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INTRODUCTION

Beta-blockers which were earlier
considered to be pure negative ino-
tropic drugs have until recently been
contraindicated for treatment of con-
gestive heart failure. This has been
the case despite the fact that the con-
cept presented more than 25 years
ago as an option for treatment in idio-
pathic dilated cardiomyopathy with
tachycardia later followed by several
small long-term studies confirming
their ability to improve cardiac func-
tion and reduce symptoms. The origi-
nal rationale for the concept was res-
toration of myocardial energy balance
by reducing cardiac work, mainly by
normalizing heart rate. This hypoth-
esis has been confirmed later in clini-
cal and experimental studies but sev-
eral other mechanisms seem to play a
role, such as interaction with other
neurohormones, restoration of imbal-
ance between vagal and sympathetic
innervation of the heart, reduction of
apoptosis and oxidative stress leading
to slower disease progression and
restoring electrical stability implying
lower risk of sudden death.

Three large placebo-controlled
randomised trials have now finally
proven that three different beta-
blockers, on top of ACE-inhibitors,
reduce both cardiovascular morbi-
dity and mortality in mild, moderate
and severe heart failure.

EFFECT ON CARDIAC FUNCTION
AND EXERCISE CAPACITY

Numerous controlled studies have
consistently shown improvement in
ejection fraction, which exceeds the
combined effects of digoxin and ACE-
inhibitors. Diastolic function is im-
proved similarly and preceeds im-
provement in systolic function. Re-
versed remodelling has been shown
both with metoprolol and carvedilol
occuring after 6 months of treatment
and seems to be greater than with
ACE-inhibitors alone. The effect on
exercise capacity is less clear but there
may be a somewhat better effect with
the beta1-selective blocker metoprolol
compared to the non-selective beta-
blockers carvedilol and bucindolol.
This may be a consequence of less
reduction of peak exercise heart rate
with metoprolol possibly related to
upregulation of beta-adrenergic
receptors by metoprolol in contrast to
absence of upregulation with
carvedilol and bucindolol.

EFFECT ON MORBIDITY
AND MORTALITY

Three large prospective randomised
survival trials have now consistently
shown a reduction in mortality by 34–
35 % [1–3] (Figs. 1, 2, table 1). Two
trials, CIBIS II and COPERNICUS, us-

ing bisoprolol and carvedilol included
only more severely ill patients in
NYHA class III–IV, whereas the MERIT-
HF trial also included NYHA class II
patients. All studies showed reduction
of cardiovascular morbidity [1, 4]
reflected as fewer re-admissions to
hospital for cardiovascular reasons as
well as fewer days in hospital. A retro-
spective analysis from the CIBIS II and
the MERIT-HF trials using the same
inclusion criteria as in the COPER-
NICUS trial, ejection fraction ≤ 0.25
and NYHA class III and IV showed
similar average ejection fraction and
placebo mortality indicating that these
subsets of patients matched well the
patients included in the COPERNICUS
trial. Moreover, reduction in mortality
in the MERIT-HF subset of patients
were of the same order as in the
COPERNICUS trial, 39 % vs 35 %, and
for morbidity all cause 25 % vs 20 %,
for cardiovascular cause 32 % vs 28 %
and for heart failure cause 44 % vs
33 % indicating a strong benefit of
metoprolol also in more severe heart
failure patients. A fourth trial [5] in
patients with severe heart failure (BEST),
did not show a significant reduction in
all-cause mortality, although a signifi-
cant reduction in cardiovascular death
and heart transplantation or death was
observed. The reason for discrepancy
between this trial and the other three
trials remains obscure, but too strong
beta2-blocking effect reducing nore-
pinephrine release too markedly in the
more severe heart failure patients has
been a proposed explanation [5].
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Figure 2: CIBIS-II: Survival curves. From [2] with permis-
sion

Figure 1: Kaplan-
Meier curves of
cumulative
percentage of
total mortality
(p value adjusted
for two interim
analyses). From
[1] with permis-
sion
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HOW TO USE BETA-BLOCKERS
IN CHF
When initiating beta-blockade in con-
gestive heart failure it is important to
start with a low dose and increase the
dose slowly over 6–8 weeks in order
to allow the circulation to adapt to
reduction of cardiac sympathetic drive
caused by blockade of myocardial
beta-adrenergic receptors. The starting
dose ranges from 1/8 to 1/16 of the
target dose depending on the severity
of heart failure. Initial systolic blood
pressure should be ≥ 100 mmHg. In
case it is not, one should consider
lowering the ACE-inhibitor dose in
order to obtain an appropriate blood
pressure allowing initiation of the
beta-blocker. A reduction in the ACE-
inhibitor dose from target dose does
not seem to reduce the effect on mor-
tality significantly according to the
ATLAS study [6], whereas the strong
beneficial effect on mortality from
beta-blockade would be missed if the
patient does not receive a beta-
blocker. The data base from all three
beta-blocker mega trials show clearly
that withdrawal of beta-blockade for
cardiovascular reasons like bradycar-
dia, hypotension or increase in con-
gestive heart failure is rare since it
occurs as often or more frequently in
the placebo treated patients. This indi-
cates a high degree of safety with these
drugs. Also for adverse events related
to respiratory disease, psychiatric dis-
orders or diabetes no increase was
seen with metoprolol. As a rule, the
final dose of beta-blockers should be
the target dose for these trials. If, how-
ever, the final dose is lower than the
target dose for reasons like hypoten-
sion, bradycardia or marked fatigue,
the lower dose would also significantly
reduce morbidity and mortality ac-
cording to retrospective analysis of
MERIT-HF [7]. The subset of patients
not tolerating a target dose of meto-
prolol in that study were sicker than
those tolerating the target dose, as
reflected by a higher placebo mortal-
ity. Despite this the withdrawal rate for

