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p-blocker therapy may not matter.
INTRODUCTION

ABSTRACT

Heart failure, a major public health problem is associated
with high mortality, poor quality of life, and frequent
hospitalization. It is a complex syndrome characterized
by neurohumoral activation. Activation of sympathetic
nervous system plays an important role in its pathogenesis.
Randomized trials have show that p-blockers reduce
mortality, hospitalization and improves quality of life. One
of the three p-blockers (i.e., bisoprolol, carvedilol, and
sustained-release metoprolol succinate) is recommended for
all patients with current or prior symptoms of Heart Failure,
unless contraindicated, to reduce morbidity and mortality.
[-blockers are underused in patients with heart failure. If a
patient is considered suitable for [-blocker therapy, a careful
initiation and gradual increases of p-blocker dose are crucial
to avoid clinical deterioration. Initiating the Angiotensin
Conventing Enzyme inhibitor first is traditional but studies
have proven similar safety with a [-blocker-first strategy.
Emerging evidence suggests that the order of initial ACEI or

median survival time of 16 months and only 25% of
men and women survived to 5 years.?

HF is a complex clinical syndrome that results

Heart failure (HF), a major public health problem is
associated with high mortality, poor quality of life,
and frequent hospitalization.! Prognosis of moderate
to severe HF is worse than most malignancies. When
the four most common sites of cancer registered in
Scottish men during 1991, they were in rank order,
lung (30%), large bowel (12%), prostate (11%) and
bladder (8%). The equivalent figures for women
were breast (24%), large bowel (14%), lung (10%)
and ovarian cancer (5%) , these malignancies were
compared with heart failure. For both men and
women, lung cancer was associated with the poorest
unadjusted survival rate with a median survival time
of 3—4 months and only 5% of patients surviving to
5 years. However, heart failure was associated with
the second poorest unadjusted survival rate with a

from any structural or functional impairment
of ventricular filling or ejection of blood® and
characterized by neurohumoral activation.*
Activation of renin-angiotensin-aldosterone system
(RAAS) and sympathetic nervous system (SNS)
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play an important role in the pathogenesis of HF>.
Despite the evidence that angiotensin converting
enzyme inhibitor (ACEI) improves the morbidity and
mortality of HF, the prognosis of HF has improved
little over the past 30 years.® Evidences show that
B-blockers, when used in addition to ACEI, also
reduce mortality in HF. Along with ACEI, B-blockers
has become essential first-line therapy in patients
with HF, regardless of the cause.”® Treatment with
B-blockers improves systolic function, reduces
symptoms and mortality.” The demonstration of the
beneficial effects of B-blocker therapy in patients
with HF is one of the most important steps forward
in the treatment.

Randomized trials with Carvedilol (U.S. Carvedilol
Study'® and COPERNICUS [Carvedilol Prospective
Randomized Cumulative Survival],*!"' metoprolol
(MERIT-HF [Metoprolol CR/XL Randomised
Intervention Trial in Congestive Heart Failure]'
,bisoprolol  (CIBIS-II  [Cardiac  Insufficiency
Bisoprolol Study II]** showed that B-blockers reduce
morbidity and mortality in HF patients when added
to standard therapy. As a result, these agents have
received a Class IA recommendation in current HF
guidelines.*’

Rationale for B-blocker therapy in heart failure

Left ventricular systolic dysfunction in HF will
be compensated by activating the SNS and
increasing adrenergic activity to improve cardiac
performance."'* This compensatory mechanism
may improve contractility and provide hemodynamic
support in short term. However, chronic adrenergic
stimulation can be deleterious because it may cause
myocardial damage due to changes in left ventricular
remodeling, loss of myocardial cells and abnormal
gene expression.'® Sympathetic activation is also
associated with positive chronotropic effects, which
will deplete the energy stores of the myocardium
and have direct effects on myocardial cells, thereby
adversely affecting outcome and accelerating
progression to advanced HF.'7 Attenuation of these
mechanisms is associated with improvement in
survival.

Adrenergic stimulation will affect the heart via
three adrenergic receptors: -1, f-2 and a-1, which
are present in human cardiac myocytes. -blockers
function by reversibly binding with B- receptors to
block the response to sympathetic nerve impulses
or catecholamines.'® Elevated norepinephrine level
causes long-term B-receptor down-regulation which
results in attenuation of inotropic activity, while
a-receptor stimulation leads to myocyte hypertrophy
via activation of C-MYC oncogene regulating
system " thus contributing to a great extent in the
remodeling process. It is known that some B-blockers
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(metoprolol and bisoprolol) cause up-regulation of
these receptors carvedilol does not do so, the point
which stresses the importance of other mechanisms
by which B-blockers improve the situation in HF
patients. As the up-regulation process occurs within
hours to days of treatment with B-blockers, clinical
improvement may take several months to take place.
Even it is noticed that ventricular improvement may
occur without an increase in B-receptors density.?

