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Data Selection
Sources:Medical literature published in any language since 1966 on trimetazidine, identified using AdisBase (a proprietary database of Adis
International, Auckland, New Zealand), Medline and EMBASE. Additional references were identified from the reference lists of published
articles. Bibliographical information, including contributory unpublished data, was also requested from the company developing the drug.
Search strategy: AdisBase search terms were ‘trimetazidine’, ‘trimetazidine-hydrochloride’, trimetazine-hydrochloride’, ‘trimethazidine’ and
‘ischaemic-heart-disorders’. Medline and EMBASE search terms were ‘trimetazidine’. Searches were last updated 12 May 1999.
Selection: Studies in patients with ischaemic heart disorders who received trimetazidine. Inclusion of studies was based mainly on the
methods section of the trials. When available, large, well controlled trials with appropriate statistical methodology were preferred. Relevant
pharmacodynamic and pharmacokinetic data are also included.
Index terms: trimetazidine, ischaemic heart disorders, pharmacokinetics, pharmacodynamics, therapeutic use.
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Abstract The orally administered antianginal agent trimetazidine increases cell tolerance
to ischaemia by maintaining cellular homeostasis. In theory, this cytoprotective
activity should limit myocyte loss during ischaemia in patients with angina pec-
toris.
Data from studies in patients with coronary artery disease indicate that, unlike

the effects of other antianginals, the anti-ischaemic effects of trimetazidine 20mg
are not associated with alterations in haemodynamic determinants of myocardial
oxygen consumption such as heart rate, systolic blood pressure and the rate-
pressure product. Furthermore, limited evidence suggests trimetazidine may im-
prove left ventricular function in patients with chronic coronary artery disease or
ischaemic cardiomyopathy and in patients experiencing acute periods of isch-
aemia when undergoing percutaneous transluminal coronary angioplasty.
Clinical studies have shown that oral trimetazidine 20mg 3 times daily reduces

the frequency of anginal attacks and nitroglycerin use and increases exercise
capacity when used as monotherapy in patients with angina pectoris. Its clin-
ical effects are broadly similar to those of nifedipine 40 mg/day and propranolol
120 to 160 mg/day but, unlike these agents, trimetazidine does not affect the
rate-pressure product during peak exercise or at rest.
Adjunctive trimetazidine 60 mg/day reduces the frequency of anginal attacks

and nitroglycerin use and improves exercise capacity in patients with angina
pectoris not sufficiently controlled by conventional antianginal agents. Further-
more, the drug appears to be more effective than isosorbide dinitrate 30 mg/day
when used adjunctively in patients with angina pectoris poorly controlled by
propranolol 120 mg/day.
The tolerability profile of trimetazidine 60 mg/day was similar to that of pla-

cebo when used as add-on therapy in patients with angina pectoris insufficiently
controlled by other antianginal agents andwas superior to that of either nifedipine
40 mg/day or propranolol 120 to 160 mg/day when used as monotherapy. The
most frequently reported adverse events in trimetazidine recipients were gastro-
intestinal disorders, although the incidence of these events was low.
Conclusions: Trimetazidine is an effective and well tolerated anti-ischaemic

agent which, in addition to providing symptom relief and functional improvement
in patients with angina pectoris, has a cytoprotective action during ischaemia.
The drug is suitable for initial use as monotherapy in patients with angina pectoris
and, because of its different mechanism of action, as adjunctive therapy in those
with symptoms not sufficiently controlled by nitrates, β-blockers or calcium
antagonists. The role of trimetazidine in other coronary conditions has yet to be
clearly established.
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1. Introduction

Angina pectoris is a symptomatic manifestation
of ischaemic heart disease and is usually caused by
atheromatous narrowing of 1 or more of the coro-
nary arteries. Characteristic chest pains or crush-
ing sensations arise when there is an imbalance
between myocardial perfusion and metabolic de-
mand; angina pectoris is generally considered sta-
ble when symptoms have occurred for several
weeks without major deterioration.[1]
Myocardial ischaemia has several metabolic

consequences: the production and retention of acid
metabolites leading to intracellular acidosis, a re-
duction in intracellular content of adenosine tri-
phosphate (ATP) and phosphocreatine, accumula-
tion of free fatty acids and the generation of oxygen
free radicals.[2] These may lead to myocyte loss
and, ultimately, a poor prognosis.
Whereas conventional antianginal agents act

haemodynamically to restore the imbalance be-
tween myocardial oxygen supply and demand, the
piperazine derivative trimetazidine (fig. 1) has a
novel anti-ischaemic mechanism of action. This
review evaluates the therapeutic efficacy of oral
trimetazidine when used as monotherapy or ad-
junctive therapy in patients with stable angina
pectoris. In addition, its use in patients with other
coronary conditions such as those with ischaemic
cardiomyopathy and those undergoing coronary
revascularisation is briefly examined.

