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CLINICAL RESEARCH

Haemodynamic advantages of combined alpha-blockade
and beta-blockade over beta-blockade alone in patients
with coronary heart disease

S H TAYLOR, B SILKE, G I C NELSON, R C OKOLI, R C AHUJA

Abstract

The acute haemodynamic effects of beta-blockade with
propranolol and combined alpha-blockade and beta-
blockade with labetalol were compared in a randomised
study in 12 patients with coronary artery disease proved
by angiography. Propranolol induced significantly greater
depression of left ventricular function both at rest and
during exercise than labetalol. This difference was
probably attributable to the vasodilator activity of
labetalol and the associated reduction in afterload
offsetting the haemodynamic disadvantages of blockade
of cardiac beta-adrenoceptors alone.
The haemodynamic advantages of combined alpha-

blockade and beta-blockade over beta-blockade alone
may thus have therapeutic implications for the use of
these treatments in patients with coronary heart disease.

Introduction

Beta-blocking drugs are commonly used in coronary heart
disease as symptomatic treatment for patients with angina
pectorisl 2 and more recently have been advocated for the
secondary prevention of myocardial infarction.3-7 By reducing
heart rate and myocardial contractility8 they reduce myocardial
oxygen consumption, but these benefits tend to be offset by a
concomitant increase in left ventricular afterload.9 This stems
from two sources. Firstly, blockade of myocardial beta,-receptors
results in an increase in left ventricular volume.'0-"2 Secondly,
blockade of vasodilator beta2-adrenoceptors in the peripheral
circulation directly increases systemic vascular resistance and
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aortic impedance and this is further augmented by the reflex
vasoconstriction resulting from the reduction in cardiac output.'3
Logically therefore, simultaneous reduction in afterload by
vasodilatation could be expected to counter the depression of
left ventricular pumping function resulting from beta-blockade
alone. This hypothesis was tested by comparing the haemo-
dynamic effects of equivalent beta-blocking doses of propranolol
and labetalol, a drug which combines alpha-blocking and beta-
blocking properties,'4 in patients with stable coronary heart
disease.

Patients and methods

Twelve men aged 25-64 years, with symptomatic, electrocardio-
graphic, and angiographic evidence of coronary heart disease were
studied. All were normotensive and in sinus rhythm without clinical
or radiographic signs of left ventricular failure. None had any clinical
contraindications to the use of beta-blocking drugs and none were
receiving drugs other than short-acting nitrates. Informed consent
was given by all patients and the investigation agreed by the hospital
ethics committee.

Patients were allocated at random to receive propranolol or labetalol
(six in each group). A control period was started with four minutes'
supine bicycle exercise at the predetermined symptom-limiting load
(25-50 W); haemodynamic measurements were made during the final
minute of exercise. When circulatory variables had restabilised,
resting measurements were made for four minutes, after which
propranolol or labetalol in equivalent beta-blocking doses'5 were
infused intravenously over 20 minutes to give final cumulative doses
of 16 mg for propranolol and 80 mg for labetalol respectively. Haemo-
dynamic measurements were recorded during the four minutes
immediately after completion of the intravenous infusion and bicycle
exercise was then repeated at the same workload. Heart rate was
measured from the electrocardiogram, systenmic arterial and pulmonary
vascular pressures were externally transduced, and cardiac output
was measured by computer integration of triplicate right-heart
thermal-dilution curves. Pulmonary artery occluded pressure was
taken as an index of left ventricular filling pressure, and systemic
vascular resistance was calculated by conventional means. Probability
of statistical significance of differences between data before and after
taking drugs was tested by analysis of variance of repeated measure-
ments.'617
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Results

There was comparable distribution between the two groups in
terms of the severity of symptoms and extent of angiographic coronary
artery disease. Left ventricular performance, however, in terms of the
relation between left ventricular filling pressure and cardiac output
was impaired to a greater extent in the patients allocated at random to
receive labetalol than in those allocated to receive propranolol.

