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ADMINISTRATIVE INFORMATION 

 

Invented name of the medicinal 
product(s): 

See section VI 

INN (or common name) of the active 
substance(s):  

Milrinone 

MAH (s): See section VI 

Pharmaco-therapeutic group 
(ATC Code): 

C01CE02 

Pharmaceutical form(s) and 
strength(s): 

Solution for infusion: 1mg/ml 
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I. EXECUTIVE SUMMARY 
 
This is an assessment of data for Milrinone, as part of the Article 45 EU worksharing procedure 
for assessment of paediatric studies completed since the Paediatric Regulation entered into 
force (26 Jan 2007). AT is Rapporteur for this procedure. 
 
As requested by the EMEA in a letter dated 3rd February 2010 and in accordance with Article 45 
of Regulation EC No 1901/2006 as amended, the Marketing Authorization Holders submitted the 
following clinical studies, for assessment: 
 

1. Evan Zucker, Sydney Heyman and Savas Ozdemir. Reversed Ventilation Perfusion Mismatch 
Involving a paediatric Patient in Congestive Heart Failure. 
The Journal of Nuclear Medicine 1997 Nov; 38 (11). 

2. Chu CC. et al. Effect of milrinone on postbypass pulmonary hypertension in children after 
tetralogy of Fallot repair.  
Clin Med J 2000, 63, 294-300. 

3. Hoffman, TM et al. Efficacy and safety of milrinone in preventing low cardiac output syndrome in 
infants and children after corrective surgery for congenital heart disease. 
Circulation 2003; 107: 996-1002 

4. Barton P. et al. Haemodynamic effect of IV milrinone lactate in paediatric patients with septic 
shock: a prospective, double-blinded, randomized, placebo-controlled, interventional study. 
Chest 1996, 109, 1032-12. 

5. Rosenzweig EB et al. Intravenous arginin-vasopressin in children with vasodilatory shock after 
cardiac surgery. 
Circulation 1999, 100, II 182-6. 

6. Feneck RO. et al. Intravenous milrinone following cardiac surgery: effect of bolus infusion 
followed by variable dose maintenance infusion. 
J Cardiothorac Anthes 1992, 6, 554-562. 

7. Wright EM et al. Milrinone in the treatment of low output states following cardiac surgery. 
Eur J Anaesthesiol 1992, 5 21-26. 

8. Chang AC et al. Milrinone: systemic and pulmonary haemodynamic effects in neonates after 
cardiac surgery. 
Crit Care Med 1995, 23, 1907-14. 

9. Lindsay CA. et al. Pharmacokinetics and pharmacodynamics of milrinone lactate in paediatric 
patients with septic shock. 
J Pediatr 1998; 132; 329-34. 

10. Ramamoorthy C et al. Pharmacokinetics and side effects of milrinone in infants and children 
after open heart surgery. 
Anesth Analg1998,  86, 283-9.  

11. Rinder CS et al. Platelet activation and aggregation during cardiopulmonary bypass. 
Anaesthesiology 1991, 75, 388-393. 

12. Wernovsky G et al. Postoperative course and haemodynamic profile after the arterial switch 
operation in neonates and infants: a comparison of low-flow cardiopulmonary bypass and 
circulatory arrest. 
Circulation, 1995, 92, 2226-2235. 

13. Sanofi-Synthelabo Inc. PRIMACORP: Prophylactic Intravenous use of milrinone after cardiac 
operation in Paediatrics  
2001 Aug. 

14. Charpie JR et al. Serial blood lactate measurements predict early mortality following neonatal 
repair or palliation for complex congenital heart disease. 
Circulation suppl 1, 1999, 100 (18) 1399. 

15. Charpie JR et al. Serial blood lactate measurements predict early outcome after neonatal repair 
or palliation for complex congenital heart disease. 
J Thorac Cardiovasc Surg 2000, 120, 73-80. 
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16. Kikura M et al. The effects of milrinone on platelets in patients undergoing cardiac surgery. 
Anest Analg 1995, 81, 44 -48. 

17. Bailey JM et al. The pharmacokinetics of milrinone in paediatric patients after cardiac surgery. 
Anaesthesiology 1999, 90, 1012-18. 

18. Kestin AS et al. The platelet function defect of cardiopulmonary bypass. 
Blood, 1993, 82, 107-117. 

19. Cai J. et al. Nitric oxide and milrinone: combined effect on pulmonary circulation after Fontan-type 
procedure: a prospective, randomized study.  
Ann Thorac Surg 2008, 86, 882-8. 

20. McNamara et al. Milrinone improves oxygenation in neonates with severe persistent pulmonary 
hypertension.  
Journal of Critical Care 2006, 21, 217-233. 

21. Duggal B. et al. Milrinone and low cardiac output following cardiac surgery in infants: is there a 
direct myocardial effect? 
Pediatr Cardiol 2005, 26, 642-45. 

22. Paradisis M. et al. Randomized trial of milrinone versus placebo for prevention of low systemic 
blood flow in very preterm infants. 
J Pediatr 2009, 154, 189-95. 

23. Bailey J.M. et al. A population pharmacokinetic analysis of milrinone in paediatric patients after 
cardiac surgery. 
Journal of Pharmacokinetics and Pharmacodynamics 2004, 31(1)43-59. 

24. Paradisis M. et al. Population pharmacokinetics and dosing regimen design of milrinone in 
preterm infants. 
Arch Dis Child Foetal Neonatal Ed 2007, 92, 204-209. 

25. Watson S. et al. Use of milrinone in paediatric care unit. 
Paediatrics 1999, 104, 674-82. 

26. Bassler D. et al. Neonatal persistent pulmonary hypertension treated with milrinone: four case 
reports. 
Biol Neonate 2006, 89, 1-5. 

27. Price J.F. et al. Outpatient continuous parenteral inotropic therapy as bridge to transplantation in 
children with advanced heart failure. 
Journal of Cardiac Failure 2006, 12, 139-43. 

28. Berg A.M. et al. Home inotropic therapy in children. 
J. Heart Lung Transplant. 2007, 26(5), 453-57. 

29. Toyoshima LK et al. In vivo dilatation of the foetal and postnatal ductus arteriosus by inhibition of 
phosphodiesterase 3 in rats. 
Biol Neonate 2006, 89, 251-56. 

 
SmPC and PL changes are proposed in sections 4.1, 4.2, 4.4, 4.8, 5.1, 5.2 and 5.3. 
 
After evaluating the presented data we conclude that the administration of milrinone in children 
in Europe in the following indication can be recommended: 
 
 In paediatric population <National approved name> is indicated for the short-term 

treatment (up to 35 hours) of severe congestive heart failure unresponsive to 
conventional maintenance therapy (glycosides, diuretics, vasodilators and/or angiotensin 
converting enzyme (ACE) inhibitors), and for the short-term treatment (up to 35 hours) of 
paediatric patients with acute heart failure, including low output states following cardiac 
surgery. 

 
Dosage recommendations (incl. maximal treatment duration of 35 hours), special warnings (esp. 
paediatric patients with renal impairment, with patent ductus arteriosus,), adverse events (esp. 
patent ductus arteriosus, intraventricular haemorrhage) and pharmacological properties 
concerning paediatric population have to be added to the specific sections of SmPC and PIL. 
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II. RECOMMENDATION1 
 
Final proposed SmPC changes 
4.1 Therapeutic indications 
 
In paediatric population <National approved name> is indicated for the short-term treatment (up 
to 35 hours) of severe congestive heart failure unresponsive to conventional maintenance 
therapy (glycosides, diuretics, vasodilators and/or angiotensin converting enzyme (ACE) 
inhibitors), and for the short-term treatment (up to 35 hours) of paediatric patients with acute 
heart failure, including low output states following cardiac surgery. 
 
4.2 Posology and method of administration 
 
Paediatric population: 
In published studies selected doses for infants and children were: 

 Intravenous loading dose: 50 to 75 µg/kg administered over 30 to 60 minutes. 
 Intravenous continuous infusion: To be initiated on the basis of hemodynamic response 

and the possible onset of undesirable effects between 0.25 to 0.75 µg/kg/min for a period 
up to 35 hours. 

 
In clinical studies on low cardiac output syndrome in infants and children under 6 years of age 
after corrective surgery for congenital heart disease 75 µg/kg loading dose over 60 minutes 
followed by a 0.75 µg/kg/min infusion for 35 hours significantly reduced the risk of development 
of low cardiac output syndrome. 
 
Results of pharmacokinetic studies (see section 5.2) have to be taken into consideration. 
 
Renal impairment: 
Due to lack of data the use of milrinone is not recommended in paediatric population with renal 
impairment (for further information please see section 4.4). 
 
Patent ductus arteriosus: 
If the use of milrinone is desirable in preterm or term infants at risk of/with patent ductus 
arteriosus, the therapeutic need must be weighed against potential risks (see section 4.4, 4.8, 
5.2, and 5.3). 
 
4.4 Special warnings and precautions for use 
 
Paediatric population: 
 
The following should be considered in addition to the warnings and precautions described for 
adults: 
 
In neonates, following open heart surgery during <National approved name> therapy, monitoring 
should include heart rate and rhythm, systemic arterial blood pressure via umbilical artery 
catheter or peripheral catheter, central venous pressure, cardiac index, cardiac output, systemic 
vascular resistance, pulmonary artery pressure, and atrial pressure. Laboratory values that 
should be followed are platelet count, serum potassium, liver function, and renal function. 

                                                      
1 The recommendation from section V can be copied in this section. 
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Frequency of assessment is determined by baseline values, and it is necessary to evaluate the 
neonate’s response to changes in therapy.  
 
Literature revealed that in paediatric patients with impaired renal function, there were marked 
impairment of milrinone clearance and clinically significant side effects, but the specific 
creatinine clearance at which doses must be adjusted in paediatric patients is still not clear, 
therefore the use of milrinone is not recommended in this population (see section 4.2). 
 
In paediatric patients milrinone should be initiated only if the patient is hemodynamically stable. 
 
Caution should be exercised in neonates with risk factors of intraventricular haemorrhage (i.e. 
preterm infant, low birth weight) since milrinone may induce thrombocytopenia. In clinical studies 
in paediatric patients, risk of thrombocytopenia increased significantly with duration of infusion. 
Clinical data suggest that milrinone-related thrombocytopenia is more common in children than 
in adults (see section 4.8). 
 
In clinical studies milrinone appeared to slow the closure of the ductus arteriosus in paediatric 
population. Therefore, if the use of milrinone is desirable in preterm or term infants at risk of/with 
patent ductus arteriosus, the therapeutic need must be weighed against potential risks (see 
section 4.2, 4.8, 5.2, and 5.3). 
 
4.8 Undesirable effects 
 
Blood and lymphatic system disorders 
Uncommon: thrombocytopenia* 
Not known: reduction of red blood count and/or haemoglobin concentration 
 
*In infants and children, risk of thrombocytopenia increased significantly with duration of 
infusion. Clinical data suggest that milrinone-related thrombocytopenia is more common in 
children than in adults (see section 4.4). 
 
Cardiac disorders 
Common: ventricular ectopic activity, non-sustained and sustained ventricular tachycardia (see 
section 4.4), supraventricular arrhythmias 
Uncommon: ventricular fibrillation, angina pectoris, chest pain 
Very rare: torsades de pointes 
 
The incidence of both supraventricular and ventricular arrhythmias has not been related to the 
dose or plasma level of milrinone. Life-threatening arrhythmias have commonly been linked to 
underlying factors such as existing arrhythmias, metabolic abnormalities (e.g. hypokalaemia), 
abnormal digoxin levels and catheterisation. Clinical data suggest that milrinone-related 
arrhythmias are less common in children than in adults. 
 
Paediatric population: 
 
Nervous system disorders 
Not known: intraventricular haemorrhage (see section 4.4) 
 
Congenital, familial, and genetic disorders 
Not known: patent ductus arteriosus*** (see section 4.2, 4.4, 5.2, and 5.3) 
 
***The critical consequences of the patent ductus arteriosus are related to a combination of 
pulmonary overcirculation with consecutive pulmonary oedema and haemorrhage and of 



Milrinone 
AT/W/0004/pdWS/001  Page 7/74 
 

reduced organ perfusion with consecutive intraventricular haemorrhage and necrotizing 
enterocolitis with possible fatal outcome as described in literature. 
 
Long-term safety data for paediatric population are not yet available. 
 
5.1 Pharmacodynamic properties 
 
Paediatric population: 
Literature review identified clinical studies with patients treated for low cardiac output syndrome 
following cardiac surgery, septic shock or pulmonary hypertension. The usual dosages were a 
loading dose of 50 to 75 µg/kg administered over 30 to 60 minutes followed by an intravenous 
continuous infusion of 0.25 to 0.75 µg/kg/min for a period up to 35 hours. In these studies, 
milrinone demonstrated an increase of cardiac output, a decrease in cardiac filling pressure, ad 
decrease in systemic and pulmonary vascular resistance, with minimal changes in heart rate and 
in myocardial oxygen consumption. 
 
Studies of a longer use of milrinone are not sufficient to recommend an administration of 
milrinone during a period of more than 35 hours.  
 
Some studies explored the paediatric use of milrinone in patients with nonhyperdynamic septic 
shock (Barton et al., 1996; Lindsay et al., 1998); the effect of milrinone on postbypass 
pulmonary hypertension after tetralogy of Fallot repair (Chu et al., 2000); the combined effect of 
nitric oxide and milrinone on pulmonary circulation after Fontan-type procedure (Cai et al., 
2008).  
The results of these studies were inconclusive. Therefore, the use of milrinone in these 
indications cannot be recommended. 
 
5.2. Pharmacokinetic properties 
 
Paediatric population: 
Milrinone is cleared more rapidly in children than in adults, but infants have significantly lower 
clearance than children, and preterm infants have even lower clearance. As a consequence of 
this more rapid clearance compared to adults, steady-state plasma concentrations of milrinone 
were lower in children than in adults. In paediatric population with normal renal function steady-
state milrinone plasma concentrations after 6 to 12 hours continuous infusion of 0.5 to 0.75 
µg/kg/min were about of 100 to 300 ng/ml. 
 
Following intravenous infusion of 0.5 to 0.75 µg/kg/min to neonates, infants and children after 
open heart surgery, milrinone has a volume of distribution ranging from 0.35 to 0.9 litres/kg with 
no significant difference across age groups. Following intravenous infusion of 0.5 µg/kg/min to 
very preterm infants to prevent systemic outflow after birth, milrinone has a volume of distribution 
of about 0.5 litres/kg. 
 
Several pharmacokinetic studies showed that, in paediatric population, clearance increases with 
increasing age. Infants have significantly lower clearance than children (3.4 to 3.8 ml/kg/min 
versus 5.9 to 6.7 ml/kg/min). In neonates milrinone clearance was about 1.64 ml/kg/min and 
preterm infants have even lower clearance (0.64 ml/kg/min). 
 
Milrinone has a mean terminal half-life of 2 to 4 hours in infants and children and a mean 
terminal elimination half-life of 10 hours in preterm infants. 
 
It was concluded that the optimal dose of milrinone in paediatric patients in order to obtain 
plasma levels above the threshold of pharmacodynamic efficacy appeared higher than in adults, 
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but that optimal dose in preterms in order to obtain plasma levels above the threshold of 
pharmacodynamic efficacy appeared lower than in children.  
 
Patent ductus arteriosus: 
Milrinone is cleared by renal excretion and has a volume of distribution that is restricted to 
extracellular space which suggests that the fluid overload and hemodynamic changes 
associated with patent ductus arteriosus may have an effect on distribution and excretion of 
milrinone (see section 4.2, 4.4, 4.8, and 5.3). 
 
5.3. Preclinical safety data 
 
Juvenile animals: 
A preclinical study was performed to clarify the ductus-dilating effects of PDE 3 inhibitors in 
near-term rat pups and their differential effects in near-term and preterm foetal rats. Postnatal 
ductus arteriosus dilatation by milrinone was studied with three doses (10, 1 and 0.1mg/kg). The 
dilating effects of milrinone in the foetal ductus constricted by indomethacin were studied by 
simultaneous administration of milrinone (10, 1 and 0.1mg/kg) and indomethacin (10 mg/kg) to 
the mother rat at D21 (near-term) and D19 (preterm). This in vivo study has shown that milrinone 
induces dose-dependent dilation of the foetal and the postnatal constricted ductus arteriosus. 
Dilating effects were more potent with injection immediately after birth than at 1 hour after birth. 
In addition, study showed that the premature ductus arteriosus is more sensitive to milrinone 
than the mature ductus arteriosus (see section 4.2, 4.4, 4.8, and 5.2). 

