical or spontaneous ventilation  560 
 Extubation Date and time. 561 
 Date of discharge from intensive care 562 
 Date of discharge from the conventional ward. 563 

 564 
Step : on D28 565 

- Recording, by a clinical study technician, of the clinical status of the 566 
patient:  567 
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 Same as above 568 
 If the patient has already left hospital, he/she will be contacted by 569 
telephone, either directly, or via his or her family (e.g. wife, child). If 570 
the patient has died, the date of death relative to D0 (the day on 571 
which the surgery was performed) will be noted.  572 

 573 
Step : on D180 574 

- Recording, by a clinical study technician, of the clinical status of the 575 
patient: Same as above.  576 

6.2 Medical acts, and samples and items to be recorded 577 

Preoperative parameters:  578 
- Age, weight, height, sex 579 
- Town of birth 580 
- Type of surgery (CABG alone or in combination with valve surgery) 581 
- Scores: Euroscore II, ASA class, NYHA class. 582 
- LVEF 583 
- History of previous cardiac surgery 584 
- Comorbid conditions (COPD, diabetes, HTA, history of myocardial 585 
infarction or stroke, plasma creatinine clearance, cancer, cirrhosis, etc.) 586 
- Beta-blocker treatment: yes/no; statin treatment: yes/no; antiplatelet 587 
treatement: yes/no 588 

 589 
Peroperative parameters:  590 

- Duration of aortic cross-clamping, duration of CPB 591 
- Surgical interventions performed: number of arteries bypassed, location 592 
of bypasses and type of graft, type of valve surgery 593 
- Use of a mechanical assistance technique after CPB. 594 
 595 

Postoperative parameters: 596 
- Vital status (alive or dead) of the patient: during hospitalization and on 597 
D28 and D180 598 
- Use of vasoactive or inotropic agents (e.g. dobutamine, dopamine, 599 
noradrenaline, adrenaline, milrinone) more than 48 hours after initiation of 600 
the study treatment: dose schedule and name of the active agent, date and 601 
time at which the infusion began and ended, 602 
- Use of mechanical assistance (prolongation of CPB, use of IABP or 603 
ECLS): data and time of initiation and withdrawal for each type of 604 
assistance, 605 
- RRT (hemofiltration or conventional dialysis): date and duration of the 606 
purification procedure, number of circuits and catheters used,  607 
- Number of episodes of heart rate problems, such as postoperative atrial 608 
fibrillation and ventricular tachycardia, and the therapeutic means used to 609 
correct them 610 
- SAPS2 score 611 
- Number of days “off  mechanical ventilation” at D28  612 
- Number of days “out of intensive care unit” and “out of hospital” at D28 613 
- Total length of hospital stay 614 
- Date on which beta-blocker and/or statin treatment reinitiated.  615 
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616 

 Step:  
 

No. 1: 
Consultation

No. 2: D-1, 
Admission

No. 3:
D0 

No. 4: 
From D1 

to 
discharge 

No. 5: 
D28 

No. 6:
D180 

Proposal of the protocol X X     

Pre-anesthesia 
evaluation X X     

Medical history X X     

Surgical history X X     

Patient characteristics X X     

Inclusion/exclusion 
criteria X X     

Signing of the informed 
consent form  X     

Randomization  X     

Transmission of the 
prescription to the 
pharmacy 

 X     

Administration of the 
treatment tested: LVS or 
placebo 

  X    

Adverse events   X X X  

Recording of efficacy 
parameters    X X  

Mortality   X X X X 
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Figure 1: Chronology of the research project 617 
 618 
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6.3 Examinations/medical acts specific to the study 620 

Acts Description Associated risks 
Injection of levosimendan 
on D0 
 

Injection immediately after 
the induction of anesthesia 
(continuous infusion of 
0.1µg/kg/min for 24 hours) 

Described in section 10.2 

Recording of clinical 
status on D28 

Recording, by telephone 
interview, of the vital 
status of the patient, 
treatments taken, and 
need for hospital 
readmission 

None 

Recording of clinical 
status on D180 

Recording, by telephone 
interview, of the vital 
status of the patient 

None 

6.4 Anticipated duration of the study 621 

The participation of 15 centers should make it possible to recruit 340 patients 622 
in 24 months.  623 

The duration of participation for each individual included in the project will be 624 
180 days (6 months; signing of informed consent form on D-1 + operation on D0 + 625 
postoperative follow-up until hospital discharge), with telephone follow-up at 28 days 626 
and at 180 days (6 months)). 627 

The total duration of the study will be 30 months (inclusion period of 24 628 
months + follow-up at six months). 629 

6.5 Management of adverse events  630 

6.5.1 Hypotension  631 
 632 
Hypotensive episodes have been reported at the start of treatment with 633 
levosimendan. We do not plan to decrease the flow rate of the levosimendan infusion 634 
if such events occur in this study. 635 
 If mean arterial blood pressure falls (<60 mm Hg), the anesthesiologist should 636 
first attempt vascular filling with a 250 m/ bolus of the solute of his/her choice. This 637 
procedure may be repeated. If hypotension persists, the anesthesiologist is free to 638 
make use of a vasopressor or an inotrope, according to his/her assessment. 639 
 640 

6.5.2 Arrhythmias 641 
Postoperative atrial fibrillation (POAF) seems to occur less frequently in cases 642 

of preconditioning with levosimendan than following the postoperative injection of this 643 
drug for LCOS treatment. Nevertheless, the anesthesiologist may use usual anti-644 
arrhythmic treatments, or even cardioversion in cases of poor tolerance, after 645 
checking that serum potassium is normal.  646 



LICORN protocol PHRC 2011 Prof. B Cholley 
 

Protocol dated 08/01/2015 26/52 
 

6.5.3 Rules for stopping the study or withdrawal from the study  647 

6.5.4 Stopping the study 648 
An independent monitoring committee will meet regularly during the trial, to 649 

evaluate the frequency of serious adverse events. Depending on the results, this 650 
committee may recommend that the promoter stops the trial (see section 10.3). 651 

6.5.5 Stopping the study treatment in a patient 652 
The treatment evaluated will be administered as a infusion of 0.1µg/kg/min for 653 

24 hours, with no loading dose. The reasons for stopping the treatment during the 24 654 
hours of administration include: 655 

• Anaphylactic shock 656 
• Arterial hypotension or arrythmia refractory to usual treatment during 657 

the infusion of the study-drug. Refractory hypotension is defined as a 658 
mean arterial blood pressure <60 mmHg despite vascular filling with 659 
two 250 mL boluses and the injection of at least one vasoconstrictor or 660 
inotrope. Refractory arrhythmia is defined as the persistence of an 661 
arrhythmia despite the administration of at least one anti-arrhythmic 662 
agent and the performance of cardioversion.  663 

An investigator observing these serious adverse events (SAE) must follow the 664 
procedure for SAE reporting to the promoter. 665 

6.5.6 Rules for the withdrawal of a patient from the study 666 
All patients are free to withdraw from the study at any time if they wish, without 667 

having to provide an explanation. 668 
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7 TREATMENT EVALUATED 669 

7.1 Study treatment 670 

- Active agent: levosimendan, solution to be diluted for infusion, 12.5 mg/5 mL, 5 mL 671 
flask. 672 
 673 
Excipients: povidone, citric acid, absolute ethanol 674 
 675 
 676 
- Placebo: a clear yellow solution of similar appearance to the active agent.   677 
 678 
Qualitative composition: Riboflavin (sodium phosphate, absolute ethanol, water for injectable 679 
preparations) 680 

