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Objective - To assess the hemodynamic and vasodila-
ting effects of milrinone lactate (ML) in patients with di–
lated cardiomyopathy (DCM) and New York Heart
Association (NYHA) class III and IV heart failure.

Methods - Twenty patients with DCM and NYHA class
III and IV heart failure were studied. The hemodynamic and
vasodilating effects of ML, administered intravenously, were
evaluated. The following variables were compared before
and during drug infusion: cardiac output (CO) and cardiac
index (CI); pulmonary capillary wedge pressure (PCWP);
mean aortic pressure (MAP); mean pulmonary artery pres-
sure (MPAP); mean right atrial pressure (MRAP); left ventri-
cular systolic and end-diastolic pressures (LVSP and
LVEDP, respectively); peak rate of left ventricular pressure
rise (dP/dt); systemic vascular resistance (SVR); pulmonary
vascular resistance (PVR); and heart rate (HR).

Results - All patients showed a significant improve-
ment of the analysed parameters of cardiac performance
with an increase of CO and CI; a significant improvement
in myocardial contractility (dP/dt) and reduction of the
LVEDP; PCWP; PAP; MAP; MRAP; SVR; PVR. Were
observed no significant increase in HR occurred.

Conclusion - Milrinone lactate is an inotropic dila-
ting drug that, when administered intravenously, has bene-
ficial effects on cardiac performance and myocardial con-
tractility. It also promotes reduction of SVR and PVR in pa-
tients with DCM and NYHA class III and IV of heart failure.
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Despite classic therapeutics with digitalis, diuretics,
vasodilators, and angiotensin converting enzyme (ACE)
inhibitors, patients with DCM and NYHA class III and IV
congestive heart failure (CHF) often present with episodes
of cardiac decompensation. During these episodes, the
therapeutics of CHF requires the intravenous administra-
tion of either inotropic or vasodilating agents, or both.  Vaso-
dilating therapy with sodium nitroprusside has proven
effective in patients with left ventricle failure, but arterial hy-
potension is its main side effect. The inotropic agents (do-
pamine and dobutamine) that act through α-adrenergic sti-
mulation also have proven efficacy in short-term treatment
of CHF 1,2. In addition to the intense positive inotropic acti-
vity, these agents also have adverse side effects, such as a
significant increase in HR, an increase in oxygen consump-
tion by the myocardium, an increase in myocardial irritabili-
ty, and elevation of systemic and pulmonary vascular resis-
tances 3-5. It should be emphasized that patients with DCM
in an advanced stage often exhibit reduction in the number
or sensitivity of α-adrenergic receptors, or both, and this
can restrict the plain activity of sympathicomimetic agents 6,7.

From 1978 on, a new category of drugs has appeared,
the so-called inodilators, to be used intravenously in the
treatment of CHF of different causes 8-10. They are the bipiri-
dines characterized by the concomitance of positive inotro-
pic properties and peripheric and pulmonary arterial vaso-
dilating properties. The bipiridines act by inhibiting the iso-
enzyme of type III phosphodiesterase, promoting an in-
crease in intracellular cyclic AMP in the myocardium and in
the vascular smooth muscle 5,10-13. This results in an increa-
se of concomitant inotropism and vasodilatation that are
independent from the adrenergic pathways and from the
Na+K+ATPase system, used by sympathicomimetic agents
and digitalis, respectively.

Currently, for clinical use there are two inhibiting
agents of phosphodiesterase available: amrinone and milri-
none. There are reports in the literature 14 showing that milri-
none lactate (ML) has greater inotropic activity and smaller
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incidence of adverse side effects than amrinone. Both
drugs are used in the treatment of CHF of different causes.

The objective of this study was to evaluate ML in
patients with DCM and NYHA class III or IV  CHF. The
acute effects of the intravenous administration of ML in
patients were analysed with regard to cardiac performance
and myocardial contractility, as were the systemic and
pulmonary arterial vasodilating effects.

Methods

We analysed 20 patients, 11 males and 9 females,
ranging in age from 35 to 63 years. They had DCM and were
in NYHA class III and IV CHF (5 patients were in class III
and 15 in class IV). Althrough, conventional therapeutics
with digitalis, vasodilators, diuretics, and ACE inhibitors
were used, patients were still in heart failure. Prior to the
study protocol, the patients underwent clinical examination,
ECG, chest roentgenogram, and Doppler echocardiogram.

The criteria for inclusion in the study were the follo-
wing: a) the patient, female or male, should be >18 years of
age; b) have NYHA class III or IV CHF; c) have DCM; d)
have a cardiothoracic index of >0,60; e) have diffuse hy-
pokinesia of the left ventricle (LV) on echocardiogram and
ventriculography; f) sinus rhythm; g) no coronary artery
obstruction and LV end-diastolic pressure ≥16 mmHg.
Patients with cardiac valvular diseases, Chagas’ cardio-
myopathy, ischemic cardiomyopathy, hypertension, and
significant tricuspid insufficiency were excluded from the
study.