B-blockers in addition actas anti-ischemic drugs, they
prolong coronary diastolic time, inhibit stimulatory
anti B1-receptor auto antibodies, augment atrial and
brain naturetic peptide, lower plasma endothelin-1
levels (carvedilol), and stimulate the endothelial
L-arginine/nitric  oxide pathway (nebivolol).”!
Catecholamines cause shifting of substrate
utilization from glucose to fatty acids reducing the
efficiency of the heart, the process can be reversed
by B-blockers.

Low output status and the increased afterload due to
vasoconstriction can accelerate the rate of myocardial
cell death in the failing heart in addition to apoptosis®
caused by the direct effect of catecholamines on
heart muscles cells. Secondary to sympathetic
stimulation vasoconstriction occurs in kidneys thus
elevating level of renin-angiotensin, which can
contribute further to ventricular remodelling by
promoting smooth muscle cell growth via C-FOS
oncogene pathway'®, causing smooth muscle cell
growth in peripheral vascular network impairing
arteriolar dilating ability by inhibiting distensibility,
enhancing norepinephrine release and its systemic
effect and increasing interstitial deposition of
collagen.® When all the data were put together,
B-blockers exert their greatest beneficial effects
through the reduction of SNS activity. Treatment is
aimed at halting this increased sympathetic drive and
stopping the adverse effects of chronic adrenergic
stimulation in chronic HF is being the fundamental
basis for the use of B-blockers.

Mechanism of -blockade in heart failure 23

Upregulation of B-receptors and improved p adrenergic
signaling.

Bradycardia (tcoronary blood flow and decreased myocardial
oxygen demand).

Protection from catecholamine myocyte toxicity.
Antiarrhythmic effect

Inhibition of RAAS.

Improved ventricular contractility and synchrony

Inhibition of norepinephrine-mediated muscular hypertrophy
Prevention of norepinephrine-mediated apoptosis

Decreased central sympathetic outflow

Increased myocardial catecholamine stores

The Evidence of B-blocker in heart failure
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Number of patients with systolic HF assessed in
placebo controlled trials for B-blockers exceeds
that of patients in trials for ACEL* Three major
randomized controlled trials of B-blockers in mild
to moderate systolic chronic HF were stopped early
because of overwhelming evidence of mortality
benefits and concern that patients receiving placebo
should not be denied active therapy.'

Metoprolol

The first major placebo-controlled multicenter trial
of B-blocker on HF, conducted between 1985 and
1991 was the Metoprolol in Dilated Cardiomyopathy
(MDC) trial.?® A total of 383 subjects with HF from
idiopathic dilated cardiomyopathy (ejection fraction
< 0.40) were randomly assigned to placebo or
metoprolol. Most patients (94%) were in NYHA
functional classes II and III, and 80% were receiving
background treatment. The trial was powered on
an expected 50% reduction by metoprolol in the
combined end point of all-cause mortality and
deterioration of the patient to the point of requiring
listing for heart transplantation. MDC also had
numerous prespecified secondary end points, which
included mortality alone, hospitalizations, left
ventricular function, quality of life, and exercise
tolerance.” During the mean follow-up of 14
months, metoprolol reduced the prevalence of the
primary end point of death; or need for cardiac
transplantation by 34%, which was not statistically
significant.®® The benefit was entirely due to a
reduction in the morbidity end point , in as much
as all-cause mortality actually trended greater in
the treatment group.” In addition, metoprolol
improved left ventricular function, quality of
life, hospitalizations, and exercise tolerance at 12
months.*® The results of the MDC trial were viewed
as non definitive but quite promising, and they led to
a more traditional placebo-controlled mortality trial
MERIT-HF.

