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Summary: Carmona MJC, Martins LM, Vane MF, Longo BA, Paredes LS, Malbouis son LMS – Comparison of the Effects of Dobutamine and Milrinone 
on Hemodynamic Parameters and Oxygen Supply in Patients Undergoing Cardiac Surgery with Low Cardiac Output after Anesthetic Induction.

Background and objectives: Several classes of inotropic drugs with different hemodynamic effects are used in the treatment of low cardiac ou-
tput in patients with diastolic dysfunction undergoing cardiac surgery. The objective of the present study was to compare the effects of dobutamine 
and milrinone on hemodynamic parameters and oxygen supply in this population of patients.

Methods: After approval by the Ethics Committee of the institution and signing of the informed consent, 20 patients undergoing cardiac surgery with car-
diac index < 2 L.min-1.m2 after anesthetic induction and place ment of a pulmonary artery catheter were randomly divided to receive dobutamine 5 µg.kg-1.
min-1 (n = 10), or milrinone 0.5 µg.kg-1.min-1 (n = 10). Hemodynamic parameters were measured after anesthetic induction and after 30 and 60 minutes, and 
arterial and venous blood gases were measured at baseline and 60 minutes. Non-paired Student t test or two-way ANOVA for repeated measurements 
was used to compare the data.

Results: Dobutamine and milrinone promoted significant increases in cardiac index (56% and 47%) and oxygen supply (53% and 45%), and re-
duction in systemic (33% and 36%) and pulmonary (34% and 19%) vascular resistance, respectively. However, statistically significant differences 
were not observed between both drugs.

Conclusions: Both inotropic drugs were similarly effective in restoring tissue blood flow and oxygen supply to adequate levels in patients with low 
cardiac output undergoing cardiac surgery.
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myocardial revascularization.
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INTRODUCTION

Ventricular dysfunction can be seen, in different perioperative 
periods, in patients undergoing cardiac surgery, with the conse-
quent inadequate oxygen supply to body tissues. After adjusting 
the blood volume, hemodynamic support with varying doses of 
inotropic drugs and/or vasodilators can contribute for hemodyna-
mic adequacy. When the need of inotropic support in situations 
of low cardiac output is identified, dobutamine is one of the drugs 
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used more often. More recently, phosphodiesterase inhibitors 
like milrinone have been indicated for this purpose 1.

In a study comparing the effects of milrinone and dobutamine 
in patients with low cardiac output after myocardial revasculari-
zation, the efficacy of both drugs was observed. However, pa-
tients who received dobutamine had a higher increase in cardiac 
output, heart rate, and mean arterial pressure while in the milri-
none group patients had greater reduction in pulmonary wedge 
pressure 2. As for side effects observed in this study, dobutami-
ne was associated with a higher number of cases of increased 
blood pressure and atrial fibrillation, while the incidence of sinus 
bradycardia was higher in patients treated with milrinone. This 
greater reduction in pulmonary wedge pressure related to mil-
rinone can contribute for faster reduction in pulmonary conges-
tion in patients with congestive heart failure 2,3. However, in other 
studies with patients with heart failure, significant differences in 
parameters related to right ventricular function, mortality, need of 
other vasodilator or inotropic drug, or need of mechanical circula-
tory support in cardiac transplantation with the isolate use of one 
of those two drugs were not observed 4,5.

Therefore, a consensus on the appropriate selection of ino-
tropic therapy in ventricular dysfunction does not exist, and it 
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is up to the physician to evaluate the hemodynamic status of 
the patient and choose the most adequate vasoactive drug at 
that moment, or for a drug association.

Severe preoperative ventricular dysfunction is one of the 
indications for monitoring with the pulmonary artery catheter 
in patients undergoing cardiac surgery. When low cardiac 
output is identified immediately after anesthetic induction, 
besides correction of the blood volume and administration of 
drugs that could potentially depress the myocardium, the use 
of inotropic or vasodilator drugs such as dobutamine and/or 
milrinone can contribute for the adjustment of oxygen supply 
to the tissues, preventing organ dysfunctions that could com-
promise the postoperative evolution of patients.

The objective of the present study was to compare the 
effects of dobutamine and milrinone on hemodynamics and 
oxygen supply in patients undergoing cardiac surgery who 
developed low cardiac output non-responsive to volume ad-
justment after anesthetic induction.

