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Introduction

Milrinone, a phosphodiesterase III inhibitor currently used to treat 
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Background and Objectives: Milrinone is often used in children to treat acute heart failure and prevent low cardiac output syndrome af-
ter cardiac surgery. Due to the lack of studies on the long-term milrinone use in children, the objective of this study was to assess the safe-
ty and efficacy of the current patterns of milrinone use for ≥3 days in infants and children with heart diseases.
Subjects and Methods: We retrospectively reviewed the medical records of patients aged <13 years who received milrinone for ≥3 days 
from January 2005 to December 2012. Patients’ characteristics including age, sex, height, weight, and body surface area were recorded. 
The following parameters were analyzed to identify the clinical application of milrinone: initial infusion rate, maintenance continuous in-
fusion rate, total duration of milrinone therapy, and concomitantly infused inotropes. The safety of milrinone was determined based on 
the occurrence of adverse events such as hypotension, arrhythmia, chest pain, headache, hypokalemia, and thrombocytopenia.
Results: We assessed 730 admissions (684 patients) during this period. Ventricular septal defects were the most common diagnosis 
(42.4%) in these patients. Milrinone was primarily used after cardiac surgery in 715 admissions (97.9%). The duration of milrinone treat-
ment varied from 3 to 64.4 days (≥7 days in 149 admissions). Ejection fraction and fractional shortening of the left ventricle improved in 
patients receiving milrinone after cardiac surgery. Dose reduction of milrinone due to hypotension occurred in only 4 admissions (0.5%). Al-
though diverse arrhythmias occurred in 75 admissions (10.3%), modification of milrinone infusion to manage arrhythmia occurred in only 3 
admissions (0.4%). Multivariate analysis indicated that the development of arrhythmia was not influenced by the pattern of milrinone use.
Conclusion: Milrinone was generally administered for ≥3 days in children with heart diseases. The use of milrinone for ≥3 days was ef-
fective in preventing low cardiac output after cardiac surgery when combined with other inotropes, suggesting that milrinone could be 
safely employed in pediatric patients with heart diseases. (Korean Circ J 2014;44(5):320-327)

KEY WORDS: Milrinone; Heart disease; Child; Safety.

Received: June 9, 2014
Revision Received: August 7, 2014
Accepted: August 19, 2014
Correspondence: Gi Beom Kim, MD , Department of Pediatrics, Seoul Na-
tional University Children’s Hospital, 101 Daehak-ro, Jongno-gu, Seoul 110-
744, Korea
Tel: 82-2-2072-0266, Fax: 82-2-743-3455
E-mail: ped9526@snu.ac.kr

• The authors have no financial conflicts of interest.

This is an Open Access article distributed under the terms of the Creative 
Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, 
distribution, and reproduction in any medium, provided the original work 
is properly cited.

pediatric patients with cardiac diseases, increases the level of cyclic 
adenosine monophosphate in the myocardium and vascular smooth 
muscle. High levels of cyclic adenosine monophosphate enhance 
the contractility of the myocardium by increasing calcium influx and 
relaxing vascular smooth muscles,1) therefore increasing cardiac 
output and decreasing afterload. Milrinone also has a lusitropic prop-
erty, which improves myocardial relaxation.2) Unlike other inotropes 
such as dopamine, dobutamine, and epinephrine, milrinone is not as-
sociated with an increase in myocardial oxygen consumption.3)

Milrinone is widely used due to its inotropic, vasodilatory, and lus-
itropic properties. It is frequently prescribed after cardiac surgery 
due to its efficacy in preventing low cardiac output syndrome.4) Mil-
rinone is also commonly administered to pediatric patients with myo-
carditis as a bridge therapy for patients with heart failure who are 
waiting for cardiac transplantation.5)6) Milrinone has been shown 
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to improve heart contractility in patients with septic shock.7) 
Milrinone is currently one of the most commonly used off-label 

cardiovascular medications in children.8) Although a few reports 
showed the efficacy and safety of short-term milrinone treatment 
(for about 35 hours) in children with heart disease,9)10) the safety and 
efficacy of long-term use of milrinone in children is limited due to 
a lack of sufficient evidence-based studies in pediatric populations. 
Currently, milrinone is widely used for ≥3 days, which is usually 
based on extrapolation from studies in adults or clinical experience. 
Therefore, the objective of this study was to evaluate the safety and 
efficacy of the current pattern of milrinone administration for ≥3 
days in pediatric patients. 

