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Abstract: Ischemic preconditioning (IP) is a powerful cardioprotec-

tive cellular mechanism that has been related to the ‘‘warm-up phenom-

enon’’ or ‘‘walk-through’’ angina, and has been documented through

the use of sequential exercise tests (ETs). It is known that several drugs,

for example, cromokalim, pinacidil, adenosine, and nicorandil, can

interfere with the cellular pathways of IP. The purpose of this article

is to report the effect of the anti-ischemic agent trimetazidine (TMZ) on

IP in symptomatic coronary artery disease (CAD) patients.

We conducted a prospective study evaluating IP by the analysis of

ischemic parameters in 2 sequential ETs. In phase I, without TMZ,

patients underwent ET1 and ET2 with a 30-minute interval between

them. In phase II, after 1 week of TMZ 35 mg twice daily, all patients

underwent 2 consecutive ETs (ET3 and ET4). IP was considered present

when the time to 1.0-mm segment ST on electrocardiogram deviation

(T-1.0 mm) and rate pressure product (RPP) were greater in the second

of 2 tests. The improvement in T-1.0 mm and RPP were compared in the

2 phases: without TMZ and after 1-week TMZ to assess the action of

such drug in myocardial protective mechanisms. ETs were analyzed by

2 independent cardiologists.

From 135 CAD patients screened, 96 met inclusion criteria and 62

completed the study protocol. Forty patients manifested IP by demon-

strating an improvement in T-1.0 mm in ET2 compared with ET1,

without the use of any drugs (phase I). In phase II, after 1-week TMZ, 26

patients (65%) did not show any incremental result in ischemic

parameters in ET4 compared with ET3. Furthermore, of these patients,

8 (20%) had IP blockage.

In this study, TMZ did not add any benefit to IP in patients with

stable symptomatic CAD.

(Medicine 94(33):e1161)

Abbreviations: ATP = adenosine triphosphate, CAD = coronary
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potassium channel, RPP = rate pressure product, ST = segment ST

on electrocardiogram, TMZ = trimetazidine.

INTRODUCTION

D espite the progress of cardiology treatments in the last
decades, cardiovascular diseases (CVD) remain the lead-

ing causes of death worldwide.1 Moreover, among CVD,
ischemic heart disease represents the major cause of mortality.1

After the emergence of reperfusion therapies for the treatment
of myocardial ischemic complications, many efforts have been
put forth to discover any other cardioprotective mechanisms
that could be translated into better clinical outcomes.2 One of
this promising mechanisms is named Ischemic preconditioning
(IP). IP is currently recognized as a powerful protective cellular
mechanism in which brief and recurrent episodes of myocardial
ischemia followed by reperfusion may self-protect one from
prolonged ischemic injury and, thus, limit the size of myo-
cardial infarction.3

In humans, IP may be assessed during coronary angio-
plasty,4 intermittent aortic cross-clamping during coronary
artery bypass graft surgery,5 and during sequential exercise
tests (ETs).6–8 The ‘‘warm-up phenomenon’’ or ‘‘walk-
through’’ angina has been related to IP and documented in
several studies in which sequential ETs were conducted.9–12

The improvement in ischemic parameters, such as the time
to reach 1 mm of segment ST on electrocardiogram (ST)
deviation and the time to develop angina in the second of 2
sequential tests, is considered a manifestation of IP. Studies that
evaluated invasive parameters during sequential ETs demon-
strated that the improvement in clinical and electrocardio-
graphic parameters was confirmed by invasive measurements
because myocardial lactate production and oxygen consump-
tion were lower in the second of 2 sequential tests.13,14 Inter-
estingly, this phenomenon occurred irrespective of coronary
flow changes, which also confirms the intracellular mechanism
of IP.13,14

The cellular mechanisms have been extensively studied,
but these pathways remain controversial and are only partially
understood.15,16 Although many pathways related to ischemic-
reperfusion injury have recently been discovered and seem to be
involved with cardioproctetive mechanisms,17–18 it has been
proposed that endogenous opioids, adenosine, and bradykinin
released during the brief ischemia of the IP protocol bind to
specific G-protein coupled receptors (GPCR).19–21 Adenosine
is released from myocytes as a consequence of adenosine
triphosphate (ATP) breakdown during the preconditioning
switching on a complex intracellular
t results ultimately in decreased ATP
showed that adenosine released during
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preconditioning occlusion (5 minutes of ischemia followed by
10 minutes of recovery) stimulates cardiac A1 receptors, which
leaves the heart protected against infarction in the rabbit heart.

