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Trimetazidine as cardioplegia addictive without
pre-treatment does not improve myocardial
protection: study in a swine working heart model
Trimetazidina como aditivo em solução cardioplégica sem pré-tratamento não traz proteção adicional
ao miocárdio isquêmico: estudo em modelo suíno de coração isolado
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Abstract
Objective: The aim of this study is to verify in an isolated
working heart swine model if the acute administration of
trimetazidine to cardioplegia, without pre=treatment
improves heart performance.
Methods: Eighteen pairs of swines were used in this
working heart model, divided into three groups (n = 6) that
underwent regional and global ischemia. Each group was
selected to a different treatment: St Thomas cardioplegia
(ST), St Thomas enriched with trimetazidine (TMZ) and
control group (Co). Data was collected during reperfusion

period at 30, 60 and 90 minutes. Hemodinamic parameters
such as elastance contractility index (Emax), preload
recruitable stroke work relationship (PRSW) and heart
“stiffness” (EDPVR) were measured. Other data included
coronary flow, lactate, oxygen and glucose consumption.
Results were statistically analyzed.
Results: All contractility data were not significantly
different among three groups. Lactate became constantly
higher according to time uniformly in all three groups.
Coronary flow, glucose consumption and oxygen
consumption presented large variations during time periods
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but according to treatments showed no statistical differences
in all three groups. Left ventricle final weight was
significantly lower in trimetazidine group compared to both
other groups.
Conclusion: Administration of trimetazidine enhanced
cardioplegia, without pre-treatment, showed no
hemodinamic or metabolic improvement in swine isolated
working heart model.

controle (Co). Durante período de reperfusão, aos 30, 60 e
90 minutos, foram medidos parâmetros hemodinâmicos de
contratilidade e metabólicos, obtendo-se assim a elastância
máxima (Emáx), o índice de trabalho sistólico pré-recrutável
(PRSW), “dureza” do ventrículo (EDPRV), fluxo coronariano,
consumo de oxigênio e dosagens de lactato e glicose. Os
resultados foram analisados estatisticamente.
Resultados: Em relação aos parâmetros hemodinâmicos de
contratilidade, não houve diferença estatística significante
entre os três grupos. Houve produção crescente de lactato nos
três grupos de forma uniforme quanto maior o tempo de
reperfusão. O fluxo coronariano, o consumo de oxigênio e o
consumo de glicose tiveram grande variação entre os diferentes
tempos medidos, mas sem diferença entre os três tratamentos.
O peso final do ventrículo esquerdo foi significativamente
menor no grupo trimetazidina (TMZ) do que nos demais.
Conclusão: A administração da trimetazidina associada
como adjuvante à solução cardioplégica, sem pré-tratamento,
não demonstrou benefício hemodinâmico ou metabólico em
modelo experimental “working heart” de coração isolado
em porcos.

Descriptors: Trimetazidine. Models, animal. Heart.
Cardioplegic solutions.

Resumo
Objetivo: Verificar, em modelo experimental de coração
isolado de suínos, se a associação da trimetazidina à solução
cardioplégica promove melhora no desempenho do coração.
Métodos: O modelo experimental utilizou suínos LargeWhite, com coração isolado perfundido por suporte de outro
animal em modo de execução de trabalho (“working heart
state”). Foram divididos em três grupos (n = 6), submetidos
a isquemia regional seguida de isquemia global, que
recebiam um dos três tratamentos: solução St Thomas (ST),
solução St Thomas acrescida de trimetazidina (TMZ) e grupo