2. Pharmacodynamic Profile

2.1 Mechanism of Action

Findings from in vitro and ex vivo studies of
myocardial ischaemia have demonstrated that
trimetazidine:
• limits intracellular acidosis[3-6]
• limits sodium and calcium accumulation[4,7,8]
• maintains intracellular ATP levels[3,6,9] and re-
duces creatine phosphokinase release[6,10]

• preserves mitochondrial function[11-16]
• reduces myocardial fatty acid metabolism[17-20]
and increases myocardial glucose metabo-
lism[19-21]

• protects against oxygen free radical-induced
membrane damage[13,22,23]

• inhibits neutrophil infiltration.[24,25]
By inhibiting fatty acid metabolism and second-

arily stimulating glucose metabolism, trimetazid-
ine optimises cardiac metabolism and thus protects
the heart against the harmful effects of ischaemia.
However, the definitive mechanism of action of
trimetazidine has yet to be determined.
Consistent with a cytoprotective effect, trimet-

azidine exhibited anti-ischaemic effects in vivo. It
limited the extent of necrosis in a rat model of
myocardial ischaemia[26] and reduced the extent
of nephropathy in a rat model of renal isch-
aemia.[27] In addition, trimetazidine had a direct
anti-ischaemic effect in patients undergoing coro-
nary angioplasty (section 4.2.3).[28]

2.2 Haemodynamic Effects

Data from studies in animals and in patients
with coronary artery disease indicate that the anti-
ischaemic effects of trimetazidine are not associ-
ated with any effects on haemodynamic determi-
nants of myocardial oxygen consumption such as
heart rate (HR) or blood pressure.
Intravenous administration of single doses of

trimetazidine 0.25 to 1.0 mg/kg had no effects on
HR, cardiac output, mean arterial pressure, femoral
blood flow or left ventricular (LV) systolic and end-
diastolic pressures in closed-chested anaesthetised
dogs[29] or on coronary blood flow in open-chested
anaesthetised dogs.[29] Ahigher dose of trimetazid-
ine (2.0 mg/kg) did cause statistically significant
(albeit minor and mostly transient) haemodynamic
alterations; however, peak plasma drug concentra-
tions after this dose (720 to 1060 μg/L) were mark-
edly higher than those seen after the recommended

C OH3

CH3O OCH3

CH2 NHN

Fig. 1. Chemical structure of trimetazidine.
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therapeutic dosage in humans (84.8 μg/L after
20mg twice daily; section 3.1).
A single oral dose of trimetazidine 60mg had no

effects on resting HR or systolic blood pressure
(SBP) compared with placebo in 10 men with sta-
ble angina pectoris.[30] 15 days’ treatment with oral
trimetazidine 20mg 3 times daily had no effects on
HR or SBP compared with placebo, either at rest
or during stress-induced ischaemia, in 15 patients
with coronary artery disease (fig. 2).[31] Similarly,
oral trimetazidine 20mg 3 times daily had no sig-
nificant effects on SBP during peak exercise when
used on a longer term basis (3 months) as adjunc-
tive therapy in 17 men with stable angina pectoris
poorly controlled by β-blockers.[32]
Because HR and SBP during exercise were not

affected by trimetazidine, the rate-pressure product
(HR × SBP) similarly remained unchanged after a
single oral 60mg dose[30] or after repeated admin-
istration of a 20mg dose (section 4.1.1)[33-36] in
patients with angina pectoris. In contrast, the anti-
anginal agents nifedipine[35] and propranolol[36] sig-
nificantly reduced the rate-pressure product during
exercise in these patients (section 4.1.1).
In 20 patients undergoing percutaneous trans-

luminal coronary angioplasty (PTCA), an intra-
coronary injection of trimetazidine 6mg had no
significant effects on HR and systemic or intra-
coronary blood pressure compared with placebo.[28]

3. Pharmacokinetic Profile

Few published studies have assessed the phar-
macokinetic profile of trimetazidine. Table I pres-
ents the main pharmacokinetic properties of the drug
after oral administration in healthy volunteers.

3.1 Absorption and Distribution

Trimetazidine is rapidly absorbed from the
intestinal mucosa after oral administration. In 13
healthy volunteers, the mean peak plasma trimet-
azidine concentration (Cmax; 53.6 μg/L) was reached
1.8 hours after a single 20mg oral dose.[37] After
twice daily administration of trimetazidine 20mg
for 15 days, Cmax (84.8 μg/L) was reached in 1.7
hours.[37] The area under the plasma trimetazid-
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Fig. 2. Effects of oral trimetazidine on ischaemic left ventricular
dysfunction and haemodynamic parameters during rest-stress
echocardiography in patients with coronary artery disease. Pa-
tients (n = 15) were randomised in a double-blind manner to
either trimetazidine 20mg 3 times daily or placebo for 15 days
before switching to the alternative regimen for 15 days.[31] Heart
rate, systolic blood pressure and wall motion score index were
assessed at rest and during dobutamine stress echocardiogra-
phy. * p < 0.02 vs placebo.
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ine concentration-time curve (AUC0-∞) was 508.9
μg/L • h after a single 20mg dose and 831.4 μg/L • h
after repeated administration.[37] Steady-state lev-
els were reached within 24 hours and remained sta-
ble for the study duration.[37] The bioavailability of
a 40mg tablet of trimetazidine in 11 healthy volun-
teers was 88.7% relative to an intravenous dose.[38]
Trimetazidine is only weakly protein bound in

plasma (≈16%)[37] and therefore is widely distrib-
uted throughout the body. In 11 healthy volunteers,
the volume of distribution (Vd) of trimetazidine
was 318.6L after a 40mg intravenous dose.[38]

3.2 Metabolism and Elimination

The elimination half-life of trimetazidine 20mg
is ≈6 hours after single or repeated oral admin-
istration.[37] More than 80% of an administered
dose of trimetazidine is excreted in the urinewithin
48 hours, with 62% of the drug eliminated un-
changed.[37] Eight metabolites (including 4 phase
II metabolites) have been detected in urine,[39] but
little is known of their properties.
The total clearance of trimetazidine was 37.45

