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INTRODUCTION

Low cardiac output syndrome (LCOS) is a common complication after cardiac surgery on
cardiopulmonary bypass, and 25% of children after cardiac surgery have a CI of less than 2.0
L/min/m.! Especially in the paediatric age group, it is a significant contributor to morbidity and
mortality. Among patients undergoing repair of TOF, approximately 1/3 will experience LCOS
due to RV diastolic dysfunction or “Restrictive RV physiology”.?°

Preoperative RV hypertrophy, Cardiopulmonary bypass induced myocardial injury, and
oedema after right ventriculotomy all decrease right ventricular compliance and result in diastolic
dysfunction. Arrhythmias, residual anatomic lesions such as VSD, RVOTO, tricuspid
regurgitation, pulmonary insufficiency (Pl) and increased airway pressure in mechanical
ventilation may also add to the cardiopulmonary dysfunction. Patients with RV diastolic
dysfunction require elevated RA pressures for adequate RV filling in diastole. Decreased RV
filling leads to decreased LV preload and resultant low cardiac output.

LCOS is recognised by a group of signs such as decreased mixed venous saturation,
reduced urine output, elevated lactate, heart rate and low blood pressure. No definitive diagnostic
criteria exist at present for the diagnosis of LCOS within the paediatrics population.

An appropriate agent to manage LCOS should improve cardiac output without increasing
myocardial oxygen demand. LCOS is managed by maintaining adequate preload, sinus rhythm,
various catecholamines, inodilators and vasopressors. The catecholamines, commonly used,
increase myocardial oxygen consumption, heart rate, afterload and risk of arrhythmia,
hyperglycaemia, and lactic acidosis; hence has an unfavourable haemodynamic profile.
Subsequently, phosphodiesterase-3 inhibitors milrinone and amrinone are used, but Milrinone also

increases heart rate and oxygen consumption through its action on CAMP. For patients with RV



diastolic dysfunction, the noncompliant RV acts more like a passive conduit than a compliant
chamber and results in antegrade diastolic flow into the pulmonary arteries during atrial systole,
which plays a crucial role in maintaining cardiac output in corrective cardiac surgery for Tetralogy
of Fallot.*’Hence, Levosimendan is an attractive alternative to catecholamines because it may

improve cardiac output without increasing myocardial oxygen demand.

Hypothesis: We hypothesised that Levosimendan was superior or equal to Milrinone in

preventing LCOS and arrhythmias after corrective cardiac surgery in Tetralogy of Fallot



AIM AND OBJECTIVES

Primary objectives: To the study the Efficacy and Safety of intravenous Levosimendan

compared with Milrinone in preventing/managing low cardiac output syndrome by evaluating

below given components of LCOS
1. LCOS:
a. Blood lactate levels
b. Central venous oxygen saturation
c. Arterial to central venous oxygen saturation difference
d. Urine output
e. Peripheral skin temperature to core body temperature

2. Arrhythmias in both Milrinone and Levosimendan: SVT, Ectopic atrial tachycardias, AF,

accelerated junctional rhythms, JET, VT and VF

Secondary objectives:

i.  Postrepair evaluation of right ventricular restrictive physiology by measuring end-diastolic

forward flow in the pulmonary artery (PA) by Doppler echocardiography,

ii.  Immediate Post CPB evaluation of RVOT to the pulmonary artery pressure gradient in both

groups.
iii.  Tricuspid and mitral inflow E/A values
iv.  The direction of the PFO shunt
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Vi.

Vii.

viil.

Xi.

Xil.

Xiil.

Xiv.

XV.

RVOT to the pulmonary artery pressure gradient

Rate pressure index during inodilator infusion

Adverse events due to inodilator infusions:

Hypotension, hypokalemia, and thrombocytopenia

In CHICU, Transthoracic Echocardiography was done on POD 1, 2 &3 to evaluate RVOT

to the pulmonary artery pressure gradient in both groups.

Re-Interventions

Length of intensive care unit (ICU) stay.

Length of hospital stay.

Duration of mechanical ventilation

Duration of a chest drain.

Vasoactive-Inotrope score %7 by

VIS = dopamine dose (mcg/kg/min) +dobutamine dose (mcg/kg/min) +100xepinephrine
dose (mcg/kg/min) +10xmilrinone dose (mcg/kg/min) +10,000xvasopressin dose
(U/kg/min) +100xnorepinephrine dose (mcg/kg/min) +50xlevosimendan dose

(mcg/kg/min).

Number of patients requiring mechanical circulatory support -ECMO

11



Justification of the study:

e Only very few studies are available globally on Levosimendan utilisation in post-cardiac

surgery in Tetralogy of Fallot patients.

e There are only very few studies available globally comparing Levosimendan with Milrinone

in preventing LCOS in post-cardiac surgery in Tetralogy of Fallot patients

e Only one study in our country compared Levosimendan with Milrinone in preventing LCOS
in post-cardiac surgery in the paediatric population. This study included a heterogeneous
paediatric population with a broad spectrum of congenital heart disease. In our study, we were

confined to a more homogenous single congenital heart disease -TOF.

e Levosimendan administration was cost-effective compared with other inodilators such as

Milrinone and amrinone.

12



PHARMACOLOGY

Milrinone: Milrinone, a phosphodiesterase 111 inhibitor currently used to treat paediatrics patients
with cardiac diseases, increases the level of cyclic adenosine monophosphate in the myocardium
and vascular smooth muscle. High levels of cyclic adenosine monophosphate enhance the
contractility of the myocardium by increasing calcium influx and relaxing vascular smooth
muscles, therefore, increasing cardiac output and decreasing afterload.? Milrinone also has a
lusitropic property, which improves myocardial relaxation® unlike other inotropes such as
dopamine, dobutamine, and epinephrine, Milrinone is not associated with increased myocardial
oxygen consumption

Milrinone has a relatively long half-life of 2 to 4 hours.?42> Most studies using intravenous
doses suggest that bolus doses of 25-75 ug/kg or infusion doses of up to 0.7 ug/kg/min produce
the optimal therapeutic response.” Volume of distribution was 0.32 L/kg after intravenous bolus
administration of Milrinone in healthy subjects, and 0.3 to 0.42 L/kg (intravenous bolus), 0.47
L/kg (intravenous infusions) and 0.53 to 0.56 L/kg (oral) in congestive heart failure patients. Bio-
availability is approximately 85 to 92% after oral administration.?

Animal studies have shown that the major metabolic pathways for milrinone metabolism
appear to be oxidation and glucuronidation, the primary path of bio-transformation. However, the
parent drug is the primary excretion product. The elimination half-life of Milrinone is
approximately 48 to 56 minutes in healthy subjects following intravenous or oral administration
of 10 to 125 pg/kg and 1.0 to 12.5mg, respectively, but is extended to 3.2 hours in patients with
chronic renal failure.?® In patients with congestive heart failure, elimination half-lives of 1.2 to 2.7

hours are seen.®® Plasma clearance following oral and intravenous administration of Milrinone is
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about 18 to 24 L/h in healthy subjects, about 7.8 to 12 L/h in congestive heart failure patients and
about 1.8 L/h in patients with chronic renal failure.?®

Milrinone is widely used due to its inotropic, vasodilatory, and lusitropic properties. It is
frequently prescribed after cardiac surgery due to its Efficacy in preventing low cardiac output

syndrome.®

Levosimendan: Levosimendan is a calcium sensitiser and potassium channel opener.
Levosimendan has a half-life of 1 hour in the adult population and is metabolised into OR-1896,
an active metabolite, with a longer half-life of 75 to 80 hours.?*? Levosimendan and OR-1896
improve myocardial contractility by sensitising troponin C to the intracellular calcium during
systole without affecting diastolic function.? Its action as a potassium channel opener in vascular
smooth muscle cells causes coronary vasodilatation and pulmonary vasodilatation.Therefore,
Levosimendan elevates cardiac contractility; meanwhile, it does not cause chronotropic and does
not increase cardiac oxygen consumption. Treatment with Levosimendan is usually initiated with
a loading bolus of 3 to 12 mcg/kg for 10 min followed by a continuous infusion of 0.05 to 0.2
mcg/kg per min. The most common adverse reactions in clinical trials were headache and

hypotension, and the majority of adverse reactions were seen within 3 days after the start of the
infusion. The benefits appear to be through its positive inotropy with well-controlled heart rate and

low incidence of arrhythmia, probably due to its beta-1 sparing action.
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REVIEW OF LITERATURE

Low cardiac output syndrome (LCOS) is defined as the clinical manifestation of mismatched
oxygen supply and demand due to cardiovascular dysfunction following cardiac surgery and a
common adverse outcome following cardiac surgery in the paediatric population, incidence as high
as 25%.% No definitive diagnostic criteria exist at present for the diagnosis of LCOS within
the pediatric ~ population. The existing criteriaare based on hemodynamic
measurements instead of an objective measurement of cardiac output. This is in contrast to
the adult population, where a definition relies on objective measurement of cardiac index
exists. The mainstays of treatment include catecholamine and inodilators such as calcium

sensitizers (Levosimendan) and phosphodiesterase inhibitors (Milrinone).1”

Therapeutic trials of Milrinone in pediatric cardiac surgery:

Milrinone in the paediatric population was first described in 1995 by Chang et al. in ten neonates
following cardiac surgery.?® The authors used a thermodilution pulmonary artery catheter (Baxter
Edwards Critical-Care, Irvine, CA) to measure cardiac index. An increase in the cardiac index
from 2.1 (+ 0.5) to 3.0 (+ 0.8) L/m2 /min with the use of 0.5 pg /kg/min milrinone and 3 to 7 pg
/kg/min dopamine, without increased myocardial oxygen consumption was observed. Then in
1998, a pharmacokinetic study in 19 infants and children confirmed therapeutic plasma levels
with both 0.5 and 0.75 pg /kg/min milrinone with reduced clearance compared to adults, especially

in infants. 27

Timothy M Hoffman et al. in their Double-blind, placebo-controlled, PRIMACORP
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trial with 3 parallel groups (low dose, 25 pg /kg bolus over 60 minutes followed by a 0.25 ug /kg
per min for 35 hours; high dose, 75 ug /kg bolus followed by a 0.75 ug /kg per min for 35 hours;
or placebo) conducted in paediatric congenital heart surgery supported the frequent use of High-
dose milrinone. The authors observed that high-dose Milrinone reduced the risk of LCOS
development by 55% in children after biventricular repair compared with placebo.” However, there
was no significant difference in lactate clearance, duration of MV, hospital LOS and mortality.

