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Abstract
Background: Organic inflammatory response is a pathophysiological mechanism present at every coronary artery 
bypass grafting with extracorporeal circulation (CABG-ECC), the release of inflammatory mediators being one of its  
defense mechanisms. 

Objective: To assess, in a prospective double-blind randomized and placebo-controlled study, the effects of trimetazidine 
(Tmz) on the inflammatory response, by using the variation in interleukins 6 and 8, TNF-α, complements C3 and C5, 
and highly sensitive C-reactive protein (HS-CRP) levels in the pre- and post-operative periods. 

Methods: This study assessed 30 patients undergoing CABG-ECC with intermittent hypothermic cardioplegia, and  
having, at most, mild ventricular dysfunction. The patients were divided into two groups (placebo and Tmz), stratified 
by echocardiography, and received drug/placebo at the dose of 60 mg/day. Measurements were taken as follows: in the 
pre-operative period with no drug; on the day of surgery, corresponding to 12 to 15 days on drug/placebo; five minutes 
after aortic unclamping; 12 and 24 hours after surgery, for interleukins and complements; and 48 hours after surgery, 
for HS-CRP.

Results: No significant difference between the levels of interleukin 8, TNF-α, C3 and C5, and HS-CRP was observed. 
However, the interleukin 6 levels were significantly lower in the group treated as compared with those in the control 
group at all time points assessed. 

Conclusion: Trimetazidine proved to be effective only for reducing interleukin 6 in patients undergoing CABG. (Arq Bras 
Cardiol 2012;99(2):688-696)
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Introduction
The systemic inflammatory response present at all 

cardiovascular surgeries has become more evident since the 
development of the Extracorporeal Circulation (ECC) system 
by Jonh Gibbon in the 1950’s, because it increases the blood 
exposure to an artificial system1.

That activity, mediated by immune and cell response, can 
be analyzed by activating the complement system, thrombin, 
cytokines, neutrophils, adhesion molecules (Icam), mast cells, 
and other mediators2. 

Since the use of ECC, reperfusion − a pathophysiological 
phenomenon that intensifies the inflammatory response and 
can occur in coronary syndromes in general, in thrombolysis, 
and in angioplasty − has begun to represent the organic 
inflammatory changes related to coronary artery bypass 
grafting (CABG) after the release of the aortic clamp3,4. 

The pathophysiology of reperfusion and its relation with 
inflammatory response has gained the attention of researchers 
because of its evident and important repercussions on 
the clinical cardiological practice, and has led to a better 
understanding of the events related. In particular, of the 
superoxide radicals, which are formed in the obstructions to 
coronary flow and can cause injury after aortic unclamping 
during heart surgery. Those superoxide radicals comprise the 
superoxide anion (O²-), hydroxyl radical (OH), and hydrogen 
peroxide (H²O²), which can be removed from the cells by 
enzyme systems with antioxidant functions, usually present 
in myocardial physiology5,6.

The superoxide radicals together with neutrophils act 
actively in the reperfusion injury, interacting in several sites 
and with other elements of the inflammatory cascade. During 
that aggression, platelets and leukocytes act via mediators 
(C3a, C5a, IL6, IL8, TNF-α, iNOS and superoxide radicals), 
causing direct damage to the myocardium7,8.

Trimetazidine, with its anti-ischemic action, reduces the 
metabolic damage caused during ischemia by acting on a 
critical step of cardiac metabolism, blocking beta-oxidation 
of fatty acids by inhibiting the long-chain 3-acetyl-CoA 
thiolase. That anti-ischemic effect increases glucose oxidation, 
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presence of no drug; and 48 hours after surgery. Levels over 
5mg/L were considered indicative of inflammation. 

Trimetazidine was provided to patients after masking with 
randomization at the 1:1 proportion, permuted in blocks by 
the Cytools Excel add-in software. The examiners did not know 
which patients used drug or placebo. The statistical analysis 
was also conducted in a blind way, and the codes referring to 
drug/placebo were broken only after that.

The patients received 60 mg/day of drug/placebo divided 
into three daily doses, initiated 12-15 days prior to surgery. All 
30 patients kept the drug for five to eight days after surgery, 
in a total of 20 days of drug/placebo use.

