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BACKGROUND Diastolic dysfunction, which can be reflected in the left atrial volume index (LAVI), is present in patients with
AND OBJECTIVES chronic stable angina (CSA). This prospective, randomized, double-blind study aimed to determine the effect

of the anti-anginal medication, trimetazidine, on the LAVI of patients with CSA.

METHODS Patients were randomized to receive either trimetazidine 35 mg twice daily or placebo for six months. LAVI,
isovolumic relaxation time (IVRT), deceleration time (DT), ejection fraction (EF) and mitral E/A were measured
by two-dimensional echocardiography with Doppler (2DED) at baseline and after six months.

RESULTS Forty patients were included but only 36 had a repeat 2DED after 6 months. The mean LAVI of trimetazidine-
treated patients was reduced from 27.06 mL/m2 to 24.06 mL/m2 (p=0.153), and increased from 26.32 mL/m2

to 32.72 mL/m2 in the placebo group (p=0.002). The six-month LAVI in the trimetazidine group (24.06 mL/
m2) also significantly differed from the placebo group (32.72 mL/m2; p=0.017). Changes in LVEF, IVRT and
DT tended to favor improvement following trimetazidine treatment, but did not reach statistical significance.
E/A on mitral inflow increased from 1.04 to 1.17 in trimetazidine-treated patients (p=0.092), and from 0.99
to 1.49 in placebo-treated patients (p=0.000).

Stable angina is a chest discomfort that occurs at a
certain level of exertion that is relieved by rest or
nitroglycerin. It occurs when myocardial oxygen demand
exceeds oxygen supply.1 Diastolic dysfunction refers to
the abnormal mechanical properties of the ventricle such
as diastolic filling, relaxation, or distensibility of the left
ventricle, regardless of the ejection fraction and signs and
symptoms of the patient. Echocardiographic
measurements include isovolumetric relaxation time
(IVRT), deceleration time (DT), mitral E/A ratio,
pulmonary vein flow velocity, doppler tissue imaging
(DTI), color doppler M-mode imaging and left atrial
volume index (LAVI).2

Left atrial dilatation is a marker of severity and
chronicity of left ventricular (LV) dysfunction due to
elevated LV diastolic pressure. LAVI is a method of choice
of determining LA size and is therefore associated to
cardiovascular risk burden.3,4,5

Trimetazidine (1-[2,3,4-Trimethoxybenzyl]
piperazine dihydrochloride), an anti-anginal drug acting
at the cellular level, has no significant hemodynamic
effects. It affects cellular energetics by preserving
intracellular levels of phosphocreatinine and adenosine

triphosphate, thus reducing hydrogen ions inside the cell,
as well as calcium overload and free radical-induced injury
induced by ischemia.6,7

Several studies have shown beneficial effects of this
drug in patients with ischemic heart disease. In a
randomized controlled study by Giuseppe et al8 involving
diabetic patients with coronary artery disease, an increase
in the LV end diastolic diameter (LVEDD) was observed
in the placebo group while a significant decrease was seen
in the trimetazidine group after six months treatment.
Furthermore, LV ejection fraction (LVEF), which remained
unchanged in the placebo group, was significantly
increased in the trimetazedine group.  Lastly, a significant
improvement in wall motion score index and in E/A wave
ratio was detected in patients treated with trimetazidine,
but not in those receiving placebo. In another study9, an
improvement to time to develop 1 mm ST segment
depression in exercise tolerance test among patients
receiving Trimetazedine MR was observed.

This study hypothesizes that improvement of diastolic
dysfunction, as manifested by reduction in LAVI, will be
seen after 6 months therapy with trimetazidine among
patients with chronic stable angina (CSA). It aims to
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determine the effect of oral trimetazidine 35 mg
administered twice daily for 6 months on LAVI in patients
with CSA. It also aims to determine its effects on ejection
fraction (EF), isovolumetric relaxation time (IVRT),
deceleration time (DT), and mitral ratio of peak early to
late diastolic filling velocity (mitral E/A).

METHODS
Study population

This is an investigator-initiated study involving adult
patients aged 19 and older who were diagnosed with CSA
via treadmill exercise test (TET) or stress echocardiography
at the non-invasive laboratory of the Philippine Heart
Center from October 2008 to June 2009. All patients
provided written informed consent.

Patients with dilated cardiomyopathy; significant
regurgitant (grade 3 to 4+, or regurgitant fraction of at
least 50%) or stenotic (valve area <1.0 cm) valvular lesions;
implanted pacemakers or prosthetic valves; current
trimetazidine intake; or a history of acute coronary
syndrome (acute myocardial infarction or unstable angina)
within the past 2 months or developing within 6 months
of study, or revascularization within 6 months were
excluded.

During the study period, patients’ therapies routinely
used for the treatment of myocardial ischemia (e.g.,
acetylsalicylic acid, anti-platelet drugs, anticoagulants,
hypolipidaemic agents and other anti-anginal therapy) and
diabetes mellitus (e.g., oral hypoglycemic agent or insulin
therapy), were allowed to be continued.