 681 
 682 

 683 
Before administration, these study drugs must be diluted in 500 mL of G5%  684 

(one 500 mL pocket for one or two 12.5 mg flasks) 685 
 686 

 687 
 688 
 689 
The study treatment, levosimendan or placebo, is administered intravenously, as a 690 
infusion of 0.1µg/kg/min over a fixed duration of 24 hours. The infusion will begin 691 
after the induction of anesthesia.  692 
 The pharmacy of each center will be responsible for dispensing the treatment 693 
attributed by randomization. 694 
 695 
 The treatment will be reconstituted by the anesthesiologist. 696 
  697 
 698 

- For patients weighing less than 85 kg, this operation will involve taking 5 699 
mL of solution from the flask (corresponding to the totality of the nominal volume of 700 
the flask), injecting it into a pouch containing 500 mL of 5% glucose, and gently 701 
mixing the preparation. 702 

The solution obtained has a theoretical concentration* of about 25 µg/mL 703 
(0.025 mg/mL) levosimendan (or placebo). 704 
 705 

- For patients weighing 85 kg or more, two flasks of levosimendan solution 706 
(12.5 mg/ml) or placebo will be required. The total contents of these flasks should be 707 
injected into a single 500 mL pouch of 5% glucose solution. 708 
 The solution obtained will have a theoretical concentration* of about 50 709 
µg/mL (0.050 mg/mL) levosimendan (or placebo). 710 
 The flow rate should be adapted for this double concentration (see the 711 
table below). 712 
 713 
* In accordance with the SPC for the specialty, there is some uncertainty on the true 714 
volume of solution present in a pouch of G5% with a nominal volume of 500 mL.  715 
 716 
 717 
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 The reconstitution of 12.5 mg/levosimendan or placebo in 500 mL Dextrose 718 
(5%) will be performed in the operating room, as close as possible to the start of the 719 
infusion, due to the time-limited stability of levosimendan. Indeed, after dilution, 720 
the stability of the solution (as defined in the SPC) is 24 hours at 25°C, which 721 
corresponds exactly to the duration of the infusion. 722 

The flow rate of the infusion will be the same for levosimendan and placebo. 723 
 724 

The flow rate (in mL/h) is defined in the table below, as a function of the 725 
patient’s body weight and the concentration of the solution, for a fixed duration 726 
of administration of 24 h.  727 
  728 
Dose and flow rate of the infusion as a function of body weight  729 
 730 

 
Weight 

(kg) 

 
Flasks 

(12.5 mg/5 mL) 
Flow rate of the infusion (mL/h) 

< 40 to 44  
 

Content of 1 flask  
in a 500 mL of 

G5% 

10 
45 to 54 12 
55 to 64 14 
65 to 74 17 
75 to 84 19 

 
85 to 94  

Contents of 2 
flasks in 500 mL of 

G5% 

11 
95 to 104 12 

105 to 114 13 
≥ 115  14 

 731 

7.2 Authorized treatments 732 

No treatment is prohibited during the study. The choice of positive inotropes 733 
for LCOS management will be left at the discretion of each clinician in charge. The 734 
use of mechanical circulatory assist devices and indications for RRT will also be 735 
decided by clinicians according to their local practice. The preoperative use of 736 
positive inotropes or mechanical circulatory assistance is allowed. 737 

7.3 Pharmacy manual (study drugs management)  738 

Levosimendan and placebo will be supplied free of charge by the Orion 739 
Corporation, in the form of unlabeled flasks containing the products. 740 

The products will be packaged and labelled by the Clinical Trials Department 741 
of the General Agency for Health Equipment and Products (DEC-AGEPS) of the 742 
Parisian public hospital network (AP-HP), as packs of one flask of levosimendan or 743 
placebo labelled and numbered according to the list of treatment numbers provided 744 
by the promoter. 745 
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 The participating centers will be supplied with the study-drugs by the DEC-746 
AGEPS. 747 
 748 
 A pharmacy manual specifying and detailing these various points will be 749 
supplied to the hospital pharmacies of the various centers during the initiation visits  750 
for the trial. 751 

8 RANDOMISATION 752 
 753 
The treatment will be attributed by minimization (deterministic dynamic 754 

attribution). The procedure will take into account the center, the type of surgery 755 
(isolated or combined CABG), LVEF (<30%, or between 30 and 40%), history of 756 
previous cardiac surgery, preoperative treatment with an inotrope or an IABP, and 757 
preoperative treatment with beta-blockers. This approach will make it possible to 758 
ensure that these prognostic factors are evenly distributed between the two groups at 759 
each center. We will also introduce a random component to decrease the 760 
predictability of allocation. 761 

We will use minimization because stratified randomization is not effective for 762 
small trials. This is the case here, because the three factors for which we wish to 763 
control (type of surgery, LVEF and preoperative treatment) would generate eight 764 
strata at each of the 15 centers. Minimization is a valid alternative in such cases31. 765 

The randomization algorithm will be established by a statistician other than the 766 
statistician who will analyze the data for the study. This algorithm will be installed on 767 
an internet site with secure access. 768 

At the time of inclusion, each patient will be identified by a center number 769 
(three digits) taken from a list of centers, an inclusion number (four digits) that will be 770 
attributed in chronological order at each center and the first letters of the patient’s 771 
surname and first name. During randomization, the investigator will log on to the 772 
internet site containing the algorithm and enter the characteristics of the patient. The 773 
randomization results will be sent to the pharmacy. 774 

 775 

9 STATISTICS  776 

9.1 Number of subjects required 777 

The total number of subjects required for this study is 340: 170 patients per 778 
group. This number was determined on the basis of the following hypotheses:  779 

(1) Incidence of 65% for the composite criterion in the control group 780 
(estimated from HEGP data)  781 

(2) Incidence of 50% for the composite criterion in the levosimendan group 782 
(according to the results of Levin et al., who reported that the 783 
preoperative administration of levosimendan in patients suffering LCOS 784 
decreased the frequency of use of an additional inotrope by 28% and 785 
the use of IABP by 12%, relative to the dobutamine group) 27 786 

(3) α risk of 5% and β risk of 20%. 787 
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9.2 Statistical analysis 788 

9.2.1 General information 789 
The results will be presented according to CONSORT guidelines 32. 790 
The estimates for the primary and secondary outcome measures will be supplied 791 

with 95% confidence intervals. 792 

9.2.2 Primary outcome measure 793 
The principal analysis will be an intention-to-treat analysis on all the patients 794 

included in the study and randomized to one of the treatment arms. The non-adjusted 795 
incidence of the composite criterion will be compared between the two groups using 796 
chi-squared tests. Multiple logistic regression analysis will then be performed, to 797 
compare incidences adjusted for the prognostic factors for LCOS: type of surgery 798 
(isolated coronary surgery or combined coronary and valve surgery), LVEF (<30% or 799 
between 30 and 40%), history of previous surgery, preoperative treatment with an 800 
inotrope and/or IABP, and preoperative treatment with beta-blockers. 801 
 Three subgroup analyses should make it possible to determine whether the 802 
effect of levosimendan varies with: 803 

(1) The type of surgical procedure (isolated CABG or combined CABG and 804 
valve surgery), 805 

(2) LVEF (< 30%, or 30% ≤ LVEF ≤ 40%) 806 
(3) Preoperative inotrope treatment and/or mechanical assistance. 807 

The heterogeneity of the treatment effect will be evaluated using an interaction 808 
test and may be represented on a forest plot33, 34, 35. 809 
 810 

9.2.3 Secondary outcome measures 811 
Log-rank tests will be used to compare unadjusted mortality between the two 812 

groups. A Cox regression model will be used to compare mortality adjusted for 813 
factors associated with a poor prognosis. If the assumption of proportional risks is not 814 
confirmed, the Cox regression model will be stratified for the variable not satisfying 815 
this assumption. 816 
 Count variables (numbers of days, numbers of hours) will be analyzed with a 817 
Poisson regression model taking exposure time into account. If the distribution of the 818 
observations is not normal or if the assumption of a Poisson distribution is not 819 
reasonable, other models will be used (e.g. a negative binomial regression model). 820 

