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Purpose: To evaluate if the preoperative administration of levosimendan in patients with 

right ventricular (RV) dysfunction, pulmonary hypertension, and high perioperative risk would 

improve cardiac function and would also have a protective effect on renal and neurological 

functions, assessed using two biomarkers neutrophil gelatinase-associated lipocalin (N-GAL) 

and neuronal enolase.

Methods: This is an observational study. Twenty-seven high-risk cardiac patients with RV 

dysfunction and pulmonary hypertension, scheduled for cardiac valve surgery, were prospectively 

followed after preoperative administration of levosimendan. Levosimendan was administered 

preoperatively on the day before surgery. All patients were considered high risk of cardiac and 

perioperative renal complications. Cardiac function was assessed by echocardiography, renal 

function by urinary N-GAL levels, and the acute kidney injury scale. Neuronal damage was 

assessed by neuron-specific enolase levels.

Results: After surgery, no significant variations were found in mean and SE levels of N-GAL 

(14.31 [28.34] ng/mL vs 13.41 [38.24] ng/mL), neuron-specific enolase (5.40 [0.41] ng/mL 

vs 4.32 [0.61] ng/mL), or mean ± SD creatinine (1.06±0.24 mg/dL vs 1.25±0.37 mg/dL at 

48 hours). RV dilatation decreased from 4.23±0.7 mm to 3.45±0.6 mm and pulmonary artery 

pressure from 58±18 mmHg to 42±19 mmHg at 48 hours.

Conclusion: Preoperative administration of levosimendan has shown a protective role against 

cardiac, renal, and neurological damage in patients with a high risk of multiple organ dysfunc-

tions undergoing cardiac surgery.

Keywords: levosimendan, preoperative, kidney, brain, acute renal failure

Introduction
Levosimendan is an inotropic agent with vasodilatory and protective effects, acting 

via the calcium channels in cardiac myofilaments and the opening of adenosine 

triphosphate (ATP)-sensitive potassium channels in vascular smooth muscle cells and 

ATP-sensitive potassium channels in cardiac mitochondria.1

Through this mechanism, levosimendan increases the contractile force of cardiac 

muscle fibers, causes peripheral vasodilatation in both arteries and veins, and protects 
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the heart against ischemic events; the KATP channels in 

the mitochondria have a predominant role in the protection 

of the myocardium from ischemia and reperfusion injury.2 

Several studies have demonstrated the benefit of preopera-

tive levosimendan administration in patients with ventricular 

dysfunction.3–5

Right ventricular (RV) failure is associated with higher 

mortality rates than left ventricle failure, reaching up to 48% 

in patients admitted to intensive care units (ICUs).6 Mortality 

in patients with RV dysfunction and pulmonary hyperten-

sion is further increased with concomitant renal dysfunction; 

preoperative treatment with levosimendan in these patients 

appears to improve RV function and reduces postoperative 

pulmonary hypertension.6–8

Neurological and renal complications after cardiac surgery 

are frequent and have a significant impact on morbidity and 

mortality. Recently, cognitive impairment has been identified 

in 83% of patients undergoing cardiac surgery, and so the 

incidence of neurological damage in this type of surgery is 

high.9 For its part, acute renal failure prolongs hospital stay 

and increases the mortality risk by between three and nine 

times depending on severity; small increases in creatinine 

worsen the prognosis of these patients, especially those with 

RV dysfunction.10,11

Several studies have assessed the possible beneficial 

effects of levosimendan on renal function after cardiac 

surgery. Bragadottir et al12 reported an improvement in 

glomerular filtration rate, renal flow, and oxygenation, which 

was independent of the improvement in cardiac function.12 

The possible neuroprotective effects of levosimendan have 

also been studied by several authors.13,14

We hypothesized that the preoperative administration of 

levosimendan in patients with RV dysfunction, pulmonary 

hypertension, and high perioperative risk would improve 

cardiac function and would also have a protective effect on 

renal and neurological function.