Subjects and Methods

Study population
A retrospective analysis was conducted using data collected from 

patients who received milrinone treatment for ≥3 days at the Seoul 
National University Children’s Hospital from January 2005 to Decem-
ber 2012. Patients aged <13 years were included in the study. Pa-
tients were divided into two groups based on the indication for mil-
rinone treatment: group A consisted of patients who received milrinone 
to prevent low cardiac output syndrome after cardiac surgeries 
whereas group B consisted of patients who received milrinone treat-
ment due to acute heart failures from causes other than cardiac sur-
geries. 

Patients with the following conditions or those who underwent 
the following treatments were excluded from the study: 1) severe 
left ventricular outflow obstructive diseases such as aortic stenosis; 
2) hypertrophic or restrictive cardiomyopathies; 3) milrinone admin-
istration immediately after cardiopulmonary resuscitation; 4) multi-
organ failures; 5) simultaneous administration of ≥3 inotropes other 
than milrinone to increase blood pressure; 6) renal replacement 
therapies including peritoneal dialysis; 7) myocardial infarctions; 8) 
univentricular heart surgeries. However, patients receiving ≥3 ino-
tropes were included if inotropes were added after an interval of >2 
hours consecutively.

Parameters analysis
Patients’ characteristics including age, sex, height, weight, and 

body surface area were recorded. The following parameters were 
analyzed to identify the clinical application of milrinone: 1) initial in-
fusion rate; 2) maintenance continuous infusion rate; 3) total dura-
tion of milrinone therapy; 4) concomitantly infused inotropes. The 
operation and anesthesiology records of patients who had under-
gone cardiac surgeries were also studied to identify data related to 
anatomic diagnosis, type of surgery, time of cardiopulmonary by-
pass, and time of aortic cross-clamping. 

Systolic blood pressure, heart rate, and echocardiographic data 
(the left ventricular internal dimension at end-diastole, ejection frac-
tion, and fractional shortening) obtained before or immediately af-
ter starting milrinone treatment were compared to the values prior 
to treatment cessation. In cases where appropriate echocardio-
graphic data could not be obtained on the day milrinone treatment 
was discontinued, echocardiographic data obtained within a week 
of the treatment endpoint were used.

The safety of milrinone was determined based on the occurrence 
of adverse events such as hypotension, arrhythmia, chest pain, 
headache, hypokalemia, and thrombocytopenia. Hypotension was 
defined as a sudden decrease in blood pressure within two hours 
after starting milrinone that necessitated the addition of inotropes 
or cessation of milrinone. The documentation of arrhythmias over 
the entire milrinone treatment period was analyzed. Twelve-lead 
electrocardiogram and rhythm strips were reviewed. Arrhythmia was 
classified as supraventricular tachycardia, ectopic atrial tachycar-
dia, atrial fibrillation/flutter, accelerated junctional rhythm, junction-
al ectopic tachycardia, ventricular tachycardia, or ventricular fibril-
lation. Evidence of chest pains or headache during milrinone use 
were collected from the patient’s chart. Potassium levels and platelet 
counts 24 to 48 hours after starting milrinone infusion were esti-
mated. Hypokalemia was defined when serum potassium level of 
<3.5 mmol/dL. Thrombocytopenia was defined when platelet count 
of <50000/dL. 

 

Table 1. Demographic data of subjects used in this study

Total Group A Group B
N 730 715 15

Age, years 0.82±2.00 0.79±1.96 2.47±3.30

Male/Female, n (%) 619 (84.8)/111 (15.2) 611 (85.5)/104 (14.5) 8 (53.3)/7 (46.7)

Body weight (kg) 6.53±6.17 6.40±6.01 12.83±9.60

BSA (m2) 0.33±0.19 0.33±0.18 0.55±0.32 (n=13)

CPB time (min) 154.4±71.2 (n=708)

ACC time (min) 86.3±42.7 (n=663)