 
1. WHAT TM IS AND WHAT IT IS USED FOR 

TM can be used in children for: 
- Short term treatment (up to 35 hours) of severe congestive heart failure (where the heart 
cannot pump enough blood to the rest of the body) when other medicines have not worked 
- Short term treatment (up to 35 hours) of acute heart failure after a heart operation i.e. when 
your heart is having difficulty pumping blood around your body. 
 

2. BEFORE YOU TAKE TM 

 
The following should be considered in addition to warnings and precautions described for adults: 
Take special care with TM: 
Using TM in children: 
Before giving TM infusion, your doctor will check a lot of parameters such as heart rhythm and 
blood pressure. He/she will order blood tests as well.  
The infusion will not start if your child’s heart rhythm and blood pressure is not stable.  
 
Please tell your doctor if: 
- your child has kidney problems 
- your child is a preterm infant or has a low birth weight 
- your child has a certain heart problem named Patent Ductus Arteriosus: a connection between 
2 major blood vessels (aorta and pulmonary artery) which persists though it should be closed.  
 
In these cases, your doctor will decide if your child will be treated with TM. 
 

3. HOW TO TAKE TM 

 
Use in children: 
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- Your doctor should give your child a first dose ranging between 50 and 75 micrograms for 
every kilogram of his weight, over a period of 30 to 60 minutes. 
- This is then followed by a dose ranging from 0.25 to 0.75 micrograms for every kilogram of 
his/her weight per minute according to your child’s response to the treatment and occurrence of 
side effects. TM can be given for up to 35 hours. 
 
During infusion, your child will be closely monitored: your doctor will check a lot of parameters 
such as heart rhythm and blood pressure and blood will be taken to evaluate the response to 
therapy and occurrence of side effects. 
 
4. POSSIBLE SIDE EFFECTS 
 
In addition to side effects observed in adults, the following were reported in children: 
Frequency not known: 
- bleeding into the fluid-filled areas (ventricles) surrounded by the brain (intraventricular 
haemorrhage) 
- a heart problem known as Patent Ductus Arteriosus: a connection between 2 major blood 
vessels (aorta and pulmonary artery) which persists though it should be closed. This can cause 
excess fluid in the lungs, bleedings, destruction of the bowel or part of the bowel and possibly be 
fatal. 
 
Moreover, compared to adults, decrease in the number of platelets in the blood seems to occur 
more often in children and the risk of this side effect is increased with the duration of the TM 
infusion. Heart rhythm troubles seem to occur less often in children than in adults. 
 
 

III. INTRODUCTION 
 
 
One MAH submitted 29 completed paediatric studies for Milrinone, in accordance with Article 45 
of the Regulation (EC) No 1901/2006, as amended on medicinal products for paediatric use. 
 
A short critical expert overview has also been provided. 
 
The MAH stated that the submitted paediatric studies influence the benefit risk for <name of the 
medicinal product> and that there is a consequential regulatory action. 
 
The MAH proposed the following SmPC wording (italic letters):  
 
4. CLINICAL PARTICULARS 
  
4.2.  Posology and method of administration 
 
Paediatric population 

 Intravenous 
In published studies doses for children were: 

o Loading dose: 50 to 75 g/kg administered over 30 to 60 minutes. 
o Infusion: 0.25 to 0.50 g/kg/min for a period of 1 to 3 days. 

 
4.4.  Special warnings and precautions for use 
 
Paediatric population 
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There have been reports of patent ductus arteriosus when milrinone was administered to 
premature infants. 
 
 
5. PHARMACOLOGICAL PROPERTIES 
 
5.1. Pharmacodynamic properties 
 
No controlled paediatric studies have been undertaken. 
Literature review identified 11 efficacy studies in 219 paediatric patients. These patients were 
included after cardiac surgery, septic shock or pulmonary hypertension. The usual dosages were 
a loading dose of 50 to 75 g/kg followed by an infusion of 0.25 to 0.50 g/kg/min for a period of 
1to 3 days. In these studies, milrinone demonstrated an increase of cardiac output, a decrease 
in cardiac filling pressure, a decrease in systemic and pulmonary vascular resistance, with 
minimal changes in heart rate and in myocardial oxygen consumption. 
 
5.2.  Pharmacokinetic properties 
 
No controlled paediatric studies have been undertaken. 
Published pharmacokinetic studies have demonstrated that the pharmacokinetic characteristics 
of milrinone were modified in infants and children, as compared in adults. Steady-state plasma 
concentrations of milrinone were lower in children than in adults, and milrinone clearance was 
faster in children.  It was concluded that the optimal dose of milrinone in paediatric patients in 
order to obtain plasma levels above the threshold of pharmacodynamic efficacy appeared higher 
than in adults. 
 
5.3. Preclinical safety data 
 
No preclinical studies have been performed in juvenile animals. 
In published studies patent ductus arteriosus was observed in juvenile animals.  
 
In addition, the following documentation has been included as per the procedural guidance: 
 

- A line listing 
- An annex including SPC wording related to the paediatric use of the medicinal product 

(see above) 
 
 

III.1 Background 
 
Heart failure occurs in children as a consequence of congenital or acquired disorders, either 
systemic or involving only the cardiovascular system. Heart failure due to congenital structural 
heart disease typically presents early in life, resulting from abnormal cardiac chamber 
morphology, valvular function, or circulatory connections. Disorders affecting the myocardium 
are diverse and may arise from genetic abnormalities or can be secondary to an acquired 
disease like myocarditis or septic shock induced by bacteria, viruses, or fungi or their biological 
products or toxic exposure like anthracycline toxicity. Genetically determined diseases of the 
myocardium (cardiomyopathies) may occasionally be apparent at birth but more frequently 
manifest later in infancy, childhood, or indeed during adult life.  
 
Many paediatric patients undergoing cardiac surgery involving cardiopulmonary bypass have a 
predictable fall in cardiac index 6 to 18 hours after surgery. Low cardiac output syndrome, 
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affecting up to 25% of neonates and young children after cardiac surgery, associated with a 
marked decline in cardiac index, an elevation of systemic vascular resistance and of pulmonary 
vascular resistance, contributes to postoperative morbidity and mortality.6 The distribution of 
proportions of decline in cardiac index and elevation of systemic vascular resistance and in 
pulmonary vascular resistance depends on type of cardiac surgery performed. In children who 
undergo corrective surgery for tetralogy of Fallot or Fontan procedure, postoperative pulmonary 
hypertension is a major challenge.  
 
It is important to note that all known diagnoses account for only around 35% of patients in most 
paediatric series with the remainder being idiopathic. Moderate to severe congenital defects of 
the heart occur in less than 0.6% of live births. Heart failure associated with congenital defects of 
the heart occurs in approximately 20% of all patients. Cardiomyopathies occur in only eight per 
100000 infants and even more infrequently in older children.1 The incidence of symptomatic 
heart failure has declined compared to the past, with Massin et al.11 now reporting that only 10% 
of their patients in tertiary-care paediatric cardiology care setting developed symptomatic heart 
failure. In the latter series, congenital abnormalities still account for over 50% of the cases, and 
most patients are under 12 months of age at diagnosis. The outcome of children with 
cardiomyopathy however remains poor, with a 5-year risk for death or cardiac transplantation of 
around 50% for patients with dilated cardiomyopathy commonly cited.2 The incidence of heart 
failure is much lower in a paediatric population than in an adult population as the predominant 
cause of heart failure in a modern adult civilized society is coronary disease.4 

 
Heart failure has a tendency to manifest with one of two common stereotypical syndromes in 
infants and children: 
 
1) Increased systolic output with pulmonary overcirculation. The most common causes are 

large ventricular septal defects, moderate to large patent ductus arteriosus or persistent 
aortopulmonary connections. The typical age at presentation with hyperdynamic pulses, 
sweating, pallor and tachypnea is between 2 weeks and 6 months.1  

 
2) Low cardiac output, especially following cardiac surgery or with septic shock. With 

mechanical obstruction to aortic outflow (hypoplastic left heart, critical aortic stenosis, severe 
coarctation of the aorta), the infant will present with decreased pulses, pallor, tachypnea and 
frank circulatory collaps between 2 and 14 days. This is distinguished from lack of 
compensatory overventilation which is seen in patients with hypoxemia from birth due to 
cyanotic heart disease. If infants with cardiomyopathy develop heart failure, they will present 
with low cardiac output symptoms as post cardiac surgery complications are characterised. 1  
 
Pulmonary hypertension (WHO Group I & II) following cardiopulmonary bypass in paediatric 
cardiac surgery is a well-known cause of a right ventricular failure, especially in children who 
undergo corrective surgery for tetralogy of Fallot or Fontan procedure. Elevation of 
pulmonary vascular resistance has been widely recognized as one of the most important risk 
factors contributing to haemodynamic compromise and early mortality after surgery.9, 10  
 
Patients with septic shock initially present with severe hypovolemia, peripheral vasodilation, 
and absolute volume loss. The net result is diminished ventricular filling and depressed 
stroke volumes. Exacerbation the ill effects of diminished preload is myocardial dysfunction. 
If septic shock progresses, the cardiac index becomes inappropriately low, systemic vascular 
resistance index becomes inappropriately high, and total body oxygen consumption falls 
(hypodynamic state). Progressive deterioration in oxygen consumption and oxygen 
extraction may lead to further deterioration in intracellular viability and death may ensue 
despite aggressive support.8 
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Pharmacological management of heart failure in infants and children: 
 
The goals of managing heart failure in infants and children are to alleviate symptoms of 
congestion and oedema, to improve the haemodynamic profile, without causing myocardial 
injury, and to preserve renal function.  
 
Maximal anticongestive heart failure management, including diuretics, afterload-reducing agents 
(angiotensin-converting enzyme inhibitors), potassium-sparing agents (spironolactone), and ß-
blockers (metoprolol, carvedilol), may improve symptoms and cardiac function in selected 
patients. Candidates with elevated but reactive pulmonary vascular resistance may be treated 
with calcium channel blockers as well as prostanoids (prostacyclin), endothelin receptor 
antagonists (bosentan), and phosphodiesterase type 5 inhibitors (sildenafil). Most paediatric 
heart transplant candidates require higher levels of cardiac support before transplantation, 
including inotropic agents, intravenous diuretics, ventilatory support, and even mechanical 
circulatory support.5 
 
The role of inotropic support including cardiac glycosides such as digoxin, catecholamines beta-
agonists such as dopamine, epinephrine and norepinephrine, and phosphodiesterase inhibitors 
such as amrinone and milrinone for the failing heart is controversially discussed: While an 
increase in cardiac output is desirable, sustained use of inotropic agents is controversial. 
Several studies have found an increased hospital and medium-term mortality following their 
intermittend use in adult patients with heart failure.1  
 
The use of catecholamines has several drawbacks, including increased myocardial oxygen 
consumption, heart rate, afterload, and risk of arrhythmia and ß-adrenergic receptors may be 
down-regulated as well in patients with pre-existing heart failure. The pharmacological action of 
digoxin usually results in ECG changes, including ST depression or T wave inversion, which do 
not indicate toxicity. PR interval prolongation, however, may be a sign of digoxin toxicity. 
Additionally, increased intracellular Ca2+ may cause bigeminy, eventually ventricular tachycardia 
or fibrillation. The combination of increased (atrial) arrhythmogenesis and inhibited atrio-
ventricular conduction is said to be pathognomonic of digoxin toxicity, which is dose-limiting. 
Because of these potential limitations of catecholamines and digoxin, phosphodiesterase 
inhibitors such as amrinone and milrinone are increasingly used for treatment of post-operative 
low cardiac output syndrome in infants and children.6 Of note, it is important to integrate the use 
of inotropic, vasodilator, and diuretic therapy in a fashion that suits a patient’s haemodynamic 
needs following a general catergorical approach. 1 

 
In septic shock following volume resuscitation, inotropic and vasoactive agents are commonly 
utilized to increase cardiac output, maintain adequate blood pressure, and enhance oxygen 
delivery to the tissues. Myocardial hyporesponsiveness to catecholamine administration during 
septic shock has been documented by several investigators.8 Because of this potential limitation, 
phosphodiesterase inhibitors such as amrinone and milrinone are increasingly off-label used for 
treatment of septic shock in infants and children.8 
 
Although pathogenesis differs between WHO Groups I and II of the Venice 2003 Revised 
Classification system for pulmonary hypertension and conventional treatment depends on 
underlying pathogenesis, the independent inotropic and selective pulmonary vasodilatory effects 
of milrinone are increasingly off-label used for treatment of postoperative pulmonary 
hypertension (WHO Group I & II) in infants and children.9 
 
Milrinone, a bipyridine derivative and a phosphodiesterase III inhibitor has moderate inotropic 
effects, moderate vasodilator properties and increases relaxation velocity. It results in a marked 
increase in cardiac index and a drop in pulmonary capillary wedge pressure and improved mixed 

http://en.wikipedia.org/wiki/Bigeminy
http://en.wikipedia.org/wiki/Ventricular_tachycardia
http://en.wikipedia.org/wiki/Fibrillation
http://en.wikipedia.org/wiki/Pathognomonic
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venous oxygen saturations, increased coronary venous flow, and minimal effects on mean 
arterial pressure. However milrinone has also been associated with arrhythmias and adverse 
haemodynamic effects. 3 Because of its potent vasodilatory effect and long half-life, milrinone 
should be initiated only if the patient is haemodynamically stable.5 Milrinone has been shown to 
be efficacious in the management of low cardiac output in neonates, infants and children 
following cardiovascular surgery. Because it increases cardiac contractility and decreases 
afterload, milrinone could be first-line drug of choice over the more traditional catecholamines. 
Milrinone could be useful prior to surgery in neonates with poor myocardial function and 
increased afterload related to congenital heart defects. In cases of poor cardiac output caused 
by neonatal sepsis and for treatment of pulmonary hypertension following cardiac surgery which 
belongs to WHO Group I & II milrinone could be useful.9 But more clinical research is needed to 
fully explore these potential indications. 

 
Milrinone is currently registered and marketed in about 40 countries.  
 
The currently approved indications are (for details please refer to Annex I): 

 Short-term therapy (up to 48 h) of severe chronic heart failure that is refractory to cardiac 
glycosides, diuretics, vasodilators and/or ACE inhibitors (AT) 

 Corotrope solution for infusion is intended for the short-lasting intravenous treatment of 
congestive cardiac decompensation (BE, LU) 

 Short-term treatment of severe congestive heart failure in patients who do not adequately 
respond to common oral therapy; short-term treatment of patients with low output 
following cardiac surgery. The medicinal product is intended for adults (CZ) 

 Short-term treatment of acute heart failure (FR) 
 Short-term treatment of severe heart failure which is unresponsive to conventional 

maintenance therapy (cardiac glycosides, diuretics and vasodilators). During Corotrop 
infusion, continuous monitoring (ECG, blood pressure) must be guaranteed (DE) 

 Congestive heart failure in patients not responding to therapy with digitalis, diuretics and 
vasodilators. Patients treated with Corotrope should be closely monitored during the 
intravenous infusion (GR) 

 Corotrope is indicated for the short-term intravenous treatment of heart failure, including 
low output states following cardiac surgery (HU) 

 Corotrope is indicated for chronic congestive heart failure when administered under 
continued monitoring in an intensive care unit for a maximum of 48 hours. Treatment of 
low output states following cardiac surgery (NL) 

 Corotrope is indicated for a short-term intravenous therapy of circulatory failure, including 
low cardiac output syndrome after cardiosurgical procedures (PL) 

 Milrinone is indicated for the short-term intravenous therapy of heart failure, including low 
output states following cardiac surgery (PT) 

 Short-term intravenous treatment of heart failure and low output states following cardiac 
surgery (SK) 

 Corotrope is indicated for short-term treatment of acute congestive heart failure (ES) 
 Short-term treatment of pronounced left ventricular heart failure in which the usual 

therapy is either inadequately effective or unsuitable (SE) 
 Primacor Injection is indicated for the short-term treatment of severe congestive heart 

failure unresponsive to conventional maintenance therapy, and for the treatment of 
patients with acute heart failure, including low output states following cardiac surgery 
(UK) 

 
The currently approved dosage recommendations for paediatric population are: 

 Sufficient experience in controlled clinical studies is not available with regard to the 
safety and effectiveness of Corotrop in children and adolescents up to the age of 18. 
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Therefore the administration of Corotrop to children and adolescents up to the age of 18 
is not recommended (AT) 

 Since safety and efficacy in children have not been established, the medication will be 
used in children under 18 years of age only if the anticipated potential benefits outweigh 
possible risks (BE, LU) 

 Safety and effectiveness in children have not been established since milrinone is not 
recommended for children (CZ) 

 The use of milrinone in children is not recommended as safety and efficacy in children 
have not been established (FR) 

 Safety and effectiveness in children have not been established (GR) 
 Safety and effectiveness in children and adolescents under 18 years of age have not 

been established. Therefore milrinone lactate should be used only if the potential benefits 
outweigh the potential risks (HU) 

 As safety and efficacy in children have not been established, the use of Corotrope in 
children is not recommended (NL) 

 Safety of use and efficacy in children have not been established. Therefore, milrinone 
can be used only, if expected benefits outweigh the potential risk (PL) 

 Safety and effectiveness in children have not been established (< 18 years of age). 
Milrinone should only be used if potential benefits outweigh the potential risks (PT) 

 Safety and effectiveness in children have not been established. Milrinone should be used 
only if potential benefits outweigh the potential risks (SK) 

 Safety and effectiveness of the lactate of milrinone in children have not been established. 
Therefore, the lactate of milrinone will have to be used only if the potential benefits 
outweigh the potential risks (ES) 

 Corotrop is not recommended for children, since the effect and safety of the substance 
have not been documented (SE)  

 Safety and effectiveness in children and adolescents under 18 years of age have not 
been established. Primacor Injection should be used only if the potential benefits 
outweigh the potential risks (UK) 

 Corotrop is contraindicated for use in children less than 12 years of age (see section 
4.3). In adolescents (12−18 years of age) the safety and efficacy of Corotrop have not 
been established. Corotrop may only be used if the potential benefits overweigh the 
potential risks (DE) 
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IV. SCIENTIFIC DISCUSSION 
 
IV.1 Information on the pharmaceutical formulation used in the clinical study(ies) 
 
Pharmaceutical formulations used in the studies: 
Injectable solution for intravenous infusion 
Corotrope 10mg/20mg Amp. 
 
