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The role of heart rate reduction in
angina management and beyond

This article highlights the significance of heart rate as an independent risk factor and prognostic marker for
cardiovascular disease and examines the pharmacological measures available that lead to

everal large-scale epidemiological studies have

shown that resting heart rate is a predictor of car-

diovascular and all-cause mortality. An association
between high heart rate and cardiovascular disease had
been reported as early as the 1940s (Levy et al, 1945).

A sustained increase in resting heart rate is a strong
predictor of death not only in patients with established
vascular disease, diabetes and hypertension, but also in
the general population (Diaz et al, 2005). It has been
reported that a graded increase in risk of cardiovascular
events occurs in heart rate above approximately 60 beats
per minute (Fujiura et al, 2001). Hypothetically, a mod-
est reduction in resting heart rate may substantially pro-
long life span. The mean resting heart rate in humans is
70 beats per minute, with a life expectancy of 80 years.
It has been theorized that lowering heart rate from
70 beats per minute to 60 beats per minute may increase
life expectancy to 93.3 years (Ferrari, 2003a), although
such a hypothesis would need to be rigorously tested in
large-scale human clinical trials, before any claim that
life span may be prolonged by lowering heart rate in the
non-cardiac patient could be made.

The total number of heart beats per lifetime remains
strikingly constant among all mammals despite a 40-fold
difference in life span. The Galapagos tortoise has a heart
rate of 6 beats per minute with a life expectancy of
177 years and a total number of heart beats of about 5.6
x 108 in a lifetime. This figure is remarkably close to that
obtained for a rat (6.3 x108) with a typical heart rate of
240 beats per minute and a life expectancy of only
5 years (Ferrari, 2003a). The inverse relationship between
resting heart rate and life expectancy holds true across
different species and is likely to represent an epiphenom-
enon in which heart rate is a marker of metabolic rate
(Ferrari, 2003b). Generally, smaller mammals have
higher heart rates and shorter life spans than larger mem-
bers of their class (Ferrari, 2003b).

Adverse consequences of a high heart rate
There is mounting evidence from numerous epidemio-
logical studies that implicates high resting heart rate as a
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effective heart rate reduction.

risk marker and low heart rate variability as an independ-
ent risk factor in vascular disease (Dyer et al, 1980;
Wilhelmsen et al, 1986; Kannel et al, 1987; Gillum,
1988; Gillum et al, 1991; Ferrari, 2003a; Singh, 2003).
Many long-term follow-up studies suggest that elevated
heart rate increases all-cause mortality and cardiovascular
disease and it has also been associated with sudden car-
diac death in patients with known or suspected coronary
heart disease, survivors of myocardial infarction and
those with hypertension (Singh, 2003; Shattock and
Camm, 20006).

The heart rate profile during exercise and recovery has
been shown to be a predictor of sudden death. In the
Paris Prospective Study I (Jouven et al, 2005), 5713
asymptomatic working men between 42 and 53 years of
age, none of whom had clinically detectable cardiovascu-
lar disease, underwent graded exercise testing. Data on
increase in heart rate from rest to peak exercise and
decrease in heart rate from peak exercise to 1 minute
after exercise termination were recorded. During a 23-
year follow-up period, the risk of sudden death from
myocardial infarction was increased in individuals with a
resting heart rate that was more than 75 beats per
minute, in subjects with an increase in heart rate during
exercise that was less than 89 beats per minute and in
subjects with a decrease in heart rate of less than 25 beats
per minute after termination of exercise.

High heart rate is associated with the metabolic dis-
turbances that lead to hypertension and atherosclerosis
(Ferrari, 2003a). In general, hypertensive patients have
a higher heart rate than normotensive individuals
(Gillum, 1988). A total of 4350 hypertensive persons
(blood pressure >140/90 mmHg) between the ages of
35 and 74 years from the Framingham study were fol-
lowed by Gillman et al (1993) for a period of 36 years.
The investigators concluded that for those individuals
who had an increase in heart rate in excess of 40 beats
per minute, there was a 70% increase in the age, and
systolic blood pressure, adjusted relative risk for cardio-
vascular mortality over the follow-up period. The
increase in heart rate observed was not related to any
other pre-existing conditions and was an independent
risk factor for cardiovascular death. The extensive and
prolonged follow up of the study individuals indicates
that the adverse relationship of high heart rate and car-
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diovascular mortality was not caused by an underlying
disease process resulting in tachycardia. Evidence shows
similar associations between high heart rate and cardio-
vascular mortality in hypertensive individuals, particu-
larly men (Palatini et al, 2006a).