10 SAFETY EVALUATION 821 

10.1 Description of the parameters for the safety evaluation 822 

10.1.1 Adverse events 823 
Any noxious or undesirable sign occurring in a person taking part in a 824 

biomedical study, regardless of its possible link to the study or to the study drug. 825 

10.1.2 Adverse effects of a study drug  826 
Any noxious and undesirable reaction to a study drug, regardless of the dose 827 

administered. 828 
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10.1.3 Serious adverse events or effects 829 
Any undesirable event or effect leading to the death of the person taking part 830 

in the study or placing the life of that person in danger, requiring hospitalization or the 831 
prolongation of hospitalization, causing a major or persistent incapacity or disability 832 
or resulting in a congenital abnormality or malformation, attributable to the drug, 833 
regardless of the dose administered. 834 
 835 

10.1.4 Unexpected adverse effects of a study drug 836 
Any undesirable effect, the nature, severity or progression of which is not 837 

consistent with the information provided in the summary of product characteristics for 838 
drugs authorized for market release. 839 

10.1.5 New findings 840 
Any new safety data that could potentially lead to a re-evaluation of the 841 

benefit-risk ratio of the study drug, or of sufficient importance to suggest changes in 842 
the administration mode of the study-drug during the study. 843 

10.2 Descriptions of the expected adverse effects of the study drug  844 

The nature, frequency and severity of adverse effects have been presented in 845 
different manners in the clinical studies in which levosimendan has been used. The 846 
SURVIVE study (Mebazaa et al. JAMA 2009) is the clinical trial including the largest 847 
number of patients treated with levosimendan (660 patients) reported to date. 848 
However, the patients included in this study are not comparable to those of the 849 
LICORN study because they presented advanced heart failure. 850 
 Based on the data from the SURVIVE study, the expected adverse effects of 851 
levosimendan injection are as follows:  852 
 853 
Non-serious adverse effects:  854 

- Hypotension: 15% of patients  855 
- Headaches: 8% of patients  856 
- Hypokalemia: 9% of patients  857 
- Nausea: 7% of patients  858 
- Premature ventricular contraction: 6% of patients  859 
- Insomnia: 6% of patients  860 
- Tachycardia: 5% of patients  861 
- Chest pain: 2% of patients  862 
- Diarrhea: 4% of patients  863 
- Renal dysfunction: 4% of patients  864 
- Vomiting: 3% of patients  865 

 866 
Serious adverse effects:  867 

- Postoperative atrial fibrillation: 9% of patients  868 
- Ventricular tachycardia: 8% of patients  869 
- Ventricular fibrillation: 2% of patients  870 

 871 
In the SURVIVE study, there was no significant difference in severe adverse 872 

effects between the group of patients treated with levosimendan and the group of 873 
patients treated with dobutamine. 874 
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In the studies shown in Table 2 in which levosimendan was administered 875 
during surgery, the prevalence of postoperative atrial fibrillation was between 12% 876 
(Alvarez et al. Rev Esp Cardiol 2006) and 40% (De Hert et al. Anesth Analg 2007). 877 
These studies included between 12 and 69 patients treated with levosimendan. 878 

According to the summary of product characteristics, the administration of 879 
levosimendan is contraindicated for patients with a history of hypersensitivity to this 880 
active agent. In practice, this adverse effect is very rare and its exact incidence is 881 
unknown. 882 

The following adverse effects are described in the SPC: 883 
- Hypokalemia 884 
- Insomnia 885 
- Headaches 886 
- Dizziness 887 
- Ventricular tachycardia 888 
- Postoperative atrial fibrillation 889 
- Tachycardia 890 
- Premature ventricular contraction 891 
- Heart failure 892 
- Myocardial ischemia 893 
- Prematurecontraction 894 
- Hypotension 895 
- Nausea 896 
- Constipation 897 
- Diarrhea 898 
- Vomiting 899 

 900 
This information is summarized in a table of adverse events provided in the 901 

appendix. 902 
Appropriate clinical evaluations and laboratory tests will be used to determine 903 

the cause of the adverse effect and the results of these explorations will be reported, 904 
together with the evolution of the problem.  905 
 906 

10.3 Methods for measuring, recording and evaluating the safety parameters  907 

10.3.1 Coordinating center  908 
Responsibilities 909 

- Production of the documents required for the study. 910 
- Centre management: setting up and initiation of the study, onsite 911 

monitoring, periodic transmission of information and documents, validation 912 
of the observation notebooks by research assistants, collecting data forms. 913 

- Follow-up of inclusions. 914 
- Systematic study follow-up: timetable. 915 
- Financial management. 916 
- Management of the documents to be submitted to the safety monitoring 917 

board 918 
- Transmission of information about serious adverse events to the promoter.  919 
- Periodic information letter. 920 

Composition 921 
- Permanent members of the Clinical Research Unit of the HEGP 922 
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- Representative of the promoter 923 
- Coordinating investigator 924 
- Safety monitoring board (SMB) for the study  925 

Responsibilities 926 
- Follow-up of the study, including inclusion rate, patient’s characteristicsand  927 

the incidence of adverse events. 928 
- Provide approval regarding the validity of the number of subjects required, 929 

with the possibility of modifying the trial plan (premature stopping of the 930 
study, continuation of inclusion) according to the data supplied by the 931 
coordinating center, with the agreement of the study statistician. 932 

- Monitoring serious adverse events, and  optimizing patient safety.  933 
 934 

Composition 935 
- Prof. Pascal Guéret (Cardiology Department, Henri Mondor Hospital, 936 

APHP) 937 
- Prof. François Stephan (Intensive Care Unit, Marie Lannelongue Surgical 938 

Centre, Le Plessis-Robinson) (President) 939 
- Raphaël Porcher (DBIM, Hôtel-Dieu, APHP, INSERM 1153) 940 

 941 
Operating Mode 942 

The SMB will hold a conference call meeting after the inclusion of 40 patients, 943 
and then after the inclusion of every subsequent 80 patients. The practical mode of 944 
functioning of the board may be modified if necessary by the SMB itself. 945 

If required, the SMB may be convened by the promoter outside of the 946 
scheduled meetings. 947 
 948 
 949 
 950 

10.4 Procedures for the recording and notification of adverse events 951 

10.4.1 Adverse events (AEs) 952 
Any adverse event considered non-serious according to the definition given above 953 
and observed during the study-period should be reported in the observation 954 
notebook. A single event should be reported per item. The event may be a symptom, 955 
a diagnosis or the result of an additional examination considered of importance. All 956 
clinical or biological elements required to provide the best possible description of the 957 
event should be reported. 958 
 959 

10.4.2 Serious adverse events (SAEs) 960 
- Declaration of serious adverse events to the promoter 961 
The investigators should notify the promoter, AP-HP, immediately of any 962 

serious adverse events, as described in section 10. 963 
The investigator will complete a form for the declaration of serious adverse 964 

events (see the appendix) and send it to the DRCD by fax (01 44 84 17 99), within 48 965 
hours (if possible, this declaration should follow a telephone call made to +33 (0)1 44 966 
84 17 23 immediately after the event in case of death or life-threatening conditions).  967 



LICORN protocol PHRC 2011 Prof. B Cholley 
 

Protocol dated 08/01/2015 34/52 
 

For each serious adverse event, the investigator should express an opinion 968 
regarding the possibility of a causal link between the event and each study drug or 969 
other treatment used. 970 

Serious adverse events and their imputability to treatment will be noted until 971 
six months after the levosimendan infusion. 972 

It may not be possible to obtain all the information required for the description 973 
and evaluation of an adverse event during the time limit specified for the initial 974 
declaration. Clinical progression and the results of additional clinical evaluations, 975 
diagnostic examinations and laboratory tests should therefore be reported, together 976 
with any other information required for a satisfactory analysis: 977 