N: number of admission, BSA: body surface area, CPB: cardiopulmonary bypass, ACC: aortic cross-clamping
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Statistical analysis
Changes in hemodynamic parameters and echocardiographic 

data were analyzed using a pairwise comparison test and the Wil-
coxon signed-rank test. The frequency of hypokalemia and throm-
bocytopenia after milrinone infusion was analyzed using the McNe-
mar test. Univariate and multivariate logistic regression analysis was 
used to evaluate the relationships between diverse variables, in-
cluding the practical use of milrinone and the development of ar-
rhythmia. For statistical analyses, descriptive data are presented as 
means and standard deviation, whereas categorical variables are 
presented as proportions. Data manipulation and statistical analy-
ses were performed with Statistical Package for the Social Sciences 
(SPSS) 19.0 for Windows (SPSS Inc., Somers, NY, USA) and Excel 
2010 (Microsoft). Observations with a p of <0.05 were considered 
statistically significant. The study protocol was approved by the In-
stitutional Review Board of Seoul National University Hospital and 
patient consent was waived due to the study’s retrospective design.

Results

Demographics
In total, 2299 eligible admissions were identified during the study 

period. Of these admissions, a total of 730 admissions (684 patients) 
met the inclusion criteria and were selected for the present study. 
Twenty-seven patients received milrinone twice and one patient re-
ceived milrinone thrice after serial cardiac surgeries. Most patients 
(715, 97.9%) received milrinone to prevent low cardiac output after 
cardiac surgeries. There were 715 admissions in group A and 15 ad-
missions in group B. The male to female ratio was 5.6:1. The mean 
age of patients at the time of milrinone infusion was 0.82 years (Ta-
ble 1). In total, 429 admissions (60%) in group A underwent cardiac 
surgeries at less than 3 months of age. 

The most common cardiac defect was ventricular septal defect in 
group A (42.4%), followed by tetralogy of Fallot (11%) and coarc-
tation of the aorta with ventricular septal defect (6.4%) (Table 2). 
Accordingly, the most common type of surgery was closure of the 
ventricular septal defect, followed by repair of tetralogy of Fallot 
and coarctoplasty. In group B, 12 patients were diagnosed with a di-
lated cardiomyopathy and 3 with acute myocarditis. 

The duration of milrinone treatment ranged from 3 to 64.4 days. 
In 149 (20.4%) admissions, patients received milrinone infusion for 
≥7 days. The mean initial infusion rate of milrinone was 0.51±0.15 
mcg/kg per minute. The mean maintenance continuous infusion rate 
was 0.51±0.11 mcg/kg per minute. Other inotropes were used in 691 
(94.7%) admissions. Two or more inotropes other than milrinone 
were used in 425 (59.4%) admissions. The most commonly infused 
inotrope in group A was dopamine (83.4%), whereas all patients in 

group B received dobutamine (Table 3).
 

Efficacy
Systolic blood pressure, fractional shortening, and ejection frac-

tion after milrinone treatment were significantly (p<0.05) increased 
in group A when compared to values obtained immediately after 
cardiac surgeries. However, there was no significant difference in 
systolic blood pressure, fractional shortening, and ejection fraction 
before and after milrinone treatment in group B. In both groups, 
heart rate was significantly (p<0.05) reduced after milrinone use 
(Table 4). 

Table 2. List of congenital heart diseases treated by cardiac surgeries in 
the 715 admissions included in group A

Congenital heart disease N %

Ventricular septal defect 303 42.4

Tetralogy of Fallot 79 11.0

Coarctation of the aorta with ventricular septal defect 46 6.4

Pulmonary atresia with ventricular septal defect 43 6.0

Complete atrioventricular defect 37 5.2

Total anomalous pulmonary venous return 21 2.9

Transposition of great arteries with intact ventricular septum 21 2.9

Transposition of great arteries with ventricular septal defect 20 2.8

Double outlet of right ventricle 19 2.7

Truncus arteriosus 17 2.4

Atrial septal defect 14 2.0

Taussig-Bing anomaly 12 1.7

Mitral valve disease 12 1.7

Coarctation of the aorta 10 1.4

Interruption of aortic arch 8 1.1

Tetralogy of Fallot with absent pulmonary valve 6 0.8

Pulmonary atresia with intact ventricular septum 6 0.8

Corrected transposition of great arteries 6 0.8

Others* 6 0.8

Ebstein anomaly 5 0.7

Aortopulmonary window 4 0.6

Cortriatrium 3 0.4

Partial anomalous pulmonary venous return 3 0.4

Anomalous left coronary artery from pulmonary artery 3 0.4

Pulmonary venous disease 3 0.4

Tetralogy of Fallot with complete atrioventricular defect 2 0.3

Tricuspid valve disease 2 0.3

Pulmonary stenosis 2 0.3

Coronary arteriovenous fistula 2 0.3

*3 admissions for unilateral pulmonary artery agenesis, 1 admission for 
patent ductus arteriosus, 1 admission for pulmonary artery sling, and 1 ad-
mission for dysplastic pulmonary valve. N: number of admission
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Safety
There were no reports of adverse events in the majority of ad-

