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The Use of Milrinone in Infants and Children   
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T raditionally, catecholamines such as 
dopamine, dobutamine, epinephrine, and 
norepinephrine have been used for their 

positive inotropic effect in children with low 
cardiac output.  These agents, however, produce 
several undesirable effects, including an increase 
in heart rate and myocardial oxygen 
consumption, down-regulation of beta-
adrenergic receptors, and an increase in systemic 
vascular resistance.  Unlike the catecholamines, 
milrinone produces a positive inotropic effect 
with concurrent vasodilation and little 
chronotropic effect. As a result of these 
differences, milrinone has become a valuable 
tool in the treatment of children following 
cardiac surgery and in the management of shock.  
 
Mechanism of Action 
Milrinone, like its predecessor inamrinone 
(formerly called amrinone), is a bipyridine 
inotrope/vasodilator.  It is a selective inhibitor of 
peak III cyclic adenosine monophosphate 
(cAMP) phosphodiesterase in cardiac and 
vascular muscle.  Inhibition of this enzyme 
results in an accumulation of cAMP, producing 
an increase in intracellular ionized calcium in 
cardiac muscle which increases contractile force.  
Increasing cAMP also produces relaxation of 
vascular smooth muscle.  Milrinone exhibits a 
concentration-dependent response, with optimal 
effects occurring between 100 and 300 ng/ml.1-3 

  
Use After Cardiac Surgery 
Several investigators have studied the effects of 
milrinone in reversing the low cardiac output 
frequently observed in infants and children after 
cardiac surgery.4-8  In 1995, Chang and 
colleagues conducted a prospective study of 
milrinone in ten neonates (3 to 27 days of age) 
with low cardiac output following surgical repair 
of congenital heart defects.4  Patients were given 
a loading dose of 50 mcg/kg intravenously (IV) 
over 15 minutes, followed by an infusion of 0.5 
mcg/kg/min for 30 minutes.  The doses used 
were based on standard dosing for adults.   

Administration of milrinone produced a 
significant increase in cardiac index, from 
2.1+0.5 at baseline to 3.0+0.8 L/min/m2 during 
treatment, with a decrease in mean atrial pressure 
from 66+12 to 57+10 mm Hg.  Systemic 
vascular resistance decreased by an average of 
37% (2,136+432 to 1,336+400 dyne·sec/cm5·m2) 
and pulmonary vascular resistance decreased by 
27% (488+160 to 360+120 dyne·sec/cm5·m2).  
Heart rate increased transiently during the 
loading dose, but slowed during the infusion.  
Myocardial oxygen consumption was 
unchanged. 
 
In 1999, Bailey and colleagues studied the 
effects of milrinone in 20 children between 3 and 
22 months of age with low cardiac output after 
surgery.6    All patients received a 50 mcg/kg 
loading dose.  In 12 of the children, the loading 
dose was followed by an infusion of 0.5 to 0.7 
mcg/kg/min. The loading dose produced an 
average increase in cardiac index of 18% 
(mean+SE 2.0+0.2 to 3.4+0.3 L/min/m2) at a 
mean serum concentration of 235 ng/ml.  Mean 
blood pressure decreased by an average of 12%, 
from 66.7+1.4 to 58.9+2 mm Hg.  Heart rate, left 
atrial pressure, and central venous pressure were 
unchanged.  Based on pharmacokinetic 
simulations performed with the data from this 
study, the authors suggest that a short-term, 
high-dose infusion of 3 mcg/kg/min for 30 
minutes may be beneficial prior to initiation of a 
0.5 mcg/kg/min maintenance infusion to account 
for the larger volume of distribution observed in 
children.  
 
Since publication of these initial reports, 
milrinone has gained acceptance as an 
alternative or supplement to catecholamines in 
the management of  pediatric patients with low 
cardiac output following repair of congenital 
heart defects.  Although the data available to 
date have been promising, questions about the 
optimal timing for initiation of therapy, dosing, 
and monitoring remain.  A prospective 



multicenter, randomized, double-blind, placebo-
controlled study is currently under development 
to address these questions.7  The Prophylactic 
Intravenous Use of Milrinone After Cardiac 
Operation in Pediatrics (PRIMACORP) study 
will compare a low-dose milrinone regimen 
consisting of a 25 mcg/kg loading dose followed 
by an infusion of 0.25 mcg/kg/min, a high-dose 
regimen with a 75 mcg/kg loading dose followed 
by an infusion of 0.75 mcg/kg/min, and placebo 
for up to 36 hours.  Study end points will include 
mortality, cardiac indices, and length of hospital 
stay. A pharmacokinetic assessment will also be 
done.  
 
