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Abstract
Objective: This study was done to compare the effects of early and late use of milrinone in pediatric patients undergoing complex
cardiac surgery.
Design: The study was a prospective randomized study. Setting: Prince Sultan cardiac center, Saudi Arabia.
Methods: A prospective study involved 40 pediatric patients undergoing congenital corrective cardiac surgery, classified randomly
into two groups (N=20). Group A: Milrinone infusion was started without loading dose, at 0.5mcg/kg/min at the beginning of CPB
and continued postoperatively (0.5-0.75 mcg/kg/min) in the PCICU. Group B: Milrinone was started as a loading dose 50mcg/kg
over 10 min after aortic declamping and continued as infusion (0.5-0.75 mcg/kg/min) postoperatively in the PCICU. Data were
collected at baseline, 1st, 6th, 12th, and 24th postoperative hours in the ICU.
Results: The inotropic supports and mechanical supports were needed more in group B than group A. The comparison of heart
rate, CVP, temperature, hemoglobin, SpO2 and PaCO2, were insignificant between the two groups (P>0.05). The mean arterial
blood pressure through the first 6 hours postoperatively was higher in group A than group B (P<0.05), but became insignificant
through other timepoints. The urine output and central venous oxygen saturation were higher in group A than group B (P<0.05).
The serum lactate levels were significantly higher in group B more than group A (P<0.05).
Conclusion: early use of milrinone, lead to easy weaning from CPB , decreased requirement of pharmacological and mechanical
support and decreased the incidence of low cardiac output syndrome after pediatric cardiac surgery and there was no
complications related to milrinone in our study patients.
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Introduction

Traditionally, catecholamines such as dopamine, dobutamine,
Several studies have documented the predictable fall in cardiac epinephrine, and norepinephrine have been used for their posioutput, referred to as low cardiac output syndrome (LCOS), tive inotropic effect in children with low cardiac output. These
which occurs after congenital heart surgery. Causes of LCOS agents, however, produce several undesirable effects, including
after cardiac surgery are multifactorial, including myocardial an increase in heart rate and myocardial oxygen consumption,
ischemia during aortic cross clamping, the effects of cardiople- an increase in systemic vascular resistance and, down-regulation
gia, activation of the inflammatory and complement cascades, of beta-adrenergic receptors in patients with preexisting heart
and alterations in systemic and pulmonary vascular activity [1]. failure. Unlike the catecholamines, milrinone produces a posiResidual cardiac lesions, even when minor, may also adversely tive inotropic effect with concurrent vasodilatation and little
impact the postoperative course. Because LCOS is common chronotropic effect. As a result of these differences, milrinone
and contributes to postoperative morbidity and mortality, has become a valuable tool in the treatment of children folprevention of this predictable hemodynamic deterioration may lowing cardiac surgery and in the management of shock [5,6].
have significant implications for clinical outcome. Preventing
LCOS may impact hospital length of stay and may decrease the Pharmacology of milrinone
risk for postsurgical, nosocomial, and central nervous system Milrinone, is a phosphodiesterase-3 inhibitor with inodilating
complications. Traditionally, inotropic agents and vasodilators and lusitropic properties independent of alpha and beta recephave been used to enhance tissue perfusion and facilitate tors [7,8] Its direct myocardial effect is related to the increase
postoperative recovery [2–4].
in intracellular cyclic adenosine monophosphate with a subsequent increase in intracellular calcium levels and increased
sensitivity of the actin–myosin complex to calcium. This leads
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reticulum, thus shortening contraction time and leaving
more time for myocardial relaxation in each cardiac cycle
[9,10]. Milrinone can also theoretically exert an inotropic effect through its myocardial sarcoplasmic reticulum calcium
release channel opening independent of phosphodiesterase-3
inhibition [11]. The direct vasodilating effect on peripheral
and coronary circulation is related to the increased levels of
cyclic guanosine monophosphate in vascular smooth muscle
cells under phosphodiesterase-3 inhibitor treatment [12].
The drug is primarily (85%) cleared through renal secretion,
with 15% undergoing glucuronidation, and is 70% protein
bound [13,14]. Milrinone is a drug commonly used to support
cardiac output after congenital heart surgery in neonates,
infants, and children. Pharmacokinetic studies suggest that
milrinone clearance is greater and its volume of distribution
larger in children than in adults [3,15], but infants appear to
have lower milrinone clearance than children [3].
The purpose of the study was to compare the effect and
safety of early and late intraoperative uses of milrinone in
pediatric patients undergoing complex cardiac surgery.
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Patients monitoring