INTRODUCTION
Since the beginning of the use of CABG in cardiac
surgery, several drugs have been associated to cardioplegic
solutions aiming to promote resistance to ischemia and
improvement in operations outcomes. Metabolic
manipulation agents, such as the trimetazidine that due to
its mode of action may offer interesting option for promoting
resistance to ischemia in hearts undergone CPB [1].
The trimetazidine is one (1,2,3,4 trimethoxybenzyl)
piperazine, an anti-ischemic agent without direct
hemodynamic effect [2]. Its mechanism of action allows to
inhibit the mitochondrial 3-ketoacyl-CoA thiolase,
increasing the glucose oxidation in heart, promoting
metabolic deviation for production of ATP from betaoxidation of fatty acids for glucose consumption [3]. In
situations of ischemia, the glucose breaking may be more
desirable because the resynthesis of ATP demands less
oxygen consumption, whilst the production of ATP (due to
fatty acids) consumes more oxygen and induces
accumulation of hydrogen ions and the increase of
intracellular calcium ions [4,5].
Patients undergone cardiac operations have been
treated with trimetazidine in order to improve the
performance in the trans- and postoperative periods, with
different results [6-8]. However, the reports have described
the use of trimetazidine over three weeks before the

Descritores: Trimetazidina. Modelos animais. Coração.
Soluções cardioplégicas.

operation. The effect of association of trimetazidine only
as adjuvant to cardioplegic solution, without pre-treatment,
is not totally understood. The aim of this study is to verify
in a working heart swine model if the acute administration
of trimetazidine - associated to cardioplegic solutions
without pre-treatment – offers hemodynamic or metabolic
benefit to the heart.
METHODS
18 experiments were performed using female LargeWhite pigs and in each experiment was used one animal
support weighing around 40 kg and one donor animal
weighing around 10 kg. The animals were treated according
to technical norms and international norms of animal
experimentation (COBEA, 1991) [9] and the experiments
were approved by the university’s Ethics Committee of
Animal Experimentation.
Animal support
The animals support in each experiment were fasted for
6 hours before procedure. Each one received atropine (1mg)
and ketamine (25 mg/kg) intramuscularly and after it was
weighed and sent to operation room, where it was
anesthetized by venous access of auricular pavillion, with
12,5 ìg/kg of fentanyl-chloride and 15mg/kg of
pentobarbital. Each animal also underwent orotracheal
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intubation and it was administered 8mg of pancuronium
bromide (dose that was repeated when required) and
maintained in controlled ventilation with current volume of
10 ml/kg and inspired oxygen fraction (FiO2) of 100%.
The animal was positioned in horizontal dorsal
decubitus and placed on a Claude Bernard drip in order to
perform the following procedures:

Sonometrics, London, Ontario, Canadá);
4.
Piezoelectric crystals Synchronizer (TRX6
Sonometrics, London, Ontário, Canadá);
5.
CardioSoft software 3.1.2 (Sonometrics, London,
Ontário, Canadá);

•
Access to the left jugular vein for infusion of
crystalloid solution and drugs;
•
Dissection of the left common carotid artery and
its catheterization with 5mm polyethylene catheter for
mensuration of median arterial pressure;
•
Administration of heparin 500 IU/kg intravenously
and isolation of jugular vein and the right common carotid
artery, individually cannulated with ¼ inch (internal
diameter) polyethylene catheters for venous return and
aspiration of arterial blood toward the perfusion system.
Animal donor
Animal donors in each experiment underwent the same
preoperative care and anesthetic monitoring of the animals
support. They also underwent pressure mechanic
ventilation with 100% oxygen.
Each animal was positioned in horizontal dorsal
decubitus and placed on a Claude Bernard drip in order to
perform the following procedures:

Animal doador
•
Median thoracotomy using longitudinal
sternotomy, pleural and pericardial opening. Administration
of 500 IU/kg of intravenous heparin;
•
Placing of four piezoelectric crystals (TRX6
Sonometrics - London, Ontario - Canada), in the posterior
and anterior epicardial walls, in the base and apex of the left
ventricle fixed with 4.0 polypropylene wire;
•
Placing of “abbocath” catheter (18) in the apex of
the left ventricle for measurement of its pressure and fixation
with 4.0 polypropylene wire.
Perfusion and monitoring system
To perform mensuration in the donor heart and then in
all measures taken with the isolated working heart in the
perfusion system, the devices used in this procedure were
obtained with funding from Fundação de Amparo á
Pesquisa do Estado de São Paulo (FAPESP) as follows:
1.
Doppler Fluxometer T206 (Transonic Systems Inc.,
Ithaca, New York, EUA);
2.
Monitor with four pressure channels (PCA-4,
Sonometrics, London, Ontário, Canadá);
3.
Set of piezoelectric crystals (four) (TRX6
226