Study design
This is a prospective, double-blinded, randomized

controlled trial. A third party handled treatment
allocation. After a baseline evaluation of inclusion and
exclusion criteria, patients underwent a baseline
measurement of LAVI through two-dimensional
echocardiography with Doppler (2DED). Other
parameters of diastolic dysfunction including mitral E/
A, IVRT, and DT were noted. EF was determined using
the Simpson’s method. The echocardiographer was
unaware of the treatment assignments.

Patients were randomized to receive trimetazidine 35
mg twice a day, or matching placebo for 6 months and
were followed up after a week of randomization and

monthly thereafter, until the termination of the study.
The treating physicians were unaware of group allocations.
The 2DED was repeated after 6 months of treatment.

Data acquisition
Demographic and clinical data were noted, including

age, gender, risk factors for coronary artery disease and
medications being taken.

LAVI was determined by biplane area-length
method, indexed to the body surface area. LAVI was
measured at the end of ventricular systole just before
opening of the mitral valve and was calculated as follows:
(4-chamber area x 2-chamber area)/ shortest length x 0.85.
Diastolic function was also assessed using validated
parameters.10

Statistical analysis
The required sample size was greater than 17 per

group, determined using á=0.05, â=0.20 and an assumed
effect of trimetazidine of 5.8+2.1.8

LAVI before and after treatment were compared using
paired T-test. The two groups were compared using
independent T-test. Baseline characteristics were compared
using Chi-square or T-test, whenever applicable. Analysis
of co-variance (ANCOVA) was applied in the comparison
of post-treatment variables to adjust for the effects of
possible confounding baseline variables.  A P-value of at
most 0.05 was considered significant. Data were presented
as mean and SD or frequency percent distribution, as
appropriate.

RESULTS
Out of 40 randomly selected patients, two patients

(5%) were excluded because they stopped taking the
medications, and two (5%) were lost during follow-up
(Figure 1).

Table 1 shows the baseline characteristics of included
patients. Of these, 21 (58%) were men and 15 (42%)
were women. The median age was 63 years (range 35-73
years).  All patients had hypertension. The placebo group
had more patients with diabetes (p=0.02). Majority of
the patients were taking statins (91.6%), aspirin (88.9%),
beta-blockers (88.9%), and angiotensin-converting
enzyme inhibitors (58.3%).  More patients in the
treatment group were taking beta-blockers (p=0.02).
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Figure 1. Flow of Patients

  40 eligible  patients  

20 randomized to Trimetazidine  

- 1 stopped intake 
(headache) 

- 1 lost to follow‐up 
 

‐1 stopped intake 
(body weakness) 

‐ 1 lost to follow‐up 

18 underwent six  months 
treatment and were analyzed 

18 underwent six months 
treatment and were analyzed 

20 randomized to Placebo  

After six months, the mean LAVI of patients treated
with trimetazidine was reduced from 27.06 mL/m2 to
24.06 mL/m2, but this was not statistically significant
(p=0.153). The mean LAVI of patients treated with
placebo significantly increased (26.32 mL/m2 vs 32.72
mL/m2; p=0.002).

The LAVI between groups were significantly different
after six months of treatment with trimetazidine (24.06
mL/m2 in the treatment group vs 32.72 mL/m2 in the
placebo group; p=0.017). Furthermore, the change in
LAVI between groups were also significantly different
(3.00 mL/m2 vs -6.40 mL/m2, respectively; p=0.001).

The LVEF in patients treated with trimetazidine
changed from 60.07% to 63.50% after six months, but
the change was not statistically significant. The LVEF of
patients on placebo decreased from 61.89% to 60.56%,
which was also not statistically significant.

In trimetazidine-treated patients, IVRT and DT
decreased by 3.6 ms and 23.44 ms, respectively, but the
differences were not statistically significant. On the other
hand, the IVRT and DT of patients treated with placebo
increased by 6.44 ms and 0.55 ms, respectively, but these
also were not statistically significant.

E/A on mitral inflow increased from 1.04 to 1.17 in
trimetazidine-treated patients (p=0.092), and from 0.99
to 1.49 in placebo-treated patients (p=0.000).

Table 1.  Baselline Characteristics

Characteristics Trimetazidine Placebo  (n=18) P value

(n=18)

Age, mean  (SD) 55.28(SD 10.8) 62.28(SD 10.5) 0.06
Gender     M 13 (72) 8 (44.4) .18
                F 5 (28) 10 (55.6)
Co-morbidities

Diabetes 1 (6) 8 (44) 0.02
hypertension 18 (100) 18 (100 ) 1.00
dyslipidemia 5 (28) 6 (33) 1.00
CKD 2 (11) 0 0.49
Arrhythmia 0 3 (17) 0.23