Monitors of patients involved hemodynamic parameters (heart
rate, mean arterial blood pressure (MAP), central venous pressure (CVP) and left atrial pressure (in some patient). Arterial
blood gases (to check the PH, PaCO2, PaO2, base excess and
deficit, electrolytes and lactate levels) were done through
samples withdrawal from arterial line. Central venous gases
were done by samples withdrawal from the central venous
line. Also monitoring of urine output, urea, creatinine and
liver enzymes levels were done. The readings were collected
before the beginning of study medication (base line), at 1st,
6th, 12th, and 24th postoperative hours in the ICU. Low cardiac
output was assessed through (lactic acidosis, low mixed venous oxygen saturation and low urine output. We could not
measure the cardiac index as the proper sizes of Swan Ganz
catheter for children were not available in cardiac center).
Echocardiography was done postoperatively for unstable patients to assess contractility, valvular functions and to exclude
pericardial effusion affecting the hemodynamics of patients.

Statistical methods

Data were statistically described in terms of mean ± standard
deviation (± SD). Comparison was done using paired t test.
Our study was done in Prince Sultan cardiac center, Saudi A probability value (P-value) less than 0.05 was considered
Arabia. The study involved 40 pediatric patients undergoing statistically significant. All statistical calculations were done
congenital corrective cardiac surgery. Inclusion criteria in- using computer programs Microsoft Excel 2007 (Microsoft
cluded pediatric patients (neonates and infants) undergoing Corporation, NY, USA) and SPSS (Statistical Package for the
congenital corrective cardiac surgery. The exclusion criteria Social Science; SPSS Inc., Chicago, IL, USA) version 15 for
included body weight less than 3 kg, premature neonates, Microsoft Windows.
preoperative low cardiac output syndrome, preexisting renal
failure, preexisting thrombocytopenia, and preoperative use Results
of milrinone. Before induction of anaesthesia non-invasive Patients
monitors (ECG, SpO2) were used. Anaesthetic techniques Our study involved 40 patients classified into two groups:
included a variety of drugs, including ketamine, thiopentone, Group A, involved 20 patients (8 female and 12 male) and
pancuronium, fentanyl, morphine and sevoflurane, often in Group B, involved 20 patients (10 female and 10 male). No
combination as needed. After induction and intubation of significant difference regarding the age (P< 0.223) and weight
patients, invasive monitoring such as arterial line and CVP (P<0.265) of patients in both groups (Table 1).

Methods and patients

line) were inserted and connected to the transducers. The CPB
circuit was primed with an average of 250 mL of a combination of plasmalyte, 20% albumin, and whole blood to achieve
a hematocrit around 30%. Hypothermia to 22°C– 28°C and
circulatory arrest were used in some patients. For all patients
modified ultrafiltration (MUF) was used during cardiopulmonary bypass. The patients were classified randomly into two
groups (20 patients each group):
Group A: Milrinone infusion (0.5mcg/kg/min) was started
without loading dose at the beginning of CPB and continued
postoperatively (0.5-0.75 mcg/kg/min) in the pediatric cardiac
surgical ICU (PCICU).
Group B: Milrinone was started as a loading dose 50mcg/kg
over 10 min after aortic declamping and continued as infusion (0.5-0.75 mcg/kg/min) postoperatively in the pediatric
cardiac surgical ICU.

Surgical Data of patients

The types of surgical procedures as in Table 2. The cardio-pulmonary bypass time and aortic crossclamping time between
the patients of both groups was insignificant (P>0.05) (Table 2).