METHODS

After approval by the Research Ethics Commission of the Hos-
pital das Clínicas da Faculdade de Medicina da Universidade 
de São Paulo, 20 patients undergoing cardiac surgery under 
general anesthesia with minimal or moderate risk according to 
the evaluation proposed by Higgins et al. 6, and who develo-
ped low cardiac output (cardiac index lower than 2.0 L.min-1.
m2) immediately after anesthetic induction and hemodynamic 
monitoring, without adequate response to blood volume ad-
justment, with pulmonary artery pressure > 18 mmHg, were 
included in this study.

Patients with indication for the use of vasoactive and/or 
vasodilators to maintain hemodynamic stability before anes-
thetic induction or distribution to participate in the study were 
excluded.

Oral midazolam, 0.1 to 0.2 mg.kg-1 up to 15 mg, was admi-
nistered 30 minutes before the surgery. After admission to the 
operating room, patients were monitored with continuous elec-
trocardiogram on the DII derivation, pulse oximeter, and invasive 
blood pressure obtained by inserting a pressure transducer in 
the radial artery. After pre-oxygenation and induction of general 
anesthesia, patients were ventilated manually with a facemask 
and intubated with an ET tube with the proper diameter, following 
by the onset of controlled mechanical ventilation. Proper positio-
ning of the tracheal tube was determined by bilateral pulmonary 
auscultation. After anesthetic induction, hemodynamic parame-
ters were monitored by a 7.5F Swan-Ganz catheter (pulmonary 
artery catheter, Baxter Critical Care, California, USA) introduced 
through the right internal jugular vein. During anesthetic induc-
tion each patient received 500 mL of Ringer’s lactate to maintain 
a peripheral venous access and infusion of drugs.

After the proper positioning of the Swan-Ganz catheter in the 
pulmonary artery, the blood volume was adjusted at the discre-
tion of the anesthesiologist, and hemodynamic parameters, such 
as heart rate, blood pressure, mean pulmonary artery pressure, 
central venous pressure, pulmonary wedge pressure, cardiac 

output, cardiac index, systemic vascular resistance index, pul-
monary vascular resistance index, left ventricular work index, 
and right ventricular work index were evaluated. Cardiac output 
was determined by intermittent thermodilution, with three diffe-
rent measurements and using the mean of those measurements. 
Blood samples were drawn for hemoglobin levels, hematocrit, 
and arterial blood gases. With the results of the hemodynamic 
parameters and laboratorial exams, the relationship among the 
arterial oxygen pressure and inspired oxygen fraction, alveolar-
arterial gradient of oxygen (AAO2G), pulmonary shunt, arterio-
venous oxygen difference (DAVO2), oxygen consumption index 
(IVO2), oxygen delivery index (IDO2), and oxygen extraction 
(EO2) were calculated.

The inclusion criterion was the presence of a cardiac in-
dex lower than 2.0 L.min-1.m2 at the time of the evaluation 
of hemodynamic parameters and basal oxygen supply in the 
absence of vasoactive drugs. Patients were randomly divided 
in two groups, according to the inotropic agent administered:

Group D – dobutamine, 5 µg.kg• -1.min-1

Group M – milrinone, 0.5 µg.kg• -1.min-1

After beginning the infusion of one of the drugs through 
the atrial port of the Swan-Ganz catheter, hemodynamic para-
meters were evaluated in 30 and 60 minutes, and blood was 
draw at 60 minutes, at the end of the protocol, to calculate 
oxygen supply. When cardiopulmonary bypass (CPB) was ini-
tiated before the end of the study, the case was excluded.

The score proposed by Higgins et al.6 was calculated to 
evaluate the surgical risk of patients undergoing myocardial 
revascularization. Classification of the surgical risk of patients 
followed the criteria in Table I.