L/h after a 40mg intravenous dose in 11 healthy
volunteers.[38]

3.3 Drug Interactions

Oral trimetazidine 20mg twice daily for 25 days
had no effects on the half-life of phenazone (anti-
pyrine; administered as a single 500mg oral dose)
in 13 healthy male volunteers, indicating that the
antianginal agent is neither an inducer nor an
inhibitor of drug hydroxylation.[40] In the same in-
dividuals, coadministration of trimetazidine 20mg
had no effects on the pharmacokinetics of single
oral doses of digoxin 0.5mg or theophylline
375mg.[40]

4. Therapeutic Efficacy

4.1 Stable Angina Pectoris

The therapeutic efficacy of oral trimetazidine,
both as monotherapy and when used as adjunctive
therapy in patients with angina pectoris not suffi-
ciently controlled by other antianginal agents, has

been evaluated in a number of well-controlled clin-
ical trials of up to 6 months’ duration. All these
studies were conducted in patients aged <75 years
with stable angina pectoris confirmed by a positive
exercise test and/or coronary angiography prior to
inclusion. Because of the low diagnostic ability of
exercise testing in women, they were excluded
from all but 1 study.[41] In general, studies excluded
patients with unstable angina pectoris, LVdysfunc-
tion, or a history of myocardial infarction within
the previous 3 months. In the monotherapy studies,
drugs that could interfere with antianginal treat-
ment (e.g. β-blockers or calcium antagonists pre-
scribed for hypertension or amiodarone prescribed
for arrhythmias) or interpretation of ST segment
changes (e.g. antiarrhythmics or digoxin) were not
permitted.
Whether used as monotherapy or in combina-

tion with other antianginals, trimetazidine was ad-
ministered orally as a 20mg dose 3 times daily (ex-
cept for 1 study[36] in which the dosage was titrated
to 80 mg/day if necessary).
Changes in the number of anginal attacks per

week andnitroglycerin (glyceryl trinitrate) consump-
tion per week were used as clinical end-points and
were supported by the findings of exercise (either
bicycle or treadmill) stress testing. Parameters as-
sessed during exercise testing included HR and SBP
(from which the rate-pressure product was calcu-
lated), time to onset of angina, time to 1mm ST seg-
ment depression and total work performed. Several
studies also assessed the effects of trimetazidine on

Table I. Pharmacokinetic profile of trimetazidine after oral admin-
istration in healthy volunteers (mean values)

Parameter Dosage
20mg single
dose[37]

40mg single
dose[38]

20mg bid for
15 days[37]

Cmax (μg/L) 53.6 127.5 84.8
AUC0-∞ (μg/L • h) 508.9 831.4
tmax (h) 1.8 2.73 1.7
t1⁄2 (h) 6.0 6.2
Bioavailability (%) 88.7
AUC0-∞ = area under the plasma concentration-time curve; bid =
twice daily; Cmax = maximum plasma concentration; t1⁄2 = elimina-
tion half-life; tmax = time to reach Cmax.
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LV function, either at rest or during dobutamine
echocardiographic testing (DET).

4.1.1 Monotherapy

Clinical Effects
Trimetazidine monotherapy reduces the fre-

quency of anginal attacks and nitroglycerin use in
patients with angina pectoris. Its effects appear to
be greater than those of placebo and broadly sim-
ilar to those of short-acting nifedipine and pro-
pranolol.
Compared with placebo, 2 weeks’ treatment with

trimetazidine 20mg 3 times daily significantly re-
duced the weekly rate of angina episodes and nitro-
glycerin consumption (p ≤ 0.001) in 54 patients
with angina pectoris (table II).[33] The drug also
reduced these parameters after 1 month in a smaller
placebo-controlled study[34] although between-
group differences did not reach statistical signifi-
cance (table II). Awell-controlled trial showed that
both trimetazidine 60 to 80 mg/day and proprano-
lol 120 to 160 mg/day significantly reduced angi-
nal episodes and nitroglycerin use from baseline in
patients with angina pectoris (p < 0.05; table II).[36]
The absolute reductions in both parameters were
greater with propranolol than with trimetazidine in
this study, but between-group differences were not
statistically significant.[36] Another comparative
study showed that the effects of trimetazidine on
the frequency of anginal attacks were similar to
those reported with short-acting nifedipine 40
mg/day (table II).[35]

Effects on Exercise Capacity
Consistent with the effects of a single dose,[30]

repeated administration of trimetazidine 20mg 3
times daily increases exercise capacity in patients
with angina pectoris. Unlike nifedipine and pro-
pranolol, however, the drug has no effects on myo-
cardial oxygen consumption during peak exercise.
Trimetazidine (usual dosage 60 mg/day) in-

creased exercise duration by up to 19%, the time to
1mm ST segment depression (ischaemic threshold)
by up to 18% and total work performed during ex-
ercise by up to 62% in patients with stable angina
pectoris treated for 1 to 3 months (table II).[34-36]

The improvements in these measures of exercise
capacity were similar to those reported with short-
acting nifedipine 40 mg/day[35] and propranolol
120 to 160 mg/day[36] but in general were signifi-
cantly (p < 0.05) greater than those reported with
placebo (table II).[34]
Unlike nifedipine and propranolol, trimetazid-

ine had no significant effects on the rate-pressure
product during exercise (table II) or at rest.[35,36]