Patients underwent elective surgery according to a 
technique involving median sternotomy, and introduction of 
cannulae into the aorta and of one single cannula into the 
vena cava, in this sequence. Extracorporeal circulation was 
performed with moderate central hypothermia (32ºC-34ºC), 
and myocardial protection was provided by intermittent 
cold-blood cardioplegia (4ºC), infused in the aortic root or 
directly in the coronary sinus. All patients underwent balanced 
general anesthesia, venous-inhaling closed circuit, with CO2 
absorber and mechanical ventilation. Isoflurane with 50% 
oxygen, mixed with nitrous oxide, was used as inhaling agent. 
Regarding venous drugs, the following were used: as hypnotic 
agents, etomidate and midazolam; as opioid, fentanyl; and, 
as muscle relaxant, pancuronium bromide.

The significance level adopted was 5%. The statistical 
analysis used the 6.04 SAS software (SAS Institute, Inc., Cary, 
NC) and the following tests: Student t test or Mann-Whitney 
test for comparing numerical variables between the two 
groups; chi-square (α2) test or Fisher exact test for comparing 
categorical variables between the two groups. For assessing the 
behavior of the variables over time according to the group of 
treatment, repeated measures analysis of variance (ANOVA) 
was used. Bonferroni adjustment for multiple comparisons 
was used to identify the time points that differed between 
themselves and between the groups. The variation between 
two CRP measurements at different time points was assessed 
by using the Wilcoxon signed rank test, and the corresponding 
variation (delta) was compared between the groups by using 
the Mann-Whitney test. 

This study was approved by the Committee of Ethics in 
Research of the Iecac-RJ. Participants provided written informed 
consent and were followed up until hospital discharge.

The drug and the research material were provided by the 
major author. Randomization, masking, and software use 
were coordinated by a certified pharmacist, and donated by 
Farmacopa Ltda.

Results

Sample profile
Table 1 shows the general profile of the 30 patients selected 

for analysis, comparing the Tmz and placebo groups, and 
evidencing its homogeneity.

Table 2 shows the analysis of the surgical variables, which 
evidences uniformity of the Tmz and placebo groups regarding 

additional to glycolysis, with the consequent reduction in 
protons, elevation of the intracellular pH and tissue acidosis, 
recovery of the cardiac efficiency, and improvement in 
the production of acetyl-CoA. In addition, it limits calcium 
build-up, inflammation and the production of superoxide 
free radicals that occur after reperfusion, without causing 
hemodynamic changes6.

This study assessed the effects of Tmz on the inflammatory 
response triggered by CABG-ECC, performed with intermittent 
cold-blood cardioplegia, aiming at analyzing the myocardial 
reperfusion mechanisms, based on the variation of the plasma 
levels of IL6, IL8, TNF-α, C3, and C5, and on the assessment 
of highly sensitive C-reactive protein (HS-CRP), an acute-
phase protein of the inflammatory response. In addition, the 
evolution of those post-operative mediators was also assessed. 

Methods
This was a prospective, double-blind, randomized and 

placebo-controlled clinical trial, performed from July 2007 
to August 2008 at the Instituto Estadual de Cardiologia 
Aloysio de Castro, state of Rio de Janeiro (Iecac-RJ). Its major 
objective was to examine the changes in the serum markers 
of inflammatory response of patients undergoing CABG-ECC 
with intermittent cold-blood cardioplegia, divided into two 
groups, one receiving Tmz and the other, placebo.

Martins et al.6 have assessed 137 patients with 
echocardiographic indication for CABG-ECC, 75 of whom, 
with normal ventricular function or mild dysfunction, were 
selected. Of those, 60 patients, distributed in the treated and 
placebo groups, completed the tests for the serum markers of 
myocardial injury (troponin-T and CPK-MB). For the present 
study, 15 patients of each group were randomly selected, by 
using the Cytools Excel add-in software, for measuring the 
following inflammatory markers: IL6, IL8, TNF-α, C3, C5, 
and HS-CRP. 

The samples of the 60 patients were collected in 5-mL 
Eppendorf tubes, forming four numerically arranged serum 
sets. Each of the participating centers (Laboratório Dasa – 
Diagnósticos da América, and Brownstein) received two of 
those sets simultaneously. The list of the patients selected was 
electronically sent. 

