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Blockers and the failing heart: is it time for-a
U-turn?

Y Bashir, W J McKenna, A J Camm

Since the introduction of 3 adrenoceptor
antagonists into clinical practice approximate-
ly 30 years ago, these drugs have been regard-
ed as being contraindicated in patients with
severely depressed ventricular function
because of the risk of precipitating haemody-
namic deterioration. It may therefore seem
both surprising and paradoxical that the idea
of using 0 blockers as a primary therapy for
congestive heart failure to improve symptoms
and prognosis has gained considerable ground
recently. This fundamental shift in opinion
has come about for several reasons. (a) There
is increasing evidence that the deleterious
long-term effects of excessive sympathetic
stimulation on cardiac mechanical perfor-
mance and electrical stability may outweigh
any immediate benefits of inotropic support
to the failing myocardium, thus providing a
clearer rationale for the use of P adrenoceptor
antagonists. (b) Subgroup analysis of post-
infarction [ blocker trials has shown that the
greatest reductions in mortality were seen in
patients with mild or moderate heart failure.
(c) Most studies of low dose I blockade in
patients with congestive heart failure showed
sustained improvements in functional capaci-
ty, haemodynamic indices, and control of
ventricular arrhythmias. (d) By contrast, long-
term treatment with 0 adrenoceptor agonists
and other inotropes has failed to produce
such beneficial responses and there is now
clear evidence that these drugs increase mor-
tality. (e) The success of angiotensin convert-
ing enzyme inhibitors has lent powerful
support to the general principle that blockade
of "compensatory" neurohormonal mecha-
nisms may be a beneficial in the treatment of
heart failure.
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Rationale for P blocker'treatment in heart
failure
It is now recognised that activation of the
sympathetic nervous system plays an extreme-
ly complex part in the pathophysiology of
heart failure, exerting both beneficial and
adverse effects at the same time. Inotropic
support to failing myocardium may help to

maintain circulatory homoestasis but with
continuous adrenergic stimulation this

response soon becomes blunted because of
progressive desensitisation of the P receptor
pathway. The loss of sensitivity is attributable

both to , receptor downregulation and
changes in the regulatory G proteins that
uncouple the receptors from adenylate
cyclase, their second messenger.1 2 The dimin-
ishing benefits of inotropic stimulation are
offset by the deleterious effects of chronically
increased sympathetic tone on myocardial
structure and metabolism, ventricular
mechanical performance, and susceptibility to
life-threatening arrhythmias. This shifting bal-
ance between the favourable and adverse
influences of the sympathetic nervous system
is the key to understanding how ,B blockers
can be used to obtain clinical benefit in
patients with heart failure.

CATECHOLAMINE MEDIATED CARDIOTOXICITY
Chronically raised catecholamine concentra-
tions are directly injurious to the myocardium
and may contribute to the progression of
underlying heart disease.' Rabbits and
patients treated with pharmacological doses of
noradrenaline developed myocardial necrosis
and impaired ventricular function,4 and a
reversible cardiomyopathy with similar histo-
logical features was seen in association with
phaeochromocytomas.5 Several mechanisms
could be involved including intracellular cal-
cium accumulation, energy depletion, genera-
tion of free radicals by catecholamine
metabolites such as adrenochrome, and
chronic subendocardial ischaemia. It is
assumed that P blockers may afford some
protection against catecholamine mediated
myocardial damage, though there is no
experimental evidence for this.

HAEMODYNAMIC BENEFITS
Despite their negative inotropic properties, ,B
blockers could improve the mechanical per-
formance of the failing heart by various mech-
anisms. Correction of regional wall motion
abnormalities resulting from inhomogeneities
of cardiac sympathetic innervation is one pos-
sibility. Loss of normal temporal coordination
of myocardial contraction and relaxation is a
common finding in patients with chronic
heart failure, and is probably as important a
determinant of impaired ventricular function
as any absolute reduction in contractility.9
The asynergy is partly due to patchy destruc-
tion of nerve terminals and disruption of the
normally uniform sympathetic innervation. In
dogs asynchronous wall motion was produced
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by regional cardiac denervation, leading to

considerable deterioration in overall ventricu-
lar function, but these adverse effects were

reversed by ,B blockade.'0 Blockers might
also improve contractility in patients with
abnormally prolonged mechanical restitution
by slowing heart rate and thereby allowing
systole to occur in the more advantageous
plateau portion of the restitution curve."