The system used to perfuse the isolated working heart
of the donor animal as soon as it was removed from the
animal. It was composed of ¼ inch (internal diameter)
polyvinyl tubes, Y connectors ( ¼ x ¼ x ¼), cardiotomy
reservoirs, heart-lung machine with DeBakey rollers pump
manufactured by Braile Biomédica (São José do Rio Preto SP), 15mm (internal diameter) polyethylene catheters for
the pressure lines and infant venous cannulas connected
to the three-way stopcock.
Preparation of the isolated working heart
The heart of the donor animal was removed with the left
ventricle catheter and the piezoelectric crystals were fixed
to it. The aorta was clamped, both vena cava were
connected and the pulmonary veins were incised and the
heart was totally removed after incision in the ascending
aorta and in the pulmonary artery. The count of the ischemia
time was started. In table, the aorta was cannulated
maintaining the cannula above the aortic valve and
coronary arteries ostium. The left atrium was totally
exposed and the pumonary artery ostia were resectioned
and the left atrium above the mitral valve was cannulated in
order to avoid regurgitation. The pulmonary artery was
cannulated and the cannula was inserted up to the right
ventricular cavity. These three cannulas were fixed with
polyester wires and connected to the line pressure.
The cannulas and the isolated working heart were fixed
and positioned in a support device where they were
maintained throughout the experiment. They were
connected to the afferent tubes and the reperfusion was
initiated interrupting the ischemic time.
Isolated working heart perperfusion
In the first 20 minutes of reperfusion, the isolated
working heart was defibrillated when necessary and
reperfused in passive mode until its development of
satisfactory contractility. In passive mode, the blood
aspirated from the carotid artery by roller pump was sent to
the cannula in the isolated working heart aorta. This blood
was drained by the cannula placed in the right ventricle
(RV) by pulmonary artery and collected in cardiotomy
reservoir, or drained by the left atrium cannula to another
cardiotomy reservoir. Once collected in these reservoirs,
the blood returned to the animal support by the roller pump.
During this period of passive perfusion, the perfusion
pressure of the isolated working heart aorta was monitored
by the pressure lines and the flow of this perfusion was
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measured by Doppler Fluxometer in the cannula placed in
the aorta. The coronary flow was obtained by Doppler
Fluxometer in the RV cannula, that collected the effluent
from the isolated working heart.
After 20 minutes of passive reperfusion, the perfusion
was converted to “working heart state”. The flow from the
animal support toward the isolated working heart’s aorta was
interrupted and the aspirated blood was sent to cardiotomy
reservoir – working as a preload reservoir. From this reservoir,
the blood was sent to the cannulated left atrium of the
isolated working heart. The left atrium pressure was
measured. The blood from the left ventricle was pumped
from the isolated working heart through the aortic cannula
toward an arterial reservoir. The pressure perfusion was
measured and then achieving at the same time the necessary
pre- and afterloads for the isolated working heart. The
pressure in the aorta and left atrium were measured by the
pressure lines connected to the cannulas and the pressure
in the left ventricle was measured by pressure lines connected
to the left ventricle catheter. These pressure lines were
connected to the monitor (PCA-4, Sonometrics, London,
Ontario, Canada). The blood that came to the arterial reservoir
returned to a third cardiotomy reservoir and from this it was
aspirated by the roller pumps and reinfused to the animal
support to be oxygenated. The blood from the coronary sinus,
correspondent to the coronary flow was drained from the
right ventricle to the third reservoir and reinfused to the
animal support (Figure 1).
During the reperfusion in “working heart state” the
isolated working heart was reperfused while working. The
aortic and coronary flows were measured with Doppler
Fluxometers that were placed in the aortic and right ventricle
cannulas respectively and connected to the console (T206,
Transonic Systems Inc., Ithaca, New York, USA). The
piezoelectric crystals of the left ventricle were connected
to synchronizer (TRX6, Sonometrics, London, Ontario,
Canada) to calculate the left ventricle volume and to obtain
the volume and pressure curves and their respective
contractility indexes.

received (in every 30 minutes of this period) 100 ml of St.
Thomas cardioplegic solution at 4ºC; the group 2 received
the same dose of St Thomas with 105 molar (M) solution of
trimetazidine (TMZ) and the group 3 was the Control Group
(Co), without receiving cardioplegic solution.

