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Abstract

Introduction: Coronary artery bypass surgery remains the gold standard in the treatment of patients with ischemic heart disease.
However, the increased oxidative stress caused by the release of free radicals during the ischemia-reperfusion time is a well-known
pathophysiological process during and after coronary revascularization procedures. It may lead to reversible and irreversible myocardial
injury.

The focus of this prospective single-blinded randomized controlled trial is to investigate and analyze the effectiveness of the drug
trimetazidine on reducing postoperative myocardial ischemia-reperfusion injury.

Aim: We evaluated the effects of trimetazidine on reactive oxygen species that may arise from myocardial ischemia-reperfusion period
or systemic inflammation after coronary artery bypass grafting (CABG) surgery.

Materials and methods: The study included 90 patients divided into two groups who underwent elective coronary artery bypass sur-
gery between March 2018 and October 2018. The patients in one of the groups received 35 mg trimetazidine twice daily as soon as they
were extubated. The remainder of the pharmaceutical therapy was the same for all participants. Preoperative and postoperative levels
of several blood-based biochemical markers including malondialdehyde (MDA), creatinine kinase-MB fraction (CK-MB) and high-
sensitivity troponin T (hs-TnT) were measured. The data was classified and analyzed by the timing of sample collection.

Results: The results indicate that postoperative trimetazidine medication reduces MDA production, resulting in reduced oxidative
stress and improved cardiac cell protection via antioxidant status augmentation. The follow-up was 6 months after the surgery. The Min-
nesota Living with Heart Failure Questionnaire was used to assess the quality of life of patients, and the results were excellent.

Conclusions: Postoperative trimetazidine therapy leads to improvement of the myocardial cell metabolism and thus reduction in post
CABG ischemia-reperfusion injury.
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INTRODUCTION

Coronary artery disease (CAD) is one of the leading
causes of death worldwide, including in Bulgaria, ac-
counting for 66% of all ischemic heart disease-related
deaths, including acute myocardial infarction. It is dif-
ficult to pinpoint the precise point at which human civi-
lization became aware of the coronary artery disease. It
is common knowledge that Leonardo da Vinci was the
first to study the coronary arteries. The first person to
claim that the reduced blood flow through the coronary
arteries is the cause of CAD was Friedrich Hoffmann
(1660-1742).1Y The idea that a blockage in a coronary
artery’s blood flow causes a myocardial infarction was first
put forth by Adam Hammer in 1876.2!

Direct identification of stenotic and occlusive athero-
sclerotic lesions in coronary arteries during an individu-
al’s lifespan became possible after Sones and Shirley at the
Cleveland Clinic developed coronary angiography in the
early 1960s.1>! This was definitely a watershed moment in
cardiovascular care history.

The days when Dr Lillehei and his surgical team per-
formed the first open-heart surgery utilizing controlled
cross-circulation and Dr Dennis et al. used the first pump
oxygenators are long gone thanks to Dr. Gibbon’s inven-
tion of the heart-lung machine, which was recognized as
one of the biggest inventions of the mid-20th century. This
marked the beginning of the modern era of heart surgery
and the treatment of coronary artery disease.[*®!

The first reported arterial graft used in the treatment of
CAD was the left internal mammary artery (LIMA) anas-
tomosed to the left anterior descending (LAD) coronary
artery done in 1964 by Kolesov in Leningrad while Faval-
oro in 1967 became the first surgeon to perform coronary
artery bypass grafting (CABG) surgery with the saphenous
vein (SVG) as a conduit.””#! Energy metabolism disorders
are the common pathological basis of many chronic diseas-
es including the cardiovascular ones.”) Recent studies sug-
gested that the development of atherosclerosis and CAD
is accompanied by energy reduction in the mitochondria,
which in fact are the main energy producers and cellular
metabolism regulators.[1®11]

Mitochondrial dysfunction can directly promote cell
death, inflammation, and oxidative stress and ultimately
modify normal cell metabolism.!'?! This pathophysiologi-
cal change can be seen in the cardiac cell homeostasis as
well, occurring during the reperfusion injury processes in
variety of conditions such as angina, myocardial infarction,
as well as in CABG surgery, percutaneous coronary inter-
ventions (PCI), etc.