Low-dose Milrinone (0.25 pg/kg/min) showed no benefit over placebo.

Cavigelli-Brunner, Anna et al. in a Prospective, single-centre, double-blinded, randomised
clinical pilot study, 50 patients (age, 0.2-14.2 yr.; median, 1.2 yr.) undergoing open-heart surgery
for congenital malformations were included. After cardiopulmonary bypass, a continuous infusion
of either dobutamine 6 pg/kg/min. Or milrinone 0.75 pg/kg/min. was administered for the first 36
postoperative hours. Efficacy was defined as needing additional vasoactive support, which did not
differ between groups (dobutamine 61% vs Milrinone 67%; p = 0.71). Sodium nitroprusside was
used more often in the dobutamine group (42% vs 13%; p = 0.019). Systolic blood pressure showed
a trend toward higher values in the dobutamine group, whereas both drugs increased heart rate
early postoperatively. The study concluded that Dobutamine and Milrinone are safe, well-
tolerated, and equally effective in preventing low cardiac output syndrome after paediatric cardiac

surgery. 19
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Therapeutic trials of Levosimendan in paediatric cardiac surgery:

Levosimendan, a calcium sensitiser, enhances myocardial function by generating more energy-
efficient myocardial contractility than through adrenergic stimulation with catecholamines. Thus,
Levosimendan is a beneficial alternative to standard medication for preventing low cardiac output

syndrome in paediatric patients after open-heart surgery.

A randomised controlled trial evaluated the Efficacy of Levosimendan in neonates with congenital
heart disease undergoing cardiac surgery. Sixty-three patients (32 cases and 31 controls)
were randomised to receive either a 72 h continuous infusion of 0.1 pg/kg/min Levosimendan or
standard post-CPB inotrope infusion. Low cardiac output syndrome observed in 37 % of
Levosimendan patients and in 61 % of controls (p = 0.059, OR 0.38, 95 % CI 0.14-1.0). Post-
surgery heart rate measured at 6 (p = 0.008), 12 (p = 0.037), and 24 h (p = 0.046), and lactate
levels at PCICU admission (p = 0.015) and after 6 h (p = 0.048), were lower within the
Levosimendan group. Inotropic scores were significantly lower within the Levosimendan group at
PCICU admission, after 6 h and after 12 h (p <0.0001). The Authors concluded that Levosimendan
was well tolerated with a potential benefit on postoperative hemodynamic and metabolic
parameters of risk-adjusted classification for congenital heart surgery( RACHS )3-4 procedures

in neonates.®

Wang et al. conducted a meta-analysis of six randomised controlled trials and one case-control
trial including 436 patients. The results found that Levosimendan did not significantly decrease
all-cause mortality compared with control drugs(Milrinone, Dobutamine and placebo) in children

undergoing cardiac surgery (P = 0.403). Perioperative prophylactic Levosimendan administration
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significantly decreased the low cardiac output syndrome (LCOS) incidence (P = 0.016) but did not
considerably reduce acute kidney injury (AKI) incidence (P = 0.251) and shorten mechanical

ventilation and ICU stay time compared with other inotropes and placebo .*°

Hummel J et al in their meta-analysis of studies using Levosimendan in paediatric cardiac
surgery, published in the Cochrane Database of Systematic Reviews in 2017, included 5 studies
and had a total number of only 212 infants and children less than 5 years.'® The study showed
Levosimendan had no clear effect on risk of mortality (risk ratio (RR) 0.47, 95% confidence
interval (CI) 0.12 to 1.82; participants = 123; studies = 3) and no clear effect on low cardiac output
syndrome (RR 0.64, 95% CI 0.39 to 1.04; participants = 83; studies = 2) compared to standard
treatments . Even though the effect of Levosimendan not reflected on mortality and LCOS
incidence but Levosimendan groups had shorter length of intensive care unit stays (mean
difference (MD) 0.33 days, 95% CI -1.16 to 1.82; participants = 188; studies = 4; 12 = 35%), length
of hospital stays (0.26 days, 95% CI -3.50 to 4.03; participants = 75; studies = 2), and duration of
mechanical ventilation (MD -0.04 days, 95% CI -0.08 to 0.00; participants = 208; studies = 5; 12 =

0%)

Comparison of Levosimendan vs Milrinone in Paediatric Cardiac Surgery:

Momeni et al., in their prospective, double-blind, randomized trial conducted in congenital heart
surgery of children 0-5 years age, patients were administered a continuous infusion of either
Levosimendan at 0.05 pg /kg/min, or Milrinone at 0.4 pg /kg/min started at the begging of CPB.
Epinephrine was started at 0.02 pg kg/min in both groups after aortic cross-clamp release. There

was no significant difference between serum lactate levels (1+0.3 (L), 1+0.5 (M) )of groups. The
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rate-pressure index, which is an indicator of myocardial oxygen demand, was significantly lower
at 24 hours and 48 hours in the Levosimendan group (p < 0.001) in comparison to the milrinone

group. °

Lechner et al. In a Prospective, single-centre, double-blind, randomised pilot study.

They compared the effects of Levosimendan and Milrinone on Fractional shortening (FS) and the
cardiac index in 40 infants after cardiac surgery. At weaning from cardiopulmonary bypass, either
a 24-hr infusion of 0.1 pg/kg/min Levosimendan or 0.5 pg/kg/min Milrinone was administered.
Cardiac output was evaluated at 2, 6, 9, 12, 18, 24, and 48 hrs after cardiopulmonary bypass using
a transoesophageal Doppler technique.

They found no significant difference in postoperative FS, cardiac index, lactate clearance and
inotropic requirement measured up to 48 hours after CPB between the two groups. However, there

was a significant increase in CO over time (p<0.005) in the Levosimendan group. 1°

Himanshu et al., in their Comparative study of Levosimendan versus Milrinone for paediatric
cardiac surgery patients aged 2—12 years, divided into two groups. Group L (n=25) received in.
Levosimendan 12ug/kg over 10 minutes after cross-clamp removal and 0.1pg/kg/min started after
that. Group M (n=25) received in. milrinone 50ug/kg of bolus dose for 10 minutes and 0.5
pa/kg/min infusion after that. Both the group received in. Dopamine 5-8 pg/kg/min from the
beginning. Noradrenaline 0.1pg/kg/min was added as a rescue drug for hypotension. Both drugs
were compared for hemodynamic (including echocardiography parameters), respiratory
parameters (including ABG), fluid requirements, urine output, temperature monitoring and also
for routine laboratory investigations (including platelet count) postoperatively. Time taken for

extubating after shifting the patient was also observed. They concluded that the Levosimendan
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results in improved cardiac output by increasing stroke volume, low troponin I, improved Lactate
clearance, and a significantly lower requirement of pressor observed in the Levosimendan group.
11

Nirav Parikh et al. conducted a prospective observational study in 100 paediatric patients
undergoing complex congenital cardiac surgeries to evaluate the Efficacy of Milrinone and
Levosimendan on intraoperative and postoperative outcomes. The study showed postoperative
period heart rate and meant arterial pressure at three different periods (T1- 1hr, T2 -24 hrs and T3-
48 hour postoperatively) were comparable in both the groups. The VIS score after 48 hours was
less in Group L (p = 0.0005). Serum creatinine estimated at T2 and T3 showed a statistically

significant difference. 6

Jothinath et al., in their single centre, the randomised study recruited forty infants undergoing
corrective surgery for congenital heart disease. They randomised them into two groups (group L
and group M). During rewarming, a loading dose of Levosimendan or Milrinone was administered
followed by a 24-hour infusion of the chosen inotrope. 4 patients (20%) treated with Levosimendan
had LCOS in comparison with 6 (30%) patients in those treated with Milrinone. Echocardiographic
parameters in both groups L and M were comparable (cardiac index 3.47 £ 0.76 vs 3.72 £ 1.05
L/min/m2, EF 66.10 + 7.82% vs 59.34 + 10.74%, stroke volume index 25.4 + 6.3 vs 27.74 + 10.35
mL/m2). The duration of ventilation, ICU stay, and hospital stay was lesser in group L (12.75
9.69,35.95+12.11, 119.10 + 46.397 vs 23.60 £ 22.03, 51.20 + 29.92, 140.20 + 52.65 hours). The
study concluded that LCOS incidence was lesser in those patients treated with Levosimendan when
compared with Milrinone. Thus, Levosimendan provides a non-inferior alternative to Milrinone

when used as the primary inotrope following paediatric cardiac surgery.
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In a secondary analysis of a randomised, prospective, double-blinded clinical drug trial, E.M.
Thorlacius et al. compared the differential effects of intraoperative administration of Milrinone
and Levosimendan on myocardial function in 72 infants after paediatric cardiac surgery by using
biventricular longitudinal strain (LS) with 2-dimensional speckle tracking Transthoracic
echocardiography. 12 They reported that there were no significant differences between the groups
for early (Postoperative day 1 (POD 1)) or late (hospital discharge) LV-LS or RV-LS but found a
significant correlation between preoperative NTproBNP and LV-LS on POD1. They concluded
that Levosimendan was comparable with Milrinone for left and right ventricular inotropic support
in paediatric cardiac surgery.*?

