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Abstract
A direct approach to manipulating cardiac energy metabolism consists of modifying substrate utilization
by the heart. Pharmacological agents that directly inhibit fatty acid oxidation include inhibitors of
3-ketoacyl coenzyme A thiolase, the last enzyme involved in b-oxidation. The most extensively
investigated agent of this group of drugs is trimetazidine. Clinical studies have shown that
trimetazidine can substantially increase the ischemic threshold in patients with effort angina.
However, the results of current research also support the concept that shifting the energy substrate
preference away from fatty acid metabolism and toward glucose metabolism by the use of trimetazidine
could be an effective adjunctive treatment in patients with heart failure, in terms of improvement in left
ventricular and endothelial function and glucose metabolism. The recent literature on the protective
effects of this new class of drugs on left ventricular dysfunction is reviewed and discussed.
Heart Metab. 2006;33:21–24.
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Introduction
Wasting of subcutaneous fat and skeletal muscle are
relatively common in heart failure and suggest an
increased utilization of non carbohydrate substrates
for energy production [1]. In fact, fasting blood ketone
bodies [2], and fat oxidation during exercise [3], have
been shown to be increased in patients with heart
failure. Insulin resistance has been found to be associated with heart failure [4] and the consequent
impaired suppression of lipolysis could determine
the development of ketosis. Experimental studies have
shown that sodium dichloroacetate stimulates pyruvate dehydrogenase activity by inhibiting pyruvate
dehydrogenase kinase [5]. Stimulation of pyruvate
dehydrogenase activity leads to enhanced glycolysis
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of glucose and utilization of lactate by the myocardium for aerobic respiration. Myocardial consumption of free fatty acids is simultaneously
inhibited, with the overall effect of a change of substrate utilization from predominantly non esterified
free fatty acids to glucose and lactate [6], finally
resulting in improved left ventricular mechanical
efficiency [7].
A number of different approaches have been used to
manipulate energy metabolism in the heart. These
involve both indirect measures and the use of agents
that act directly on the heart to shift energy substrate
utilization away from fatty acid metabolism and
towards glucose metabolism, which is more efficient
in terms of ATP production per mole of oxygen
utilized. One approach consists of directly modifying
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substrate utilization by the heart. Trimetazidine 1
(2,3,4, trimethoxybenzyl-piperazine dihydrochloride)
has been shown to affect myocardial substrate utilization by inhibiting oxidative phosphorylation and by
shifting energy production from free fatty acid to
glucose oxidation [8]. Despite experimental evidence
indicating that this effect is predominantly caused by a
selective block of long-chain 3-ketoacyl coenzyme A
thiolase [9], the last enzyme involved in b-oxidation,
this issue remains controversial [10,11]. Recent studies have outlined the potential benefits of this agent
on regional and global myocardial dysfunction. These
beneficial effects can be explained by the fact that, by
increasing the utilization of glucose and lactate,
which are more efficient fuels for aerobic respiration,
the efficiency of oxygen consumption of the
myocardium can be improved by 16–26% [12].
In this paper we will review and summarize the
reported evidence on the protective effects of trimetazidine on left ventricular dysfunction and its potential clinical application in patients with heart failure.

Effects of metabolic modulation with
trimetazidine in left ventricular dysfunction
On the basis of the hypothesis that trimetazidine
could act as a metabolic modulator in the protection
of ischemic myocardium, Brottier and colleagues
[13] assessed the value of long-term treatment with
trimetazidine in patients with severe ischemic cardiomyopathy who were already receiving conventional therapy. Twenty patients were allocated
randomly to groups receive to either placebo or
trimetazidine. At 6-month follow-up, all the patients
receiving trimetazidine reported a clinically considerable improvement in symptoms and showed
a greater ejection fraction than those receiving
placebo. The investigators concluded their study,
recommending the use of trimetazidine as a complementary therapeutic tool in patients with severe
ischemic cardiomyopathy.
On the basis of these findings, the effects of trimetazidine on dobutamine-induced left ventricular dysfunction in patients with angiographically proven
coronary artery disease were assessed [14]. Patients
were blindly and randomly assigned to a 15-day
period of treatment with either placebo or trimetazidine; they were then crossed over to the other regimen
for another 15 days. At the end of each period of
treatment, a stress echo test with dobutamine was
performed. Both in the resting condition and at
peak infusion of dobutamine, the wall motion score
index was significantly lower with trimetazidine
therapy than with placebo. Furthermore, trimetazidine induced an increase in both the dose of dobutamine administered and the duration of dobutamine
22

infusion before the development of ischemia. These
results indicated that trimetazidine may not only
protect from dobutamine-induced ischemic dysfunction, but could also improve resting regional left
ventricular function, as shown by the significantly
decreased peak and resting wall motion score index,
during the active treatment period. A subsequent
study confirmed these preliminary results [15].
At that point it became a priority to gain an understanding both of the mechanisms beyond the observed
improvement in resting left ventricular function
induced by trimetazidine and of whether this effect
could also be operative in patients for whom left
ventricular dysfunction represented the main clinical
problem.