Methodology
After 30 minutes of reperfusion (20 minutes of “passive
reperfusion” followed by reperfusion in “working heart”
mode),the stabilization data of the model were measured.
After this, the infusion was converted again to a passive
mode and the anterior interventricular artery was clamped
and thus maintained for 30 minutes in order to induce
regional ischemia. During this period, often occurred
ventricular arrhythmias that were not treated (Figure 2).
Then, the forceps of the anterior interventricular artery was
removed and the perfusion was interrupted for 90 minutes.
The models were randomly selected and divided into three
groups: the isolated working hearts from the group 1

Fig.1- Isolated perfused working heart. The blood was aspirated
from the support animal into the LA reservoir, which worked as
preload and, from this reservoir to the isolated heart, from which
it was ejected in the aorta into the arterial reservoir. The blood
returned to a venous reservoir along with the effluent blood from
the coronary sinus, drained by cannula in the pulmonary artery.
From this reservoir, the blood was reinfused to the support animal.
Height variations in the LA and arterial reservoirs corresponded
to variations of pre- and postload, respectively. Under monitoring
by the pressure lines in the LA, aorta, and LV by the piezoelectric
crystals and the fluxometers.

Fig.2 – Isolated heart during induction of regional ischemia.
Cannula in RV to collect the effluent from the coronary sinus.
Piezoelectric crystals. Mini forceps on anterior interventricular
artery. Pressure line in the aortic root, measuring the coronary
perfusion pressure. Line pressure in LA, measuring the pressure
corresponding to preload. Probe for electrocardiographic record.
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At the end of 90 minutes, the isolated working heart
perfusion was restarted, (initially in passive mode) during
20 minutes. During this phase, the heart was defibrillated
with shocks of 5 J as often as was necessary in order to
maintain a satisfactory contractility. The total number of
defibrillations were recorded. After 20 minutes, the isolated
working heart perfusion was converted to the “working
heart” mode and was determined pre- and afterload. The
model was maintained in this working state until the end
of the experiment. After 30 minutes from the start of
reperfusion, the measurements were performed with the
help of equipment already mentioned. The measurements
were taken again at 60 and 90 minutes of reperfusion.
During the whole procedure, arterial gasometry
examinations and sodium, potassium and hematocrit
dosage of the animal support were periodically performed.
The animal support was anesthetized and maintained with
mean blood pressure around 80 mmHg, to receive the venous
return of its blood by circuit and crystalloid replacement.
8.4% sodium bicarbonate was administered when needed
in order to avoid acidosis in the animal support. At no time
any cardiotonic agent was used.

These last three parameters were obtained from the
analysis of volume and pressure curves, allowed by the
software in records accomplished with pre-load variation.
All the above measurements were taken in determined
periods and recorded by the software CardioSoft 3.1.2
(Sonometrics, London, Ontario, Canada).
The oxygen consumption was obtained by means of
the difference between the arterial blood sample from the
animal support and the blood collected from the coronary
sinus in the right ventricle cannula, according to the formula:
MVO2 = 0.1 X Coronary flow / Final Weight of the left
ventricle X [(SO2a - SO2v) X 1.34 X Hb / 100 + 0.03 X 7,5 X
(pO2a - pO2v)], where MVO2 and consumption of oxygen
(expressed by 100g of myocardium, SO2a and SO2v) are
the oxygen saturation (in %) from the animal support and
the coronary sinus of the isolated working heart
respectively; Hb and the hemoglobin volume (in g/L) and
pO2a and pO2v are the partial pressures of oxygen from
the animal support and the coronary sinus of the isolated
working heart, respectively [10].
After measurements at 90 minutes of reperfusion, the
experiment was interrupted with euthanasia of the animal
support, with a lethal dose of potassium chloride. The
isolated heart was dissected by removing of the right
ventricle wall, atria and great vessels and then, weighing
[11]. Samples of the left ventricle on the area submitted to
regional ischemia were sent to histological analysis.