Lengthening of the cardiac cycle may also
compensate for abnormalities of diastolic
function. For example, Ng and Gibson found
that the effective ventricular filling time is
reduced to less than 200 ms in approximately
25% of patients with impaired left ventricular
function by the combined effects of rapid
heart rates and persistence of mitral regurgi-
tation beyond mitral valve opening."2 Finally,
removal of 3-receptor stimulation may indi-
rectly reduce vasoconstriction and fluid
retention by secondary effects on the renin-
angiotensin system and vasopressin release.

SYMPATHETIC NERVOUS SYSTEM AND

ARRHYTHMOGENESIS
The sympathetic nervous system is also
thought to play a key part in the genesis of
ventricular arrhythmias by potentiating
abnormal automaticity, triggered activity, and
reentry in diseased myocardium"; the combi-
nation of increased sympathetic tone and
myocardial ischaemia seems to be a particu-
larly potent trigger for malignant ventricular
arrhythmias. Blockers, by virtue of their
anti-ischaemic and anti-adrenergic properties,
have been shown to be uniquely cardiopro-
tective in this setting whereas conventional
class I and class III antiarrhythmic drugs are

usually ineffective or even arrhythmogenic. 4

This is potentially of considerable importance
because sudden death accounts for nearly half
of total mortality in chronic heart failure'5
and the lethal rhythm disturbance is a ven-

tricular tachycardia in approximately 80% of
patients with underlying coronary artery dis-
ease (by far the commonest cause of heart
failure in the general population).'6'7

Clinical experience with , blockers in
congestive heart failure
Since Waagstein et al's pioneering report in
197518 numerous groups have investigated
the effects of,3-adrenoceptor antagonists in
patients with congestive heart failure and left
ventricular dysfunction. Most of the early
studies were confined to the relatively
uncommon condition of idiopathic dilated
cardiomyopathy, but more recently blockers
have been evaluated in patients with heart
failure secondary to other causes including
coronary artery disease. The table summaris-
es the results from 16 separate reports pub-
lished since 1980 six open studies and 10
randomised controlled trials) of 372 patients,
of whom approximately 80% received active
treatment with ,B blockers.'9-'5 Though the
studies differed in design, duration of treat-

ment, choice of blocker, and patient char-
acteristics, the findings were fairly consistent
with improvements in symptoms, exercise
capacity, left ventricular function, and central
haemodynamic and neurohormonal indices.
The benefits seem to have been maintained
during long-term follow up for at least two

years, and late withdrawal of chronic 13-block-
er treatment usually resulted in clinical and
haemodynamic deterioration within a few
months.'5'6 Objective increases in exercise
tolerance were observed less consistently than
symptomatic improvement, possibly because
of the widespread use of maximal exercise
testing which may be a less reliable indicator
of functional capacity than endurance at sub-
maximal work loads.'5 The changes in resting
left ventricular function were superficially
very impressive: a pooled analysis of data
from 12 studies (162 patients) showed an

increase in ejection fraction from 26% to

37%,37 which is considerably greater than has
been seen with ACE inhibitors, digoxin,
vasodilators, and inotropic drugs. The
significance of this finding has been justifiably
questioned because none of the other agents

slow the heart rate to the same extent as P-
blockers, but in at least one study the

Studies of 3 blockers in congestive heartfailure

Changes in

Central
Duration Exercise haemo- Intolerance

Reference Design Patients* Aeriology Drug (mnth) Symptoms tolerance LVEF dynamics (%o)