These GPCR stimulations (opioids, adenosine, and brady-
kinin) trigger different signaling pathways, including activation
of phosphatidylinositol 3-kinase (PI3K), protein kinase B (Akt),
and protein kinase C (PKC).15,16 In turn, it leads to the translo-
cation of protein kinases from the cytoplasm to sarcolemma,20

where it phosphorylates a substrate protein, the ATP-sensitive
Kþ (KATP) channel.22 It has been proposed that the opening of
KATP channels during IP is an important event because the
cardioprotection can be abolished by treatment with KATP
channel blockers such as glibenclamide and repaglinide,23–25

and mimicked by the channel openers such as cromokalim and
pinacidil.26 Nicorandil, an antianginal drug used for the treat-
ment of ischemic heart disease, is believed to have an intrinsic
mechanism of selective activation of KATP channels at the
sarcolemmal and mitochondrial level. Ahmed et al27 showed
that nicorandil was effective in attenuating the ischemia/reper-
fusion-induced ventricular arrhythmias, creatinekinase-MB
release, lactate accumulation, and oxidative stress in rats. In
a study in elderly patients undergoing coronary angioplasty, the
IP impairment was reversed by nicorandil administration.28

Trimetazidine (TMZ), another anti-ischemic agent
recently introduced into clinical practice, acts by changing
myocardial metabolism and exerts its antianginal effects regard-
less of hemodynamic changes. It acts by inhibiting selectively
the enzyme 3-ketoacyl coenzyme A thiolase (3-KAT), which is
responsible for oxidation of free fatty acids in the myo-
cardium.29 This leads to a shift in myocardial metabolism from
free fatty acid utilization to predominantly glucose metab-
olism,29 enhancing oxygen efficiency during myocardial ische-
mia. As a consequence, TMZ seems to reduce intracellular
acidosis30 and the production of intracellular free radicals,31

protecting, in animal models, myocyte function.32

With the increased knowledge of some cellular pathways
of IP, some medications have been proposed as potential
pharmacologic preconditioning mimetics. In this way, despite
its cardioprotective profile and the demonstration that TMZ
may increase adenosine levels in humans,33 the results of
studies on TMZ action in IP are controversial.34,35 The few
studies that have addressed this question were conducted in
animal models.35 Moreover, in humans, there are no studies that
have evaluated TMZ effects in the expression of IP. Thus, the
aim of the present study was to evaluate IP in patients with
symptomatic coronary artery disease (CAD) and preserved
ventricular function, and to assess whether the use of TMZ
influenced this important mechanism of myocardial protection.

MATERIALS AND METHODS
This study was a prospective, nonrandomized trial that

received approval of the local ethics committee of the Heart
Institute of the University of São Paulo and was conducted in
accordance with the Declaration of Helsinki. All patients gave
written informed consent to participate in the study.

All the patients included in this study had multivessel CAD
(internal diameter reduction �70% of at least 2 major coronary
branches), preserved left ventricular function, confirmed by
transthoracic echodopplercardiography (left ventricular ejec-
tion fraction>0.45) and documentation of reproducible positive

Costa et al
ETs for myocardial ischemia (horizontal or downsloping ST-
segment depression �1.0 mm). All patients had normal hepatic
and renal function. The exclusion criteria were left ventricular
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hypertrophy, myocardial infarction in the last 3 months, heart
failure, cardiomyopathy, valvular disease, electrocardiogram
changes, and conduction defects that could interfere with the
interpretation of ST-segment changes. Furthermore, oral anti-
hyperglycemic agents, calcium channel and beta-adrenergic
blockers, angiotensin-converting enzyme inhibitors, angioten-
sin II receptor blockers, and caffeine were withdrawn 5 days
before the study. Only nitrates were permitted, but they were
withdrawn 12 hours before consecutive treadmill ETs.