IV.2 Non-clinical aspects  
 

1. Introduction 
 
The MAH submitted 1 report for: 
 

 Toyoshima LK et al. In vivo dilatation of the foetal and postnatal ductus arteriosus by inhibition of 
phosphodiesterase 3 in rats. 
Biol Neonate 2006, 89, 251-56. 

 
2. Non clinical study(ies) 

 
 
 
Toyoshima LK et al. In vivo dilatation of the foetal and postnatal ductus arteriosus by inhibition of 
phosphodiesterase 3 in rats. 
Biol Neonate 2006, 89, 251-56. 

 
 Description 



 
 Methods 
 

 Study design 
The aim of this study was to clarify the ductus-dilating effects of PDE 3 inhibitors in near-
term rat pups and their differential effects in near-term and preterm foetal rats, in in vivo 
studies. 
 

 Species/strain/age/dose 
The in vivo ductal diameter of rat pups and foetuses was measured using rapid whole-
body freezing method, by cutting on a freezing microtome and measuring with a 
microscope and micrometer. Eight to fourteen pups and foetuses were studied for each 
drug, dose and time.  
Postnatal Studies: Postnatal ductus arteriosus dilatation by milrinone was studied with 
three doses (10, 1 and 0.1mg/kg). Milrinone in 0.05ml physiological saline was injected 
intraperitoneally into the postnatal rat at 1 hour after birth. The ductal diameter was 
measured at 0.5 and 1 h after injection. In order to compare the prophylactic effect of 
postnatal ductus closure by reopening an already constricted ductus arteriosus, an 
additional study was performed by injecting milrinone to the rat pup within 2 min after 
birth, and studying the ductus at 1 h after birth. 
Foetal Studies: The dilating effects of milrinone in the foetal ductus constricted by 
indomethacin were studied by simultaneous administration of milrinone and 
indomethacin to the mother rat, and examination 4 and 8 h later. Indomethacin (10 
mg/kg) was administered through a nasogastric tube with 2 ml of water. Milrinone was 
injected intraperitoneally. The foetal ductus arteriosus dilating effects of milrinone were 
studied using 2 pregnant rats for each drug, dose and time. Foetuses with injection of a 
vehicle to the dams served as controls. Eight to twelve foetuses from each litter were 
studied.  
In Near-term (21D) foetes:  
Foetal ductal dilatation by milrinone was studied with 3 doses (10, 1 and 0.1mg/kg) of the 
drug at 4 and 8 h after administration. 
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In Pre-term (19D) foetes: 
Foetal ductal dilatation by milrinone was studied with 3 doses (10, 1 and 0.1mg/kg) of the 
drug at 4 and 8 h after administration. 

 
 Results 

Postnatal Studies: With milrinone postnatal death was observed with the maximum dose 
in 2 of 10 pups. Milrinone dilated the postnatal ductus arteriosus both immediately and 1 
h after birth, dose-dependently. The largest dose dilated the constricted postnatal ductus 
arteriosus completely. The smallest dose dilated the ductus arteriosus mildly, but 
significantly (p < 0.05). The dilating effects were more potent with injection immediately 
after birth than at 1 h after birth. The difference was significant (p < 0.05) with 1 mg/kg. 
Foetal Studies: Orogastric administration of indomethacin to near-term rats induced 
severe foetal ductus arteriosus constriction. Milrinone dilated the 21D foetal ductus 
arteriosus dose-dependently. The largest dose prevented constriction of the foetal ductus 
arteriosus by indomethacin completely, but the smallest dose, did not prevent it. 
Orogastric administration of indomethacin to preterm rats induced only moderate ductus 
arteriosus constriction. Milrinone dilated the foetal indomethacin-constricted 19D preterm 
ductus arteriosus dose-dependently. Even the smallest clinical dose was effective in 
dilating the ductus at 4h (p < 0.05). 
 

3. Discussion on non clinical aspects 
This in vivo study has shown that milrinone induces dose-dependent dilation of the foetal 
and the postnatal constricted ductus arteriosus. In addition, study showed that the 
premature ductus arteriosus is more sensitive than the mature ductus arteriosus to 
milrinone. A study limitation was that blood concentration of milrinone could not be 
measured as small rats were used. This study has to be mentioned in section 5.3 in the 
SmPC. 

 
IV.3 <Clinical aspects> 
 

1. Introduction 
 
The MAH submitted 28 reports for: 
 

 Rinder CS et al. Platelet activation and aggregation during cardiopulmonary bypass. 
Anaesthesiology 1991, 75, 388-393. 

 Kestin AS et al. The platelet function defect of cardiopulmonary bypass. 
Blood, 1993, 82, 107-117. 

 Wernovsky G et al. Postoperative course and haemodynamic profile after the arterial switch 
operation in neonates and infants: a comparison of low-flow cardiopulmonary bypass and 
circulatory arrest. 
Circulation, 1995, 92, 2226-2235. 

 Charpie JR et al. Serial blood lactate measurements predict early mortality following neonatal 
repair or palliation for complex congenital heart disease. 
Circulation suppl 1, 1999, 100 (18), 1399. 

 Charpie JR et al. Serial blood lactate measurements predict early outcome after neonatal repair 
or palliation for complex congenital heart disease. 
J Thorac Cardiovasc Surg 2000, 120, 73-80. 

 Evan Zucker, Sydney Heyman and Savas Ozdemir. Reversed ventilation perfusion mismatch 
involving a paediatric patient in congestive heart failure. 
The Journal of Nuclear Medicine 1997 Nov, 38 (11). 

 Rosenzweig EB et al. Intravenous arginin-vasopressin in children with vasodilatory shock after 
cardiac surgery. 
Circulation 1999, 100, II 182-6. 
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 Lindsay CA. et al. Pharmacokinetics and pharmacodynamics of milrinone lactate in paediatric 
patients with septic shock. 
J Pediatr 1998; 132; 329-34. 

 Ramamoorthy C et al. Pharmacokinetics and side effects of milrinone in infants and children 
after open heart surgery. 
Anesth Analg1998, 86, 283-9. 

 Sanofi-Synthelabo Inc. PRIMACORP: Prophylactic intravenous use of milrinone after cardiac 
operation in paediatrics.  
2001 Aug. 

 Bailey JM et al. The pharmacokinetics of milrinone in paediatric patients after cardiac surgery. 
Anaesthesiology 1999, 90, 1012-18. 

 Bailey J.M. et al. A population pharmacokinetic analysis of milrinone in paediatric patients after 
cardiac surgery. 
Journal of Pharmacokinetics and Pharmacodynamics 2004, 31(1)43-59. 

 Paradisis M. et al. Population pharmacokinetics and dosing regimen design of milrinone in 
preterm infants. 
Arch Dis Child Foetal Neonatal Ed 2007, 92, 204-209. 

 Feneck RO. et al. Intravenous milrinone following cardiac surgery: effect of bolus infusion 
followed by variable dose maintenance infusion. 
J Cardiothorac Anthes 1992, 6, 554-562. 

 Wright EM et al. Milrinone in the treatment of low output states following cardiac surgery.  
Eur J Anaesthesiol 1992, 5 21-26. 

 Barton P. et al. Haemodynamic effect of IV milrinone lactate in paediatric patients with septic 
shock: a prospective, double-blinded, randomized, placebo-controlled, interventional study. 
Chest 1996, 109, 1032-12. 

 Hoffman, TM et al. Efficacy and safety of milrinone in preventing low cardiac output syndrome in 
infants and children after corrective surgery for congenital heart disease. 
Circulation 2003, 107, 996-1002 

 Chang AC et al. Milrinone: systemic and pulmonary haemodynamic effects in neonates after 
cardiac surgery. 
Crit Care Med 1995, 23, 1907-14. 

 Chu CC. et al. Effect of milrinone on postbypass pulmonary hypertension in children after 
tetralogy of Fallot repair.  
Clin Med J 2000, 63, 294-300. 

 Kikura M et al. The effects of milrinone on platelets in patients undergoing cardiac surgery. 
Anest Analg 1995, 81, 44 -48. 

 Cai J. et al. Nitric oxide and milrinone: combined effect on pulmonary circulation after Fontan-type 
procedure: a prospective, randomized study.  
Ann Thorac Surg 2008, 86, 882-8. 

 McNamara P.J. et al. Milrinone improves oxygenation in neonates with severe persistent 
pulmonary hypertension.  
Journal of Critical Care 2006, 21, 217-233. 

 Duggal B. et al. Milrinone and low cardiac output following cardiac surgery in infants: is there a 
direct myocardial effect? 
Pediatr Cardiol 2005, 26, 642-45. 

 Paradisis M. et al. Randomized trial of milrinone versus placebo for prevention of low systemic 
blood flow in very preterm infants. 
J Pediatr 2009, 154, 189-95. 

 Watson S. et al. Use of milrinone in paediatric care unit. 
Paediatrics 1999, 104, 674-82. 

 Bassler D. et al. Neonatal persistent pulmonary hypertension treated with milrinone: four case 
reports. 
Biol Neonate 2006, 89, 1-5. 

 Price J.F. et al. Outpatient continuous parenteral inotropic therapy as bridge to transplantation in 
children with advanced heart failure. 
Journal of Cardiac Failure 2006, 12, 139-43. 



 Berg A.M. et al. Home inotropic therapy in children. 
J. Heart Lung Transplant. 2007, 26(5), 453-57. 

 
2. Clinical study(ies) 

 
Rinder CS et al. Platelet activation and aggregation during cardiopulmonary bypass. 
Anaesthesiology 1991, 75, 388-393. 
 
 Description 

 
 Methods 
 

 See description 
 
 Results 
 

 See description 
 

Assessor´s Comment 
Since milrinone is not mentioned in the study, no conclusion on efficacy and safety of milrinone 
from this publication can be drawn. 
 
Kestin AS et al. The platelet function defect of cardiopulmonary bypass. 
Blood, 1993, 82, 107-117. 
 
 Description 
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 Methods 
 

 See description 
 
 Results 
 

 See description 
 

Assessor´s Comment 
Since milrinone is not mentioned in the study, no conclusion on efficacy and safety of milrinone 
from this publication can be drawn. 
 
Wernovsky G et al. Postoperative course and haemodynamic profile after the arterial switch 
operation in neonates and infants: a comparison of low-flow cardiopulmonary bypass and 
circulatory arrest. 
Circulation, 1995, 92, 2226-2235. 
 
 Description 

 
 
 Methods 
 

 See description 
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 Results 
 

 See description 
 

Assessor´s Comment 
Since milrinone is not mentioned in the study, no conclusion on efficacy and safety of milrinone 
from this publication can be drawn. 
 
Charpie JR et al. Serial blood lactate measurements predict early mortality following neonatal 
repair or palliation for complex congenital heart disease. 
Circulation suppl 1, 1999, 100 (18) 1399. 
 
 Description 

 
 Methods 
 

 See description 
 
 Results 
 

 See description 
 

Assessor´s Comment 
Since only the abstract is available, no conclusion on efficacy and safety of milrinone from this 
publication should be drawn. 
 
Charpie JR et al. Serial blood lactate measurements predict early outcome after neonatal repair or 
palliation for complex congenital heart disease. 
J Thorac Cardiovasc Surg 2000, 120, 73-80. 
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 Description 

 
 
 Methods 
 

 See description 
 
 Results 
 

 See description 
 

Assessor´s Comment 
Since milrinone was only administered previous to the study drug, no conclusion on efficacy and 
safety of milrinone from this publication should be drawn. 
 
Evan Zucker, Sydney Heyman and Savas Ozdemir. Reversed Ventilation Perfusion Mismatch 
Involving a paediatric Patient in Congestive Heart Failure. 
The Journal of Nuclear Medicine 1997 Nov; 38 (11). 
 
 Description 
 

 
 
 Methods 
 

 See description 
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 Results 
 

 See description 
 

Assessor´s Comment 
Since this is a case report, no conclusion on efficacy and safety of milrinone from this publication 
should be drawn. 
 
Rosenzweig EB et al. Intravenous arginin-vasopressin in children with vasodilatory shock after cardiac 
surgery. 
Circulation 1999, 100, II 182-6. 
 
 Description 

 
 
 Methods 
 

 See description 
 
 Results 
 

 See description 
 

Assessor´s Comment 
Since milrinone was only administered previous to the study drug, no conclusion on efficacy and 
safety of milrinone from this publication should be drawn. 
 
Feneck RO. et al. Intravenous milrinone following cardiac surgery: effect of bolus infusion 
followed by variable dose maintenance infusion. 
J Cardiothorac Anthes 1992, 6, 554-562. 
 
 Description 
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 Methods 
 

 See description 
 

 
 Results 
 

 See description 
 

Assessor´s Comment 
Since only adults have been studied, no conclusion on efficacy and safety of milrinone from this 
publication should be drawn. 
 
Wright EM et al. Milrinone in the treatment of low output states following cardiac surgery.  
Eur J Anaesthesiol 1992, 5 21-26. 
 
 Description 
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 Methods 
 

 See description 
 

 
 Results 
 

 See description 
 

Assessor´s Comment 
Since only adults have been studied, no conclusion on efficacy and safety of milrinone from this 
publication should be drawn. 
 
Paradisis M. et al. Population pharmacokinetics and dosing regimen design of milrinone in 
preterm infants. 
Arch Dis Child Foetal Neonatal Ed 2007, 92, 204-209. 
 
 Description 

 
 
 Methods 
 Objective(s) 

To define the pharmacokinetics of milrinone in very preterm infants and determine an 
optimal dose regimen to prevent low systemic outflow in the first 12 h after birth. 
 

 Study design 
Prospective, open-labelled, dose-escalation pharmacokinetic study.   
 

 Study population /Sample size 
Infants born before 29 weeks of gestation were eligible. 
 

 Treatments 
Study was undertaken in two stages. In stage one, infants received milrinone at 0.25 
µg/kg/min (n = 8). A second cohort received milrinone infused at 0.5 µg/kg/min (n = 11). 
Infusions were commenced between 3 and 6 hours of age and ceased at 24 hours of 
age. A simulation study was used to explore the optimal dosing regimen to achieve target 
milrinone concentration (180 - 300 ng/ml). This milrinone regimen was evaluated in stage 
two: the dose regimen selected from the simulation study consisted of a milrinone 
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loading dose of 0.75 µg/kg/min for 3 hours followed by maintenance infusion of 0.2 
µg/kg/min until 18 hours of age (n = 10). 
 