Swedberg et al 19 Open 28 (28) DCM Various 23 + + + NA 1/28 (4)
Ikram et a! 20 Double blind (C) 15 (15) DCM Acebutolol 1 i - i NA 1/17 (6)
Currie et al 21 Double blind (C) 10 (10) DCM,CAD Metoprolol 1 _ i _ 0/10 (0)
Engelmeier et a 22 Double blind (P/C) 25 (21) DCM Metoprolol 12 + + + NA 1/21 (5)
Anderson et al 23 Double blind (P) 50 (25) DCM Metoprolol 19 + i NA NA 3/25 (12)
Waagstein et a!24 Open 13 (13) CAD, Valv Metoprolol 12 + + + + NA
Waagstein eta!2526 Open 33 (33) DCM Metoprolol 16 + + + + 7/33 (21)
Eichhorr eta!27 Open 15 (15) DCM,CAD Bucindolol 3 NA NA + + 0/15 (0)
Das Gupta et a! 28 Open 17 (17) CAD Carvedilol 2 + + + + 3/17 (18)
Pollock et al 29 Double blind (P) 19 (12) DCM,CAD Bucindolol 3 + + + + 0/19 (0)
Leung et al 3 Double blind (C) 12 (12) DCM Labetalol 2 + + NA + 0/12 (0)
Nemanich et al 3 Open 10 (10) DCM,CAD Metoprolol 2 + + + NA 2/10 (20)
Woodley etal32 Double blind (P) 50 (30) DCM,CAD Bucindolol 3 + ± + + 1/51 (2)
Fisher et al 33 Double blind (P) 35 (17) CAD Metoprolol 6 + NA + NA NA
Paolisso et a! 34 Double blind (C) 10 (10) DCM,Valv Metoprolol 3 + + + NA 0/10 (0)
Olsen35 Double blind (P) 30 (18) DCM Carvedilol 4 NA + + NA NA

C, Crossover trial; P, parallel group study; DCM dilated cardiomyopathy; CAD coronary artery disease; Valv = valvar heart disease
+ = improvement; ± = no change; - = deterioration; NA = data not available.
*Number receiving 3 blockers is given in parentheses.
tIncidence of haemodynamic deterioration (some of the controlled trials included a pre-randomisation open challenge with ,B-blockade and omitted patients who
deteriorated acutely, therefore the total number of patients may be greater than the number in the final study report).
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improvement in ejection fraction was
observed despite the use of atrial pacing to
achieve matched heart rates before and after
treatment.27 Several groups have examined
changes in central haemodynamic indices and
have shown reductions in ventricular filling
pressures usually accompanied by increases in
cardiac index.252932 Recently, Eichorn et al
conducted a meticulous investigation of the
haemodynamic effects of 3 months' treatment
with bucindolol in patients with heart failure
of various aetiologies.27 Care was taken to
avoid the confounding influence of changes in
heart rate and loading conditions. All mea-
surements were performed at matched atrial
pacing rates and indices of cardiac perfor-
mance that were relatively loud independent-
ly were derived. Bucindolol augmented
contractility as assessed from the end systolic
pressure-volume relation and the peak posi-
tive dP/dt end diastolic volume relation, and
also improved myocardial relaxation as shown
by a reduction in the time constant of left
ventricular isovolumic relaxation. Further-
more, these beneficial changes in systolic and
diastolic function were achieved without any
rise in myocardial oxygen consumption, indi-
cating an improvement in the efficiency of
myocardial energetics.262' Even more signifi-
cantly, the haemodynamic benefits have usu-
ally been accompanied by reductions in
neurohormonal activity, particularly a fall in
plasma noradrenaline concentration,26 32 38 39
one of the most powerful prognostic indica-
tors in patients with heart failure.40 Though
much attention has been paid to the phenom-
enon of P-receptor up regulation, this does
not correlate with the time course or degree
of clinical improvement, and is probably of
little significance because the extra receptors
remain pharmacologically blocked.2 25