While the PRIMACORP study addresses the 
optimal use of IV milrinone, other routes of 
administration are also being considered for the 
postoperative patient population.  In a recent 
study of adults with pulmonary hypertension 
following cardiac surgery, inhaled milrinone was 
shown to produce additive pulmonary 
vasodilation when administered with inhaled 
prostacyclin.9   Compared with prostacyclin 
alone, inhaled milrinone in concentrations of 
0.25, 0.5, and 1 mg/ml given with prostacyclin 
produced a significantly greater and longer 
reduction in pulmonary vascular resistance and 
an increase in stroke volume.   Systemic vascular 
resistance and mean arterial pressure were 
unchanged.  While this route of administration 
has not yet been studied in children, it may offer 
an alternative to current therapies for pulmonary 
hypertension following cardiac surgery. 
 
Use in Septic Shock  
In addition to its use after cardiac surgery, 
milrinone may also be beneficial in the 
management of low cardiac output resulting 
from septic shock.10,11  Barton and colleagues 
studied the effects of milrinone in 12 children 
with septic shock (ages 9 months to 15 years) 
already receiving catecholamine infusions.10  In 
this prospective, double-blind trial, patients were 
randomized to receive either a loading dose of 
50 mcg/kg milrinone followed by an infusion of 
0.5 mcg/kg/min or placebo.   After two hours, 
the patients were crossed over to the other arm 
and treated for an additional two hours.  At the 
end of this phase, patients could continue to 
receive milrinone at their physician’s discretion.   
 
Milrinone significantly increased cardiac index, 
from an average of 3.7+0.8 L/min/m2 at baseline 
to 5.5+1.6 L/min/m2 at 2 hours, while values in 
the placebo group remained unchanged.  Stroke 
volume index and oxygen delivery were also 
significantly increased during the active 
treatment phase, while systemic vascular 
resistance, pulmonary vascular resistance, and 

mean pulmonary artery pressure were decreased.  
No significant changes were noted in heart rate, 
systolic or diastolic blood pressure, mean 
systemic arterial pressure, or pulmonary 
capillary wedge pressure. All patients continued 
on milrinone after the 4-hour trial, for  a mean 
duration of 48 hours.  The authors concluded 
that in volume-resuscitated pediatric patients 
with septic shock, milrinone, used in conjunction 
with traditional catecholamines, improves 
cardiovascular function. 
 
Pharmacokinetics 
In adults, milrinone has a volume of distribution 
of 0.3 to 0.4 L/kg, a terminal elimination half-
life of 1.5 to 2.3 hours, and a clearance of 
approximately 2 ml/kg/min.   It is excreted in the 
urine, as unchanged drug (83% of a dose) and 
the glucuronide conjugate (12%).2,3,5  

 
As shown in the previous studies, the 
pharmacokinetics of milrinone are altered in 
infants and children.   In 1998, Ramamoorthy 
and colleagues studied the pharmacokinetics of 
milrinone after cardiac surgery in 19 children 
between 1 month and 11 years of age.5   Eleven 
of the children were enrolled into a low-dose 
protocol: two 25 mcg/kg bolus doses were given,  
followed by an infusion titrated to a final rate of 
0.5 mcg/kg/min.  The remaining eight children 
were placed on a high-dose protocol and given a 
50 mcg/kg bolus dose followed by a 25 mcg/kg 
bolus dose and an infusion titrated to a final rate 
of 0.75 mcg/kg/min.  Blood samples were 
obtained over 24 hours.  Pharmacokinetic 
parameters were evaluated using traditional and 
non-linear mixed effects modeling techniques. 
 
The milrinone concentration data were best fit to 
a two-compartment pharmacokinetic model in 
this trial.  At steady-state, both groups had 
milrinone concentrations above the desired level 
of 100 ng/ml, with a mean of 113+39 ng/ml in 
the low-dose group and 206+74 ng/ml in the 
high-dose group.  The volume of distribution 
was significantly higher in these patients than 
reported in adults, with mean values of 0.9+0.4 
and 0.7+0.2 L/kg in patients < 1 year and > 1 
year of age, respectively.  Likewise, clearance 
was increased,  with values of 3.8+1 and 5.9+2 
ml/kg/min in the two groups.  Terminal 
elimination half-life was prolonged in the infants 
(mean 3.15+2  hrs), but similar to adult values in 
the older children (mean 1.86+2 hrs).   
 