In MERIT-HF trial, extended release metoprolol
was compared with placebo.”*” It began
enrolling subjects in early 1997 and was stopped
prematurely.'? A total of 3991patients with ischemic
and nonischemic dilated cardiomyopathies with
NYHA class II to IV and Left ventricular ejection
fraction of <40 percent who were receiving digoxin,
ACEI and a diuretics were randomly assigned to
metoprolol, beginning with 12.5 or 25 mg daily and
titrated up to 200 mg daily or placebo. The mean
dose was 159 mg daily, with 64 percent of patients
receiving target dose; the discontinuation of patients
taking active drug was 14% in one year. This study
was terminated early because significant benefits
noted in the treatment group. The results showed
that in the metoprolol group there was 34% decrease
in all cause mortality at 12 months, there was also

reduction in the combined end point of death, need
for transplant and reduction in the hospitalization
for cardiovascular causes or HF. The NYHA class
and quality of life also improved. When analyzed
by mode of deaths, there were significantly fewer
sudden cardiac deaths and fewer deaths from

worsening of heart failure in the treatment group.'>
27

Carvedilol

Carvedilolisanonselective B-blocker that also blocks
a- receptors and has unique antioxidant properties.?
The benefits of carvedilol for the treatment of HF
have been shown in the 1996 US Carvedilol Heart
Failure Study.” This study was a compilation of
results from four smaller trials that evaluated the
effect of carvedilol on morbidity and mortality in
patients with HE.3%3132 A total of 1094 patients with
left ventricular systolic dysfunction (LVEF< 35%)
and NYHA class I and IV were enrolled. Patients
continued to receive digoxin, diuretics and ACEI,
were randomly assigned to receive carvedilol in a
target dose of 25 to 50 mg twice daily or placebo. The
trial was terminated early when an analysis showed
that overall mortality was significantly lower among
patients taking carvedilol. There was 65% reduction
of death and 27% risk reduction for hospitalization
for cardiovascular causes in the treatment group.

In COPERNICUS, 2,289 patients with severe CHF
and a LVEF < 25% were randomized to carvedilol
or placebo. Patients were followed for 10.4 months,
during which standard treatment for heart failure
was continued. Compared with placebo, carvedilol
significantly reduced all-cause mortality by 35%?
combined risk of mortality or hospitalization for any
reason by 24%.The trial was prematurely terminated
because a significant mortality reduction from
carvedilol compared with placebo. The patients
treated with carvedilol also spent fewer days in
the hospital and were less likely to develop serious
adverse effects such as sudden death, ventricular
tachycardia, or cardiogenic shock.?

Bisoprolol

Bisoprolol, a highly selective PBl-blocker® was
tested in HF too.CIBIS-1, which was a placebo-
controlled trial of the effects of bisoprolol on
mortality in symptomatic ischemic or nonischemic
cardiomyopathy subjects treated for an average
follow-up of 22.8 months.** This trial, powered on an
unrealistically high expected event rate in the control
group, ended up with a statistically insignificant
20% mortality reduction.> In addition, the benefit in
this trial was confined to subjects with nonischemic
cardiomyopathy , compared with those receiving
placebo, had a 47% reduction in mortality.** Despite
the lack of overall statistical significance in the



CIBIS-I trial, the reduction in mortality was similar
to that accomplished with ACEI and was viewed
as encouraging. This prompted a follow-up trial,
CIBIS-IL.2

The CIBIS-II trial was stopped 18 months early
because of a 32% reduction in all-cause mortality
in the treatment group.” A total of 2647 patients
with class III or IV heart failure from ischemic and
nonischemic cardiomyopathies were enrolled and
followed for a median of 1.3 years."” In addition to
the reduction in mortality, bisoprolol also reduced
hospitalizations and cardiovascular deaths by 20%
and 29% respectively. In CIBIS-II, * deaths classified
as sudden were statistically reduced by 44% in the
treatment group, whereas pump failure deaths were
nonsignificantly reduced by 26%. This trend in a
greater reduction in sudden versus pump failure
deaths was opposite to that obtained in CIBIS-1.**
Another difference between CIBIS-I and CIBIS-
IT was the effect on ischemic versus nonischemic
cardiomyopathy, which also demonstrated opposite
trends. In CIBIS-I, * the reduction in mortality in the
nonischemic group was by 47%, whereas in patients
with a history of myocardial infarction, there was
a trend to an increase in mortality (by 11%) in the
bisoprolol group. One possible explanation for the
differences between CIBIS-I and CIBIS-II is the
average target doses of bisoprolol used: 10 mg/d
in CIBIS-II"* and 5mg/d in CIBIS-1.34Although
CIBIS-II enrolled subjects with NYHA class III
(90%of the total) or IV symptoms, the annualized
placebo mortality was only 13.2%.'* Nevertheless,
the results of CIBIS-II were internally consistent
through all major demographic groups,' and the
impressive results constitute a landmark clinical
trial in the development of B-blockade as a treatment
for chronic HF.

