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Haemodynamic effects of a new inotropic agent
(dobutamine) in chronic cardiac failure

Jonas Beregovich, Christian Bianchi, Ralph D'Angelo, Ruth Diaz, and Shirley Rubler
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The haemodynamic effects of dobutamine were studied in I4 patients with chronic congestive cardiac failure.
Heart rate, central venous, pulmonary arterial, pulmonary wedge, and aortic pressures, aortic dp/dt, cardiac
output, cardiac index, stroke volume, and pulmonary and systemic vascular resistances were measured or

derived. Dose-response curves were obtained by recording all measurements before and after intravenous in-
fusion of dobutamine at rates of 2.5, 5, and IO ,ug/kg per min for periods of 30 minutes each. Significant in-
creases in mean values were observedfor cardiac output from 3.7 to 6.4 1/min (82%), for stroke volumefrom
44 to 64 ml (39%), and aortic dp/dt from 692 to 1414 mmHg/s (92.0 to x88.i kPa/s) (76%). Heart rate in-
creased only moderatelyfrom 86 to 1oi per minute (31%). Significant reduction occurred in pulmonary wedge
and central venous pressures. Mean aortic and pulmonary pressures did not change significantly, as a measure

of decreased vascular resistances. The drug was uniformly well tolerated. The predominant inotropic effects of
dobutamine without tachycardia or arrhythmias may be valuable in severe heartfailure.

Catecholamines with predominant inotropic action
have been used as an alternative to glycoside agents
in conditions associated with cardiac failure. We
have previously reported our experience with iso-
prenaline in myocardial infarction (Beregovich,
Reicher-Reiss, and Grishman, I972), and in the
low cardiac output state following open heart
surgery (Beregovich et al., I97I). The haemodyn-
amic and renal effects of dopamine in patients with
severe and chronic congestive heart failure have also
been investigated (Beregovich et al., I974; Mc-
Donald et al., I964; Rosenblum, Tai, and Lawson,
I970). These studies have demonstrated the
effectiveness of such drugs as judged by clinical and
haemodynamic criteria, provided their administra-
tion is based on a pharmacological understanding
of their dose-response curves.
Dobutamine is a catecholamine, newly developed

by systematic chemical substitutions of the side
chains of isoprenaline and norepinephrine, which,
in animal experiments, has proved to be almost
exclusively an inotropic agent, with little direct
action on the vessels. It also exhibits greatly reduced
chronotropic and arrhythmogenic effects (Tuttle and
Mills, in the press) (Fig. i).

This investigation was developed to study the
dose-related effects of dobutamine in a group of
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patients with chronic congestive heart failure.
Haemodynamic and renal parameters were meas-
ured during the administration of graded incre-
ments of the drug. The present report describes
initial clinical observations with the use of this
new inotropic agent.

Subjects and methods
Fourteen patients (8 men and 6 women) whose ages
ranged from 24 tO 74 years were investigated. All had
cardiac failure secondary to myocardial, coronary, or
valvular disease. Patients considered for this investiga-
tion received a complete verbal and written description
of the procedure and of the potential effects of the drug
to be administered. Consent was subsequently obtained
in writing. The patients were allocated to 2 groups
according to their functional class (New York Heart
Association Classification) and cardiac index at the time
of the study. Group A consists of 4 patients in functional
class II, clinically 'compensated', and with a cardiac
index more than 3 1 minl- m-2 on basal conditions.
Group B consists of io patients in functional class III
or IV, with clinical evidence of severe congestive failure,
and with a cardiac index less than 3 1 min - m- 2. Digi-
talis, when previously administered, was discontinued
24 to 48 hours preceding the study. Standard haemody-
namic techniques and instrumentation were used. Cath-
eters were placed in the superior vena cava and pul-
monary artery via antecubital vein cut-down or femoral
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FIG. I Chemical structure of dobutamine.

vein puncture. An arterial catheter (No. 7F polyethylene,
Ioo cm in length) was introduced percutaneously
through one of the femoral arteries using Seldinger's
technique (Seldinger, I953).

Pressure curves were obtained with P23DB Statham
transducers. Cardiac output determinations were carried
out in duplicate by the dye dilution technique using
indocyanine green. Aortic dp/dt was recorded with a
model RC-i differentiator. All tracings were recorded
using a PR-I2 Electronics for Medicine. Heart rate,
central venous, pulmonary arterial, pulmonary wedge,
and aortic pressures, aortic dp/dt, cardiac output, car-
diac index, and stroke output, and pulmonary and
systemic vascular resistance were measured or derived.