The study protocol included 2 phases: after a ‘‘washout’’
period of 7 days with no cardiovascular medications or anti-
hyperglycemic drugs, all patients underwent 2 consecutive
treadmill ETs (ET1 and ET2), with an interval of 30 minutes
between them to identify the ischemia and document the
magnitude of IP by the difference in ischemic parameters
between the 2 tests; all patients received only 35 mg twice daily
of TMZ (VASTAREL MR) for 6 days. On the seventh day, the
patients received 35 mg of TMZ for 60 minutes (time to peak
plasma levels) before the beginning of the 2 consecutive ETs
(ET3 and ET4). The time interval between ET3 and ET4 was
similar to that in phase I. All tests were performed 1 hour
after lunchtime.

Treadmill Exercise Testing
All patients underwent computer-assisted treadmill ETs,

symptom limited, according to the Bruce protocol, with a
recovery phase of 6 minutes. The time interval between the
consecutive tests was 30 minutes. We used an MAT2100 tread-
mill and a Fukuda Denshi ML8000 Stress Test system (Fukuda
Denshi; Bunkyo-ku, Tokyo, Japan).

A 12-lead electrocardiogram, heart rate, and arterial blood
pressure were obtained for all patients while in the standing
position at baseline. A 12-lead electrocardiogram was also
obtained at each 1.0-minute interval during exercise, at peak
exercise, each minute up to 6 minutes after the exercise phase, at
the onset of 1.0-mm ST-segment depression, at major ST-
segment deviation, at the onset of angina pectoris, and when
it was clinically relevant. The electrocardiogram was continu-
ously monitored during the exercise and recovery phases, and an
up-to-date averaged electrocardiographic signal of all leads was
continuously displayed on the computer screen. The level of the
ST-segment deviation was based on visual analyses of the 0.08
seconds after the J point by 2 independent cardiologists in a
blind fashion. In case of disagreement, a third cardiologist was
consulted and the matter was resolved by consensus. Only the
horizontal or downsloping ST-segment depressions were con-
sidered for the time to onset of 1.0-mm ST-segment depression
evaluation (T-1.0 mm). Criteria for interrupting the ET were ST-
segment depression �3.0 mm, ST-segment elevation �2.0 mm,
maximum age-related heart rate, severe chest pain, physical
exhaustion, severe arterial hypotension, severe arterial hyper-
tension, and complex or sustained arrhythmias, or both. The
following parameters were systematically measured: resting
heart rate and arterial blood pressure, heart rate and arterial
blood pressure at peak exercise, T-1.0 mm in seconds, rate
pressure product (RPP) at the onset of 1.0 mm ST-segment
depression, and exercise duration in seconds.

IP Analysis
The parameters assessed during sequential ETs to charac-
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terize the presence of IP were T-1.0 mm and RPP. The improve-
ment in these ischemic parameters in ET2 compared with ET1
indicated IP.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 2. Time to 1.0 mm ST-Segment Deviation and Rate
Pressure Product of 40 Study Patients in the First Phase With-
out Trimetazidine

ET1 ET2 P
�

T-1.0mm 263� 100 334� 127 0.002
RPP 22,722� 5124 24,723� 5657 0.299

ET1¼first exercise test, ET2¼ second exercise test, RPP¼ rate
pressure product, T-1.0 mm¼ time to 1.0 mm ST-segment deviation.
Data are means� standard deviation. The improvement in the time to
1.0 mm ST-segment deviation demonstrates ischemic preconditioning

Trimetazidine in Ischemic Preconditioning
Statistical Analysis
Two-way ANOVA with repeated measures followed by the

Bonferroni test were used to compare T-1.0 mm and RPP data.
Comparisons of the remaining continuous or discrete variables
between the 2 phases were performed using an unpaired Student
t or x2 test, respectively. Fisher test was used when appropriate.
Data were expressed as means� standard deviation and in the
figures as median and interquartile ranges. A value of P< 0.05
was considered significant. The software SPSS version 20 was
used for all statistical analysis.