Several general points have emerged from
these studies. Treatment must be started at
an extremely low dose (for example, meto-
prolol 6-25 mg twice a day which is increased
gradually to therapeutic levels over several
weeks. Clinical improvement may take several
months to become apparent and is sometimes
preceded by a temporary deterioration,925
which possibly accounts for the negative find-
ings of the two shortest studies (each lasted
only one month).20 21 Even with cautious dos-
ing, some patients have to be withdrawn
because of worsening heart failure, bradycar-
dia, or hypotension: in studies that provided
details, the overall incidence of acute intoler-
ance was surprisingly low at around 7%
(range 0-21%) with no directly attributable
deaths (see table). Dramatic haemodynamic
deterioration is occasionally seen,4' but fortu-
nately such cases seem to be rare. It may be
prudent to avoid such treatment in patients
with decompensated or severe (New York
Heart Association class IV) heart failure, but
even some of these seem to tolerate c block-
ade without problems and derive long-term
benefit.'9 25 Indeed, one group has even
reported the successful use of low-dose meto-
prolol in patients with end stage heart failure
requiring inotropic support.42 As in the early

days ofACE inhibitors, patients have general-
ly been admitted for the initial doses, and the
safety and feasibility of starting treatment on
an outpatient basis requires further evalua-
tion.

It is crucially important to know whether 13
blockers work equally well in heart failure
with aetiologies other than idiopathic dilated
cardiomyopathy. One recent report suggested
that they might be only marginally effective in
heart failure secondary to ischaemic heart dis-
ease,32 but at least three other studies have
shown improvements comparable to those ob-
tained in patients with cardiomyopathy.242833
Moreover, from a prognostic point of view,
patients with coronary artery disease might
obtain cardioprotective benefits from P block-
ade even in the absence of any objective
improvement in functional and haemody-
namic status.

Another unanswered question is whether
or not there are any significant differences
between individual P adrenoreceptor antago-
nists. Most of the early studies used metopro-
lol, which is relatively selective for 13'
receptors, but attention has recently switched
to a new generation of P blockers with vasodi-
lating properties such as bucindolol and
carvedilol. These agents have been developed
in the hope that they might be less likely to
precipitate acute haemodynamic deterioration
than conventional ,B blockers. To date, no
obvious differences have emerged in thera-
peutic efficacy or tolerance but there has
never been a direct comparison.

P Blockers and ventricular arrhythmias
Clinical experience with 13 blockers in the
management of ventricular arrhythmias has
further strengthened the cases for their use in
patients with heart failure. It is well recog-
nised that the safety and the efficacy of con-
ventional antiarrhythmic drugs is much
reduced when ventricular function is
impaired.43 This is partly because their elec-
trophysiological effects are reversed by sym-
pathetic stimulation.44 In contrast, several
groups found that adjuvant treatment with 13
blockers was highly effective for the control of
malignant ventricular arrhythmias in patients
with severe left ventricular dysfunction in
whom numerous other antiarrhythmic drugs
or drug combinations had failed.448 ,B block-
ers have been successfully combined with
both class I agents and amiodarone and, as in
the heart failure studies, the incidence of
haemodynamic intolerance was surprisingly
low despite generally higher doses.

Do P blockers prolong survival in chronic
heart failure?
There have been important advances in the
symptomatic treatment of congestive heart
failure, but prolonging survival remains a
major therapeutic challenge. In recent multi-
centre trials mortality among patients with
mild or moderate heart failure treated with
ACE inhibitors and diuretics was 35-40% at
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four years.49 50 This death rate is not only
caused by progressive heart failure but also by
a high incidence of sudden death in haemo-
dynamically stable patients'5; the classifica-
tion and causes of these sudden deaths have
been extensively debated, but in patients with
underlying coronary artery disease the com-
monest mechanism is a sustained ventricular
tachycardia (possibly triggered by acute
myocardial ischaemia).'6 From a prognostic
standpoint, the use of P blockers seems
particularly attractive to prevent or slow cate-
cholamine-mediated deterioration in ventric-
ular function, while at the same time
protecting against the development of lethal
arrhythmias.
Though none of the studies performed so

