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    Abstract
Aims and Objectives: We aimed to compare the hemodynamic effects of levosimendan and dobutamine in patients undergoing mitral valve surgery on cardiopulmonary bypass (CPB). Materials and Methods: Sixty patients were divided into 2 groups of 30 each. Group-L patients received levosimendan 0.1 μg/kg/min and Group-D patients received dobutamine 5 μg/kg/min while weaning off CPB. Additional inotrope and/or vasoconstrictor were started based on hemodynamic parameters. Hemodynamic data were collected at the end and at 30 minutes after CPB, thereafter at 6, 12, 24, and 36 hours post-CPB. Mean arterial pressure (MAP), central venous pressure (CVP), heart rate (HR), cardiac index (CI), systemic vascular resistance index (SVRI), and lactate levels were measured. Results: Group-L showed increased requirement of inotropes and vasoconstrictors. The SVRI, CVP, and MAP were reduced more in Group-L. The CI was low in Group-L in the initial period when compared to Group-D. Later Group-L patients showed a statistically significant increase in CI even after 12 hrs of discontinuation of levosimendan infusion. The HR was increased more in Group-D. Lactate levels, intensive care unit stay, and duration of ventilation were similar in both groups. Conclusions: Levosimendan 0.1 μg/kg/min compared to dobutamine 5 μg/kg/min showed more vasodilation and lesser inotropic activity in patients undergoing mitral valve surgery for mitral stenosis. Levosimendan compared to dobutamine showed a statistically significant increase in CI even after 12 hrs of discontinuation. The requirement of another inotrope or vasopressor was frequent in levosimendan group.
  


  
    Keywords: Cardiac index, Dobutamine, Hemodynamics, Levosimendan, Systemic vascular resistance index
  


  
    Introduction


    Surgery on cardiopulmonary bypass (CPB) with aortic clamping involves global myocardial ischemia resulting in different degrees of transitory ventricular dysfunction in the immediate post-operative period. [bookmark: ft1][1],[bookmark: ft2][2] Patients of critical mitral valve stenosis are known to present with low cardiac output following mitral valve surgery. Positive inotropic drugs and vasodilators are administered to treat this condition. Beta-adrenergic agonists and phosphodiesterase III/IV inhibitors induce good early hemodynamic improvement but may cause myocardial ischemia, arrhythmias and are associated with high mid-term mortality. [bookmark: ft3][3],[bookmark: ft4][4],[bookmark: ft5][5] Levosimendan increases the sensitivity of myocardial contractile proteins to calcium resulting in positive inotropy. The use of this drug in the treatment of heart failure is based on its mechanisms of action, the improvement of myocardial contractility through the sensitization of troponin C to calcium, and systemic and coronary arterial and venous dilatation induced by activation of ATP-sensitive potassium channels of smooth muscle fibers. [bookmark: ft3][3] Because of these actions levosimendan increases cardiac output, and coronary and renal blood flow. It also reduces the preload and afterload, has an anti-arrhythmic effect, and can revert myocardial stunning. [bookmark: ft3][3] The present study was aimed to compare the hemodynamic effects of levosimendan and dobutamine in a group of patients undergoing mitral valve surgery on CPB. We also compared the outcomes in terms of duration of ventilation and intensive care unit stay and tissue perfusion in terms of lactate levels.


    Materials and Methods


    The study was approved by the hospital ethics committee. All patients undergoing mitral valve surgery for mitral stenosis under 60 years of age were considered for inclusion. The patients having associated moderate to severe mitral regurgitation, other valvular pathologies, renal dysfunction (serum creatinine >2 mg/dl and/or chronic kidney disease), undergoing combined mitral valve surgery with coronary artery bypass graft surgery, or redo mitral valve surgery or re-exploration for surgical causes were excluded. Written informed consent was obtained from all the patients. Randomization was done by computerized allocation of patients to both the groups. Pre-anesthetic assessment was done the day before surgery. Demographic data and the transthoracic echocardiography data including valve area (determined by planimetry), pulmonary artery pressure, and left ventricular ejection fraction were recorded. All patients received oral diazepam 10 mg and pantoprazole 40 mg previous night and on the morning of surgery. Patients were induced with midazolam 0.15 mg/kg, fentanyl 2-3 μg/kg and thiopentone titrated to the loss of eyelash reflex. Vecuronium 0.1 mg/kg was used to facilitate endotracheal intubation. Radial artery was cannulated for arterial pressure monitoring. Cardiac output was monitored using FloTrac sensor (Edwards lifesciences services LLC Irvine, CA 92614-5686 USA) and Vigileo monitor software (ver. 0302 pic v 1.0 Edwards life sciences). Right internal jugular vein was cannulated and systemic vascular resistance was measured after obtaining the central venous pressure (CVP). The cardiac index (CI) and systemic vascular resistance index (SVRI) were also measured. The myocardial contractility, mitral valve function and preload were assessed by transesophageal echocardiography (TEE) at the time of separation from CPB. The surgical techniques (ttk chitra prosthetic valve or annuloplasty ring) used were recorded in all patients.