A post hoc, non-prespecified exploratory secondary analysis of the Milrinone versus
Levosimendan-1 trial (ClinicalTrials.gov Identifier: NCT02232399) compared the effect of
Levosimendan and Milrinone on the plasma levels of myocardial injury biomarkers, that is,
high-sensitivity troponin T and heart-type fatty acid-binding protein, and on N-terminal
prohormone of brain natriuretic peptide as a biomarker of ventricular function in infants,
diagnosed with ventricular septal defect, complete atrioventricular septal defect, and
Tetralogy of Fallot undergoing corrective surgery with cardiopulmonary bypass. Plasma
levels of cardiac biomarkers were measured prior to the initiation of cardiopulmonary bypass
and 2, 6, and 24 hours after weaning from cardiopulmonary bypass. In both groups, the
amount of high-sensitivity troponin T and heart-type fatty acid-binding protein were highest
at 2 hours post cardiopulmonary bypass. In contrast, the maximum level of N-terminal
prohormone of brain natriuretic peptide occurred at 24 hours post cardiopulmonary bypass.
There was no statistically significant difference in the biomarkers’ plasma levels between the

study groups over time.'4
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After extensive review of the literature to our knowledge, there is no literature available in

comparing Efficacy and Safety of Levosimendan with Milrinone in Tetralogy of fellow patients
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MATERIALS AND METHODS

Study Design: Prospective open label study.

Study Setting: This study was conducted in the Department of Anesthesiology, Cardiothoracic

and Vascular Anaesthesia Division, Sree Chitra Tirunal Institute for Medical Sciences and
Technology, Trivandrum, India — A tertiary referral center, university-level hospital, operating

about 60-70 intra cardiac repairs for Tetralogy of Fallot cases per year)

Ethical Considerations:

The study was started after obtaining clearance from the Institutional Ethical Committee, (IEC
Regn. No. ECR/189/Inst/KL/2013/RR-16), Sree Chitra Tirunal Institute for Medical Sciences and
Technology, Trivandrum, India. (IEC certificate No.SCT/IEC/1395/August 2019)(Annexure ,
Pg.). The background, purpose, procedures involved in the study, measures which were taken to
ensure confidentiality of the study participants, the voluntary nature of the study and applicability
of findings were explained. The study complied with the revised Helsinki Declaration (2013) and

Good Clinical Practice Guidelines.

Informed and written consent (Consent form, Annexure , Pg.. ) was sought from the participants
of the study. The participants were informed of the purpose and importance of the study in English
and Malayalam and were enrolled in the study only if they accepted. Those who declined to

participate in the study underwent routine surgery as per institutional protocol.
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Study Participants: 0-12 years age group scheduled to undergo corrective cardiac surgery for

Tetralogy of Fallot were prospectively included in this study.

Study Sample size: Previous studies by Himanshu et al. in their Comparative study of

Levosimendan versus milrinone for pediatric cardiac surgery patients taken 50 as total sample size
and concluded that Levosimendan results in improved cardiac output by increasing stroke volume,
improved Lactate clearance, significant lower requirement of pressor and significant lower
arrhythmias(L-8%vsM24%) was observed in the Levosimendan group. Concerning the study
mentioned earlier, to get a 16% difference in arrhythmia,5%significant and 90% study power
required 20 subjects in each group and 40 as the total sample size. Patients fulfilling the inclusion

criteria were selected for the proposed the study.

Inclusion criteria:

e All Patients admitted in the cardiac surgery intensive care after corrective cardiac surgery

for Tetralogy of Fallot was included in the study
e Age group 0-12yrs with TOF
Exclusion criteria:
e TOF with other congenital cardiac anomalies
e History of anaphylactic reaction to Levosimendan or Milrinone
e Preoperative renal impairment.

e Preoperative hepatic impairment.
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Funding:

Funding is not required. The patients were not incurred additional expenses as ABG analysis is a

part of routine postoperative management.

The study protocols

e Patients/patient guardians were educated about the study. An informed consent form was

signed by the patient or relative of the patient as per the Institute protocol.

e According to the inclusion criteria, patients were selected, and the inodilator
(Levosimendan or Milrinone) received by a participant was decided by attending
anesthesiologist and surgical team during a surgical time out, which is a routine

institutional practice.
e Induction and myocardial protection strategy was similar in both groups
e Patients were monitored intraoperatively for ECG, heart rate, and mean arterial pressure.
e Baseline saturation and post-induction ABG was taken.

e TEE was used to measure restrictive RV physiology intraoperatively after TOF repair, like

an end-diastolic forward flow in the pulmonary artery (PA) by Doppler echocardiography.

e In both the groups, stroke volume (SV), cardiac index/cardiac output CO, Tricuspid and
mitral inflow E/A values, and RVOT to the pulmonary artery pressure gradient in

immediate post-CPB was measured.
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e Group L was received inj. Levosimendan 12 pg/kg iv. after cross-clamp removal followed

by 0.1 pg/kg/min for 48 hrs.

e Group M was received inj. Milrinone 50 pg/kg of bolus dose after cross-clamp removal

and followed by 0.5 pg/kg/min infusion for 48 hrs.

e In both groups, open label milrinone infusion was used as a rescue inodilator after 48 hrs.

if required.

e After the surgery, patients were monitored for the urine output, Arterial blood gas, central
venous saturation and lactate parameters in the postoperative period at an interval of

0,6,12,18, 24 ,36 and 48 hours after shifting to CHICU

e In CHICU, Transthoracic Echocardiography was done on POD 1, 2 &3 to evaluate Stroke
volume (SV), cardiac index/cardiac output, Tricuspid and mitral inflow E/A values and

RVOT to the pulmonary artery pressure gradient in both groups.

The study groups

Two study groups:

1. L-Group: TOF patients managed postoperatively with intravenous Levosimendan infusion

was included in this study

2. M-Group: TOF patients managed postoperatively with intravenous Milrinone infusion was

included in this study
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Observations:

Primary Observations:

LCOS:

a) Blood lactate levels

b) Central venous oxygen saturation

c) Arterial to central venous oxygen saturation difference

d) Urine output

e) Peripheral skin temperature to core body temperature

Arrhythmias in both Milrinone and Levosimendan: SVT, Ectopic atrial tachycardias,

AF, accelerated junctional rhythms, JET, VT and VF.

Secondary Observations:

1)

2)

3)

4)

Post repair evaluation of right ventricular restrictive physiology by measuring end-diastolic

forward flow in the pulmonary artery (PA) by Doppler echocardiography,

Immediate Post CPB evaluation of Tricuspid and mitral inflow E/A values and RVOT to

the pulmonary artery pressure gradient in both groups.

Rate pressure index during inodilator infusion

Adverse events due to inodilator infusions: Hypotension, hypokalemia, and

thrombocytopenia
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5) Transthoracic Echocardiography on POD 1,2 &3 to evaluate Tricuspid and mitral inflow

E/A values and RVOT to the pulmonary artery pressure gradient in both groups.
6) Re-Interventions
7) Length of intensive care unit (ICU) stay.
8) Length of hospital stay.

9) Duration of mechanical ventilation

Statistical analysis:

Statistical analysis was done from the collected data. Descriptive analysis was carried out by mean
and standard deviation for quantitative variables, frequency and proportion for categorical
variables. Non normally distributed quantitative variables were summarized by median and
interquartile range (IQR). Data was also represented using appropriate diagrams like bar diagrams,
pie diagram and box plots. For normally distributed Quantitative parameters, the mean values were
compared between the study groups using an Independent sample t-test (2 groups)P-value < 0.05

was considered statistically significant. IBM SPSS version 22 was used for statistical analysis.®

28



RESULTS

A prospective randomised clinical trial was conducted in thirty-nine patients undergoing elective

intracardiac repair for Tetralogy of Fallot from July 2019 to June 2021 in the congenital heart

surgery operation theatres in Sree Chitra Tirunal Institute for Medical Sciences and Technology

Thiruvananthapuram, Kerala, India.

Figure 1:Consort diagram
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Excluded n=3
Consent not given= 2

4

Eligible for criteria (n=40)

|

l

Allocation

Allocated to Milrinone group

l

Allocated to Levosimendan group

(n=20) (n=20)
Received allocated intervention Received allocated intervention
(n=20) (n=20)
‘1' Follow up l
EXCIUd?d in_view protocol Excluded in view protocol
violation(n=0) violation(n=1)
l Analysis

Analysed (n=20)

Analysed (n=19)
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Demographics of the study population

After obtaining Ethical Committee approval, 42 patients were screened, out of which 39 patients
were randomized into Milrinone 20 (51.3%) and Levosimendan 19 (48.7%) groups. Table 1 and

Figure 2 shows descriptive analysis of the study group in the study population.

Table 1: Descriptive analysis of the study group in the study population (N=39)

The study group Frequency Percentage
Milrinone 20 51.3%
Levosimendan 19 48.7%

Figure 2: Bar chart of The study group in the study population (N=39)
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There was no statistically significant difference between the two groups as regards the

demographic data. The demographic data in both the groups have been represented in Table 2

30



Table 2: Demographic data of the study population

Study group (Mean £ SD)
Parameter Milrinone Levosimendan P-value

(N=20) (N=19)
Age (months) 20.55 + 21.38 25.47 + 30.78 0.564
Male¥ 10 (50%) 11 (57.89%)

0.621

Female¥ 10 (50%) 8 (42.11%)
Weight (kg) 10.33 £5.79 10.08 £ 6.1 0.897
Height (cm) 79.6 £ 19.05 79.37 £18.01 0.969
BSA (kg/m2) 0.47 +£0.18 0.46 £0.18 0.898

Data expressed as meanz SD for quantitative variables and ¥ - qualitative data defined as number
(percentage). P<0.05 is considered statistically significant.