Laboratório Dasa measured interleukins (IL6, IL8, and 
TNF-α) from the serum sets collected at the time points 
specified in the research protocol as follows: in the pre-
operative period, in the presence of no drug; five minutes after 
aortic unclamping, directly from the right atrium; and 12 and 
24 hours after surgery, from a deep catheter. The serum sets 
were kept at -70ºC and analyzed by use of flow cytometry 
(BD FACSCanto IITM flow cytometer). 

Laboratório Brownstein measured C3 and C5, after 
storing at 4ºC the serum sets collected at the time points 
specified in the research protocol; C3 was analyzed by use 
of nephelometry (Dade Behring BN2 nephelometer), and C5, 
by radial immunodiffusion (Olympus AXl).

The HS-CRP tests were performed at Iecac-RJ by using 
nephelometry (Olympus AU400) at the time points specified 
in the research protocol: in the pre-operative period, in the 
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the surgical procedures and the intensive care unit (ICU) 
length of stay. 

Table 3 shows the descriptive analysis of the patients 
selected and non-selected who were treated with Tmz. 
Note the homogeneity of the groups regarding the surgical 
variables analyzed. 

Analysis of the inflammatory markers
The analysis of the inflammatory markers showed that IL6 

levels (Graphic 1) were significantly lower in the Tmz group as 
compared with those in the placebo group (p = 0.012). The 
same was not observed for the markers C3, C5, IL8, TNF-α 
and CRP (Graphics 2, 3, 4 and 5).

Discussion
The inflammatory response is always present in all 

cardiovascular surgeries, being more exuberant when ECC 
is used. Criteria precisely identifying the severity of the 
inflammatory response during and after cardiovascular 
surgery have been proposed, and several cutoff points for the 
biomarkers and therapeutic strategies have been proposed to 
reduce that response in clinical trials.

The 30 patients with two-vessel and three-vessel disease 
and normal or slightly impaired ventricular function were 
assessed by analyzing the inflammatory mediators C3, C5, IL6, 
IL8, and TNF-α, and HS-CRP in a prospective protocol that 
aimed at assessing the effects of Tmz in reducing those markers 
after reperfusion in CABG. The Tmz dose recommended was 
60mg/day of the active substance, for at least 12 days before 
surgery, according to the bioavailability mechanism.

Transthoracic echocardiography was used to select only 
patients with normal or slightly impaired ventricular function 
by use of a segmentary contraction index9. 

The protocol was aimed at the comparative laboratory 
analysis of the  inflammatory markers at the time points 
considered of greatest clinical significance as follows: the 
pre-operative period, with no drug, when those markers 
should not be altered; five minutes after aortic unclamping, 
characterizing the myocardial reperfusion time point due 
to recirculation of superoxide radicals to the venous sinus, 
and, consequently, to the right atrial cavity, which was the 
collection site for the next time points; 12 and 24 hours after 
surgery (for the inflammatory mediators), and 48 hours after 
surgery (for CRP).

The analysis of the biomarkers does not have a 
predetermined pattern. Studies with several protocols have 
assessed markers involved in the pathophysiology of the 
inflammatory response, which still lacks effective preventive 
management. Currently, the substances assessed on trials 
have not proved to completely reduce the inflammatory 
complications in CABG-ECC10,11. 

The descriptive analysis of the drugs used as standard 
treatment showed no difference between the groups in the 
pre-operative period. It is worth noting that, in the post-
operative period, neither clinical complications occurred nor 
support with amines, transfusions or any other supplementary 
therapy was required.

The descriptive analysis of the baseline clinical and 
inflammatory variables showed no significant change between 
the groups. This draws attention to studies relating high  
pre-operative levels of inflammatory markers to post-operative 
complications, suggesting that those levels should be normal 
prior to surgery12,13.

The analysis of the variables regarding the surgical treatment 
showed no significant difference between the groups. When 
extending the analysis to compare the Tmz and placebo groups 
of this study with those of the study by Martins et al.6, those 
variables showed no significant difference. 

Of the surgical variables analyzed, the ECC time and aortic 
cross-clamping time were similar between the groups and were 
also lower than those described in the literature10,14. Bucerius 
et al.15, in a clinical trial, have recognized the ECC time as 
an independent predictor of post-operative complications. 
Nissinen et al.16 have established a list of major complications, 
such as post-operative morbidity and stroke, correlating them 
with the ECC and aortic cross-clamping times. 

