DRUG REVIEW

The evolving role of the cardiac inotrope,
enoximone, in heart failure

LIAM J CORMICAN, A CRAIG DAVIDSON

Abstract

hronic heart failure is a progressive syndrome
thich continues to have high rates of morbidity

and mortality. Heart failure rates are increasing in
parallel with the ageing population, as are rates of
hospitalisation for acute episodes of decompensated
failure. Little progress has been made in the medical
management of such episodes. Positive inotropes,
including selective phosphodiesterase Il inhibitors, are
associated with increased mortality when administered
over the long term. Now newer approaches, using
selective agents such as enoximone orally at lower
doses alone or in combination with carefully titrated
betaq-selective adrenergic blockade, may provide a
more favourable outcome in terms of symptom
management, functional status and improved survival.
Trials are underway to determine whether this is the
case. Published trials with enoximone and protocols for
forthcoming trials are reviewed.
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Introduction

Heart failure is a debilitating condition resulting from left ven-
tricular dysfunction, which can be ischaemic or non-ischaemic in
aetiology. Non-ischaemic causes include hypertension, valvular
heart disease, thyroid disease, alcohol misuse, congenital heart
disease and cardiomyopathy. The clinical syndrome is complex
and includes fatigue, shortness of breath on exertion or at rest,
orthopnoea, paroxysmal nocturnal dyspnoea, nocturia, changes
in mental health status and anorexia.

Quality of life may be severely impaired in cardiac failure
patients. Their functional status can be assessed using the New
York Heart Association (NYHA) functional classification (table 1).!
Decompensated heart failure has been defined as sustained dete-
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Table 1. New York Heart Association classification of heart failure

Class I No limitation. Ordinary physical exercise does not cause undue

fatigue, dyspnoea or palpitations

Class Il Slight limitation of physical activity. Comfortable at rest but
ordinary activity results in fatigue, palpitations or dyspnoea

Class lll. Marked limitation of physical exercise. Comfortable at rest but
less than ordinary activity results in symptoms

Class IV. Unable to carry out any physical activity without discomfort.
Symptoms of heart failure are present even at rest, with increased
discomfort with any physical activity

rioration of at least one functional class, with objective evidence
of volume overload such as crepitations or oedema.? Prognosis is
poor, and 75% of patients hospitalised with heart failure for the
first time will die within five years.? A Canadian study of 153 con-
secutive patients hospitalised with acute decompensated heart
failure reported a one-year mortality of 33%.*

The population prevalence of heart failure is estimated to
be 3-20 per 1,000 population, affecting around 1-3% of the
general population and rising to 30-130 per 1,000 in those
aged over 65 years.® The prevalence of heart failure increases in
direct relation to age. Heart failure is the most common cause
of hospital admission in the elderly, and the elderly comprise
the majority of patients admitted to hospital for heart failure.®
Within Guy’s and St Thomas’ NHS Hospitals Trust, patients with
decompensated heart failure comprised 1.4% of all hospital
admissions over the three years from June 1999 to May 2002.
The proportions of these patients requiring an intensive care or
coronary care unit admission range from 2.5% to 6.7% each
year.’

The annual rate of hospitalisation for heart failure is around
30%; there is wide variation between adjusted death rates and
readmission rates within the UK. Heart failure is a costly disease,
estimated to consume about 2.0% of healthcare expenditure in
developed countries.” More than two thirds of treatment costs
relate to hospitalisations and in the UK these hospitalisation costs
exceeded 2.5% of all healthcare expenditure in the year 2000.
Such costs are set to escalate in parallel with the ageing popula-
tion. By the end of this decade more than 16% of the popula-
tion will be over 65 years of age; and current estimates indicate
that the number of people aged 85 plus in the UK will double
from 1.9% of the total population in 1999 to nearly two million
by the year 2031."
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Table 2.  Factors which may precipitate acute decompensation of

chronic congestive heart failure

o  Non-compliance with therapy

®  Arrhythmias

®  Pulmonary embolism

®  Hypertension

® Ischaemia

e High-output states e.g. anaemia, pregnancy
®  Systemic infection

®  Renal, pulmonary or gastrointestinal illness

® Inappropriate drug therapy

Adapted from: Redfield MM. Diagnosis and evaluation of congestive heart
failure. In: Mayo Clinic Cardiology Review (ed Murphy JG). Futura Publishing
Company: Armonk, NY, 1997; pages 597-622.