Table 1. Demographic data of patients. Data are presented as numbers and mean± SD.
Item

group A(n=20) group B (n=20)

P-value

Age(month)

7.51(3.94)

5.57(4.85)

0.223

Weight(Kg)

3.55(0.279)

3.97(0.327)

0.265

Sex F/M

8/12

10/10

-

F:female, M: male
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Table 2. Intraoperative data of patients. Data are presented as numbers and
mean± SD.
Item

group A(n=20)

group B (n=20)

P-value

CAVC

5

6

-

IAA repair

4

3

-

TOF+RV/PA conduit

2

1

-

TOF

2

4

-

DORV

4

4

-

Types of surgery

TGA (Arterial switch)

3

2

-

CPB(min)

203(32)

222.1(23.4)

0.158

CC(MIN)

119.6(15.3)

127.9(11.3)

0.197

CAVC: Complete Atrioventricular Canal; IAA: Interrupted Artic
arch; TOF+RV/PA conduit; Tetralogy of Fallot +right ventricle to
pulmonary artery conduit; DORV: Duble Outlet Right Ventricle;
TGA: Transposition of Great Arteries; CPB: Cardiopulmonary
Bypass; CC: Aortic Crossclamping.
Table 3. Hemodynamic data of patients. Data are presented as mean± SD.
Item
Heart rate

A(n=20) group

group B (n=20)

P-value

(base)

148.9(10.40)

143.5(11.5)

0.256

(1st hr)

146(8.73)

142(13.23)

0.08

(6 hr)

145.8(10.6)

143.5(7.8)

0.460

(12th hr)

144.3(9.5)

143.5(8.4)

0.818

th

MAP

(24th hr)

146.9(9.4)

147.3(11.2)

0.251

(base)

63.27(8.51)

57.40(6.90)

0.064

(1st hr)

65.46(7.51)

56(8.01)

0.001

(6th hr)

64.40(7.38)

53.93(5.19)

0.001

(12 hr)

60(6.34)

58.33(7.25)

0.378

(24th hr)

59.53(5.30)

57.33(3.89)

0.193

(base)

14.40(1.72)

14.53 (1.30)

0.818

(1st hr)

14.33(1.72)

13.14(1.54)

0.919

th

CVP

(6 hr)

13.87(1.85)

14.33(1.8)

0.540

(12th hr)

15(1.20)

14.40(1.12)

0.209

th

UO

Temp °C

14.40 (1.12) 13.93(1.93)

(24th hr)

0.313

(base)

3.38(0.79)

3.55(0.87)

0.610

(1st hr)

3.50(0.84)

2.76(0.81)

0.001

(6th hr)

3.99(0.83)

2.81(0.91)

0.001

th

(12 hr)

3.69(0.94)

2.71(0.94)

0.013

(24th hr)

3.89(0.72)

2.75(0.77)

0.000

(base)

36.44(0.74)

36.55(0.53)

0.612

(1st hr)

36.31(0.9)

36.65(0.80)

0.643

(6 hr)

36.53(0.55)

36.53(0.70)

0.978

(12th hr)

36.68(0.62)

36.29(0.46)

0.061

(24th hr)

36.67(0.49)

36.33(0.57)

0.328

th

MAP; Mean Arterial Blood Pressure, CVP; Central Venous Pressure UO;
Urine Output (ml/kg/hr) Temp; Temperature; reading before the beginning of study medication and at 1st, 6th, 2th and 24th postoperative hours
in the ICU.

doi: 10.7243/2049-9752-1-6

Hemodynamic data of patients

The study showed that the weaning from cardiopulmonary
bypass (CPB), was easier in patients of group A than group
B, in addition to the requirement to more inotropic support,
mechanical supports such as extracorporeal membrane
oxygenator (ECMO), and pacing during weaning from CPB
and postoperatively in the pediatric cardiac surgical intensive
care unit are less in patients of group A than group B.
The comparison of heart rate, central venous pressure, and
temperature of both groups was insignificant (P>0.05), but
regarding the mean arterial blood pressure, the comparison
was significant at the 1st and 6th hour of assessment (P<0.05)
but insignificant at other timepoints (P>0.05). Also the loading dose of milrinone in patients of group B was associated
with MAP dropping, but for few minutes and managed with
dopamine infusion. The urine output was insignificant before starting milrinone (P>0.05), but after starting milrinone
increased significantly more in patients of group A in relation
to patients of group B at other timepoints (P<0.05) (Table 3).