BSA — Body Surface Area (m?).

Baseline 02 saturation & Haemogram :

We Compared two groups for mean baseline O2 saturation and Preoperative haemoglobin, Total
leucocyte count and platelet count. The mean baseline saturation in groups M and L were 83.95 +
10.65 and 82.16 + 7.29, respectively. They were comparable in both groups (p=0.546).Pre-
operative haemogram (15.07 + 2.16 ,in group M and 15.24 + 3.13 in group L , p=0.842),Total
leucocyte count (10275.5 £ 2363.59 Cells/Cumm in group M and 10228.95 + 3668.69 Cells/Cumm
in group L,p=0.962) and Platelet count (3.53 + 1.45 Lakhs/Cumm in group M and 3.04 £ 0.82 in

group L, p=0.204) were comparable in both groups.
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Table 3: Comparison of mean of baseline O2 saturation%, HB, TLC and platelets between

the study group (N=39)

Study group (Meanz SD)
Parameter P-value

Milrinone(N=20) | Levosimendan(N=19)
Baseline O2 saturation % 83.95 £ 10.65 82.16 £ 7.29 0.546
Pre-op HB(g%) 15.07 £2.16 15.24 +3.13 0.842
TLC cells/Cumm 10275.5 £ 2363.59 | 10228.95 + 3668.69 0.962
Platelets Lakhs/Cumm 3.53+1.45 3.04 £0.82 0.204

Data expressed as meanz SD for quantitative variables . P<0.05 was considered statistically significant.

HB-Haemogram, TLC-Total leucocyte count.

Intraoperative variables

In our institute, two surgical procedures were performed in Tetralogy of Fallot patients based on
intraoperative pulmonary valve inspection. Patient with normal morphological pulmonary valve
underwent Intra Cardiac Repair (ICR), consisting of VSD closure and Right ventricular outflow
tract (RVOT) patch closure. Patients with abnormal pulmonary valve anatomy underwent
intracardiac  repair, Trans Annular Patch closure with Mono cusp reconstruction
(ICR+TAP+MCR). The two groups were compared in surgical procedures performed. The % of
ICR was 60% in group M and 78.95% in group L. Similarly, ICR +TAP+MCR was 40% in group

M compared with 21.05% in group L . There was no statistically significant difference between
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both groups with p=0.2. Comparison of surgery between groups was depicted in stacked bars in

figure 3.

Table 4: Comparison of surgery between the study group (N=39)

Study Group Chi- P-
Surgery
Milrinone(N=20) | Levosimendan(N=19) | square | value
ICR 12 (60%) 15 (78.95%)
1.642 | 0.200
ICR +TAP+MCR 8 (40%) 4 (21.05%)

Data expressed as number (percentage). P<0.05 considered statistically significant

ICR: Intra Cardiac Repair

ICR+TAP+MCR: Intracardiac repair +Trans Annular Patch closure + Mono cusp reconstruction

Figure 3: Stacked bar chart of comparison of surgery between the study group (N=39)

100.0%

80.0%

60.0%

Percentage

40.0%
20.0%

0.0%

Primary outcomes:

Milr

HICR

Levo

Study Group

M |[CR+TAP+MCR

33



Lactate clearance : There was no statistically significant difference in Mean Lactate level at every

time point between the study groups with (P-value > 0.05) (Table 5 & Figure 4)

Table 5: Comparison of mean of lactate mmol/L at different periods between the study

groups (N=39)

Study group (Meanz SD)
Parameter P-value
M (N=20) L (N=19)
Lactate-0 hrs 2+0.69 2.14 £ 0.67 0.535
Lactate-6 hrs 1.7 +£1.06 1.59+£0.73 0.722
Lactate-12 hrs 1.69+1.19 1.5+0.48 0.522
Lactate-24 hrs 147+05 1.61 + 0.66 0.458
Lactate-36 hrs 1.42 +£0.45 1.58 £ 0.61 0.362
Lactate-48 hrs 1.46 £0.53 1.49 £0.59 0.847

Figure 4: Line chart for comparison of mean Lactate levels between The study group (N=39)
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Urine output: There was no statistically significant difference in Mean Urine Output at every time

points between The study group with (P-value > 0.05) (Table 6 & Figure 5)

Table 6: Comparison of mean of urine output ml/hr at different time points between the

study groups (N=39)

Study group (Meanzx SD)
Parameter P-value
M (N=20) L(N=19)
Urine Output-6 24.95 + 23.24 29.32 £ 15.51 0.497
Urine Output-12 20.15 +16.11 30.68 + 20.97 0.086
Urine Output-24 25.3+19.22 27.47 + 20.66 0.736
Urine Output-36 325+17.72 34.05 +21.92 0.809
Urine Output-48 30.75+17.1 34.11 + 24.69 0.623

Figure 5: Line chart for comparison of mean Lactate levels between The study group (N=39)

40
34.05

35 3411

30 29.32 30.68 27.47 325 30.75

25 %
24'9‘5\/5‘3
20 +=20:15

15

10

5

0 T T
Urine Qutput-6

Urine Output-12 Urine Output-24 Urine Output-36 Urine Output-48

—— Milr

Levo

35



The core to peripheral temperature (Temp C-P) difference: There was no statistically

significant difference in Mean Temp(C-P) at every time points between The study group with (P-

value > 0.05) (Table 7& Figure 6)

Table 7: Comparison of mean of the core to peripheral temperature (Temp C-P) in °C

difference at different time points between the study group(N=39)

Study group (Meanzx SD)
Parameter P-value
M (N=20) L(N=19)
Temp(C-P)-0 5.35+1.85 5.08 £ 2.07 0.675
Temp(C-P)-6 5.7+ 2.67 5.62 +1.97 0.917
Temp(C-P)-12 5.31+2.39 555+15 0.702
Temp(C-P)-24 4.93 +2.39 5.84 +2.09 0.213
Temp(C-P)-36 4.97 +2.01 5.57 +1.76 0.327
Temp(C-P)-48 5+1.98 581+194 0.204
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Figure 6: Line chart for comparison of the mean core to peripheral temperature (c-p)

(N=39)
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Rate pressure index (RPI) :There was no statistically significant difference in Mean Rate

pressure index (RPI) at every time point between The study group with (P-value > 0.05) (Table 8

& Figure 7)

Table 8: Comparison of mean of Rate pressure index (RPI) at different time points between

the study group(N=39)

Study group (Meanzx SD)
Parameter P-value
M(N=20) L(N=19)
RPI-0 12906.25 + 2806.49 12911.05 £ 1452.71 0.995
RPI-6 10339.25 + 1876.22 11148.63 + 2168.31 0.220
RPI-12 10189 + 1027.35 10000.32 +1188.4 0.598
RPI-24 10316.9 + 1546.78 9874.32 +£1523.9 0.374
RPI-36 10636.55 + 1605.91 10501.47 + 1988.25 0.816
RPI-48 10919.3 + 1889.42 10871.68 + 2136.46 0.942
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Figure 7: Line chart for comparison of mean temp(c-p) between The study group (N=39)
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Central venous oxygen saturation (SCVO2: There was no statistically significant difference in

Mean SCVOQO2at every time points between The study group with (P-value > 0.05) (Table 9&

Figure 8)

Table 9: Comparison of mean of Central venous oxygen saturation (SCVO2 )% at different

time points between the study group(N=39)

Study group (Meanzx SD)
Parameter P-value
M(N=20) L(N=19)
SCVO02-0 65.85+9.28 68.95 + 7.55 0.261
SCVO2-6 64.05 +7.81 67.11 +£5.44 0.167
SCVO02-12 62.9+7.05 63.68 + 5.64 0.704
SCVO02-24 64.25 +4.24 65.11 + 3.81 0.513
SCVO02-36 65.1+6.5 66.21 +4.16 0.531
SCV02-48 65.05+5.12 66.32 + 3.86 0.391
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Figure 8: Line chart for comparison of mean SCVO2 between The study group (N=39)
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Arterio-venous oxygen saturation difference (A-VSO2): There was no statistically significant
difference in Mean A-VSO?2 at every time point between The study group with (P-value > 0.05)

(Table 10 & Figure 9)

Table 10: Comparison of mean of arterio-venous oxygen saturation %o difference (A-

VSO2) at different time points between the study group (N=39)

Study group (Meanz SD)
Parameter P-value
M(N=20) L(N=19)
A-VSO2-0 32.2+7.32 29.63 + 7.57 0.289
A-VSO2-6 32.65+7.63 30.11 £5.65 0.246
A-VS02-12 34.65+6.72 34.16 £+4.91 0.796
A-VS02-24 32.5+5.09 32.37 £ 3.56 0.926
A-VS02-36 32.95+7.19 31.37 £3.92 0.403
A-VS02-48 32.4+5.34 31.11 +£4.37 0.414
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Figure 9: Line chart for comparison of mean A-VSO2 between The study group (N=39)
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Arrhythmias: There was no statistically significant difference in Arrhythmias between the study

group with P-value 1.00). (Table 11& Figure 10)

Table 11: Comparison of arrhythmias between the study group (N=39)

Study Group Fisher
Arrhythmias Chi-square | exact P-
M(N=20) L(N=19)
value
Yes 5 (25%) 5 (26.32%)
0.009 1.000
No 15 (75%) 14 (73.68%)