cardiovascular reasons, was even
more markedly reduced by metoprolol
compared to patients receiving the
target dose. This indicates the impor-
tance of trying to treat also these pa-
tients since the high mortality rate in
this patient group implies that more
lifes could be saved per treated patient
years than in patients with lower risk.

CONCLUSION

It can now be finally stated that beta-
blockers should be given in addition to
ACE-inhibitors to all haemodynamical-
ly stable patients with congestive heart
failure due to primarily systolic dys-
function regardless of severity of dis-
ease. Due to their effectiveness in
NYHA class II as demonstrated with
metoprolol in the MERIT-HF trial it is
important to start treatment as early as
possible after diagnosis to prevent
sudden death, which is the predomi-
nant cause of death in NYHA class II
and III patients, as well as preventing
progression of disease into more se-
vere heart failure. The common de-
nominator for the beta-blockers used
in the three survival trials showing
almost identical effects on mortality
and morbidity, is beta1-adrenergic
receptor blockade, which raises the
question whether beta2- and alpha1-
blockade give additional benefit. The
experience from the BEST trial with
bucindolol emphazises that only beta-
blockers proven to be beneficial in
controlled trials should be used for
treatment in heart failure.

References:
1. MERIT-HF Study Group. Effect of meto-
prolol CR/XL in chronic heart failure: Meto-

prolol CR/XL Randomised intervention Trial
in Congestive Heart Failure (MERIT-HF).
Lancet 1999; 353: 2001–7.
2. CIBIS-II Investigators and Committees.
The cardiac insufficiency bisoprolol study II
(CIBIS-II): a randomised trial. Lancet 1999;
353: 9–13.
3. Packer M, Coats AJS, Fowler MB, Katus
HA, Krum H, Mohacsi P, Rouleau JL,
Tendera M, Castaigne A, Roecker EB,
Schultz MK, DeMets DL. Effect of carvedilol
on survival in severe chronic heart failure. N
Engl J Med 2001; 344: 1651–8.
4. Hjalmarson Å, Goldstein S, Fagerberg B,
Wedel H, Waagstein F. et al. for the MERIT-
HF Study Group. Effects of controlled-re-
lease metoprolol on total mortality, hospi-
talizations, and well-being in patients with
heart failure. The metoprolol CR/Xl Rando-
mized Intervention Trial in Congestive Heart
Failure (MERIT-HF). JAMA 2000; 283, 1293–
1302.
5. The Beta-Blocker Evaluation Bucindolol
of Survival Trial Investigators. A trial of the
beta-blocker bucindolol in patients with
advanced chronic heart failure. N Engl J
Med 2001; 344: 1659–67.
6. Packer M, Poole-Wilson PA, Armstrong
PW, Cleland JG, Horowitz LD, Massie BM,
Ryden L, Thygesen K, Uretsky BF. Compara-
tive effects of low and high doses of the
angiotensin-converting enzyme inhibitor,
lisinopril, on morbidity and mortality in
chronic heart failure. ATLAS Study Group.
Circulation 1999; 100: 2312–8.
7. Wikstrand J, Hjalmarson Å, Waagstein F,
Fagerberg B, Goldstein S, Kjekshus J, Wedel
H for the MERIT-HF Study Group. Achieved
metoprolol CR/XL. Dose and clinical out-
comes. Analyses of the experiences in
MERIT-HF. Submitted.

Correspondence to:
Prof. Finn Waagstein, M.D.
Division of Cardiology and
Wallenberg Laboratory for
Cardiovascular Research
Sahlgrenska University Hospital
Göteborg, Sweden
E-mail: finn@wlab.wall.gu.se

Table 1: Overview: Effects of Metoprolol CR/XL on endpoints (MERIT-HF trial)
Primary endpoints
• Total mortality –34 % p = 0.0062
• Total mortality or all cause hospitalization –19 % p = 0.0001
Secondary endpoints
• Total mortality or hospitalization due to worsening CHF –31 % p < 0.0001
• Death or heart transplantation –32 % p = 0.0002
• Cardiovascular mortality –38 % p < 0.0001
• Sudden death –41 % p = 0.0002
• Death from worsening CHF –49 % p = 0.0023
Tertiary endpoints
• Total mortality or hospitalization or

emergency department visit due to worsening CHF –32 % p < 0.0001
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