- either, on the initial declaration for the SAE if immediately available, or 978 
- by sending a new completed SAE declaration by fax as soon as possible, 979 

indicating that the declaration corresponds to the follow-up of a SAE that 980 
has already been declared, together with its follow-up number. 981 

All declarations made by the investigators should identify the subject 982 
participating in the study by means of the unique code number attributed to the 983 
patient. 984 

For notifications of the death of a subject participating in the study, the 985 
investigator should transmit any additional information requested (hospitalization 986 
reports, post mortem results etc.) to the promoter. 987 

The promoter should be notified of any new finding arising during the study or 988 
in the context of the study.  989 
 990 

- Declaration of serious adverse events to the health authorities 991 
The Pharmacovigilance Unit of the DRCD will be responsible for the 992 

declaration of serious adverse events to the health authorities, after an evaluation of 993 
the seriousness of the event, the imputability to the study drug or any other 994 
treatment, and the unexpected nature of the adverse event. 995 

The promoter will declare any unexpected serious adverse effect to the 996 
competent authorities within the timeframe laid down in law. 997 

All safety data and any new finding that might significantly modify the benefit-998 
risk ratio for a study-drug, which might lead to changes in the drug administration will 999 
be transmitted by the promoter to the ethics committee and the investigators of the 1000 
study. For example: 1001 

a) Any clinically significant increase in the frequency of an expected serious 1002 
adverse effect;  1003 

b) Suspicions of an unexpected serious adverse effect in participants who 1004 
have already completed the study, notified to the promoter by the 1005 
investigator, together with any follow-up reports; 1006 

c) Any new finding concerning the course of the clinical trial or the 1007 
development of the drug, if this new finding has implications for participant 1008 
safety. For example: 1009 
- A serious adverse event likely to be linked to the investigations and 1010 

diagnostic procedures of the trial that might modify the running of the 1011 
trial, 1012 

- A significant risk to the trial population, such as a lack of efficacy of the 1013 
drug used to treat a life-threatening disease, 1014 

- Significant safety results from a recently completed animal study (e.g. a 1015 
study of carcinogenicity), 1016 
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- An early ending or temporary interruption of another study carried out 1017 
with the same drug in another country, for safety reasons, 1018 

d) Any unexpected serious adverse effect communicated to the promoter by 1019 
another promoter of a clinical trial on the same drug carried out in another 1020 
country. 1021 
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 1022 
- Mode and duration of subject follow-up after the occurrence of adverse 1023 

events  1024 
Any patient presenting an adverse event must be followed until the resolution 1025 

or stabilization of the adverse event. 1026 
If the event is not serious, its course will be noted on the corresponding page 1027 

of the observation notebook, in the section reserved for this purpose. 1028 
If the event is serious, a SAE follow-up form will be sent to the DRCD. 1029 

 1030 
- Unblinding procedure 1031 

 1032 
In case of adverse events other than hypotension potentially linked to the study 1033 

product and requiring knowledge of the treatment arm to which the patient was 1034 
assigned to facilitate correct management, an unblinding procedure will be used. 1035 

The investigator from the center at which the serious adverse event was 1036 
observed should imperatively follow the procedure for declaring serious adverse 1037 
events to the promoter.  Unblinding will be performed by the DRCD during working 1038 
hours: DRCD: Cécile Jourdain (project manager, DRCD) 01.44.84.17.32 / fax 1039 
01.44.84.17.01. 1040 

All requests for unblinding must be justified, and a completed unblinding request 1041 
form, signed by the investigator, should be sent by fax. In parallel, the investigator 1042 
should contact the structure to which the fax is sent. 1043 

In case of anaphylactic shock, arterial hypotension, or heart rate problems 1044 
refractory to usual treatment, the study-drug administration will be interrupted (see 1045 
section 6.6.2. Stopping the study treatment in a patient). Knowledge of the product 1046 
administered will not change management, which is essentially symptomatic (e.g. 1047 
vasopressors for arterial hypotension). 1048 

Emergency unblinding will be performed after discussions with the coordinating 1049 
investigator, by the DRCD (during working hours) or Fernand Widal Hospital. 1050 

11 RIGHT OF ACCESS TO DATA AND DOCUMENTS 1051 
All persons with direct access to the study data, in accordance with the laws 1052 

and regulations in force, including articles L. 1121-3 and R. 5121-13 of the Public 1053 
Health Code (for example, the investigators, those responsible for quality control, 1054 
monitors, clinical research assistants, auditors, and anyone collaborating in the trials) 1055 
will take all the necessary precautions to protect the confidentiality of information 1056 
related to the study drugs, the trial, and the people taking part in the trial, particularly 1057 
regarding their identity and the results obtained.  1058 

 1059 

12 DATA MANAGEMENT AND STATISTICS 1060 

12.1 Observation notebook 1061 

All the information required by the protocol (for the study or relating to safety 1062 
and/or the declaration and follow-up of adverse events) will be supplied in the 1063 
observation notebook provided for this purpose. This information will be monitored 1064 
and an explanation for all items of missing or erroneous data will be requested from 1065 
the investigator. 1066 
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Each subject taking part in this study will receive a code number associated 1067 
with their initials. This code will be marked on all the documents required for the 1068 
study. 1069 

12.2 Monitoring 1070 

Given the risks related to the type of participants, this study will be classified 1071 
as a level D study.  1072 

The data monitored will be those essential for the scientific quality of the 1073 
protocol and those concerning patient consent. 1074 

The study will be monitored by clinical research assistants (CRAs) 1075 
representing the promoter. Visits to the investigating centers will be scheduled for the 1076 
opening of the study, corresponding to inclusion of the first patient, and its closing. 1077 
Other visits will be scheduled according to the inclusion rate. 1078 

12.3 Responsibility for the analysis, the analysis site and the software used 1079 

The data will be managed by the CRU of the HEGP:  1080 
- A list of the study variables will be produced in operational data model 1081 

(ODM) format by the CRU, working with the study investigators.  1082 
- This list will make it possible for the CRU to develop a paper-based 1083 

notebook for recording data and a database in PostgreSQL format, into 1084 
which the data will be entered after quality control.  1085 

- A data management plan developed jointly by the data manager, the 1086 
principal investigator and the statistician will be implemented.  1087 

- After correction of the errors that this plan will have identified, the database 1088 
will be frozen for statistical analysis.  1089 

- The data will be analyzed with SAS software (SAS Institute Inc., Cary, NC). 1090 
 1091 
Prof. Gilles Chatellier will be responsible for data processing for this study. 1092 

 1093 

13 LEGAL AND ETHICAL CONSIDERATIONS 1094 
The promoter is defined according to the law 2004-806 dated August 9, 2004. 1095 

In this study, AP-HP is the promoter and the Department of Clinical Research and 1096 
Development (DRCD) will be responsible for its regulatory missions. Before the start 1097 
of the study, each investigator will provide the representative of the study promoter 1098 
with a dated and signed copy of his/her personal curriculum vitae, bearing his or her 1099 
national medical council registration number and Adéli number. 1100 

  1101 
 1102 

13.1 Request for ANSM authorization 1103 

As promoter of the study, AP-HP must submit a request for authorization for 1104 
this study to the competent authority, the ANSM. The competent authority, as defined 1105 
in article L. 1123-12 of the Public Health Code, will issue an opinion concerning the 1106 
safety of the persons participating in the biomedical study, considering, if appropriate, 1107 
the references in force, their conditions of use and the safety of the participants in 1108 
terms of the acts performed, the methods used and the modes of follow-up for the 1109 
study subjects. 1110 
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13.2 Request for an expert opinion from the ethics committee 1111 