Laboratory data of patients

There was no significant difference between patients of
group A and group B regarding hemoglobin (P>0.05), arterial
oxygen saturation (P>0.05) and PaCO2 (P>0.05) through the
timepoints of assessment.
There was metabolic acidosis (diagnosed by PH, base
deficit and lactate level), in patients of both groups, but
more in patients of group B than that of group A. The lactate
level was within normal level before starting the milrinone
in both groups with insignificant difference (P>0.05) but at
other timepoints the lactate level was higher in patients of
group B than group A with significant difference (P<0.05).
The comparison of the central venous oxygen saturation was
insignificant at the baseline (P>0.05) and lower in patients
of group B than that of group A with significant difference
at other timepoints (P<0.05) (Table 4).
For all patients, dopamine was added to milrinone during
weaning from CPB but, adrenaline was added in 8 patients
of patients of group A and added to 14 patients of patients
of group B, noradrenaline not needed in patients of group
A but needed in 3 patients of group B postoperatively in the
ICU and the P-value of total inotropic support was signifigant (P-value= 0.003). Pacing was needed for 5 patients of
group A and 6 patients of group B. The ECMO not needed in
group A but, only in 2 patients of group B and the P-value of
total mechanical support was insignifigant (P-value= 0.311).
Also, the urea and creatinine were elevated in 5 patients of
group A and 7 patients of patients of group B. Liver enzymes
levels (AST and ALT), become elevated more than 2 folds on
the second postoperative day in some patients of both groups
but the difference was insignificant (P<0.05). There were no
complications related to milrinone in patients of both groups.
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Table 4. Laboratory data of patients. Data are presented as mean± SD
Item
HBg/ml

A(n=20) group

group B (n=20)

P-value

(base)

14.89(0.90)

15.06(0.86)

0.648

(1 hr)

14.96(0.93)

14.91(0.81)

0.958

(6th hr)

14.75(0.77)

15.07(1.19)

0.456

th

(12 hr)

15.12(1.31)

15.08(1.17)

0.932

(24th hr)

14.62(0.89)

14.47(0.78)

0.315

(base)

71.15(10.53)

71.40(11.46)

0.235

(1 hr)

96.o8(4.72)

94.90(3.82)

0.201

st

SpO2

st

(6 hr)

97.93(1.62)

97.80(1.32)

0.589

(12th hr)

98.33(1.29)

98.60(1.50)

0.592

th

VSpO2

(24th hr)

98.80 (1.21)

98.52(1.33)

0.651

(base)

51.21(10.19)

49.27(6.06)

0.574

(1st hr)

59.62(6.21)

52.37(5.82)

0.014

(6th hr)

57.73(8.07)

53.00(6.08)

0.025

(12 hr)

63.47(6.70)

54.67(5.80)

0.000

14.40 (1.12) 68.60(6.77)

56.07(6.10)

0.000

th

PaCO2

Lactate mg/dl

(base)

4.00(0.44)

4.17(0.31)

0.299

(1st hr)

4 .09(0.36)

4.01(0.29)

0.616

(6th hr)

4.02(0.32)

4.00(0.27)

0.435

(12th hr)

4.11(0.47)

4.13(0.29)

0.871

(24th hr)

4.09(0.31)

3.99(0.35)

0.430

(base)

1.6(0.3)

1.7(0.4)

0.215

(1st hr)

4.37(0.94)

5.34(0.68)

0.003

(6th hr)

2.73(0.92)

4.30(0.60)

0.000

th

(12 hr)

2.09(0.65)

3.42(0.52)

0.000

(24th hr)

1.35(0.31)

2.42(0.36)

0.000

Hb; hemoglobin SpO2; arterial oxygen saturation VSpO2; central venous
oxygen saturation PaCO2; arterial tension of carbon dioxide; base line:
reading before the beginning of study medication and at 1st, 6th, 12th and
24th postoperative hours in the ICU.