The overproduction of free radicals, such as superoxide
anion and hydrogen peroxide, causes myocardial reper-
fusion injury. These free radicals are removed by a series
of scavenger enzymes and antioxidants in the cardiac
cell.1314]

The cellular damage can be either reversible or irrevers-
ible depending on a variety of conditions such as duration
of the ischemia, the existence of collateral circulation, the

rapidity of restoration of physiological pH at the time of
reperfusion, etc.[1>16]

Regardless of the fact that complete revascularization is
achieved, a significant percentage of patients who have un-
dergone CABG surgery or PCI will experience a recurrence
of anginal symptoms.!17-19]

Therefore, optimal post-procedural medical thera-
py will remain a substantial part of the antianginal treat-
ment. Beta-blockers and nitrates are first-choice anti-isch-
emic agents, while nicorandil, ivabradine, ranolazine, and
trimetazidine are recommended as second-line treatment
drugs.[20-22]

Trimetazidine is a well-known anti-ischemic metabol-
ic modulator. The manifestation of its cardio-protective
action is by modulating the cardiac metabolism through
inhibition of long-chain 3-ketoacyl-CoA thiolase activity
resulting in free fatty acid oxidation reduction and shifting
substrate utilization from fatty acid to glucose without af-
fecting the hemodynamics.?*) Therefore, it is an excellent
complementary drug to the CAD treatment improving the
endothelial function and vasodilatory effect on coronary
arteries.[?! It also has short- and long-term beneficial ef-
fects in diabetes patients by decreasing the fasting glucose
plasma levels without affecting the lipid file.[?”]

AIM

The aim of our study was to investigate the effects of
trimetazidine on reactive oxygen species that may arise
from myocardial IR or systemic inflammation after CABG
surgery. For this purpose, a number of laboratory markers,
including CPK-MB, TrT, and MDA, as a trace of oxidative
stress, and functional indicators were measured in a six-
month period after surgery.

MATERIALS AND METHODS

The study was approved by the local medical Ethics Com-
mittee and all the patients gave their informed consent.

The study design was a prospective, single-blinded,
randomized controlled trial. A total of 93 patients under-
went elective isolated CABG surgery at our center between
March 2018 and October 2018. Of these, 2 patients devel-
oped acute renal failure requiring continuous central ve-
no-venous hemodiafiltration and one patient required pro-
longed mechanical ventilation (>48 h) and were excluded
from the trial.

The final study cohort comprised 90 patients (Table 1),
preoperatively divided into 2 groups: group 1, the study
group: 34 male and 11 female patients (n=45), who re-
ceived 35 mg of trimetazidine twice daily immediately after
extubation, and group 2, the control group: 33 male and
12 female patients (n=45), who were administered placebo.
The remaining medical therapy was identical to all of the
participants: acetylsalicylic acid (ASA) 100 mg daily, rosu-
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vastatin 10 mg daily, metoprolol 50 mg twice daily, perin-
dopril 5 mg daily, and gliclazide 60 mg daily.

The exclusion criteria included emergent or redo-oper-
ation, severe left ventricular dysfunction with left ventri-
cle ejection fraction (LVEF) below 40%, permanent atrial
fibrillation (AF), renal or liver dysfunction, pulmonary dis-
ease, and insulin-dependent diabetes.

Series of pre- and postoperative assessments were ob-
tained for all patients such as: transthoracic echocar-
diogram: 12 hours before the operation, 1 hour after the
operation, on discharge, and six months after the CABG
procedure (Table 2).

The CK-MB (Table 3) and hs-TrT (Table 4) blood levels
were examined 12 hours prior to, 12 hours after the opera-
tion, and 6 months after the procedure.