Indication of $-blockers

Despite the fact that clinical evidence clearly
demonstrates B-blockers reduce morbidity and
mortality in patients with HF, still B-blockers are
underused in patients with HE.** All patients with
stable, mild, moderate and severe chronic HF from
ischaemic or non-ischaemic cardiomyopathies and
reduced left ventricular ejection fraction, in NYHA
class II-1V, should be treated with B-blockers, in the
absence of contraindication or intolerance.’¢37-

B- blocker therapy should be initiated in patients
after adequate diueresis and generally following
ACETI treatment and the patient should be stabilized
and in compensated condition. Contraindications
for B-blocker treatment include cardiogenic shock,
symptomatic bradycardia without pacemaker,
second and third degree AV block; severe asthma
and severe chronic obstructive pulmonary disease
(COPD).
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Initiation of B-blocker

If a patient is considered suitable for B-blocker
therapy, a careful initiation and gradual increase
of PB-blocker dose are crucial to avoid clinical
deterioration.*® Patients should be stable first on the
standard therapy, including diuretics, ACEI. Unlike
the results of clinical trials with ACE inhibitors,
which indicated that the beneficial effects of these
drugs could be considered a “class effect.” So 2013
ACCF/AHA Heart Failure Guideline recommended
using of one of the three beta blockers proven to
reduce mortality (i.e., bisoprolol, carvedilol, and
sustained-release metoprolol succinate) for all
patients with current or prior symptoms of HF,
unless contraindicated, to reduce morbidity and
mortality.’

A B-blocker is added at low starting dose that is
gradually increased until the maintenance dose
derived from the mortality trials is achieved. The
increases of the dose should generally occur at
2-3 weeks interval and patients should undergo
reevaluation before any adjustments are made.**4!

Table 2: Titration and doses of Different
B-blockers (mg)*

B-blocker Ist Dose 3rd Week S5th-6th Final
week Dose
Carvedilol 3.125 6.25%2 12.5%2 25x2*
Metoprolol SR~ 25#* 50 100 200
Bisoprolol 1.25 25 5 10

*50mg twice daily in patients>85kg, **Reduce
initial dose 12.5mg in severe HF

In the beginning of treatment with B-blockers some
patients may notice the signs of fatigue. This is due
to drop in sympathetic drive.®

The Initiation Management Predischarge process for
Assessment of Carvedilol Therapy for HeartFailure
(IMPACT-HF) trial confirmed that B-blocker can be
safely initiated in patients hospitalized for HF prior
to discharge.* Predischarge initiation significantly
increased B-blocker utilization when compared to
initiation in the ambulatory setting. The criteria for
introduction of a B-blocker are the same as in the
outpatient setting. Thus, the drugs can and should be
started in all patients with symptomatic HF as soon
as they reach the euvolemic state in the absence
of contraindications. Patients who do not tolerate
the initial dose due to increasing fluid retention,
bradycardia (<60 beats/min) or symptomatic
hypotension, or SBP <80 mm Hg, can be challenged
with half of the initial dose. The dose should be
uptitrated approximately every 2 weeks, but some
patients will require a longer titration period. It is not
uncommon for patients with severe HF to become
more symptomatic before improving. A period of 3—6
months to achieve maximal tolerated or target dose
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is not uncommon in these severely ill patients. Most
patients, however, can be easily titrated up to target
dose and surprisingly few experience even transient
symptoms of worsening HF as catecholamine
stimulation of the heart is progressively blocked.
During titration, the patient should be monitored for
CHF symptoms, fluid retention, hypotension and
bradycardia.*® In patients who develop evidence
of decompensation secondary to fluid retention, it
is recommended to reduce the dose of B-blocker
by half and double their diuretic dose for 3 days
with careful monitoring of body weight, creatinine,
and electrolytes. Then uptitration of the B-blocker
over the next 2-3 weeks is resumed. In rare cases,
patients will develop hypotension, fluid retention,
and rapid progression of HF during the initiation/
uptitration phase. These individuals usually require
hospitalization for acute HF exacerbation.

In patients with symptomatic hypotension, it is
recommeneded to treat this side effect using one or
more of the following approaches*+”: (1) stop or
reduce the dose of other nonessential vasodilators
(2) alternate the dosing of RAS blockers in the
morning with B-blockers in the evening (when once
daily formulations of these agents are being used) or,
when both drugs are given on a bid regimen, separate
the dosing of the agents by 1-2 hours; (3) administer
the B-blocker with meals when its absorption can
be delayed by this approach; (4) consider reducing
the diuretic dose if the patient is euvolemic; and (5)
temporarily reduce the dose of RAS blockers.