    Surgery was performed on CPB with moderate hypothermia (28°C to 32°C) and cold blood cardioplegic cardiac arrest. At separation from CPB, group-D patients received infusion of dobutamine 5 μg/kg/min and group-L received levosimendan infusion 0.1 μg/ kg/ min. The study drug levosimendan and dobutamine were diluted in such a way that equal infusion rates were achieved for comparable patients. Both the drug syringes were prepared by another person blinded from the study. Syringes and extension tubing were covered with brown paper to blind the anesthesiologist. Drugs were administered once patient was rewarmed to 34°C and aortic clamp was released. Protocol and criteria for addition of another inotrope or vasopressor (adrenaline or noradrenaline) is described in flow diagram. While continuing a flow of 0.5 l/min on CPB, the CVP, the mean arterial pressure (MAP), SVRI, CI and left ventricular (LV) and right ventricular (RV) function and mitral valve function were assessed and the vasopressor or inotropic agent was selected as described in the flow diagram.
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    If MAP was more than 50 mmHg and LV and RV function were adequate as assessed by TEE in mid esophageal four chamber view, the study drug was continued.


    If MAP was less than 50 mmHg, CI <1 dyne-sec-m 2 /cm 5 with adequate LV and RV function on TEE imaging, but SVRI less than 1200 units, noradrenaline 0.05 μg/kg/min was added in addition to group inotrope.


    If MAP was less than 50 mmHg, CI <1 dyne-sec-m 2 /cm 5 with inadequate LV and RV function on TEE imaging and SVRI more than 1200 units, adrenaline 0.05 μg/kg/min was added in addition to group inotrope.


    In both groups, the HR, CVP, CI, and SVRI were monitored at baseline, immediately and at 30 minutes after CPB, thereafter at 6, 12, 24 and 36 hours after CPB. Aortic clamp time and CPB time were recorded for all patients. Tracheal extubation was performed when patients were hemodynamically stable, temperature was >36°C, chest tube drainage was less than 50 ml per hour, urine output was greater than 0.5 ml per kg per hour, and patients were breathing spontaneously with adequate blood gases as per institution protocol. Both the study drugs and additional inotrope/vasoconstrictor were tapered once the patients were extubated and hemodynamically stable. Presence of any arrhythmia was recorded.


    Statistics


    The sample size required was determined by the criterion that an increase in the CI of >20% over baseline is obtained after 24 hours of treatment for α error of 5% and a β error of 10%. The determined sample size was 30 patients in levosimendan (L) group and 30 patients in dobutamine (D) group. Numerical results are presented as mean ± SD; mean was compared by the students ′t′ test; categorical data were compared using chi square test. Significance was set at a P value < 0.05.


    Results


    This prospective, randomized, double-blind study included 60 patients undergoing mitral valve surgery under CPB from July 2011 to December 2011. [Table - 1] shows the clinical and demographic data of all patients included in the study. The demographic data was comparable between the two groups. Both groups were comparable regarding valve area, ejection fraction, incidence of severe pulmonary artery hypertension, CPB and aortic clamp time, and surgical technique employed. The ICU stay and duration of ventilation were also similar in both groups. The MAP reduced more in the levosimendan group compared to dobutamine group, which was statistically significant at weaning from CPB, and at 30 minutes, 6 hours, and 12 hours post CPB. This decrease in MAP was maintained even after its discontinuation. Treatment with dobutamine showed no significant changes in this respect. [Table - 2] shows the MAP, the CVP, and the SVRI at various time intervals. The HR was higher in dobutamine group, which was statistically significant. The HR normalized with tapering of inotropes. Levosimendan group patients showed a sustained increase in CI at 24 and 36 hours postoperatively compared to dobutamine group, which was statistically significant. [Table - 3] shows HR, and CI of patients monitored at various time intervals. Seven patients needed adrenaline infusion, and 14 patients needed noradrenaline infusion in the levosimendan group, whereas only 2 patients needed adrenaline and 2 patients needed noradrenaline infusion in dobutamine group as shown in [Table - 4]. This difference in the requirement of inotropic agent and vasoconstrictor infusion was statistically significant. Post-operative atrial fibrillation was recorded in patients in whom preoperatively atrial fibrillation was found. No malignant ventricular arrhythmias were recorded in any patient. Serum lactate levels indicative of tissue perfusion were increased in both groups intra-operatively and settled towards baseline by 24 hours [Table - 4].
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        	Table 1: Patient characteristics and clinical parameters in 2 groups
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        	Table 2: MAP, CVP and SVRI at various time intervals
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        	Table 3: HR, CI and lactate levels at various time intervals
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        	Table 4: Number of patients in whom adrenaline or nor adrenaline was required
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    Discussion


