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Studies of occult bleeding caused by aspirin show that more
than 70% of 226 subjects responded by losing more than 2 ml.
of blood per day of treatment. There seems to be some
protection against this response in patients with atrophic
gastritis.
The rate of accumulation of D.N.A. in gastric washings has

been used as an index of exfoliation of gastric epithelial cells.
The rate of loss of these cells is increased by aspirin in those
subjects known to bleed after the drug. It is suggested that a
haemorrhagic lesion may result when the rate of loss of surface
epithelial cells exceeds the rate at which they can be replaced.

In some patients with atrophic gastritis a high turnover of
gastric epithelial cells may prevent the formation of erosions
after taking aspirin.

We are indebted to Dr. Brian Creamer for initiating much of this
work; to Dr. N. F. Coghill for much help and advice; to Mrs.
E. B. Skinner and Miss Pamela Coates for technical assistance;
and to the subjects who kindly co-operated in this study. We also
wish to acknowledge grants from St. Thomas's Hospital Endowment
Fund and from the Medical Research Council (D. N. C.), and from
the Nicholas Research Institute (P. H. N. W.).
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Haemodynamic Effects of Propranolol (Inderal) in Acute
Myocardial Infarction
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The usefulness of 83-adrenergic-blocking agents in various
cardiac arrhythmias (Stock and Dale, 1963 ; Rowlands et al.,
1965; Sloman et al., 1965) and in angina of effort (Alleyne
et al., 1963 ; Hamer et al., 1964; Keelan, 1965) seems to be
well established. A remarkable reduction in mortality in acute
myocardial infarction in a group of patients treated with 1l-
adrenergic-blocking drug compared with a control group is also
reported (Snow, 1965).
The most serious clinical objection to cardiac 8-adrenergic-

receptor blockade is the depressing effect on myocardial con-
tractility and the risk of precipitating heart failure (Stock and
Dale, 1963 ; Prichard and Gillam, 1964). Experiments also
indicate that /8-adrenergic blockade decreases myocardial blood
flow by abolition of sympathetic vasodilator tone and increasing
the resistance to flow in the myocardial vascular bed (Parratt,
1965; Parratt and Grayson, 1966).
Before we decided to start a controlled clinical trial of the

f3-adrenergic-blocking drug propranolol (Inderal) in patients
with acute myocardial infarction an investigation of the haemo-
dynamic effects was carried out. The purpose of the investiga-
tion was to determine whether there might be any potential
risks in the use of this drug in patients with myocardial
infarction.

Material and Methods
Eight patients (seven males and one female) were studied in

the acute stage of myocardial infarction. None of them had

previously had myocardial infarction, heart failure, or
pulmonary disease.
Their ages ranged from 51 to 71 (mean 59) years. In all

patients the symptoms of acute myocardial infarction had
started from 12 to 48 (mean 36) hours before the haemodynamic
study was undertaken. The diagnoses were confirmed by serial
E.C.G. and serum glutamic oxaloacetic transaminases
(S.G.O.T.) determinations. Maximal S.G.O.T. ranged from
116 to 324 units. Five patients had anteroseptal and three
had diaphragmatic localization of the infarction. One patient
had atrial fibrillation, the other seven had sinus rhythm.
When the investigation was started the clinical condition of

all patients was good. Three of them, however, did complain
of slight retrosternal pains. The rectal temperatures ranged
from 37to 38.50 C.

All patients were studied in the supine position. A PE-160
polyethylene catheter was inserted percutaneously through an
antecubital vein into the right atrium and another polyethylene
catheter was inserted through the right femoral artery into the
terminal part of the aorta. The patients had a period of
15 minutes to relax after the application of the equipment.
Cardiac output and circulation time were determined 15 and

5 minutes before and 5, 15, and 30 minutes after intravenous
injection of 5 mg. of propranolol. The injection was given
slowly over a period of five minutes.
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Cardiac output and circulation time were determined
with indocyanine green (cardio-green). The dye solution was

given rapidly through the intra-atrial catheter, and the catheter
was then immediately flushed by rapid injection of physiological
saline solution. Arterial blood was withdrawn by a motor-

driven pump through a Cambridge densitometer at a constant

rate of 40 ml. per minute. The blood was reinfused after each
determination. Cardiac output was calculated by the method
of Hamilton et al. (1932). Circulation time from the right
atrium to the terminal part of the aorta was calculated from the
dye-dilution curves. Heart rate was determined from E.C.G.
recordings every two to five minutes during the study. Mean
right atrial pressure was recorded by a Statham pressure trans-

ducer P23BB and intra-arterial pressure by a Statham pressure

transducer P23Gb at intervals of two to five minutes. Pressure
reference point was 10 cm. from the back of the patient in the
fourth intercostal space.

Results

Heart rate (Fig. 1) before propranolol ranged from 60 to 114
(mean 93) beats per minute. After injection of propranolol
it was reduced in all patients. The reduction ranged from 2
to 54 (mean 18) beats per minute. The only patient with atrial
fibrillation got sinus rhythm 10 minutes after termination of
propranolol injection.

110

E

a

Ix

100-

90

80 -

70 -

60

50

PR.