Discussion

Adequate cardiac output is an important factor for tissue perfusion, oxygenation and normal organs functions. Several studies
have showed that, the low cardiac output syndrome is common after congenital cardiac surgery and leads to increased
requirement for inotropes, mainly catecholamines (such as
dopamine, dobutamine , adrenaline and noradrenaline) to
improve cardiac performance after cardiac surgery. This will
increase heart rate and myocardial oxygen consumption,
down-regulation of beta-adrenergic receptors, increases the
myocardium work, increase in systemic vascular resistance,
impair tissue perfusion and development of metabolic acidosis. The acidosis depresses the myocardium, and impairs
the sensitivity and response to catecholamines and vicious
circle will be developed. The prevention or decreasing the
incidence of low cardiac output syndrome will decrease
postoperative morbidity and mortality.
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In our study, we have started the milrinone infusion early
in 20 patients at the beginning of CPB (group A) and compared to the usual use of milrinone in 20 patients after
the end of surgical procedures and aortic declamping
(group B). We found that the loading dose of milrinone in
patients of group B was associated with MAP dropping but it
was not severe and for few minutes and managed only with
dopamine infusion. The study showed that the weaning from
CPB in patient of group A was easier than patients of group
B. Also, the requirement for dopamine, adrenaline and noradrenaline for hemodynamic support to maintain the main
arterial blood pressure from 50 to 60 mmHg was higher and
signifigant in patients of group B than in patients of group
A. The mechanical support such as pacing and ECMO to the
myocardium was needed only in patients of group B because
of failure to wean the patients from cardiopulmonary bypass,
but statistically was insignificant.
The central venous oxygen saturation was lower in patients
of group B than group A, and also the lactic acidosis was more
in group B than group A. This is due to inadequate tissue
perfusion as a result to low cardiac output or vasoconstricting
effect of catecholamines and the result was impaired oxygen
delivery, more oxygen extraction by the tissues and development of anaerobic glycolysis and lactic acidosis.
For patients with decreased urine output in both groups,
fluids, furosamide and mannitol doses were given but no
response. furosamide infusion was started but not improving
well. Finally peritoneal dialysis was used until the complete
recovery of kidneys through 7-15 days.
The good results with early uses of milrinone at the beginning of CPB may be due to high level of milrinone in the
blood and its effect on the tissue perfusion during and after
CPB. This explanation may be supported by study done by
Athena F. and his colleges. For neonates undergoing stage I
reconstruction of hypoplastic left heart syndrome (HLHS), an
initial loading dose of 100 mcg/kg on CPB resulted in plasma
concentrations similar to those observed in other therapeutic
settings but, the effect of modified ultrafilration (MUF) is to
increase plasma milrinone concentrations by approximately
35%. Assuming that renal clearance is minimal during this time,
it is possible that MUF provides both hemoconcentration and
a second bolus effect, because blood that was returned to the
patients from the venous reservoir contained milrinone [16].
A study was done by Duggal B and his colleges to assess
the effect of milrinone on myocardial function in pediatric
patients with postoperative low cardiac output syndrome.
Fifteen patients with low cardiac output syndrome following cardiac surgical treatment were studied in the tertiary
cardiothoracic pediatric intensive care unit. (age range,
0.2-16 months; median, 7; weight, 2.7-11.8 kg; median, 5).
Echocardiographic, Doppler-derived, time interval-based
index of myocardial performance was used to study cardiac
function prior to and while on intravenous milrinone treatment for 18-24 hours. Treatment with milrinone led to im-
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provement in biventricular myocardial function [mean right
ventricular index from 0.521±0.213 to 0.385±0.215, (P=0.003),
mean left ventricular index from 0.636±0.209 to 0.5±0.171
(P= 0.012). No difference was found in the values of heart
rate between groups [17].
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. 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±SD 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 [5].
A randomized, double-blind, placebo-controlled trial using
3 parallel treatment groups of pediatric patients undergoing
cardiac surgery (low dose, 25-μg/kg bolus over 60 minutes
followed by a 0.25-μg/kg per min infusion for 35 hours; high
dose, 75-μg/kg bolus followed by a 0.75-μg/kg per min infusion for 35 hours; or placebo). The authors concluded that the
use of high-dose milrinone after pediatric congenital heart
surgery reduces the risk of LCOS[15].
A study was done by Nineteen patients with decompensated heart failure underwent right heart catheterization
and were randomized to receive an intravenous infusion of
milrinone at a rate of 0.50 μg/kg/min with (n=9) or without
(n=10) a preceding 50 μg/kg bolus. Pulmonary capillary wedge
pressure, cardiac index, and plasma milrinone levels were
measured serially over 24 hours. One patient randomized
to a milrinone bolus demonstrated a marked decrease in
blood pressure and was discontinued from therapy. They
concluded that milrinone infusion without a bolus appears
to be a rapidly effective inotropic strategy that may have
an improved safety profile during the initiation of therapy
compared with a continuous infusion strategy initiated with
a bolus [18].
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