In accordance with article L. 1123-6 of the Public Health Code, the promoter 1112 
must submit the research protocol to the appropriate ethics committee. The expert 1113 
opinion of this committee must then be communicated to the competent authority by 1114 
the promoter, before the research can begin. 1115 

  1116 

13.3 Modification of the protocol 1117 

The DRCD must be informed, by the coordinating investigator, of all intended 1118 
modifications to the protocol. Each modification must be qualified as substantial or 1119 
insubstantial. A substantial modification is defined as a modification likely, in one way 1120 
or another, to modify the guarantees provided to the subjects taking part in the 1121 
biomedical study (modification of an inclusion criterion, prolongation of the inclusion 1122 
period, participation of new centers etc.). 1123 

Once the study has begun, any substantial modification at the initiative of the 1124 
promoter must receive approval from the ethics committee and authorization from the 1125 
competent authority before its implementation. If necessary, the ethics committee 1126 
may check that a new consent form has been signed by the individuals participating 1127 
in the study. 1128 

Any extension of the study (profound modification of the therapeutic scheme 1129 
or of the populations included, implementation of therapeutic acts not initially planned 1130 
in the protocol, etc.) should be considered as a new study. All substantial 1131 
modifications should be submitted by the promoter to the ANSM for authorization 1132 
and/or the ethics committee for approval, after payment of a tax. 1133 
 1134 

13.4 Declaration to the CNIL 1135 

According to the laws in force, the file of computerized personal data collected 1136 
for the study must be declared before the effective start of the study. 1137 

This protocol will benefit from quality control by a CRA representing the 1138 
promoter, and conforms to the field of application of a specific reference methodology 1139 
for the processing of personal data in the framework of biomedical research defined 1140 
in law 2004-806 from August 9, 2004 (covered by article L. 1121-1 and subsequent 1141 
articles of the Public Health Code) and established by the CNIL in January 2006. 1142 

This methodology allows a simplified declaration procedure when the types of 1143 
data collected in the study match the contents of a list drawn up by the CNIL in its 1144 
reference document. 1145 

As the promoter’s representative, the DRCD will ask the person responsible 1146 
for managing the computer file to agree, in writing, to respect the MR06001 simplified 1147 
reference methodology and to make the necessary declaration to the CNIL. 1148 

13.5 Information notice and informed consent 1149 

Informed consent must be obtained from all individuals participating in the 1150 
study, before any of the acts required for the biomedical research study are 1151 
performed. 1152 

The study population in this case is a population of autonomous adults. The 1153 
information notice and the consent form are separate documents that must be given 1154 
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to the patient before any of the medical acts required for the biomedical study are 1155 
performed. 1156 
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13.6 Final study report 1157 

The final report for this study will be written jointly by the coordinator and the 1158 
biostatistician. This report will be submitted to each of the investigators for approval. 1159 
Once a consensus has been obtained, the final version should be signed by each of 1160 
the investigators and sent to the promoter as soon as possible after the effective end 1161 
of the study. A report written according to the reference plan supplied by the 1162 
competent authority should be sent to the competent authority and to the ethics 1163 
committee within a year of the end of the study, defined as the last follow-up visit 1164 
(here, a telephone call on D180) for the last subject included. The final report should 1165 
be submitted within 90 days of the end of the study if the study is stopped early. 1166 

14 DATA PROCESSING AND STORAGE OF DOCUMENTS AND DATA 1167 
RELATING TO THIS STUDY 1168 

The documents of any study covered by the law on biomedical research 1169 
should be archived by all parties for 15 years after the end of the study (see good 1170 
clinical practice chapter 8: essential documents). 1171 

The following documents should be archived: 1172 
- Copies of the ANSM authorization and expert opinion of the ethics committee 1173 
concerning the study, 1174 
- The successive versions of the protocol (identified by version number and 1175 
date), 1176 
- All correspondence with the promoter, 1177 
- The signed consent forms of the subjects, in a stamped, sealed envelope, 1178 
together with the corresponding inclusion list or register, 1179 
- The completed and validated observation notebook for each subject 1180 
included, 1181 
- All additional documents specific to the study, 1182 
- The final report of the study, after statistical analysis and quality control (copy 1183 
sent to the promoter), 1184 
- The certificates for any audits performed during the study. 1185 
The database used for the statistical analysis should also be archived by the 1186 

person responsible for the analysis (on paper or in a computerized format). 1187 

15 INSURANCE AND SCIENTIFIC COMMITMENT 1188 

15.1 Insurance 1189 

AP-HP (Assistance Publique - Hôpitaux de Paris) is the promoter of this study. 1190 
In accordance with the law on biomedical research, AP-HP will take out an insurance 1191 
policy covering its own civil responsibility and that of all those involved in the trial 1192 
(doctors and other staff involved in the performance of the study; law no. 2004-806, 1193 
Art L.1121-10 du CSP). AP-HP reserves the right to stop the study at any time, for 1194 
medical or administrative reasons; in this case, the investigator will be notified. 1195 

15.2 Scientific commitment 1196 

Each investigator will agree to respect the obligations of the law and to follow 1197 
good clinical practice, in accordance with the terms of the Helsinki Declaration. Each 1198 
investigator from each participating center will provide a dated and signed declaration 1199 
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of scientific commitment (standard form available from the DRCD), which will be 1200 
transmitted to the promoter’s representative. 1201 

16 PUBLICATION RULES 1202 
For publication in the journals of the International Committee of Medical 1203 

Journal Editors (ICMJE), this controlled comparative clinical trial will be registered 1204 
with http://www.clinicaltrials.gov/ before the inclusion of the first patient. This website 1205 
is independent of AP-HP and is managed directly by the editors. 1206 

AP-HP is the owner of all the data for this study, and no use or transmission of 1207 
the data to a third party is permitted without its prior agreement. AP-HP must be 1208 
mentioned as the promoter of this biomedical research study and as providing 1209 
financial support, as appropriate. The terms “Assistance Publique- Hôpitaux de Paris” 1210 
must appear in the authors’ addresses. 1211 

A writing committee consisting of the members of the management committee 1212 
and the coordinator of the critical events committee and a representative of the 1213 
centers including the largest numbers of patients in the trial will write an initial draft of 1214 
the first article for the approval of the scientific committee. The authors of the article 1215 
will be the members of the management committee, the members of the scientific 1216 
committee, the coordinator of the critical events committee and a representative from 1217 
each of the centers including the largest numbers of patients in the trial. The article 1218 
will then be submitted to an international peer-reviewed journal, with the agreement 1219 
of the study promoter. Dr. Thibaut Caruba is the scientific director of this project and 1220 
Prof. Bernard Cholley will be the corresponding author on the first article. 1221 

The results of the trial can be communicated only with the agreement of the 1222 
scientific committee. All investigators including at least 10 patients in the trial may 1223 
submit other articles based on the study results to the scientific committee for 1224 
approval for publication, after acceptance of the first article for publication. 1225 

17 APPENDICES 1226 

17.1 Classification grid for AEs and SAEs 1227 

 1228 
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Classification grid for adverse events in a biomedical study on a drug (Art. R. 1123-54 of the Public Health Code) 
 

LICORN study   Project codes: P110138– EUD2012-000232-25 Risk of the study: D IMC / DSMB: Yes     No  

Efficacy of levosimendan pretreatment before coronary artery bypass graft on extracorporeal circulation in high-risk patients (LVEV < 40%): multicenter, randomized, double-blind, placebo-
controlled trial. LICORN: Levosimendan In Coronary Revascularization

NOT TO BE NOTIFIED TO THE PROMOTER  
Events identified in the protocol as not requiring notification, but which may be reported in the 

observation notebook (CRF) 

TO BE NOTIFIED TO THE PROMOTER IMMEDIATELY   
SAE to be sent by fax to 01 44 84 17 99 and information to be noted in the CRF  
All events presenting one of the criteria of seriousness noted below, except those identified as not requiring notification. 
1- Death 
2- Life-threatening situation 
3- Need for hospitalization or its prolongation 
4- Long-term sequelae 
5- Congenital abnormality or malformation 
6- Event considered to be serious by the investigator 
NOTE: any discovery of PREGNANCY during a biomedical research study should be immediately declared to the promoter and the 
pregnancy should be monitored until delivery. 

