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Clinical, electrocardiographic, and
haemodynamic effects of digitalis (ouabain)
in

angina pectoris
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The symptomatic, electrocardiographic, and haenodynamic effects of acute digitalization with
ouabain were studied in 6 male patients with uncomplicated angina pectoris. Ouabain improved
the depressed left ventricular function associated with the onset of pain in all patients, without
aggravation of their symptoms or further deterioration in the electrocardiogram. It is suggested
that the reduction in myocardial oxygen consumption resultingfrom improvement in left ventricular function after the drug probably masks any increase due to its positive inotropic activities. The
digitalis glycosides may therefore have a place in the treatment of angina, particularly when
used in conjunction with the adrenergic beta-blocking drugs.
The onset of pain during exercise in patients
with angina pectoris is consistently associated
with clinical and haemodynamic signs of acute
left ventricular failure (Muller and Rorvik,
I958; Dimond and Benchimol, I963; Messer
et al., I963; Malmborg, I965; Cohen et al.,
1965; Parker, Di Giorgi, and West, I966;
McCallister et al., I968; Wiener, Dwyer, and
Cox, I968; Sharma and Taylor, I970). A
unique characteristic of this syndrome is its
rapid reversibility, the raised end-diastolic
pressure in the ventricle rapidly returning to
normal when exercise is stopped (Taylor and
Sharma, I97I). There is direct experimental
evidence to suggest that depression of ventricular function due to ischaemia may be improved by the digitalis glycosides (Sarnoff
et al., I964). The symptomatic, electrocardiographic, and haemodynamic effects of acute
digitalization with ouabain were therefore
examined in patients with angina pectoris.

Subjects and methods
Six male patients, average age 55 years (range
49-62), with uncomplicated angina pectoris were
studied. Their average weight was 74-4 kg (range
55-94) and their average surface area i 8o m2
(range I-6o-2zI2). None was obese, hypertensive,
or diabetic, none had hyperlipidaemia, and none
had had a previous myocardial infarction or history of other heart disease. In all, the angina was
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induced solely and repeatedly by exercise; none
suffered from nocturnal or emotionally induced
pain. The length of the history of angina ranged
from 6 months to 10 years. No patient had received previous treatment other than glyceryl
trinitrate.
The resting electrocardiogram was normal in
all patients; during supine leg exercise the ST
segment in the standard and chest leads V4-6
was depressed by more than i mm in all patients.
The standard 6 foot chest x-ray was normal and the
cardiothoracic ratio was less than 5o per cent in all
patients.
These studies were carried out during routine
diagnostic haemodynamic investigation before
angiographic studies in patients under consideration for coronary artery operation. The purpose,
procedure, and possible therapeutic benefits of
these additional studies were discussed with each
patient; without inducement all freely consented
to the additional observations (Medical Research
Council, I964; Ormrod, I968).

Design of investigation Each patient was
trained to exercise in the supine position on a
bicycle ergometer and to indicate by fingeroperated light switch the onset and the relative
intensity of pain. The level of exercise required to
induce angina during the first 2 or 3 minutes of
the 6-minute exercise period was then ascertained.
The pain was graded as 'mild' when there was a
tightness and discomfort in the chest, 'moderate'
when the pain was significantly greater in intensity
but the patient was still able to continue exercise,
and 'severe' when the pain was of such intensity
that the patient was rapidly forced to stop exercise.
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The study started with a 6-minute period of
supine leg exercise at constant speed and load
followed by a 20-minute period of rest. Cardiac
output was measured by the direct oxygen Fick
method during the 5th and 6th minutes of the
exercise period and during the final 4 minutes of
rest period.
Ouabain
mg/kg body weight was then injected into the pulmonary artery over a period of
30 seconds. This is the maximum recommended
therapeutic dose (Goodman and Gilman, I970).
After 30 minutes, the time of maximum cardiac
activity of the drug, the studies were repeated
with a 4-minute rest period followed by a 6minute period of supine leg exercise at the same
speed and load as previously. Cardiac output was
again measured during the 4-minute rest period
and during the final 2 minutes of the exercise
period. Intravascular and intracardiac pressures
and electrocardiogram were recorded continuously throughout the procedure.
o oi