In stage one of the study, samples were taken 6 hours after starting the infusion, at 
cessation of infusion and at 2 and 4 hours after ceasing the infusion. In stage two, blood 
samples were collected at 3 hours after loading dose, 3 hours after the infusion rate was 
decreased to 0.2 µg/kg/min, at 18 hours of age and at 2 and 4 hours after ceasing the 
infusion. 
 
Further cardiovascular support with volume bolus and inotropes was provided as 
needed. 
 

 Outcomes/endpoints/statistical methods 
Milrinone plasma concentration analysis. Population pharmacokinetic modelling using 
NONMEM (Version 5.1.1). 

 
 Results 
 Recruitment/ Number analysed 

29 infants were enrolled in the study.  
 

 Baseline data 
The mean gestational age was 26 weeks. The mean birth weight was 850 g.  

 
 

 Efficacy results 
At both infusion rates, 35% of babies still developed low systemic blood flow. After the 
0.25 µg/kg/min infusion, milrinone concentrations were below the target range at 6 hours 
of infusion. While the milrinone concentrations were within target range at 6 hours of 
infusion after the 0.5 µg/kg/min infusion rate, this may still have been too slow. For both 
milrinone dose regimens there was accumulation of the drug towards steady-state with 
concentration above the target range. These data suggest that both regimens may have 
increased milrinone concentrations too slowly to prevent low systemic blood flow (6 to 12 
hours). 
Milrinone pharmacokinetics were described using a one-compartment model with first-
order elimination rate, with a population mean clearance of 35 ml/h (=0.64 ml/kg/min), a 
volume of distribution of 512 ml, and estimated half-life of 10 hours. 
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Simulation studies predicted a loading infusion of 0.75 µg/kg/min for 3 hours followed by 
maintenance infusion of 0.2 µg/kg/min until 18 hours of age would provide an optimal 
milrinone concentration profile. The milrinone concentration-time data demonstrates that 
optimal therapeutic concentrations have been achieved using this dose regimen. None of 
the 10 babies in this cohort developed low systemic blood flow. 
 

 Safety results 
Not described. 
 

Assessor´s Comment 
 
Interpretation and lacks of the study: 
1. No adverse events were reported. 
 
Conclusion:  
Given the negative clinical outcome of the follow-on randomized, controlled, double-blind trial, 
the indication prevention of low systemic blood flow in preterm infants cannot be approved. 
Therefore, the dosing schedule used for the study is not likely to be adopted by practioners for 
the indication.  
But of substantial pharmacokinetic importance was the finding in this study that the model-
derived estimate of milrinone half-life in this cohort of very preterm infants was more than 10 
hours which is considerably longer than the estimated 2 to 4 hours in infants and children. The 
clearance of milrinone in the very preterm infant was substantially less than the published data 
of paediatric population. Therefore, for the same infusion rate, the steady-state concentration will 
be higher in preterm infants than in older patients. Use of a loading dose infusion reduces the 
time to approach steady-state significantly, underscoring the necessity of a loading dose for the 
rapid achievement of a therapeutic blood concentration. If the pharmacodynamics of milrinone is 
similar in the various age groups one can anticipate that the onset of effect will be similar in each 
group but the infusion rate may need reduction in younger patients. First of all, the selected 
dosage has to be adjusted to general condition, especially haemodynamical stability of the 
patient. Pharmacokinetic parameters defined should be mentioned in section 5.2 of the SmPC.  
 
Paradisis M. et al. Randomized trial of milrinone versus placebo for prevention of low systemic 
blood flow in very preterm infants. 
J Pediatr 2009, 154, 189-95. 
 
 Description 

 
 
 Methods 
 Objective(s) 

Milrinone 
AT/W/0004/pdWS/001  Page 27/74 
 



Milrinone 
AT/W/0004/pdWS/001  Page 28/74 
 

To assess the effectiveness of early prophylactic milrinone versus placebo for prevention 
of low systemic blood flow in high-risk preterm infants. 
 

 Study design 
Double-blind, randomized, placebo-controlled study.   
 

 Study population /Sample size 
Infants born < 30 weeks of gestational age and < 6 hours of age were eligible. 
 

 Treatments 
Infants were randomized to milrinone (loading dose of 0.75 µg/kg/min for 3 hours 
followed by maintenance infusion of 0.2 µg/kg/min until 18 hours of age) or placebo (5% 
dextrose). 
 
Indomethacin 0.1 mg/kg was administered if the ductus arteriosus diameter at first scan 
was > 2mm. 
 
Further cardiovascular support with volume bolus (10 ml/kg) and dopamines was 
provided on the basis of hypotension. 
 

 Outcomes/endpoints  
Maintenance of superior vena cava (SCV) flow ≥ 45 ml/kg/min through the first 24 hours. 
 

 Statistical methods 
Data analyses were performed according to intention to treat. Categorical data were 
analyzed with χ2 test or Fisher exact test where there were small expected frequencies. 
For continuous data, the means +/- SD were presented if the assumptions of normality 
were met. Differences between the treatment groups were assessed with the Student t 
test for normally distributed data or Mann Whitney U test for nonparametric data. 
Significance was set as p value less than 0.05. 

 
 Results 
 Recruitment/ Number analysed 

90 infants were enrolled in the study.  



 
 

 Baseline data 

 
 

 Efficacy results 
83% in the milrinone group and 81% in the placebo group maintained SVC flow after 
treatment was started, there is no significant difference between the milrinone-treated 
and the control group. 
 

 Safety results 
Infants randomized to milrinone had significantly higher heart rate after commencing the 
infusion (p < 0.0001). No significant difference was seen in incidence of hypotension in 
infants randomized to milrinone. Infants randomized to milrinone had significantly larger 
patent ductus arteriosus (PDA) diameters after commencing the infusion. The overall rate 

Milrinone 
AT/W/0004/pdWS/001  Page 29/74 
 



Milrinone 
AT/W/0004/pdWS/001  Page 30/74 
 

of PDA treated with indomethacin was 81% for milrinone and 69% for placebo group, not 
statistically significant. Of these, 44% of milrinone and 33% of the placebo group required 
“late” treatment with indomethacin after the study drug was commenced. Surgical ligation 
was performed in 4 infants from the milrinone group and 2 in the placebo group. There 
was no significant difference between the two groups in the rate of development of peri-
/intraventricular haemorrhage, in major pulmonary haemorrhage, in necrotizing 
enterocolitis, or in chronic lung disease in survivors at 36 weeks postmenstrual age. No 
evidence of thrombocytopenia or tachyarrhythmia was seen in any infant during the first 
24 hours of life. There was no significant difference between the groups in mortality rate 
before discharge from hospital. Causes of death in milrinone treated and control group 
were comparable. 
 

Assessor´s Comment 
 
Interpretation and lacks of the study: 
 
Conclusion:  
Given the negative clinical outcome of the randomized, controlled, double-blind trial, the 
indication prevention of low systemic blood flow in preterm infants cannot be approved. 
Therefore, the dosing schedule used for the study is not likely to be adopted by practioners for 
the indication. The mean start time of the infusion was 4 hours in both groups, which may have 
been too late as the nadir of SVC flow is between 3 and 12 hours of age. Additionally non-
clinical trials suggest, milrinone has decreased effectiveness for the immature myocardium by 
way of diminished inotropic effect. Therefore, the used dose may have been to low. 
But safety results have to be taken into consideration. Milrinone appeared to slow the closure of 
the ductus arteriosus. Larger-diameter ductus are significantly related to low systemic blood 
flow. It is possible that any beneficial effects on systemic blood flow were balanced by increased 
left-to-right shunting through the ductus arteriosus from the systemic into the pulmonary 
circulation. Physiological dilators of the ductus muscle include prostaglandin E and nitric oxide, 
and both are augmented by inhibition of phosphodiesterase enzymes by milrinone. This effect is 
predictable and part of rational for the use of early indomethacin in preterm or term infants with 
poor postnatal ductus constriction. The critical consequences of the patent ductus arteriosus in 
terms of mortality and morbidity in preterm and term infants are related to a combination of 
pulmonary overcirculation with consecutive pulmonary oedema and of reduced organ perfusion 
with consecutive intraventricular haemorrhage, periventricular leucomalacia and necrotizing 
enterocolitis. Almost all of these are mentioned in the study as adverse events. In addition, a 
higher incidence of bronchopulmonary dysplasia is found in infants with PDA. Therefore, a 
special warning and undesirable effects concerning preterm and term infants at risk of/with 
patent ductus arteriosus should be given in the SmPC. 
 
Lindsay CA. et al. Pharmacokinetics and pharmacodynamics of milrinone lactate in paediatric 
patients with septic shock. 
J Pediatr 1998; 132; 329-34. 
 
 Description 
 



 
 
 Methods 
 Objective(s) 

To characterize the pharmacokinetics of milrinone in paediatric patients with septic shock 
and to determine whether a relationship exists between steady-state plasma milrinone 
concentrations and changes in haemodynamic variables. 
 

 Study design 
Randomized, double-blind, placebo-controlled, interventional study. 
 

 Study population /sample size 
See Barton P. et al. 1996 
 

 Treatments 
See Barton P. et al. 1996 
Steady-state was determined by obtaining plasma samples at 30, 15, and 0 minutes 
before the end of phase 1. In phase 2, plasma samples were obtained at 0.5, 1, 2, 4, 6, 
and 8 hours after the milrinone infusion was discontinued. 
 

 Outcomes/endpoints/statistical methods 
Milrinone plasma concentration analysis. For both phases total body clearance was 
determined from the following equation: Cl (L/kg/min) = Infusion rate (µg/kg/min) + C ss 
(ng/ml). The elimination constant was calculated with Rstrip II version 2.02. Volume of 
distribution at steady-state was calculated by dividing the clearance at steady-state from 
phase 2 by the terminal elimination rate constant. Serum creatinine was obtained at the 
end of the infusion, and creatinine clearance was calculated by the Schwartz method. 
Descriptive statistics were used to analyze the patient aggregate data. Linear regression 
analysis of patient variables was performed by comparing the pharmacokinetic 

Milrinone 
AT/W/0004/pdWS/001  Page 31/74 
 



Milrinone 
AT/W/0004/pdWS/001  Page 32/74 
 

parameters with the age of the patients and with creatinine clearance in an attempt to 
establish relationships among these parameters.  

 
 Results 
 Recruitment/ Number analysed 

See Barton P. et al. 1996 
 

 Baseline data 
See Barton P. et al. 1996 
 

 Efficacy results 
The best fit of data was to a one-compartment model. Steady-state plasma 
concentrations were obtained for nine patients in phase 1 and 11 patients in phase 2. 
Only eight patients of the latter group had plasma concentration above the detection limit 
of the assay and were analyzed for elimination rate constant and half-life. For both 
phases only patients who had at least two steady-state plasma concentrations within 
10% of each other were analyzed for estimations of total body clearance. The median 
half-life was 1.47 hours. The average plasma concentration at steady-state and total 
body clearance were 81.3 +/- 38.6 ng/ml and 16 +/- 5.3 ml/kg/min. All but two patients 
underwent a reloading with milrinone. All patients achieved at least a 20% change in CI 
and SVRI while maintaining the plasma concentrations of 35 to160 ng/ml. No relationship 
existed between plasma concentration and the change in CI and SVRI. No statistical 
relationship between the pharmacokinetic parameters and age or creatinine clearance 
was noted.  
 

 Safety results 
One patient, not included to the analysis, had acute renal failure at the time of drug 
infusion. The mean plasma concentration in this patient receiving 0.5 µg/kg/min was 652 
ng/ml in phase 1 and 1516 ng/ml in phase 2 after 13 hours at the same infusion rate.  
During the 2-hour study period the CI increased and the SVRI decreased. The mean 
arterial pressure dropped form 68 mmHg at baseline to 63 mmHg at 2 hours, which was 
treated by infusion of 10 ml/kg of isotonic crystalloid infusion. Continuous veno-venous 
haemofiltration was instituted 8 hours into the infusion, and therefore volume of 
distribution and elimination rate constant determinations were not calculated. 13 hours 
into the infusion the patient had an acute hypotensive episode with a sudden decrease in 
SVRI. This episode slowly responded to intravascular volume and an escalating 
norepinephrine infusion. Milrinone was discontinued. 
See Barton P. et al. 1996 
 

Assessor´s Comment 
 
Interpretation and lacks of the study: 
1. Number of subjects involved is relatively small. 
2. Most of the patients (15 out of 18 patients) required reloading due to 20% or less 

increase in CI or lack of acceptable improvement in peripheral perfusion. A dosage 
recommendation for the studied population for loading dosage of 75 µg/kg and for 
continuous infusion of 0.75 µg/kg/min could be concluded.  

3. The study was not designed to eliminate the possibility that a relationship between 
pharmacokinetic parameters and age and creatinine clearance might exist as cited by the 
author. 

4. Some significant intersubject variability in half-life was found. Highlighting this variability 
is the fact that 3 of the 11 patients who were evaluated for elimination rate constants had 



such rapid elimination of the drug that by one hour after the milrinone infusion was 
discontinued, the plasma concentrations were either undectable or had fallen outside the 
linear curve. This result reflects the limitations of sampling strategy. 

 
Conclusion:  
In section 5.1 of SmPC the potential usage of milrinone for children with nonhyperdynamic septic 
shock with normal renal function referencing this study should be given. In order to prevent off 
label use, posology and further details are not given because this indication is not scientifically 
proven. In the one patient with impaired renal function, there was marked impairment of 
milrinone clearance and clinically significant side effects of hypotension, but the specific 
creatinine clearance at which doses must be adjusted in paediatric patients is still not clear. 
Therefore, a special warning concerning paediatric patients with impaired renal function should 
be given in the SmPC. 
 
Barton P. et al. Haemodynamic effect of IV milrinone lactate in paediatric patients with septic 
shock: a prospective, double-blinded, randomized, placebo-controlled, interventional study. 
Chest 1996, 109, 1032-12. 
 
 Description 
 

 
 
 Methods 
 Objective(s) 
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To investigate the haemodynamic effects of IV milrinone in paediatric patients with 
nonhyperdynamic septic shock. 
 

 Study design 
Prospective, double-blinded, randomized, placebo-controlled, descriptive, interventional 
study 

 
 Study population /Sample size 

Paediatric patients between the ages of 6 months and 18 years admitted to the ICUs with 
a diagnosis of septic shock, with a pulmonary artery catheter, were eligible for enrolment. 
 

 Treatments 
In this 4-hour study, group A patients received an IV loading dose of 50 µg/kg of 
milrinone, followed by a continuous IV infusion of 0.5 µg/kg/min in addition to 
catecholamines. Data were collected at 0.5, 1 and 2 hours after the milrinone loading 
dose was started. At the 2-hour time point, the patients received an equal-volume 
loading-dose of placebo while the milrinone infusion was continued. If the patients did not 
develop a 20% or greater increase in cardiac index (CI) or improvement in peripheral 
perfusion 1 hour after loading dose of milrinone or placebo, they were reloaded with 25 
µg/kg of milrinone and the continuous infusion was increased to 0.75 µg/kg/min.  
In group B patients, the drug administration times were reversed with placebo being 
administered first followed by milrinone with the same measurements being taken as with 
group A in addition to catecholamines. 
Data were collected in 6 2-hour study periods in which patients (group B) received only 
placebo (control group, n = 6); and 12 2-hour study periods of milrinone administration 
(all patients, group A and group B – milrinone treatment group, n = 12). 
 

 Outcomes/endpoints 
Primary endpoints: CI and systemic vascular resistance index (SVRI) 
 

 Statistical Methods 
Statistical analysis was accomplished by analyzing each variable at each time point 
compared to base line with one-way, repeated measures analysis of variance (ANOVA). 
Treatment variables during the milrinone infusion were also compared with variables 
during the placebo infusion by unpaired t-test. Significance was set as p value less than 
0.05. 
 

 
 Results 
 Recruitment/ Number analysed 

Twelve consecutive, eligible patients (age range 9 months to 15 years) with a diagnosis 
of septic shock and a pulmonary artery catheter excluded for a hyperdynamic condition 
were enrolled and studied over a 10-month period. 
 

 Baseline data 
The mean duration of time patients received milrinone was 48 hours (range 13 to 76 
hours). 