Effects on LV Function
In a randomised, double-blind, crossover study

in 15 patients with coronary artery disease (≥50%
stenosis of a major coronary artery) and a positive
response to DET,[31] 15 days’ treatment with oral
trimetazidine 20mg 3 times daily improved LV
function compared with placebo. The drug reduced
the mean LV wall motion score index both at rest
(1.34 vs 1.40; p = 0.013) and at peak dobutamine
infusion (i.e. at peak stress) [1.61 vs 1.71; p =
0.018] compared with placebo (fig. 2). Trimetazi-
dine administration was also associated with the
achievement of higher doses of dobutamine (28.7
vs 22.7 μg/kg/min; p = 0.003) and longer infusion
time (17.9 vs 15.3 min; p = 0.019) until ischaemia
developed compared with placebo. Usual anti-
anginal medications (nitrates, calcium antagonists
and β-blockers) were withdrawn at least 2 days
before stress echocardiography.[31]

4.1.2 Combination Therapy

Clinical Effects
Adjunctive trimetazidine (20mg 3 times daily)

reduces the frequency of anginal attacks and nitro-
glycerin use in patients with angina pectoris not
sufficiently controlled by other antianginal agents.
Furthermore, the drug is a more effective addi-
tion than isosorbide dinitrate 30 mg/day in patients
with angina pectoris not sufficiently controlled by
propranolol 120 mg/day.
Inmenwho had a positive exercise test (exercise

induced angina and/or ischaemic ST segment
depression) despite treatment with diltiazem 180
mg/day[42] or a β-blocker (propranolol, pindolol or
oxprenolol),[32] the addition of trimetazidine sig-
nificantly reduced the mean number of anginal at-
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Table II. Efficacy of oral trimetazidine (TRI) compared with that of placebo (PL) or other antianginal agents in patients with stable angina pectoris. Data areexpressed as mean values

Reference Study
design

No. of
pts

Dosage
(mg/day)

Time
point

Angina episodes
(per wk)

NTG consumption
(tablets per wk)

Exercise parameters Comparative
efficacy

time to onset of
angina (sec)

time to 1mm
STD (sec)

total work
(kpm)

RPP (mm Hg •
beats/min)

Comparisons with PL

Passeron[33] r, db, pg 27 PL Baseline 7.6 7.9 2772 21 929 TRI > PL

2wk 4.9 5.4 3456 21 052

27 TRI 60 Baseline 8.1 9.1 2430 21 656

2wk 2.9†† 3.1†† 3939† 19 068

Gallet[34] mc, r,
db, pg

14 PL Baseline 4.9 6.3 612 504 4191 23 324 TRI ≥ PL

1mo 3 4.6 642 540 4564 24 764

18 TRI 60 Baseline 5.1 5.7 612 498 4200 24 592

1mo 2.6 2.7 726† 588† 5620† 27 274

Comparison with nifedipine (NIF)

Dalla-Volta
et al.[35]

r, db, co 35 NIF 40 Baseline 2.2 462 342 520.7 W • min 23 555.1 TRI ≡ NIF

6wk 0.9 540 408 677.9 W • min 21 885.2†

35 TRI 60 Baseline 2.5 468 348 529.3 W • min 22 984.1

6wk 1.2 528 408 657.1 W • min 22 604.8

Comparison with propranolol (PRO)

Detry et
al.[36]

mc, r,
db, pg

78 PRO 120-160
(mean 132)

Baseline 9.4 6.6 554 446 3674 23 683 TRI ≡ PRO

3mo 3.9** 3.2** 588* 510** 4002 18 579**

71 TRI 60-80
(mean 67)

Baseline 10.1 8.6 536 432 3472 22 387

3mo 6.6** 6.2* 569* 483** 3802* 23 089

co = crossover; db = double-blind; kpm = kilopound-metres;mc = multicentre; NTG = nitroglycerin; pg = parallel group; pts = patients; r = randomised; RPP = rate-pressure product;
STD = ST segment depression; W = watts; > indicates significantly greater efficacy; ≥ indicates significantly better on some but not all efficacy parameters; ≡ indicates equivalent
efficacy. † p < 0.05, †† p ≤ 0.001 vs change from baseline with comparator; * p < 0.05, ** p ≤ 0.001 vs baseline.
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tacks and nitroglycerin consumption compared with
placebo or baseline (p < 0.05; table III). Trimetazi-
dine also reduced these clinical indices in patients
poorly controlled by nifedipine 40 mg/day,[45] al-
though in this small study these reductions were
not significantly different from those achieved after
the addition of placebo (table III).
The results of a large noncomparative study

(TRIMPOL-1) in 700 men and women with a pos-
itive exercise test despite treatment with a conven-
tional antianginal agent (either a long-acting ni-
trate, β-blocker or calcium antagonist) showed that
anginal attacks and nitroglycerin use were signifi-
cantly reduced after the addition of trimetazidine
(table III).[41] These significant clinical effects were
also evident in the subgroup of TRIMPOL-1 par-
ticipants who had coexisting diabetes mellitus.[46]
In men who had a positive exercise test after a

2-week run-in period with propranolol 40mg 3
times daily, the addition of trimetazidine reduced
anginal attacks and nitroglycerin use significantly
more effectively than the addition of isosorbide
dinitrate 30 mg/day (p < 0.05; table III).[43]