Laboratory techniques Aortic and left ventricular pressures were measured through nylon
catheters (75 x OI cm) introduced percutaneously
from the brachial arteries (Seldinger method).
Catheters were undamped and pressures were
transduced by Statham P23Db strain-gauge
manometers. The common zero reference level
for all pressures was set IO cm below the sternal
angle with the patient supine. All manometers
were calibrated against a common open column
of saline over the range o-ioo mmHg which was
arranged to span IO cm recording paper. Over
this range the manometers were linear within 2 per
cent. The first differential of the left ventricular
pressure (dp/dt max) was obtained by a simple
electronic differentiating circuit and calibrated by
an oscillator. Two systemic arterial blood samples
were taken from the aorta and four mixed venous
blood samples from the pulmonary artery during
each cardiac output estimation. Blood samples
were analysed in duplicate for percentage oxygen
saturation on a Kipp haemoreflector. The systemic arterial blood samples were also analysed in

duplicate for oxygen-carrying capacity by spectral
absorption of the haemolysed blood at two wave
lengths. Expired air was collected, and respiratory
rate and ventilatory volumes measured, in a Tissot
spirometer. Expired air, and blood gas tensions,
were measured by a direct polarographic method
(Electronic Instrument Laboratories) calibrated
by gases analysed on a Lloyd-Haldane apparatus.
Using these methods under similar conditions of
study to those of the present investigation, duplicate measurements of the cardiac output and intravascular pressures agreed to within 7 per cent both
at rest and during exercise. The electrocardiograph
was recorded with disc adhesive electrodes from
chest lead V5. Intravascular pressures and electrocardiogram were recorded continuously on an
ultraviolet light recorder (SE Model 30I2) using
only the linear arc of traverse of the galvanometers.
Measurements, calculations, and statistical
methods Mean pressures were measured from
electronically integrated records over two whole
respiratory cycles. The mean systolic pressure was
measured byplanimetric integrationof the left ventricular pressure pulse over one respiratory cycle
by a method described elsewhere (Taylor et al.,
I967). Left ventricular work was calculated
according to the method of Dexter et al. (195I).
The ST depression in lead V5 of the electrocardiograph was measured from the J-point to
the isoelectric line joining two consecutive PR
intervals. The ST area (AST) was measured and
converted into microvolt seconds (Sheffield et al.,
I969).

Statistical analyses were based on orthodox
methods (Fisher, I946). The probability of significance of differences relates to comparison of
paired samples.

Results

Symptoms In the control study the average
time of onset of pain in the 6 patients was II5
sec (range 65-I90) after the start of exercise
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(Fig. I). In Cases 4, 5, and 6 the pain proPATIENT
EXERCISE
RECOVERY
gressed to moderate severity only, but in the
remainder had reached a severity that required
them to stop exercise by the sixth minute.
The pain completely receded in all patients
s
after stopping exercise; the average duration
of pain after stopping exercise was 293 sec
(range 140-540), and the average total duration of pain during the combined exercise and
recovery periods was 538 sec (range 345-800).
_ O BEFORE
X
IO-_BAIN
After intravenous ouabain, Case 3 did not
_ AFTER
experience any pain at the same level of exer- 0
2
4
2
4
6
*
1
6
cise that in the control study induced severe
TIME IN MIN.
pain. The remaining 5 patients all experienced
some pain during exercise after ouabain; in FIG. i Time of onset and duration of pain in
Cases 2, 4, and 5 the severity of the pain was patients with angina pectoris before and after
unchanged, but Cases and 6 claimed that acute digitalization with ouabain.
the intensity of pain was less than in the control study. After ouabain the onset of pain
occurred at an average time of 239 sec (range
I95-300) after the start of exercise and the
changes in heart rate, stroke volume, cardiac
average duration of pain after stopping
exercise was I37 sec (range 65-280); the total output, or systemic arterial pressure after
duration of pain was reduced to an average ouabain (Table).
of 258 sec (range 0-545).
During exercise there was no significant change
Electrocardiographic changes In the in heart rate after ouabain, but the stroke
control studies at rest the ST segment was volume (P < o0os) and cardiac output (P <
isoelectric but during exercise the ST seg- o oi) were both increased (Fig. 2). The mean
ment was depressed by more than 2 mm systemic arterial pressure during exercise was
(P < o.oi). After ouabain there was no change unchanged after ouabain.
in the ST segment at rest, and during exercise
the ST segment was depressed to the same Changes in left ventricular performance
degree as in the control studies. There were At rest there was a consistent and statistically
no changes in the T wave after ouabain either
significant increase in left ventricular dp/dt
at rest or during exercise.
(max) in all patients after ouabain (P < o os).
Mean systolic and end-diastolic pressures,
Changes in heart rate, stroke volume, duration of systole and left ventricular
cardiac output, and systemic arterial minute and stroke work were all unchanged
pressure At rest there were no significant
(Table).
i
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During exercise there was a significant increase
in left ventricular dp/dt (max) (P < o-oi) and
left ventricular minute (P < o0o5) and stroke
work (P < o0o5) and a reduction in left ventricular end-diastolic pressure (P < 002) (Fig.
2). Mean systolic pressure and duration of
systole were unchanged.
There was a shift to the left, at the same
heart rates, in the relation between left ventricular end-diastolic pressure and stroke work
output during exercise after ouabain (Fig. 3).