Pathophysiology of heart failure

Ischaemic cardiomyopathy frequently occurs secondary to acute
myocardial infarction and the subsequent remodelling and
dilatation of the left ventricle. The fundamental defect in heart
failure is decreased myocardial contractility. This progressive
remodelling occurs as an adaptive response in order to stabilise
cardiac output and to maintain pump function, through activa-
tion of the renin-angiotensin and adrenergic nervous systems.
The precipitating factors which may cause acute decompensa-
tion of chronic congestive heart failure are shown in table 2.
Approximately 10% of patients with heart failure have advanced
disease and some confusion exists in the terminology of this con-
dition" — the terms ‘advanced’, ‘severe’, ‘refractory’ and ‘end-
stage’ heart failure are used interchangeably. While the last term
reflects the poor prognosis associated with pump failure,
‘advanced heart failure’ may embrace the concept of partial
reversibility of the heart failure remodelling process.

Treatment strategies in the UK

Treatment strategies have been developed for both chronic sta-
ble and acute decompensated heart failure. The aims of treat-
ment in chronic failure are to enhance survival and to minimise
symptoms; the challenge with decompensated failure is to sta-
bilise the patient clinically, to restore organ perfusion, to opti-
mise filling pressures and to begin the conversion to chronic
therapy.'™" In the stable patient with heart failure, evidence has
shown that diuretics, vasodilators and inotropes reduce mor-
bidity whereas beta blockade and ACE inhibition improve sur-
vival.

Because the natural history of heart failure remains progres-
sive, standard anti-failure therapy becomes ineffective and
patients require hospitalisation and parenteral treatment with
positive inotropic agents. Dobutamine, milrinone or enoximone
are typically used for this purpose, and patients with advanced
heart failure may need these to be administered by either con-
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tinuous or intermittent infusion. This may be accomplished in an
outpatient setting, with the use of central venous access, which
is both costly and unwieldy.™ In addition, this approach has not
been systematically evaluated and it is essentially unproven ther-
apy. European guidelines point out that the IV use of positive
inotropes is insufficiently documented in clinical trials and the
effect on prognosis is unknown. "

In the acute setting positive inotropes are introduced in order
to improve performance by augmenting cardiac contractility,
often at an advanced stage of the disease in very sick patients.
Frequently such short-term benefits are gained at a price. They
can cause tachyphylaxis and increased heart rate and oxygen
demand, which may be associated with a high incidence of treat-
ment-related complications, and in some cases with a negative
trend in survival.”

Newer strategies are under investigation, including the use of
enoximone, a selective phosphodiesterase Ill inhibitor (PDEI),
alone or concurrently with beta adrenergic blocking agents (beta
blockers). Positive inotropes predominantly or partly increase the
level of the second messenger cyclic adenosine monophosphate
(cAMP) in the cardiomyocyte. This occurs through activation of
the beta receptor complex (dobutamine, isoprenaline) or through
inhibition of phosphodiesterase, the enzyme which breaks down
cAMP (milrinone, enoximone). cAMP has numerous cellular
effects through activation of several protein kinases. It leads to
an increase in calcium flux through the L-type calcium channels
and an increase in the uptake of calcium in the sarcoplasmic
reticulum (SR). (Subsequent release of calcium in the SR may lead
to arrhythmias.) CAMP also increases ATPase activity of the con-
tractile protein, which results in increased energy consumption
and oxygen demand.'

PDEIs as a class possess many pharmacological properties
which are potentially beneficial in advanced heart failure. They
can improve both systolic and diastolic function, and at lower
doses may have favourable myocardial energetic effects and
improve exercise tolerance without the development of pharma-
cological tolerance.” They are also effective venodilators and pul-
monary vasodilators, they inhibit platelet aggregation, dilate epi-
cardial coronary arteries and bypass grafts, have potent anti-
ischaemic effects,'® may inhibit neointimal formation after vascu-
lar injury and may inhibit proinflammatory cytokine formation
and the effects of endotoxin.” At higher doses, PDEls are
arrhythmogenic and/or may be energetically unfavourable by
increasing heart rate. These effects are likely to have been
responsible for the increased mortality seen with higher doses
used in clinical trials to treat heart failure?*

This review looks at the use of the PDEI, enoximone, and
assesses its use orally in different presentations of ventricular dys-
function. Enoximone has been available for clinical use in the UK
since April 1988, and there is an extensive number of publica-
tions on this compound.