Events that may be serious but are not 
linked to the study  

EXPECTED non-serious adverse effects 
 

EXPECTED serious adverse effects 
 

UNEXPECTED serious adverse 
effects (USAEs) 
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Anything related to the natural and usual course of the 
disease:  
– New hospitalization for disease follow-up 
 
Any serious adverse effect likely to be linked to 
treatments prescribed for routine care during the 
follow-up period of the study  
 
 
Any event likely to be exclusively due to cardiac 
surgery occurring during the postoperative period and 
requiring a prolongation of hospitalization (e.g. pleural 
effusion). 
 

Known adverse effects of levosimendan (SPC) 
- Hypotension (grades 1 and 2, <20% decrease in mean 
arterial pressure under anesthesia)  

- Moderate tachycardia (HR <110bpm) 
- Precocious ventricular contraction  
- postoperative atrial contraction  
- Nausea  
- Vomiting 
- Diarrhea – Constipation - Dizziness 
- Headache 
- Insomnia 
- Decrease in hemoglobin level 
- Mild to moderate hypokalemia (3 to 3.5 mmol/l) 
 
Adverse effects reported in the SURVIVE study 
- Renal insufficiency  
Considered non-serious if simply an increase in creatinine 
concentration of <50% preoperative levels or <40 µmol/l; 
with no need for dialysis. 

Known adverse effects of levosimendan (SPC) 
- Postoperative atrial fibrillation 
- Ventricular fibrillation 
- Torsades de pointes 
- Ventricular tachycardia 
- Profound arterial hypotension (decrease in mean arterial 

pressure of at least 20% the value AFTER anesthesia 
induction) or refractory to usual treatment during the infusion  

- Myocardial ischemia 
- Cardiac insufficiency 
 
Any effect listed in the “non-serious adverse effects” 
column meeting one of the criteria for seriousness should 
be notified as a “non-serious adverse effect”. The expected 
or unexpected nature of the effect will be evaluated by the 
promoter.  
 
In general, any adverse effect making it necessary to stop 
the infusion should be notified as a “serious” effect.  
 

 

 1229 
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17.2 Declaration form for SAEs:  v3-0 dated 16/12/2013 1230 

 1231 
Direction de la 
Politique Médicale 
(DPM) 
 

Département de la 
Recherche Clinique 
et du 
Développement 
(DRCD) 

 
PART RESERVED FOR THE 

PROMOTER 
 

_ _ - DRRC 20 _ _ - _ _ _ 
_ 
 

Form for the notification of a serious adverse event 
(SAE) occurring during the course of a biomedical 

study on a drug or similar product 
 1232 

As soon as the investigator becomes aware of the SAE, he or she should complete this form (2 pages), and sign and 1233 
return it immediately to the Vigilance unit of the DRCD-Siège by fax: +33 (0)1 44 84 17 99  1234 

   1235 
                   Initial notification                          SAE follow-up   1236 
Follow-up number|__|__|   1237 

 1238 
1. Study identification   

Acronym LICORN Date of notification : |__|__|  |__|__|  |_2_|_0_|__|__|     
            dd           mm              yyyy 

Study code : P 110138 
 

Date on which the investigator became 
aware of the SAE: 

 
|__|__|  |__|__|  |_2_|_0_|__|__|      

            dd           mm              yyyy 
Complete title of the biomedical research study: 
Efficacy of levosimendan pretreatment before 
coronary artery bypass graft (CABG) under 
cardiopulmonary bypass in high-risk patients (left 
ventricular ejection fraction below 40%): a 
multicenter, randomized, double-blind, placebo-
controlled trial. LICORN: Levosimendan In 
Coronary Revascularization 
 

Risk:                            A     B  C  D 
Type of study:  Non-comparative trial 
 Comparative trial: Double-blind     Simple-blind    Open

   Randomized             Non-randomized 

 1239 
2. Investigating center 
Name of the establishment: 
……………………………………………………………………………………………………… 
Town and postcode: ………………………………………………………………………………………………………………… 
Department: 
……………………………………………………………………………………………………………………………………………

Investigator (surname/first name): 
…………………………………………………………………………………………………………………………………………………………………… 

Tel: ……………………………………………………………… Fax: ……………..………………………………………………… 
 1240 

3. Identification and history of the person taking part in the study
Code number: |__|__|__| - |__|__|__|__| - |__| - |__|    
                                              Centre no.       -   selection order no.   - surname  - first name  
                                                                                                                      initial          initial           

Medical/surgical or family antecedents relevant for the evaluation of 
this case (attach an anonymized hospital report if appropriate):  
…………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………… 

Sex:  M     F Date of birth: 
|__|__|  |__|__| |__|__|__|__| 

         dd           mm            yyyy 
Age: |__|__|__|years 

Weight: |__|__|__| kg 
Height: |__|__|__| cm 

Date on which consent form signed:  |__|__|  |__|__|  |_2_|_0_|__|__|     
                                                                   dd        mm               yyyy 

Date of randomization:                          |__|__|  |__|__|  |_2_|_0_|__|__|     
                                                                   dd        mm              yyyy 

 Treatment no.  (1st flask):  I__|__|__|__|   
 Treatment no.  (2nd flask):  I__|__|__|__| or NA 

 1241 
4. Study drug(s) (SDs) or similar products [specify which before the occurrence of the SAE] (cross out the box if treatment not 
initiated: 
Brand name (by preference) or international non-proprietary name

Route(

1) 

Dose
/ 24 h 

Date and time at which 
infusion initiated 
(dd/mm/yyyy) 

Underwa
y(2) 

Date and time at which 
infusion stopped 
(dd/mm/yyyy) 

Levosimendan or placebo IV ……… 

|__|__|  |__|__| 
|_2_|_0_|__|__| 

|__|__| h  |__|__| 
 

 
|__|__|  |__|__| |_2_|_0_|__|__|

|__|__| h  |__|__| 

 
 1242 
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5. Additional procedures and acts for the study   NA  

Date performed 
(dd/mm/yyyy) 

Chronology 

Before the 
occurrence of the 

SAE 

After the 
occurrence of the 

SAE 
 1243 

6. Drugs taken concomitantly at the time of the SAE, excluding those used to treat the adverse effect (complete the table below and, if 
neccessary, the appendix relating to concomitant drugs    Appendix sent with this form:  Yes   No                       or cross out the box if non-applicable): 

Brand name (by preference) or international 
non-proprietary name, together with the 

pharmaceutical form and dose 
Indication Route 

(1) Dose / day
Date started 

(dd/mm/yyyy) 
Ongoing 

(2) 
Date ended 

(dd/mm/yyyy) 

…………………………………………………………………………………………… …………………………………… ……… ……… |__|__|  |__|__| |__|__|__|__|  |__|__|  |__|__| |_2_|_0_|__|__| 

…………………………………………………………………………………………… …………………………………… ……… ……… |__|__|  |__|__| |__|__|__|__|  |__|__|  |__|__| |_2_|_0_|__|__| 

…………………………………………………………………………………………… …………………………………… ……… ……… |__|__|  |__|__| |__|__|__|__|  |__|__|  |__|__| |_2_|_0_|__|__| 

…………………………………………………………………………………………… …………………………………… ……… ……… |__|__|  |__|__| |__|__|__|__|  |__|__|  |__|__| |_2_|_0_|__|__| 
…………………………………………………………………………………………… …………………………………… ……… ……… |__|__|  |__|__| |__|__|__|__|  |__|__|  |__|__| |_2_|_0_|__|__| 

(1) Route of administration: PO=per os (oral); IM=intramuscular; IV=intravenous; SC=subcutaneous or other (to be specified)  (2) Ongoing at the time of 1244 
SAE occurrence 1245 

 1246 
 1247 
 1248 

 1249 
 1250 
 1251 
 1252 
 1253 
 1254 
 1255 
 1256 
 1257 
  1258 

7. Serious adverse event [SAE] 
Diagnosis:     Definitive   Provisional 
……………………………………………………………………
………………………………………………………………….. 