The blood samples for the MDA (Table 5) evaluation
were taken 12 hours prior to surgery and 12 hours, 1 and 6
months after the surgery.

To minimize the impact of the surgical team members
on the results, all surgical procedures were performed by
the same surgical team.

Operative technique

All patients were operated using standard cardiopulmonary
bypass (CPB) technique, and the myocardium was protect-
ed using intermittent cold-blood cardioplegic solution, ad-
ministered in retrograde and antegrade fashion. After a full
median sternotomy, the LIMA was harvested by a no-touch
technique as a pedicled graft and treated with papaverine
solution. The SVG was harvested from both lower legs si-

Table 1. Demographic and preoperative characteristics

Postoperative Trimetazidine in CABG

multaneously with the LIMA. After harvesting the conduits,
the patient was heparinized (300 U/kg), and CPB initiated
in a standard fashion. The aorta was clamped and the car-
dioplegic solution administered. Distal anastomosis was per-
formed: SVG to the right coronary artery (RCA) and the cir-
cumflex artery (RCX), and the LIMA to the LAD. The aorta
was declamped and after that partially clamped with Sat-
insky clamp to perform the proximal SVG anastomoses to
the RCA and RCX. After the end of the procedure and CPB
termination, the heparin was fully reversed using protamine.

RESULTS

The demographic and preoperative characteristics of the
patients are summarized in Table 1. The study groups
mean age at the time of surgery was 62.97£9.45 years,
with 34 male patients (75.6%); the control group’s mean
age was 64.18+6.54 years, with 33 male patients (73.3%).
All patients had three-vessel CAD. Eleven patients (24%)
in the study group had previously been deployed a total of
16 stents, while 14 patients (31%) in the control group had
previously been implanted a total of 19 stents. Overall lo-
gistic euroSCORE II (European System of Cardiac Opera-
tive Risk Evaluation) was low for both groups: 1.6+0.4 and
1.5+0.7, respectively.

Every patient received coronary artery bypass grafting
which was performed using CPB. There was no significant
difference between the 2 groups regarding sex, age, BMI,
duration of the CPB, and aortic cross-clamp time or the
total number of grafts. There were no hospital deaths.

. Group 1, study group Group 2, control group
Characteristic (n=45) V8 (n=45) 8 P
Sex (male) (%) 34 (75.6%) 33 (73.3%) >0.05
Age (years) 62.97+9.45 (55-72) 64.18+6.54 (52-75) >0.05
BMI 29.3 (23.1-32.4) 29.6 (24.2-31.9) >0.05
Diabetes type IT (%) 45 (100%) 45 (100%) >0.05
Arterial hypertension (%) 68.8% (n=31) 64% (n=29) >0.05
Hyperlipidemia (%) 66.6% (n=30) 68.8% (n=31) >0.05
Elective (n) 100% (n=45) 100% (n=45) >0.05
Patients with stent deployment (n) 24% (n=11) 31% (n=14) >0.05
Total number of stents deployed (n) 16 19 >0.05
EuroSCORE II 1.6+0.4 1.5+0.7 >0.05

Table 2. Intraoperative data
Group 1, study grou Group 2, control grou
Characteristic (n=45p) ¥ group (n=4 ; group p
CPB time (min) 43.743.3 (38-51) 43.5+3.8 (38-55) >0.05
Ao Cross-clamp time (min) 27.4+2.5 (22-31) 28.2+2.7 (21-34) >0.05
Number of bypass grafts performed (n) 135 135 >0.05
Venous bypass grafts (n) 90 90 >0.05
Off-pump procedures (n) nil nil -
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There were no significant differences between the two
groups in the CK-MB, hsTrT and MDA baseline values or
the preoperative hemodynamic data (Tables 3, 4, 5, 6).

In summary, the data suggests that postoperative
trimetazidine treatment does not lead to improvement in
the LVEE, but leads to decrease in MDA production, and

therefore to oxidative stress reduction and better myocar-
dial cell protection by antioxidant status augmentation
(Table 7).