Pharmacology of enoximone

Enoximone is a non-glycoside, non-catecholamine, imidazolone
derivative (figure 1), which is a positive inotrope and arteriolar
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Figure 1. Molecular structure of enoximone
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vasodilator. It selectively inhibits SR-associated type Ill phospho-
diesterase, the membrane-bound enzyme which is expressed at
high levels in human ventricular myocardium and vasculature;
and it probably also involves cyclic guanosine monophosphate,
cGMP? PDEls are known to hydrolyse cGMP, which may explain
regulation of vascular tone by enoximone and may be the under-
lying mechanism of its vasodilatory and cardiotonic activity. It
was synthesised for the purpose of finding a cardiotonic agent
with a wider therapeutic index than that exhibited by the digitalis
glycosides.*

Intravenous enoximone is indicated for the treatment of
acute congestive heart failure, typically when cardiac output is
reduced and filling pressures are increased, in patients requiring
IV therapy who can be closely monitored. The initial haemody-
namic response to enoximone will determine the subsequent
rate of administration and duration of treatment. In typical clini-
cal doses, the majority of patients will exhibit a 30% or greater
increase in cardiac output and a decrease in mean pulmonary
arterial wedge pressure of approximately 40%. Onset of action
is prompt after intravenous administration, with peak response in
cardiac index occurring in 10-30 minutes.”

Enoximone is available for IV use in several European coun-
tries (Perfan®) and is under development for oral use, both as
monotherapy and in combination with beta blockade.”
Intravenous therapy should be initiated with a dose of 0.25-0.75
mag/kg as a slow injection.™ Further doses of 0.25-0.5 mg/kg can
be given every 30 minutes until there is a satisfactory response or
until a total initial dose of 3.0 mg/kg is achieved. For mainte-
nance the initial dose (not more than 3.0 mg/kg) can be repeat-
ed as required every 3-6 hours or a continuous IV infusion at a
rate of 1.25-7.5 mcg/kg/min can be instituted.” The total dose
should not exceed 24.0 mgr/kg/24 hours.

Enoximone is about one tenth as potent as milrinone for
inhibiting type Ill PDE, so oral and IV doses of enoximone are
about 10 times those of milrinone. The mean half-life of enoxi-
mone is 4.2 hours in normal volunteers and 6.2 hours in heart
failure patients. With continuous infusions at higher doses, the
median clearance is 6.3 ml/min/kg and the median elimination
half-life is approximately eight hours. In heart failure patients, a
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loading dose of 90 mcg/kg/min over 20-60 minutes followed by
an average maintenance infusion of 1.0 mg/min over 48 hours
maintained mean plasma levels at 3.6 mcg/ml and 9.7 mcg/ml
for the parent compound and the active sulphoxide metabolite,
respectively. 2%

Enoximone is extensively metabolised in the liver to sulphox-
ide derivatives, including at least one active derivative. These
derivatives are renally excreted and dose reduction is recom-
mended (as with milrinone) in patients with renal and/or hepat-
ic failure.?® While the safety and effectiveness in children remain
to be established, enoximone is used in lower doses in children
and infants recovering from cardiac surgery and the pharmaco-
kinetics in infants are similar to those in adults.®
Contraindications in patients with known hypersensitivity to
enoximone, and special warnings and precautions, are detailed
in the SPC. Although enoximone has not been shown to be
arrhythmogenic in electrophysiological studies,’®® premature
ventricular contractions have been observed in some patients.
Less frequently, ventricular and supraventricular arrhythmias have
been observed, but these are more likely in patients with pre-
existing arrhythmias. Other possible adverse reactions include
thrombocytopenia, gastrointestinal side effects and increases in
hepatic enzyme levels.”

Enoximone is approximately 85% plasma protein-bound and
clinically significant drug interactions are unlikely to occur as a
result of displacement from protein binding. The drug does not
interact significantly with widely used diuretics, potassium sup-
plements, antiarrhythmics (diltiazem, propranolol, lignocaine or
procainamide), anticoagulants, sedatives or positive inotropes
(dobutamine or dopamine).”’

Haemodynamic effects

A potent inotrope, enoximone improves systemic haemodynam-
ics in patients with severe chronic heart failure.>' A typical start-
ing dose of 0.5 mg/kg provides a 30% increase in cardiac index
and a 20% increase in pulmonary artery diastolic pressure over
1.5-4.0 hours.* The drug causes a significant decrease in pul-
monary capillary wedge pressure (PCWP), while left ventricular
dP/dt increases despite a decrease in arterial pressure and sys-
temic vascular resistance, all without significant heart rate
change. Such changes indicate improvement in left ventricular
function.