Non-paired Student t test was used to compare demo-
graphic data, surgical risk, and laboratorial exams. Two-way 

Table I – Surgical Risk Classification

Criteria Points

Emergency surgery 6

Serum creatinine > 1.9 4

Serum creatinine between 1.4 – 1.9 1

LVEF < 50% 3

Repeated cardiac surgery 3

Presence of mitral insufficiency 3

Age above 75 years 2

Age between 64 and 75 years 1

Prior vascular surgery 2

Diagnosis of Chronic Obstructive Pulmonary Disease 2

Hematocrit lower than 34% 2

Presence of aortic stenosis 1

Diabetes under treatment 1

Presence of coagulopathies 1

Diagnosis of cerebral vascular disease 1

Weight lower than 65 kg 1

LVEF – left ventricular ejection fraction
Score evaluation: 0 – 1 points: minimal risk; 2 – 3 points: low risk; 4 – 6 points: 
moderate risk; 7 – 9 points: high risk; > 10 points: extremely risky.
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ANOVA for repeated measures was used to compare hemo-
dynamic parameters and oxygen supply, and the drug admi-
nistered to the patient was considered the intergroup factor 
and blood drawings as repeated measurements. In case of 
differences between groups or moments, or the presence 
of interaction, multiple comparisons for the significant factor 
were carried out with the Student-Newman-Keuls test. A p < 
0.05 was considered significant.

RESULTS

Table II shows the data regarding gender, weight, height, BMI, 
and surgical risk. Demographic characteristics, surgical risk, and 
preoperative laboratorial evaluation were similar in both groups.

After induction of anesthesia, the hemodynamic performan-
ce of patients in both groups, characterized by low cardiac indi-
ces (Group D = 1.59 ± 0.20 and Group M = 1.44 ± 0.38 L.min-1.

m2), elevated systemic (Group D = 2577 ± 630 and Group M = 
3107 ± 1008 dyn.s-1.cm-5.m-2) and pulmonary (Group D = 469 ± 
184 and Group M = 507 ± 259 dyn.s-1.cm-5.m-2) vascular resis-
tance, and low left ventricular  (Group D = 29 ± 10 and Group 
M = 22 ± 8 kg.min-1.m-2) and right ventricular (Group D = 12 ± 
12 and Group M = 10 ± 4 kg.min-1.m-2) work indices, was consi-
dered inadequate. Central venous pressure (Group D = 17 ± 4 
and Group M = 15 ± 4 mmHg) and pulmonary wedge pressure 
(Group D = 22 ± 5 and Group M = 22 ± 7 mmHg) were elevated. 
Oxygen supply and consumption were low, and oxygen extrac-
tion was elevated in both groups greater than 30%. Statistically 
significant differences in basal hemodynamic parameters were 
not observed in both groups. It was not necessary to administer 
volume to all patients, since pulmonary wedge pressure was 
greater than 18 mmHg, before the administration of the chosen 
vasoactive drug.

As shown in Table III the introduction of vasoactive drugs 
promoted significant and sustained increase in the cardiac in-

Table II – Demographic Data and Surgical Risk of Patients in the Dobutamine and Milrinone Groups

Dobutamina Milrinone p value

Gender (M/F; n) (5 / 5) (6 /4) NS
Age (years) 69 ± 8 62 ± 10 NS
BMI (kg.cm-2) 28.4 ± 3.8 26.1 3.5 NS
Weight (kg) 75 ± 14 68 ± 11 NS
Height (cm) 164 ± 10 162 ± 7 NS
Surgical risk 4.4 ± 1.4 4.1 ± 1.8 NS
LVEF (%) 47 ± 15 43 ± 22 NS
Creatinine (mg.dL-1) 1.2 ± 0.2 1.4 ± 0.4 NS
BMI = body mass index; LVEF = left ventricular ejection fraction.

Table III – Hemodynamic Parameters During the Study

Group basal 30 minutes 60 minutes p group factor p time factor p interaction

CF dobutamine 54 ± 11 65 ± 12! 67 ± 13! NS < 0.001 NS

(bpm) milrinone 61 ± 18 88 ± 18! 67 ± 12!

MAP dobutamine 70 ± 14 65 ± 7 65 ± 7 NS NS NS

(mmHg) milrinone 66 ± 8 67 ± 6 65 ± 7

mean PAP dobutamine 31 ± 6 28 ± 7 26 ± 5 NS NS NS

(mmHg) milrinone 31 ± 11 32 ± 9 34 ± 7

CVO dobutamine 17 ± 4 14 ± 3 16 ± 4 NS NS NS

(mmHg) milrinone 15 ± 4 17 ± 3 17 ± 3

POAP dobutamine 22 ± 5 18 ± 4 18 ± 4 NS NS NS

(mmHg) milrinone 22 ± 7 22  ± 5 22 ±5

CI dobutamine 1.59 ± 0.20 2.49 ± 0.521! 2.86 ± 0.76! NS < 0.001 NS

(Mmin-1.m2) milrinone 1.44 ± 0.38 2.12 ± 0.48! 2.32 ± 0.47!