Regarding the overall hospital stay, there was a trend
(with marginal statistical significance) for a shorter hospi-
tal stay in the study group.

Table 3. LVEF
L. Group 1, study group Group 2, control group
h P
Characteristic (n=45) (n=45)
12 hours preoperatively (%) 44.14£0.2 (41-51) 45.242.7 (41-51) >0.05
1 hour post-operatively (%) 43.8+5.7 (38-48) 44.6+3.2 (39-51) >0.05
At discharge (%) 47.5+2.8 (43-53) 47.842.9 (43-55) >0.05
6 months after surgery (%) 54.4+3.2 (48-62) 53.9+3 (49-57) >0.05
Table 4. MB-CK levels
L. Group 1, study group Group 2, control group
h p
Characteristic (n=45) (n=45)
12 hours preoperatively (U/1) 2.9+0.2 (2.4-3.6) 2.9+0.2 (2.4-3.5) >0.05
12 hours post-operatively (U/1) 37.9+5.7 (29-49) 37+5.9 (27-49) >0.05
6 months after surgery (U/1) 3.1+0.4 (2.1-3.8) 3.240.3 (2.7-3.8) >(0.05
Table 5. hs-TrT levels
.. Group 1, study group Group 2, control group
h p
Characteristic (n=45) (n=45)
12 hours preoperatively (U/1) 19.9+1.1 (18.3-22.1) 20.5%2.1 (18.3-31.1) >0.05
12 hours post-operatively (U/1) 187.2+8.9 (165-206) 186.8+12.5 (166-221) >0.05
6 months after surgery (U/1) 19.4+1.1 (17.9-22) 19.6+1.2 (18.1-22.3) >0.05
Table 6. MDA levels
. Group 1, study group Group 2, control group
P
Characteristic (n=45) (n=45)
12 hours preoperatively, (umol/ml) 236+11 (223-243) 232+12 (219-244) >0.05
12 hours post-operatively (umol/ml) 287+18 (269-303) 284+20 (264-300) >0.05
1 month after surgery (umol/ml) 227+9 (211-233) 270+14 (260-282) <0.05
6 months after surgery (umol/ml) 211+7 (205-216) 23113 (221-239) <0.05
Table 7. Postoperative data
L. Group 1, study group Group 2, control group
h p
Characteristic (n=45) (n=45)
Cardiac ward stay (hrs) 23.4+2.9 (17-29) 23.3+2.6 (18-28) >0.05
In-hospital stay (days) 6.8+0.8 (5-8) 7.1+0.7 (5-8) <0.05
Total blood loss (ml) 255.7460.6 (170-410) 276+66.2(180-440) >0.05
Postoperative angiogram (n) 45 45 >0.05
Graft occlusion (n) nil nil
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The follow-up went for 6 months after the surgery. There
were no ischemic incidents in all patients. The quality-of-life
assessment by Minnesota Living with Heart Failure Ques-
tionnaire was conducted and revealed excellent results.

DISCUSSION

We performed this study in open-heart surgery patients,
because the best investigative model of myocardial isch-
emia-reperfusion (IR) injury is the cardioplegic-arrested
heart during heart surgery.

Reperfusion of ischemic areas, especially reperfusion
with oxygen, may contribute further to the tissue damage
known as reperfusion injury. IR injury causes microvascu-
lar damage, reversible contractile dysfunction known as
myocardial stunning and in some cases irreversible myo-
cyte damage and finally, reperfusion can cause necrosis of
the ischemic myocardium. Many studies have confirmed
that IR during heart surgery increases oxygen free radicals
and highly active molecules, such as the O,, OH, and H,O,.
These radicals have important roles in the microvascular
dysfunction of organ disorders and these functional abnor-
malities can lead to organ death, a consequence of IR inju-
ry after cardiac arrest. Increased oxidative stress can also
cause oxidation of proteins and lipids, which may lead to
molecular and cellular dysfunction. Oxygen free radicals
react with polyunsaturated lipids in membranes, creating
lipid peroxidation products that can inhibit protein synthe-
sis and alter enzyme activities. Oxidation of polyunsaturat-
ed fatty acids of membrane phospholipids can cause mem-
brane disintegration, mitochondrial dysfunction, and Ca**
overload. Free radicals react with membrane-bound lipids
and lead to lipid peroxidation.