Since blood pressure often improves over time
with B-blockers, the RAS blockers can often be
increased to target dose at a later date. Patients who
develop bradycardia should be queried for a history
of syncope or presyncope. Asymptomatic patients
without AV block and exertional HR >55 require
no further intervention. Patients with severe HF and
symptomatic bradycardia, or evidence of AV block
that limits initiation and/or uptitration of a B-blocker
can be considered for a permanent pacemaker.*

ACEI or p-blocker; Which One to Start First in
Heart Failure Patients?

In patients with HF, measurements of circulating
neurohormones indicate an earlierrise of SNS activity
than that of RAAS.* This temporal sequence of
activation of these different neurohormonal systems
and their timely blockade are the key to achieve
optimal HF therapy.* As the SNS appears to become
activated before RAAS, it is logical to start with 3 —
blocker before an RAS blocker. Guidelines indicate
that ACEI should be used with or without diuretics
as first line therapy before treatment with other
neurohormonal antagonists. This choice is based
upon historical grounds as ACEI are the first drugs
to be evaluated and approved for clinical practice.

B-blocker should be the first drug to consider in the
view of'the early activation of the SNS in heart failure,
before that of the RAAS.*® Pretreamtment with a
B-blocker prevents ACEI escape and contributes to
a greater suppressing effect of ACEI on angitensin
II production.® Increased renal sympathetic drive
promotes salt and water retention; B-blocker may
prevent this.’! It may decrease untoward increase
in serum creatinine during ACEI therapy, therby
preventing cardiorenal complication.”> In contrast
to ACEI inhibition, B-blocker results in a significant
inhibition of ventricular tachy-arrythmias and
reduction of sudden death. The latter is particularly
important in mild to moderate HF, where a first-line
drug will be typically prescribed. Sudden cardiac
death is more prominent as a mode of death in these
early stages than in more advanced HF.*

Data supporting the use of B-blockers in HF patients
are relatively more recent and therefore, in practice,
these agents are commonly instituted after the ACE
inhibitor. However, clinical trial data indicate that
the overall impact of B-blockers on the clinical
course may be of greater magnitude than that of the
RAS blockers and there is evidence from a small
recent study that NYHA Functional Class II-III
HF patients with idiopathic dilated cardiomyopathy
may actually have better outcomes when initially
treated with a B-blocker. In this study, patients
receiving digoxin and diuretics were randomized to
initial therapy of either carvedilol or perindopril, an
ACE inhibitor. After 6 months, the carvedilol group
was additionally treated with an ACE inhibitor and
the perindopril group was started on carvedilol. A
functional assessment at 6 and 12 months favored
the group initially receiving carvedilol as these
patients tolerated a higher dose of the b-blocker and
required a lower dose of diuretic, and experienced
significant symptomatic improvement and lower
plasma NT-BNP.*

However, in some recent studies®*> B-blockers were
given before ACEI which is logical, considering that
excess baroreflex-mediated adrenergic activation
may be an important initial event in HF.

Initiating the ACE inhibitor first is traditional, the
findings of CIBIS III show that it is not the only
option. On the contrary, the findings of CIBIS
IIT support a free choice between Bisoprolol and
Enalapril as initial therapy. Both strategies have
similar safety, and there is no increased risk of
worsening of HF associated with a p-blocker-first
strategy.*®

Many clinicians initiate a low dose of ACEI
followed by full up-titration of a -blocker prior to
up-titrating the ACEL*' In addition; some emerging
evidence suggests that the order of initial ACEI or
B-blocker therapy may not matter.*’



CONCLUSIONS

Though the safety and effectiveness of B-blocker in
reducing mortality and morbidity in patients with
heart failure were proven by multiple randomized
controlled trails and were given class 1 A
recommendation in heart failure guidelines it is still
underused. A careful initiation and gradual increases

p-blocker in Heart failure.... | Review Article

of B-blocker dose are crucial. Initiating the ACE

inhibitor first is traditional. Recent studies suggest
that the order of initial ACEI or B-blocker therapy
may not matter. It is recommended that one of the
three B-blockers (i.e., bisoprolol, carvedilol, and
sustained-release metoprolol succinate) should be
used in heart failure patients, unless contraindicated,
to reduce morbidity and mortality
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