SVRI dobutamine 2577 ± 630 1718 ± 517! 1480 ± 488! NS < 0.001 NS

(dyns-1.cm-5.m-2) milrinone 3107 ± 1008 1993 ± 470! 1921 ± 449!

IRVO dobutamine 499 ± 184 309 ± 149! 270 ± 125! NS < 0.001 NS

(dyns-1.cm-5.m-2) milrinone 507 ± 259 411 ± 303! 398 ± 232!

ITSVE dobutamine 29 ± 10 34 ± 5! 36 ±9! NS < 0.001 NS

(kg-min-1.m-2) milrinone 22 ± 8 29 ± 8! 32 ± 10!

RVWI dobutamine 12 ± 12 13 ± 4! 15 ± 4!* NS < 0.001 NS

(kg.min-1.m-2) milrinone 10 ± 4 13 ± 4! 16 ± 5!*

HR = heart rate; MAP = mean arterial pressure; mean PAP = mean pulmonary artery pressure; CVP = central venous pressure; PCWP = pulmonary capillary wedge 
pressure; CI = cardiac index; SVRI = systemic vascular resistance index; PVRI = pulmonary vascular resistance index; LVWI = left ventricular work index; RVWI = right 
ventricular work index. ! means p < 0.05 when compared to baseline. * means p < 0.05 when compared with levels at 30 minutes.
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dex of 56% in the Dobutamine Group, and 47% in the Milrino-
ne Group without statistically significant differences between 
both groups. The heart rate increased by 20% with dobuta-
mine, and 11% with milrinone, and remained elevated until 
the end of the study without statistically significant differences 
between both groups. Right and left ventricular work index 
had similar increases in both groups, while the reduction in 
systemic and pulmonary vascular resistance was significant 
and similar in both groups.

When blood oxygenation and oxygen supply were evalua-
ted, a reduction in PaO2/ FiO2 was observed 60 minutes after 
the onset of the vasoactive drugs, without statistically signi-
ficant differences between milrinone and dobutamine, which 
can be seen in Table IV. However, an increase in oxygen 
supply and reduction in oxygen extraction was observed 60 
minutes after the onset of the infusion of vasoactive drugs. 
Changes in oxygen consumption were not observed.

DISCUSSION

The main findings of this study were: 1) both inotropic drugs 
were effective in increasing the cardiac output due to the mild 
increase in heart rate and systolic work of both ventricles; 2) 
oxygen supply increased significantly while peripheral oxygen 
extraction decreased; and 3) significant changes were not ob-
served in oxygen consumption.

Very few studies in the literature compared the isolated ac-
tion of those two drugs. In prior studies that compared both 
drugs in the treatment of patients with heart failure, significant 
differences in right cardiac hemodynamic parameters, morta-
lity, need of another vasodilator or inotropic drug, or the need 
of mechanical cardiac support after the transplant, were not 
observed between both drugs 4,5.

Different hemodynamic effects have been proposed to 
suggest possible indications for the use of different inotropic 
drugs. In experimental studies, it was observed that milrino-

ne produced greater reduction in total peripheral vascular re-
sistance, as well as in renal and splanchnic resistance when 
compared to dobutamine, probably resulting from direct vaso-
dilation 7. This observation was independent from the inotro-
pic effect of the drug. Studying the impact of dobutamine and 
milrinone on right ventricular function in patients with conges-
tive heart failure, Eichhorn et al. observed that doses of both 
drugs used to promote similar elevation in cardiac index and 
left ventricular systolic performance caused different effects 
on pulmonary circulation. The authors observed that milrinone 
promoted significant reduction in pulmonary artery pressure 
and pulmonary vascular resistance, which was not seen with 
dobutamine 8.

In different clinical contexts, significant differences in the 
hemodynamic impact of those drugs were not observed. Ac-
cording to Feneck et al., who compared both drugs in pa-
tients with low cardiac output after myocardial revasculariza-
tion, both drugs were adequate and effective in the treatment 
of low cardiac output, but a higher increase in CI, HR, MAP, 
and LVWI was observed with dobutamine, while the Milrino-
ne Group showed greater reduction in PCWP 2. Comparing 
the effects of dobutamine and milrinone in patients awaiting 
heart transplant, Aranda et al. did not observe differences in 
MPAP, PCWP, pulmonary vascular resistance, BP, HR, and 
cardiac output 4.