When assessing the variations in C3 and C5 in the pre-
operative period and at aortic unclamping, the mean levels 
in the groups reached a peak at the latter, followed by level 
drops at 12 and 24 hours. The Tmz and Placebo groups did 
not significantly differ, showing the same evolution reported 
by Tárnok et al.17, when comparing patients operated on with 
and without ECC.

Previous studies have shown that CABG causes the 
following: a reduction in the serum levels of C3 and C5, 
with a concomitant increase in the serum levels of C3a, 
C3b and C5a; an increase in histamine and IL8; and a 
reduction in the peripheral blood levels of neutrophils, 
eosinophils and basophils, most likely due to their migration 
to the subendothelial tissue stimulated by the inflammatory 
response4,18,19.

Chakraborti et al.7 have assessed the concept that the 
ischemia and reperfusion injuries play a fundamental 
role in mediating complement activation. The membrane 
attack complex (MAC), which is formed at the end of the 
complement activation pathways, is more rapidly observed 
when reperfusion occurs. The association between neutrophil, 
endothelium and complement, the effect of complement on 
neutrophil adherence and infiltration, and the relationship 
between complement, mitochondria and ischemia followed 
by reperfusion are topics approaching the relationship of 
reperfusion and the activation of complement pathways in 
oxidative stress. Complement activation is considered to play 
a fundamental role in the initial phase of the inflammatory 
response in CABG-ECC.

Trials assessing the evolution of IL6 and IL8 levels in 
CABG with and without ECC have shown significantly lower 
levels when ECC is not used. In this study, IL6 levels were 
significantly reduced in the Tmz group from reperfusion 
onwards, that is, at the time point where a great oxidative 
stress occurred, five minutes after aortic unclamping. After 
that collection, IL6 reached its maximum level in 12 hours, 
declining in the following 24 hours. TNF-α was not observed 
at any collection time, similarly to that which was observed 
in other studies20,21.
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Table 1 - Clinical variables according to the groups (Tmz and Placebo)

Variable
 TMZ  Plac

p value
n % n %

Male sex 10 66.7 12 80.0 0.34

Age in years (mean ± SD) 59.0 ± 7.8 59.3 ± 5.8 0.91 a

Three-vessel disease b 11 73.3 10 66.7 0.50

Diabetes mellitus 2 13.3 2 13.3 0.70

SAH 9 60.0 10 66.7 0.50

Previous MI 3 20.0 5 33.3 0.34

Smoker or ex-smoker 7 46.7 10 66.7 0.23

SD: standard deviation.

SAH: Systemic arterial hypertension;  MI: Myocardial infarction
a Student t test for independent samples
b comparison of three-vessel and two-vessel diseases

Table 2 - Analysis of the surgical variables according to the groups 

Variable Group n Mean SD Median Minimum Maximum p value

Anoxia duration Tmz 15 66.3 23.2 58 37 120 0.22

Plb 15 58.3 23.8 50 30 100

ECC Time Tmz 15 82.7 24.2 80 43 130 0.56

Plb 15 77.3 23.1 75 50 120

Cardiopl volume Tmz 15 170.7 45.3 160 50 250 0.52

Plb 15 162.7 59.3 150 100 300

No. of grafts Tmz 15 2.87 0.74 3.0 2 4 0.74

Plb 15 2.93 0.59 3.0 2 4

Hours at the ICU Tmz 15 72.8 7.1 72 60 96 0.25

Plb 15 78.4 14.8 72 60 120

SD: standard deviation

Table 3 - Comparison of the selected and non-selected patients using Tmz

Variable Selected n Mean SD Median Minimum Maximum p value

Anoxia duration Yes 15 66.3 23.2 58 37 120
0.78

 No 15 65.5 19.0 63 34 100

ECC Time Yes 15 82.7 24.2 80 43 130
0.33

 No 15 74.5 19.5 75 40 110

Cardiopl volume Yes 15 170.7 45.3 160 50 250
0.61

 No 15 165.3 54.0 150 100 250

No. of grafts Yes 15 2.87 0.74 3.0 2 4
0.74

 No 15 2.93 0.59 3.0 2 4

Hours at the ICU Yes 15 72.8 7.1 72 60 96
0.17

 No 15 76.8 9.9 72 72 96

SD: standard deviation
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Graphic 1 - Serum levels of interleukin 6 in the Tmz and placebo groups

Graphic 2 - Serum levels of complement C3 in the Tmz and placebo groups

Graphic 3 - Serum levels of complement C5 in the Tmz and placebo groups
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The mean IL8 level did not reach a statistically significant 
difference (p=0.94), that is, IL8 levels in the groups progressed 
very similarly. 

