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B-blocker in the Treatment of Heart Failure:

From Scientific Evidences to Clinical Practice

(Review Article)

Ali M Elneihoum, Mahfoud A. Mahfoud, Mustafa Zaririk

Department of Medicine, Cardiology Unit, 7™ October Hospital,

Benghazi, Libya.

The burden of heart failure

Heart failure (HF) is a major public
health problem. -1t is the only
cardiovascular disease that increase in
prevalence in the recent years and it
has been projected that HF will be a
mé;jor cause of morbidity and mortality
in the future '°.

Heart failure is a frequent disease with
an incidence of about 0.3-2% per year
among those below the age of 65 years

and rising up to 3-13% among those

above the age of 65 years

In Europe it had been estimated that
there are 5-7 million HF patients at.
present * °. The incidence of HF is
about 2-3 per 1000 new cases per year
in Europe * . In USA 400.000 new HF
cases are diagnosed per year (a new
case every 1-3 minutes) *°.

Heart failure is a debilitating disease
causing frequent hospital admission
and 1t is the principle discharge
diagnosis in patients above the age of
65 *'°. Heart failure have a very poor

prognosis with a mortality
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rate of about 10% per year for mild and

moderate HF, rising up to 50%/year for

. 11,12
severe cases

B-blockers in heart failure

Comparing its prognosis with some common

malignant diseases, HF has been considered

to be one of the most killing diseases (table

1)

Tablel: Comparing survival rate of heart failure with some common malignant diseases.

| year 2year 3year
Breast cancer  88%  80%  72%
Prostate cancer 75%  64% 55%
Colon cancer  56%  48%  42%
Heart Failure  67%  41%  25%

In order to improve the prognosis of patients
with this debilitating and killing disease we
need to translate scientific evidences into
applying  recent

knowledge,

clinical  practice by
evidence-based

recommendations and guidelines.

Role of adrenergic system in heart failure:

Heart failure is the end stage of a continuum
leading from risk factors to ventricular
dysfunction.

Excess adrenergic system activation plays an
important role in the pathogenesis and
progression of heart failure. Adrenergic
hormones act directly on the heart through

causing

different  adrenergic  receptors

various effects (table 2)". Excess long

standing adrenergic activation leads to

myocardial remodeling, myocyte
hypertrophy, abnormal contractile function
and myocyte apoptosis ending into cardiac
dysfunction and progressive heart failure'®
'S, On the other hand HF will strongly
stimulate the secretion of more adrenergic
hormones leading to a vicious circle and
worsening HE. In a study of patients with
asymptomatic left ventricular dysfunction
(NYHA class I), Benedict CR and coworkers
level of

demonstrated  that plasma

noradrenaline was the most important
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Table 2a. Effects of adrenergic hormones on the heart and the mediated receptors

Response

Cardiac myocte growth
Positive inotropic effect
Positive chronotropic effect
Myocyte toxicity

Myocyte apoptosis

Re”cefiors“
B1, B2, al
BL, B2, (al)
B1, p2
p1,p2

1, B2

predictor for mortality (Odds ratio “OR”
=2.59), hospitalization or death from HF
(OR=2.55) and for the development of
symptomatic  heart failure (OR=1.88).
Moreover, in follow-up studies of patients
with symptomatic heart failure, high plasma
level of norepinephrin was a strong predictor
for mortality in these patients !7 '
Accordingly, it has been proposed that
blocking the adrenergic receptors (e.g. by B-
blocker) might be useful in the management
of heart failure via severeal mechanisms: 1.
Anti-ischemic effect through reduction of
heart rate, blood pressure and myocardial
oxygen demand " '*'8 2 Anti-arrhythmic
effect, and also decrease the incidence of
sudden death, especially after a myocardial
infarction '*. 3. Prevention of the progression
of myocardial dysfunction and remodeling,
and even causes regression of remodeling,
through their direct effect on myocytes *°.

The Australian-New Zealand Heart Failure

Research Collaborative Group *' performed

echocardiography on 123 patients before
randomization and at six and 12 months after
therapy with a nonselective PB-blocker
(carvedilol). ~ Compared to  placebo,
carvedilol reduced left ventricular volumes,
increased left ventricular ejection fraction,
and prevented left ventricular dilatation. 4.
Improvement in renal blood flow and hence
increase in diuresis and decrease in fluid
retention™. 5. Lowering of the level of
endothelin, another potent vasoconstrictor
that is present in increased concentrations in
CHF®. Furthermore, the degree of reduction
in endothelin levels may correlate with the
functional and hemodynamic improvement
in these patients.