Methods
This prospective study was approved by the Institutional 

Review Board of University Hospital Virgen de la Victoria, 

Málaga, Spain. Written informed consent was obtained from 

all subjects. The study protocol conforms to the ethical guide-

lines of the 1975 Declaration of Helsinki. Twenty-seven high 

cardiac risk patients (defined as having RV dysfunction with 

pulmonary hypertension and EUROSCORE II .5%), sched-

uled for cardiac valve surgery, were prospectively followed 

after preoperative administration, once they gave informed 

consent. Inclusion criteria were RV dysfunction: tricuspid 

annulus diameter .35 (mm) and pulmonary hypertension 

(systolic pulmonary pressure .30 mmHg), scheduled valve 

surgery (replacement or repair), a Cleveland Clinic Acute Kid-

ney Injury (AKI) score (.7= high risk), and EuroSCORE II  

values .5%.15,16 Criteria for exclusion included the history 

of adverse reaction to levosimendan, combined surgery (not 

cardiac surgery, eg, carotid surgery), preoperative renal dys-

function (creatinine clearance ,50 mL/min), hypersensitiv-

ity to levosimendan or any of the excipients, hemodynamic 

instability (systolic blood pressure ,90 mmHg and tachy-

cardia, .100 beats/min), mechanical ventricular obstruc-

tion, history of Torsade de Pointes, or previous neurological 

dysfunction. The study aimed to evaluate the neurological 

and renal benefits of the administration of levosimendan in 

patients considered at high risk of cardiac and renal dysfunc-

tion due to RV dysfunction and pulmonary hypertension, all 

prior to a cardiac valvular surgery, a surgical procedure with 

known higher risks of both systems complications.

Levosimendan was administered via continuous infusion 

at a rate of 0.1 µg/kg/min until a dose of 12.5 µg was reached 

on the day prior to surgery. During administration, patients 

were monitored with continuous electrocardiography (ECG) 

and pulse oximetry. Blood pressure was also recorded every 

30 minutes.

anesthesia and surgical procedure
All patients were monitored upon arrival in the operating room 

with continuous ECG, invasive blood pressure monitoring 

through the right radial artery, pulse oximetry, capnography, 

monitoring of hypnosis through the bispectral index (BIS; 

BIS XP®, Aspect Medical Systems, Newton, MA, USA), 

as well as temperature of the pharynx, bladder, and blood. 

Cardiac function was assessed with transesophageal echocar-

diography (Philips Sonos 7500) and pulmonary artery 

catheter (PAC-Edwards Lifesciences, Irvine, CA, USA). 

Induction and intraoperative maintenance of anesthesia were 

performed in a similar way in all cases, with sevoflurane 

(Sevorane®, Abbott, Louvain-la-Neuve, Belgium) as the 

anesthetic drug before and after extracorporeal circulation 

and with propofol during the cardiopulmonary bypass (CPB). 

The various hypnotics were adjusted to maintain a BIS value 

of between 45 and 60, ensuring hypnosis and avoiding over-

dose. Neuromuscular relaxation was maintained with cisatra-

curium (Nimbex®, GlaxoSmithKline, London, UK) infusion 

(1–2 µg/kg/min). Analgesia was performed with intravenous 

remifentanil infusion at a rate of 0.1–0.2 µg/kg/min (Ultiva®, 

GlaxoSmithKline, Genval, Belgium).

At the end of the surgery, all patients were transferred 

to the ICU and were sedated with propofol and remifentanil 

until extubation.
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study protocol
Postoperative hemodynamic management was standardized 

as follows: adrenaline, dobutamine, and/or noradrenaline 

were administered by continuous infusion if cardiac index 

was low (,2.4 L/min/m2 and/or central venous oxygen 

saturation was ,65%), if vascular resistance was normal or 

low, and if pulmonary capillary wedge pressure was higher 

than 15 mmHg (to avoid situations of low cardiac output and 

hypoperfusion; Table 1). If urine output was ,1 mL/kg/h 

1 hour after hemodynamic optimization, 500 mL of Ringer’s 

lactate was administered for 10 minutes and repeated if the 

result was not satisfactory, always provided that pulmonary 

wedge pressures did not exceed 15 mmHg; and if there 

was no response, 10 mg of furosemide was administered 

every 30 minutes until a favorable response was achieved. 