missions (78.7%) (Table 5). Only 4 admissions (0.5%) had dose re-
duction of milrinone due to hypotension. One patient had complaint 
of chest pain. Three patients experienced headaches. 

Although diverse arrhythmias occurred in 75 (10.3%) admissions, 
only 3 (0.4%) required reduction or discontinuation of milrinone in-
fusion to alleviate arrhythmia. Two of them developed junctional 
ectopic tachycardia and one of them developed ectopic atrial tachy-
cardia. One-third of patients in group B as well as approximately 
10% of patients in group A developed arrhythmia. In total, 41 (58.6%) 
of the 70 arrhythmias in group A were classified as junctional ecto-
pic tachycardia, whereas the most common arrhythmia identified 
in group B was ventricular tachycardia. The development of arrhyth-
mia was not influenced by the initial infusion rate, maintenance 
continuous infusion rate, or duration of milrinone treatment. Based 
on univariate logistic regression analysis of group A data, the fol-
lowing parameters were associated with the development of ar-
rhythmia: male gender, age ≥3 months, and cardiopulmonary by-

pass time ≥180 minutes. Multivariate analysis of group A data in-
dicated that male gender and cardiopulmonary bypass time ≥180 
minutes influenced the development of arrhythmia. 

The incidence of hypokalemia was not rare. However, the inci-
dence rate did not increase significantly (p=0.390), which was 108/ 
730 (14.4%) at the initial point and 118/730 (16.2%) at 24 to 48 hours 
after starting milrinone treatment. Thrombocytopenia did increase 
slightly but significantly (p=0.039), which occurred in 4/729 (0.5%) 
at the initial point and 12/729 (1.6%) at 24 to 48 hours after start-
ing milrinone treatment. Most patients in group A with thrombocy-
topenia required only a few platelet transfusions after cardiac sur-
geries. Platelet count was increased and maintained ≥50000/dL 
spontaneously in 2 admissions, after 1 platelet transfusion in 6 ad-
missions, and after ≥2 platelet transfusion in 2 admissions. The 
cardiopulmonary bypass time (249.2±72.8 minutes vs. 153.1±70.4 
minutes; p=0.000) and aorta cross-clamping time (141.1±59.9 min-
utes vs. 85.6±42.1 minutes; p=0.004) were significantly longer in 
group A patients with thrombocytopenia than in patients without 
thrombocytopenia. The initial infusion rate, maintenance continuous 

Table 3. Milrinone use patterns in study subjects

Total Group A Group B

Total duration of infusion (days) 6.1±4.5 5.84±3.5 17.8±17.1

Initial infusion rate (mcg/kg/min) 0.51±0.15 0.51±0.15 0.45±0.27

Maintenance infusion rate (mcg/kg/min) 0.51±0.11 0.52±0.11 0.43±0.13

Additional Inotropes (%)

 None 39 (5.3) 39 (5.5) 0 (0)

 Dopamine 218 (29.9) 218 (30.5) 0 (0)

 Dobutamine 33 (4.5) 30 (4.2) 3 (20.0)

 Epinephrine 3 (0.4) 3 (0.4) 0 (0)

 Dopamine+Dobutamine 57 (7.8) 50 (7) 7 (46.7)

 Dopamine+Epinephrine 269 (36.8) 269 (37.6) 0 (0)

 Dobutamine+Epinephrine 39 (5.3) 39 (5.5) 0 (0)

 Dopamine+Dobutamine+Epinephrine 64 (8.8) 59 (8.3) 5 (33.3)

 Others* 8 (1.1) 8 (1.1) 0 (0)