In a study that evaluated or compared the hemodynamic 
impact of dobutamine and milrinone in patients with conges-
tive heart failure treated with carvedilol, Lowes et al. obser-
ved that milrinone promoted more significant reduction in 
mean arterial pressure, PCWP, and MAP than dobutamine 
9. Elevated doses of dobutamine (15-20 µg.kg-1.min-1) were 
necessary to achieve similar elevation in cardiac output 
and left ventricular work index as milrinone. In those doses, 
dobutamine caused significant increase in heart rate, but it 
did not change PCWP. According to those results, Lowes et 
al. suggested that the hemodynamic profile of dobutamine 
is less adequate than that of milrinone in patients with heart 

Table IV – Oxygenation and Oxygen Supply Parameters

Grupo basal 60 minutos p group factor p time factor p interaction

PaO2/FiO2 dobutamine 438 ± 191 307 ± 148 NS < 0.001 NS

milrinone 411 ± 78 298 ± 119

GAaO2 dobutamine 104 ± 89 175 ± 100 NS NS NS

milrinone 127 ± 52 211 ± 117

DavO2 (mmHg) dobutamine 5.5 ± 1.5 3.8 ±1 NS < 0.001 NS

milrinone 6.5 ± 1.6 4.5 ± 1.5

IVO2 (mlmin-1.m-2) dobutamine 86 ± 19 103 ± 22 NS NS NS

milrinone 97 ± 34 100 ± 18

IDO2 (mlmin-1.m-2) dobutamine 279 ± 60 429 ± 135 NS < 0.001 NS

milrinone 263 ± 72 381 ± 81

EO2 (%) dobutamine 32 ± 9 26 ± 8 NS < 0.006 NS

milrinone 36 ± 7 27 ± 8

PaO2/FiO2 = partial pressure of oxygen /inspired fraction of O2; AAO2G = alveolar-arterial oxygen gradient; DAVO2 = arteriovenous oxygen difference; IVO2 = oxygen 
consumption index; IDO2 = oxygen delivery index; EO2 = oxygen extraction.
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failure treated with beta-blockers. In the present study, both 
drugs were effective in restoring the cardiac output, and the 
superiority of the hemodynamic characteristics of one drug 
over the other was not observed. However, in this study, 
both drugs were equally effective in restoring the hemody-
namic parameters in patients with low cardiac output after 
anesthetic induction.

Despite the important and significant increase in cardiac 
index and parameters of oxygen supply, significant chan-
ges in consumption of oxygen were not observed. This may 
indicate that, in the hemodynamic point of view, although 
oxygen supply to tissues was low before the administration 
of inotropic drugs, it was adequate for the consumption at 
that moment in a patient under general anesthesia. Evalu-
ating the impact of each drug separately, the increase in 
myocardial contractility could be responsible for myocardial 
oxygen consumption, worsening a probable cardiac ische-
mia, which would be, in theory, harmful. The administration 
of both drugs, in the doses used here, promoted the re-
duction in peripheral and pulmonary vascular resistance, 
contributing to reduce myocardial oxygen consumption, 

compensating for the probable negative impact of using 
inotropic agents.

The limitations of the present study include the number 
of patients (only 10 in each group), and the time available to 
evaluate each drug (longer time for analysis was not possible 
because patients underwent surgical procedures that required 
CPB). Patients would have an unfavorable evolution without 
the use of inotropic drugs during the surgery, which makes it 
impossible to have a control group using placebo. It is known 
that the parameters investigated are influenced by the level 
of anesthesia. In this study, the level of anesthesia was not 
monitored.

The impact of this study relies in the fact that a rule or con-
sensus on the first choice of inotropic therapy in patients un-
dergoing cardiac surgery and who present low cardiac output 
after anesthetic induction does not exist, and it is up to the 
anesthesiologist to indicate the inotropic drug or the best as-
sociation of vasoactive drugs according to his/her experience. 
Since marked differences were not observed between both 
treatments, the cost of each medication could be addressed 
since it is higher for milrinone.