Renal studies were performed as follows: an in-
dwelling Foley catheter was positioned in the bladder on
the morning of the study. After complete emptying of
the bladder, urine was collected continuously for 30 to
45 minutes. At the conclusion of each period of drug
administration, the bladder was emptied by suprapubic
pressure. Blood samples for renal studies were obtained
by means of one of the venous catheters. Urine and
blood samples were analysed for electrolyte content;
urine volume was measured for each period of the drug
infusion.
Haemodynamic and renal parameters were recorded

under basal conditions 30 tO 45 minutes after completion
of catheterization procedures. Dobutamine was admin-
istered intravenously by the micro-drip technique at
infusion rates of i ,ug/kg per min in 5 patients, 2.5 ,ug/kg
per min in I3 patients, 5 ,ug/kg per min in I4 patients
and io I±g/kg per min in 5 patients. Increasing doses were
used for consecutive periods of 30 minutes each. Ran-
domized dosage was not used so as to allow earlier detec-
tion of any untoward effects. Repeat recordings of all
parameters were obtained at the end of each dobutamine
infusion period. Duplicate readings were all considered
in calculating individual parameters. These values were
then used for computation of the averages. Statistical
analysis and Students paired 't' tests for significance
were applied to all values obtained.

Results
The haemodynamic effects of dobutamine are pre-
sented for Group A in Table i, and for Group B in
Table 2. Fig. 2 to 4 represent individual and aver-
age dose-response curves of pertinent parameters
for patients in Group B.

In cases with minimal cardiac impairment and
clinically 'compensated' (Group A), haemodyn-
amic and renal parameters showed few changes with
the dose range indicated in Table i. The inotropic
activity of dobutamine, however, was manifested
by moderately significant increases in cardiac out-
put and aortic dp/dt, as well as by reduction in pul-
monary wedge pressure. In contrast, patients with
severe congestive heart failure (Group B) had a most
significant and interesting response (Table 2).

Cardiac index (Fig. 2)
Initially at a low mean value of 2.I 1 min m 2 it
increased steadily and significantly with progressive
doses of the drug to a high normal value of 3.4
1 min-' m-2, representing an increase of 83 per
cent above control. This augmentation in cardiac
output and index was observed in each individual
case.

Stroke volume (Fig. 3)
This rose concomitantly with cardiac index to 39
per cent over control values, indicating the signi-
ficant contribution of enhanced contractility upon
total output, in the face of a stable preload.

Heart rate (Fig. 4)
This changed comparatively little from a mean
control of 86/min to ioi/min at the maximal infu-
sion of io ,ug/kg per min. Though increases in heart

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.37.6.629 on 1 June 1975. D
ow

nloaded from
 

http://heart.bmj.com/


Haemodynamic effects of a new inotropic agent (dobutamine) in chronic cardiac failure 631

rate averaged 3I per cent above control, they were
not excessive in any individual patient, were well
tolerated, and were not associated with ectopic
arrhythmias.

Aortic dp/dt
This increased significantly up to 76 per cent over
control values at the infusion rate of IO jig/kg per
mmi.

Mean aortic pressure

This remained strikingly stable throughout the
study, while calculated systemic vascular resistance
fell as a measure of increased cardiac output with-
out significant changes in mean arterial pressure.

Pulmonary wedge pressure

Pulmonary wedge pressure, obtained in 8 patients,
was significantly reduced. All had initial pressures
between I5 and 38 mmHg (2.0-5.i kPa) and
there were large falls in 6 patients. The two
cases (Cases 9 and I3) without obvious changes had
predominant aortic stenosis and mitral stenosis,
respectively.

Central venous pressure

This also fell significantly and progressively for the
group, mainly because of a conspicuous reduction
in 3 patients from initial values of I5, 33, and
i8 cm H20 (I.5, 3.3, and i.8 kPa) to 9, 25, and

TABLE i Hacmodynamic effects of dobutamine (Group A)

Basal 2.5 i±g/kg per min 5 kg/kg per min

Haemodynamics nf=4 nf=4 n=4
Heart rate (beats/min) Mean+ SE 69 ± 1-4 65 ± i.6 77 ± 3.2

Per cent ioo 94 III
P NS NS

Cardiac output (1/min) Mean + SE 6.2 i I.4 7.2 i 0.90 7.2 + 0.42
Per cent I00 II6 II6
P NS 0.02