B-blockers were previously considered to be

contraindicated in HF because of their short-

term adverse effects. However, studies in
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Sweden in the 1970s “*¥ raised the
possibility that long-term therapy of HF
patients with these agents might reduce
symptoms, improve left ventricular function,
increase functional capacity and, more
importantly reduce mortality to a significant

degree.

B-blockers used in large heart failure
trial:

Carvedilol is a non-selective B-blocker and
al-blocker™. It is a vasodilator and has
ancillary properties including antioxidant

effect, improving metabolic parameters,

B-blockers in heart failure

enhancing left ventricle mass regression and
reduce remodelling (table 2a)™ 7,

Metoprolol and Bisoprolol are cardio-
selective B1-blocker. They have no intrinsic
sympathetic activity. There is no evidence to
suggest that cardio-selectivity is associated
with more clinical benefits. Furthermore, it
seems that the broader the adrenergic
blocker the better the cardiac and the
metabolic effects and therefore, regression of
remodelling and improvement of heart

failure.

Table 2b: Pharmacological differences within B-blocker drugs evaluated in large heart failure trials

Bl p2 al  ISA  Ancillary

Blocker Blocker Blocker effect*
Carvedilol ++ ++ + . —+
Metoprolol 4+ - - ) -
Bisoprolol 4+ - - - -
Bucindolol ++ ++ - + .

*anti-oxidant, anti-endothelin, anti-proliferative, [SA= intrinsic sympathatic activity.

Clinical trials of B--blocker in heart failure:
B-blockers have now been evaluated in
more than 20 published placebo-controlied
clinical trials*®*°. Al trials enrolled patients
with systolic left ventricular dysfunction
(ejection fraction less than 45%) who had

already been treated with diuretics and an

ACE inhibitor, with or without digitalis.
These trials recruited many types of patients,
including women and the elderly, as well as
patients with a wide range of causes and
severity of left ventricular dysfunction.
Patients with preserved systolic function,

low heart rates (less than 65 beats per min),
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or low systolic blood pressure (less than 85

mm Hg) were either not recruited or

represented a small proportion of the patients

participating in these studies.

Major -blocker clinical trials:

Summary of the major 3-blocker trials in
heart failure is shown in table 3.

US Carvedilol program trial”>* [s a

combination of three individual carvedilol

studies:

include the Prospective

which

Randomized Evaluation of Carvedilol on

Symptoms and Exercise study (PRECISE),

the US Carvedilo!l Heart Failure Study, and

the

Multicenter Oral Carvedilol Heart

Failure Assessment study (MOCHA). The

US carvedilol

trial was a double-blind

controlled study enrolled 1094 patients with

mild, moderate and severee HF (NYHA

class I[I-IV). Patients were maintained on

digoxin, diuretics, and ACE inhibitors and

then randomized to treatment with carvedilol

or placebo.

The improvement in mortality in patients

treated with carvedilol was so large that the

study was terminated prematurely after 25

months of enrolment and when the following

were observed:

A reduction in total mortality (3.2% Vs
7.8%, P=0.001). This represented a 65%
decrease in the risk of death, which was

similar regardless of age, sex, HF

Garyounis Medical
Journal

etiology, ejection fraction, exercise
tolerance, systolic blood pressure or
heart rate.

e A reduction in death due to progressive
heart failure (0.7% Vs 3.3%; P<0.001)
and sudden death (1.7 Vs 3.8 percent; P<
0.001).

e A 27 % reduction in the need for
hospitalization for any cause and a 38%
reduction in hospitalisation for heart
failure.

e A 38% increase in event-free survival,
i.e. need for hospitalization or death
(15.8% Vs 24.6 %, P=0.001).

CIBIS 1 & II trials

Insufficiency Bisoprolol Study 1 & Il): The

(Cardiac

relationship between the hemodynamic

effects of [B-blockers and survival was
reported by the CIBIS [ investigators.
Among 557 patients, Bisoprolol significantly
reduced heart rate compared to placebo at
two months, and the change in heart rate
over time had the highest predictive value
for survival. At five months, left ventricular
fractional shortening significantly increased
in the bisoprolol group compared to placebo
and changes in this parameter also correlated

with improved survival. Thus, (-blocker-

induced cardiac effects observed within a
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few months of therapy might identify
patients who will have improved long-term
survival. Although the CIBIS [ trial®
showed a 20 percent reduction in mortality
with bisoprolol compared with placebo, this
was not significant because of the small
number of patients and events.

