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Background and Objectives: The aim of this study was to investigate the impact of treatment with oral trimetazidine (TMZ) applied before
and after percutaneous coronary interventions (PCl) on short-term left ventricular functions and plasma brain natriuretic peptide (BNP) levels
in patients with non-ST segment elevation myocardial infarction (NSTEMI) undergoing PCI.

Subjects and Methods: The study included 45 patients who were undergoing PCl with the diagnosis of NSTEMI. The patients were ran-
domized into two groups. The first group (n=22) of the patients hospitalized with the diagnosis of NSTEMI was given conventional therapy
plus 60 mg TMZ just prior to PCI. Treatment with TMZ was continued for one month after the procedure. TMZ treatment was not given to
the second group (n=23). Echocardiography images were recorded and plasma BNP levels were measured just prior to the PCl and on the
1st and 30th days after PCI.

Results: The myocardial performance index (MPI) was greater in the second group (p=0.02). In the comparison of BNP levels, they signifi-
cantly decreased in both of the groups during the 30-day follow-up period (29.0+8 and 50.6+33, p<0.01 respectively). However, decreasing
of BNP levels was higher in the group administered with TMZ. The decrease of left ventriclular end-diastolic volume was observed in all
groups at 30 days after intervention, but was higher in the group administered with TMZ (p=0.01).

Conclusion: Trimetazidine treatment commencing prior to PCl and continued after PCl in patients with NSTEMI provides improvements in
MPI, left ventricular end diastolic volume and a decrease in BNP levels. (Korean Circ J 2013;43:462-467)
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Introduction neous coronary interventions (PCls), and advanced medical thera-
pies, including several pharmacological agents, have resulted in a

Despite rapid advancements in the therapeutic field of cardiovas-  significantly prolonged life expectancy. However, despite intensive
cular diseases, acute coronary syndromes (ACSs) are still the leading  therapies with hemodynamically effective agents, many patients
cause of morbidity and mortality worldwide. Increased numbers of  with ischemic disease do not recover fully and remain at high risk
coronary intensive care units, reperfusion techniques for percuta-  for undesired further events. Hence, attempts to develop novel ther-
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apies are currently ongoing.

Trimetazidine (TMZ) has an anti-ischemic effect through the se-
lective inhibition of long-chain 3-ketoacyl-CoA thiolase and the di-
rect stimulation of pyruvate dehydrogenase, which provides a shift
in cardiac energy metabolism from fatty acid oxidation to glucose
oxidation.” As a result, TMZ preserves the necessary ATP level in car-
diomyocytes, promotes a decrease in intracellular acidosis, and pre-
vents intracellular calcium overload?? It reduces myocardial injuries
caused by free radicals and, therefore, modulates the inflammatory
response. It can limit the necrotic area of the myocardium. There-
fore, TMZ preserves the contractile function of myocardium, reduc-
ing ischemia and reperfusion damage following an ischemic attack.”
Elevated concentrations of brain natriuretic peptide (BNP) and the
N-terminal portion of BNP prohormone, early and late after present-
ation with an ACS, are strongly associated with an increase in ad-
verse cardiovascular events.>” The aim of this study was to inves-
tigate the impact of treatment with oral TMZ administered prior to
and after PCl on short-term left ventricular (LV) functions and plasma
BNP levels in patients with non-ST segment elevation myocardial
infarction (NSTEMI) undergoing PCI.

Subjects and Methods

Study population

In the present study, 45 patients with NSTEMI and critical coronary
artery lesions, as shown in the selective coronary angiography, who
underwent PCl were included. Patients were included due to symp-
toms of unstable coronary artery disease with objective signs of
myocardial ischemia, such as electrocardiographic changes (ST-
segment depression =0.1 mV or T-wave inversion =0.1 mV in 2 con-
tiguous leads) or elevated biochemical markers of myocardial necro-
sis. Patients with severe left heart valve regurgitation, chronic renal
insufficiency, chronic cor pulmonale, acute pulmonary embolism,
severe heart valve disease, ST-segment elevation myocardial infarc-
tion, and hypertensive patients with LV hypertrophy were excluded.
The study was approved by the local Ethics Committee. Informed
consent forms were obtained from the patients.