The ischemic and reperfused myocardium proved to be 
a major source of IL6, IL8 and TNF-α during CABG-ECC22. 
A marked increase in IL6 and IL8 levels appear during and 
immediately after ECC. Its peak concentration occurs a few 
hours after the end of CABG-ECC, with a gradual reduction 
to normal levels in the following 24 hours23. The characteristic 
release of IL6 and IL8 in ECC has been demonstrated after 
hypothermic and normothermic surgery, but no increase in 
TNF-α levels occur in normothermic surgery, the results of 
TNF-α levels in ECC being still conflicting20,21,24. 

Of the pathophysiological aspects assessed in cardiovascular 
surgeries, the deleterious effects of ECC on the body stand 
out. Several reviews of prospective and randomized trials and 
meta-analyses of randomized trials have compared the pro- 

and anti-inflammatory effects of that procedure, and have 
evidenced the smaller inflammatory damages in procedures 
without ECC. However, no reduction in the major clinical 
outcomes, such as mortality, stroke, myocardial infarction, and 
need for reintervention, has been observed1,11,25-27.

Pintar and Collard21 have emphasized the activation 
mechanisms of C3a and C5a, IL6 and IL8, TNF-α, leukotrienes, 
and endotoxins. They have also reported a significant increase 
in endothelin-1 levels, a peptide derived from the endothelium 
that stimulates neutrophil activation and accumulation. 

Trimetazidine has a protective effect on the cardiac cell 
against the ischemia and reperfusion injury, leading to a 
reduction in the markers of myocardial aggression, of oxidative 
stress, and, thus, of inflammatory response6,28. In this clinical 
trial, which evidenced significant differences in the IL6 levels in 
the Tmz group as compared with those in the placebo group, 
a tendency towards lower C3 and C5 levels was observed, 

Graphic 4 - Serum levels of interleukin 8 in the Tmz and placebo groups

Graphic 5 - Serum levels of HS-CRP in the Tmz and placebo groups
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with no statistically significant reduction in the groups. This 
can be justified by the reduced size of the sample and the fact 
that blood collection at the third time point of the protocol 
was performed 12 hours after aortic unclamping, and that the 
complements varied at a shorter interval.  

The HS-CRP levels in the pre-operative period and 48 
hours after surgery did not significantly differ between the Tmz 
and Placebo groups (p=0.31), evolving similarly throughout 
the treatment. The baseline levels in both groups were within 
the normal range, and the 48-hour levels were over 5 mg/L.

Studies on the clinical value of CRP levels were, at first, 
directed to follow-up and therapeutic control of inflammatory 
processes. Its role as an acute phase protein is due to its 
presence in many points of the inflammatory pathway. 
Produced and released by the liver cell, a production by 
the arterial wall has been also postulated. Its formation is 
stimulated by IL1 and IL6, and it is released by macrophages 
after phagocytosis of the antigen. In the past ten years, the 
CRP role in the atherosclerotic cardiovascular disease received 
more attention, CRP tending to become a risk marker of that 
clinical condition29,30.

In a prospective study, Lorenzo et al.31 have assessed 
patients undergoing CABG-ECC, measuring CRP as a risk 
marker after CABG-ECC. Those authors have investigated 
the association between pre-operative CRP levels and death 
after surgery. Levels over 3mg/dL have been considered 
predictive in the absence of infectious or inflammatory 
findings. Mezzomo et al.32, studying patients who had 
undergone CABG-ECC, have concluded that pre-operative 
HS-CRP levels over 3 mg/L were an independent predictor 
of post-operative respiratory infection. Balciunas et al.13, in 
a prospective study, have reported that CRP is a predictor 
of post-operative complications when serum levels over  
3.3 mg/L are achieved. In the present study, no post-operative 
complications were observed in the groups during the follow-
up period until hospital discharge (15 days). In addition, 
neither a longer ICU length of stay nor the use of vasoactive 
amines was required in the presence of CRP levels over those 
reported by Serrano et al.11. 