If urine output was .1 mL/kg/h, no diuretic drug was 

administered.

Urine output was monitored for the first 48 hours and 

also if postoperative renal replacement therapy was neces-

sary. Epidemiological data on age, sex, previous treatment, 

EuroSCORE II, Cleveland score, CPB time, ischemia time, 

and type of surgery were recorded in all patients.

analytical measurements
Hemoglobin, troponin I, CK-MB, creatinine, urea, lac-

tate, and central venous saturation were recorded before 

administration of levosimendan, on arrival in the operat-

ing room, on arrival in the ICU, and 24 and 48 hours after 

surgery. NT-proBNP value was recorded before adminis-

tration of levosimendan and 24 hours after surgery. Urine 

samples for neutrophil gelatinase-associated lipocalin 

(N-GAL) and enolase testing were collected after admin-

istration of the drug and 2 hours after arrival in the ICU 

(after surgery).

hemodynamic measurements
Echocardiographic measurements were performed to assess 

RV dilatation (tricuspid annulus diameter) and pulmonary 

hypertension (if present) at baseline and 48 hours postopera-

tively. If a low cardiac output syndrome was diagnosed during 

admission (cardiac index ,2.4 L/min/m2, pulmonary wedge 

pressure .15 mmHg, and/or central venous saturation ,65%), 

the number and dose of inotropic and/or vasoactive drugs 

administered during the first 48 postoperative hours was 

recorded.

Renal function
Postoperative renal dysfunction was assessed with the AKI 

classification. Small changes in creatinine may be associated 

with impaired renal function.17 Creatinine values and urine 

output were recorded before administration of levosimendan 

and at 24–48 hours after administration.

sample size
The primary endpoint was N-GAL in urine. A difference of 

500 ng/dL between baseline and postoperative values was 

considered as significant. The incidence of postoperative 

renal dysfunction of 20%. Twenty-six patients were required 

to obtain a β statistical power of 80% and an α error of 0.05. 

For enolase, a sample of 16 patients was needed to detect 

an increase of 50% from baseline, a beta statistical power of 

80%, and an α error of 0.05.

statistical analyses
Descriptives
Continuous variables are presented as total number of 

cases (n), the mean ± standard deviation, median and stan-

dard error (SE) values, and interquartile range p25–p75 

(IQRp25–p75). Qualitative variables were described using 

the number of cases (n).

Univariate analysis
For the statistical analysis, the Shapiro–Wilk test was initially 

performed to check the normal distribution of the variables. 

Continuous variables were compared using Student’s t-test, 

ANOVA, or Kruskal–Wallis or Mann–Whitney nonpara-

metric tests, as appropriate. Qualitative variables were ana-

lyzed using the χ2 test or Fisher’s exact test when necessary 

(if N ,20, or if any value in the table of expected values 

was ,5). When the χ2 test was used, the Yates correction 

was applied in all cases.

Results
Patients’ epidemiological and surgical data are listed in Table 2.

Table 1 inotropic management (protocol)

Cardiac index Cardiac index ,2.4 L/min/m2 and/or central 
venous oxygen saturation was ,65% and  
wedge pressure .15 mmHg

Cardiac index ,2.4 L/min/m2 and/or  
central venous oxygen saturation was ,65% 
and wedge pressure ,15 mmHg

systolic blood pressure .70 mmhg Dobutamine (initial dose of 5 µg/kg/min) Volume bolus (500 mL of Ringer’s solution)

systolic blood pressure ,70 mmhg adrenaline ± noradrenaline Volume bolus (500 mL of Ringer’s solution)
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Pulmonary arterial pressure showed a significantly 

lower value after surgery, with values decreasing from 

58±18 (31.17–48.89) mmHg to 42±19 (40–64.8) mmHg 

post operatively (P=0.001); this finding was also observed 

regarding dilatation of the RV that decreased from 4.23±0.7 

(3.5–5.8) mm to 3.45±0.6 (2.5–4.8) mm (P=0.044; Table 3). 

Total volume infused during levosimendan administration 

was as usual (1,000 mL of Ringer’s solution for 24 hours).