far was large enough to provide meaningful
data on survival, it is notable that ,B blockade
consistently improved the key prognostic
indices such as left ventricular ejection frac-
tion, plasma noradrenaline concentration,
exercise capacity, and ventricular arrhyth-
mias. Supportive evidence for a beneficial
effect of ,B blockers on survival in chronic
heart failure has emerged from subgroup
analysis of randomised post-infarction trials.
In the Beta-Blocker Heart Attack Trial, the
greatest reduction in cardiac mortality in the
group receiving propranolol was among
patients with evidence of heart failure before
randomisation51; in particular, there was a
striking 47% reduction in the incidence of
sudden death in this high-risk cohort com-
pared with only a 13% reduction in patients
without a history of heart failure. Analysis of
the Norwegian timolol trial gave similar
results.52 By contrast, conventional antiar-
rhythmic drugs (including amiodarone) seem
to be ineffective for preventing sudden death
in post-infarction patients with left ventricular
dysfunction or chronic heart failure.5'55

Indirect support for a beneficial effect of 5
blockers on survival is provided by the disap-
pointing clinical results obtained with i
adrenoceptor stimulation. Long-term treat-
ment with fi agonists and other inotropes
such as the phosphodiesterase inhibitors not
only fails to produce sustained symptomatic
and haemodynamic improvements but also is
associated with a definite increase in mortali-
ty.5657 The P-receptor partial agonist xam-
oterol increased mortality in patients with
severe heart failure.58 Some have attributed
this deleterious effect to predominant P
antagonist activity in the face of high resting
sympathetic tone, but Holter monitoring dis-
closed an increase in heart rate (that is, ,
receptor stimulation) during the early hours
of the morning, when patients are at their
most vulnerable to life-threatening cardiac
events. Similarly, , blockers with intrinsic
sympathomimetic activity generally have not
been found to reduce mortality in survivors of
infarction.59

Conclusions
An increasing weight of experimental and
clinical observations suggest that the long-

term effects of the sympathetic nervous sys-
tem in chronic heart failure are predominant-
ly deleterious, and that judicious use of
n-blockade may produce sustained clinical
and haemodynamic improvements in most
patients as well as protecting against the
development of malignant ventricular
arrhythmias; with appropriate dosing the risk
of acute haemodynamic deterioration is
small. The possibility of publication bias
leading to selective reporting of favourable
results needs to be considered as does the
widespread use of pragmatic (rather than
intention to treat) analysis. Even allowing for
these potential confounding influences, the
results are very striking and resemble those
obtained with ACE inhibitors. Both theoreti-
cal considerations and indirect evidence sug-
gest that these benefits may lead to a
reduction in mortality, particularly among
patients with underlying coronary artery dis-
ease. Accordingly, the time has arrived for
definitive, large-scale, controlled trials to
assess the long-term safety and efficacy of P-
blockers in general heart failure populations
and, most importantly of all, their impact on
survival. Some investigations including the
Metoprolol in Dilated Cardiomyopathy Trial
and the Cardiac Insufficiency Bisoprolol
Study (CIBIS) are already in progress and
others are planned. The SOLVD (Studies of
Left Ventricular Dysfunction) investigators
are considering a proposal for a multicentre
study with a factorial design to evaluate
simultaneously two different P blockers and
oral magnesium replacement. As yet, very few
British centres are participating in this
research or indeed have any clinical experi-
ence with the use of P blockers in heart fail-
ure. However, should these multicentre trials
confirm the promise of P blockade, we may
witness a remarkable U-turn in the routine
management of chronic heart failure before
the end of the century. In an era when enor-
mous resources are earmarked for the devel-
opment of new cardiovascular drugs it would
be ironic, but by no means unprecedented, to
discover that a potentially important and
valuable treatment has been staring us in the
face.
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