There was no statistically significant difference in Arrhythmias between the study group with P-

value 1.00). (Table 11& Figure 10)
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Figure Stacked bar chart of comparison of arrhythmias between the study group (N=39)
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Secondary outcomes:

Post repair diastolic forward flow in pulmonary artery: Post repair diastolic forward flow in
pulmonary artery represents right restrictive ventricular physiology in Tetralogy of Fallot. There
was no statistically significant difference in Diastolic Forward Flow between the Study groups

with P-value 0.605). (Table 12& Figure 11)

Table 12: Comparison of Post repair diastolic forward flow in pulmonary artery between

the study group (N=39)

Study Group Fisher
Dias Forward Flow Chi square | exact
M (N=20) L(N=19)
P-value
Yes 3 (15%) 1 (5.26%)
1.004 0.605
No 17 (85%) 18 (94.74%)
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Figure 11: Stacked bar chart of comparison Post repair diastolic forward flow in pulmonary

artery between the study group (N=39)
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Post CPB RV -PA Peak gradient: There was no statistically significant difference in Mean RV
-PA Peak gradient -POST CPB TEE between the study group with (P-value 0.371). There was no
statistically significant difference in Mean RV -PA Peak gradient -POD1(TTE) between the study
group with (P-value 0.293). There was no statistically significant difference in Mean RV -PA Peak
gradient GD-POD2(TTE)between The study groups (P-value 0.314). There was no statistically
significant difference in Mean RV -PA Peak gradient -POD3(TTE) between The study group with

(P-value 0.181) (Table 13& Figure 12 to 15)
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Table 13: Comparison of Post CPB average RV -PA Peak gradient in mm of hg at a different

POD (TEE) follow-ups between the study groups (N=39)

Study group (Meanz SD)

Parameter P-value
M(N=20) L(N=19)

RVOT -PA PEAK GD-POST CPB TEE | 20.05 + 8.84 17.26 + 10.36 0.371

RVOT PA GD-PODI(TTE) 19.1 +10.16 15.47 +11.07 0.293

RVOT PA GD-POD2(TTE) 17.6 £9.81 14.16 + 11.23 0.314

RVOT PA GD-POD3(TTE) 20.25 +12.88 14.84 +11.83 0.181

Figure 12: Bar chart of comparison of mean RV -PA Peak gradient -POST CPB TEE

between the study group (N=39)
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Figure 13: Bar chart of comparison of mean RV -PA Peak gradient -POD 1 (TTE) between the

study group (N=39)
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Figure 14: Bar chart of comparison of mean RV -PA Peak gradient -POD2 (TTE) between

the study group (N=39)
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Figure 15: Bar chart of comparison of mean RV -PA Peak gradient -POD 3(TTE) between

the study group (N=39)
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Patent foramen ovale (PFO) in post CPB TEE: Among the study group with Milrinone, 6(30%)
participants had L-R PFO and 1(5%) participants had R-L PFO and Among the study group with
Levosimendan, 12(63.16%) participants had L-R PFO and no participant had R-L (Table 14 &
Figure 16)

Table 14: Comparison of Patent foramen ovale (PFO) in post CPB TEE between the study

group (N=39)

Study Group
POST CPB(TEE) - PFO

M(N=20) L(N=19)
L-R 6 (30%) 12 (63.16%)
R-L 1 (5%) 0 (0%)
No 13 (65%) 7 (36.84%)

*No statistical test was applied- due to 0 subjects in the cells

L-R= Left to right shunt, R-L= Right to left shunt
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Figure 16: Stacked bar chart of comparison of PFO in post CPB TEE between the study

group (N=39)
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Reintervention: There was no statistically significant difference in Re Intervention Flow between

the study group with (P-value 0.605). (Table 15 & Figure 17)

Table 15: Comparison of reintervention between the study group (N=39)

Study Group Fisher
Re Intervention Chi-square | exact P-
M (N=20) L(N=19)
value
Yes 1 (5%) 2 (10.53%)
0.419 0.605
No 19 (95%) 17 (89.47%)
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Figure 17: Stacked bar chart of comparison of reintervention between the study group

(N=39)

100.0%
80.0%
60.0%

40.0%

Percentage

20.0%

0.0%
Milr Levo

Study Group

HYes HNo

Postoperative outcomes: There was no statistically significant difference in Mean LOS-ICU

In Days between The study group with (P-value 0.167). There was no statistically significant
difference in Mean LOS-Hospital In Days between The study group with (P-value 0.311). There
was no statistically significant difference in Mean Duration Of Mech Ventilation between The
study group with (P-value 0.181) (Table 16 & Figure 18 to 20)

Table 16: Comparison of mean of Length of stay (LOS)- ICU in days, LOS-hospital in days

& Duration Of Mech Ventilation between the study group(N=39)

Study group (Meanz SD)
Parameter P-value
M (N=20) L(N=19)
LOS-ICU In Days 4752 3.95+1.51 0.167
LOS-Hospital In Days 7.05+1.76 6.47 +1.74 0.311
Duration Of Mech. Ventilation 23.9+20.71 16.68 + 11.05 0.186
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Figure 18: Bar chart of comparison of mean Los-ICU in Days between the study group
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Figure 19: Bar chart of comparison of mean LOS-hospital in days between the study group

(N=39)
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Figure 20: Bar chart of comparison of mean duration of mech ventilation between the study

group (N=39)
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Chest Drain: There was no statistically significant difference in Mean Duration Of Chest Drain

(Hours) between The study group with (P-value 0.794). There was no statistically significant

difference in Mean Chest Drain (ml/Kg) between The study group with (P-value 0.549). (Table 17

& Figure 21 & 22)

Table 17: Comparison of mean of duration of Chest Drain ( Hrs) & Chest Drain

(ml/Kg)between the study group(N=39)

Study Group (Meanz SD)

Parameter P-value
M(N=20) L(N=20)

Duration Of Chest Drain( Hrs) 40.65 £ 29.57 38.58 +17.72 0.794

Chest Drain (MI/Kg) 33.3+13.43 29.95+20.61 |0.549
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Figure 21: Bar chart of comparison of mean Duration Of Chest Drain( Hrs) between the

study group (N=39)

41
40
H
o 39
2
38
37
Milr Levo
Study Group

Figure 22: Bar chart of comparison of mean Chest Drain (ml/Kg) between the study group
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Rescue Milrinone: In the Milrinone group 55% of patients required rescue milrinone infusions
after 48hr infusion of Milrinone compared with 21% in the Levosimendan group. There was a
statistically significant difference in Rescue Milrinone requirement between the study group with

a P-value of 0.029). (Table 18 & Figure 23)

Table 18: Comparison of number of patient required Rescue Milrinone in between the study

group (N=39)

Study Group
Rescue Milrinone Chi square | P-value
M(N=20) L(N=19)
No 9 (45%) 15 (78.95%)
4.744 0.029
Yes 11 (55%) 4 (21.05%)

In the Milrinone group 55% of patients required rescue milrinone infusions after 48hr infusion of
Milrinone compared with 21% in the Levosimendan group. There was a statistically significant
difference in Rescue Milrinone requirement between the study group with a P-value of 0.029).

(Table 18 & Figure 23)
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Figure 23: Stacked bar chart of comparison of the number of patients required Rescue

Milrinone between the study group (N=39)
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Vasoactive agents: Levosimendan group required significantly less Total mean Noradrenaline

23.5 + 2.68 pg compared with Milrinone group 72.15 + 68.72 pg. with P-value 0.016 . There was

no statistically significant difference in Total Mean Adrenaline between the study group with (P-

value 0.18). There was no statistically significant difference in Mean Vasopressin between the

study group with (P-value 0.562) (Table 19 & Figure 24 to 26)

Table 19: Comparison of mean amount of Noradrenaline(NORADR), Adrenaline(ADR) and

Vasopressin in between the study group (N=39)

Study group (Meanz SD)
Parameter P-value
M (N=20) L (N=20)
Noradrenaline (ug) 72.15+68.72 23.5+2.68 0.016
Adrenaline(ug) 16.35+42.53 2.68 +11.70 0.185
Vasopressin 0.07+£0.21 0.0£0.00 0.562

Figure 24: Bar chart of comparison of mean NORADR between the study group (N=39)
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Figure 25: Bar chart of comparison of mean ADR between the study group (N=39)
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Figure 26: Bar chart of comparison of mean Vasopressin between the study group (N=39)
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Vasoactive inotrope score (VIS): Patients in the Levosimendan group required statistically

significant less amount of vasoactive agents requirement at 0 hr, 6 hr and 12hrs after surgery than

the milrinone group. There was a statistically significant difference in Mean VIS at 0 hours, 6 hour

and 12 hour between The study group with (P-value <0.05) (Table 20 & Figure 27)

Table 20: Comparison of mean of Vasoactive inotrope score (VIS) at different time points

between the study group(N=39)

Study group (Meanz SD)
Parameter P-value
M(N=20) L (N=19)
VIS @ Ohr 10.8+4.2 7.16%3 0.004
VIS @ 6hr 10.8+4.2 6.84 £ 2.99 0.002
VIS @ 12hr 10.3+£3.95 6.84 £2.99 0.004
VIS @ 24hr 8.05+3.95 5.79+1.87 0.030
VIS @36hr 6.9 + 3.57 5.53+1.58 0.132
VIS @48hr 6+2.62 5+0 0.104
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Figure 27: Line chart of comparison of mean VIS between the study group (N=39)
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Cardiopulmonary Bypass (CPB )time & Aortic Cross Clamp(ACC ) time: There was no

statistically significant difference in Mean CPB time between The study group with (P-value