RESULTS
From 135 CAD patients followed at our tertiary hospital,

96 met inclusion criteria for this study. Of these patients, 62
completed the study protocol, and 40 manifested IP by demon-
strating improvement in the time to reach 1.0 mm ST deviation
in the second of 2 sequential ETs. These patients all underwent a
second phase of sequential ETs after 1 week of TMZ.

The main demographic, biochemical, and clinical charac-
teristics of these 40 patients are shown in Table 1.

Results of Treadmill Exercise Tests
All 40 patients achieved 1.0 mm ST-segment depression

during the ETs (ET1 and ET2).

Phase I—Without TMZ
During phase I, all patients demonstrated improvement in

the T-1.0 mm in ET2 compared with ET1, demonstrating the
expression of IP by this parameter. RPP suggested improve-
ment, but the results were not statistically significant (Table 2).

Phase II—With TMZ
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After 6 days of TMZ 35 mg twice daily, the 40 patients
underwent 2 sequential ETs (ET3 and ET4). The results of the 4
tests of the 2 phases are shown in Figure 1.

TABLE 1. The Main Demographic, Biochemical, and Clinical
Characteristics of the Study Population

N 40

Male sex 38
Age, y 62� 7
Smoking, % 6 (15)
Plasma glucose, mg/dL 116� 26
HbA1c, % 6.51� 1.4
Total cholesterol, mg/dL 161� 46
HDL cholesterol, mg/dL 39� 9
LDL cholesterol, mg/dL 95� 40
Tryglicerides, mg/dL 172� 186
Prior myocardial infarction (%) 7 (17.5)
SBP, mm Hg 136� 59
Two-vessel disease, % 15 (37)
Three-vessel disease, % 17 (42)
Ejection fraction, % 59� 8.3

HbA1c¼ glycosylated hemoglobin, HDL¼ high-density lipoprotein,
LDL¼ low-density lipoprotein, SBP¼ systemic blood pressure. Data
are means� standard deviation or n (%); vessel disease: coronary vessel
obstruction by coronary angiography.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Analysis of Variation of T-1.0 mm and RPP
The variation of the 2 parameters, T-1.0 mm and RPP, was

compared between ET1 and ET2 in phase I (Delta1), and ET3
and ET4 in phase II (Delta 2), and the difference between them
(Difference Delta). In the entire group, the comparison between
Delta 1 and Delta 2 of T-1.0 mm was 71� 49 and 48� 47
(P¼ 0.009), respectively, and the Difference Delta �23� 53.
This demonstrates a lack of power of IP after 1 week of TMZ
(Figure 2). The comparison between Delta 1 and Delta 2 of RPP
was 2000� 1949 and 1395� 2006 (P¼ 0.069), respectively,
with the difference of Delta of �605� 2050.

From the initial 40 patients, the improvement in T-1.0 mm
observed in the first phase was not incremental in 26 patients
(65%) (Negative Delta¼Delta �) by analysis of T-1.0 mm
(Table 3). Moreover, of these 26 patients, 8 (20%) showed the
blockage of IP, whereas 18 (45%) did not show any incremental

phenomena.�
Statistical significance.
result in terms of T-1.0 mm difference, as is shown in Table 2.
On the contrary, 14 patients (35%) reached an incremental

result (Positive Delta¼Delta þ), as the Delta T-1.0 mm in the

FIGURE 1. Time to 1.0 mm ST-segment deviation in the 4 exercise
tests. The first 2 tests were performed without the use of medi-
cations, and the last 2 tests (T3 and T4) were performed after 1
week of TMZ. The whiskers represent minimum and maximum
data, and the middle lines represent median and interquartile
range.
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FIGURE 2. Results of Delta 1 and Delta 2 of T-1.0 mm. Delta 1:
variation between values of ET1 and ET2; Delta2: variation
between values of ET3 and ET4. The whiskers represent minimum