 
 Efficacy results 

All six placebo study periods and nine of the 12 milrinone study periods required 
reloading due to 20% or less increase in CI or lack of acceptable improvement in 
peripheral perfusion. 
Placebo-treated study period (n = 6) 
CI and SVRI did not significantly differ from baseline value during the placebo-treated 
time periods. 
Milrinone-treated study period 
CI significantly increased from baseline value at 0.5, 1 and 2 hours (p < 0.05). SVRI 
significantly decreased from baseline value at 0.5, 1 and 2 hours (p < 0,05). 

 Milrinone-treated (n = 12) vs. placebo-treated (n = 6) comparison  
CI in the milrinone-treated group was significantly increased compared to the placebo-
treated group at 0.5, 1 and 2 hours (p < 0,05). SVRI in the milrinone-treated group was 
significantly decreased at 0.5 and 2 hours (p < 0,05) compared to control. 

 
 Safety results 

The actual mortality rate for the study patients was 33%. The four deaths occurred after 
the study’s completion: one death followed extracorporeal support for progressive acute 
respiratory distress syndrome while another was due to cerebral herniation secondary to 
leukemic brainstem infiltrates. Two other patients died secondary to developing multiple 
organ dysfunction syndrome. No acute adverse effects such as hypotension, increasing 
tachycardia, or supraventricular arrhythmias were observed during the 4-hour study 
period. During the duration of infusions, no progression of thrombocytopenia or new 
occurrence of thrombocytopenia was noted. 
 

Assessor´s Comment 
 
Interpretation and lacks of the study: 
1. Number of subjects involved is relatively small. 
2. The validity of mentioned average paediatric risk of mortality score of 30 predicting a 

75% mortality used as historical reference is not comprehensible. 
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3. Most of the patients (15 out of 18 patients) required reloading due to 20% or less 
increase in CI or lack of acceptable improvement in peripheral perfusion. A dosage 
recommendation for the studied population for loading dosage of 75 µg/kg and for 
continuous infusion of 0.75 µg/kg/min could be concluded.  

4. Instead of absolute comparison of CI and SVRI between milrinone-treated group and 
placebo-treated group at specific time points, a statistical test on relative development of 
these endpoints between the milrinone-treated group and the placebo-treated group 
would be required. 

 
Conclusion:  
Data indicate efficacy concerning primary endpoints under examination, but due to lacks of the 
study statistical evidence is not proven. Therefore, the indication paediatric patients with 
nonhyperdynamic septic shock cannot be approved. In section 5.1 of SmPC the potential usage 
of milrinone for children with nonhyperdynamic septic shock with normal renal function 
referencing this study should be given. In order to prevent off label use, posology and further 
details are not given because this indication is not scientifically proven. 
 
Ramamoorthy C et al. Pharmacokinetics and side effects of milrinone in infants and children after 
open heart surgery. 
Anesth Analg1998,  86, 283-9. 
 
 Description 
 

 
 
 Methods 
 Objective(s) 

To investigate the pharmacokinetics and side effects of milrinone in infants and children 
(< 13 years) after open heart surgery. 
 

 Study design 
Prospective, open-label study. 
 

 Study population /Sample size 
19 infants and children after open heart surgery. 
 

 Treatments 
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Children in the small dose group received a 25 µg/kg bolus over 5 min and a milrinone 
infusion of 0.25 µg/kg/min was started at the end of the first dose. Thirty minutes later, a 
second 25 µg/kg bolus over 5 min was given, and the infusion was increased to 0.5 
µg/kg/min; those in the large dose group received a 50 µg/kg bolus over 10 minutes, and 
an infusion of 0.5 µg/kg/min was started at the end of the bolus. A 25 µg/kg bolus was 
given 30 minutes after the first bolus, and the final infusion rate was increased to 0.75 
µg/kg/min. In addition, patients in both groups received a third 25 µg/kg milrinone bolus 
based on their clinical response, but their infusion rates were unchanged. Blood samples 
for milrinone plasma concentration were drawn 30 min after each bolus, at steady state 
(after 22 and 24 hours of continuous infusion), and after discontinuing the milrinone 
infusion (at 5, 10, 20, and 60 minutes, and 3, 5, and 7 hours). 
 

 Outcomes/endpoints/statistical methods 
Milrinone plasma concentration analysis. Population pharmacokinetic modelling using 
NONMEM (programme version IV level 1.0). Serial platelet counts. To test the effects of 
milrinone on serial platelet counts, data were analyzed by using a multivariate analysis of 
variance adjusted for dose and duration of milrinone infusion. Categorical data were 
analyzed by using the χ² and χ² for trend tests; significance was set as p value less than 
0.05. 

 
 Results 
 Recruitment/ Number analysed 

19 patients were entered in the study. There were 12 infants (aged < 1year) and 7 
children (aged > 1year and < 13years). 
 

 Baseline data 

 
 

 Efficacy results 
In all but one patient, the milrinone concentrations after discontinuing the infusion fit the 
two-compartment model best. A strong correlation between body weight and clearance 
and volume of distribution could be shown. Age alone was a significant factor, but 
because body weight correlated highly with age, deletion of age from the model did not 
alter the goodness of fit. Steady-state plasma levels in the small and the large dose 
groups were within the assumed adult therapeutic range (113 +/- 39 and 206 +/- 74 
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ng/ml). The volumes of distribution in infants (0,9 L/kg) and children (0,7 L/kg) were not 
different, but infants had significantly lower milrinone clearance (3.8 vs. 5.9 ml/kg/min). 
 

 
 

 Safety results 
Thrombocytopenia (defined as platelet count ≤ 100000/mm³) occurred in 58%, and the 
risk increased significantly (p ≤ 0,05) with duration of infusion. This was not different 
between dose groups. Two of those, both infants, required a platelet transfusion while 
receiving milrinone. Tachyarrhythmias were noted in two patients. 
 

 
 

Assessor´s Comment 
 
Interpretation and lacks of the study: 
1. The validity of mentioned therapeutic range in adults ≥ 100 ng/ml is not comprehensible 

and seems to be quite low taking recent publications into consideration. 
 
Conclusion:  
The most obvious difference between pharmacokinetics of paediatrics and adult patients is that 
milrinone is cleared more rapidly in children than in adults, indicating that paediatric patients 
require larger doses to achieve comparable plasma levels, but infants have significantly lower 
clearance than children. Pharmacokinetic parameters defined should be mentioned in section 
5.2 of the SmPC.  
 
Bailey JM et al. The pharmacokinetics of milrinone in paediatric patients after cardiac surgery. 
Anaesthesiology 1999, 90, 1012-18. 
 
 Description 
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 Methods 
 Objective(s) 

To characterize the pharmacokinetics of milrinone in infants and children and to apply the 
results to the issue of dosing. 
 

 Study design 
Uncontrolled, pharmacokinetic study. 
 

 Study population /Sample size 
20 children after they underwent primary surgical repair of congenital heart defects. 
 

 Treatments 
Control hemodynamic measurement was made after the children were separated from 
cardiopulmonary bypass. The patients were weaned from cardiopulmonary bypass using 
inotropes chosen at the discretion of the attending anaesthesiologist. Each patient was 
given the loading dose of 50 µg/kg in 5 minutes.12 patients were given the loading dose 
followed by continuous infusion of 0.5 µg/kg/min. The infusion rate was increased to 0.7 
µg/kg/min before completion of the study for three patients at the request of the attending 
intensivist. Hemodynamic measurements were recorded again at the end of the loading 
dose and when a blood sample was taken to determine milrinone plasma concentrations. 
Further blood samples were taken during the next 16 hours for milrinone plasma 
concentration analysis. 
 

 Outcomes/endpoints/statistical methods 
Milrinone plasma concentration analysis. Population pharmacokinetic modelling using 
NONMEM. 
Heart rate, mean blood pressure, central venous pressure, left atrial pressure, cardiac 
index. 

 
 Results 
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 Recruitment/ Number analysed 
20 children after they underwent primary surgical repair of congenital heart defects. 
 

 Baseline data 

 
 

 Efficacy results 
The loading dose of milrinone resulted in a significant decrease in mean blood pressure 
(p < 0,05) and a significant increase in cardiac index (p < 0,05) at a mean peak plasma 
concentration of 235 ng/ml. The pharmacokinetics were best described by a three-
compartment model. The elimination clearance could be calculated with the following 
formula: Clearance (ml/min) = 2.5 x weight (in kg) x (1 + 0.058 x age (in months)). 
Volume of distribution at steady state found is 851ml/kg. Simulations indicate that a peak 
plasma concentration can be maintained by following the loading dose with an infusion of 
approximately 3 µg/kg/min for 30 minutes and then a maintenance infusion of 
approximately 0.5 µg/kg/min which may require adjustment for age. 
 

 Safety results 
No adverse events were reported. 
 

Assessor´s Comment 
 
Interpretation and lacks of the study: 
1. The endpoints had no adjustment of the probability value for multiple comparisons. 
2. Statistical methods are insufficiently described. 
3. The age range is relatively small. 
4. No adverse events were reported. 
 
Conclusion:  
The most obvious difference between pharmacokinetics of paediatrics and adult patients is the 
increase in elimination clearance with increasing age in the paediatric model. Therefore, weight-
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normalized elimination clearance is expressed as a linear function of age. An extrapolation of 
the result beyond the range of ages (3 - 22 months) and weights (3.2 – 12 kg) is not possible.  
 
Bailey J.M. et al. A population pharmacokinetic analysis of milrinone in paediatric patients after 
cardiac surgery. 
Journal of Pharmacokinetics and Pharmacodynamics 2004, 31(1)43-59. 
 
 Description 
 

 
 
 Methods 
 Objective(s) 

To ascertain the optimal pharmacokinetic model for milrinone in paediatric patients after 
cardiac surgery when milrinone was administered as a slow loading dose followed by a 
constant rate infusion. 
 

 Study design 
The data used for pharmacokinetic analysis were collected in a prospective, randomized, 
placebo-controlled trial of milrinone as prophylaxis for the development low cardiac 
output syndrome after surgery for repair of complex congenital cardiac defects. 
(PRIMACORP trial, Hoffman et al. 2003).   
 

 Study population /Sample size 
Eligible patients were 6 years of age or younger without preoperative LCOS who were 
undergoing biventricular repair of certain cardiac lesions involving cardiopulmonary 
bypass. 
 

 Treatments 
Patients were randomly assigned, in a 1:1:1 ratio within 90 minutes after arriving in the 
intensive care unit, to receive either low-dose intravenous milrinone (25 µg/kg aver 60 
minutes followed by a 0.25 µg/kg/min infusion for 35 hours), high-dose intravenous 
milrinone (75 µg/kg over 60 minutes followed by a 0.75 µg/kg/min infusion for 35 hours), 
or placebo. The physicians were given the option to discontinue study drug between 24 
and 36 hours for patients who appeared clinically well. Baseline catecholamines were 
administered at the discretion of the physician; a combined inotropic drug score was 
calculated for each patient to account for differences in baseline medications among 
treatment groups. Two blood samples were drawn from each patient for determination of 
milrinone plasma concentrations. The sampling times were randomly selected.  

 
 Outcomes/endpoints/statistical methods 
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Milrinone plasma concentration analysis. Population pharmacokinetic modelling using 
NONMEM (Version 5). 

 
 Results 
 Recruitment/ Number analysed 

There were 78 patients in the placebo and high dose groups and 79 patients in the low 
dose group. There were 46 neonates (0 - 1 month), 93 infants (1 - 24months), and 18 
children (> 24months) who received either the high or the low dose. 
 

 Baseline data 
The per-protocol population (n = 227) ranged in age from 2 days to 6.9 years. There 
were no statistically significant differences among the 3 treatment groups with respect to 
demographic variables, surgical procedures, intraoperative support times, and baseline 
inotropic support. 
 

 Efficacy results 
In contrast to previous studies of milrinone using two and three compartment models, the 
pharmacokinetics of milrinone in paediatric patients under 6 year’s age were best 
described by a weight-normalized one-compartment model after a slow loading dose 
followed by a constant rate infusion. The volume of distribution was 482 ml/kg and 
independent of age. Clearance was a linear function of age given by following formula: 
Clearance (ml/min) = 2.42 ml/kg/min x (1 + 0.0396 x age (in months)). 

 
 

 Safety results 
The incidence of serious adverse events overall and by organ system was not 
significantly different among treatment groups. Serial measurements showed no 
statistical difference in platelet count over time by treatment arm, and there was no 
difference in the incidence of thrombocytopenia during the study infusion. Ventricular 
arrhythmia (n = 1) and supraventricular tachycardia (n = 1) were rare. Hypotension was 
reported in 1 patient in the placebo and low-dose arms and in 2 patients in the high-dose 
arm. Two patients who underwent surgery for complete atrioventricular canal died after 
completion of study drug administration; both deaths were deemed by their physicians to 
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be unrelated to study drug (aspiration pneumonia on postoperative day 5 and multiorgan 
failure on postoperative day 13). 
 

Assessor´s Comment 
 
Interpretation and lacks of the study: 
1. As described in the protocol study population should be younger than 6 years of age. 

The per-protocol population ranged in age from 2 days to 6,9 years. 
2. The pharmacokinetic component of the PRIMACORP trail was an “add-on” study. 
3. Because of safety concerns in this prophylaxis trial, it was deemed essential for patient 

enrolment and successful completion of the study to give the loading dose over 1 hour. In 
contrast, in the prior pharmacokinetic studies of milrinone the loading doses were given 
much more quickly. 

4. Furthermore, and most significantly for model development, only two samples were taken 
from each patient. 

 
Conclusion:  
Given the positive clinical outcome of the PRIMACORP trial, the dosing schedule used for the 
study is likely to be adopted by practioners and should be given in section 4.2 of the SmPC 
including the maximal treatment duration of 35 hours, and the pharmacokinetic model reported 
in the study will be relevant to how the drug is likely to be given. The most notable finding from 
this analysis of the influence of covariates is that clearance, but not volume of distribution, 
increases linearly with patient age. The clearance of milrinone in neonates was less than 25% of 
that of children, when analyzed by age stratification. Therefore, for the same infusion rate, the 
steady-state concentration will be higher in preterm infants than in older patients. Use of a 
loading dose infusion reduces the time to approach steady-state significantly, underscoring the 
necessity of a loading dose for the rapid achievement of a therapeutic blood concentration. If the 
pharmacodynamics of milrinone is similar in the various age groups one can anticipate that the 
onset of effect will be similar in each group but the infusion rate may need reduction in younger 
patients. But first of all, the selected dosage has to be adjusted to general condition, especially 
hemodynamic stability of the patient. Pharmacokinetic parameters defined should be mentioned 
in section 5.2 of the SmPC.  
 
Sanofi-Synthelabo Inc. PRIMACORP: Prophylactic Intravenous use of milrinone after cardiac 
operation in Paediatrics.  
2001 Aug. 
 
See Bailey J.M. et al. A population pharmacokinetic analysis of milrinone in paediatric patients 
after cardiac surgery. 
Journal of Pharmacokinetics and Pharmacodynamics 2004, 31(1)43-59. 
 
Hoffman, TM et al. Efficacy and safety of milrinone in preventing low cardiac output syndrome in 
infants and children after corrective surgery for congenital heart disease. 
Circulation 2003; 107: 996-1002 
 
 Description 



 
 
 Methods 
 
 Objective(s) 

To evaluate the efficacy and safety of the prophylactic use of milrinone in paediatric 
patients at high risk of developing low cardiac output syndrome (LCOS) after cardiac 
surgery. 
 

 Study design 
Multicenter, double-blinded, randomized, placebo-controlled, parallel-treatment study. 

 
 Study population /Sample size 

Eligible patients were 6 years of age or younger without preoperative LCOS who were 
undergoing biventricular repair of certain cardiac lesions involving cardiopulmonary 
bypass. 
 

 Treatments 
Patients were randomly assigned, in a 1:1:1 ratio within 90 minutes after arriving in the 
intensive care unit, to receive either low-dose intravenous milrinone (25 µg/kg aver 60 
minutes followed by a 0.25 µg/kg/min infusion for 35 hours), high-dose intravenous 
milrinone (75 µg/kg over 60 minutes followed by a 0.75 µg/kg/min infusion for 35 hours), 
or placebo. The physicians were given the option to discontinue study drug between 24 
and 36 hours for patients who appeared clinically well. Baseline catecholamines were 
administered at the discretion of the physician; a combined inotropic drug score was 
calculated for each patient to account for differences in baseline medications among 
treatment groups. 
 

 Outcomes/endpoints 
Primary endpoint: composite variable consisting of death or development of LCOS 
requiring additional pharmacological or other support administered within the first 36 
hours after receiving study drug. 
 