Figueiredo and Martin-Neto33 have shown that Tmz is a 
useful drug to manage the inflammatory response following 
coronary angioplasty (PTCA). Those authors have reported 
that the pre-operative treatment with oral Tmz for three days 
reduced significantly the elevation in inflammatory markers 
before and right after PTCA. 

Di Napoli et al.34 have assessed the impact of Tmz on 
CRP levels in the chronic ischemic heart disease. Patients 
who had received that drug for 18 months maintained their 
plasma CRP levels unaltered as compared with those of the 
placebo group. Those authors have suggested that such anti-
inflammatory effect could relate to the significant reduction 
in mortality and in hospital readmissions observed after 48 
months of treatment with Tmz.

CABG-ECC seems to be the best model to associate 
inflammation with the effect of ischemia and reperfusion, 
when attempting to protect the isolated heart during prolonged 
asystole. Thus, the additional effect of Tmz in that process was 
assessed as a pre-treatment. Experimental clinical trials in that 
area have shown that Tmz has a direct anti-ischemic effect, 
limiting the accumulation of calcium, acidosis, production 
of superoxide radicals, and inflammation, leading to clinical 
benefit6,33,34.

This study had some limitations. The first relates to 
the size of the sample. Although similar to other studies 
assessing inflammatory markers before and after CABG-ECC, 
the evaluation of a larger population could provide more 
consistency and sustainability to the results. The second 
limitation relates to the temporal evaluation of some markers, 
such as IL6 and IL8, which can peak after ECC at intervals 
shorter than 12 hours, and C3 and C5, which can also be 
elevated four hours after ECC. Regarding the protocol with 
blood collections at 12-hour intervals, the results replicate 
those of some experimental studies with animals and humans 
using similar methodology. It is worth considering, for future 
studies, the use of other methodologies of myocardial 
protection, such as anterograde and retrograde continuous, 
normothermic cardioplegia. 

Conclusions
The results of this study showed a significant reduction in 

IL6 levels, evidencing that Tmz can be effective in reducing the 
inflammatory response when administered as a pre-treatment 
for patients undergoing CABG-ECC. The same effect, however, 
was not observed for the other mediators assessed, such as 
IL8, TNF-α, C3 and C5, and HS-CRP.

Acknowledgements
We thank the pharmacist Prof. Alexandre Lourenço Lopes, 

PhD, for manufacturing the placebo, following up the masking 
process, and randomizing the clinical trial. We also thank Prof. 
Igor Couto Cruz, PhD, and Rafael Nunes for analyzing the sera 
and the results, and the psycholinguist Prof. Maria do Carmo 
Lourenço-Gomes, PhD, for reviewing this text.

Potential Conflict of Interest
The authors declare no conflict of interest.

Sources of Funding 
The present study had no external financing sources.

Study Association 
This article is part of the doctorate dissertation of Gerez 

Fernandes Martins, Universidade Federal do Rio de Janeiro.

Martins et al.
Trimetazidine and inflammation in cardiac surgery

Arq Bras Cardiol 2012;99(2):688-696694



Original Article

Martins et al.
Trimetazidine and inflammation in cardiac surgery

Arq Bras Cardiol 2012;99(2):688-696

1. Larmann J, Theilmeier G. Inflammatory response to cardiac surgery: 
cardiopulmonary bypass versus non-cardiopulmonary bypass surgery. 
Best Pract Res Clin Anaesthesiol. 2004;18(3):425-38.

2. Wan S, LeClerc JL, Vincent JL. Cytokine responses to cardiopulmonary 
bypass: lessons learned from cardiac transplantation. Ann Thorac Surg. 
1997;63(1):269-76.

3. Brasileiro ALS. A injúria de reperfusão miocárdica. Rev SOCERJ. 
1997;10(2):79-88.

4. Biglioli P, Cannata A, Alamanni F, Naliato M, Porqueddu M, Zanobini M, 
et al. Biological effects of off-pump vs. on-pump coronary artery surgery: 
focus on inflammation, hemostasis and oxidative stress. Eur J Cardiothorac 
Surg. 2003;24(2):260-9.