CVA 0 1 (6) 1.00
Concurrent medications

Aspirin 16 (89) 15 (83) 1.00

Clopidogrel 4 (22) 2 (11) 0.66

Beta-blocker 18 (100) 12 (67) 0.02

Calcium channel

        blocker 2 (11) 4 (22) 0.39

ACE inhibitor 11(61) 10 (56) 1.00

ARB 7 (39) 5 (28) 0.73

Nitrates 7 (39) 7 (39) 1.00

Digoxin 0 2 (11) 0.22

Diuretics 2 (11) 4 (22) 0.39

Statins 18 (100) 15 (83) 0.59

Metformin 1 (6) 5 (28) 0.22

Pioglitazone 0 5 (28) 0.02

CKD=chronic kidney disease; CVA=cerebrovascular accident;
ACE=angiotensin converting enzyme; ARB= angiotensin
receptor blocker.
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DISCUSSION
This study shows that six months of treatment with

trimetazidine improved LAVI in patients with CSA
compared with placebo.Other studies demonstrated that
trimetazidine improves cellular energetic by inhibiting
fatty acid oxidation and favoring glucose oxidation,
thereby decreasing oxidative damage to the myocardial
cells and provides cardiovascular protection against
ischemic damage.11-13  Angina is caused by myocardial
ischemia, which occurs whenever myocardial oxygen
demand exceeds oxygen supply. One of the factors that
determine myocardial oxygen demand is wall tension or
stress, which is a product of left ventricular end diastolic
(LVED) volume and myocardial muscle mass. An increase
in LVED volume would increase LV filling pressure, which

Table 2.   Echocardiographic Parameters at baseline and after 6 months

Observation  Period Trimetazidine Placebo P value
Mean SD Mean SD

LAVI (mL/m2)
Baseline 27.06 5.36 26.32 9.80 0.57
After 6 mos 24.06 7.18 32.72 10.56 0.017
Difference 3.00 8.15 -6.40 7.45 0.001
P value 0.153 0.002

LVEF (%)
Baseline 60.07 10.83 61.89 14.696 0.673
After 6 mos 63.50 11.67 60.56 15.86 0.933

Difference -3.44 7.72 1.33 5.70 0.227
P value 0.075 0.335
IVRT (ms)
Baseline 119.67 19.30 111.83 24.74 .297
After 6 mos 116.19 17.45 118.28 25.15 0.904
Difference 3.50 22.91 -6.44 29.67 0.916
P value 0.526 0.370

DT (ms)
Baseline 260.33 60.13 214 42.71 0.012
After 6 mos 236.89 61.74 216.89 39.87 0.894
Difference 23.44 72.46 -.55 50.60 0.255
P value 0.188 0.833

Mitral E/A
Baseline 1.04 0.50 0.99 0.36 0.719
After 6 mos 1.17 0.56 1.49 0.76 0.363
Difference -0.13 0.31 -0.50 0.49 0.101
P value 0.092 0.000

LAVI=left atrial volume index; LVEF=left ventricular ejection fraction; IVRT=isovolumetric relaxation time; DT=deceleration time; mitral E/A=mitral
ratio of peak early to late diastolic filling velocity.

is a cause of LV dysfunction. LAVI, however, is a reflection
of the chronicity and severity of LV dysfunction. It is
therefore hypothesized that, increased LAVI mirrors the
burden of subclinical and overt ischemic heart disease.1,2

In this study, patients treated with trimetazidine had
significantly lower LAVI compared to patients treated with
placebo, which showed a significant increase in LAVI.
Therefore, decrease LAVI is consistent with decrease LV
filling pressure and general cardiovascular risk. It has also
been shown in this study that other parameters for LV
diastolic function, evaluated through IVRT, DT and
mitral E/A ratio showed a trend towards an improvement
after six months of treatment.

Elderly and diabetic patients presents mostly with
diastolic dysfunction. Though in this study, there were
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more elderly and diabetics in the placebo group and use
of beta blockers was significantly noted in the
trimetazidine group, computation for the post treatment
variables were adjusted for the effects of confounders using
analysis of co-variance.  Also, echocardiographic baseline
parameters were similar to both groups.

Chunzeng et al also showed effectiveness of
trimetazidine as an anti-ischemic drug in patients with
CSA.7 This study demonstrated an improvement in the
ischemic regional myocardial dysfunction at rest and
during stress-induced ischemia without affecting the
hemodynamic determinants of myocardial oxygen
consumption.

The metabolic effects of the trimetazidine reduces
total ischemic burden and improve mechanical efficiency
of hibernated myocardium, thereby improving LV
function.14 As shown in this study and in agreement with
previous studies, patients treated with  trimetazidine
showed a trend towards improvement of left ventricular
EF in contrast to a trend towards a decreased LVEF in the
placebo group.

One limitation of this study is the small sample size
and a short observation period, which may contribute to
the inability of results to reach statistical significance. A
multi-center, randomized, controlled study with a longer
study period should be performed. Measurement of stress
LAVI, pulmonary vein flow, Doppler tissue imaging and
color Doppler M-mode imaging may also be conducted
in future studies.

In conclusion, the mean change in LAVI among CSA
patients who received oral trimetazidine for 6 months was
significantly greater as compared to those who received
placebo.
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