The association between resting heart rate and mortal-
ity has also been observed in patients with the metabolic
syndrome, the elderly, and in patients who have under-
gone coronary artery bypass surgery (Palatini et al, 1997,
2002; Fillinger et al, 2002; Di Francesco and Camm,
2004). Therefore, extensive data from epidemiological
trials link high heart rate to a number of cardiovascular
risk factors such as hypertension, insulin resistance, dys-
lipidaemia and obesity. This begs the question as to
whether high heart rate is truly an independent risk fac-
tor for cardiovascular events. Most studies performed in
disease-free individuals confirmed a significant associa-
tion between high heart rate and total and cardiovascular
mortality after adjusting for all possible confounding
factors, including all traditional risk factor for atheroscle-
rosis (Palatini et al, 2006a).

In patients with coronary heart disease, symptoms
strongly correlate with high resting heart rate. The expla-
nation is logical; an increase in heart rate increases myo-
cardial oxygen demand and reduces myocardial perfusion
by reducing diastolic perfusion time during the cardiac
cycle. Myocardial ischaemia results from an imbalance
between myocardial oxygen demand and blood supply,
which is notable with increased heart rate.

In a post-hoc analysis of 24 913 patients with sus-
pected or proven coronary heart disease from the
Coronary Artery Surgery Study Registry, with a median
follow up of 14.7 years, all-cause and cardiovascular
mortality in addition to cardiovascular re-hospitaliza-
tions were significantly increased with increasing heart
rates (P<0.0001). Importantly this was independent of
other known risk factors such as hypertension, diabetes,
smoking, left ventricular function and the number of
diseased coronary vessels (Diaz et al, 2005).

How is resting heart rate determined?
A characteristic feature of the mammalian heart is its
ability to maintain rhythmic contractions without the
presence of external stimuli (Di Francesco and Camm,
2004). This spontaneous activity is initiated by pace-
maker activity within the sinoatrial node which deter-
mines the overall heart rate. The natural pacemaker cells
generate spontaneous, slow, diastolic depolarization that
drives the membrane voltage away from a hyperpolarized
level reached at the completion of one action potential
towards the threshold level for initiation of a subsequent
action potential. This generates rhythmic action poten-
tials that propagate through the myocardium triggering
contractions.

The I current is one of the most important ionic cur-
rents that control the sinoatrial node. It is characterized
by the unusual property of being activated on hyperpo-

larization thus determining the diastolic depolarization
slope which in turn controls heart rate. Agents which
increase I current accelerate the heart rate and those that
inhibit I¢ slow the heart rate (Di Francesco and Camm,
2004).

The prospect of selective I current inhibition is very
attractive in view of the often debilitating side effects
seen with conventional heart rate-lowering drugs that
target the atrioventricular node. Beta-blockers, for
example, do reduce heart rate but also have negative
inotropic effects, which limit their use in acute left ven-
tricular failure, in addition to non-cardiovascular meta-
bolic side effects and their contraindication in asthma
and bronchospastic airways disease. The atrioventricu-
lar-blocking action itself may be undesirable in certain
patients with a potential for variable degrees of atrioven-
tricular block.

The benefits of heart rate reduction

The evidence linking increased heart rate to adverse
clinical outcome suggests that heart rate reduction may
be a valuable therapeutic option for patients with estab-
lished coronary heart disease. Patients with angina pec-
toris experience worsening ischaemic symptoms in cir-
cumstances that lead to an increase in heart rate, such as
effort and emotion. Most episodes of silent ischaemia
are often preceded by a period of increased heart rate
and the success of different medications in preventing
these episodes is often related to their efficacy in reduc-
ing heart rate (Di Francesco and Camm, 2004; Diaz et
al, 2005).

Increased heart rate has also been associated with the
progression of atherosclerosis and coronary plaque insta-
bility, which may both result in adverse clinical out-
comes. This relationship has been shown in young male
post-myocardial infarction patients (Perski et al, 1988).
Experimental and clinical evidence suggests that a slower
heart rate might improve both these important patho-
physiological determinants.

The success of heart rate-limiting pharmacological
agents in the management of patients with cardiovascu-
lar disease has highlighted the importance of targeting
heart rate. Beta-blockers, at doses that significantly
reduce heart rate, have proven invaluable in improving
the symptoms, quality of life and functional classifica-
tion of patients with chronic stable angina. The major-
ity of the beneficial effect of beta-blockers in stable
angina stems from lowering heart rate and they have
been classed as first-line therapy in the absence of con-
traindications (Fox et al, 2006). Despite their important
symptomatic and clinical benefit in chronic stable
angina, beta-blockers have not been shown to alter
prognosis in this group of patients (Fox et al, 2006)
unless there is a history of previous myocardial infarc-
tion or heart failure.

