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Haemodynamic effects of prenalterol in patients with
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SUMMARY The haemodynamic effects of prenalterol, a new selective beta-i adrenoreceptor agonist,
have been studied in patients with coronary heart disease. The drug was administered intravenously in
a dosage of 05 to 2-5 ,tg/kg body weight to 20 patients undergoing coronary angiography and to 10
patients with a recent myocardial infarction, who had clinical evidence of left ventricular dysfunction.
Left ventricular performance was enhanced in both groups of patients-left ventricular dP/dt (max)
increased by 33 per cent and the systolic time intervals, pre-ejection period, and the ratio of pre-ejection
period and left ventricular ejection shortened by 28 and 21 per cent, respectively. Cardiac output and
stroke volume increased with no change in heart rate nor in left ventricular filling pressure. These
results indicate that prenalterol enhances the contractile state of the myocardium without altering heart
rate, and suggest that prenalterol could be of value in the management of patients with coronary heart
disease, who have impaired left ventricular function.

The hospital mortality associated with acute
myocardial infarction appears to result from pump
failure which is related to the extent of myocardial
necrosis. Such patients have been shown, both at
angiography and at necropsy, to have triple vessel
coronary artery disease and to have 45 to 50 per cent
of the myocardium damaged.1-3 Sympathomimetic
amines have been used in the management of such
cases and also to provide inotropic support after
cardiac surgery. Noradrenaline increases cardiac
contraction but produces intense peripheral and
coronary arterial vasoconstriction resulting in
increased myocardial oxygen consumption.4 Iso-
prenaline is a potent beta-adrenoreceptor agonist
but increases heart rate in addition to its inotropic
action. The deleterious side effects of the sympatho-
mimetic amines have stimulated research into
pharmacological compounds which can exert inotro-
pic effects but have little chronotropic action. Dobu-
tamine has been shown both in man5 and in the
experimental animal6 to have a significant inotropic
action, but in patients after open heart surgery,
though an inotropic action was shown, there was a
similar chonotropic effect to that of isoprenaline.7
Dopamine has been shown to be a useful inotropic
agent particularly as it dilates the renal arterial
circulation, but some workers have suggested that it
Received for publication 21 August 1979

produces ventricular arrhythmias. Prenalterol, the
laevoisomer of S-(-)- 1-(4 hydroxyphenoxy)-3-
isopropylamino-propanol-2 hydrochloride, is a
new selective beta-i adrenoreceptor agonist which
has been shown in animal pharmacological studies
by Carlsson et al.8 to have little chronotropic
effect. Johnsson et al.9 have reported in human
volunteers that prenalterol, when administered both
orally and intravenously, results in an increase in
myocardial contractility and has little or no effect
on heart rate.
The object of the present study was to assess the

cardiovascular effects of prenalterol in patients with
coronary heart disease undergoing coronary angio-
graphy and in patients with a recent myocardial
infarction who had clinical evidence of left ventri-
cular dysfunction.

Patients and methods

Twenty male patients with coronary heart disease
undergoing coronary angiography were studied at
the time of cardiac catheterisation. The patients were
all in sinus rhythm and beta-adrenoreceptor
blocking agents had been discontinued 48 hours
before investigation. Those receiving cardiac
glycosides were excluded from the study. Ten
patients with acute myocardial infarction who were
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being treated in an intensive coronary care unit
and who were considered to have clinical evidence
of left ventricular dysfunction, as evidenced by
tachycardia, additional heart sounds, and lung base
crepitations, were also studied by non-invasive
techniques, systolic time intervals, and echocardio-
graphy. The nature of the study was carefully
explained to each patient and their consent was
obtained. Approval for the study had also been
obtained from the hospital ethical committee.

HAEMODYNAMIC STUDY
A high fidelity left ventricular pressure recording
was obtained using a Millar transducer tipped
catheter (PC-350). The catheter has a flat frequency
response from 0 to 250 kHz. The left ventricular
pressure wave form was recorded on a frequency
modulation instrumentation tape recorder and
subsequently analysed on a PDP-8 computer. The
computer digitised 8 seconds of recorded signal at
a rate of 250 samples per second.. The rate of rise
of pressure dP/dt was then calculated between
successive samples from end-diastole to peak
systole, and dP/dt (max) and dP/dt over simul-
taneously developed pressure (P) was then deter-
mined for each beat analysed (dP/dt/P).10 The
results presented are the mean values of all beats
within an 8 second sample. Heart rate was obtained
from a continuous recording of the electrocardio-
gram, systemic blood pressure was measured from
the Millar catheter, and cardiac output was deter-
mined using a thermodilution technique (Instru-
mentation Laboratories). All cardiac outputs were
done in triplicate and the mean of the results was
taken.