CHANGES AT REST AND DURING EXERCISE AFTER OUABAIN IN PATIENTS WITH

ANGINA PECTORIS
R

E
'A

Discussion
These studies clearly show that the onset of
anginal pain during exercise in each of these
patients was accompanied by unequivocal
haemodynamic evidence of depressed left
ventricular function and that acute digitalization with ouabain significantly improved
pumping function of the heart without
aggravation of pain.
Though this study was not specifically designed to examine the symptomatic effects of
digitalization, it should be noted that no
patient noticed an increase in pain in spite of
the increase in left ventricular activity. Previous reports have likewise found no consistent change in anginal pain after acute or
chronic digitalization (Fenn and Gilbert,
1932; Edens, 1934; Gold et al., I938; Freedberg, Riseman, and Spiegl, I94I; Malmborg,
I965; Smith, Bousvaros, and McGregor,
I966; Parker et al., I969).
The absence of changes in the electrocardiogram also deserves further comment.
The digitalis glycosides frequently induce ST
segment depression during exercise in normal
subjects (Liebow and Feil, I94I; Lepeschkin
and Surawicz, I958; Kawai and Hultgren,
I964), though this is probably not due to
myocardial ischaemia (Kawai and Hultgren,
I964). The absence of additional ST depression during exercise in anginal patients after
digitalization in these and other studies
(Hausner and Scherf, I933) may thus imply
that the direct effect of the drug on the ST
segment has been offset by a reduction in the
degree of myocardial ischaemia. The haemodynamic arguments in support of this reasoning will next be considered.
The haemodynamic effects of digitalis on
the left ventricular function of these patients
are of considerable physiological interest and
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Respiratory changes There was no significant change in respiratory rate, minute
ventilation, alveolar-arterial oxygen tension
gradient, or systemic arterial blood oxygen
tensions either at rest or during exercise after
ouabain (Table).
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Haemodynamic changes at rest and
during exercise after ouabain in patients with

FIG. 2

angina pectoris.

therapeutic importance. The digitalis glycosides increase contractility both in the normal
(Cotten and Stopp, I958; Braunwald et al.,
I96I; Weissler et al., I964; Sonnenblick et al.,
I966) and in the failing heart (Stead, Warren,
and Brannon, I948; Bing et al., I950; Dresdale et al., I959). In the normal heart their
most conspicuous effect is to increase the
speed of ventricular contraction (LV dp/dt
max) without change in the normal end-diastolic pressure or cardiac output (Mason and
Braunwald, I963). In the failing heart, however, the positive inotropic action of these
drugs is apparent not only in an increase in
the velocity of ventricular contraction, but
also the translation of the increased contractlity into an increase in cardiac output.
The patient with uncomplicated angina pectoris, in whom the heart is normal at rest but
suffers acute failure during exercise, thus provides a unique opportunity for the demonstration of these important therapeutic properties
of the digitalis glycosides. In the present
studies all patients had normal left ventricular
function at rest and the only haemodynamic
change produced by ouabain was an increase
in left ventricular dp/dt (max). However, the
seriously depressed left ventricular performance displayed by these patients during the
increased work of exercise was significantly
improved by ouabain. This was seen not only
in the increased velocity of ventricular contraction, the reduction in end-diastolic pressure, and the improved left ventricular function curve, but also by the translation of these
primary changes in myocardial contractility
into an increase in cardiac output. Though