 Statistical Methods 
The primary and secondary endpoints were analyzed using a pairwise comparison test (t 
test) at the 0.025 and 0.05 levels. Categorical variables were analyzed using a χ2 test, 
and continuous variables were analyzed using ANOVA t tests with treatment and 
physicians as main effects in the model. Geometric means were used for analysis of 
variables with extreme outliers. Log-rank and Kaplan-Meier curves were used to 
compare the time to development of LCOS or death between low- and high-dose 
milrinone.  
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 Results 
 Recruitment/ Number analysed 

 
 Baseline data 

The per-protocol population (n = 227) ranged in age from 2 days to 6.9 years. There 
were no statistically significant differences among the 3 treatment groups with respect to 
demographic variables, surgical procedures, intraoperative support times, and baseline 
inotropic support. 

 
 Efficacy results 

No patients died during administration of study drug; therefore, the primary endpoint was 
based solely on the occurrence of LCOS requiring treatment. The use of high-dose 
milrinone significantly reduced risk of the development of LCOS compared to that of 
placebo in all treated patients (p = 0.023, relative risk reduction 55%) and in the per-
protocol population (p = 0.007, relative risk reduction 64%). There is a statistically 
insignificant trend toward a lower incidence of primary endpoint with low-dose milrinone. 
 

 Safety results 
The incidence of serious adverse events overall and by organ system was not 
significantly different among treatment groups. Serial measurements showed no 
statistical difference in platelet count over time by treatment arm, and there was no 
difference in the incidence of thrombocytopenia during the study infusion. Ventricular 
arrhythmia (n = 1) and supraventricular tachycardia (n = 1) were rare. Hypotension was 
reported in 1 patient in the placebo and low-dose arms and in 2 patients in the high-dose 
arm. Two patients who underwent surgery for complete atrioventricular canal died after 
completion of study drug administration; both deaths were deemed by their physicians to 
be unrelated to study drug (aspiration pneumonia on postoperative day 5 and multiorgan 
failure on postoperative day 13). 
 

Assessor´s Comment 
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Interpretation and lacks of the study: 
1. The secondary endpoints had no adjustment of the probability value for multiple 

comparisons. 
2. As described in the protocol study population should be younger than 6 years of age. 

The per-protocol population ranged in age from 2 days to 6.9 years.  
3. A statistical significant risk reduction of the development of LCOS was shown in high-

dose milrinone arm compared to that of placebo. A dosage recommendation for the 
studied population for loading dosage of 75 µg/kg and for continuous infusion of 0.75 
µg/kg/min could be concluded.  

 
Conclusion:  
Data prove milrinone to be efficacious and safe in the management of low cardiac output in the 
study population following cardiovascular surgery. A dosage recommendation for the studied 
population for loading dosage of 75 µg/kg and for continuous infusion of 0.75 µg/kg/min could be 
concluded and should be mentioned in section 4.2 of the SmPC. 
 
Duggal B. et al. Milrinone and low cardiac output following cardiac surgery in infants: is there a 
direct myocardial effect? 
Pediatr Cardiol 2005, 26, 642-45. 
 
 Description 

 
 
 Methods 
 
 Objective(s) 
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To evaluate the effect of milrinone on myocardial function in paediatric patients with 
postoperative low cardiac output syndrome by index of myocardial performance. 
 

 Study design 
Prospective, open-label, nonrandomized, consecutive study. 

 
 Study population /Sample size 

15 patients with low cardiac output syndrome following cardiac surgery treatment were 
studied in the tertiary cardiothoracic paediatric intensive care unit. 
 

 Treatments 
All patients received catecholamines as standard inotropic support throughout the study 
period. All patients were started on infusion of milrinone (0.3-0.6 µg/kg/min without bolus 
loading dose) following their first perioperative echocardiogram. 
 

 Outcomes/endpoints 
Echocardiographic, Doppler-derived, time interval-based index of myocardial 
performance (Tei index) was used to study cardiac function prior to and while on 
intravenous milrinone treatment for 18 - 24 hours. 
Previously 60 children with normal cardiovascular anatomy and function to establish 
normal values of myocardial performance index were studied. 
 

 Statistical Methods 
Two-sided, paired Student’s t-test was used to analyze the results and a value of p < 
0.05 was considered significant. 

 
 Results 
 Recruitment/ Number analysed 

15 patients with low cardiac output syndrome following cardiac surgery treatment were 
studied in the tertiary cardiothoracic paediatric intensive care unit.  
 

 Baseline data 
Their age range was 0.2 – 16 months and weight was 2.7 – 11.8 kg.  
 

  
 
 Efficacy results 

Postoperative values of right and left ventricular myocardial performance index (RMPI 
and LMPI) were above the normal upper limit of 95% confidence interval in all patients 
subsequently treated with milrinone. Treatment with milrinone led to improvement in 
biventricular myocardial function (p = 0.003 and p = 0.012). No significant difference was 
found in the values of heart rate corrected right or left ventricular ejection time in these 
patients prior to and while treatment with milrinone (p = 0.29 and p = 0.66). 
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 Safety results 

Not described. 
 

Assessor´s Comment 
 
Interpretation and lacks of the study: 
1. Number of subjects involved is relatively small. 
2. There is no control group. 
3. The validity of established normal values of myocardial performance index used as 

reference is not comprehensible. 
4. The endpoints had no adjustment of the probability value for multiple comparisons. 
5. Statistical methods are insufficiently described. 
6. Adverse events are not reported. 
 
Conclusion:  
Data indicate efficacy concerning primary endpoints under examination, but due to lacks of the 
study statistical evidence is not proven by this study. 
 
Chang AC et al. Milrinone: systemic and pulmonary haemodynamic effects in neonates after 
cardiac surgery. 
Crit Care Med 1995, 23, 1907-14. 
 
 Description 
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 Methods 
 Objective(s) 

To assess the hemodynamic effects of intravenous milrinone in neonates with low 
cardiac output after cardiac surgery. 
 

 Study design 
Prospective, cohort study 

 
 Study population /Sample size 

Neonates with low cardiac output (defined as cardiac index of ≤ 3,0 L/min/m2), despite 
adequate filling pressures (defined as a left atrial filling pressure of > 8 mmHg), were 
enrolled in the study. 
 

 Treatments 
Haemodynamic assessments were made at the completion of each of the following three 
stages: 
Baseline 
In which patients were stable with regards to haemodynamic status, ventilation and gas 
exchange, haemostasis, and body temperature. 
Loading stage 
In which a 50 µg/kg intravenous loading dose of milrinone was administered over 15 
minutes. 
Infusion stage 
In which milrinone was continuously infused at 0.50 µg/kg/min for 30 minutes. 
 
In addition all patients were receiving a dopamine infusion at 3.0 to 7.5 µg/kg/min and 
received 5 to 10 ml/kg of 5% albumin to maintain a left atrial pressure of > 8 mmHg 
before the study begun. All drug infusions were held constant during the study. 
 

 Outcomes/endpoints 
Haemodynamic parameters: heart rate & rhythm, systemic arterial pressure, right & left 
atrial pressures, pulmonary arterial pressure, thermodilution cardiac output, systemic & 
pulmonary vascular resistance indices, right & left ventricular stroke indices, rate 
pressure index. 
 

 Statistical Methods 
Two-tailed analyses of variance for paired samples with post hoc comparison were 
performed for detecting changes in haemodynamic parameters between stages of 
milrinone protocol. A p < 0.05 was considered statistically significant. 

 
 Results 
 Recruitment/ Number analysed 

Ten neonates were enrolled in the study. 
 

 Baseline data 
They ranged in age from 3 to 27 days and in weight form 2.0 to 4.8kg. The diagnoses 
were: transposition of the great arteries, tetralogy of Fallot, truncus arteriosus, and total 
anomalous pulmonary venous return. 
 

 Efficacy results 
Compared with baseline values, the mean heart rate significantly increased after the 
loading stage (p < 0.01), and remained increased compared with baseline (p < 0.01). 
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Compared with baseline values, the right & left atrial pressures significantly decreased 
after the loading stage (p < 0.01) but did not decrease further after the infusion. 
Compared with baseline values, the mean systemic (p < 0.01) & pulmonary (p < 0.05) 
arterial pressure significantly decreased after the loading stage. 
Compared with baseline values, the cardiac index significantly increased with loading 
dose (p < 0.01), and remained increased compared with baseline during the infusion 
stage (p < 0.01). 
Compared with baseline values, the systemic & pulmonary vascular resistance index 
significantly decreased with the loading stage (p < 0.01), and remained decreased 
compared with baseline during the infusion stage. 
Compared with baseline values, the right (p < 0.05) & left (p < 0.01) ventricular stroke 
work index significantly increased during the loading and infusion stages. 
There was no significant change in the rate pressure index, an indirect measurement of 
myocardial oxygen consumption, throughout the study. 

 
 Safety results 

One patient had occasional premature atrial beats after initiation of intravenous 
milrinone, no patient had sustained supraventricular tachyarrhythmias, and no patient 
had ventricular ectopy. Two patients had a decrease in mean systemic arterial pressure 
of > 20% by infusion stage. No patient required additional administration of volume. 
 

Assessor´s Comment 
 
Interpretation and lacks of the study: 
1. Number of subjects involved is relatively small. 
2. The protocol design focused only on the immediate haemodynamic effects of intravenous 

milrinone without a control group and did not include haemodynamic measurements with 
either cessation of milrinone or with sustained use of milrinone. As there is no control 
group, criteria of study design of a cohort study are not fulfilled. 

3. The endpoints had no adjustment of the probability value for multiple comparisons. 
4. Rate pressure index as an indirect measurement of myocardial oxygen consumption is 

controversially discussed in literature. In addition, there is no appropriate statistical tool 
used to prove equivalence of myocardial oxygen consumption in the three stages. 

5. Measurements of serum concentrations of milrinone were not accomplished, and 
therefore concentration-response relationship was not investigated. Therefore, the 
dosage recommendation of a loading dose of 50 µg/kg and maintenance infusion of 0.50 
µg/kg/min is not based on pharmacokinetic data.   

6. Statistical methods performed in the study are described insufficiently. 
 
Conclusion:  
Data indicate efficacy concerning primary endpoints under examination, but due to lacks of the 
study statistical evidence is not proven by this study. 
 
Chu CC. et al. Effect of milrinone on postbypass pulmonary hypertension in children after 
tetralogy of Fallot repair.  
Clin Med J 2000, 63, 294-300. 
 
 Description 



 
 
 Methods 
 Objective(s) 

To evaluate the effect of milrinone in children with postbypass pulmonary hypertension 
after surgical correction of tetralogy of Fallot (TOF). 
 

 Study design 
Uncontrolled clinical trial. 

 
 Study population /Sample size 

Children who had undergone total correction of TOF form February 1996 to July 1996 
were prospectively screened and those with postbypass pulmonary hypertension were 
recruited for the trial. 
 

 Treatments 
If the PAP/SBP ratio increased to greater than 0.5 despite adequate filling pressure after 
the first attempt of weaning from CPB, postbypass pulmonary hypertension was 
suspected and intravenous milrinone was administered. 
Haemodynamic assessments were made at the completion of each of the following five 
stages: 
Baseline stage 
Stable condition before bypass. 
Stage II 
Weaning from bypass was done and loading dose of 20 µg/kg was administered. 
Stage III 
15 minutes after the loading dose of milrinone, continuous infusion of 0.2 µg/kg/min for 
24 hours was started. 
Stage IV 
One hour after the loading dose of milrinone. 
Stage V 
24 hours after milrinone administration. 
 
Other vasoactive agents were forbidden in the study period except dopamine. 
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 Outcomes/endpoints 
Heart rate & rhythm, systolic blood pressure (SBP), pulmonary arterial pressure (PAP), 
pulmonary capillary wedge pressure (PCWP) and PAP/SBP ratio were recorded at five 
different stages. 
 

 Statistical Methods 
Repeated measures ANOVA with Dunnett’s multiple comparisons were used. A p < 0.05 
was considered statistically significant. 

 
 Results 
 Recruitment/ Number analysed 

Ten TOF patients with postbypass pulmonary hypertension after successful TOF repair 
were enrolled in the study. 
 

 Baseline data 
They ranged in age from 1 to 19 years and in weight form 8.6 to 46.7kg. 
 

 Efficacy results 
No difference in heart rate and PCWP was noted. 
A significant decreased PAP/SBP ratio was noted within 15 minutes after milrinone 20 
µg/kg administration, that persisted up to 24 hours, given an infusion rate at 0.2 
µg/kg/min. Although the early therapeutic effect of milrinone on PAP/SBP ratio was 
clearly evident, the increase in PAP/SBP ratio induced by CBP or surgery persisted until 
one hour after treatment with milrinone. 

 
 Safety results 

No arrhythmias or tachycardia was found during observation. No remarkable adverse 
effects from milrinone were noted in the study period. 
 

Assessor´s Comment 
 
Interpretation and lacks of the study: 
1. Number of subjects involved is relatively small. 
2. The endpoints had no adjustment of the probability value for multiple comparisons. 
3. There is no control group. 
 
Conclusion:  
Data indicate efficacy concerning primary endpoints in study population, but due to lacks of the 
study statistical evidence is not proven in this study. Therefore, the indication postbypass 
pulmonary hypertension after surgical correction of tetralogy of Fallot cannot be approved. In 
section 5.1 of SmPC the potential usage of milrinone for children undergoing total correction of 
TOF with postbypass pulmonary hypertension referencing this study should be given. In order to 
prevent off label use, posology and further details are not given because this indication is not 
scientifically proven.  
 
Cai J. et al. Nitric oxide and milrinone: combined effect on pulmonary circulation after Fontan-type 
procedure: a prospective, randomized study.  
Ann Thorac Surg 2008, 86, 882-8. 
 
 Description 
 



 
 
 Methods 
 Objective(s) 

To determine the early haemodynamic and oxygenation responses to iNO, milrinone, or 
both in patients with marked elevation of pulmonary vascular resistance (PVR) after a 
Fontan operation. 
 

 Study design 
Prospective, randomized study. 
 

 Study population /Sample size 
Paediatric patients, who underwent modified fenestrated Fontan operation and suffered 
marked elevation of PVR with no explainable causes and without response to 
conventional managements, were enrolled in this study. 
 

 Treatments 
Group milrinone alone (n = 15) at the dose of 0.5 µg/kg/min. 
Group iNO alone (n = 15): inhalation began from 10 ppm with subsequent adjustment 
aiming at achieving greater than 20% improvement in transpulmonary pressure gradient 
or greater than 10% SaO2 with the lowest possible dose of iNO (1 to 20 ppm) within 2 
hours after initiation. 
Group iNO + milrinone (n = 16): dosages see above. 
 
To prevent confounding results, normal ventilation, stable oxygen inspiration fraction 
(60%), and one intravenous positive inotropic agent, i.e., dopamine (5 µg/kg/min) were 
continued throughout the study. 
 

 Outcomes/endpoints 
Pulmonary (transpulmonary pressure gradient and central venous pressure) and 
systemic haemodynamics and arterial blood oxygenation (oxygenation index, i.e., ratio of 
arterial oxygen partial pressure to inspiratory oxygen fraction, and SaO2). 
 

 Statistical Methods 
Two-way analysis of variance for repeated measures was used to test null hypotheses 
regarding the effects of between-subject factor (medication group), the within-subject 
factor (time), and the interaction between them. If a statistically significant interaction 
between group and time was found, subsequent comparison among the groups at 
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respective time points was performed by one-way analysis of variance followed by 
Duncan’s multiple range test. Nominal variables were analyzed by nonparametric test. A 
p < 0.05 was considered statistically significant. 
 

 Results 
 Recruitment/ Number analysed 

46 patients with high PVR defined by transpulmonary pressure gradient < 10 mmHg or 
central venous pressure > 15 mmHg, and impaired oxygenation were prospectively 
randomized in three groups. 
 

 Baseline data 

 
The duration of treatment was 24 hours. 
 

 Efficacy results 
Three patients in group milrinone, who had to be shifted to combined therapy of iNO and 
milrinone because of severe hypoxemia and abnormally high TPG within 6 hours of the 
use of milrinone, were excluded during the study period. 
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As described with “# p < 0.05 as compared with group iNO at respective time points” 
statistical significance could only be shown in TPG at time point 24 hours, in systolic 
arterial blood pressure at time point 12 hours and in PsO2/FiO2 at time point 24 hours 
between group iNO and group iNO + milrinone. 
Patients receiving both iNO and milrinone had least time on mechanical ventilation (p = 
0.043).  
 