Non-invasive study
The systolic time intervals total electromechanical
systole (QS2), left ventricular ejection time (LVET),
pre-ejection period (PEP), and ratio of PEP/LVET
were measured from simultaneous high-speed
recordings of the electrocardiogram, phonocardio-
grams, and carotid pulse wave tracing.11 Each
interval was measured to the nearest 5 ms, mean
values of six cardiac cycles being obtained. Blood
pressure was measured by sphygmomanometer.
Echocardiographic measurements of the left ven-
tricle were recorded.'2 End-diastolic and then
end-systolic volumes of the left ventricle were
calculated and stroke volume derived. Heart rate
was monitored from a continuous recording of the
electrocardiogram.

Experime7ntal procedure
In the haemodynamic study after baseline measure-
ments prenalterol was infused intravenously in

doses of 0 5 to 2 5 ,ug/kg body weight per minute.
The drug was dissolved in dextrose and infused
over a five to eight minute period using a calibrated
infusion pump (Sage Instruments). Each patient
received two intravenous infusions of prenalterol on
consecutive occasions separated by approximately
five minutes.

Results

HAEMODYNAMIC STUDY
The detailed results are noted in Table 1.

dP/dt (max) increased to a maximum of 30 per
cent at an infusion rate of 1-5 ,g/kg from 1788 ± 146
to 2393 ±206 mmHg/s (p < 0 01) and there was no
further increase at higher rates of infusion. dP/dt/P
increased from 78 -±1 to 93 ±4 s-1 (p < 0 01). Left
ventricular end-diastolic pressure did not change,
10 ±2 to 9 ±1 mmHg. There was little change in
heart rate until the maximum rate of infusion of
2 jig/kg per min when there was a non-significant
increase from 79 ±5 to 85 ±4 beats/min. Systolic
blood pressure was little altered, 133 ± 11 and
132 ±13 mmHg, but diastolic blood pressure fell
from 81 ±5 to 76 ±6 mmHg. Cardiac output
increased from 5-2 ±0 4 to 6-1 40 4 1/min (p < 0-05).
There was a corresponding increase in stroke
volume from 72±11 to 79±10 ml (p<0-05).

MYOCARDIAL INFARCTION STUDY
The detailed results are found in Table 2.

In this group of patients there was little change
in heart rate until the maximum rate of infusion of
2 5 ,g/kg per min from 83 ±8 to 95 ±5 beats/min.
The pre-ejection period (PEP) significantly short-
ened from 114 ±10 to 91 ±7 ms, representing a
20 per cent increase in myocardial contractility at
an infusion rate of 2 ,ug/kg per min, when there
was no change in heart rate. Left ventricular end-
diastolic volume was unaltered, 90 ±8 and 97 ±6 ml,
as was mean arterial blood pressure, 98 ±7 and
97 ±7 mmHg.
A linear relation between the increases in dP/dt

and PEP/LVET and the log of plasma concentra-
tions of prenalterol was not apparent (Fig.).
Significant enhancement of myocardial contractility
was found with plasma levels of 40 to 50 mmol/l
and there was little further effect with increasing
plasma levels. Plasma concentrations of prenalterol
were assayed in the research laboratories of AB
Hassle, Gothenburg, Sweden.

SIDE EFFECTS
There were no obvious side effects, specifically no
adverse biochemical effects or evidence of hepatic
or renal impairment.
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Table 1 Haemodynamic study

Dosage regimen Heart rate Systolic Diastolic Mean Cardiac Stroke dP/dt (max) dP/dt/P LVEDP
(beatslmin) BP BP BP output volume (mmHg/s) (s-') (mmHg)

(mmHg) (mmHg) (mmHg) (1/min) (ml)

Control 64 ±4 134 ±3 80 ±2 96 ±4 5-8 ±0-2 100 ±6 1649 ±132 32 ±2 10 ±2
0-5 ±g/kg body weight
perminn=7 65 ±3 136 ±3 77 ±2 95±5 6-2 ±01 108 +5 1993 +205* 39 ±4* 9 ±3

Control 85 ±3 136 ±4 81 ±3 98 ±4 1949 ±142 72 ±4 9±3
1-0 ,ug/kg body weight - _
per min n=8 88 ±2 137 ±5 77 ±4 96 ±5 2546 ±187t 90 ±6t 7 ±4

Control 76 ±3 133 ±11 81 ±5 97 ±6 5-2 ±04 72 ±11 1788 ±146 78 ±1 10 ±2
1-5 ,ug/kg body weight
per min n=9 79 ±4 132 ±13 76 ±6 93 ±7 6-1 ±0-4* 79 ±10* 2393 ±206t 93 ±4t 9 ±1

Control 79 ±5 130 ±15 75 ±8 92 ±5 5-7 ±0 3 75 ±9 2145 ±210 87 ±6 9 ±1
2-0 ,ug/kg body weight
perminn=8 85±4 131±17 72±9 90±5 5-8±04 74±8 2208±193 90±5 9±1

Results are mean + SEM. *p < 0 05. tP < 0 01.