Baseline central venous saturation was 75%±5% 

(68%–79%), and at 48 hours, it was 70%±4% (67%–78%), 

with no significant variations. Baseline NT-proBNP values rose 

from 2,014 (79) (1,883–5,106) pg/mL to 3,456 (211) (3,062–

9,091) pg/mL, the differences being significant (P=0.006). 

Baseline lactate values were 0.91±0.3 (0.78–1.07) mmol/L and 

1.42±0.62 (1.37–1.73) mmol/L after 48 hours (Table 4).

N-GAL value at baseline was 14.31±28. ng/mL 

(0.87–278.5), and value after 24 hours was 13.41 (38.24) 

(0.34–360.2) ng/mL, and enolase value at baseline was 5.40 

(0.41) (0.11–9.12) ng/mL, and value after 24 hours was 

4.32 (0.61) (0.11–17.15) ng/mL; the differences were not 

significant in either case. In both sets of measurements, the 

Mann–Whitney test was performed, since the distribution was 

not normal (as in the case of NT-proBNP, but not in the case 

of the rest of the parameters; Table 4 and Figures 1 and 2).

With regard to renal function parameters, baseline 

creatinine was 1.06±0.24 (1.04–1.44) mg/dL, rising to 

1.25±0.37 (1.22–1.68) mg/dL at 48 hours, with no signifi-

cant variation (P.0.05). Urine output in the first 24 hours 

was 1.37±0.3 (1.11–1.71) mL/kg/h, decreasing to 1.02±0.23 

(0.96–1.45) mL/kg/h at 48 hours. The AKI stage remained 

unchanged at 48 hours. No patients required renal replace-

ment therapy (Table 4).

Of the 27 patients, six needed support with adrenaline 

for the first 48 hours (0.01±0.02 [0–0.02] µg/kg/min). Nora-

drenaline vasoactive support was necessary in five patients 

at 48 hours (0.018±0.03 [0–0.03] µg/kg/min). No patient 

received support with dobutamine.

Troponin values were not significant at baseline but 

reached a peak of 8.63±7.23 (5.87–11.40) ng/mL at 24 hours, 

decreasing at 48 hours to values of 5.22±3.4 (2.9–5.5) ng/mL. 

Similarly, baseline CK-MB were not significant but reached a 

peak of 55.5±46 (36.10–71.71) ng/dL at 24 hours, decreasing 

to 18.50±12.48 (13.16–22.87) ng/dL after 48 hours.

Discussion
In previous works, levosimendan has been shown to protect 

the heart and may also preserve the kidneys and the brain.18,19 

Levosimendan is an inotropic agent with vasodilatory effects, 

thanks to a triple mechanism of action: through calcium 

channels in cardiac myofilaments and opening of the ATP-

sensitive potassium channels in smooth muscle cells and the 

Table 2 Patients’ preoperative epidemiological characteristics 
and surgical data

Sex (male/female) 14/13
age (years) 67±8
height (cm) 164±5
euroscore 8±1
asa class iii±1
Cleveland score 9±2
Type of surgery
Mitral 4/27
aortic mitral 5/27
Mitral-tricuspid 13/27
Tricuspid 2/27
aortic-mitral-tricuspid 3/27
Cardiopulmonary bypass time (min) 110±21
Time of ischemia (min) 74±12
Preoperative treatment
β-Blockers 15

aCe inhibitors/aRa ii 12
nitrates 5
Calcium antagonist blockers 4
Diuretics 21
Bronchodilating agents 14
acetyl salicylic acid 6
Sildenafil/bosentan 18/27

Note: Data are given as absolute numbers or median ± sD.
Abbreviations: ASA, American Society of Anesthesiologists (physical status); min, 
minutes; aCe, angiotensin-converting enzyme; aRa, angiotensin receptor blockers; 
sD, standard deviation.