Effects on Exercise Capacity
Trimetazidine 20mg 3 times daily significantly

increases exercise capacity compared with placebo
when used as add-on therapy in patients with an-
gina pectoris not sufficiently controlled by other
antianginal agents. In addition, the drug appears to
be more effective than isosorbide dinitrate when
used adjunctively in patients with angina pectoris
not sufficiently controlled by propranolol.
Inmen with a positive exercise test despite treat-

ment with diltiazem 180 mg/day, the addition of
trimetazidine for 28 days resulted in a significant
increase in the exercise time to 1mm ST depression
and angina onset (both p < 0.05 vs placebo; table
III) as well as the mean maximum work at peak
exercise (+1.4 metabolic equivalents; p < 0.05 vs
placebo).[42] A longer term (6 months) study re-
ported similar effects (table III).[44]
Adjunctive trimetazidine significantly enhanced

exercise capacity in patients receiving nifedipine
40 mg/day,[45] β-blockers (propranolol, pindolol
and oxprenolol)[32] or a broad range of antianginal

agents (long-acting nitrates, β-blockers or calcium
antagonists)[41] [table III]. Similar results were re-
ported when the drug was added to metoprolol 100
mg/day in TRIMPOL II, a multicentre, random-
ised, double-blind study involving 227 patients. An
abstract report of this study[47] showed that the ad-
dition of trimetazidine for 12 weeks increased the
exercise time to 1mm ST segment depression by
28.5%, total walking time by 16.3% and work ca-
pacity by 15.6% (fig. 3). Exercise time to onset of
angina increased by 27.4%. All increases were sig-
nificant versus baseline and placebo (p < 0.01).
Exercise duration improved by 15% (p < 0.01)

and the time to ST segment depression improved
by 19% (p < 0.01) after the addition of trimetazid-
ine to conventional antianginals in the subgroup of
TRIMPOL-1 participants who had coexisting dia-
betes mellitus.[46]
Trimetazidine tended to be more effective than

isosorbide dinitrate 30 mg/day when used as add-
on therapy in men with angina poorly controlled
by propranolol 40mg 3 times daily (table III), but
between-group differences did not reach statistical
significance.[43]

Effects on LV Function
In a study involving 40 men with stable angina

pectoris who were taking long-acting nitrates,[48]
the addition of oral trimetazidine 20mg 3 times daily
for 12 weeks significantly improved mean LV ejec-
tion fraction (LVEF) from 49.2 to 59.9% (p < 0.05).
In contrast, LV ejection fraction remained un-
changed in those who received adjunctive placebo.

4.2 Other Coronary Conditions

Because of its anti-ischaemic activity, the ef-
fects of trimetazidine have been assessed in other
coronary conditions such as ischaemic cardiomyop-
athy and in patients undergoing coronary revasc-
ularisation. This section reports the results of these
studies. It should be noted, however, that data are
limited and few conclusions can be drawn.

4.2.1 Ischaemic Cardiomyopathy
The results of 1 study suggest that trimetazid-

ine 60 mg/day may improve LV ejection fraction,
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Table III.Efficacy of oral trimetazidine (TRI) when used as adjunctive therapy in patients with angina pectoris not sufficiently controlleda by other antianginal agents. Data are expressed
as mean values

Reference Study
design

Run-in
(drug; days)

No. of
pts

Adjunctive
therapy
(mg/day)

Time point Angina
attacks
(per wk)

NTG use
(units/wk)

Exercise parameters Comparative
efficacytime to onset of

angina (sec)
time to 1mm
STD (sec)

total work
(kpm)

In combination with β-blockers (BB)
Michaelides et
al.[32]

nb BBc + PL; 30 18 TRI 60 Baseline 7.6 7.1 550.9 432.4 10.8 MET BB + TRI > BB + PL

3mo 2.7** 2.3** 643.9* 517.8* 12.3* MET
Michaelides et
al.[43]

r, db, pg PRO 120 mg/day; 14 23 ISO 30 Baseline 4.3 3.6 701 550 PRO + TRI ≥ PRO +
ISO

60 days 3.0* 2.4* 717 565
26 TRI 60 Baseline 4.5 3.7 679 526

60 days 1.7*† 1.1*† 774** 607**

In combination with diltiazem (DIL)
Levy et al.[44] mc, r,

db, pg
DIL 180 mg/day; 15 35 PL Baseline 644 479 4678 DIL + TRI ≥ DIL + PL

6mo 661 521 4899
32 TRI 60 Baseline 557 373 3637

6mo 607* 534**† 4207*
Manchanda et
al.[42]

mc, r,
db, pg

DIL 180 mg/day; 15 32 PL 28 days DIL + TRI > DIL + PL

32 TRI 60 28 days –4.8‡b –2.6†b +113.1†b +94.2†b

In combination with nifedipine (NIF)
Brochier et al.[45] mc, db,

r, pg
NIF 40 mg/day; 15 15 PL Baseline 3.04 2.18 4472 NIF + TRI ≥ NIF +

PL
15 days 1.65 1.43 4548

13 TRI 60 Baseline 2.82 3.15 3956
15 days 1.21 1.31 5177‡‡

In combination with conventional antianginals (AA)d
Szwed et al.
(TRIMPOL-1)[41]

mc, nb AA; >7 700 TRI 60 Baseline 3.66 2.94 443.7 337.8 AA + TRI > AA

4wk 2.47* 1.80* 486.4* 389.9*

a Demonstrated by a positive exercise test (exercise-induced angina and/or ischaemic ST segment depression in response to an exercise test).
b Net effect after adjustment for PL.
c Propranolol mean 120 mg/day (n = 11), pindolol mean 7.5 mg/day (n = 4), oxprenolol mean 60 mg/day (n = 3).