In post-myocardial infarction patients, increased heart
rate during hospitalization and at discharge is predictive
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of mortality from discharge to 1 year, even in absent to
mild heart failure (Hjalmarson et al, 1990). The risk of
cardiovascular death and re-infarction in post-myocar-
dial infarction patients is consistently reduced with beta-
blockers by about 30% (Ferrari, 2003b). They reduce
both the resting heart rate and the heart rate response to
exercise. Rate-limiting calcium-channel blockers such as
diltiazem and verapamil also have a favourable effect in
the post-myocardial infarction population, but short-
acting dihydropyridines, which can increase heart rate,
have no favourable effect and could even lead to a worse
prognosis in some cases (Furberg et al, 1995), adding
further weight to the evidence that heart rate reduction
is an important factor in the post-myocardial infarction
patient.

Retrospective studies have shown a beneficial effect of
heart rate-lowering agents such as beta-blockers and
non-dihydropyridine calcium-channel blockers in hyper-
tensive patients, particularly those with coronary heart
disease. However, to date there are no prospective rand-
omized controlled trials specifically designed to demon-
strate the benefit of pharmacological reduction of heart
rate on cardiovascular outcomes in hypertensive indi-
viduals free from overt coronary heart disease (Palatini et
al, 2006b; Grassi, 2007).

Unlike the marked beneficial effect seen with beta-
blockade in the ischaemic heart disease or post-myocar-
dial infarction patient, the results obtained for beta-
blockers in uncomplicated hypertension have been lower
than expected (Dahlsf et al, 2002). The valuable benefits
likely to be achieved with lower heart rate may be coun-
terbalanced by adverse metabolic consequences, with a
significant increase in new onset diabetes (Gillum et al,
1993). In the absence of outcome trials, the use of anti-
hypertensive agents with bradycardia-inducing effects
has been advocated only when tachycardia is sympto-
matic to the patient and have also stressed the role of
aerobic exercise for controlling both the heart rate and
blood pressure (Palatini et al, 2006a).

Heart failure deserves particular attention in view of its
generally poor prognosis, especially in the post-myocar-
dial infarction patient. Numerous clinical trials of heart
failure have demonstrated a negative correlation between
heart rate and life expectancy. This has been observed
regardless of whether patients are treated with beta-
blockers (Tavazzi, 2003). It is often difficult to decide
whether the increased heart rate observed in heart failure
patients is a marker of a compensatory mechanism
related to the disease process and resultant renin—angi-
otensin and sympathetic nervous system stimulation, or
an actual contributor to the disease.

Analysis of some of the major angiotensin-converting
enzyme inhibitor trials have indicated that the benefi-
cial effects of neurohormonal modulation were most
marked in patients with heart failure and higher heart
rates (Swedberg et al, 1990). Therefore heart rate
reduction has emerged as an important therapeutic

target in heart failure. Trials of beta-blocker treatment
in heart failure have demonstrated consistent reduc-
tions in mortality in the order of approximately 35%
and these effects have been associated with a reduction
in heart rate of 10-15 beats per minute, providing sup-
portive evidence that heart rate may be one of the
important targets in the management of heart failure
(Tavazzi, 2003).

However, data from CIBIS II indicate that the mortal-
ity reduction achieved with bisoprolol compared with
placebo was similar at all levels of heart rate reduction
and at all levels of baseline heart rate. These data show
that heart rate reduction is not the sole mechanism of
beta-blocker induced benefit in heart failure patients and
numerous alternative mechanisms have been proposed
(Lechat et al, 2001). It is notable, however, that the best
survival results overall were obtained within the beta-
blocker group when heart rate reduction was at its high-
est (>10 beats per minute), regardless of baseline, as long
as this was not associated with a marked fall in systolic
blood pressure (Lechat et al, 2001).

The concept of pure heart rate reduction
in angina
Chronic stable angina is a common medical condition
affecting 30 000-40 000 per million of the population
in Europe and the USA (Tardif, 2005). Statistics from
the British Heart Foundation show that there are
338 000 new cases of angina every year and the current
UK prevalence of angina in those over 75 years of age is
1.2 million (British Heart Foundation, 2004).
Management of symptoms and improving quality of
life are major goals in the management of angina. The
major drug classes used in the management of anginal
beta-blockers,
blockers, nitrates and potassium-channel openers
(Gibbons et al, 1999; Fox et al, 2006). Antiplatelet

agent, statins and angiotensin-converting enzyme inhib-

symptoms include calcium-channel

itors are used for secondary prevention of cardiac events
in these patients (Fox et al, 2006). Current guidelines
suggest that patients should be managed with a trial of
medical therapy before consideration of percutaneous or
surgical revascularization (Fox et al, 2006). Moreover,
revascularization is not always practical in patients with
significant co-morbidity.