*6 admissions involving vasopressin use, 1 admission involving phenylephrine use, and 1 admission involving dopamine, epinephrine, and norepinephrine 
use. N: number of admission

Table 4. Hemodynamic measurements before and after milrinone use

Group A Group B

N Initial Final p N Initial Final p

SBP (mm Hg) 715 77.82±18.59 88.92±15.41 0.000 12 91.25±12.54 87.83±18.53 0.556

HR (beat/min) 715 148.5±21.30 133.8±19.60 0.000 12 156.0±22.40  135.5±28.50 0.010

LVIDd (mm/m2) 174 72.60±16.60 75.20±16.40 0.003 10 96.47±38.84 95.29±32.87 0.878

FS (%) 164 28.47±8.49 32.79±7.99 0.000 8 10.40±3.79 13.26±2.80 0.107

EF (%) 242 52.27±13.25 60.82±11.00 0.000 13 22.80±7.80 25.09±7.96 0.442

N: number of admission, SBP: systolic blood pressure, HR: heart rate, LVIDd: indexed left ventricular internal dimension at end-diastole, FS: fractional 
shortening, EF: ejection fraction
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infusion rate, and duration of milrinone treatment were not associ-
ated with thrombocytopenia. Two patients in group B had a low plate-
let count due to additional medical illnesses such as hemophago-
cytic lymphohistiocytosis and fungal infection. 

Discussion 

In the present study, we reviewed the current patterns of milri-
none use that continued for ≥3 days. We also evaluated the effi-
cacy and safety of such treatment in pediatric patients. Of a total 
of 2299 eligible admissions in which milrinone was used, 730 
(31.8%) admissions involved the use of milrinone for ≥3 days. The 
mean duration of milrinone use was 6.1±4.5 days. Although the Ko-
rean national insurance covers only 35 hours of milrinone use, we 
found that milrinone was frequently prescribed for a longer dura-
tion in actual settings, suggesting a significant off-label use. 

Most (97.9%) admissions involved patients who received milri-
none after cardiac surgeries. The frequent use of milrinone in pedi-
atric patients undergoing heart surgery was supported by the 
findings of the Prophylactic Intravenous use of Milrinone After Car-
diac Operation in Pediatrics (PRIMACORP) trial, which demonstrat-
ed that low cardiac output syndromes could be prevented by high-
dose milrinone infusion after pediatric cardiac surgeries.10) Although 
the initial and maintenance milrinone infusion rates determined in 
the present study were lower than those previously reported in the 
PRIMACORP study, our values were similar to those reported in oth-
er European practices.4)10)

In terms of efficacy issue, fractional shortening and ejection frac-
tion were both improved after milrinone infusion in group A pa-

tients, which is in consistent with previous findings.9)11) Chang et al.9) 
reported that milrinone treatment in neonates with low cardiac out-
put after congenital heart surgery improved the cardiac index with-
out changing myocardial oxygen consumption. Duggal et al.11) docu-
mented that milrinone therapy improved the left and right myocardial 
performance index, a reliable index that reflects myocardial con-
tractility. 

Our findings revealed no significant changes in fractional short-
ening and ejection fraction after milrinone infusion in group B, 
which is in contrary to previously reported data in adults.12) The se-
verity of the disease in group B is likely to have some influence on 
the results. Seven (46.7%) of the 15 admissions in group B involved 
patients who died due to underlying cardiac disease itself, reflect-
ing the severity of disease in group B. 

In terms of safety, several adult studies have shown detrimental 
effects of milrinone on hemodynamic stability in chronic heart fail-
ures. The Prospective Randomized Milrinone Survival Evaluation13) 
trial revealed that oral administration of milrinone to patients with 
heart failure increased mortality and induced serious adverse car-
diovascular events including hypotension. The Outcomes of a Pro-
spective Trial of Intravenous Milrinone for Exacerbations of Chronic 
Heart Failure trial reported that sustained hypotension requiring 
additional treatment was more common in patients who received 
milrinone infusion for exacerbation of chronic heart failure.14) How-
ever, in the present study, only 1 (6.7%) of 15 admissions in group 
B needed a reduction in milrinone dose due to a decrease in blood 
pressure, with the incidence of hypotension being lower than that 
reported previously in adult data. Furthermore, only 3 (0.4%) of the 
715 admissions in group A experienced hypotension that required a 