The oral medication patients were taking was kept at
the same dosages throughout the ML study protocol.

To determine the causes of the cardiomyopathy, all
patients underwent right and left cardiac catheterization
through brachial via and under local anesthesia with 2%
lidocaine. Right catheterization was performed through the
median basilic vein, with the introduction of a thermodilu-
tion catheter 7F. Its distal extremity was located in the right
branch of the pulmonary artery. The catheterization of the
left ventricle was retrogradely performed through the right
brachial artery, using the catheter Sones 8F. All patients
underwent coronary angiography and ventriculography.

For pressure registration, a manometrical system was
used. This system consisted of a Statham P23Db transduc-
tor connected to a VR 1205 amplifier of a VR 12 recorder
(Electronics for Medicine). This manometrical system has
already been evaluated in our laboratory and has dynamic
characteristics appropriate for the evaluations performed in
this study 15. The mean plane of the thorax was taken as the
zero pressure reference level for the pressure values.

The changes in the contractile state of the myocar-
dium were evaluated by the analysis of the behavior of the
peak rate of the left ventricular pressure rise (dP/dt). For
this, the left ventricle pressure signal was continually
differentiated electronically by unfiltered RC circuit. The
value of dP/dt was the arithmetic mean value of 10 consecu-
tive cardiac beats.

The cardiac output (CO) was determined by the ther-
modilution method using the monitor of cardiac output
Anamed model 7800. For each patient studied, the CO value
was obtained using the arithmetic mean value of 5 consecu-
tive determinations, which did not did not show a difference
greater than 5% between the highest and the lowest values
obtained.

Study protocol - When the diagnostic evaluations
were finished, a period of 30 minutes was observed before
starting the evaluation protocol. With the patients at basal
condition, the records of the following variables were obtai-
ned: HR; PCWP; MAP; MPAP; MRAP; LVSP and LVEDP;
CO and CI; systolic volume and index (SV and SI, respec-
tively); dP/dt; systemic and pulmonary vascular resistances
(SVR and PVR, respectively). For the determination of CI, SV,
SI, SVR, and PVR, pattern calculations and formulas
established in the literature were used.

After the variables at basal condition were recorded,
an initial bolus of 50 µg/kg of ML was administered in about
10 minutes, followed by intravenous continuous infusion
of increasing doses of 0.50, 0.625, and 0.75 µg/kg/min of ML
up to the obtainment of a maximum increase in the CO
without adverse side effects. The following side effects
were established as adverse: a) increase of HR and/or de-
crease of the MAP >15% in relation to basal values, or both;
b) ventricular extrasystoles >10/minute.

Once established, the dose of ML that promoted the
highest increase of CO was maintained by continuous
infusion. One hour after the start of this dose, another
measurement of all variables evaluated at basal condition
was recorded. A 5% glucose solution was used as a diluent
for ML.

The values of the variables at basal condition were
compared to those obtained during the infusion of ML,
using Student’s t test for paired data. For all variables stu-
died, the difference between the values obtained was consi-
dered significant when the statistical probability of its
casualty was <5% (p<0.05).

Results

The maintenance dose of ML that determined the
highest increase of CO was 0.500µg/kg/min in 3 patients,
0.625µg/kg/min in 4 patients and 0.750µg/kg/min in 13
patients (table I).

The results of the hemodynamic parameters
obtained at basal condition and during the infusion of
ML of all patients studied are shown in tables II and III,
respectively.

When the results obtained at basal condition were
compared to those obtained during the infusion of ML, the
following could be observed: mild elevation of HR (+7.1%);
significant reduction of MAP (-10.9%), but in none of the
patients analysed was the MAP less than 70 mmHg; signifi-
cant reduction in MPAP (-28.8%) and in MRAP (-37.9%).
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Table I – Clinical characteristics and maximum dose of milrinone
lactate used in the treatment of each patient

Patient Age Gender Class Dose
(years) CHF (µg/kg/min)

1 51 M IV 0,50
2 35 M IV 0,50
3 41 F IV 0,50
4 30 M III 0,625
5 46 F IV 0,750
6 62 F IV 0,625
7 63 M IV 0,750
8 35 M III 0,750
9 44 F IV 0,750

10 37 M IV 0,750
11 48 F IV 0,750
12 63 M IV 0,750
13 39 F III 0,750
14 47 M IV 0,750
15 45 M IV 0,750
16 23 F III 0,625
17 39 F III 0,625
18 46 M IV 0,750
19 48 M IV 0,750
20 53 F IV 0,750

CHF- congestive heart failure according to NYHA functional class;
Dose – maintenance dose of milrinone lactate capable of promoting
maximum increase of CO.