Measurements obtained with isolated working heart
in working state mode
During the isolated working heart (in working state mode)
were measured:
•
Cardiac output and volume of the left ventricle
(LV) through synchronized piezoelectric crystals, fixed to
the epicardium and connected to TRX6 synchronizer;
•
LV pressure (by pressure line);
•
Pressure of the left atrium (by pressure line)
corresponding to the offered pre-load;
•
Pressure in the aortic root (by pressure line);
•
Aortic and coronary flow by the Doppler
Fluxometers;
•
Electrocardiographic recording;
•
Gasometry in the effluent blood and the animal
support, thus allowing to determine the oxygen volume
and consumption of the isolated working heart;
•
Glycemia and lactate of the effluent blood from
the isolated working heart and the animal support;
•
Plotting of the volume-pressure curves (by sonic
synchronization of the piezoelectric crystals performed by
the software);
•
Maximum elastance (Emáx) – relation between the
systolic pressure and the ventricular volume;
•
Preload-recruitable stroke work (PRSW) – linear
relationship between systolic work and end-diastolic volume;
•
Exponencial regression between the diastolic
pressure and end-diastolic volume (EDPRV - “end diastolic
pressure volume relationship”), allowing the measurement
of the ventricular rigidity;
228

Statistical analysis
The results are shown as mean ± standard error of the
mean. For comparison among groups in different periods,
analysis of variance (ANOVA) associated with Bonferroni
test was used for differences identification. A p d” 0.05
value was considered significant. The tests were performed
using the statistical package for Windows Graphpad Prism
(Graphpad Software, San Diego, California).
RESULTS
The animals support were maintained hemodynamically
stable throughout the experiment without differences in
relation to the partial pressure of oxygen and the pH. The
hematocrit was lower in the group St Thomas than the
others, but without significant variation along the
experiment (Figure 3).
In the period of reperfusion, after 30 minutes of regional
ischemia, followed by 90 minutes of global ischemia, the
Control Group and the group St Thomas presented average
of five defibrillations. The group Trimetazidine presented
average of one defibrillation, but not demonstrated
statistically significant difference. The final wet weight of
the left ventricle showed statistically significant difference
(p d” 0.05) between the group Trimetazidine and the others,
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being lesser the final wet weight of the left ventricle in the
group Trimetazidine. There was no difference between St.
Thomas and Control groups.

Fig. 3 - Oxygen partial pressure (pO2a) (above), pH (middle) and
hematocrit (below) of the support animals throughout the
procedure. Data presented as mean and two standard errors of
the mean (SEM) (n = 6) in each group.

The contractility indexes (less dependent on external
parameters, such as pre- and afterload and cardiac
frequency) are shown in Figure 4 [12]. The maximum
elastance presented an important decrease of estabilization
measurements at 30, 60 and 90 minutes of reperfusion.
However, there was no statistically significant
difference between the three groups. The Preloadrecruitable stroke work (PRSW) showed no statistically
significant difference between the three groups, and
“EDPVR” related to the “hardness” or “inflexibility” of
heart, remained stable and with no significant statistical
difference between the three groups.

Fig. 4 – Contractility indexes. Maximum elastance(above), PRSW
(middle), “rigidity” or “hardness” of the ventricle (EDPVR)
(below) of isolated hearts. Stabilization measurements and at 30,
60 and 90 minutes of reperfusion in “working heart” mode after
periods of regional and global ischemia. Data presented as mean
and two standard errors of the mean (SEM) (n = 6) in each
group.