Those patients who were scheduled for PCl according to coro-
nary angiographic findings were randomly assigned into two gr-
oups. PCl was performed within 24 hours after admission. In Gr-
oup 1, 22 patients underwent TMZ loading 60 mg before the pro-
cedure and conventional therapy plus TMZ 60 mg daily (3%20 mg)
for one month following the procedure. In Group 2, 23 patients un-
derwent PCl and followed up with conventional therapy alone.

Coronary angiography and percutaneous coronary intervention
All patients underwent standard coronary angiography via the
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femoral approach. Patients assigned to the early invasive strategy
were scheduled to undergo an angiography within 4 to 48 hours af-
ter randomization, and percutaneous revascularization where appro-
priate, based on the coronary anatomy. The coronary stenosis se-
verity in the vessel to be monitored during angioplasty was assessed
visually and was defined as >90% in all patients. Immediately after
the procedure, the angiographic control demonstrated a residual st-
enosis of <20% with Thrombolysis in Myocardial Infarction flow
grade 3 in the dilated artery in all patients. Only patients with single-
vessel disease were enrolled in the study. Routine care was taken
before and after the procedure for all patients, including pretreat-
ment with a loading dose of clopidogrel (300 mg initial oral bolus)
the day prior to the procedure, followed by 75 mg/day for 1 month,
in addition to aspirin medication (160 mg/day) and an intravenous
bolus of unfractionated heparin (100 1U/kg) was administered at
the beginning of the procedure.

Brain natriuretic peptide measurement

All samples were collected by venipuncture into ethylenediami-
netetraacetic acid tubes. The samples were analyzed within ten mi-
nutes using the Fluorescence Immunoassay technique and Biosite
(CA, USA) using a BNP Triage Kit in the Biochemistry Lab, Emerg-
ency Unit. Laboratory parameters of BNP were assessed by a rese-
archer who was blind to the clinical characteristics of the patients.

Echocardiographic measurements

Transthoracic echocardiography was performed by one trained
operator using the GE Vivid 7 system (GE Vingmed Ultrasound AS,
Horten, Norway) with a 3.5-MHz transducer. All data were transferr-
ed to a workstation for further offline analysis (EchoPAC PC; GE
Vingmed Ultrasound AS). Left ventricular ejection fraction (LVEF)
was calculated using Simpson's formula from the measurement of
end-diastolic and end-systolic volumes on apical 4-chamber views.
Transmitral flow velocities (E and A) were obtained by a pulsed-wave
Doppler in the apical four-chamber view. The ratio of E/A velocity
and E-wave deceleration time were measured. Tissue Doppler im-
aging was used to measure mitral annular velocities. Early diastolic
velocity (Em) and late diastolic velocity (Am) were obtained in the
mitral septal annulus. Myocardial performance index (MPI) is a nu-
meric value, obtained by using cardiac time intervals. This numeric
value is defined as the sum of isovolumic contraction time and iso-
volumic relaxation time divided by ejection time.

Statistical analysis

Statistical analyses were performed using SPSS version 18.0 for
Windows (SPSS Inc,, Chicago, IL, USA). Data are expressed as mean+
SD or percentages for categorical variables. To compare parametric
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continuous variables, the independent Student t-test was used. For
categorical variables, the ¥ test was used. P<0.05 was considered to
be statistically significant.

Results

A total of 45 patients were randomly divided into two groups:
TMZ (22 patients) and control (23 patients). There were no signifi-
cant differences in heart rate or systolic and diastolic blood pressure
obtained during the echocardiographic examination. Both groups
were comparable at the baseline with regard to their clinical char-
acteristics, blood testing, echocardiographic evaluation, as well as
the distribution of their concomitant treatment. Patients’ characte-
ristics at enrollment are reported in Table 1. All patients (n=45) com-
pleted the trial.

Korean Circulation Journal kCJ

Left ventricular ejection fraction {TMZ group-58.2+3.7%, 59.1+
3.9% and 61.7%+2.3%; control group-57.5%£2.5%, 57.7+2.6% and
59.0£2.7% at the baseline, at 1 day and at 30 days, respectively; p=
not significant (NS)} (Fig. 1) as well as LV end-systolic volume (TMZ
group-32.6%6.7,31.2+5.9 and 27.5£4.0% cm?: control group- 34.4+
5.5 cm?®, 33.6+5.6 cm® and 32.626.2 cm® at the baseline, at 1 day and
at 30 days, respectively; p=NS) did not significantly change after 30
days of treatment.