Organ(s) concerned: 
…………………………………………………………
………………………………………………………… 

Symptoms: 
…………………………………………………………………
…………………………………………………………………
…………………………………………………………………
…………………………………………………………………
…………………………………………………………………
…………………………………………………………………
……………… 

Date of symptom onset: |__|__|  |__|__|  |_2_|_0_|__|__| 
Please specify   
………………………………………………………………………………………………......................................
.........................................................................................................................................
. 
Date of SAE onset: 
 |__|__|  |__|__|  |_2_|_0_|__|__| 
    dd          mm               yyyy 
Time at onset: |__||__| hh |__||__| min  
                                missing data 

Time between the last administration of the 
SD/similar product or the date of the 
additional procedure/act for the study and the 
occurrence of the SAE:  

|__||__| /  |__||__| |__||__| 
dd             hh      min 

Criteria for seriousness: 
 Necessitating or prolonging hospitalization: 

    from |__|__|  |__|__|  |_2_|_0_|__|__| 
    to |__|__|  |__|__|  |_2_|_0_|__|__|       still 
underway 

 Death  
 Life-threatening condition 
 Major or long-term incapacity or disability 
 Congenital abnormality or malformation 
 Other clinically significant criteria; please 

specify: 
……………………………………………………………………………………………………………… 
……………………………………………………………………………………………………………… 
……………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………

Did the event lead to a stopping of treatment with the SD/similar product? 
 No        Yes    Date : |__|__|  |__|__|  |_2_|_0_|__|__| 

The treatment was stopped:  Temporarily  Definitively   
Date of study treatment reinitiation, if appropriate: |__|__|  |__|__|  |_2_|_0_|__|__| 

Recurrence of the SAE after reinitiation:  No    Yes - Date : |__|__|  |__|__|  |_2_|_0_|__|__| 

Did the event lead to unblinding?  
 No        Yes     Date : |__|__|  |__|__|  |_2_|_0_|__|__| Degree of severity: 

 Mild       Moderate       Severe 
Course of the event   

 Death 
        unrelated to the SAE 
          related to the SAE  

Date: |__|__|  |__|__|  |_2_|_0_|__|__| 
                dd          mm              yyyy 

 Subject not yet recovered; specify:   Stable  
                                                                  Aggravation 
                                                                  Improvement 

 Resolution of the event  
       without sequelae   
       with sequelae, please specify: 
         …………………………………………………………………………………………. 
              …..…………………………………………………………………………………….      
             ………………………………………………………………………………………. …      

 

Date: |__|__|  |__|__|  |_2_|_0_|__|__| 
                dd         mm               yyyy 

 
|__|__| |__|__| 

hh       min 

Symptomatic measures taken:  
 No     Yes  If yes, please specify: 

…………………………………………...… 
……………………………………………………………………………………………………………………………...…. 
……………………………………………………………………………………………………………………………...…. 
……………………………………………………………………………………………………………………………...…. 
……………………………………………………………………………………………………………………………...….  

 1259 

  Acronym LICORN: 
Subject code number:       |__|__|__| - |__|__|__|__| - |__| - |__|    
                                                                             Centre no.       -   order of selection no.   - surname  - first name 
                                                                                                                                                           initial          initial            
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8. Other potential causes identified:                
 No     Yes     If yes, please specify: 

………………………………………………………………………………………………………………………………………………………………………………………………………………..…………………….…………..….  
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………  
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

 1260 
9. Additional examinations performed:    

 No     Yes    If yes, please specify the date and nature of the examinations and their results [attach anonymised 
results]……………..…………………………………………………………………………………………….  
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………  
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

 1261 
10. According to the investigator, the serious adverse event is (several answers possible): 

Linked to the biomedical study:  
Yes:          linked to the SD/similar product of the study: Which? 

SD/product: …………………………………………………………….………            Clear link                  Plausible link             Dubious link 
SD/product: …………………………………………………………….………            Clear link                  Plausible link             Dubious link 

        linked to the procedures/acts used in the biomedical study: Which, or NA? 
Procedure/act: ………………………………………………………            Clear link                  Plausible link             Dubious link 
Procedure/act: ………………………………………………………            Clear link                  Plausible link             Dubious link 

No:        linked to a progression of the disease studied: (please specify) 
         linked to one or several drugs administered concomitantly with the SD/similar product. If so, which? 

………………………………………………………………………………………………………..………….…    
         linked to a comorbid condition, please specify: 

………………………………………………………………………………………………………………………………………………………………………………….………………..……………    
         other, please specify: 

……………………………………………………………………………………………………………………………………………………………………………………………………………………………………..…………………….………… 
 1262 

Person making the notification Investigator Departmental stamp: 
 
 
 
 
 

 

Name and post: Name:   
   

Signature: 
 
 
 

Signature: 
 

 1263 
1264 



 

Protocol dated 08/01/2015 47/52 
 

References 1265 
1. Landoni G, Mizzi A, Biondi-Zoccai G, Bruno G, Bignami E, Corno L, Zambon 1266 

M, Gerli C, Zangrillo A. Reducing mortality in cardiac surgery with 1267 
levosimendan: a meta-analysis of randomized controlled trials. J Cardiothorac 1268 
Vasc Anesth.24(1):51-57. 1269 

2. Rao V, Ivanov J, Weisel RD, Ikonomidis JS, Christakis GT, David TE. 1270 
Predictors of low cardiac output syndrome after coronary artery bypass. J 1271 
Thorac Cardiovasc Surg. 1996;112(1):38-51. 1272 

3. Ivanov J, Borger MA, Rao V, David TE. The Toronto Risk Score for adverse 1273 
events following cardiac surgery. Can J Cardiol. 2006;22(3):221-227. 1274 

4. Malliotakis P, Xenikakis T, Linardakis M, Hassoulas J. Haemodynamic effects 1275 
of levosimendan for low cardiac output after cardiac surgery: a case series. 1276 
Hellenic J Cardiol. 2007;48(2):80-88. 1277 

5. Tasouli A, Papadopoulos K, Antoniou T, Kriaras I, Stavridis G, Degiannis D, 1278 
Geroulanos S. Efficacy and safety of perioperative infusion of levosimendan in 1279 
patients with compromised cardiac function undergoing open-heart surgery: 1280 
importance of early use. Eur J Cardiothorac Surg. 2007;32(4):629-633. 1281 

6. Muller M, Junger A, Brau M, Kwapisz MM, Schindler E, Akinturk H, Benson M, 1282 
Hempelmann G. Incidence and risk calculation of inotropic support in patients 1283 
undergoing cardiac surgery with cardiopulmonary bypass using an automated 1284 
anesthesia record-keeping system. Br J Anaesth. 2002;89(3):398-404. 1285 

7. Hogue CW, Jr., Palin CA, Arrowsmith JE. Cardiopulmonary bypass 1286 
management and neurologic outcomes: an evidence-based appraisal of 1287 
current practices. Anesth Analg. 2006;103(1):21-37. 1288 

8. Bolcal C, Iyem H, Sargin M, Mataraci I, Sahin MA, Temizkan V, Yildirim V, 1289 
Demirkilic U, Tatar H. Gastrointestinal complications after cardiopulmonary 1290 
bypass: sixteen years of experience. Can J Gastroenterol. 2005;19(10):613-1291 
617. 1292 