Table II – Individual values, means (X) and standard deviations (sd) of the hemodynamic variables, observed
at basal condition of all patients studied

Patient HR MAP MRAP MPAP PCWP LVEDP CO CI PVR SVR dP/dt+

(bpm) (mmHg) (mmHg) (mmHg) (mmHg) (mmHg) (l/min) (l/min/m2) (dyn x s/cm2) (dyn x s/cm2) (mmHg/s)

1 96 80 8 38 20 22 3,20 1,97 450 1800 918
2 95 80 12 47 25 25 2,56 1,55 687 2125 1100
3 100 75 8 65 32 30 2,88 1,90 917 1861 1000
4 82 110 6 39 18 18 3,47 1,95 484 2398 987
5 80 103 13 47 23 20 3,50 1,98 544 2056 1047
6 85 93 9 56 25 23 3,83 2,23 647 1755 1051
7 78 83 23 48 35 35 2,40 1,45 433 2000 1020
8 84 86 9 38 18 17 3,31 2,36 483 1861 1000
9 70 76 16 53 25 24 3,82 2,10 586 1256 987
10 94 84 20 48 24 23 1,97 1,40 975 2599 960
11 86 87 14 45 24 23 3,16 1,94 532 1848 1007
12 90 80 8 33 20 20 1,94 1,20 536 2969 825
13 110 93 13 43 25 24 2,66 1,74 541 2406 899
14 100 91 14 44 24 25 2,56 1,66 625 2406 897
15 100 106 11 45 34 33 3,51 2,21 251 2165 980
16 80 92 7 35 27 26 3,03 1,64 211 2244 869
17 90 80 6 32 20 20 2,50 2,50 315 1941 856
18 82 87 14 46 24 26 2,80 1,97 604 2000 920
19 90 80 12 44 22 24 2,50 1,88 704 2176 965
20 76 75 10 48 27 27 2,42 2,01 700 2160 878

x 88,4 87,0 11,6 44,7 24,6 24,2 2,90 1,85 561,0 2101 908,3
sd 14,5 10 5,6 8,7 5,8 5,6 0,86 0,26 51,0 176,2 113,4

HR- heart rate; MAP- mean aortic pressure; PCWP- pulmonary capillary wedge pressure; MPAP- mean pulmonary artery pressure; MRAP- mean right atrium
pressure; LVEDP – left ventricle end-diastolic pressure; CO- cardiac output; CI- cardiac index; PVR- pulmonary vascular resistance; SVR- systemic vascular
resistance; dP/dt+ - peak rate of left ventricular pressure rise.

There was also significant reduction in PCWP (-40.2%) and
in LVEDP (-38.0%). In regard to cardiac performance para-
meters, there was a significant increase in CO (+37.2%) and
in CI (+37.8%) in all patients evaluated. There was also a

significant reduction in PVR (-37.2%) and in SVR (-30.3%). In
regard to dP/dt, there was a significant and dramatic increa-
se (+45.1%), characterizing the important positive inotropic
effect of the drug. The percent variation of each parameter
analysed is shown in figure 1. There was significant
improvement in PCWP, LVEDP, MPAP, MRAP, CI, SI, PVR,
SVR, and dP/dt, associated with a mild decrease in MAP and
slight elevation of HR. None of the patients studied had
adverse side effects that could justify the interruption of
drug infusion. Five patients had isolated ventricular
extrasystoles (not more than 10 ectopic beats per minute).

Discussion

The conventional treatment of patients with DCM
and NYHA class III and IV CHF includes the administration
of digitalis, diuretics, vasodilators, and the ACE inhibitor.
Even with the use of rigid therapeutic regimens, a conside-
rable number of these patients have frequent episodes of
cardiac decompensation that require hospitalization and
intravenous administration of inotropic drugs or vasodila-
tors, or both. Among the inotropic drugs of intravenous
use, besides the α-adrenergic stimulants, the phospho-
diesterase inhibitors (amrinone and milrinone) are useful
agents in these conditions.

Milrinone lactate is a therapeutic agent of relatively
recent use, with simultaneous positive inotropic and vaso-
dilating activities. Therefore, it is a potentially promising
drug for the treatment of patients with CHF, who do not
respond satisfactorily to other drugs 16-18.
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In DCMs, the primary and major functional disorder is
the depression of myocardial contractility, which results in  a
decrease systolic function and reduction of CO. The reduc-
tion of CO leads to a series of complex mechanisms of com-
pensation, with special emphasis on the adrenergic hyperac-
tivity, the activation of the renin-angiotensin-aldosterone
system, and the increased release of the arginine-vaso-
pressin complex 19. In an initial stage, these mechanisms
stimulate contractility, increasing the CO, maintaining the
flow to vital organs, and promoting the expansion of blood
volume. The consequence is the increase in afterload and