Left ventricular end diastolic volume (LVEDV) TMZ group-78.7+
9.7 cm®, 77.529.3 cm® and 71.9+7.7 cm?; control group-77.1£13.1
cm®, 76.4+12.5 cm® and 75.1+13.1 cm® at the baseline, at 1 day and
at 30 days, respectively (Fig. 1). While no difference was observed
between LVEDV (p=0.05) levels, the decrease of LVEDV was observed
in all groups at 30 days after intervention, but it was higher in the
group administered TMZ treatment (p=0.01). BNP TMZ group-93.1+

Table 1. Baseline clinical, echocardiographic, laboratory and angiographic characteristics of the study population

Variables Trimetazidine (n=22) Control (n=23) P
Age (years) 57.2£10 589110 0.58
Male/Female 20/6 15/8 NS
Systolic blood pressure (mm Hg) 122.6+15.1 12234133 NS
Diastolic blood pressure (mm Hg) 785179 78.418.0 NS
Smoking (%) 45 56 0.55
Hypertension (%) 13.6 1.7 0.28
Diabetes (%) 0 8.6 0.48
Serum creatinine (mg/dL) 09+0.3 1£0.3 NS
Drug treatment (%)
Aspirin 100 100 0.43
Clopidogrel 100 100 0.43
[3-blockers 95.4 91.3 0.38
Statins 90 86 043
ACE inhibitors 81.8 739 0.29
Echocardiography
LVEDV (cm?) 78.7219.7 77.17%£13.1 0.05
LVESV (cm?) 32.63%6.7 3447155 0.42
LV ejection fraction (%) 58.27%3.7 57.52+2.5 0.08
Myocardial performance index 0.581+0.91 0.58%0.08 0.55
Biomarker result
BNP (pg/mL) 93.1+44 85.0+37 0.73
Peak CK-MB (ng/mL) 33.4+17.4 35.0+20.1 NS
Peak troponin-I (ng/mL) 3.6+1.2 34+17 NS
Artery involved
Left circumflex coronary artery 6 6 NS
Left anterior descending coronary artery " 12 NS
Right coronary artery 5 5 NS

ACE: angiotensin-converting enzyme, BNP: brain natriuretic peptide, NS: not significant, LV: left ventricular, LVEDV: LV end-diastolic volume, LVESV: LV
end-systolic volume, CK-MB: creatine kinase-MB
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Fig. 1. Changes in the left ventricular ejection fraction (LVEF), left ventricular end-disatolic volume (LVEDV), and plasma brain natriuretic peptide (BNP) levels

during the follow-up period.

Table 2. LVEF, LVEDV, BNP and MPI differences between the baseline and
the 30th day

Variables Trimetazidine (n=22) Control (n=23) P
BNP (pg/mL)
Baseline 93.1144 85.0+37 0.730
1 day 73.0t16 80.31+43 0.480
30 days 29.0+8 50.6£33 <0.001
LVEF (%)
Baseline 58.2£3.7 57.5%£2.5 0.820
1 day 59.1+39 57.712.6 0.100
30 days 61.7£2.3 59.012.7 0.520
LVEDV (cm?)
Baseline 78.7%9.7 77.1£13.1 0.050
1 day 775193 7641125 0.150
30 days 719%7.7 75.1£13.1 0.010
MPI
Baseline 0.58%+0.9 0.58+0.8 0.460
1 day 0.5510.8 0.561£0.9 0.050
30 days 0.48%+0.7 0.52+0.1 0.010

BNP: brain natriuretic peptide, LVEF: left ventricular ejection fraction,
LVEDV: LV end-diastolic volume, MPI: myocardial performance index

44 pg/ml, 73.0216 pg/mL and 29.0%8 pg/mL; control group-85.0+
37 pg/mL, 80.3+43 pg/mL and 50.6+33 pg/mL at the baseline, at 1
day and at 30 days, respectively (Fig. 1). BNP levels significantly de-
creased in both groups during the 30-day follow-up period (29.0+8
and 50.6+33, respectively). However, the decrease of BNP levels
was higher in the group administered TMZ than the other group
(p<0.01). MPI TMZ group-0.58%0.9, 0.55+0.8 and 0.48+0.7; control
group-0.58+0.8, 0.56£0.9 and 0.52£0.1 at the baseline, at 1 day
and at 30 days, respectively. Table 2 shows the differences between
the baseline and the 30th day at LV ejection fraction, LVEDV, BNP,
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and MPI. MPI, which incorporates both systolic and diastolic time
intervals in expressing global ventricular performance, was greater
in the second group (p=0.02). Transmitral flow velocities (E and A),
the ratio of E/A velocity and E-wave deceleration time, tissue Dop-
pler imaging early diastolic velocity (Em), and late diastolic velocity
(Am) between the two groups showed similar variations.