9. Wynne R, Botti M. Postoperative pulmonary dysfunction in adults after cardiac 1293 
surgery with cardiopulmonary bypass: clinical significance and implications for 1294 
practice. Am J Crit Care. 2004;13(5):384-393. 1295 

10. Acil T, Turkoz R, Acil M, Sezgin AT, Baltali M, Gulcan O, Ozin B, Muderrisoglu 1296 
H. Value of prolonged QRS duration as a predictor of low cardiac output 1297 
syndrome in patients with impaired left ventricular systolic function who 1298 
undergo isolated coronary artery bypass grafting. Am J Cardiol. 1299 
2006;98(10):1357-1362. 1300 

11. Dickstein K. ESC guidelines for the diagnosis and treatment of acute and 1301 
chronic heart failure 2008: application of natriuretic peptides. Reply. Eur Heart 1302 
J. 2008. 1303 

12. Mebazaa A, Pitsis AA, Rudiger A, Toller W, Longrois D, Ricksten SE, Bobek I, 1304 
De Hert S, Wieselthaler G, Schirmer U, von Segesser LK, Sander M, 1305 
Poldermans D, Ranucci M, Karpati PC, Wouters P, Seeberger M, Schmid ER, 1306 
Weder W, Follath F. Clinical review: practical recommendations on the 1307 
management of perioperative heart failure in cardiac surgery. Crit 1308 
Care.14(2):201. 1309 

13. Jorgensen K, Bech-Hanssen O, Houltz E, Ricksten SE. Effects of 1310 
levosimendan on left ventricular relaxation and early filling at maintained 1311 
preload and afterload conditions after aortic valve replacement for aortic 1312 
stenosis. Circulation. 2008;117(8):1075-1081. 1313 



 

Protocol dated 08/01/2015 48/52 
 

14. Figgitt DP, Gillies PS, Goa KL. Levosimendan. Drugs. 2001;61(5):613-627; 1314 
discussion 628-619. 1315 

15. Soeding PE, Royse CF, Wright CE, Royse AG, Angus JA. Inoprotection: the 1316 
perioperative role of levosimendan. Anaesth Intensive Care. 2007;35(6):845-1317 
862. 1318 

16. Greenberg B, Borghi C, Perrone S. Pharmacotherapeutic approaches for 1319 
decompensated heart failure: a role for the calcium sensitiser, levosimendan? 1320 
Eur J Heart Fail. 2003;5(1):13-21. 1321 

17. Antila S, Sundberg S, Lehtonen LA. Clinical pharmacology of levosimendan. 1322 
Clin Pharmacokinet. 2007;46(7):535-552. 1323 

18. Puttonen J, Kantele S, Ruck A, Ramela M, Hakkinen S, Kivikko M, 1324 
Pentikainen PJ. Pharmacokinetics of intravenous levosimendan and its 1325 
metabolites in subjects with hepatic impairment. J Clin Pharmacol. 1326 
2008;48(4):445-454. 1327 

19. Tritapepe L, De Santis V, Vitale D, Santulli M, Morelli A, Nofroni I, Puddu PE, 1328 
Singer M, Pietropaoli P. Preconditioning effects of levosimendan in coronary 1329 
artery bypass grafting--a pilot study. Br J Anaesth. 2006;96(6):694-700. 1330 

20. Eriksson HI, Jalonen JR, Heikkinen LO, Kivikko M, Laine M, Leino KA, 1331 
Kuitunen AH, Kuttila KT, Perakyla TK, Sarapohja T, Suojaranta-Ylinen RT, 1332 
Valtonen M, Salmenpera MT. Levosimendan facilitates weaning from 1333 
cardiopulmonary bypass in patients undergoing coronary artery bypass 1334 
grafting with impaired left ventricular function. Ann Thorac Surg. 1335 
2009;87(2):448-454. 1336 

21. Jarvela K, Maaranen P, Sisto T, Ruokonen E. Levosimendan in aortic valve 1337 
surgery: cardiac performance and recovery. J Cardiothorac Vasc Anesth. 1338 
2008;22(5):693-698. 1339 

22. De Hert SG, Lorsomradee S, Cromheecke S, Van der Linden PJ. The effects 1340 
of levosimendan in cardiac surgery patients with poor left ventricular function. 1341 
Anesth Analg. 2007;104(4):766-773. 1342 

24. Brezina A, Riha H, Pirk J. Prophylactic application of levosimendan in cardiac 1343 
surgical patients with severe left ventricle dysfunction. Exp Clin Cardiol. 1344 
2009;14(2):e31-34. 1345 

25. Tritapepe L, De Santis V, Vitale D, Guarracino F, Pellegrini F, Pietropaoli P, 1346 
Singer M. Levosimendan pre-treatment improves outcomes in patients 1347 
undergoing coronary artery bypass graft surgery. Br J Anaesth. 1348 
2009;102(2):198-204. 1349 

26. Alvarez J, Bouzada M, Fernandez AL, Caruezo V, Taboada M, Rodriguez J, 1350 
Ginesta V, Rubio J, Garcia-Bengoechea JB, Gonzalez-Juanatey JR. 1351 
[Hemodynamic effects of levosimendan compared with dobutamine in patients 1352 
with low cardiac output after cardiac surgery]. Rev Esp Cardiol. 1353 
2006;59(4):338-345. 1354 

27. Levin RL, Degrange MA, Porcile R, Salvagio F, Blanco N, Botbol AL, Tanus E, 1355 
del Mazo CD. [The calcium sensitizer levosimendan gives superior results to 1356 
dobutamine in postoperative low cardiac output syndrome]. Rev Esp Cardiol. 1357 
2008;61(5):471-479. 1358 

28. Mebazaa A, Nieminen MS, Packer M, Cohen-Solal A, Kleber FX, Pocock SJ, 1359 
Thakkar R, Padley RJ, Poder P, Kivikko M. Levosimendan vs dobutamine for 1360 
patients with acute decompensated heart failure: the SURVIVE Randomized 1361 
Trial. JAMA. 2007;297(17):1883-1891. 1362 



 

Protocol dated 08/01/2015 49/53 
 

29. Montori VM, Permanyer-Miralda G, Ferreira-Gonzalez I, Busse JW, Pacheco-1363 
Huergo V, Bryant D, Alonso J, Akl EA, Domingo-Salvany A, Mills E, Wu P, 1364 
Schunemann HJ, Jaeschke R, Guyatt GH. Validity of composite end points in 1365 
clinical trials. BMJ. 2005;330(7491):594-596. 1366 

30. Fellahi JL, Parienti JJ, Hanouz JL, Plaud B, Riou B, Ouattara A. Perioperative 1367 
use of dobutamine in cardiac surgery and adverse cardiac outcome: 1368 
propensity-adjusted analyses. Anesthesiology. 2008;108(6):979-987. 1369 

31. Altman DG, Bland JM. Treatment allocation by minimization. BMJ. 1370 
2005;330(7495):843. 1371 

32. Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated 1372 
guidelines for reporting parallel group randomized trials. BMJ.340:c332. 1373 

33. Assmann SF, Pocock SJ, Enos LE, Kasten LE. Subgroup analysis and other 1374 
(mis)uses of baseline data in clinical trials. Lancet. 2000;355(9209):1064-1375 
1069. 1376 

34. Cuzick J. Forest plots and the interpretation of subgroups. Lancet. 1377 
2005;365(9467):1308. 1378 

35. Wang R, Lagakos SW, Ware JH, Hunter DJ, Drazen JM. Statistics in 1379 
medicine--reporting of subgroup analyses in clinical trials. N Engl J Med. 1380 
2007;357(21):2189-2194. 1381 