In conjunction with their study of the efficacy of 
milrinone in children with septic shock, Lindsay, 
Barton, and colleagues also conducted a 
pharmacokinetic evaluation.11  Using a one-
compartment  model, the authors calculated an 



average volume of distribution at steady-state for 
milrinone of 1.47+1.03 L/kg, a clearance of 
11+9.6 ml/kg/min, and a terminal elimination 
half-life of 2.88+3.21 hours.  Like the data from 
Ramamoorthy5, this study documented a larger 
volume of distribution in children than reported 
in adults.  These studies, together with the paper 
by Bailey6, suggest that a larger loading dose, 
and perhaps a greater initial infusion rate, may 
be necessary in children to achieve serum 
concentrations within the desired range and 
produce an optimal cardiovascular response. 
     
Adverse Effects 
As with other positive inotropes, the 
phosphodiesterase inhibitors have the potential 
to produce arrhythmias.   Milrinone produces a 
slight shortening of atrioventricular node 
conduction time, which may result in an 
increased ventricular response rate in patients 
with atrial flutter or fibrillation. In Phase II and 
III clinical trials of adults, ventricular 
arrhythmias were reported in 12% of patients.  In 
these patients, 8.5% experienced ventricular 
ectopic activity, 2.8% had nonsustained 
ventricular tachycardia, 1% had sustained 
ventricular tachycardia, and 0.2% had 
ventricular fibrillation (some patients had more 
than one type of arrhythmia).  Supraventricular 
arrhythmias occurred in 3.8% of patients.  
Hypokalemia has been reported in 0.6% of 
patients receiving milrinone and  may predispose 
them to the development of arrhythmias.1-3 

 
Other adverse effects associated with milrinone 
use in adult clinical trials include: hypotension 
(2.9%) seen most often with rapid administration 
of the loading dose, headaches (2.9%), angina 
(1.2%), tremor (0.4%), and thrombocytopenia 
(0.4%). The incidence of thrombocytopenia is 
substantially less than that seen with inamrinone 
(2.4%).  Post-marketing surveillance has 
included case reports of bronchospasm and 
elevations in liver function tests in patients 
receiving milrinone.1-3 

 
While only a small number of pediatric patients 
have been evaluated in clinical trials, the adverse 
effect profile of milrinone in children appears 
similar to that of adults. In the pharmacokinetic 
study by Ramamoorthy, 2 of the 19 children 
(11%) developed arrhythmias.5 Both patients 
were infants; one underwent repair for tetralogy 
of Fallot and the other for an atrioventricular 
canal defect.  Both developed junctional ectopic 
tachycardia requiring discontinuation of 
milrinone.  Eleven patients (58%) developed 
thrombocytopenia; however, the authors suggest 
that this adverse effect may be more the result of 
surgery than milrinone.  In a comparison group 

of children undergoing cardiac surgery without 
milrinone, 25% developed thrombocytopenia.  
Liver function tests, BUN, and creatinine in the 
milrinone patients were within normal limits. 
 
Other pediatric milrinone studies reported no 
significant adverse effects.   In the study by 
Chang4, one child had occasional premature 
atrial beats, but there were no sustained 
tachyarrhythmias.  No patients in the studies by 
Bailey6 and Barton10 exhibited arrhythmias.  
 
Dosing Recommendations 
Milrinone (Primacor; Sanofi-Synthelabo) is 
available in a 1 mg/ml concentration in 10, 20, 
and 50 ml single-dose vials, 5 mg/5ml 
Carpuject sterile cartridges, and in 200 mcg/ml 
premixed 100 and 200 ml bags.3 

 
Based on the studies presented, the 
recommended loading dose of milrinone in 
infants and children is 50 to 75 mcg/kg given IV 
over 15 to 60 minutes.  The loading dose may be 
reduced to 25 mcg/kg or omitted in patients at 
risk for hypotension.  Immediately after the load, 
a continuous infusion of 0.375 to 0.75 
mcg/kg/min may be started.  Administration of 
milrinone within this range should produce 
serum concentrations above the minimum 
desired concentration of 100 ng/ml.  The 
maintenance infusion rate should be titrated to 
patient response.  Serum concentration 
monitoring is not routinely available in most 
institutions.  
 