Discussion

The present study demonstrated that short-term (30-day) TMZ
treatment in patients with NSTEMI undergoing PCI reduces plasma
levels of BNP, reduces LVEDV, and improves MPI.

Brain natriuretic peptide is synthesized in the ventricles as pre-pro
BNP and transformed into pro-BNP. Thereafter, BNP is converted
into biologically active BNP and biologically inactive N terminal-pro-
BNP® BNP and NT-pro-BNP are released in response to ventricular
myocardial contraction, indicating myocardial wall stress? It has
been established in several clinical studies that increased BNP is re-
lated to ischemia, rather than myocardial necrosis in ACS. BNP is
considered an important prognostic indicator for ACS.°'? In our
study, we found that plasma BNP levels, an indicator of myocardial
stress, were lower with TMZ treatment initiated before PCl and con-
tinued for 30 days, compared to the controls.

Trimetazidine selectively inhibits fatty acid beta oxidation enzyme
3-ketoacyl-CoA dehydrogenase. This results in glucose oxidation,
which is a more productive pathway for energy production, rather
than fat oxidation.'”” Shifting beta-oxidation to glucose oxidation,
which requires lower oxygen demand, is beneficial for myocardial
hypoperfusion, as ATP production per oxygen consumption unit
(Mol) with glucose energy substrate is 12% higher compared to fat-
ty acids. In addition, TMZ prevents calcium overload and cellular aci-
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dosis and, thereby, preserves cellular homeostasis by reducing the
oxidation of fatty acids and reactivating the glucose pathway.'*"®

Trimetazidine preserves myocardial contractile function, reducing
ischemic damage and reperfusion damage following ischemia."”
Fragasso et al.'®

plus TMZ on New York Heart Association (NYHA) functional class,

investigated the effects of conventional therapy

exercise tolerance, quality of life, and LV function in patients with
heart failure, irrespective of the underlying etiology (i.e. ischemic or
non-ischemic). The authors found that NYHA functional class was
significantly improved with reduced end-systolic volume and signi-
ficantly reduced LVEF in patients administered TMZ. Labrou et al.'?
found that pre- and post-PCl TMZ therapy resulted in procedure-re-
lated myocardial damage with an improvement in the LV region,
global wall movements, and LVEF at 1 and 3 months following PCI.
In our study, we found no significant increase in LV ejection fraction
in the TMZ group, compared to the controls. However, this study par-
tially supports our results that a significant reduction in LVEDV and
BNP levels was found in the TMZ group.

Mitral E and A velocities used for the assessment of LV diastolic
functions, as shown in the Doppler echocardiography, were similar
to the control group. No significant difference was observed be-
tween the groups in terms of Em and Am values of the Tissue Dop-
pler parameters used for the assessment of diastolic functions. MPI
is a numerical value obtained at cardiac time intervals. The Doppler
index, irrespective of heart rate, is useful in the assessment of sys-
tolic and diastolic myocardial performance simultaneously. The MPI
increases in patients with coronary artery disease accompanied by
any degree of systolic dysfunction. In our study, we also found that
MPI increased significantly at 30 days in patients receiving TMZ,
compared to the control group. In addition to the MPI increase, the
lack of improvement in EF may be explained by the relatively brief
follow-up period.

In conclusion, TMZ treatment commenced prior to PCl and con-
tinued after PCl in patients with NSTEMI provided improvements
in MPI, LVEDV, and a decrease in BNP levels. We concluded that the
beneficial effects of PCl could be reinforced with a combination of
PCl and TMZ treatment.

Study limitations

Our results should be applied only with caution to clinical situa-
tions in which acute ischemia is potentially involved, and further
investigation is required. This study was based on a limited number
of observations made in a small population of patients and a brief
follow-up period, potentially diminishing the validity of the drawn
statistical inference. The reason for the small study population was
based on the need for acquiring homogeneity for the trial. Future stu-
dies are required for these findings to be applied to clinical practice.
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