Table 3 hemodynamic parameters

Hemodynamic parameters Baseline 48 hours

Mean ± SD 95% CI Mean ± SD 95% CI

Tricuspid annulus diameter (mm) 4.23±0.7 3.5–5.8 3.05±0.6* 2.5–4.8
heart rate (bpm) 70±9 65–78 71±7 70–80

Mean blood pressure (mmhg) 70±9 72–81 71±7 72–79

Central venous pressure (mmhg) 12±4 11–14 10±4 9–12
Pulmonary artery systolic pressure (mmhg) 58±19 31.17–48.89 42±18* 40–64.77

Note: *Significant variations P,0.05.
Abbreviations: SD, standard deviation; CI, confidence interval.
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ATP-sensitive potassium channels of the mitochondria of 

cardiac cells. Through this triple mechanism, levosimendan 

increases the contractile force of the cardiac muscle fibers, 

causes both peripheral arterial and venous vasodilatation, and 

exerts a cardioprotective effect against ischemia. The open-

ing of KATP channels in the mitochondria has a predominant 

role in the protection of the myocardium from ischemia 

and reperfusion injury. The drug exerts its cardioprotective 

effect through several mechanisms: it reduces preload and 

afterload, thus improving cardiac work, and its action on the 

ATP potassium-sensitive channels in the mitochondria of 

cardiac cells protects the heart against myocardial ischemia 

by achieving cell stabilization and preserving homeostasis, 

thanks to the correction of the mitochondrial function.1,2

Besides cardioprotection against ischemic events and the 

antistunning effect, levosimendan may also reduce ischemia-

related damage in other organs.1 In this study, we evaluated its 

effect on the heart, kidney, and central nervous system.

Perioperative renal dysfunction is a serious acute compli-

cation after cardiac surgery, being associated with prolonged 

hospitalization and mortality rates that vary from 30% to 

70% according to previous studies.20,21 Although the renal 

function subsequently recovers, long-term mortality rates 

in this group of patients are increased.10 In patients with RV 

dysfunction and pulmonary hypertension, small increases in 

creatinine represent an independent predictor of mortality; 

instead in these patients, perioperative kidney preservation is 

important.7 Several scales are available for the diagnosis of 

acute renal failure. In our case, we used the current reference 

scale for the diagnosis of renal failure (AKI) derived from 

the RIFLE scale.17 Research using this scale has shown that 

even small increases in creatinine or decreased urine output 

worsen prognosis in these patients.10,11 In our study, we 

evaluated postoperative changes in renal function in patients 

with high perioperative cardiac risk assessed by the Euroscore 

II scale and a high baseline value of NT-proBNP, which is 

Table 4 Biochemical and analytical parameters assessed during the study

Biochemical parameters Baseline 2 hours after surgery 48 hours

Mean ± SD or 
mean (SEM)

95% CI Mean ± SD or 
mean (SEM)

95% CI Mean ± SD or 
mean (SEM)

95% CI

Central venous saturation (%) 75±5 68–79 – – 70±4 67–78
lactate (mmol/l) 0.91±0.3 0.78–1.07 – – 1.42±0.62 1.37–1.73
nT-ProBnP (pg/ml) 2,014 (79) 1,883–5,106* – – 3,456 (211)** 3,062–9,091
Creatinine (mg/dl) 1.06±0.24 1.04–1.44 – – 1.25±0.37 1.22–1.68
n-gal (ng/ml) 14.31 (28.34) 0.87–278.5 13.41 (38.24) 0.34–360.2 – –
Neuron-specific enolase (ng/mL) 5.40 (0.41) 0.11–9.12 4.32 (0.61) 0.11–17.15 – –

Notes: *Significant variations (P,0.05). **Value reported at 24 hours.
Abbreviations: N-GAL, neutrophil gelatinase-associated lipocalin; CI, confidence interval; SD, standard deviation; SEM, standard error of the mean.

Figure 1 Preoperative and postoperative n-gal values.
Notes: The scatter graph shows N-GAL values before and after surgery in 27 patients 
preoperatively administered levosimendan and the mean of the N-GAL concentration in 
urine at these two time points. Preop was the preoperative values (before levosimendan) 
and postop was postoperative values (2 hours after ICU admission postsurgery). Mean 
values were 14.31 ng/mL prior to levosimendan infusion and 13.41 ng/mL 2 hours after 
ICU admission. The variations were not statistically significant (P.0.05).
Abbreviations: n-gal, neutrophil gelatinase-associated lipocalin; iCU, intensive 
care unit.