5. Vermeiren GL, Claeys MJ, Van Bockstaele D, Grobben B, Slegers H, 
Bossaert L, et al. Reperfusion injury after focal myocardial ischaemia: 
polymorphonuclear leukocyte activation and its clinical implications. 
Ressuscitation. 2000;45(1):35-61.

6. Martins GF, Siqueira Filho AG, Santos JB, Assunção CR, Bottino F, Carvalho 
KG, et al. Trimetazidina na injúria de isquemia e reperfusão em cirurgia 
de revascularização do miocárdio. Arq Bras Cardiol. 2011;97(3):209-16.

7. Chakraborti T, Mandal A, Mandal M, Das S, Chakraborti S. Complement 
activation in heart diseases: role of oxidants. Cell Signal. 2000;12(9-
10):607-17.

8. Laffey JG, Boylan JF, Cheng DCH. The systemic inflammatory response 
to cardiac surgery: implications for the anesthesiologist. Anesthesiology. 
2002;97(1):215-52.

9. Cerqueira MD, Weissman JN, Dilsizian V, Jacobs AK, Kaul S, Laskey WK, et al; 
American Heart Association Writing Group on Myocardial Segmentation and 
Registration for Cardiac Imaging. Standardized myocardial segmentation 
and nomenclature for tomographic imaging of the heart: a statement for 
healthcare professionals from the Cardiac Imaging Committee of the Council 
on Clinical Cardiology of the American Heart Association. Circulation. 
2002;105(4):539-42.

10. Diegeler A, Doll N, Rauch T, Haberer D, Walther T, Falk V, et al. 
Humoral immune response during coronary artery bypass grafting: 
a comparison of l imited approach, “off-pump” technique, and 
conventional cardiopulmonary bypass. Circulation. 2000;102(19 Suppl 
3):III95-100.

11. Serrano CV Jr, Souza JA, Lopes NH, Fernandes JL, Nicolau JC, Blotta MH, 
et al. Reduced expression of systemic proinflammatory and myocardial 
biomarkers after off-pump versus on-pump coronary artery bypass 
surgery: a prospective randomized study. J Crit Care. 2010;25(2):305-12.

12. Biancari F, Lahtinen J, Lepojarvi S, Rainio P, Salmela E, Pokela R, et al. 
Preoperative C-reactive protein and outcome after coronary artery bypass 
surgery. Ann Thorac Surg. 2003;76(6):2007-12.

13. Balciunas M, Bagdonaite L, Samalavicius R, Griskevicius L, Vuylsteke A. 
Pre-operative high sensitive C-reactive protein predicts cardiovascular 
events after coronary artery bypass grafting surgery: a prospective 
observational study. Ann Card Anaesth. 2009;12(2):127-32.

14. Whitten CW, Hill GE, Ivy R, Greilich PE, Lipton JM. Does the duration of 
cardiopulmonary bypass or aortic cross-clamp, in the absence of blood 
and/or blood product administration, influence the IL-6 response to 
cardiac surgery? Anesth Analg. 1998;86(1):28-33.

15. Bucerius J, Gummert JF, Borger MA, Walther T, Doll N, Onnasch JF,et al. 
Stroke after cardiac surgery: a risk factor analysis of 16,184 consecutive 
adult patients. Ann Thorac Surg. 2003;75(2):472-8.

16. Nissinen J, Biancari F, Wistbacka JO, Peltola T, Loponen P, Tarkiainen P, et 
al. Safe time limits of aortic cross-clamping and cardiopulmonary bypass 
in adult cardiac surgery. Perfusion. 2009;24(5):297-305.

17. Tárnok A, Hambsch J, Emmrich F, Sack U, van Son J, Bellinghausen W, et 
al. Complement activation, cytokines, and adhesion molecules in children 
undergoing cardiac surgery with or without cardiopulmonary bypass. 
Pediatr Cardiol.1999;20(2):113-25.

18. Ascione R, LIoyd CT, Underwood MJ, Lotto AA, Pitsis AA, Angelini GD, et 
al. Inflammatory response after coronary revascularization with or without 
cardiopulmonary bypass. Ann Thorac Surg. 2000;69(4):1198-204.