4du
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output after ouabain, and heart rate, another
important correlate of myocardial oxygen uptake, was also unchanged. With the aortic
pressure and heart rate unchanged, the deg12D
crease in left ventricular end-diastolic pressure after ouabain must have been associated
E
with a reduction in left ventricular wall tension, if changes in end-diastolic pressure reflect similar directional changes in end-diastolic
volume (Laplace theorem) (Laplace, I84I;
Woods, I892; Burch, I955; Burton, 1957).
Since myocardial fibre tension is directly related
to myocardial oxygen consumption (Sarnoff et
(co
al., I958; Rodbard, Williams, and Williams,
>
*REST
I959; Monroe and French, I96I; Rodbard et
EXERCISE
al., I964), the reduction in myocardial oxygen
consumption associated with the decrease in
40
50
30
20
0
10
intramyocardial tension after ouabain probLV END-DIASTOLIC PRESSURE mm Hg
ably masked the augmentation of oxygen
consumption resulting from the increased
FIG. 3 Effect of acute digitalization with
velocity of myocardial fibre shortening (Sonouabain on the Starling relation between left
nenblick et al., I965). This contention is
ventricular stroke work and end-diastolic
supported by the observation of Welch et al.
pressure at rest and during exercise in patients
(I958) that inotropic agents reduce pressure
with angina pectoris. Results in normal subwork efficiency of the normal heart but actujects studied under similar conditions (Sharma
ally increase overall efficiency, i.e. reduce
and Taylor, 1970) are illustrated for commyocardial oxygen consumption, in the failing
parison. Values are averaged for each group
and probability of significance of change given. heart by reduction of the end-diastolic pressure. The lack of any aggravation of symptoms
and the absence of electrocardiographic deterioration in these patients are compatible
arguments have been advanced that the posi- with this reasoning.
tive inotropic effect of the digitalis glycosides
The clinical and therapeutic implications
may be negated by myocardial hypoxia (Wol- of these findings are worthy of comment. The
lenberger, I949), the direct experiments of ischaemic ventri*e abruptly fails when subSarnoff et al. (I964) have shown conclusively jected to the increased stress of exercise. These
that these drugs improve ventricular con- studies have shown that left ventricular pertractility in the heart rendered ischaemic by formance in these patients can be significantly
experimental coronary insufficiency, and that improved by the digitalis glycosides without
this is accomplished without further increase aggravation of their symptoms or further dein myocardial oxygen consumption. The terioration in the electrocardiogram. While
present haemodynamic studies confirm these digitalis may have no place alone in the sympanimal experiments.
tomatic treatment of angina, these studies
The digitalis glycosides increase myocardial suggest that the drug may beneficially comoxygen consumption in the normal heart by plement treatment with the adrenergic betaincreasing peripheral resistance (Braunwald receptor blocking drugs, particularly as these
et al., I96I), systemic arterial pressure (Mason latter agents have conspicuous negative inoand Braunwald, I964), and velocity of ven- tropic effects, due to their sympathetic
tricular contraction (Mason and Braunwald, blocking activity. The combined use of these
I963). Myocardial oxygen consumption is drugs thus affords further opportunity in the
more related to the type than to the amount
rational treatment of patients with angina
of work as calculated by conventional formu- pectoris.
lae. Changes in cardiac output are associated
with relatively small changes in myocardial
oxygen consumption, but myocardial oxygen We wish to thank the many physicians and surgeons who referred patients to us; Sisters F. Ellis
consumption is conspicuously influenced by and
R. Cox and the nursing staff of the Medical
changes in aortic pressure (Gerola, Feinberg, Professorial
Unit, The General Infirmary, Leeds,
and Katz, I957; Sarnoff et al., 1958). In the for their help and co-operation; Mr. Stafford and
present studies there was no change in aortic the technicians of the Cardiovascular Unit without
pressure associated with the increase in cardiac whose valuable assistance this work would not
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have been possible; the Catheter Room nurses
who afforded such essential help; Professor R. J.
Linden for his help and encouragement throughout. B. S. and M. K. M. are Senior Ciba Research
Fellows, P. A. M. is a Senior Wellcome Foundation Research Fellow.
This work was assisted by a grant from the
Wellcome Foundation.
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