COMPARISON OF HAEMODYNAMIC EFFECTS OF PROPRANOLOL AND
LABETALOL

After propranolol the systemic blood pressure was unchanged at
rest but significantly reduced during exercise compared with control
values. Cardiac output and heart rate were reduced and pulmonary
artery occluded pressure and systemic vascular resistance significantly
increased, both at rest and during exercise (see table).

After labetalol the systemic blood pressure and systemic vascular
resistance were significantly reduced, both at rest and during exercise,
compared with results before taking the drugs. Cardiac output at rest
was increased and the response to exercise unchanged. Heart rate was
unchanged compared with control values both at rest and during
exercise. The pulmonary artery occluded pressure was unchanged at
rest but increased during exercise after labetalol-(see table).

Considering the rest and exercise relation between pulmonary
artery occluded pressure and cardiac output, the left ventricular
function curve was significantly shifted to the right after propranolol
(p<0-01) but unchanged after labetalol, despite its greater initial
depression in those taking labetalol (see figure).
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Comparison of effects of intravenous propranolol and labetalol in equivalent
beta-blocking doses on left ventricular function curves of patients with
coronary heart disease.

Discussion

These studies clearly show the previously reported depression
of left ventricular pumping function- after beta-blockade,1' 12
particularly during exercise,'8 19 in patients with coronary heart

Haemodynamic effects of propranolol and labetalol in 12 patients with coronary artery disease. Figures are means± SEM

Intravascular pressures (mm Hg) Systemic vascular
Drug Period Cardiac output Heart rate resistance

Systolic Diastolic Mean PAOP (1/min/m2) (beat/min) dyn cMe/S/M2
Rest

Proranlol(n 6 Control 144±11 82±7 103±8 13±2 3-7±0-3 72±3 2367±179Propranolol(n=6)+Drug 141±10 84±6 102±7 16±2* 3 0±0 2** 64±2* 2719±157**
Labetalol (n = 6) Control 143±10 83±5 106 ±7 13 ±2 3 2±0 2 68±6 2895 ±382

V Drug 127±5** 76±4** 96±4** 13±I2 3.4±0.1* 68±4 2266±118**
Exercise

Propranolol (n = 6) Control 179 ±8 100±4 123 ±6 22±3 66±006 104 ±3 1559 ±171~Drug 157±9** 86±5** 116±6* 29±2** 5-0±0-4** 91±2** 1925±228*
Labetalol (n=6) fControl 157±9 94±5 113±6 20±3 4 7±0 2 83±5 1923±92Drug 146±8* 83±6** 107±7* 24±4* 5v0±0t2 81<±3 1802±*1310*

PAOP = Pulmonary artery occluded pressure. Drug v control *p <005, **p <001.

disease. Our results also support the validity of the haemo-
dynamic argument on which this comparative study was based
-namely, that concomitant dilatation of peripheral arterial
resistance vessels affords a means of countering the depression
of left ventricular function that is associated with beta-blockade
alone. In our patients, the relation between the filling pressure
of the left ventricle and its pumped output was largely un-
impaired after combined alpha-blockade and beta-blockade with
labetalol compared with the substantial depression that followed
beta-blockade alone with propranolol. This contrasting effect of
the two drugs on left ventricular pumping ability was most
probably related to the reduction in pressure work induced by
the vasodilator component of labetalol over and above its beta-
blocking activity.
These results are instructive, but they must be interpreted

with caution. The results of acute intervention studies may not
always reflect the quantitative effects of long-term treatment.
Nevertheless, previous haemodynamic studies with these
sympathomimetic blocking drugs have shown similar qualitative
changes after their acute intravenous and chronic oral admini-
stration.20 It is also difficult to arrive at comparative physiological
beta-blocking doses of these drugs when one possesses a vaso-
dilator component. The doses we used, however, have been
shown to possess about an equal degree of inhibition of
isoprenaline tachycardia in man.15
From the clinical viewpoint, there is no doubt that beta-