The inotropic and vasodilatory properties of enoximone were
initially shown in a study of 10 patients with severe heart failure,
in whom nitroprusside, dobutamine (in doses of 10 mcg/kg/min)
and enoximone (at 2 mg/kg) were administered sequentially.* All
agents increased stroke volume index to a similar extent, but
enoximone produced less tachycardia than dobutamine, and
consequently a smaller improvement in cardiac index. Mean arte-
rial pressure was not changed by dobutamine but was reduced
by 9% with enoximone. All three agents significantly reduced
systemic vascular resistance and improved cardiac pump func-
tion, when assessed by the increase in stroke index, to a similar
extent. Enoximone resulted in less hypotension than nitroprus-
side (mean arterial pressures -9% and -22%, respectively). Thus,
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enoximone showed a clinically significant increase in cardiac
index with only minor changes in rate pressure product.

A further study comparing dobutamine and enoximone
showed that enoximone is effective in acutely improving central
haemodynamics, such as reducing systemic vascular resistance,
pulmonary artery wedge pressure (significantly more than dobu-
tamine) and systemic arterial pressure, but is a less potent stimu-
lant of renin secretion than dobutamine.*

There is also some evidence that phosphodiesterase inhibi-
tion may have a role in the treatment of diastolic dysfunction
associated with heart failure,® but there are insufficient clinical
data to support enoximone specifically in this role.

Clinical trials

Clinical experience has been gained with oral enoximone in the
short- and long-term management of heart failure of differing
severities and aetiologies. In an open study of 69 patients with
chronic heart failure of moderate to advanced severity, oral enox-
imone (1.8 + 0.5 mg/kg every 6-8 hours) was given for an aver-
age of 35 weeks.* Within 12 weeks the majority of surviving
patients were improved by at least one NYHA functional class. In
a subset of patients who were able to perform reproducible
treadmill exercise before entry, average maximal oxygen uptake
increased significantly (p<0.05) at 2-4 weeks and remained
increased at 12 weeks. Eleven patients experienced (generally
mild) gastrointestinal effects. The overall 12-month survival in
this population was 44%, and no deaths occurred in class |l
patients. Hospitalised, clinically unstable class IV patients
accounted for more than half of all deaths; 17 patients died of
cardiogenic shock and 10 died suddenly at home. The high mor-
tality rate was consistent with mortality rates reported on similar
patient groups.

The clinical effects of low dose enoximone (25 mg and 50 mg
tds) were compared against placebo in a randomised, double-
blind study in 105 patients with NYHA class Il to lll heart failure
of ischaemic or non-ischaemic aetiology. After a 12-week treat-
ment period both treatment groups had a significantly improved
exercise tolerance in comparison to placebo. There was no sig-
nificant difference between the two treatment groups. The treat-
ment groups did not have a higher incidence of arrhythmias and
actually had a lower mortality rate than the placebo group.”

Enoximone 150 mg tds and captopril 25 mg tds (in addition
to diuretics) were compared in a double-blind, randomised,
crossover trial of one month’s duration in 13 patients with severe
heart failure.” The cardiac index at rest did not change with
either drug but both drugs caused an increase in cardiac index at
peak exercise (p<0.05). Systemic vascular resistance (SVR) at rest
decreased with enoximone (p<0.5) and was unchanged with
captopril; SVR at peak exercise was not lowered by either drug.
No difference was detected between the haemodynamic
response to the two drugs after one month’s treatment, either at
rest or during exercise.

Other workers have assessed the oral use of enoximone with
long-term use. In one study, the long-term safety and efficacy of
enoximone 50-100 mg tds were evaluated in 30 patients with
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chronic heart failure (NYHA class II-IV) against background ther-
apy of digoxin and diuretics.*® During a mean follow-up of 40
weeks, six patients died, four from cardiac causes. In the remain-
ing patients NYHA class improved in 18, was unchanged in five
patients and deteriorated in one. Exercise capacity improved dur-
ing the initial 26 weeks of treatment and was maintained; clini-
cal improvement was also maintained over the study period.
There were no changes in heart rate, blood pressure or cardio-
thoracic ratio or left ventricular dimensions on echocardiography.
Improvements were observed in fractional shortening and ejec-
tion fraction (though they were insignificant). Cardiac output
increased from 2.4 to 3.6 L/min/m? (p<0.001) in six haemody-
namically monitored patients after 52 weeks of drug treatment,
while PCWP decreased from 25.8 to 16.6 mmHg (p<0.001). The
drug was well tolerated, and Holter monitoring did not reveal
any change in arrhythmia profile.