TABLE 3. The Expression of Ischemic Preconditioning by the
Improvement in the Time to 1.0 mm ST-Segment Deviation
and Rate Pressure Product in the First Phase (Delta 1) and in
the Second Phase (Delta 2)

Total (n¼ 40) Delta 1 Delta 2 P
�

Difference

T-1.0 mm 71� 49 48� 47 0.009 �23� 53
RPP 2000� 1949 1395� 2006 0.069 �605� 2050

Delta þ (n¼ 14)
T-1.0 mm 53� 28 86� 34 <0.001 32� 21
RPP 2012� 1770 2011� 2123 0.999 �1� 2548

Delta � (n¼ 26)
T-1.0 mm 81� 55 27� 41 <0.001 �53� 38
RPP 1993� 2072 1063� 1899 0.010 �930� 1692

RPP¼ rate pressure product, T-1.0 mm¼ time to 1.0 mm ST-segment
deviation. Data are expressed as means� standard deviation. The last
column indicates the difference between the 2 Deltas (Delta 2 – Delta
1), which represents the contribution of trimetazidine to ischemic
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second phase with TMZ was higher than that observed in the
first phase (Delta 2¼ 86� 34 and Delta 1¼ 53� 28,
P< 0.001). However, in this group, there were no incremental
changes in RPP (Delta 1¼ 2012� 1770, Delta
2¼ 2011� 2123, Difference Delta¼�1� 2548, P¼ 0.999).

The results of each ET in terms of T-1.0 mm and RPP in the
2 groups (Delta þ and Delta �) are shown in Table 4.

DISCUSSION
Although TMZ has been extensively studied in ischemic

situations, this study addressed a novel finding on the action of
this pharmacological agent in a cardioprotective mechanism.
We report for the first time in humans, the effects of TMZ on the
warm-up phenomenon, which is considered a clinical model of
IP.11

The findings of the present study show that in the first
phase, in the absence of TMZ, ischemia observed in the second

and maximum data, and the middle lines represent median and
interquartile range. The stars and the small circle represent the
outliers.
ET was significantly attenuated compared with ischemia in the
first exercise. The consistent attenuation of electrocardio-
graphic signs of ischemia can be observed by the improvement

TABLE 4. Time to 1.0 mm ST-Segment Deviation and Rate Pressur
II: Exercise tests 3 and 4) in the 2 Groups of Patients (Delta þ an

ET1 ET2

Delta þ (n¼ 14)
T-1.0 mm 216� 87 314� 100 0
RPP 22,443� 5704 24,445� 6205 0

Delta � (n¼ 26)
T-1.0 mm 264� 108 345� 140 0
RPP 22,873� 4897 24,866� 5463 0

ET1¼first exercise test, ET2¼ second exercise test, ET3¼ third ex
T-1.0 mm¼ time to 1.0 mm ST-segment deviation. Data are means� stand�

Statistical significance.

4 | www.md-journal.com
in the tolerance to myocardial ischemia and ischemic
threshold.6,9–11,13,36

Although all patients achieved improvement in T-1.0 mm
and RPP consistent with the expression of IP in the phase
without any drugs, we did not observe any additional improve-
ment in ischemic parameters with TMZ for 7 days, in phase II.
Indeed, these parameters were lower with TMZ use compared
with the phase without any drugs. In addition, in a significant
percentage of patients who demonstrated IP in the first phase, IP
was blocked in the second phase with TMZ use.