The coronary flow presented great dispersion in the results
of St Thomas and Control groups, whilst presented more
regular in the group Trimetazidine, however, there was no
statistically significant difference between the three groups.
The effluent lactate from the coronary sinus, collected from
the cannula (that was placed in the right ventricle through the
pulmonary artery) presented increase from the measurements
of stabilization up to the 30, 60 and 90 minutes of reperfusion.
This increase was progressive in the three groups, without
showing statistically significant differences among them.
When the obtained lactate level was corrected according to
the final weight of the left ventricle of each experiment, the
results were similar with no significant difference.
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The oxygen consumption was obtained according to
the formula described above and there was no statistically
significant difference among the three groups. The
consumption of glucose at 30 minutes of reperfusion
showed statistically significant difference between the
Control group and the group Trimetazidine (p d” 0.05), but
this difference was not verified at 60 and 90 minutes of
reperfusion among the three groups (Figure 5).

Fig. 5 -Metabolic data. Effluent lactate from the isolated heart
(above), glucose consumption (middle) and oxygen consumption
(below) of the isolated heart. Stabilization measurements and at
30, 60 and 90 minutes of reperfusion in “working heart” mode
after periods of regional and global ischemia. Data presented as
mean and two standard errors of the mean (SEM) (n = 6) in each
group.
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DISCUSSION
Trimetazidine has been used with general acceptance in
Cardiology for the symptomatic control of angina [2.13]. In
2003, Marzilli and Klein [14] published metanalysis comparing
the effectiveness of trimetazidine with the monotherapy, beta
blockers or calcium channel blockers, with good results for
the treatment of symptomatic angina. The trimetazidine is a
drug without direct hemodynamic effect [15]. The justification
for its use may be its ability to inhibit the mitochondrial 3ketoacyl thiolase, increasing the glucose oxidation in the
heart due to deviation of the metabolism of fatty acids
oxidation for glucose consumption [2].
The human heart produces ATP from the substrate that
may be more available - such as glucose or fatty acids - but
in normal conditions his energy is based on almost 90% in
the fatty acids metabolism [16.17]. In ischemia, gradually
increases the importance of glucose in the production of
ATPs. According to Stanley [5.18], the number of “mols”
of the ATP produced by “mol” of consumed oxygen is 12%
higher (from the glucose oxidation) than that produced from
the fatty acids.
Trimetazidine, acting as agent of metabolic manipulation,
may be able to deflect the energy production from fatty
acids to promote glucose and lactate consumption,
producing high-energy phosphate with lower oxygen
consumption [19]. This mechanism may be able to minimize
the ischemic dysfunction and improve the heart
performance.
The largest series with the use of trimetazidine in
surgical patients were obtained from pre-treatment. Fabiani
et al. [6] published serie in which 19 patients orally treated
with trimetazidine over three weeks underwent elective
CABG. An improvement in the index of left ventricular
systolic work was found comparing to placebo, without
finding of survival differences.
Vedrinne et al. [7] evaluated the contractile function
by intraoperative echocardiography of patients
undergone elective CABG who received trimetazidine in
the preoperative. The echocardiographic measurements
of the fractional area and the percentage of systolic
thickening were analyzed and no differences were found
in relation to the group treated with placebo. Tünerir et
al. [8] randomized 30 patients who were orally treated
with 60mg of Trimetazidine or placebo over three weeks
before CABG and they obtained lower levels of T
troponin with Trimetazidine without any statistically
significant difference in hemodynamic function of
survival.
Experimental models of isolated working heart for
investigation of different treatments are widely used.
Rodrigues et al. [20] studied the effect of intermittent
administration of cardioplegic solution in hypothermia or
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normothermia in a model of acutely ischemic isolated
working rabbit heart. This same group [21], achieving to
evidence effects of addition of glutamate and aspartate in
intermittent cardioplegic solution did not find significant
differences between the two treatments.
The animal model used in this study was developed with
the purpose of stablishment of greater similarity with clinical
situation in which the acutely ischemic heart may need to be
operated. The clamping of the anterior interventricular artery
of the animal - in order to characterize in the model a situation
of acute ischemia with the heart soon to receive treatment was a strategy very similar to that described by Horsley et al.
[22] in 1993. Thus, the aim was to promote an appropriate
situation to evaluate the effect of acute administration of
trimetazidine associated to cardioplegic solution in acute
ischemic heart to be operated.
The model used in this study allowed the measurement
of the data with the heart in “working heart state”. The
achievement of data in this mode (and not during simple
passive reperfusion of the organ) allowed the study of the
proposed treatment in condition more similar to the
physiological condition.
The contractility indexes compared herein were those
less dependent on external factors, obtained from the
volume-pressure curves. According to Grossman et al. [23],
the maximum elastance (Emáx) is an index relatively (but
not completely) independent of momentary pre- and
afterload. It corresponds to the curve obtained by the
association of several points that reffering to the end of
systole, obtained in following volume-pressure curves
(obtained by means of the partial occlusion and the time of
the inferior vena cava. In this study, the variation that
allowed measurement of this data was obtained with the
displacement of the reservoir reffering to the pre-load.
The maximum elastance demonstrates the capacity
of the ventricle to create pressure when the
intraventricular volume is high. Ventricles that
demonstrate good contractile capacity will increase the
pressure when distended, while ventricles with worst
function will show less tolerance to this distension [12].
The pre-recruitable systolic work (PRSW) possibly may
be the contractility index less dependent on other
parameters within physiological values [24.25]. In these
two data related to the systolic function was not shown
significant improvement with the association of
trimetazidine.
The EDPVR (“end diastolic pressure volume
relationship”) is an exponential regression between diastolic
pressure and the end-diastolic volume obtained from
pressure-volume curves. The EDPVR implies on the
ventricular volume-pressure relantioship at the end of
diastole. It provides, thus, the rigidity or the “hardness” of
the ventricle [25].