Modulation of myocardial metabolism by
trimetazidine in postischemic heart failure
Keeping in mind the concept that trimetazidine
should, therefore, be able to promote the utilization
of glucose and non fatty substrates by the mitochondria, attention was focused on heart failure, in which
maintenance of metabolic efficiency is a crucial issue.
In diabetic patients with ischemic dilated cardiomyopathy, the effects of the addition of trimetazidine
to standard treatment were assessed, as judged by
symptoms, exercise tolerance, and left ventricular
function [16]. Thirteen such patients who were receiving conventional therapy were randomly allocated in
a double-blind fashion, first to receive either placebo
or trimetazidine, each arm lasting 15 days, and then
again to receive placebo or trimetazidine for two
additional periods of 6 months. In both the short
and the long term, trimetazidine showed a significant
beneficial effect on left ventricular function and control of symptoms, compared with placebo (Figure 1).
The observed short-term benefit of trimetazidine was
maintained in the long term and contrasted with the
natural history of the disease, as shown by the mild but
consistent decrease in ejection fraction while patients
were receiving placebo. These results paved the way
to additional studies, which have invariably confirmed the positive effects of trimetazidine in
patients with postischemic left ventricular dysfunction
[17–19].

Modulation of myocardial metabolism by
trimetazidine in heart failure of different
etiologies
The beneficial effect of trimetazidine on left ventricular function has been attributed to preservation
of intracellular concentrations of phosphocreatine
and ATP [20]. Previous clinical studies using
Heart Metab. 2006; 33:21–24
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Figure 1. (a) Short-term and (b) long-term effects of trimetazidine ( ) and placebo ( ) on ejection fraction in diabetic
patients with postischemic cardiomyopathy. The histograms demonstrate the significant beneficial effects (mean  1 SD) of
trimetazidine compared with placebo. (Modified from Fragasso et al. [16], with permission.).

phosphorus-31 magnetic resonance spectroscopy to
measure phosphocreatine : ATP (PCr : ATP) ratios in
human myocardium have shown that this ratio is
reduced in failing human myocardium [21]. The
PCr : ATP ratio is a measure of myocardial energetics
and its reduction may be related to an imbalance
between myocardial oxygen supply and demand
[22], and a reduction in the total creatine pool, a
phenomenon known to occur in heart failure [23]. In a
recent study performed in patients with heart failure of
different etiologies who were receiving full standard
medical treatment, we observed that the trimetazidine-induced improvements in functional class and
left ventricular function were associated with an
improvement in the PCr : ATP ratio, supporting the
hypothesis that trimetazidine probably preserves the
intracellular concentrations of myocardial highenergy phosphate [24]. These results appear to be

of particular interest, especially in view of previous
evidence indicating the PCr : ATP ratio is a significant
predictor of mortality [25].
On the basis of the results of that pilot study, we
tested whether trimetazidine, added to usual treatment, could also be beneficial in a more consistent
group of patients with systolic-dysfunction heart
failure of different etiologies [26]. Compared with
patients receiving conventional treatment alone,
those receiving trimetazidine exhibited improvement in functional class, exercise tolerance, quality
of life, and left ventricular function (ejection fraction; Figure 2), and used reduced amounts of diuretic
drugs and of digoxin. The plasma concentration of
B-type natriuretic peptide was also significantly
reduced in the patients receiving trimetazidine,
compared with those given conventional therapy
alone.

Figure 2. Long-term effects of (a) trimetazidine and (b) placebo on ejection fraction in patients with heart failure of different
etiologies. The figure shows a clear beneficial effect on ejection fraction (individual values and mean  1 SD) of trimetazidine
compared with placebo. (Modified from Fragasso et al [26], with permission.).
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These data confirm that selective inhibition of
3-ketoacyl coenzyme A thiolase by trimetazidine
represents a new therapeutic window in the treatment
of patients with systolic-dysfunction heart failure
of different etiologies, not only that secondary to
ischemic heart disease.

Conclusions
Metabolic modulators such as trimetazidine could
have an important role in the therapeutic strategy
for patients with heart failure. Shifting the energy
substrate preference away from fatty acid metabolism
and toward glucose metabolism by the use of trimetazidine could also be an effective adjunctive treatment in patients with heart failure, in terms of
improving their left ventricular metabolism and function. These effects seem to operate in heart failure
syndromes regardless of their etiopathogenetic cause,
and are not confined to those of ischemic origin.
Although it seems highly likely that these benefits
would translate into improved survival, a multicenter
trial is required to ascertained whether this is indeed
the case. The time has come to test this huge potential
therapeutic advancement in heart failure syndromes,
which still suffer very high rates of morbility and
mortality.
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