Table 2 Myocardial infarction study

Dosage regimen Heart rate Systolic Diastolic Mean QS2 LVET PEP PEP/LVET LVEDV
(beats/min) BP BP BP (ms) (ms) (ms) (ml)

(mmHg) (mmHg) (mmHg)

Control 73 ±4 138 ±5 98 ±6 111 ±8 371 ±14 277 ±10 102 ±8 0 3504±0-0096 101 ±52
1-0 sLg/kg body weight
per min 76 ±4 134 ±8 80 ±6 98 ±7 346 ±12 266 ±9 81 +8* 03037 ±0-0288* 113 ±50

Control 73±4 127±10 85±7 99±9 401±22 309±13 100±10 0.325±0-035 102±47
155,g/kg body weight
per min 73 ±6 141 ±7 87 ±5 105 ±7 368 ±22 283 ±20 85 ±12* 0-3065 ±0.0538* 118 ±52

Control 76 ±6 129 ±10 82 ±5 98 ±7 402 ±20 289 ±24 110 ±17 04079 ±0-1154 90 ±8
2-0 gg/kg body weight

per min 76 ±7 132 ±12 79 ±5 97 ±7 360 ±22 260 ±26 100 ±10* 0.4039 ±0-0639* 97 ±6

Control 83 ±8 128 ±10 76 ±4 93 ±6 356 ±18 241±13 114 ±40 0477 ±0-26 89±10
25,ug/kg body weight
permin 95±5 133±6 81 ±4 98±5 317±18 226±11 91 ±7* 0-4013±0-0236* 79±7

Results are mean ± SEM in 10 patients. *p <005.

Discussion

The data obtained from this study suggest that
prenalterol has a significant inotropic action in
patients with coronary heart disease with little or
no effect on heart rate. The invasive measurements
of dP/dt (max) and dP/dt/P have been shown to
be acceptable indices of myocardial contractility
and to 'be relatively insensitive to changes in left
ventricular filling pressure and ventricular after-
load."3 In this study the heart rate was unaltered,
left ventricular end-diastolic pressure was un-

changed, as was systemic blood pressure and thus
the significant increases in dP/dt (max) and dP/dt/P
indicate that prenalterol has a positive inotropic
action. This increase in the contractile state of the
myocardium was also reflected by the significant
increases in cardiac output and stroke volume.
Although prenalterol appears to exert a positive

inotropic action in patients with coronary artery
disease with normal or only modest impairment of

left ventricular function, its application might be
more relevant to an acute pathology such as a recent
myocardial infarction. Thus it seemed appropriate
to investigate the drug in patients with acute
myocardial infarction, who had clinical evidence of
left ventricular dysfunction. The assessment of
ventricular function in these patients was by means
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Fig. The relation between the percentage change in
dP/dt and pre-ejection period and the log of prenalterol
plasma concentrations.
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of non-invasive techniques, systolic time intervals,
and echocardiography. The duration of the pre-
ejection period in the absence of changes in preload
or afterload is a determination of the rate of rise of
left ventricular pressure during isovolumic contrac-
tion.'4 The ratio of PEP/LVET correlates closely
with the ejection fractions measured by ventriculo-
graphy.'5 In this study there was a significant
shortening of the PEP and a decrease in PEP/LVET
ratio indicating enhanced contractility. There was
no change in heart rate or in systemic blood
pressure. Echocardiography suggested that there
was no change in left ventricular end-diastolic
volume and this significant reduction in both PEP
and PEP/LVET ratio indicates that prenalterol
appears to enhance myocardial contractility in
patients with a recent myocardial infarction, who
had evidence of left ventricular dysfunction. In
both groups of patients the changes in myocardial
contractility did not seem to be dose related,
enhancement of myocardial contractility being
noted with relatively low circulating plasma levels
of the drug. In patients with significant left ventri-
cular dysfunction it may be that larger doses of
prenalterol might be needed to produce a similar
effect and thus increase cardiac output.
Many agents which are used to provide inotropic

support are arrhythmogenic and must be used
with caution in the patient with acute cardiac
infarction. In this small group of patients no
arrhythmias were observed despite careful electro-
cardiographic monitoring, and even in the presence
of significantly raised plasma levels of prenalterol.
These results found in patients with coronary heart
disease are similar to those found in healthy patients,9
even on exercise, where arrhythmias were not
found after the administration of prenalterol.

Hypotension and cardiac failure are the principal
causes of death in patients with acute cardiac
infarction treated in a coronary care unit, and
positive inotropic agents, which are not arrhyth-
mogenic and cause little increase in heart rate
either alone or in combination with vasodilator
treatment, might be of value in reducing the
mortality in this group of patients. However, the
greatest potential use for this beta-i adrenoreceptor
agonist with positive inotropic and little chrono-
tropic effect appears to be in the postoperative
cardiac surgical patient and in the management of
patients with coronary heart disease, who have
chronic congestive cardiac failure.
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