blocking drugs offer a clinically effective treatment in many
patients with exercise-induced angina pectoris. Our results
suggest that the symptomatic efficacy of such treatment may be
enhanced by the addition of alpha-blockade. The implication of
these findings in patients undergoing long-term treatment with
beta-blocking drugs for the secondary prevention of myocardial
infarction is also of interest. Beta-blocking drugs aggravate the
loss of myocardial reserve present in many of these patients.
Our results suggest that in patients in whom beta-blocking drugs
are indicated, concomitant vasodilator or alpha-blockade may
afford a method of offsetting their haemodynamic disadvantages
and enhancing their therapeutic activity.
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advice. This study was supported by grants from Glaxo Operations
(UK) Ltd and the Yorkshire Regional Hospital Board.
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Maternal anti-D concentrations and outcome in rhesus
haemolytic disease of the newborn

P BOWELL, J S WAINSCOAT, T E A PETO, H H GUNSON

Abstract

The relation between maternal anti-D concentrations,
measured against the British working standard, and out-
come of rhesus-sensitised pregnancies was studied.
There is a clear relation between increasing anti-D
concentrations and the chance of a severely affected baby.
Of those pregnancies (78) where serial anti-D concentra-
tions remained below 4 IUI/ml, no baby had a cord
haemoglobin below 10 g/dl and three had exchange
transfusions. In contrast, of those mothers (106) with
anti-D concentrations above 4 IU/ml, 23 had babies with a
cord haemoglobin below 10 g/dl and 79 babies had
exchange transfusions.

It is suggested that those pregnancies where anti-D
concentrations remain below 4 IUT/ml represent a rela-
tively safe group in which amniocentesis may be avoided.

Introduction

In spite of prophylaxis, rhesus haemolytic disease of the newborn
remains an appreciable clinical problem.1 2 The management of
affected pregnancies is helped by a prediction of outcome, which
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is conventionally based on previous history, some measure of
maternal anti-D potency, and, in selected cases, examination of
amniotic fluid. The estimation and interpretation of anti-D
potency has been problematic for several reasons: the older
manual titration method gives poor reproducibility,3 the early
automated method of quantification4 required several modifica-
tions,5 6 and different anti-D standards have been used in
Britain for the automated quantification method. A British
anti-D working standard (coded 72/229) was established in 1975,
however, and virtually all laboratories have now adopted this
preparation for determination of antenatal anti-D concentrations.
We examined the relation between maternal anti-D concen-

trations and outcome of rhesus-sensitised pregnancies in the
Oxford region. This is the first such study to report anti-D
concentrations measured, with the above modifications, directly
against the British anti-D working standard.

Patients and methods

From 1977 to 1980 all pregnant women in the Oxford region were
screened for red cell antibodies, principally at the Oxford Regional
Transfusion Centre but also at several of the district hospitals.
During this period 380 women were found to have anti-D antibodies:
details of relevant investigations were routinely sent to the Oxford
Regional Transfusion Centre and sufficient data for study was avail-
able from 260 patients. The remaining 120 were excluded for the
following reasons: only one anti-D concentration determined (60),
anti-D detectable by enzyme-modified cells only (level < 0 05 IU/ml)
(35), insufficient information (14), incidental abortions (six), anti-D
found only at birth (four), rhesus-positive patient with 0 75 IU/ml
anti-D (one).
Cord haemoglobin and bilirubin concentrations were measured,

ABO and rhesus blood group determined, and direct antiglobulin
tests performed in hospital laboratories by standard methods. Auto-
mated anti-D quantification was performed using an autoanalyser
(Technicon) and based on the method of Marsh et al4 using the modi-
fications recommended by Gunson et al.5 6 In addition, a cell concen-
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