Table 5. Adverse events that occurred during inotropic treatment (including milrinone)

Adverse events
Total Group A Group B

N % N % N %

Hypotension 4 0.5 3 0.4 1 6.7

Chest pain 1 0.1 1 0.1 0 0.0

Headache 3 0.4 3 0.4 0 0.0

Arrhythmia 75 10.3 70 9.8 5 33.3

 Supraventricular tachycardia 8 1.1 8 1.1 0 0.0

 Ectopic atrial tachycardia 1 0.1 0 0.0 1 6.7

 Atrial fibrillation/flutter 2 0.3 2 0.3 0 0.0

 Accelerated junctional rhythm 17 2.3 17 2.4 0 0.0

 Junctional ectopic tachycardia 41 5.6 41 5.7 0 0.0

 Ventricular tachycardia 7 1.0 3 0.4 4 26.7

 Ventricular fibrillation 1 0.1 1 0.1 0 0.0

Hypokalemia 118 16.2 114 15.9 4 26.7

Thrombocytopenia (n=729) 12 1.6 10 1.4 2 14.3

N: number of admission
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reduction in milrinone infusion rate. This result was in consistent with 
previous pediatric data that reported an infrequent occurrence of hy-
potension in the milrinone treatment group after cardiac surgery.10)

Milrinone use has been known to be associated with postopera-
tive arrhythmia in adults that increased mortality and morbidity af-
ter cardiac surgery.15) Arrhythmia is a concern following milrinone 
use in the pediatric population as well. Smith et al.16) recently re-
ported that approximately half of the pediatric patients receiving 
milrinone after cardiac surgery experienced arrhythmia. In the pres-
ent study, various arrhythmias occurred in 70 (9.8%) of 715 admis-
sions in group A. However, only 3 (0.4%) admissions required modi-
fication of milrinone infusion to manage arrhythmias. Our finding 
is in consistent with that from other studies,17)18) indicating that the 
incidence of arrhythmia due to milrinone use in pediatric patients 
is relatively low after cardiac surgery. 

It should be noted that postoperative arrhythmias are common 
after cardiac surgery. Postoperative arrhythmia is associated with 
age, cardiopulmonary time, aortic cross clamping time, and type of 
repair.19)20) In the present study, the initial infusion rate, maintenance 
infusion rate, and duration of milrinone treatment were not associ-
ated with the development of arrhythmia. However, in consistent 
with the previous findings, a longer cardiopulmonary time affected 
the development of arrhythmia in group A (Table 6). 

Junctional ectopic tachycardia is the most common type of ar-
rhythmia after cardiac surgery.20) In the present study, the incidence 
rate of junctional ectopic tachycardia in group A was 5.7%. This 
result is in accordance with previous studies, which reported that 
the incidence rate of junctional ectopic tachycardia after cardiac 
surgery range from 1.4% to 14.7%.21)22) The relationship between 

junctional ectopic tachycardia and milrinone use has not been elu-
cidated thus far.23) 

A study in adults showed that atrial arrhythmia developed more 
frequently in patients with chronic heart failure who received milri-
none treatment.14) However, the independent cause-effect relation-
ship of milrinone with arrhythmia in pediatric patients with heart 
failure has not yet been established. Five (33.3%) of the 15 admis-
sions in group B involved patients who mainly developed ventricu-
lar arrhythmia. In the present study, there was no significant differ-
ence in initial infusion rate, maintenance infusion rate, or duration 
of milrinone treatment between patients with or without arrhyth-
mia in group B. In fact, heart failure due to myocarditis or dilated 
cardiomyopathy itself increased the vulnerability of the patients to 
tachyarrhythmia and conduction disturbance.24) Ichikawa et al.25) 
reported that 3 of 7 patients with fulminant myocarditis developed 
ventricular tachycardia or ventricular fibrillation. Friedman et al.26) 
also documented the high incidence rate of arrhythmia in pediat-
ric idiopathic dilated cardiomyopathy.

The incidence rate of thrombocytopenia in the present study 
was lower than that in previous studies. Ten (1.4%) of the 715 ad-
missions in group A involved patients who developed thrombocy-
topenia after milrinone treatment, which required a few platelet 
transfusions. Ramamoorthy et al.17) previously reported that milri-
none treatment resulted in a high incidence (58%) of thrombocy-
topenia (platelet count <100000/dL) that did not often necessitate 
platelet transfusions. Bishara et al.18) further documented that 
12.7% of admissions developed thrombocytopenia with milrinone 
treatment. However, it is difficult to identify milrinone-induced 
thrombocytopenia, because various factors could confound the 
observations, including the cardiac surgery itself. 