0.115). There was no statistically significant difference in Mean ACC time between The study

groups (P-value 0.257). (Table 21 & Figure 28& 29)

Table 21: Comparison of Mean of Cardiopulmonary Bypass (CPB )time & Aortic Cross

Clamp(ACC) time in min between the study group(N=39)

Study group (Meanz SD)

Parameter P-value
M (N=20) L(N=19)

CPB time In Minutes 161.8+32.1 144.32 + 35.53 0.115

ACC time In Minutes 109.9 +23.93 | 100.47 +27.14 |0.257
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Figure 28: Bar chart of comparison of mean CPB time in min between the study group
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Figure 29: Bar chart of comparison of mean ACC in min between the study group (N=39)
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Repeated measures analysis of variance (RMANOVA):

Table 22: Comparing Low cardiac output parameters at different time points for Milrinone

over Levosimendan group

Parameter | Gro | @0 @6 @12 @24 @36 @48 F statistics

s up Mean (SD) | Mean (SD) | Mean (SD) | Mean (SD) Mean (SD Mean (SD) | F1 F2 F3

Lactate M 2(0.69) 1.7(106) 1.69(1.19) | 1.47(0.5) 1.42(0.45) | 1.46(0.53) | 4.36** | 0.28 | 0.48

mmol/L L 2.14(0.67) | 1.59(0.73) | 1.5(0.48) 1.61(0.66) 1.58(0.61) | 1.49(0.59) 0 4

Temperatu | M 5.35(1.85) | 5.7(2.67) 5.31(2.39) | 4.93(2.39) 4.97(2.01) | 5(1.98) 0.124 | 1.02 | 0.68

re(c-p) L 5.08(2.07) 5.62(1.97) 5.55(1.50) 5.84(2.09) 5.57(1.76) 5.81(1.94) 9

RPI M 12906.3(28 | 10339.3(18 | 10189(1027 | 10316.9(154 | 10636.6(16 | 10919.3(18

(SBP*HR) 06.5) 67.2) 4) 6.78) 05.1) 89.4) 18.40* | 0.01 | 0.49
L 12911(1452 | 11148(2168 | 10000.3(11 9874.3(1523 | 10501. 10871.7(21 el 6 5

7 3) 88.4) 9) (1988.25) 36.5)

SCVO2(% | M 65.85(9.3) | 64.05(7.81) | 62.9(7.1) 64.25(4.24) | 65.1(6.5) 65.05(5.1)

) L 68.95(7.6) | 67.11(5.44) | 63.68(5.64) | 65.11(3.81) | 66.21(4.16) | 66.32(3.7) | 230 | 1.75 | 0.39

AVS02 M 32.7(7.32) | 32.65(7.63) | 34.65(6.72) | 32.5(5.00) | 32.95(7.19) | 32.4(5.34)

L 29.63(7.6) 30.11(5.65) | 34.16(4.91) | 32.37(3.56) 31.37(3.92) | 31.11(4.7) 1.82 132 | 0.48

8

VIS M 10.8(4.2) 10.8(4.2) 10.3(3.95) | 8.05(3.95) 6.9(3.5) 6(2.62)

L 7.16(3) 6.84(2.99) | 6.84(2.99) | 5.79(1.87) 553(1.58) | 5(0) 5.80** | 0.0* | 0.0*

* *x *x
Urine M 24.95(23.24 | 20.15(16.11 | 25.3(19.22) | 32.5(17.7) | 30.7(17.1) | 2.83* | 1.41 | 055
Output(ml/ ) ) 8
kg) L 29.32(15.51 | 30.68(20.97 | 27.5(20.7) 34.1(21.9) | 34.1(24.7)
) )

Two-Way Repeated measures analysis of variance by Huynh-Feldt epsilon F1=time effect, F2= the study group effect,
F3 = the study group xtime interaction effect.
*P-value <0.05

**P-value <0.01, ***P-value <0.001
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For Time Effect, There was a statistically significant decrease in the Mean Lactate level between
the time points from 0 hr to 48 hrs with F statistic 4.36 and P-value <0.05. There was a statistically
significant decrease in Mean RPI between the time points from 0 hr to 48 hrs with F statistic 18.4
with P-value <0.001). There was a statistically significant decrease in Mean VIS between time
points from O hr to 48 hrs with F statistic 5.80 with P-value <0.001.

There was statistically significant increase in Mean Urine output between time from O hr to 48 hrs
with F statistic 2.83 with P-value <0.05.

For the study group effect, There was a statistically significant difference in Mean VIS between
The study groups with F statistics 0 and P-value <0.001.which signifies there is a statistically
significant low VIS in the Levosimendan group compared with the Milrinone group.

For the study group x time interaction effect, There was a statistically significant difference in
groupxinteraction effect on mean VIS score with F factor 0 and P-value <0.001. (Table 22)
SUBGROUP ANALYSIS

We performed subgroup analysis by using the type of surgeries as study groups (ICR (N=27) Vs
ICR +TAP+MCR (N=12))to know the effect of Diastolic antegrade Flow in PA, Requirement of
Rescue milrinone after 48 hours, CPB time, ACC time and requirement of the vasoactive agent.
Out of 39 TOF patients, 27 patients underwent ICR and 12 patients underwent ICR +TAP+MCR.
Diastolic Antegrade flow in pulmonary artery: There was no statistically significant difference
in Diastolic antegrade Flow in the pulmonary artery between Surgery (P-value <0.05). . (Table 23

& Figure 30)
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Table 23: Comparison of Diastolic Antegrade flow in pulmonary artery between Surgery

(N=39)

Surgery

Fisher

Dias antegrade Flow B ICR +TAP+MCR | Chi-square | exact P-

ICR(N=27) | =1 value
Yes 3(11.11%) 1 (8.33%)

.07 1.

No 24 (88.89%) 11 (91.67%) 0.070 000

Figure 30: Stacked bar chart of comparison of Dias antegrade flow between Surgery (N=39)
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Comparison of Noradrenaline, CPB time, ACC time and requirement of Mean of Rescue

Milrinone between Surgery:

There was no statistically significant difference in Mean Rescue Milrinone in hrs. Between
Surgery with P-value 0.791. A statistically significant difference was not there in the Mean

NORADR requirement between Surgery (P-value 0.309). There was no statistically significant
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difference in Mean CPB time and Mean ACC time between Surgery with P-value 0.703 and 0.512,

respectively. (Table 24 & Figure 31 & 34)

Table 24: Comparison of Noradrenaline, CPB time, ACC time and requirement of Mean of
Rescue Milrinone between Surgery (N=39)

SURGERY (Meant SD)
Parameter P-value
ICR (N=27) ICR +TAP+MCR (N=12)
RESCUE MILRI IN HRS 0.37 +0.49 0.42 +0.51 0.791
NORADR 42.89+62.39 |64.75+58.04 0.309
CPB IN MIN 151.85 + 35.37 | 156.5 + 33.81 0.703
ACC IN MIN 103.48 + 25.98 | 109.42 + 25.51 0.512

Figure 31: Bar chart of comparison of mean RESCUE MILRI IN HRS between study group

(N=39)
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Figure 32: Bar chart of comparison of mean NORADR between study group (N=39)
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Figure 33: Bar chart of comparison of mean CPB IN MIN between study group (N=39)
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Figure 34: Bar chart of comparison of mean ACC IN MIN between study group (N=39)
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Comparison of Mean VIS at different time points between Surgery:
There was statistically no significant difference in Mean VIS at different time points between
Surgery (P-value >0.05). ICR surgery had relatively less VIS at 0 hr. (8.26 £ 3.81 Vs 10.75 + 4.25,
P-value 0.077),6 hr. (8.07 + 3.84 Vs 10.67 + 4.36, P-value 0.07 TAP+MCR) and 12 hr. (7.89 +
3.87 Vs 10.25 £ 3.55) compared with ICR+ TAP+MCR surgery

Table 25: Comparison of Mean VIS at different time points between Surgery (N=39)

SURGERY (Meant SD)
Parameter P-value
ICR (N=27) [ ICR +TAP+MCR (N=12)
VIS @ Ohr 8.26 +3.81 |10.75+4.25 0.077
VIS @ 6hr 8.07+3.84 |10.67 +4.36 0.070
VIS @ 12hr 7.89+3.87 |10.25+3.55 0.079
VIS @ 24hr 6.59+291 |7.75+£4.03 0.316
VIS @36hr 585+255 |7.08+3.34 0.215
VIS @48hr 556+2.12 |542+1.44 0.838

Figure 46: Line chart of comparison of mean VIS @ every point between study group (N=39)

64



14
12
10

o N B~ O

VIS @ Ohr

VIS @ 6hr

VIS @ 12hr

....’...

ICR

VIS @ 24hr VIS @36hr

---f#--- ICR +TAP+MCR

VIS @48hr

65




DISCUSSION

We conducted a prospective observational open-label study comparing Levosimendan and
milrinone in Tetralogy of Fallot in 39 children under 12 years of age who underwent intracardiac
repair on cardiopulmonary bypass. To our knowledge, this is the first study that compared the two
inodilators in a homogenous tetralogy of Fallot physiology patients. Previous studies compared
above mentioned two drugs in heterogeneous congenital heart diseases with different

pathophysiology

In our study, patients prophylactically received either a loading dose of Milrinone (Group M) or
Levosimendan (Group L) followed by a maintenance dose, immediately after aortic cross-clamp
removal to evaluate the effect of these inotropic agents on markers of LCOS such as lactate, mixed
venous saturation, the difference between arterial and venous saturation, core body to peripheral
skin temperature difference, urine output and postoperative arrhythmias and the effects on
postoperative outcomes, duration of ventilation, ICU stay, morbidity (renal, cardiovascular and
neurological) and mortality. The perioperative management was standardized across all patients

as per our institutional protocol.