19. Quaniers JM, Leruth J, Albert A, Limet RR, Defraigne JO. Comparison 
of inflammatory responses after off-pump and on-pump coronary 
surgery using surface modifying additives circuit. Ann Thorac Surg. 
2006;81(5):1683-90.

20. Kawamura T, Wakusawa R, Okada K, Inada S. Elevation of cytokines 
during open heart surgery with cardiopulmonary bypass: participation 
of  in ter leukin 8 and 6 in  reper fus ion in jury.  Can J  Anaes th . 
1993;40(11):1016-21.

21. Pintar T,  Col lard CD. The systemic inf lammatory response to 
ca rd iopu lmonary  bypas s .  Anes thes io l  C l in  Nor th  Amer ica . 
2003;21(3):453-64.

22. Wan S, DeSmet JM, Barvais L, Goldstein M, Vincent JL, LeClerc JL. 
Myocardium is a major source of proinflammatory cytokines in patients 
undergoing cardiopulmonary bypass. J Thorac Cardiovasc Surg . 
1996;112(3):806-11.

23. Tonnesen E, Christensen VB, Toft P. The role of cytokines in cardiac surgery. 
Int J Cardiol. 1996;53(Suppl):S1-10.

24. Tavares-Murta BM, Cordeiro AO, Murta EF, Cunha Fde Q, Bisinotto FM. 
Effect of myocardial protection and perfusion temperature on production 
of cytokines and nitric oxide during cardiopulmonary bypass. Acta Cir Bras. 
2007;22(4):243-50.

25. Frering B, Philip I, Dehoux M, Rolland C, Langlois JM, Desmonts 
JM. Circulation cytokines in patients undergoing normothermic 
cardiopulmonary bypass. J Thorac Cardiovasc Surg. 1994;108(4):636-41.

26. Feng ZZ, Shi J, Zhao XW, Xu ZF. Meta-analysis of on-pump and off-pump 
coronary arterial revascularization. Ann Thorac Surg. 2009;87(3):757-65.

27. Kuss O, Salviati BV, Börgermann J. Off-pump versus on-pump coronary artery 
bypass grafting: a systematic review and meta-analysis of propensity score 
analyses. J Thorac Cardiovasc Surg. 2010;140(4):829-35.

28. Bonello L, Sbragia P, Amabile N, Com O, Pierre SV, Levy S, et al. Proctetive 
effect of an acute oral loading dose of trimetazidine on myocardial injury 
following percutaneous coronary intervention. Heart. 2007;93(6):703-7.

29. Denardi CAS, Casella Filho A, Chagas ACP. A proteina C-reativa na 
atualidade. Rev SOCERJ. 2008;21(5):329-34.

30. Correia LCL, Esteves JP. Proteína C-reativa e prognóstico em síndromes 
coronarianas agudas: revisão sistemática e metanálise. Arq Bras Cardiol. 
2011;97(1):76-85.

31. Lorenzo AR, Pitella FJM, Chimelli AP, Rocha ASC. Proteína C reativa: novo 
marcador de risco após cirurgia de revascularização miocárdica? (abstract). 
Rev Bras Cardiol. 2010;23(supl A):71.

32. Mezzomo A, Bodin OL Jr, Lucia V. Proteína C reativa pré-operatória prediz 
infecção respiratória após cirurgia de revascularização miocárdica. Arq Bras 
Cardiol. 2011;97(5):365-71.

33. Fiqueiredo LG, Martin-Neto JA. Proteina C-reativa elevada e intervenção 
coronária percutânea: causa ou efeito? Rev Bras Cardiol Invas. 
2000;14(1):7-9.

34. Di Napoli P, Di Giovanni P, Gaeta MA, Taccardi AA, Barsotti A. Trimetazidine 
and reduction in mortality and hospitalization in patients with ischemic 
dilated cardiomyopathy: a post hoc analysis of the Villa Pini D’Abruzzo 
Trimetazidine Trial. J Cardiovasc Pharmacol. 2007;50(5):585-9.

References

695



Original Article

Martins et al.
Trimetazidine and inflammation in cardiac surgery

Arq Bras Cardiol 2012;99(2):688-696696