Cardiopulmonary bypass is known to be associated with throm-
bocytopenia that results from hemodilution and mechanical disrup-
tion.27) In the present study, patients who developed thrombocyto-
penia had a longer cardiopulmonary bypass time and aorta-clamping 
time. Thus, patients with a more complex heart disease and longer 
bypass times during cardiac surgery would be more likely to develop 
thrombocytopenia. In contrast to amrinone, the first phosphodies-
terase inhibitor used that was known to have adverse effect on 
platelets, milrinone did not alter platelet count or function in pa-
tients after cardiac surgery.28) The fact that two (13.3%) patients in 
group B developed thrombocytopenia could be due to complica-
tions such as hemophagocytic lymphohistiocytosis and fungal sep-
sis, rather than due to milrinone use. 

Few studies have sufficiently investigated long-term milrinone 
use thus far. The utility of chronic continuous milrinone infusion for 
heart failure as bridge therapy to heart transplantation was pro-
posed in a recent adult study.6) McMahon et al.29) demonstrated that 

Table 6. Variables related to postoperative arrhythmia in group A

Variable Odds ratio 95% CI p
Univariate analysis

Male 4.15 1.28–13.44 0.018

Age <3 months 0.60 0.36–0.98 0.041

CPB time ≥180 minutes (n=708) 1.79 1.08–2.98 0.025

ACC time ≥75 minutes (n=663) 1.52 0.91–2.54 0.107

Milrinone treatment duration 1.02 0.96–1.08 0.533

Milrinone initial infusion rate 1.21 0.25–5.91 0.811

Milrinone maintenance infusion rate 0.75 0.09–6.70 0.800

Epinephrine 1.22 0.74–2.01 0.436

Dopamine 1.13 0.56–2.27 0.738

Dobutamine 1.12 0.64–1.95 0.690

Multivariate analysis (n=708)

Male 3.90 1.20–12.67 0.024

CPB time ≥180 minutes 1.69 1.01–2.82 0.045

CPB: cardiopulmonary bypass, ACC: aorta cross-clamping
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long-term support with milrinone was safe and effective in infants 
with cardiomyopathy awaiting heart transplantation. Outpatient 
continuous parenteral inotropic therapy, including milrinone, has 
also been used in inotropic-dependent children with advanced heart 
failure.30) Although these studies used small patient populations, 
the incidence of complications was sufficiently low to indicate the 
safe and effective potential of milrinone use in infants and children 
with heart diseases.

Study limitations
This study has several possible limitations. This study had a retro-

spective design which did not have a control group containing pa-
tients who did not receive milrinone. Moreover, all arrhythmias 
could not be included due to the study’s retrospective nature. Fur-
thermore, because the exclusion criteria of this study were relatively 
strict to appropriately clarify the efficacy and safety of milrinone 
use and reduce confounding factors, the patients who would be 
more susceptible to milrinone use could not be included. In surgi-
cally treated patients with congenital heart disease, we should have 
also considered the natural improvement of cardiac function after 
the corrective operation, which could be a confounding factor for 
evaluating the efficacy of milrinone use in this study. Finally, only 
a few echocardiographic data including ejection fraction and frac-
tional shortening were used to evaluate milrinone efficacy due to 
the retrospective study design. If other echocardiographic data, 
such as tissue Doppler imaging findings, were available, a more ac-
curate evaluation of the hemodynamic effects of milrinone would 
have been possible.

 
Conclusions

This is the largest retrospective study, to date, to evaluate the 
safety and efficacy of long-term milrinone use (≥3 days) in pedi-
atric patients with cardiac diseases. Such long-term milrinone use 
is common in actual clinical practice, and milrinone is generally used 
for >35 hours in infants and children with heart disease. Our data 
revealed that the use of milrinone for ≥3 days was effective in pre-
venting low cardiac output after cardiac surgery when combined 
with other inotropes. Therefore, milrinone could be safely used in 
pediatric patients with heart diseases. 
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