d Long-acting nitrates (n = 331), β-blockers (n = 293) or calcium antagonists (n = 76).
db = double-blind; ISO = isosorbide dinitrate; kpm = kilopound-metres; mc = multicentre; MET = metabolic equivalents; nb = nonblind; NTG = nitroglycerin; pg = parallel group;
PL = placebo; PRO = propranolol; pts = patients; r = randomised; STD = ST segment depression; > indicates significantly greater efficacy; ≥ indicates significantly better on some
but not all efficacy parameters; * p < 0.01, ** p < 0.001 vs baseline; † p < 0.05 vs comparator; ‡ p < 0.01 vs PL; ‡‡ p = 0.024 vs change from baseline with PL.
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cardiac volume and clinical status compared with
placebo when added to an existing regimen in pa-
tients with severe ischaemic cardiomyopathy.[49]
The study involved 20 patients, 6 of whom had
dyspnoea in New York Heart Association (NYHA)
class IV and 14 of whom had dyspnoea in class III.
Trimetazidine or placebo was added to the exist-
ing treatment regimen for 180 days. At study end,
mean cardiac volume had decreased by 7.1% with
trimetazidine and increased by 3.7% with placebo
(p = 0.034), and LVEF had increased by 9.3% with
trimetazidine and decreased by 15.6% with pla-
cebo (p = 0.018).[49]
The improvements in LV function reported with

trimetazidine were associated with significant gains
in clinical status; dyspnoea improved by at least 1
NYHA functional class in all 9 trimetazidine recip-
ients but only 1 of 11 placebo recipients (p < 0.001).
Trimetazidine reduced the need for treatment mod-
ification during the study compared with placebo:
regimen adjustments were necessary in 1 versus 8
patients in the respective groups (p < 0.01).
However, these results should be interpreted

with caution for several reasons: LVEF was higher
at baseline in trimetazidine than in placebo recipi-
ents; more placebo than trimetazidine recipients
had calcium antagonists added (4 vs 0) which may
have contributed to the reduction in LVEF in this
group; the absolute change in LVEF in trimetazid-
ine recipients was not statistically significant.
Therefore, the findings of this study are inconclu-
sive and required confirmation in further well con-
trolled studies.
Another placebo-controlled study in patients

with ischaemic cardiomyopathy (n = 22) showed
that trimetazidine 20mg 3 times daily improved the
contractile response of dysfunctional myocardium
to low dose dobutamine.[50] In this study, the mean
systolic wall thickening score index (SWTI) during
DET improved from 1.66 at baseline to 1.32 at 2
months in trimetazidine recipients (p < 0.05) but
was not significantly altered in placebo recipients.
Similarly, the SWTI at rest improved during the
2-month treatment period in trimetazidine recipi-
ents (from 2.05 to 1.61; p < 0.05) but not in placebo

recipients. Patients’ usual medications were not
altered during the study.

4.2.2 Coronary Artery Bypass Grafting
Trimetazidine may improve preoperative LV

function in patients undergoing coronary artery
bypass graft (CABG) surgery.
Three weeks’ double-blind treatment with oral

trimetazidine 20mg 3 times daily improved pre-
operative LV function compared with placebo in a
study involving 19 patients scheduled for CABG.[51]
Mean LV stroke work index was higher in tri-
metazidine than placebo recipients prior to surgery
(0.0391 vs 0.0282 g/min/m2/beat; p < 0.01). Dur-
ing the CABG procedure, patients in the trimet-
azidine group received trimetazidine 10–6 mol/L
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Fig. 3. Effects of adjunctive trimetazidine (TRI) on exercise ca-
pacity in patients with persistent angina pectoris. 227 patients
who had a positive exercise test despite 1 week’s treatment with
metoprolol (MET) had TRI 20mg three times daily (n = 114) or
placebo (PLA; n = 113) added for 12 weeks in a randomised,
double-blind manner.[47] Exercise capacity was assessed during
treadmill exercise tests. * p < 0.01 vs placebo.

152 McClellan & Plosker

© Adis International Limited. All rights reserved. Drugs 1999 Jul; 58 (1)



with the cardioplegic solution. 20 minutes after
reperfusion, malondialdehyde accumulation in the
coronary sinus (amarker of lipid peroxidation) was
less in patients who received trimetazidine 10–6
mol/L with the cardioplegic solution than in those
who received placebo (+0.19 vs +1.67 μmol/L
from baseline; p < 0.05). Four hours after surgery,
myosin was detected in venous blood of all placebo
recipients compared with 5 out of 10 trimetazidine
recipients (p = 0.036).
These data suggest that trimetazidine reduces

the production of oxygen-derived free radicals dur-
ing reperfusion but are inconsistent with those re-
ported in a larger randomised, double-blind study
in 40 evaluable patients undergoing CABG.[52] In
this study, the effects of trimetazidine (40mg bolus
before skin incision then 2.5 mg/h intravenously
until the sixth postoperative hour and 10–6 mol/L
with the cardioplegic solution) on malondialdehyde
accumulation 20 minutes after unclamping were
not significantly different from those of placebo.[52]