Beta-blockers and non-dihydropyridine calcium-chan-
nel blockers reduce heart rate which is fundamental in
controlling anginal symptoms. Beta-blockers are the
preferred first line in chronic stable angina in the absence
of contraindications (Fox et al, 2006). They have a good
overall safety and efficacy track record. However, patient
compliance can be limited because of the numerous side
effects of this class of drugs such as fatigue, depression,
erectile dysfunction, cold peripheries and hypotension
(Ko et al, 2002). In addition the metabolic adverse con-
sequences can be significant (Krone and Nagele, 1988).
Beta-blockers can exacerbate vasospastic angina and their
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negative inotropic effect may exacerbate heart failure in
some patients with impaired left ventricular function
(Bortone et al, 1990). Up to one fifth of patients with
stable angina fail to respond adequately to beta-blockers
(Gillum, 1988).

Calcium-channel blockers such as diltiazem and vera-
pamil can lower the heart rate by 6-7 beats per minute
and have been shown to reduce the risk of death and
non-fatal re-infarction in acute myocardial infarction
survivors, with no evidence of clinical heart failure or
impaired left ventricular function (The Multicenter
Diltiazem Post-Infarction Trial Research Group, 1988;
The Danish Study Group on Verapamil in Myocardial
Infarction, 1990; Ferrari, 2003b). Therefore overt heart
failure is a contraindication for the use of most calcium
antagonists, with the exception of new vasoselective dihy-
dropiridines.

Many side effects have been reported with these
agents, particularly hypotension, worsening heart fail-
ure, peripheral oedema, constipation, headache and
flushing (The Multicenter Diltiazem Post-Infarction
Trial Research Group, 1988). These side effects often
limit patient compliance. Moreover, the use of conven-
tional therapies often fails to optimally manage and
prevent anginal episodes and hence a true unmet need
exists in the medical management of this common
medical problem.

The recent addition of the selective sinus node inhibi-
tor ivabradine is likely to play a key role in the armamen-
tarium in patients with angina, where beta-blockers are
contraindicated or not tolerated. Ivabradine binds spe-
cifically to I channels in the sinoatrial node, inhibiting
the If current, thus reducing the slope of the diastolic
depolarization curve, with a consequent reduction in
heart rate. This drug provides dose-dependant negative
chronotropic effects both at rest and during exercise and
has proven anti-anginal and anti-ischaemic efficacy,
which has been demonstrated in a number of clinical tri-
als (Gillum, 1988; Lopez-Bescos et al, 2004; Ruzyllo et
al, 2004; Tardif et al, 2005). The beneficial effects of
ivabradine are at least equivalent to those of atenolol dur-
ing exercise testing of patients with stable angina (Tardif
et al, 2005). This benefit is maintained in patients over
the age of 65 years (Fox et al, 2005). Similar non-inferi-
ority of ivabradine has been demonstrated in comparison
to amlodipine in the prevention of angina and ischaemic
symptoms (Ruzyllo et al, 2004).

Ivabradine appears to be well tolerated with very little
in the way of adverse events in its clinical trial programme
(Lopez-Bescos et al, 2004). Ivabradine has not shown any
evidence of rebound tachycardia and angina upon its
withdrawal, unlike the phenomenon observed upon
abrupt withdrawal of short-acting beta-blockers (Lewis
and Lofthouse, 1993). Despite the selectivity of ivabra-
dine to If channels, it may also interact with the structur-
ally similar I} channels in the retina. Transient visual
symptoms with abrupt changes in light intensity (phos-
phenes) have been reported in approximately 2% of
patients treated with the commonly used 5 mg twice
daily dose with less than 1% withdrawal rate (Gillum,
1988). The use of ivabradine has been advocated for
consideration by the updated guidance from the European
Society of Cardiology for the management of stable
angina in cases of beta-blocker intolerance or contraindi-
cation (Fox et al, 2006).

Conclusions

A wealth of clinical and epidemiological data indicate
that a sustained increased heart rate is an independent
risk factor for mortality in patients with established coro-
nary artery disease, previous myocardial infarction,
hypertension, heart failure and the elderly. Sudden car-
diac death has been shown to be associated with an
increased heart rate. Accordingly, heart rate reduction has
become increasingly recognized as a therapeutic target to
improve the outcome in patients with ischaemic heart
disease.

Beta-blockers have been classed traditionally as first-
line treatment for patients with ischaemic heart disease
and angina, but their role is often limited by contraindi-
cations and side effects. The survival benefit associated
with beta-blockers has been proven in post-myocardial
infarction patients and in those with heart failure, earn-
ing them an integral role in the management of these
conditions. However, to date, improved survival end
points have not been documented in patients with
chronic stable angina treated with beta-blockers, despite
the favourable effect on symptoms and quality of life. A
significant proportion of the favourable effect achieved

KEY POINTS
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with beta-blockers in angina is attributable to their heart
rate-lowering efficacy. Therefore a pure heart rate-limit-
ing agent such as ivabradine, devoid of negative ino-
tropic effects and effects on coronary vasomotion, may
prove to be a key player in the management of stable
angina in those with contraindications or intolerance to
beta-blockers. BJHM
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