Cardiac index (1 min1 mn2) Mean+SE 3.5+0.20 4.0±0.36 4.I 0.70
Per cent 100 II4 II7
P NS 0.05

Stroke volume (ml) Mean + SE 89 + 9.8 I03 ± I3 94+ 5.3
Per cent ioo II5 I05
P NS NS

Mean aortic pressure (kPa) Mean ± SE 12.9 ± I.0 I2.9± 1.3 I3.6± 1.3
Per cent I00 100 I05
P NS NS

Aortic dp/dt (kPa/s) Mean + SE I07.4 ± I8.2 141.9 + 2I.3 I37.3 + 10.4
Per cent I00 132 131
P 0.001 0.02

Systemic vascular resistance (MPa s mr3) Mean ± SE 127.8 +7.99 III.2+ i6.8 III.9+ I0.4
Per cent I00 88 88
P NS NS

Pulmonary wedge pressure (kPa) Mean ± SE I.5 ±0.I I.2+ 0.09 0.5 ±0.09
Per cent I00 80 38
P NS O.OOI

Mean pulmonary artery pressure (kPa) Mean + SE 2.3 ± o.6 I.9 ±0X5 I.6 ±0.4
Per cent I00 82 70
P NS NS

Pulmonary vascular resistance (MPa s M-3) Mean±SE 11.2+±2.9 9.6±I.9 8.8 ±o.9
Per cent I00 84 83
P NS NS

Central venous pressure (kPa) Mean + SE 0.46 ± 0.37 0.30 ± O.I7 0.21 ± 0.1
Per cent I00 67 45
P NS NS

Conversion factor SI Units to Traditional Units: I kPaI 7.5 mmHg; I kPa I0 cm H20; I MPa s m 3 _0.I25 arbitrary
units of resistance.
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Io cm H20 (0.9, 2.5, and I.O kPa), respectively, at
the end of the study period.

Mean pulmonary artery pressure

This remained essentially stable, while calculated
pulmonary vascular resistance dropped significantly
at the infusion rate of IO Ftg/kg per min.

Urine flow
This was measured in 7 patients (Group B) and
increased from an average control value of 0.7 +
0.I8 ml/min to 2.3 ± i.5 at an infusion rate of io ,ug/
kg per mi.

Sodium excretion
This was also measured in 7 patients (Group B) and

increased from a control of 5.7± I.8 mmol/min x

IO-2 to an average of I9.6± 3.7 at the higher infus-
ion rate. No statistical significance was achieved,
however, because of wide variation of these
renal parameters and the small number of patients
involved.
No side effects were observed in the patients

studied.

Discussion

Catecholamine agents have been used for their vaso-

active and inotropic properties particularly in the
setting of cardiogenic shock. Our interest has cen-

tered rather on their use in conditions associated
with congestive heart failure, as an alternative or in
addition to glycosides. The short-term intravenous

TABLE 2 Haemodynamic effects of dobutamine (Group B)

Basal 2.5 (Ig/kg per min) 5 (pg/kg per min) IO (jigikg per min)

Haemodynamics n=IO n=9 n=IO n=5
Heart rate (beats/min) Mean ± SE 86±4.6 90+4.9 95 + 5.I IO +4.2

Per cent IOO I04 IIO 13I
P NS NS O.OOI

Cardiac output (l/min) Mean ± SE 3.7 ± 0.22 4.7 ± 0.33 5.2 + 0.22 6.4 ± 0.45
Per cent IOO I27 I40 I82
P O.OI 0.001 0.01

Cardiac index Mean+SE 2.1+O.I6 2.6±0.24 2.9+0.I6 3.4±0.25
(I min-' M-2) Per cent 100 I23 I38 i83

P NS 0.001 O.OOI
Stroke volume (ml) Mean+SE 44±3.2 53±4.5 55+3.4 64+4.1

Per cent IOO I20 I25 I39
P 0.001 O.OI O.OI

Mean aortic pressure (kPa) Mean + SE I2.1 + o.8 12.4 ± o.6 12.4 ± o.6 I2.6 + I.O
Per cent IOO 102 I02 IOO
P NS NS NS

Aortic dp/dt (kPa/s) Mean ± SE 92.0 ± I3.7 I I 8.4 ± 22.6 142.9±29.3 I 88. I ± 53.2
Per cent OO I411 I55 176
P O.OI 0.02 0.02

Systemic vascular Mean ± SE I99.7 ± 12.8 159.8 ± I2.8 I35.8 + 9.6 Iig.8 ± I3.6
resistance (MPa s mr3) Per cent IOO 80 68 55