Encouraging results have been shown using oral enoximone
(100 mg tds) as a substitute for intravenous dobutamine support
in end-stage heart failure. A study in 24 patients showed that it
can be used effectively in weaning dobutamine-dependent
patients, with lower relapse rates than with placebo, over a treat-
ment period of 28 days.*

Oral enoximone has also been successfully employed in the
management of patients with NYHA class IV heart failure await-
ing cardiac transplantation, resulting in an improved pre-trans-
plant six-month survival rate. Though the enoximone-treated
patients had a more advanced state of heart failure, the pre-
transplant and post-transplantation survival of enoximone-treat-
ed patients was similar to that of the control group and gave
proof that enoximone treatment was of benefit in this patient
population.*

Combined oral inotrope and beta blockade

In CHF patients, beta blockers have been shown to reduce mor-
tality significantly. It is postulated that enoximone may facili-
tate the initiation and up titration of beta blockers since PDEls
retain their haemodynamic action, both the positive inotropic
action and the vasodilating properties, in the face of beta
blockade. Shakar and colleagues* studied 30 patients with
class IV heart failure (left ventricular ejection fraction [LVEF])
17.2 + 1.2%, cardiac index 1.6 + 0.1 L/min/m? who were
treated with the combination of oral enoximone < 1 mg/kg tds
and (after stabilisation) oral metoprolol, 6.25 mg, slowly titrat-
ed up to a dose of 100-200 mg/day. These agents were toler-
ated by 96% and 80% of patients, respectively. The mean
duration of combination therapy was 9.4 months and the
mean length of follow-up was 20.9 months. Of the 23 patients
on the combination, 48% could be weaned off enoximone
therapy in the long term. The LVEF increased significantly from
17.7% to 27.6% (p=0.01) and NYHA functional class
improved from 4 + 0 to 2.8 + 0.1 (p=0.0001). There was also
a trend towards fewer hospitalisations during treatment
(p=0.06). The estimated probability of survival at one year was
81+ 9%. Heart transplantation was performed successfully in
nine patients (30%). These authors suggested that combina-
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% Key messages

The prevalence of chronic heart failure is increasing

Hospitalisations for severe decompensated heart failure
are also increasing

® Treatment of these episodes with positive cardiac
inotropes has been associated with increased mortality

® Use of low-dose, oral enoximone alone or combined
with selective beta blockade is currently being assessed
as a life-saving positive inotropic support

tion therapy was useful in the treatment of severe heart failure
and that it might be used as a palliative measure when trans-
plantation was not an option or as a bridge to cardiac trans-
plantation. They recommended that further study (phase Il tri-
als) of combined therapy was warranted.

Three stratified clinical trials will assess the efficacy and safe-
ty of low-dose enoximone (25 or 50 mg tds depending on a
weight cutoff point of 75 kg) for three primary end points. The
ability to wean the patient from dependence on IV inotropic
therapy will be assessed in EMOTE; the ability to lower the hos-
pitalisation rate will be assessed in EXTEND; and the ability to do
both in a population that includes patients with pulmonary
hypertension will be assessed in ENOXIE. February 2002 saw the
half-way recruitment point for EMOTE, in patients with ultra-
advanced heart failure. In ESSENTIAL, the effects of enoximone
on survival will be assessed in a mortality tracking protocol that
has sufficient power to exclude an increase in mortality. Similarly,
in a population of advanced heart failure patients, who have pre-
viously failed initiation or uptitration of a beta blocker for
haemodynamic reasons, EMPOWER wiill test the ability of low-
dose enoximone to increase metoprolol acceptability and to
lower the combined end point of mortality plus hospitalisation.

Conclusions

Previous evidence suggested that, in spite of the haemodynamic
benefits of oral enoximone in patients with decompensated
heart failure, there was a risk of increased mortality. Newer evi-
dence suggests that, at lower doses, the administration of enox-
imone may confer its haemodynamic benefits with an improved
safety profile. Furthermore, evidence is emerging of the possible
advantages of its administration in conjunction with carefully
titrated beta-1 blockade, in terms of symptom management,
functional status and improved survival. Trials are underway to
determine whether this is the case.
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