    Post-operative myocardial stunning defined as transitory myocardial dysfunction induced by ischemia through clamping of the aorta followed by reperfusion involves depletion of high energy phosphates, intracellular calcium overload, generation of free radicals, and impairment of the coronary microcirculation. [bookmark: ft2][2] Myocardial stunning, anesthetic agents, vasodilation and hyperthermia caused by the inflammatory response associated with CPB, all contributes to hemodyanamic instability in the early post-operative period. [bookmark: ft6][6] The recovery from this phenomenon starts after one hour of termination of CPB, and continues till 24 hours post-CPB. [bookmark: ft1][1] Patients with this condition usually respond to positive inotropic agents. [bookmark: ft1][1] Beta-adrenergic agonists and phosphodiesterase III/IV inhibitors induce hemodynamic improvement, but favor myocardial ischemia, arrhythmias, and are associated with high mid-term mortality in non-surgically treated patients with heart failure. [bookmark: ft3][3],[bookmark: ft4][4],[bookmark: ft5][5] Few studies on the use of levosimendan in the immediate post-cardiac surgery patients have been undertaken. [bookmark: ft7][7],[bookmark: ft8][8],[bookmark: ft9][9],[bookmark: ft10][10] In the present study levosimendan was started at 0.1 μg/kg/min without a bolus dose to avoid profound hypotension. [bookmark: ft11][11] Dobutamine was chosen as the inotropic control drug since its effects on low cardiac output syndrome following surgery involving CPB are well described. [bookmark: ft12][12],[bookmark: ft13][13] In our study, levosimendan showed sustained increase in CI even after 36 hrs post-CPB, helping to improve the myocardial dysfunction associated with CPB. Julian et al., [bookmark: ft14][14] in their study found significant hypotension with levosimendan infusion 0.2 μg/kg/min with a bolus dose of 12 μg/kg. In our study, we did not find significant hypotension since we selected a smaller infusion dose of levosimendan and avoided its bolus dose. In contrast to the study of Julian et al., [bookmark: ft14][14] our study showed less increase in HR in levosimendan group compared to dobutamine group. Although we have not measured the pulmonary vascular resistance index and pulmonary artery (PA) pressures, levosimendan could have benefited our study patients since increase in PA pressures is known in patients with severe mitral stenosis. The prolonged effects of levosimendan are owed to the pharmacokinetic properties of its metabolites, especially the molecule known as OR-1896. This has a pharmacodynamic profile identical to that of levosimendan, with a half life of approximately 80 hours and activity period of 2 weeks. [bookmark: ft11][11],[bookmark: ft15][15],[bookmark: ft16][16],[bookmark: ft17][17] Seven patients in levosimendan group needed adrenaline for maintaining adequate MAP and CI indicating that 0.1 μg/kg/min levosimendan did not produce enough inotropy. This might be attributed to decrease in dosage of levosimendan. Fourteen patients in the levosimendan group were started on nor-adrenaline infusion to increase the SVRI indicating that levosimendan infusion even at 0.1 μg/kg/min without a bolus dose produces significant vasodilation. Conversely, only 2 patients needed adrenaline infusion and 2 patients needed noradrenaline infusion in dobutamine group indicating relatively less vasodilation with dobutamine.


    Conclusion


    Levosimendan 0.1 μg/kg/min produces more vasodilation and lesser inotropic activity as compared to dobutamine 5 μg/kg/min in the post bypass period in patients undergoing mitral valve surgery for mitral stenosis. Levosimendan showed a statistically significant increase in CI even after 12 hours of stopping the infusion when compared to dobutamine. The requirement of another inotrope or vasopressor was more frequent in levosimendan group than in dobutamine group. There was no significant difference in the lactate levels and duration of ventilation and ICU stay in both the groups.
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  Table 1: Patient characteristics and clinical parameters in 2 groups
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  Table 2: MAP, CVP and SVRI at various time intervals
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  Table 3: HR, CI and lactate levels at various time intervals
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  Table 4: Number of patients in whom adrenaline or nor adrenaline was required
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Flow diagram: Protocol for adding inotrope or vasopressor at 0.5 | flows on CPB
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Levosimendan Dobutamine