Infusion rates should be decreased in patients 
with renal impairment.1-3  Although no specific 
recommendations have been published for 
children with renal dysfunction, the following 
table of recommendations for adults may be used 
as a general reference. 
 
Table 1. Dose Adjustment for Renal Impairment  
Creatinine Clearance  Milrinone Rate 
50 ml/min/1.73m2 0.43 mcg/kg/min 
40 ml/min/1.73m2 0.38 mcg/kg/min 
30 ml/min/1.73m2 0.33 mcg/kg/min 
20 ml/min/1.73m2 0.28 mcg/kg/min 
10 ml/min/1.73m2 0.23 mcg/kg/min 
  5 ml/min/1.73m2 0.2   mcg/kg/min 
 
Drug Interactions and Compatibility 
The loading dose of milrinone may be given 
undiluted or diluted to 10 to 20 ml.  For infusion, 
milrinone should be diluted to a concentration of 
200 to 400 mcg/ml with D5W, 0.9% sodium 
chloride, 0.45% sodium chloride, or lactated 
Ringer’s solution. Milrinone is compatible with 
many other drugs commonly used in the 
intensive care setting. The following table lists 



drugs physically compatible with milrinone for a 
period of 4 hours.12,13   
 
Table 2. Drugs Compatible with Milrinone 
acyclovira magnesium sulfateb 
amikacina meropenema 
ampicillina methylprednisolonea 
atracuriumb metronidazolea 
bumetanideb midazolamb 
calcium chloridea morphinea,b 
calcium gluconatea,b nitroglycerinb 
cefazolina norepinephrineb 
cefepimea oxacillina 
cefotaximea pancuroniumb 
ceftazidimea parenteral nutritiona,b 
cefuroximea piperacillina 
cimetidineb piperacill./tazobactama 
ciprofloxacina potassium chlorideb 
clindamycina propofolb 
dexamethasonea ranitidineb 
diltiazemb rocuroniumb 
dobutamineb sodium bicarbonateb 
dopamineb sodium nitroprussideb 
epinephrineb theophyllineb 
fentanylb ticarcillina 
gentamicina ticarcillin/clavulanatea 
heparinb tobramycina 
insulin, human 
regularb 

torsemideb 

isoproterenolb vancomycina 
lorazepama,b vecuroniumb 
a tested with milrinone 200 mcg/ml13 
 btested with milrinone 400 mcg/ml12 
  
Milrinone should not be infused with 
furosemide.  A chemical interaction occurs 
between these drugs resulting in formation of a 
precipitate.  Mixing of milrinone and imipenem-
cilastatin results in a change in the color of the 
solution from light to dark yellow.  While the 
clinical significance of this color change has not 
been assessed, it may indicate drug 
inactivation.2,13 
  
Summary 
With its combined inotropic and vasodilatory 
effects, milrinone provides a useful alternative to 
traditional catecholamines in children with low 
cardiac output.  Although several small-scale 
studies in children are available, more research is 
needed to evaluate long-term effects, better 
define the adverse effect profile, and determine 
an optimal dosing strategy.     
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Pharmacology Literature Review 
Once-daily aminoglycosides in children 
Although frequently used in adults, once-daily 
aminoglycoside dosing has failed to become a 
standard practice in pediatrics.  The authors of 
this review provide reasons for this resistance 
and suggest areas for future study.  Knoderer 
CA, Everett JA, Buss WF. Clinical issues 
surrounding once-daily aminoglycoside dosing 
in children. Pharmacotherapy 2003;23:44-56. 
 
Formulary Update 
The following actions were taken by the  
Pharmacy and Therapeutics Committee at their 
meeting on 1/31/03: 
1. Secretin (SecreFlo) was added to the 
Formulary to aid in the diagnosis of pancreatic 
dysfunction or gastrinoma and to facilitate 
cholangiopancreatography.  
2. Two chemotherapeutic agents, oxaliplatin 
(Eloxatin) and yttrium90 ibritumomab tiuxetan 
(Zevalin), were added to the Formulary. 
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Health System, Charlottesville, VA  22908 or 
by e-mail to mlb3u@virginia.edu. This 
newsletter is also available at 
www.hsc.virginia.edu/medicine/clinical/pediatr
ics/CMC/pedpharm/pedpharm.html 
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