Petrucci Jr. [12], in isolated working heart model “not
working heart”, found improvement of the elastance in
the group treated with St Thomas in relation to the Control
Group at 60 and 90 minutes of reperfusion. In relation to
the other hemodynamic parameters studied by this author,
the blood mean was better compared to both St Thomas
as the Control group at all times, but without difference
between these two other groups. In this study, in order to
respond if the trimetazidine could offer improvement when
combined with cardioplegic solution was used only the
crystalloid mean Thus, possible benefit that was verified
may be indeed attributable to trimetazidine. The lack of
improvement in hemodynamic behavior with the use of
any method of myocardial protection in relation to the
Control group possibly may be attributed to the refinement
of this model to include measured data when in “working
heart state” mode.
The sample size was selected from studies of Petrucci
Jr. [12.26] using parabiotic circulation in pigs. The
methodology related to the cross circulation and the
isolated heart perfusion was developed from these
studies, adding the steps that allowed the achievement
of data in “working heart”, due the already described
reasons.
The lack of contractility improvement with
association of trimetazidine observed in this study
meets the surgical experience with the pretreatment with
trimetazidine, in which little improvement was observed
and, when found, did not bring benefit to the patients
survival. Despite these studies were performed in
operated patients and the verified hemodynamic data
were not independent of external parameters, the
hemodynamic results were similar [6-8].
According to the mechanism of action of the
trimetazidine, may be expected that the possible benefit
caused by this agent should be initially verified as an
improvement of the metabolic parameters.
Allibardi et al. [27], in an experimental isolated rat heart
model perfused with 10-6 M trimetazidine, verified
improvement in acidosis and in the lactate production
during reperfusion and improvement in the levels of tissue
high-energy phosphate. Several authors have contributed
in the understanding of the benefits related to
trimetazidine and its capacity to reduce releasing of lactate,
promoting less acidosis, glucose consumption and
decrease of the oxygen consumption [19.28]. Fabiani et
al. [6] verified significantly lower levels of
malondialdehyde extracted from the coronary sinus from
patients undergone CABG at 20 minutes of reperfusion.
These findings strongly suggest trimetazidine’s capacity
to increase the lactate consumption in the myocardium
and to reduce the damage of ischemia and reperfusion
during heart surgery.
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The total number of defibrillations were lower in the group
Trimetazidine, but without statistically significance different.
Hoersley et al. [22] in experiments with cardiopulmonary
bypass in dogs, verified the improvement in the needed
number of defibrillations when they used blood cardioplegia
in relation to the Control, but without difference between the
crystalloid solution and the Control group. These results
were similar to those verified in this study.
The final wet weight of the left ventricle was
significantly lower in the group Trimetazidine than in the
Control group (p <0.05).
The histological analysis showed less edema, both
in group Trimetazidine as in the St Thomas in relation to
the Control group. These results demonstrated some
protection offered by cardioplegic solutions in both
groups. The lack of difference verified in the contractility
indexes and in the metabolic parameters between the two
groups that received myocardial protection and the
Control group may be explained due to the collecting
data obtained in a “working heart” model. With this
refinement, the authors found no hemodynamic or
metabolic improvement attributable to cardioplegic
solutions compared to Control group. Anyway, this fact
did not impair the aiming of this study to find a possible
benefit caused by trimetazidine.
The lack of improvement in oxygen and glucose
consumption and in the lactate production in the group
that received trimetazidine in relation to the other may not
be associated to the failure of the drug itself, but due to the
way of drug administration. The acute administration
without previous use of the drug is verified in a few studies,
without reports of experimental study in isolated working
heart of the great mammals.
Kober et al. [29] published article approaching acute
intracoronary administration of trimetazidine during
coronary angioplasty and they found earlier resolution for
ST deflection without survival benefit. Beygui [30] in 2000,
and Steg et al. [31] in 2001, obtained similar results with
acute intravenous administration of trimetazidine. The
EMIP-FR [32] multicenter randomized study, developed
between 1993 and 1999 with more than 19,000 patients who
acutely received intravenous trimetazidine or placebo
associated to AMI thrombolysis, did not show improvement
in their final purposes of short- and long-term survival
increase in patients who received thrombolytics. However,
it demonstrated statistically significant improvement in
survival for those not thrombolized patients due medical
reasons [32].
Grynberg [33], in his comment on publication of the
EMIP-FR study, proposes that the absence of verifiable
benefit of trimetazidine associated to the thrombolysis
may be considered because any benefit of this agent
may depend on inhibition of fatty acids beta-oxidation.