Number of patients 30 30
Age (years) 3613 £ 7.11 3943 + 6.85
Sex

Women (%) 18 (60) 16 (53.3)

Men (%) 12 (40) 14 (46.7)
Body surface area in m? 16+0.11 158 +0.05
LV-EF (%) 6037 + 16 5933 + 102
Valve area (cm?) 099 +0.18 103 £ 016
Mean gradient (mmHg) 12.06 + 2.19 153 +235
Duration of CPB (min) 929 +9.95 88.7 + 10.63
Aortic cross clamp time (min) 481 +713 462+ 495
Duration of ventilation (hours) 53+172 597 + 147
ICU stay (days) 25605 28+ 066
Pre-surgery atrial fibrillation (%) 6 (20) 7(233)
Mitral valve repair (%) 14 (46.7) 16 (53.3)
Mitral valve replacement (%) 16 (53.3) 14 (46.7)

Values expressed as mean + standard deviation. Number within
parenthesis indicate percentage of total. LVEF: Left ventricular ejection
fraction, CPB: Cardiopulmonary bypass. ICU: Intensive care unit
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Time Group MAP CVP SVRI
Baseline Levosimendan 5293 = 7.0 10.30 = 1.11 1855 = 135
Dobutamine ~ 53.30 + 7.09 9.67 + 1.97 1795 + 149
After weaning Levosimendan 58.37  5.86* 6.93 + 178" 1258 + 197
from CPB Dobutamine  63.03 + 6.28" 827 + 1.11" 1610 + 198"
30 minutes  Levosimendan 71.43 + 4.70* 6.67 + 1.47* 1386 + 125
Dobutamine ~ 79.83 £ 6.36" 8.03 + 1.37* 1716 * 169"
6 hours Levosimendan 74.07 + 543* 7.33 £ 126" 1581 174"
Dobutamine ~ 80.67 + 6.71* 870 + 1.95" 1673 * 161"
12hours  Levosimendan 76.73 £ 7.79" 653 125" 1459 + 127"
Dobutamine ~ 84.13 £ 9.32* 7.93 + 201" 1666 * 165"
24 hours  Levosimendan 73.63 + 507 6.57 +1.40 1422 + 89"
Dobutamine ~ 7533 + 6.87 7.23 = 1.81 1519 * 155"
36 hours  Levosimendan 69.43 + 476 593 + 146 1441 + 131®
Dobutamine  70.5+4.2 633 + 170 1561 * 153"

MAP: Mean arterial pressure (mmHg), CVP:
(mmHg), SVRI: Systemic vascular resistance index in dyne-sec-m?/cm.
Values expressed as mean + standard deviation, CPB: Cardiopulmonary

bypass, *P value < 0.05

Central venous pressure
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Time Group HR Cl Lactate
Baseline Levosimendan  87.3+82  22:01 098025
Dobutamine ~ 89.97 +61 2202 101£026
After weaning Levosimendan 96.27 + 84" 247 02 4.63 + 0.81
fom CPB pobutamine 1026 + 124" 254 +02 45098
30 minutes  Levosimendan 9857 £ 85' 2601 461087
Dobutamine ~ 104.63 £ 7.9" 264 :02 47064
6 hours Levosimendan 74.07 + 543" 275+ 0.3 3.5+ 0.99
Dobutamine ~ 80.67 + 6.71* 276 £ 0.2 379 £ 1.05
12 hours Levosimendan 76.73 £ 7.79* 292+ 0.1 128 +0.38
Dobutamine ~ 84.13 + 9.32* 283+ 0.3 162058
24 hours Levosimendan 93.43 + 835" 3.17 £ 0.1* 0.89 £ 0.25
Dobutamine ~ 98.23 + 8.69* 271+ 03" 121+ 046
36 hours Levosimendan  94.47 + 84 321+ 0.1* 089 £ 0.25
Dobutamine 934 + 65 272+ 0.3* 119 £ 0.39

HR: Heart rate (beats/min), CI: Cardiac index (L/min/m?),
CPB: Cardiopulmonary bypass, Lactate levels as measured in blood
gas analysis (mmol/). Values expressed as mean + standard deviation,

*P value < 0.05
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Inotrope or vasopressor Dobutamine Levosimendan
requirement

Adrenaline 2 (6.6%) 7 (233%)"
Noradrenaline 2 (6.6%) 14 (46.6%)"
Group inotrope 26 (86.6%) 9 (30%)"

*P value < 0.05