Figure 2 Preoperative and postoperative neuron-specific enolase values.
Notes: The scatter graph shows neuron-specific enolase values before and after 
surgery in 27 patients preoperatively administered levosimendan and the medians of 
neuron-specific enolase concentrations in urine at these two time points. Preop was 
the preoperative values (before levosimendan) and postop was postoperative values 
(2 hours after ICU admission postsurgery). The median values were 5.4 ng/mL 
prior to levosimendan infusion and 4.32 ng/mL 2 hours after ICU admission. The 
variations were not statistically significant (P.0.05).
Abbreviation: iCU, intensive care unit.
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an independent predictor of poor prognosis and morbidity 

in these patients.22

Patients with a high risk of postoperative renal dysfunc-

tion were assessed with the Cleveland scale. No significant 

changes in renal function were found at 48 hours postsurgery. 

Baseline and postoperative values of urinary N-GAL showed 

no significant differences and were below the established 

cutoff points for the diagnosis of renal dysfunction after 

cardiac surgery.23,24

The Portland study reported a decrease in creatinine values 

in patients with heart failure treated with levosimendan.25 

Levin et al26 found fewer cases of renal dysfunction in 

patients with low cardiac output treated with levosimendan 

compared with patients who received dobutamine. In our 

view, these results are related not only to the cardiac benefit 

of the drug but also to its effects on the kidney, which have 

been described previously by Bragadottir et al:12 renal vasodi-

lation, increased flow, and glomerular filtration rate, without 

increasing renal oxygen demand.12 The preconditioning 

mediated by the action on ATP-dependent K channels may 

also be involved.27–29

Our study was conducted in patients with RV dysfunction 

and pulmonary hypertension. In line with previous research, 

we found a decrease in the diameter of the tricuspid annulus 

and pulmonary pressures after administration of levosimendan 

and the surgical procedure.30–32 Conceivably, then, the reduc-

tion in renal venous pressure due to the improved ventricular 

function may also have contributed to the renal protection.

The study also evaluated the central nervous system by 

assessing the values of neuron-specific enolase, a marker of 

neurological damage that rises in the immediate postoperative 

period and returns to baseline values after 24 hours.33,34 In our 

study, enolase values did not change significantly vis-à-vis 

baseline, a finding that suggests the possibility that levosim-

endan has a neuroprotective effect, preserving neuronal tissue 

in these patients who are undergoing surgical procedures with 

a high risk of neurological dysfunction. Rubio-Regidor et al9 

concluded that neurological complications immediately after 

cardiac surgery are a major cause of morbidity and mortality, 

increasing the use of health resources and leading to func-

tional limitations in the patients who survive, since as many 

as 83% of patients undergoing cardiac surgery may present 

cognitive alterations.9

Several studies have demonstrated the neuroprotective 

properties of levosimendan and its positive impact on nerve 

function after transient ischemic episodes.35–38 The neuro-

protective effect may be mediated through mitochondrial 

KATP channels, due to its action during ischemia reperfusion 

processes.39 In our opinion, our findings may be due to the 

improvement in the cardiac situation and the possible neu-

roprotective effects.

The main limitations of our study are the absence of a 

control group to check the variations in the group of untreated 

patients. We could just hypothesize that the pre- and poste-

valuation within patients previously identified as high risk 

of postoperative organ dysfunction is sufficient to assess 

the properties of the drug at multiorgan level, as has been 

done by other authors, but we need to confirm it by other 

randomized studies.5,8,32,40,41 Larger studies in cardiac surgery 

are warranted to clarify the renal and neuronal effects of 

levosimendan and adverse effects.42

Conclusion
In addition to its previously described cardioprotective 

effects, levosimendan also preserves renal and neurological 

function. The drug appears to achieve this preservation 

through its action on KATP-dependent channels at the mito-

chondrial level and through the improved organ perfusion it 

leads to, thanks to its inodilator properties.
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