Levosimendan improves myocardial contractility without increasing myocardial oxygen
consumption, impairing diastolic relaxation, or causing an increase in intracellular calcium
concentration.3>% | evosimendan has been extensively evaluated in the adult population.3334 but
has received little attention in the pediatric and has gained greater attention in the last few years.
Due to its mechanism of action through calcium sensitization and its additional inotropic and

vasodilator properties, Levosimendan might be considered superior to Milrinone in preventing
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LCOS and arrhythmias after corrective cardiac surgery in Tetralogy of Fallot in children and

infants.

Effect on Low cardiac output syndrome:

In our study, we found no statistical difference in the markers of LCOS in both groups.
After surgery, the primary endpoints such as serum lactate concentrations, Central venous
saturation (SCV02), the difference between arterial and venous saturation (A-V SO2), core body
to peripheral skin temperature difference (TEMP C-P) and urine output did not differ between the
Levosimendan and Milrinone groups in first 48 hrs. after corrective cardiac surgery for Tetralogy

of Fallot.

Serum lactate concentrations:

Among biochemical markers routinely used to support LCOS diagnosis, the serum lactate level is
considered one of the important biochemical markers of early adverse outcomes after complex

congenital cardiac surgery.

In our study, we didn’t find a statistically significant difference in Mean Lactate level between M
and L study groups (P-value > 0.05) for the first 48hrs.which is in agreement with the study
conducted by Momeni et al., A randomized controlled trial in children after congenital heart
surgery, ° compared the prophylactic use of Milrinone against the prophylactic of Levosimendan.

They didn’t find a significant difference in Lactate 1+0.3 (L), 1+0.5 (M), between L and M groups,

Rate pressure index (RPI)

67



RPI reflects myocardial oxygen demand. It was significantly lowered over 48 hours
postoperatively in both Levosimendan and milrinone group compared with RPI at 0 hr.but there
was no significant difference between the groups at different time points in 48hrs postoperatively.
Our results contrast with the memoni et al. ° and Himanshu et al. * studies, where they observed
significantly lower RPI in the Levosimendan group than milrinone. Our study got a lower RPI at

6,12,24,36 and 48 hrs, but it was not statistically significant.

Our study patients were possibly not sick enough to form a valid study population. One could
speculate that in the study population with pre-existing congestive heart failure or more complex
cardiac lesions, Levosimendan might have been more advantageous due to its inotropic properties

and pharmacologic profile.

Arrhythmias:

Milrinone usually increases heart rate and oxygen consumption through its action on cAMP. In
contrast to that, Levosimendan is a non-cAMP-dependent inodilator; it’s a calcium sensitizer and
potassium channel opener; hence we hypothesized to test its effect in postoperative arrhythmia.
Our study found a similar incidence of arrhythmias in both groups (M,25% Vs L,26.32%, P-value
1.00). Therefore, it seems arrhythmias after intracardiac repair due to surgical insult of conduction

system rather than inodilator.

Rescue Milrinone:

Levosimendan metabolize into OR-1896, an active metabolite, with a longer half-life of 75
to 80 hours.?2? Prolonged duration of action of Levosimendan led to a significant difference in the

postoperative requirement of Milrinone after 48 hours compared with Milrinone group (P-value =
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0.029). In the Milrinone group, 55% of patients required rescue milrinone infusions after 48hr
infusion of Milrinone compared with 21% in the Levosimendan group. There was a statistically
significant difference in Rescue Milrinone requirement between the study groups (P-value of

0.029).

An interesting finding of our study is that Levosimendan was very well tolerated and did not cause
systemic hypotension, an excessive need of inotropes or vasoconstrictors not required when

administered through a continuous infusion.

Vasoactive inotropic score (VIS score):

Patients in the Levosimendan group required statistically significant less vasoactive agents
at 0 hr., 6 hr. and 12hrs after surgery compared with the milrinone group. There was a statistically
significant difference in Mean VIS at 0-hour, 6 hours and 12 hours between the study group (P-
value <0.05). In contrast to our results. Lecher et al.X% in their study, proposed no difference in the
inotropic score (IS) in both the groups, but the study used the IS offered by Wernovsky et al.3*Two
significant drawbacks of the IS score proposed by Wernovsky et al.®® was that it neither included
Milrinone or Levosimendan and did not include vasopressin in the score, which was used in few

cases in our study.

The vasoactive inotropic score (V1S score) proposed by Gaies et al.*¢ was used in our study.
The usual maintenance dose of Levosimendan (0.1 pg/kg/min) was given a score of 5 to match the
inotropic score of the maintenance dose of Milrinone (0.5 pg /kg/min) which in the VIS score had

a score of 5. The use of additional catecholamines did not differ between the groups.
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Another reason for the high VIS score in the milrinone group could be the type of surgery received.
In the Milrinone group, 40% of patients underwent a Transannular patch with monocuspid valve
reconstruction, compared to 21% in the Levosimendan group. The Transannular patch with
monocuspid valve reconstruction requires more operation time and extensive ventricular incision
than simple intracardiac repair surgery. Our subgroup analysis found that the patient who
underwent intracardiac repair with transannular patch and monocuspid valve reconstruction had
more (even though statistically not significant VIS scores for 24hrs after surgery than intracardiac
repair alone irrespective of inodilator received. Therefore, patients receiving ICR + TAP + MCR
are expected to have more myocardial dysfunction, so this subgroup needs more inotropic drugs

immediately after surgery to prevent LCOS than intracardiac repair alone.
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LIMITATIONS

1. Overall, this the study and its observations were limited by its small number and the study
population even though it is the first the study confined to Tetralogy of Fallot

2. One limitation of our study was the fact that we could not be able to perform complete right
ventricular diastolic function parameters such as tricuspid inflow E/A, tricuspid annulus e’
by transesophageal echocardiography due to doppler alignment issues and could not able
differentiate between E and A due to effect of preload on tricuspid inflow doppler spectrum

3. We could not include patients with preoperative ventricular dysfunction where the
expected effect of Levosimendan seems to have a better outcome, as stated in several adult
studies and one paediatric retrospective the study.

4. However, the study demonstrates that Levosimendan can be safely used in children. Its use
is associated with an overall trend toward hemodynamic benefit in a critically ill paediatric
patient population.

5. To evaluate incidence of post-operative arrhythmias, chest drain, duration of mechanical
ventilation, which are major contributing factors for the ICU stay, required a larger the

study population.

6. Several subsets like premature infants, low-birth-weight children, infants with preoperative
ventricular dysfunction and infants with preoperative altered renal parameters have to be
evaluated to confirm the superiority of this drug over various available inotropic and

indicator agents.
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CONCLUSIONS

1. In our prospective observational the study of 39 infants undergoing surgery for complex
congenital cardiac condition, postoperative hemodynamic parameters and markers of tissue
perfusion over time were similar in infants with the administration of either Levosimendan
or Milrinone.

2. There was no statistically significant difference in post-operative arrhythmia incidences in
both groups. The present study found that no drug superior over other in preventing post-
operative arrythmias

3. We observed a low VIS score in the Levosimendan group in the first 24 hrs. Which was a
direct result of less requirement of vasopressors to maintain systemic arterial blood
pressure in Levosimendan. It could be due to less inadvertent peripheral vasodilatation with
Levosimendan compared with Milrinone

4. In our study, utilization of Milrinone as a rescue drug after 48hrs of surgery to maintain
stable hemodynamics was significantly less in the Levosimendan group, Due to the
prolonged action of Levosimendan active metabolites compared to Milrinone.

5. Levosimendan drug cost is approximately 1/3 of milrinone cost, so it adds cost-
effectiveness in patient management

6. Thus, Levosimendan offers a cheaper, unique, timely, attractive, and equipotent alternative
to Milrinone in use today to prevent LCOS following corrective cardiac surgery in
Tetralogy of Fallot.

7. Our results might be the basis of future controlled trials of Levosimendan in children with

a particular focus on Post-operative outcomes such as Low cardiac output syndrome,
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arrythmias, the duration of mechanical ventilation, length of ICU stay, and length of
hospital stay

. This prospective observational study has primarily served experience using the relatively
new drug Levosimendan in Tetralogy of Fallot children and to initiate further multicenter

trials in pediatric patients.
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Annexure 1: IEC Approval Letter
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SREE CHITRA TIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND TECHNOLOGY, TRIVANDRUM
Thiruvananthapuram - 695 011, Kerala, India
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(An Institute of National Importance under Govt. of India)

Grams : Chitramet, Phone : +91-471-2443152, Fax : +91-471-2550723/ 2445433, E-mail : sct@sctimst.ac.in, Website : www.sclimstacin

Institutional Ethics Committee
(IEC Regn No. ECR/189/InstKLi2013/RR-16)

SCTAECH 295 JAUGUST-2019 20.09.20%

Dr. Aspari Mahammad Azeez
Resident. Department of Anaesthesiology

SCTIMST, Thiruvananthaguram
Dear Dr, Aspari Mzhammad Azeez,

The Institutional Ethics Committee reviewed and discussed your appiication to conduct the study entitied THE
EFFICACY AND SAFETY OF INTRAVENOUS LEVOSIMENDAN COMPARED WITH MILRINONE IN PREVENTING LOW
CARDIAC CUTPUT AFTER CCRRECTIVE CARDIAC SURGERY IN TETRALOGY OF FALLOT {IEC/1335)" on 17" August,
2019,

The following documents were reviewed:

Onginal documents
Covenng Lelter sddressad lo the Chiavman, (EC, SCTIMST wth checklist

TAC Approvay Leller

IEC Appiication Form

Praject Propasa!