MINUTES

FIG. 1.-Effect of propranolol on heart rate in eight patients
with acute myocardial infarction. The thick line represents
the mean values. PR=time for injection of 5 mg. propranolol.
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Cardiac output (Fig. 2) before propranolol ranged from 3.8
to 6.9 (mean 5.2) litres per minute. After propranolol injection
it was reduced in all patients. The reduction ranged from 0.8
to 2.1 (mean 1.5) litres per minute.

Stroke volume (Fig. 3) was unchanged or slightly reduced
after propranolol in all patients. In one patient it increased
after conversion from atrial fibrillation to sinus rhythm.
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FIG. 3.-Effect of propranolol on stroke volume in eight
patients with acute myocardial infarction. The thick line

represents the mean values.

Circulation time (Fig. 4) before propranolol ranged from
12 to 22 (mean 15) seconds. After propranolol injection it
increased in all patients by 3 to 8 (mean 5) seconds.
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FIG. 2.-Effect of propranolol on cardiac output in eight
patients with acute mvocardial infarction. The thick line

represents the mean values.
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FIG. 4.-Effect of propranolol on circulation time in eight
patients with acute myocardial infarction. The thick line

represents the mean values.

Mean right atrial pressure (Fig. 5) in seven patients before

propranolol ranged from 1.5 to 11 (mean 6.9) mm. Hg. After

propranolol injection it increased in all patients by 3 to 6

(mean 4.2) mm. Hg. In one patient the right atrial pressure
was not recorded owing to technical errors.

Systolic intra-arterial pressure decreased from an average of

130 mm. Hg before to 117 mm. Hg after propranolol injection.
The diastolic pressure did not change.

Total peripheral vascular resistance increased from an average
of 1,384 dyne-sec.-cm.-5 before to 2,039 dyne-sec.-cm.-5 after

propranolol injection.
In three of the patients an obvious clinical deterioration

occurred after the injection of propranolol, with restlessness,
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sweating, and congestion of the neck veins. In two patients
retrosternal pains were intensified.
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FIG. 5.-Effect of propranolol on mean right atrial pressure in
seven patients with acute myocardial infarction. The thick

line represents the mean values.

Discussion
The most important haemodynamic effects of propranolol

are due to reduction of heart rate and a negative inotropic
effect. In patients with a damaged myocardium the ability to
maintain the stroke volume may be decreased, and an adequate
cardiac output will depend on a higher heart rate. The effect
of /3-adrenergic-receptor blockade will presumably be most
pronounced when a high sympathetic tone is present, which
often is the case in patients with acute myocardial infarction.
The depressing effect of the drug on myocardial contractility
may therefore also be accentuated.

In our study a marked reduction of cardiac output occurred
in all patients after intravenous injection of propranolol, mainly
as a result of reduction of heart rate, but also to a minor degree

as a result of reduced stroke volume. The findings of an
elevated central venous pressure and prolongation of circulation
time may indicate that heart failure was precipitated. In fact,
it was noted that a marked clinical deterioration occurred in
three of the patients. Similar effects will probably follow
adequate peroral medication.
As a consequence of these results the investigation was

terminated when only eight patients had been examined. Because
of the potentially undesirable effects we have also been hesitant
with regard to a controlled double-blind clinical study of the
antiarrhythmic properties of propranolol in acute myocardial
infarction.

Summary and Conclusion

The 83-adrenergic-receptor blocking agent propranolol
(Inderal) was given to eight patients in the acute stage of myo-
cardial infarction. In all patients a marked reduction of cardiac
output occurred. This was mainly due to a reduction of heart
rate, but to a minor degree also to reduction of stroke volume.
In three of the patients an obvious deterioration of their clinical
condition with symptoms of impending shock developed shortly
after the injection of propranolol.
The results indicate that propranolol should be used with

great caution in acute myocardial infarction.
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Evaluation of MK-870: a New Potassium-sparing Diuretic
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MK-870 (N-amidino-3,5-diamino-6-chloropyrazinamide hydro-
chloride dihydrate) is a new potassium-sparing diuretic, with
the structural formula shown in Fig. 1. Evaluation in normal
volunteers has shown that it produced a moderate sodium,
bicarbonate, and water diuresis while dramatically reducing
urinary excretion of potassium (Wilson et al., 1966). When
used with hydrochlorothiazide or ethacrynic acid MK-870
enhanced their natriuretic action but prevented potassium loss
without impairing glomerular filtration rate.
The present study describes the use of MK-870 in combina-

tion with hydrochlorothiazide or ethacrynic acid in patients
with resistant oedema of varied aetiology and confirms its

effectiveness in potentiating sodium and water diuresis while
conserving potassium.

0 NH HCI
N _ 11 H i

Cl C-N-C-NH2*2H20

H2N NH2
N

MK- 870
FIG. 1.-Structural formula of MK-870.
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Patients and Methods
The object of the study was to evaluate the effects of MK-870

on the pattern of electrolyte excretion induced by hydrochloro-
thiazide or ethacrynic acid.

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.1.5533.141 on 21 January 1967. D
ow

nloaded from
 

http://www.bmj.com/