CIBIS 1PP* randomized 2647 patients with

class 1l or IV HF and an ejection fraction

<35 %. After an average follow up of 1.4

years, the trial was prematurely terminated

when the following were observed:

e A reduction in the total all-cause
mortality with Bisoprolol compared to
placebo  (11.8% Vs 17.3%); ‘the
estimated annual mortality was reduced
by 32% with Bisoprolol (8.8% Vs
13.2%, hazard ratio 0.66, P<<0.0001).

e The reduction in mortality was
independent of severity or cause of HF.

e Sudden cardiac death was reduced by
44% with Bisoprolol (3.6% versus
6.3%, P<0.001).

e Bisoprolol therapy resulted in a 15%
reduction in hospital admissions for any
cause and a 30 percent reduction in
admissions for HF (P<0.0001).

MERIT-HF  trial . (Metoprolol

Randomized Intervention Trial in HF)

[-blockers in heart failure

The study randomized 4000 patients with
NYHA class Il to IV HF who were
receiving digoxin, an ACE inhibitor, and a
diuretic to extended-release Metoprolol (100
to 200 mg/day) or placebo. This study was
prematurcly  terminated  when a  35%
reduction in all-cause mortality and all-cause
hospitalization ~ were observed in the
Metoprolol group at 12 months (P<0.006).
All these studies included small numbers of
patients with scvere heart failure (NYHA
class 1V) and a strong evidence of benefit in
this subgroup was difficult to establish
which highlights the need for large study
including this group of patients
COPERNICUS (Carvedilol  Prospective
Randomized Cumulative Survival) *:
The objective of this study was to show the
effect of Carvedilol on patients with severe
HE (NYHA class 1V). It was a randomized
double-blind  placebo  controlled  study
enrolling 2289 patients with severe HF
NYHA IV (EF<25%) to placebo or
Carvedilol (initial 3.125mg bid, doubling the
dose every 2 weeks until target dose of 25
mg bid was rcached, patients received
highest tolerated dose). The trial was also
prematurely terminated because of:
o Highly significant reduction in all cause
mortality (35% reduction, p<0.0001)

which was consistent in all patients
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subgroups (elderly, women, EF<20%, all
actiology subgroups).

e A reduction in combined death or
hospitalization for any reason by 24%
(P<0.0001).

e A reduction in combined death or
hospitalization for cardiovascular
diseases by 27% (P<0.0001).

e A reduction of combined death or
hospitalization for heart failure by 31%
(P<0.0001).

COPERNICUS established the efficacy of

carvedilol in severee heart failure and

extended the benefits of this drug; first
observed in patients with mild and moderate
symptoms; to those with advanced disease.

However COPERNICUS does not settle the

question as to whether all other B-blockers

(other than carvidelol) are effective in

patients with severee heart failure which

remain to be determined.

This collective experience indicates that

long-term treatment with beta-blockers can

lessen the symptoms of HF, improve the
clinical status of patients, enhance the
overall sense of well-being, reduce the risk
of death and the combined risk of death or
hospitalisationzg'“. These benefits of beta-
blockers were seen in patients with or
without coronary artery disease and in

patients with or without diabetes. The

Garyounis Medical
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favourable effects of beta-blockers were also
observed in patients already taking ACE
inhibitors, which suggests that combined
block of two neuro-hormonal systems can
produce additive effects.

Clinical implication of -blocker in heart
failure
Translation of this scientific evidence into

clinical practice is important to help our
patients with HF in order to improve their
quality of life and reduce their mortality.

1. Which heart failure patients are
candidates for treatment with beta-
blockers?

29-42

Scientific  evidences and  recent

~
2

recommendations ** suggest that B-blockers
should be given to all stable patients with
NYHA class I, Il & IV HF due to systolic
left  ventricular  dysfunction unless
contraindicated or patients who can not
tolerate the drug. Patients with HF who are
hemodynamically unstable or who have
acute HF should not receive beta-blockers

until being stabilized. Treatments with f3-
blocker should be given concomitantly with
other medications proven to be beneficial for

HF such as ACE inhibitors, diuretics,

spironolactone and in some cases digoxine.
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Treatment with B-blocker should not be
delayed till patient is found to be resistant to
treatment with other drugs.

2. Which B-blocker to use?

Carvedilol, Metoprolol and Bisoprolol are
the only B-blockers tested in large clinical
trials and they are the only drugs
recommended for treatment of HF to date.
There was a need for large comparison
studies to compare the differences between
these drugs in the treatment of patients with
HF. The ongoing COMET* * study
(Carvedilol or Metoprolol European Trial)
was designed to establish the relative
benefits of Carvedilol or Metoprolol on
survival of patients with different classes of
HE. The results of this trial is expected in the
year 2003.