Proforma

Paticnl nformahan Shse! and informed Consent Fovm in Engiish and Malayalam
Forwarding Leler from the HOD

CV of Frincipa! Investigator and Ca-Prinsipal Investigalos

o N o -

Rewsed documents

1. Covering Letlsr adivessed to the Chaiman, JEC. SCTIMST dated 20,03 2019 with checkisf
2 TAC Approval Lafler
3 Copy of (EC Recommandations Lettar dated 19 08.2019
4. |EC Appicalion Form
5. Projsct Propossi
6. Provonma

7. Patiert Informatan Skesf and informed Consent Form in Enghish and Malayaism

§ Patiant Information Shest and lnfsomed Consant Farm for 10-12 years chidran in English and Maizyalam
9. Forwarding Letter from the HOO

10. CV of Principal fmvestigator and Co-Frincipal Investgalars
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The following members of the Ethics Committee were present at the meeting held on 17* August, 2019 at
G. Parthasarathi Board Room, AMCHSS, SCTIMST

The IEC appraved the conduct of the study in he present form,

Remarks:
The Instiluticnal Ethics Commitiee expects to be informed about the progress of the study, any SAE occurring in the
course of the study, any changes in the pretecel and palient informationfinformed consent and asks to be provided &
copy of the final report.

SL. Member Name Highest Degree Gender  Scieniific Non Scientific  Afiliation with
o ' Institution|s}
1. Dr.RVGMenon M Tech, PAD Male Lay Person No
(Chairman)
2. Dr.RemaM.N WD Female  Basic Medical Scientist No
3. Dr. Kala Kesavan. P WBES, MO Female  Basic Medical Scienlist No
4. Dr KRS Krishnan M.E., Ph.C. Male IMedical Technolegy Yes
5. Dr. Harikrishna Varma PR Ph.D{ Materials Science) Male IMedical Technology Yes
6. Dr. S S Giri Sankar LLM. PhD. Male Legal Expert No
7. Dr Anand Kumar A WD, DM Male Clinician No
8. Dr.V.Raman Kulty N C, M Phi, MPH Male Health Sciences Yes
Expert/Clinician
9. Dr Aneesh V Pillai BA. LLB (Hons. ), LLM Male Legal Experl No
Ph. D, SET (Law)
10.  Smt. Sathi Nair WA (English Literalure)  Female  Lay Person No
11. Dr. P. Manickam BSMS, MSc (Epid) PhD  Male Health Science Expert/ No
Social Scientist
12.  Dr. Harikrishnan 8 MO, OM {Cardiciogy) Male Clinician Yes
CNB (Cardology)
13, Mr. Salheesh Chandran NSW, PGDPM Male Lay persond NGO/ Social  No
: - e SCEONSE
14, Dr. Mala Ramanathan PhD Female  Social Scientist Yes
- {Memter Secretary} L
IEC Decision

There was no member of the study team who partipated in voting / decision making process. The ethics commitlee
is organized and operaled according 1¢ the requirements of Goed Clinical Practice and the requirements of the
Indian Council of Medical Research (ICMR).

Sincerely,

Mala Ramanathan

-
/_/‘

Member Secretary, IEC
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Annexure 2: Patient Information Sheet

TITLE: The Efficacy and safety of intravenous Levosimendan compared with Milrinone in
preventing low cardiac output after corrective cardiac surgery in Tetralogy of Fallot.

e Aim of the study (Why are we doing this study?)

Children with cyanotic congenital heart disease have a high incidence of going into low
cardiac output after the corrective cardiac surgery. In tetralogy of Fallot (blue babies with
the hole in the septum which separates the ventricles along with thickening of right
ventricle) this problem is even more in immediate post-operative period. Prevention and
treatment of low cardiac output can be done by few drugs known as inodilators in
that Milrinone and Levosimendan are the drugs which are using as a routine clinical
practice in our institute and as well as all over the world. There are very few studies
comparing the efficacy and safety of these two drugs in Tetralogy of Fallot patients, hence
we intended to do this study for better patient care in preventing and treating the low cardiac
output in tetralogy of Fallot patients.

o Risks and side-effects for your child for participating in this study:

Milrinone and Levosimendan as inodilators is safe and recommended for preventing and
treating low cardiac output in children and adult cardiac surgery. In your child also, as
routine, irrespective of whether your child is included in the study or not the above-
mentioned drugs will be given and is an essential part of the management of your child.
These drugs are safe and the benefits related to the use of these drugs out weights the risks.
However, minor side effects can be managed if it happens and should not cause any harm
to your child.

e Can you withdraw your child from this study after it starts?
Your consent for allowing the participation of your child in this study is entirely voluntary
and you will be free to decide to withdraw permission for your child to participate in this
study, should you feel so. If you do so, this will not affect your child’s usual treatment in
this hospital in any way.

« What will happen if your child develops any study related injury?
We do not expect any injury to happen to your child but if he/she develops any side
effects or problems due to the study, these will be treated at no extra cost to you. We are
unable to provide any monetary compensation, however.

e Will do you have to pay for the study?

This study does not require you to pay any additional charges over and above what you
will have to bear for the routine expenditure for the operation for your child.
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Will your child’s personal details are kept confidential?

Your child’s personal details will be kept confidential. The result of this study will be
sent for publication in a medical journal upon its completion, but your child will not
be identified by name or any other form of identification in such a publication or any
presentation anywhere.

If you have any further questions, please ask any of the study investigators listed below:

Dr . Aspari Mahammad Azeez , DM Senior resident, Cardiothoracic & Vascular
Anaesthesia, Division of Cardiac Anaesthesia (Phone:8427693477 ; email -
aspariazeez@gmail.com)

Dr .Unnikrishnan K.P, Professor, Division of Cardiac Anaesthesia (Phone:
9446177521; email — unnikp@gmail.com)

Dr .Sabarinath Menon, Associate professor, paediatric cardiac surgery,
Department of CVTS; email.com-sabarinath.menon@gmail.com

Dr .Baiju S Dharan, Professor and Head ,Department of Cardio Vascular and
Thoracic Surgery ,email : baijusd@sctimst.ac.in Phone: +91 9995019925

Dr .Mala Ramanathan, Member Secretary, IEC & Additional Professor(study
independent contact person, tel:04712524-234)
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Annexure 3: Informed Consent Form

I ,FIO,M/O,R/O [Participant’s
name: Date of Birth / Age (in years)] declare that | have read the patient information sheet
provided to me regarding the study.

The Efficacy and safety of intravenous Levosimendan compared with milrinone in
Preventing low cardiac output after corrective cardiac surgery in Tetralogy of Fallot

e | have clarified any doubts that | had. [ ]

e | also understand that my participation in this study is entirely voluntary and that | am
free to withdraw permission to continue to participate at any time without affecting my
usual treatment or my legal rights [ ]

e | understand that the study staff and institutional ethics committee members will not
need my permission to look at my health records even if | withdraw from the trial. | agree

to this access [ ]

¢ | understand that my identity will not be revealed in any information released to third
parties or published [ ]

¢ | understand that | have to Undergo Transoesophageal echocardiography and
Levosimendan/milrinone will be administered, which is routinely done for all open heart
surgery patients

e | voluntarily agree to take part in this study [ ]

e | received a copy of this signed consent form [ ]

Name:

Signature:

Date:

Name Of Witness

Relation To Participant

Study Independent contact person- Dr . Mala Ramanathan, AMCHSS & IEC Member
Secretary, SCTIMST (0471-2446234) Email: iec.mem.sec@sctimst.ac.in
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Declaration by Person Obtaining Consent

| attest that the requirements for informed consent for the medical research project
described in this form have been satisfied. | have discussed the research project with the
participant and explained to him or her in nontechnical terms all of the information
contained in this informed consent form, including any risks and adverse reactions that
may reasonably be expected to occur. | further certify that | encouraged the participant to
ask questions and that all questions asked were answered.

Signature:
Date:
Dr . Aspari Mahammad Azeez Senior Resident, CVTA, SCTIMST

Email : aspariazeez@gmail.com
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Annexure 4: Observation Chart
The observations will be noted by the principal investigator and confidentiality will be maintained

regarding patient identification. Data will be stored by the principal investigator in his personal

computer for three years.

I. Demographic data:
a) Patient’s name:
b) Age:
c) Weight:
d) Height:
e) Body surface area:
e Diagnosis:
e Surgical procedure:
e Date of surgery:
e Pre op ECHO findings:
e Baseline saturation:
e Pre-operative haemogram:
Hb-
TLC-

Platelet counts -

Il.  Primary outcomes:
i. LCOS

Time points 0 hr 6 hr 12 hrs 24 hrs 36hrs 48hrs

Blood lactate

ScvV02

A-VSo2

u/o

Temp(c-p)

Rate pressure index
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1)

2)
3)
4)
5)
6)
7)

8)

Arrhythmias in both milrinone and Levosimendan: SVT, Ectopic atreial tachycardias, AF,

accelerated junctional rhythms, JET, VT and VF

Secondary outcomes
Echocardiography:

#Post repair End-diastolic forward flow in the pulmonary artery (PA):

Time points Immediate POD 1(TTE) | POD 2(TTE)

Post CPB(TEE)

POD 3 (TTE)

Tricuspid inflow E/A

Mitral inflow E/A

RVOT to PA Pre Grad

PFO shunt direction

Adverse events due to inodilator infusions:
Hypotension, hypokalemia, and thrombocytopenia
Re-Interventions:
Length of intensive care unit (ICU) stay:
Length of hospital stay:
Duration of mechanical ventilation:
Duration of chest drain:
Vasoactive-Inotrope score:

Requiring mechanical circulatory support -ECMO:
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Annexure 6:Master chart
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