The uncoupling of glycolysis occurred during ischemia
and the excessive production of hydrogen ions by the
resulting situation of severe anaerobiosis may cause
the obstruction of the trimetazidine (acutely administred)
to effectively act the mentioned inibition of fatty acids
beta-oxidation.
The lack of improvement with acute administration of
trimetazidine associated to cardioplegic solution may be
related to the impossibility of this agent to remove free
radicals, due the fact that most of the ischemia and
reperfusion lesion occur during the reperfusion [28]. The
administrated dose was used according to the literature
and its infusion at the aortic root ensured the regular
administration of the drug to the cardiomyocytes [27]. In
the oter hand, the hypotesis of Grynberg for the lack of
improvement with the use of acute trimetazidine in the EMIPFR study may be appropriate to justify the lack of benefits
observed in this study.
Experimental studies have demonstrated the importance
of free radicals in the lesion during reperfusion [28]. Studies
in rats prove the benefit of the pretreatment effect with
trimetazidine in isolated working heart models [34-36].
Studies in patients pretreated with pre-trimetazidine
undergone CABG show benefit in several parameters.
However, the clinical situation of acutely ischemic patient
does not allow other approach unless the verification of its
effect in exclusively acute use.
Budrikis et al. [10], in studies with cold crystalloid
solution with isolated working pig heart model, report
the importance of experimental observation over long
periods such as 12 hours, in order to verify differences
in hemodynamic parameters of ischemia and reperfusion
in animal models. Although no tendency has been
observed in this study that may assume any change in
the obtained results, it is clear that longer periods of
observation may always show not easily suspectable
results.
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CONCLUSION
Therefore, the authors conclude that the acute
administration of trimetazidine associated with cardioplegic
soluction without pretreatment did not offer hemodynamic
or metabolic benefit to the heart in the experimental model
used in this study.
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