4.2.3 Angioplasty
Limited evidence suggests that trimetazidine

significantly delays the development and reduces
the magnitude of the ischaemic response during
PTCA and improves LV contractility when admin-
istered after PTCA.
In a placebo-controlled study,[28] 20 patients

with refractory angina pectoris who were under-
going PTCA received an intracoronary injection
of placebo or trimetazidine 6mg 3 minutes prior to
balloon inflation. Trimetazidine significantly de-
layed the mean onset (46.3 vs 36.1 sec; p = 0.024)
and decreased the magnitude (0.85 vs 1.39mV; p =
0.023) of the maximum ST segment shift on in-
tracoronary electrocardiogram during PTCA com-
pared with a pretreatment balloon inflation.[28]
Compared with untreated controls, oral trimet-

azidine 20mg 3 times daily for 3 months begin-
ning 24 hours after PTCA improved LV contractil-
ity in patients with mild angina pectoris.[53] Mean
LV ejection fraction was greater in trimetazidine
recipients (n = 26) than in the untreated control
group (n = 25) at study end (66.0 vs 55.2%; p <
0.0001).[53]

An abstract report of a study in 51 evaluable
patients with acute myocardial infarction under-
going PTCA showed that intravenous trimetazid-
ine (40mg bolus then 60 mg/day for 48 hours) may
result in earlier and more complete myocardial
reperfusion than placebo.[54] ST segment deviation
was higher in trimetazidine than placebo recipients
prior to treatment (355 vs 278μV) but decreased
more rapidly after reperfusion in the former group
(181 vs 208μV at 1 hour and 104 vs 124μV at 3
hours).[54]

5. Tolerability

Oral trimetazidine was better tolerated than
nifedipine or propranolol when used as monother-
apy in clinical trials in patients with stable angina
pectoris. Furthermore, the drug was as well toler-
ated as placebo when used as adjunctive therapy in
patients with angina pectoris poorly controlled by
other antianginals. Mild gastrointestinal disorders
such as gastric burning were the most frequently
reported treatment-related events in trimetazidine
recipients but their overall incidence was low.

5.1 Monotherapy

Six weeks’ treatment with trimetazidine 20mg
3 times daily was better tolerated than nifedipine
40 mg/day in a crossover study involving 39 pa-
tients with stable angina pectoris (5 vs 13 patients
in the respective groups reported adverse events;
p = 0.03).[35] All events related to trimetazidine
involved the gastrointestinal system (e.g. gastric
burning) whereas those of nifedipine were pre-
dominantly related to peripheral vasodilation.[35]
Trimetazidine was better tolerated than propran-

olol 40mg 3 times daily in a double-blind study
involving 149 men with angina pectoris treated for
3 months.[36] In this study, 29.6% of trimetazidine
compared with 38.5% of propranolol recipients
spontaneously reported adverse events which were
generally of mild to moderate severity. The most
frequently reported events in trimetazidine recip-
ients were fatigue (7.0%), dizziness (7.0%), mus-
cular cramps (7.0%) and effort-induced discomfort
(5.6%), although their relationship to treatment
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was not established. No withdrawals related to ad-
verse events occurred in the trimetazidine group,
whereas 6 occurred in the propranolol group.[36]
Trimetazidine 20mg 3 times daily had no clini-

cally significant effects on haematological[35,41] or
biochemical[35] parameters.

5.2 Combination Therapy

The incidence of adverse events reported with
adjunctive trimetazidine was similar to that with
placebo in a double-blind study involving 64 pa-
tients with angina pectoris not sufficiently control-
led by diltiazem.[42] During the 4-week treatment
period, a small number of trimetazidine recipients
reported constipation (n = 2) and increased appetite
(n = 1), whereas placebo recipients reported con-
stipation (n = 1), depression (n = 1) and bradycardia
(n = 1).[42] No adverse event-related withdrawals
occurred in the trimetazidine group but there were
2 in the placebo group.[42]
A longer study in 67 patients with angina pecto-

ris poorly controlled by diltiazem confirmed that
adjunctive trimetazidine was as well tolerated as
placebo.[44] Only 2 patients in each group reported
a treatment-emergent adverse event during the 6-
month study: myalgia and lower limb oedema in
the trimetazidine plus diltiazem group and som-
nolence and lower limb oedema in the placebo plus
diltiazem group.[44]
In addition to being well tolerated when added

to diltiazem, trimetazidine was well tolerated when
added to other antianginal agents. Of 700 patients
with angina pectoris who had trimetazidine added
for 4 weeks to conventional therapy (long-acting
nitrates, β-blockers or calcium antagonists), only
5% reported adverse events that may have been
related to treatment. The most frequently reported
events were headache (n = 10) and gastrointestinal
disorders (n = 9).[41]

6. Dosage and Administration

Oral trimetazidine is indicated for the preven-
tive treatment of anginal attacks. The recom-
mended daily dosage of the drug is 40 or 60mg (in

2 or 3 divided doses) which should be administered
with meals.[55]
Trimetazidine has not shown teratogenic effects

in animals but, in the absence of clinical data, its
use should be avoided during pregnancy. In addi-
tion, breast feeding is not recommended during
treatment with trimetazidine until data on its excre-
tion into breast milk are available.[55]