Table III – Individual values, means and standard deviations (sd) of the hemodynamic variables observed during infusion of
milrinone lactate in all patients studied

Patient HR MAP MRAP MPAP PCWP LVEDP CO CI PVR SVR dP/dt+

(bpm) (mmHg) (mmHg) (mmHg) (mmHg) (mmHg) (l/min) (l/min/m2) (dyn x s/cm2) (dyn x s/cm2) (mmHg/s)

1 100 73 6 19 14 15 3,80 2,35 105 1410 1133
2 100 70 7 40 14 16 2,89 1,75 720 1744 1700
3 106 70 6 53 23 23 3,46 2,28 694 1460 1432
4 85 81 4 17 10 9 4,26 2,39 131 1446 1343
5 85 90 13 20 10 10 4,82 2,80 166 1278 1639
6 91 88 3 44 15 13 5,36 3,12 433 1269 1342
7 88 72 13 35 22 23 4,79 2,88 217 985 1346
8 95 83 4 15 10 10 3,91 2,79 102 1616 1247
9 85 70 7 43 16 20 4,64 2,55 465 931 1143

10 100 70 10 40 11 15 3,58 2,54 648 1328 1358
11 88 76 8 33 15 16 4,15 2,55 347 1311 1338
12 98 76 4 22 14 14 2,70 1,67 237 2133 1137
13 120 79 7 35 14 13 4,63 3,03 363 1244 1526
14 106 78 6 34 12 11 4,51 2,93 390 1277 1437
15 102 89 8 40 24 26 3,88 2,44 330 1629 1115
16 84 88 4 32 15 16 4,49 2,43 303 1497 1034
17 98 76 5 22 14 14 3,05 2,61 256 2272 1137
18 86 80 8 32 15 14 4,02 2,48 340 1440 1336
19 94 72 6 30 13 12 3,51 2,62 388 1504 1438
20 82 68 5 30 13 15 3,30 2,88 412 1520 1237

x 94,7 77,5* 7,2* 31,8* 14,7* 15,0* 3,98* 2,55* 352* 1464* 1317*
sd 13,2 8,2 3,1 5,4 4,2 4,1 0,90 0,30 46,2 126,0 108,7

HR- heart rate; MAP- mean aortic pressure; PCWP- pulmonary capillary wedge pressure; MPAP- mean pulmonary artery pressure; MRAP- mean right atrium
pressure; LVEDP- left ventricle end-diastolic pressure; CO- cardiac output; CI- cardiac index; PVR- pulmonary vascular resistance; SVR- systemic vascular
resistance; dP/dt+ - peak rate of left ventricular pressure rise; * - Significantly different values when compared to the basal condition (p<0.05).

Fig. 1 – Percent variation of variables studied observed at basal condition and during
infusion of milrinone lactate. HR- heart rate; MAP- mean aortic pressure; PCWP-
pulmonary capillary wedge pressure; MPAP- mean pulmonary artery pressure;
MRAP- mean right atrium pressure; LVEDP- left ventricle end-diastolic pressure; CO-
cardiac output; CI- cardiac index; PVR- pulmonary vascular resistance; SVR- systemic
vascular resistance; dP/dt+ - peak rate of left ventricular pressure rise.
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preload (the first results from vasoconstriction and the se-
cond from sodium and water retention). When CHF becomes
chronic, these mechanisms can cause undesired effects,
such as exaggerated elevation of preload and afterload, as
well as reduction of density and sensitivity of the myocardial
β-receptors, due to their prolonged exposure to high levels of
circulating norepinephrine 6,20. The reduction of myocardial
β-receptors deprives the failing heart of this main compensa-
tory mechanism and can restrict the activity of the inotropic
agents, which act through the β-adrenergic pathway.

Under these conditions, the inhibitors of phospho-
diesterase (amrinone and milrinone) can promote an increase
in myocardial contractility through a different mechanism
from those of the sympathicomimetic agents. The effect of
ML through the inhibition of the fraction III of phospho-
diesterase results in the increase in the concentration of
cyclic AMP and Ca++ inside muscle cells 14. The increase of
Ca++ influx occurs through the slow calcium channels,
producing positive inotropic and vasodilating effects. The
positive inotropic effect is believed to be linked to the modu-
lation of capture and release of calcium by the sarcoplasmic
reticulum inside myocardial cells 10. The vasodilating effect
is due to a vessel-relaxing action produced by the phospho-
rylation of proteins of the smooth muscle of the vessels by
protein kinases dependent on cyclic AMP and by changes
in ionic flows 10,12,14,21. This combined effect increases
myocardial contractility and simultaneously reduces the
cardiac load through vasodilating action, which justifies the
use of ML in the treatment of CHF, replacing the sympathi-
comimetic agents or associated with them.
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