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Abstract

Background: Complications and mortality after pediatric heart surgery have declined
dramatically in recent decades, low cardiac output syndrome (LCOS) remains one of the
most common complications of pediatric heart surgery, occurring in 25% of children
undergoing Heart surgery. The most important complications of LCOS include
prolonged intubation, prolonged hospital stay, and increased risk of infection and death.
Factors that predict the development of LCOS after open heart surgery include: 1)
factors before heart surgery for example the presence of ventricular dysfunction and
heart failure,...2) factors during surgery including the use of cardiopulmonary pump
(CPB), hypothermia , type of Heart surgery, Use of cardioplegia, Myocardial ischemia
during aortic clamp, Myocardial reperfusion injury, Acute systemic inflammatory
syndrome (SIRS) and changes in systemic and pulmonary vascular resistance. Low
cardiac output syndrome (LCOS) presents with symptoms of tachycardia, decreased
diuresis, decreased systemic perfusion and metabolic acidosis.Therefore, early
prevention and treatment of LCOS is very important.

The general principles of treatment in LCOS are: Proper control of preload of heart ,
control of mechanical ventilation with the use of drugs that simultaneously have
positive inotropic effects and reduce systemic and pulmonary vascular resistance, Drugs
with this property are called inodilators

Inodilators have positive inotropic effects (stronger myocardial contraction) , Lusitropic
effects (relaxation or better expansion of the heart) as well as vasodilatory effects on
systemic-pulmonary and coronary arteries simultaneously. Therefore, these drugs are
the basis of prevention and treatment (LCOS) after heart surgery. Milrinone
(phosphodiesterase inhibitor type 3) and Levosimendan (calcium myocyte sensitizers)
are the two main Inodilators drugs currently available for LCOS are used after heart
surgery.

Methods: We have reviewed several studies on the effects of heart medications on
LCOS, especially after pediatric heart surgery.

Results: Levosimendan is a new drug that has been used to treat heart failure since
2000. The effects of this drug are through two main mechanisms on cardiomyocyt:
Cardiomyocyte sensitizer to calcium, Opening potassium-dependent channels also
Levosimendan has three simultaneous effects on the cardiovascular system through
these two mechanisms: Positive inotropic effect (stronger myocardial contraction),
Lusitropic effect (Relaxation or better expansion of the heart), Vasodilatory effect on
systemic-pulmonary and coronary arteries. The usefulness of Levosimendan in the
treatment (LCOS) after heart surgery has been proven in adults and children. However,
the use of this drug as a first-line treatment (LCOS) after heart surgery is expensive
because of this reason limited.

Levosimendan is well tolerated by patients and its most common side effects are
headache (7-8%), hypotension (5-6%), hypokalemia (5%) and tachycardia.Hypotension
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and tachycardia can be controlled by giving proper fluid volume or prescribing
vasopressors such as norepinephrine. Studies on the effect of Levosimendan on
increasing the risk of atrial fibrillation are contraverse

It should be noted that Hypotension, tachycardia and hypokalemia are more common in
children than adults. Levosimendan has a better effect on heart function in adults
undergoing heart surgery than traditional inotropic drugs, improving the patient's
hemodynamic function, reducing myocardial damage, and shortening the length of
hospital stay.

Despite the high prevalence of LCOS after pediatric heart surgery, but we have no
consensus on the choice of inotropic drug for the treatment of LCOS. Traditional LCOS
therapy is the use of catecholamines. Side effects of catecholamines include increased
oxygen consumption in the heart, increased ventricular after load, Down-regulation of
beta-adrenergic receptors, reduces the efficacy of these drugs. Due to these side effects,
Inodilator such as Milrinone are used to treat LCOS after heart surgery. In Europe,
Milrinone is present in 70.7% of LCOS treatment regimens after heart surgery, and the
combination of this drug with other inotropes is present in 64% of treatment regimens.
The mechanism of Milrinone is inhibition of phosphodiesterase type 3 (PDE3), which
increases the intracellular concentration of CAMP. CAMP activates protein kinase,
increases the entry of extracellular calcium into the heart cell, and ultimately these
effects Increases the activity of contractile proteins and improves the contractile power
of the heart. The effect of Milrinone on peripheral and coronary arteries is secondary to
the increase in CGMP in vascular wall smooth muscle cells. These effects of Milrinone
improve heart function without increasing myocardial oxygen consumption and without
increasing ventricular loading. These effects are also independent of alpha and beta
adrenergic receptors. More common complication of Milrinone is hypotension. The
next complication is tachycardia, although there is controversy about of tachycardia as a
side effect of milrinone. We have no evidence that Milrinone causes tachyarrhythmias.
The next complication of Milrinone is thrombocytopenia. Therefore, the patient's
platelets should be monitored during treatment with Milrinone. Although Milrinone-
induced thrombocytopenia cannot be distinguished from thrombocytopenia due to
cardiovascular bypass pump (CPB).

Other side effects of milrinone include seizures, oral intolerance, and delayed in PDA
closure of preterm infants.

Conclusion: Milrinone and Levosimenda are both effective drugs in treatmen of LCOS
in children, however, due to the availability and lower price of Milrinon, the use of
Milrinon is more common.
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. Administration: only intravenous.

. Loading dose: 6 — 12 mcg/kg over 10 minutes.

e  Maintenance infusion: 0,05 - 0,2 mcg/kg/min.

° Duration of infusion: 24 hours.

¢ Not loading dose if hypotension is not avoided
(fluid or vasopressors).

e Avoid hypokalemia
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MILRINONE USUAL DOSAGE

Effective plasma concentration

100-300 ng/ml

Bolus 50 -75 megkg

Specially in neonates

If hemodynamic stability in operating room

Continuous infusion rate

0.50 - 0.75 mcg/kg/min

In neonates consider low dose: 0.25-0.5 mcg/kg/min
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