7. Place of Trimetazidine in the
Management of Coronary Conditions

7.1 Stable Angina Pectoris

The aim of the management of angina pectoris
is to reduce the frequency and severity of anginal
attacks and to improve functional capacity. Ulti-
mately, the aim should also be to improve prog-
nosis.[1]
Management regimens ideally include nonphar-

macological approaches such as bodyweight reduc-
tion, exercise and cessation of smoking which may
also result in symptomatic improvement.[1] Lowdose
aspirin is recommended, unless contraindicated,
because it has been shown to reduce the risk of
myocardial infarction in patients with stable angina
pectoris.[56,57] In addition, lipid-lowering therapy
should be considered if serum total cholesterol lev-
els remain elevated despite dietary modification.[1]
Acute anginal attacks are almost always treated

with sublingual nitroglycerin, which provides rapid
symptomatic relief. For long term prophylaxis,
however, 3 main drug classes have proved effec-
tive: nitrates, calcium antagonists and β-blockers.
These agents ultimately all work to restore the bal-
ance between myocardial metabolic demand and
myocardial blood supply. Although they act via
different mechanisms, there is little to distinguish
between the 3 classes in terms of efficacy, and drug
selection will often depend on coexisting medical
conditions.
Nitrates such as isosorbide di- or mononitrate

are vasodilators and may be particularly useful in
patients with low or normal blood pressure, mitral
regurgitation, congestive heart failure, overt vaso-
spastic angina or in those with contraindications
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to β-blockers or calcium antagonists.[58] A major
drawback associated with the long term use of ni-
trates is the development of tolerance to their ther-
apeutic effects but this can generally be averted by
altering the dosage interval.
Like nitrates, calcium antagonists are also vaso-

dilators. Their use is associated with minimal ad-
verse metabolic effects and they are therefore suit-
able for most patients with angina pectoris, with
the exception of short-acting nifedipine, which is
not recommended as monotherapy because of the
increased risk of myocardial infarction associated
with its use in some patients.[59]

β-Blockers reduce HR andmyocardial contract-
ility, thereby reducingmyocardial oxygen demand.
As a class they are very effective in the treatment
of angina pectoris and few differences exist be-
tween individual agents. Rebound ischaemia may
occur after sudden β-blocker withdrawal in some
individuals and is a potential problem associated
with their use.[60]
Although monotherapy is optimal for compli-

ance reasons, the severity of angina may necessi-
tate treatment with a combination of therapeutic
agents in some patients. Combinations of a long-
acting nitrate and a β-blocker or calcium antago-
nist, or a β-blocker with a dihydropyridine calcium
antagonist, are commonly used because the haemo-
dynamic effects of these classes are different and
complementary. However, certain combinations,
such as β-blockers with diltiazem or verapamil,
should be used with caution because of the risk of
bradycardia and LV failure.[61]
Furthermore, although combined haemodyna-

mic treatment is conventional for the treatment of
angina, there has been conflicting evidence in the
literature about its benefits. A review of controlled
clinical trials of combined β-blocker and calcium
antagonist therapy in angina pectoris called for a
critical re-evaluation of the trend towards the rou-
tine prescribing of multiple antianginal agents.[62]
Recently published studies have continued to raise
doubts about the efficacy and tolerability of com-
bined haemodynamic treatment.[63,64]

Trimetazidine is an antianginal agent which in-
creases cell tolerance to ischaemia. In theory, its
cytoprotective activity should limit myocyte loss
during ischaemia and hence possibly improve
prognosis in patients with angina pectoris.[2]
The beneficial effects of oral trimetazidine

20mg 3 times daily on the frequency and severity
of anginal attacks as well as exercise capacity have
been shown to be broadly similar to those of short-
acting nifedipine (although this is no longer a
standard therapy) and propranolol in clinical stud-
ies in patients with angina pectoris. Unlike these
agents, trimetazidine has no effects on myocardial
oxygen consumption at rest or during exercise. It
should be noted, however, that monotherapy with
trimetazidine has yet to be compared with the cal-
cium antagonists diltiazem and verapamil or the
cardioselective β-blockers metoprolol and atenolol.
Trimetazidine has a different mechanism of

action from that of nitrates, β-blockers or calcium
antagonists. Not surprisingly, therefore, in patients
with angina pectoris not sufficiently controlled
by conventional antianginals, the addition of tri-
metazidine led to a reduction in the frequency of
anginal attacks and nitroglycerin use and an in-
crease in exercise capacity. Interestingly, trimet-
azidine is possibly more effective than isosorbide
dinitrate when used as adjunctive therapy in pa-
tients with angina poorly controlled by proprano-
lol. Therefore, trimetazidine is likely to be a useful
adjunctive therapy in patients with angina pectoris
refractory to other antianginal agents.
Trimetazidine is generally well tolerated, with

transient gastrointestinal events being the most com-
monly reported adverse events in clinical trials.

7.2 Other Coronary Conditions

Limited evidence suggests that trimetazidine
has anti-ischaemic effects during angioplasty. Ben-
eficial effects have also been reported when the
drug is added to an existing regimen in patients
with ischaemic cardiomyopathy. However, the use
of trimetazidine in these indications requires clar-
ification, as does its effect on oxygen free radical-
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induced reperfusion injury in patients undergoing
CABG surgery.

7.3 Conclusions

In conclusion, clinical studies have shown tri-
metazidine to be a reasonably effective and well
tolerated anti-ischaemic agent which, in addition to
providing symptom relief and functional improve-
ment in patients with angina pectoris, has a cyto-
protective action during ischaemia. The drug is
suitable for initial use as monotherapy in patients
with angina pectoris and, because of its different
mechanism of action, as adjunctive therapy in
those with symptoms not sufficiently controlled by
nitrates, β-blockers or calcium antagonists. The
role of trimetazidine in other coronary conditions
has yet to be clearly established.
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