P 0.05 o.ooI O.OI
Pulmonary wedge pressure Mean ± SE 3.2 ± 0.4 2.5 ± 0.4 2.2 + 0.4 1.9 ± 0.5

(kPa) Per cent IOO 79 68 69
P NS O.OOI O.OOI

Mean pulmonary artery Mean±SE 3.9±0.5 4.0±0.7 3.3 +o.6 3.7±1.0
pressure (kPa) Per cent IOO 103 86 86

P NS NS NS
Pulmonary vascular Mean ± SE 19.9± 3.8 23.2 + 6.8 i8.4 ± 4.7 I5.2 + 5.6

resistance (MPa s mr-3) Per cent IOO 116 92 84
P NS NS 0.001

Central venous pressure Mean+ SE 1.0+0.3 o.85±0.3 o.69± 0.24 o.64 ±0.19
(kPa) Per cent 100 85 69 65

P 0.02 0.01 0.05

Conversion from SI Units to Traditional Units: i kPa 7.5 mmHg: I kPa iO cm. H20; i MPa s m 3 0.I25 arbitrary units
of resistance.
For the 5 patients receiving the dose of IO jg/kg per min, per cent change and P values were calculated against their own
control at a basal state.
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FIG. 3 Dose-related effects of dobutamine on stroke
volume.

FIG. 4 Dose-related effects of dobutamine on heart
rate.

administration of catecholamines has proved effec-
tive in improving haemodynamic parameters of
cardiac contractility in patients with acute myo-

cardial infarction (Beregovich et al., 1972), after
cardiac surgery (Beregovich et al., I97i), and in
severe, chronic, or unresponsive heart failure (Bere-
govich et al., I974). Unfortunately these agents, in-
cluding isoprenaline and dopamine, may induce
inordinate tachycardia or arrhythmias and might be
deleterious at high doses in myocardial infarction
(Maroko et al., 197I).
The pharmacological and experimental observa-

tions of Tuttle and Mills (in press) in their efforts to
develop a new inotropic agent, dobutamine, have
demonstrated its lesser chronotropic and arrhyth-
mogenic effect. Furthermore, in animals with myo-
cardial infarction induced by coronary ligation,
dobutamine seemed to contain the area of infarction
by improvement of coronary blood flow relative to
myocardial oxygen demand (Tuttle et al., I973).

In this investigation, we have studied the haemo-
dynamic and renal effects of dobutamine in a group
of patients with different degrees of chronic heart
failure. Progressive increments in the dose were
used in order to outline dose-response curves and
to assess the most effective dose range for clinical ad-
ministration.

Patients without significant cardiac failure (func-
tional class II) showed little response to dobuta-
mine, though some parameters of cardiac perform-
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ance, such as cardiac output and aortic dp/dt did
increase. It should be recognized, however, that
aortic dp/dt, being partly dependent on peripheral
vascular factors, is not a strict expression of myo-
cardial contractility. On the other hand, patients
with severe and chronic cardiac failure (func-
tional class III and IV) showed significant im-
provement in their overall cardiac performance.
In this particular group cardiac output increased
by 82 per cent, cardiac index 83 per cent, stroke
volume 39 per cent, and aortic dp/dt 76 per cent
from control values. This response was achieved
with only 31 per cent increase in heart rate and
without tachycardia or arrhythmias. While mean
aortic and pulmonary pressures remained stable,
significant reductions of calculated vascular resis-
tances and venous filling pressures were observed.
The most effective dose range in achieving the

described results was 5 to io tug/kg per min. A
dose of i [±g/kg per min used initially in 5 patients
produced no effect and was subsequently aban-
doned. The dose of io ,tg/kg per min was used only
in 5 patients of Group B, towards the end of this
study, and once adequate tolerance had been shown
to lower dosage. Doses higher than IO ,ug/kg per
min, though not explored in the present investiga-
tion, might be limited by further increases in heart
rate
Dobutamine has proved to be a powerful ino-

tropic agent in the context of clinical congestive
heart failure, devoid of untoward side effects within
the dose range used in this investigation. Longer
periods of administration would be a logical next
step in further evaluation of this drug.

Dobutamine used in this investigation was supplied by
Eli Lilly and Company.
We are grateful to Dr. A. F. Fasola, and Dr. R. R.

Tuttle from the Lilly Research Laboratories, for advice
in planning this investigation.
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