3. Doses and Up-titration:
In order to have the benefit of B-blockade

the effective doses used in major trials
should be the target doses. There is no
evidence of decreased mortality with lower
doses. Table 4 illustrates the effective
starting and target dose of recommended
drugs. Treatment with B-blocker should be
initiated at a very low dose, followed by
gradual increments if lower doses have been

well-tolerated 4 patients should be

B-blockers in heart failure

monitored closely for changes in vital signs
and symptoms during this up-titration
period. In addition, because initiation of
therapy with a beta-blocker can cause fluid

47.48 : . :
, concomitant administration of

retention
diuretics may be beneficial if signs of fluid
retention had developed. Planned increments
in the dose of a B-blocker should be delayed

until any side effects that observed with

lower doses have disappeared. Using such a

cautious approach, most patients
(approximately 85%) enrolled in clinical
trials with beta-blockers were able to tolerate
short- and long-term treatment with these
drugs and achieved the maximum planned

trial dose *’.

4. Complications of Therapy with B-
blockers and their management

According to major clinical trials, B-blockers
are usually well tolerated and their side
effects are rare’’. (I) Non cardiac adverse
effects: include the adverse effects on the
lung, peripheral blood vessels, glucose
tolerance and central nervous system i)
Cardiac adverse effects: they include sinus
bradycardia, complete heart block and

worsening of heart failure. Despite this
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concern, only a minority of patients with
stable HF deteriorates after the initiation of
B- blocker therapy. Worsening HF was
observed in less than 6 % of patients who
were treated with Carvedilol’’. The aim
should be to continue with B-blocker and to
look for and treat other common treatable
reasons and precipitating factors for
worsening HF. Abrupt withdrawal of
treatment with B-blocker can lead to clinical
deterioration and should be avoided.

I. Worsening HF without disease
progression: Reasons:

|. Poor compliance: in patients who
stop or reduce the treatment and
those not sticking to dietary advice.

2. Inappropriate treatment e.g. NSAID
or other drugs that cause fluid
retention.

3. Co- morbid event such as infection,
uncontrolled diabetes mellitus,
hypertension or arrhythmia such as
atrial fibrillation.

All these should be looked for and treated
accordingly. Patient education to prevent
recurrence is important. The aim is to
continue  B-blockers  if  patient s

hemodynamically stable or no significant

evidence of disease progression is found..

Garyounis Medical
Journal

The dose of B-blocker could be reduced or
temporary withdrawn if there is evidences of
hypoperfusion such as hypo. .ion or renal
dysfunction and then to be re-uptitrate -
blocker after stabilization.

II. Worsening HF with disease

progression

The continuation of B-blockers depends
on the clinical status of the patient, whether
he has mild or severee low output state.

1. Disease progression with mild
output state: treat the precipitating factors if
correctable eg. AF  (rate  control,
cardioversion), infection, ischemia (drugs,
revascularization) and uncontroled diabetes
mellitus. The aim is to continue with -
blocker, possibly lower dose may be needed,
then re-uptitrate after stabilization.

2- Disease progression with evidence of
severe low output state: unstable
patient with hypotension, increased
blood urea and creatinine or evidence
of hepatic dysfunction.

ACE inhibitors may be discontinued to
reduce progression of renal failure. If there
are no immediate correctable precipitating

factors, discontinue [-blocker completely

and consider inotropic therapy
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and other supportive management. After
patient stabilization, try re-uptitrate [3-

blocker and may consider switching to

Carvedilol. Inability to reintroduce B-blocker -

indicates poor outcome.

Summary

There is a strong evidence based research
data supporting the benefits of 3-blockers in
the treatment of patients with HF. Over
13,000 HF patients evaluated in around 29
placebo-controlled clinical trials, all showed
a consistent improvement in cardiac
function, symptoms and clinical status,
decrease in all-cause mortality by 30-35%
(p<0.0001) and a consistent decrease in
combined risk 0% death and hospitalisation
by 25-30% (p<0.0001).

Although it is estimated that 85% of HF
patients would benefit from B-blockers, only
few patients (in some places about 5%) are
actually receiving these medications. A
strong offer is needed from all physicians
treating such patients to apply recent
evidence based recommendations and
guidelines in order to improve their patients

life quality and prognosis.

B-blockers in heart failure
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Table 3: Major B-blocker trials in Heart failure (Adopted from reference 52)

Study Drug Patients N Follow-up Death(%) Risk P
(NYHA class) Placebo B-blocker (months) Placebo  (-blocker Change %

US Carvedilo! Carvedilol I, Iy, /v 398 696 6.5 31(7.8) 22(3.2) -65 <0.0001

CIBIS-II Bisoprolol I, /v 1320 1327 16 228(17) 156(12) -32 <0.0001

MERIT-HF Metoprolol IL, I, /V 2001 1990 12 217(10.8) 145(7.3) -35 0.0062

COPERNICUS Carvedilol v 1133 1156 15-45 190(8.8)  130(11) -35 0.00014
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