 Safety results 
1 patient each in group milrinone and group iNO+milrinone was excluded because of 
severe thrombocytopenia. One patient in group iNO+milrinone and 3 patients in group 
iNO suffered CVP and TPG rebound during the process of iNO withdrawal. In addition, 1 
patient in each group iNO+milrinone and iNO and 2 patients in group milrinone had to be 
intubated after weaning from the ventilator because of compromised blood oxygenation.   
 

Assessor´s Comment 
 
Interpretation and lacks of the study: 
1. The endpoints had no adjustment of the probability value for multiple comparisons. 
2. There is no placebo-control.  
3. INO as gold standard therapy for postoperative pulmonary hypertension is controversially 

discussed in literature taking recent publications into consideration.  
4. Statistical significant superiority of iNO+milrinone vs. iNO could only be shown in TPG at 

time point 24 hours, in systolic arterial blood pressure at time point 12 hours and in 
PsO2/FiO2 at time point 24 hours. 

5. A comparison of frequency and severity of adverse events between iNO+milrinone and 
iNO was not listed. 

 
Conclusion:  
Data indicate efficacy concerning primary endpoints in study population, but due to lacks of the 
study statistical evidence is not proven and a positive benefit/risk ratio for the study population 
with pulmonary hypertension after Fontan procedure cannot be concluded. Therefore, the 
indication pulmonary hypertension after Fontan procedure cannot be approved. In section 5.1 of 
SmPC the potential usage of milrinone for children undergoing Fontan procedure with 
pulmonary hypertension referencing this study should be given. In order to prevent off label use, 
posology and further details are not given because this indication is not scientifically proven.  
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McNamara et al., 2006. Milrinone improves oxygenation in neonates with severe persistent 
pulmonary hypertension.  
Journal of Critical Care 2006, 21, 217-233. 
 
 Description 

 
 
 Methods 
 Objective(s) 

To evaluate the effect of milrinone in neonates with oxygenation failure secondary to 
pulmonary hypertension. 
 

 Study design 
Case series. 

 
 Study population /Sample size 

Between January 2002 and April 2004, neonates with severe persistent pulmonary 
hypertension (PPHN) who responded poorly to inhaled nitric oxide were treated with 
intravenous milrinone. 
 

 Treatments 
Milrinone was started at a dose of 0.33 µg/kg/min if inclusion criteria were met. A loading 
dose was not administered. The dose was titrated according to the clinical response and 
increased in increments of 0.33 to a maximum of 099 µg/kg/min. 
 
Decisions to commence or adjust alternative inotropes or vasopressors were left to the 
discretion of the attending neonatologist. 
 

 Outcomes/endpoints 
Effect of milrinone on oxygenation and blood pressure over a 72-hour period after 
commencement of treatment. 
 

 Statistical Methods 
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Continuous data were analyzed using Student t test and Mann-Whitney U test for 
respective parametric and nonparametric data sets. Categorical data were analyzed 
using χ2 or Fisher exact test. Analysis of variance testing was used to investigate the 
effects of milrinone (post hoc Tukey or Dunnett method) on each endpoint. A p < 0.05 
was considered statistically significant. 

 
 Results 
 Recruitment/ Number analysed 

Nine full-term newborns, who received intravenous milrinone combination therapy in 
severe PPHN, were identified after a poor initial response to iNO. 
 

 Baseline data 
Their mean gestational age was 39.2 +/- 2.8 weeks and birth weight, 3668 +/- 649.1g. 
The aetiologies of the PPHN were meconium aspiration syndrome, birth asphyxia, 
diabetic cardiomyopathy and birth asphyxia, transient tachypnea of the newborn and 
sepsis. 
Intravenous milrinone treatment was initiated at a median time of 21 hours (range 18 to 
49 hours), median milrinone dose was 0.66 µg/kg/min (range 0.33 to 0.99 µg/kg/min), 
and patients were treated for a median of 70 hours (range 23 to 136 hours).  
 

 Efficacy results 
There was a significant improvement in oxygenation after commencement of milrinone (p 
< 0.001), particularly in the immediate 24 hours of treatment.  
There was a significant improvement in heart rate (p < 0.001) over the same period. 
Infants who received milrinone did not become hypotensive or receive additional 
inotropic support; they demonstrated a nonsignificant trend toward improved blood 
pressure.  

 
 Safety results 

Adverse events are not reported. 
 

Assessor´s Comment 
 
Interpretation and lacks of the study: 
1. Number of subjects involved is relatively small. 
2. The endpoints had no adjustment of the probability value for multiple comparisons. 
3. There is no control group. 
4. Adverse events are not reported. 
 
Conclusion:  
Data indicate efficacy concerning primary endpoints in study population, but due to lacks of the 
study statistical evidence is not proven. Therefore, the indication neonates with oxygenation 
failure secondary to pulmonary hypertension cannot be approved.  
 
Kikura M et al. The effects of milrinone on platelets in patients undergoing cardiac surgery. 
Anest Analg 1995, 81, 44 -48. 
 
 Description 



 
 
 Methods 
 Objective(s) 

To evaluate the effects of milrinone on platelet number and function in cardiac surgical 
patients. 
 

 Study design 
Randomized, placebo-controlled study. 

 
 Study population /Sample size 

Adult patients electively scheduled for cardiac operations requiring cardiopulmonary 
bypass. 
 

 Treatments 
Patients were randomized to receive no milrinone (n = 10), or milrinone (n = 17) at a 
loading dose of 50 to 75 µg/kg immediately prior to separation from cardiopulmonary 
bypass followed by 0.5 – 0.75 µg/kg/min continuous infusion for 12 – 24 hours. Any 
patients who received blood products throughout the study period were excluded.  

 
 Outcomes/endpoints 

Hematocrit, platelet count, prothrombin time, partial thromboplastin time, bleeding time, 
ED50 of platelet aggregation to adenosine diphosphat and collagen-induced platelet 
aggregation, and TEG (thromboelastograph) measurements. 
 

 Statistical Methods 
Statistical analysis of variance, followed by the Bonferroni multiple comparison test. A p < 
0.05 was considered statistically significant.  
 

 Results 
 Recruitment/ Number analysed 

27 adult patients electively scheduled for cardiac operations requiring cardiopulmonary 
bypass. 
 

 Baseline data 
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 Efficacy results 
In the milrinone group 3 patients who received blood products including platelets were 
excluded from the study. No abnormal bleeding was observed in any patients after 
cardiac surgery in this study. Plasma milrinone levels at 2 h were 152 +/- 42 ng/ml in the 
milrinone-treated patients. There were no significant differences in hematocrit, platelet 
count, prothrombin time, partial thromboplastin time, bleeding time, ED50 of platelet 
aggregation to adenosine diphosphat and collagen-induced platelet aggregation, and 
TEG measurements between milrinone-treated and control group. There were no 
significant differences in the 24-h chest tube drainage in the control group compared to 
the milrinone-treated group. In both groups, platelet counts decreased significantly from 
the baseline at 2 h and 24 h after cardiopulmonary bypass, and bleeding time increased 
significantly from the baseline at 2 h and 24 h after cardiopulmonary bypass. 

 
 Safety results 

Milrinone administration did not cause significant changes in platelet number or function 
in patients undergoing cardiac surgery requiring cardiopulmonary bypass, beyond the 
usual adverse effects of cardiac surgery and cardiopulmonary bypass. 
 

Assessor´s Comment 
 
Interpretation and lacks of the study: 
1. There are only adults included to the study. 
2. Number of subjects involved is relatively small. 
 
Conclusion:  
Since only adults are included to the study, no conclusion on safety of milrinone in paediatric 
population from this publication should be drawn. 

 
Watson S. et al. Use of milrinone in paediatric care unit. 
Paediatrics 1999, 104, 674-82. 
 
 Description 
No abstract is available. 
 
 Methods 
 Objective(s) 

To describe the incidence of milrinone-related cardiac arrhythmias and thrombocytopenia 
described in adults to that observed in a population of children who received this agent 
after cardiac surgery. 
 

 Study design 
Retrospective, uncontrolled, clinical study. 
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 Study population /Sample size 

Children who received milrinone for inotropy and afterload reduction after cardiac 
surgery. 
 

 Treatments 
Patient received an average milrinone dose of 0.63 µg/kg/min.  

 
 Outcomes/endpoints 

Data recorded were age, diagnosis, milrinone hours and average dosage per patient, 
presence of thrombocytopenia (< 100000/µl), and occurrence of cardiac arrhythmias 
requiring medical or electrical therapy.  
 

 Statistical Methods 
Incidences of thrombocytopenia and arrhythmia were determined as a percent of total 
patients receiving milrinone. Data from patients with other likely sources of 
thrombocytopenia and arrhythmias were then excluded, and the remaining patient data 
were re-analyzed in the above fashion. Average milrinone dose and duration were 
determined for the population.  
 

 Results 
 Recruitment/ Number analysed 

Data from 30 children from newborn to 36 months of age were included. 
 

 Baseline data 
Most common cardiac diagnosis for which patients received milrinone after operative 
repair included atrioventricular septal defect (6), tetralogy of Fallot (3), D-TGA (3) and 
pulmonary atresia with VSD (3). Beyond the first 48 post-operative hours, patients 
received milrinone for an average of 4.7 days. 
 

 Efficacy results 
None. 
 

 Safety results 
Two (6.6%) of children receiving milrinone exhibited arrhythmias (sinus bradycardia and 
supraventricular tachycardia) that could not otherwise be explained. Thrombocytopenia 
occurred in 8 (26.7%) patients. Five of these had other compelling reasons for low 
platelets including CNS anoxia, disseminated intravascular coagulation, infection, and 
concurrent heparin infusions. When these patients were excluded, the remaining three 
patients represented 10% of children receiving milrinone. 
 

Assessor´s Comment 
 
Interpretation and lacks of the study: 
1. Number of subjects involved is relatively small. 
2. Efficacy results were not recorded. 
 
Conclusion:  
These preliminary data suggest that milrinone-related arrhythmias are less common in children 
than in adults (6.6 vs. 16.2%), whereas milrinone-related thrombocytopenia is more common in 
children than in adults (10 vs. 0.4%). Larger patient numbers are needed to more clearly detect 
and define an accurate milrinone paediatric side effect profile. These preliminary data have to be 



added to section 4.8 in the SmPC. 
 
Bassler D. et al. Neonatal persistent pulmonary hypertension treated with milrinone: four case 
reports. 
Biol Neonate 2006, 89, 1-5. 
 
 Description 

 
 
 Methods 
 Objective(s) 

Case description. 
 

 Study design 
Case series. 

 
 Study population /Sample size 

4 cases with severe persistent pulmonary hypertension of the newborn (PPHN) treated 
with a combination of inhaled nitric oxide (iNO) and milrinone. All cases were 
unresponsive to therapy including iNO, with a mean oxygenation index(OI) of 40 before 
milrinone. 
 

 Treatments 
Case 1: loading dose of 50µg/kg/min over 20 min followed by a continuous infusion of 
0.33 µg/kg/min. 
Case 2: no information on loading dose and continuous infusion until day 6 when 
milrinone was weaned to 0.2 mg/kg/min. 
Case 3: no information on loading dose and continuous infusion. 
Case 4: no information on loading dose and continuous infusion. 
 
Further information see table below. 

 
 Outcomes/endpoints 

Oxygenation index before starting milrinone and 12 – 24 h after. 
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 Statistical Methods 

Not described. 
 

 Results 
 Recruitment/ Number analysed 

4 cases with severe persistent pulmonary hypertension of the newborn (PPHN) treated 
with a combination of inhaled nitric oxide (iNO) and milrinone. 
 

 Baseline data/efficacy results/safety results 
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Assessor´s Comment 
 
Interpretation and lacks of the study: 
1. Number of subjects involved is relatively small. 
2. Statistical methods are not described. 
3. Milrinone loading dose and continuous infusion rates are with exception of case 1 not 

described. 
 
Conclusion:  
Of 4 patients, 2 developed serious intraventricular haemorrhages, and 1 had a small 
intraventircular haemorrhage. Other risk factors like low birth weight, pneumothoraces, 
meconium aspiration syndrome or previous iNO administration could be identified. The adverse 
event intraventricular haemorrhages should be added to the section 4.8 of the SmPC. 
 
Price J.F. et al. Outpatient continuous parenteral inotropic therapy as bridge to transplantation in 
children with advanced heart failure. 
Journal of Cardiac Failure 2006, 12, 139-43. 
 
 Description 

Milrinone 
AT/W/0004/pdWS/001  Page 64/74 
 



 
 
 Methods 
 Objective(s) 

To review the medical records of all patients treated with the use of parenteral inotropic 
therapy as outpatients. 
 

 Study design 
Case series. 

 
 Study population /Sample size 

All patients younger than 21 years of age treated with the use of parenteral inotropic 
therapy as outpatients. 
 
 

 Treatments 
The mean dose of milrinone used was 0.25 +/- 0.03 µg/kg/min. 
The mean dose of dopamine used was 2.8 +/- 0.3 µg/kg/min. 
 

 Outcomes/endpoints 
Number of emergency department visits, hospital admissions, and ejection fractions 
before and after starting outpatient therapy. 
 

 Statistical Methods 
The Wilcoxon signed-rank test was used to compare the number of emergency 
department visits, hospital admissions, and ejection fractions before and after starting 
outpatient therapy. A p < 0.05 was considered statistically significant.  
 

 Results 
 Recruitment/ Number analysed 

Seven patients received outpatient parenteral inotropic therapy. 
 

 Baseline data 
Median duration of therapy was 10 weeks (range 4 – 84 weeks). 
Inotropic medications used for parenteral inotropic therapy included dopamine alone (n = 
1), milrinone alone (n = 4), and dopamine + milrinone (n = 2). 
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 Efficacy results 

 
 

 
 
The mean number of hospital admissions for exacerbation of heart failure symptoms 
significantly decreased after starting parenteral inotropic therapy (p < 0.05). The ejection 
fraction significantly improved while on therapy (p < 0.05). Six patients were successfully 
bridged to transplantation. 
 

 Safety results 
Five catheter complications occurred in 2 patients. One of these patients developed a 
central line infection. One patient died suddenly at home during parenteral inotropic 
infusion. That patient had undergone a Fontan procedure and had a history of 
nonsustained ventricular tachycardia for which he was being treated with oral 
amiodarone. He did not receive an implantable cardioverter defibrillator (ICD) due to risk 
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associated with surgical placement of an epicardial system which he would have needed 
because of not being a candidate for a transvenous system. Two other patients with a 
history of nonsustained ventricular tachycardia received an ICD and were successfully 
bridged to transplantation. 

 
 
Assessor´s Comment 
 
Interpretation and lacks of the study: 
1. Number of subjects involved is relatively small. 
2. The endpoints had no adjustment of the probability value for multiple comparisons. 
3. Adverse event monitoring system at home is not reported. 
 
Conclusion:  
Data indicate efficacy concerning primary endpoints in study population, but due to small 
number of patients, no outpatient adverse event monitoring system, and one sudden death out 
of seven patients reported, a positive risk/benefit ratio for long-term use of milrinone cannot be 
drawn. Therefore, the long-term use of milrinone in paediatric patients waiting for heart 
transplantation cannot be approved. 

 
Berg A.M. et al. Home inotropic therapy in children. 
J. Heart Lung Transplant. 2007, 26(5), 453-57. 
 
 Description 

 
 
 Methods 
 Objective(s) 

To review the safety and efficacy of continuous ambulatory inotropic therapy in children. 
 

 Study design 
Retrospective uncontrolled study. 

 
 Study population /Sample size 

All children who were maintained at home on continuous inotropic agents. 
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 Treatments 
The dose of milrinone ranged from 0.5 to 1.0 µg/kg/min. 



The mean dose of dobutamine was 5 µg/kg/min. 
 Outcomes/endpoints 

Survival. 
 

 Statistical Methods 
None. 
 

 Results 
 Recruitment/ Number analysed 

Fourteen patients received outpatient parenteral inotropic therapy. 
 

 Baseline data 
Patients ranged in age from 6 to 18 years (median 14.5), with end-stage heart failure 
who received home intravenous inotropic therapy: milrinone (n = 11), dobutamine (n = 2), 
and both agents (n =1). Duration of therapy ranged from 14 to 476 days (median 68). 
 