The findings of the present study are similar to those of
Minners et al34 in an experimental study with isolated rat hearts.
They showed that TMZ reversed the cardioprotection afforded
by other medications and also by IP. In addition, they hypoth-
esized that alterations in mitochondrial homeostasis may make
it less adaptive after an ischemic insult. Interestingly, these
authors showed that some drugs that induce mitochondrial

preconditioning.�
Statistical significance.
stress, such as dinitrophenol and cyclosporine A, can trigger
preconditioning, and drugs initially considered as mitochondrial
protectives may limit preconditioning-like cardioprotection.

e product in the 2 Phases (Phase I: Exercise Tests 1 and 2; Phase
d Delta �)

P
�

ET3 ET4 P
�

.001 289� 98 376� 116 0.001

.001 22,521� 5929 24,532� 6251 0.004

.001 299� 109 327� 132 0.002

.001 23,552� 4816 24,615� 5557 0.009

ercise test, ET4¼ forth exercise test, RPP¼ rate pressure product,
ard deviation.
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The complex cellular cascades underlying IP seem to
converge at the opening of the mitochondrial KATP channel,
which leads to the influx of potassium into mitochondria. In
turn, it causes modifications of the inner membrane and
increases mitochondrial volume and consequently the activity
of the electron transport chain, resulting in mitochondrial
‘‘swelling’’ and in increased ATP production. It appears that
some agents or situations that cause mitochondria stress and
subsequent swelling could activate mechanisms that render the
mitochondria more resistant to a subsequent insult. Thus, pre-
venting mitochondria swelling with TMZ may attenuate cardi-
oprotective mechanisms.34

Moreover, ATP has an inhibitory effect on the sarcolemma
KATP channel, and in a situation of ATP shortage, like during
ischemia, it may induce the opening of such channels. It is
accepted that TMZ leads to changes in myocardial metabolism,
shifting the utilization of free fatty acids into glucose metab-
olism, and hence it leads to higher ATP production in the
myocardium. Thereby, the rise in ATP production may also
be responsible for KATP channel inhibition and IP prevention.

On the contrary, Kara et al35 suggested in a rat model that
TMZ preserved IP and pharmacological preconditioning. In this
study, the cardioprotection afforded by ischemia and by car-
bachol in terms of ventricular arrhythmias and the size of
myocardial infarction were preserved by TMZ. Differently from
Minners’ study with isolated rat hearts, Kara studied anesthe-
tized rats and evaluated different parameters. These differences
may partially explain the opposite results of Kara’s and
Minners’ studies.

Many factors may influence outcomes in different ways in
CAD patients,37 and the actions of drugs in myocardial
responses may also play distinct roles in IP. Thus, despite
the antianginal effects of TMZ have been addressed in some
studies, its effects on IP are still not clearly known. Moreover,
ischemia and IP are 2 different situations in the myocardium,
which deserve to be clearly differentiated. Myocardial ischemia
must be avoided, and antianginal drugs act in this way. How-
ever, once ischemia has occurred, it may trigger a precondition-
ing cellular program. In this scenario, some drugs may block
this phenomenon, whereas others may not interfere or may
theoretically stimulate it. Thus, some drugs, such as glibencla-
mide24,38,39 or repaglinide,25 have the potential to block IP. On
the contrary, vildagliptin seems not to interfere with IP.40

Interestingly, antianginal drugs may not induce IP,41 and
thereby these agents do not seem to be pharmacological pre-
conditioning mimetics. Thus, such relevant information from
this study suggests that TMZ may not be used for this purpose.

Although the analysis of IP by sequential ETs is a matter of
debate among some authors, some invasive studies confirm that
the improvement in electrocardiographic parameters is con-
firmed by the clinical assessment of angina and by invasive
measurements such as myocardial lactate production. Thus, this
methodology is one of the few noninvasive ways to measure
human IP.

Another important consideration from our study is that
once preconditioning is stimulated by the first ischemic insult,
its powerful protective mechanism may not permit TMZ to
confer any further additional protection. In addition, the chronic

Medicine � Volume 94, Number 33, August 2015
effect of TMZ was not assessed in the present study.
In summary, our results reveal that TMZ does not improve

IP in patients with stable multivessel CAD.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
CONCLUSION
In this study, TMZ did not have any benefit on IP in

patients with symptomatic CAD.

Trimetazidine in Ischemic Preconditioning
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