  
 
 Efficacy results 

Six of patients receiving palliative care died, 2 while hospitalized and 4 while at home 
under hospice care. Two patients were alive at the end of the study and continued to 
receive palliative care. Five of six patients listed for cardiac transplantation have been 
successfully bridged to transplantation. One patient continued to wait for cardiac 
transplantation at the end of the study. 
 

 Safety results 
There were 26 hospital-readmissions: 4 suspected catheter infections, 15 episodes of 
heart failure decompensation requiring additional inpatient management, 6 infections not 
specifically related to indwelling catheter, and 1 admission for hyperglycemia. 

 
 
Assessor´s Comment 
 
Interpretation and lacks of the study: 
1. Number of subjects involved is relatively small. 
2. Adverse event monitoring system at home is not reported. 
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Conclusion:  
Due to small number of patients, no outpatient adverse event monitoring system, and six deaths 
out of fourteen patients reported, a positive risk/benefit ratio for long-term use of milrinone 
cannot be drawn. Therefore, the long-term use of milrinone in paediatric patients cannot be 
approved. 

 
 
3. Discussion on clinical aspects 

 
Please see Assessor’s Comments. 
 
After evaluating the presented data we conclude that the administration of milrinone in children 
in Europe in the following indication can be recommended: 
 
 Short-term treatment (up to 35 hours) of severe congestive heart failure unresponsive to 

conventional maintenance therapy (glycosides, diuretics, vasodilators and/or ACE-
inhibitors), and for the short-term treatment (up to 35 hours) of patients with acute heart 
failure, including low output states following cardiac surgery. 

 
Dosage recommendations (incl. maximal treatment duration of 35 hours), special warnings (esp. 
paediatric patients with renal impairment, with patent ductus arteriosus,), adverse events (esp. 
patent ductus arteriosus, intraventricular haemorrhage) and pharmacological properties 
concerning paediatric population have to be added to the specific sections of SmPC and PIL. 
 
 

V. MEMBER STATES OVERALL CONCLUSION AND 
RECOMMENDATION 

 
 Overall conclusion 
 
After evaluating the presented data we conclude that the administration of milrinone in children 
in Europe in the following indication can be recommended: 
 
 In paediatric population <National approved name> is indicated for the short-term 

treatment (up to 35 hours) of severe congestive heart failure unresponsive to 
conventional maintenance therapy (glycosides, diuretics, vasodilators and/or angiotensin 
converting enzyme (ACE) inhibitors), and for the short-term treatment (up to 35 hours) of 
paediatric patients with acute heart failure, including low output states following cardiac 
surgery. 

 
Dosage recommendations (incl. maximal treatment duration of 35 hours), special warnings (esp. 
paediatric patients with renal impairment, with patent ductus arteriosus), adverse events (esp. 
patent ductus arteriosus, intraventricular haemorrhage) and pharmacological properties 
concerning paediatric population have to be added to the specific sections of SmPC and PIL. 
 
 
 Recommendation  
 
After consideration of the MAH’s response document and CMS’ comments our recommendation 
is to implement to following concised SmPC wording (italic letters): 
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Final proposed SmPC changes 
4.1 Therapeutic indications 
 
In paediatric population <National approved name> is indicated for the short-term treatment (up 
to 35 hours) of severe congestive heart failure unresponsive to conventional maintenance 
therapy (glycosides, diuretics, vasodilators and/or angiotensin converting enzyme (ACE) 
inhibitors), and for the short-term treatment (up to 35 hours) of paediatric patients with acute 
heart failure, including low output states following cardiac surgery. 
 
4.3 Posology and method of administration 
 
Paediatric population: 
In published studies selected doses for infants and children were: 

 Intravenous loading dose: 50 to 75 µg/kg administered over 30 to 60 minutes. 
 Intravenous continuous infusion: To be initiated on the basis of hemodynamic response 

and the possible onset of undesirable effects between 0.25 to 0.75 µg/kg/min for a period 
up to 35 hours. 

 
In clinical studies on low cardiac output syndrome in infants and children under 6 years of age 
after corrective surgery for congenital heart disease 75 µg/kg loading dose over 60 minutes 
followed by a 0.75 µg/kg/min infusion for 35 hours significantly reduced the risk of development 
of low cardiac output syndrome. 
 
Results of pharmacokinetic studies (see section 5.2) have to be taken into consideration. 
 
Renal impairment: 
Due to lack of data the use of milrinone is not recommended in paediatric population with renal 
impairment (for further information please see section 4.4). 
 
Patent ductus arteriosus: 
If the use of milrinone is desirable in preterm or term infants at risk of/with patent ductus 
arteriosus, the therapeutic need must be weighed against potential risks (see section 4.4, 4.8, 
5.2, and 5.3). 
 
4.4 Special warnings and precautions for use 
 
Paediatric population: 
 
The following should be considered in addition to the warnings and precautions described for 
adults: 
 
In neonates, following open heart surgery during <National approved name> therapy, monitoring 
should include heart rate and rhythm, systemic arterial blood pressure via umbilical artery 
catheter or peripheral catheter, central venous pressure, cardiac index, cardiac output, systemic 
vascular resistance, pulmonary artery pressure, and atrial pressure. Laboratory values that 
should be followed are platelet count, serum potassium, liver function, and renal function. 
Frequency of assessment is determined by baseline values, and it is necessary to evaluate the 
neonate’s response to changes in therapy.  
 
Literature revealed that in paediatric patients with impaired renal function, there were marked 
impairment of milrinone clearance and clinically significant side effects, but the specific 
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creatinine clearance at which doses must be adjusted in paediatric patients is still not clear, 
therefore the use of milrinone is not recommended in this population (see section 4.2). 
 
In paediatric patients milrinone should be initiated only if the patient is hemodynamically stable. 
 
Caution should be exercised in neonates with risk factors of intraventricular haemorrhage (i.e. 
preterm infant, low birth weight) since milrinone may induce thrombocytopenia. In clinical studies 
in paediatric patients, risk of thrombocytopenia increased significantly with duration of infusion. 
Clinical data suggest that milrinone-related thrombocytopenia is more common in children than 
in adults (see section 4.8). 
 
In clinical studies milrinone appeared to slow the closure of the ductus arteriosus in paediatric 
population. Therefore, if the use of milrinone is desirable in preterm or term infants at risk of/with 
patent ductus arteriosus, the therapeutic need must be weighed against potential risks (see 
section 4.2, 4.8, 5.2, and 5.3). 
 
4.9 Undesirable effects 
 
Blood and lymphatic system disorders 
Uncommon: thrombocytopenia* 
Not known: reduction of red blood count and/or haemoglobin concentration 
 
*In infants and children, risk of thrombocytopenia increased significantly with duration of 
infusion. Clinical data suggest that milrinone-related thrombocytopenia is more common in 
children than in adults (see section 4.4). 
 
Cardiac disorders 
Common: ventricular ectopic activity, non-sustained and sustained ventricular tachycardia (see 
section 4.4), supraventricular arrhythmias 
Uncommon: ventricular fibrillation, angina pectoris, chest pain 
Very rare: torsades de pointes 
 
The incidence of both supraventricular and ventricular arrhythmias has not been related to the 
dose or plasma level of milrinone. Life-threatening arrhythmias have commonly been linked to 
underlying factors such as existing arrhythmias, metabolic abnormalities (e.g. hypokalaemia), 
abnormal digoxin levels and catheterisation. Clinical data suggest that milrinone-related 
arrhythmias are less common in children than in adults. 
 
Paediatric population: 
 
Nervous system disorders 
Not known: intraventricular haemorrhage (see section 4.4) 
 
Congenital, familial, and genetic disorders 
Not known: patent ductus arteriosus*** (see section 4.2, 4.4, 5.2, and 5.3) 
 
***The critical consequences of the patent ductus arteriosus are related to a combination of 
pulmonary overcirculation with consecutive pulmonary oedema and haemorrhage and of 
reduced organ perfusion with consecutive intraventricular haemorrhage and necrotizing 
enterocolitis with possible fatal outcome as described in literature. 
 
Long-term safety data for paediatric population are not yet available. 
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5.1 Pharmacodynamic properties 
 
Paediatric population: 
Literature review identified clinical studies with patients treated for low cardiac output syndrome 
following cardiac surgery, septic shock or pulmonary hypertension. The usual dosages were a 
loading dose of 50 to 75 µg/kg administered over 30 to 60 minutes followed by an intravenous 
continuous infusion of 0.25 to 0.75 µg/kg/min for a period up to 35 hours. In these studies, 
milrinone demonstrated an increase of cardiac output, a decrease in cardiac filling pressure, ad 
decrease in systemic and pulmonary vascular resistance, with minimal changes in heart rate and 
in myocardial oxygen consumption. 
 
Studies of a longer use of milrinone are not sufficient to recommend an administration of 
milrinone during a period of more than 35 hours.  
 
Some studies explored the paediatric use of milrinone in patients with nonhyperdynamic septic 
shock (Barton et al., 1996; Lindsay et al., 1998); the effect of milrinone on postbypass 
pulmonary hypertension after tetralogy of Fallot repair (Chu et al., 2000); the combined effect of 
nitric oxide and milrinone on pulmonary circulation after Fontan-type procedure (Cai et al., 
2008).  
The results of these studies were inconclusive. Therefore, the use of milrinone in these 
indications cannot be recommended. 
 
5.4. Pharmacokinetic properties 
 
Paediatric population: 
Milrinone is cleared more rapidly in children than in adults, but infants have significantly lower 
clearance than children, and preterm infants have even lower clearance. As a consequence of 
this more rapid clearance compared to adults, steady-state plasma concentrations of milrinone 
were lower in children than in adults. In paediatric population with normal renal function steady-
state milrinone plasma concentrations after 6 to 12 hours continuous infusion of 0.5 to 0.75 
µg/kg/min were about of 100 to 300 ng/ml. 
 
Following intravenous infusion of 0.5 to 0.75 µg/kg/min to neonates, infants and children after 
open heart surgery, milrinone has a volume of distribution ranging from 0.35 to 0.9 litres/kg with 
no significant difference across age groups. Following intravenous infusion of 0.5 µg/kg/min to 
very preterm infants to prevent systemic outflow after birth, milrinone has a volume of distribution 
of about 0.5 litres/kg. 
 
Several pharmacokinetic studies showed that, in paediatric population, clearance increases with 
increasing age. Infants have significantly lower clearance than children (3.4 to 3.8 ml/kg/min 
versus 5.9 to 6.7 ml/kg/min). In neonates milrinone clearance was about 1.64 ml/kg/min and 
preterm infants have even lower clearance (0.64 ml/kg/min). 
 
Milrinone has a mean terminal half-life of 2 to 4 hours in infants and children and a mean 
terminal elimination half-life of 10 hours in preterm infants. 
 
It was concluded that the optimal dose of milrinone in paediatric patients in order to obtain 
plasma levels above the threshold of pharmacodynamic efficacy appeared higher than in adults, 
but that optimal dose in preterms in order to obtain plasma levels above the threshold of 
pharmacodynamic efficacy appeared lower than in children.  
 
Patent ductus arteriosus: 
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Milrinone is cleared by renal excretion and has a volume of distribution that is restricted to 
extracellular space which suggests that the fluid overload and hemodynamic changes 
associated with patent ductus arteriosus may have an effect on distribution and excretion of 
milrinone (see section 4.2, 4.4, 4.8, and 5.3). 
 
5.5. Preclinical safety data 
 
Juvenile animals: 
A preclinical study was performed to clarify the ductus-dilating effects of PDE 3 inhibitors in 
near-term rat pups and their differential effects in near-term and preterm foetal rats. Postnatal 
ductus arteriosus dilatation by milrinone was studied with three doses (10, 1 and 0.1mg/kg). The 
dilating effects of milrinone in the foetal ductus constricted by indomethacin were studied by 
simultaneous administration of milrinone (10, 1 and 0.1mg/kg) and indomethacin (10 mg/kg) to 
the mother rat at D21 (near-term) and D19 (preterm). This in vivo study has shown that milrinone 
induces dose-dependent dilation of the foetal and the postnatal constricted ductus arteriosus. 
Dilating effects were more potent with injection immediately after birth than at 1 hour after birth. 
In addition, study showed that the premature ductus arteriosus is more sensitive to milrinone 
than the mature ductus arteriosus (see section 4.2, 4.4, 4.8, and 5.2). 
 
After consideration of the MAH’s response document and CMS’ comments our recommendation 
is to implement to following concised PIL wording (italic letters): 
 
1. WHAT TM IS AND WHAT IT IS USED FOR 

TM can be used in children for: 
- Short term treatment (up to 35 hours) of severe congestive heart failure (where the heart 
cannot pump enough blood to the rest of the body) when other medicines have not worked 
- Short term treatment (up to 35 hours) of acute heart failure after a heart operation i.e. when 
your heart is having difficulty pumping blood around your body. 
 

2. BEFORE YOU TAKE TM 

 
The following should be considered in addition to warnings and precautions described for adults: 
Take special care with TM: 
Using TM in children: 
Before giving TM infusion, your doctor will check a lot of parameters such as heart rhythm and 
blood pressure. He/she will order blood tests as well.  
The infusion will not start if your child’s heart rhythm and blood pressure is not stable.  
 
Please tell your doctor if: 
- your child has kidney problems 
- your child is a preterm infant or has a low birth weight 
- your child has a certain heart problem named Patent Ductus Arteriosus: a connection between 
2 major blood vessels (aorta and pulmonary artery) which persists though it should be closed.  
 
In these cases, your doctor will decide if your child will be treated with TM. 
 

3. HOW TO TAKE TM 

 
Use in children: 
- Your doctor should give your child a first dose ranging between 50 and 75 micrograms for 
every kilogram of his weight, over a period of 30 to 60 minutes. 
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- This is then followed by a dose ranging from 0.25 to 0.75 micrograms for every kilogram of 
his/her weight per minute according to your child’s response to the treatment and occurrence of 
side effects. TM can be given for up to 35 hours. 
 
During infusion, your child will be closely monitored: your doctor will check a lot of parameters 
such as heart rhythm and blood pressure and blood will be taken to evaluate the response to 
therapy and occurrence of side effects. 
 
4. POSSIBLE SIDE EFFECTS 
 
In addition to side effects observed in adults, the following were reported in children: 
Frequency not known: 
- bleeding into the fluid-filled areas (ventricles) surrounded by the brain (intraventricular 
haemorrhage) 
- a heart problem known as Patent Ductus Arteriosus: a connection between 2 major blood 
vessels (aorta and pulmonary artery) which persists though it should be closed. This can cause 
excess fluid in the lungs, bleedings, destruction of the bowel or part of the bowel and possibly be 
fatal. 
 
Moreover, compared to adults, decrease in the number of platelets in the blood seems to occur 
more often in children and the risk of this side effect is increased with the duration of the TM 
infusion. Heart rhythm troubles seem to occur less often in children than in adults. 
 
 
Final outcome: 
 
All concerned members of states endorsed the Rapporteur’s final proposed SmPC changes as 
above. 
 
Therefore the EU worksharing procedure of paediatric data for Milrinon is considered finalised 
on the 09 April 2011. 
 
 

VI. LIST OF MEDICINAL PRODUCTS AND MARKETING 
AUTHORISATION HOLDERS INVOLVED 

 
Sanofi Aventis GmbH Österreich    Corotrop 10 mg solution for injection 
Sanofi Aventis Produtos Farmace   Corotrope 10 mg solution for injection 
Sanofi Aventis Produtos Farmace   Corotrope 20 mg solution for injection 
SANOFI-AVENTIS AEBE, GREECE   Corotrope 10 mg solution for injection 
SANOFI-AVENTIS BELGIUM    Corotrope 10 mg solution for injection 
SANOFI-AVENTIS BELGIUM    Corotrope 10 mg solution for injection 
SANOFI-AVENTIS DEUTSCHLAND GMBH  Corotrop 10 mg solution for injection 
SANOFI-AVENTIS DEUTSCHLAND GMBH  Corotrop 10 mg solution for injection 
SANOFI-AVENTIS FRANCE    Corotrope 10 mg solution for injection 
SANOFI-AVENTIS FRANCE  COROTROPE 10 MG/10 ML, SOLUTION 

INJECTABLE (IV) 
SANOFI-AVENTIS FRANCE  COROTROPE 20 MG/20 ML, SOLUTION 

INJECTABLE (IV) 
SANOFI-AVENTIS NETHERLANDS BV   Corotrope 10 mg solution for injection 
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