CPB is associated with greater than normal lipid peroxi-
dation and with an imbalance in the status of antioxidants.

Malondialdehyde, which is produced during the lipid
peroxidation of polyunsaturated fatty acids, is a marker
for the oxidative destruction of cellular membranes. It in-
duces a negative cardiac mechanical effect. An increase in
the level of antioxidants may make the heart more resis-
tant to IR injury.

Administration of antioxidants reduces the cardiac cell
injury and dysfunction during open heart surgery and
during acute ML)

MDA was measured pre- and post-operatively as oxida-
tive stress marker.

Trimetazidine is an anti-ischemic agent; it inhibits the
long-chain mitochondrial 3-ketoacyl coenzyme A thiolase
enzyme in the myocyte, which in turn causes partial in-
hibition of fatty acid oxidation and an increase in glucose
oxidation. It increases the antioxidant capacity and pro-
tects against oxygen free radical-induced toxicity, counter-
acts the Ca** overload, and reduces the area of necrosis.
Trimetazidine is conventionally used mainly for patients
with coronary or cerebrovascular disease. It has no effects
on coronary flow, contractility, or heart rate, suggesting

Postoperative Trimetazidine in CABG

that it acts by directly improving myocardial energy metab-
olism. Trimetazidine can bind to mitochondria and it sig-
nificantly increases the rate of glucose oxidation and reduc-
es the rate of fatty acid oxidation. It is metabolized in the
liver and excreted via urine, so patients with renal failure
or liver dysfunction were not included in this study.[41¢]

Postoperative treatment with trimetazidine is associat-
ed with an increase in the major antioxidant enzyme sys-
tems, but did not change postoperative hemodynamics,
and therefore it has an important role in protecting against
IR injury by increasing endogenous antioxidants. Some
authors have found significantly lower cardiac troponin-T
levels in a trimetazidine pretreatment group during CABG.
The increase in endogenous antioxidants and stability of
the MDA levels in the systemic venous samples indicate
regulation of oxidative stress in the whole body, and may
not be directly connected to the heart.23-2°)

CONCLUSIONS

In our study, there was no difference in improvement in
LVEF 6 months after CABG surgery between groups, but
there was a decrease in the MDA levels and shortening
of the hospital stay in the trimetazidine group compared
to the control group. Because of the protective effect of
trimetazidine against IR injury, it must be considered in the
medical treatment protocol after a CABG surgery.
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Pe3tome

BBefieHne: AopTOKOpOHAPHOE IIYHTIPOBAHIE OCTAETCS 30/I0THIM CTAHAAPTOM JIeIeHIsI AI[IIEHTOB C NIIeMUIeCKOil 60/Ie3HbIO Cepfi-
11a. OFHAKO MOBBILIEHHbIIT OKICTUTEIbHBII CTPECC, BbI3BaHHbII BRICBOOOXKAEHNEM CBOOOSHBIX PafMKaIOB BO BPeMs MIIIeMIUI-Perep-
Gbysuu, AB/LIETCS XOPOIIO M3BECTHBIM MATO(PU3MOTIOINYeCKIM IIPOLIeCCOM BO BPeMsI I IIOC/Ie IIPOLIeAyp KOPOHAPHOI PeBacKy/LIpH3a-
1. TO MOXKET IPUBECTI K 00PaTHMOMY U HeO0OPaTUMOMY IIOBPeXAEHNI0 MIOKap/a.

HeHbIO 9TOr'0 NMPOCIHEKTMBHOIO OAVMHOYHOI'O CIEIIOr0 paHTOMU3MPOBAHHOTIO KOHTPO/MNPYEMOI'O NCCIENOBAHNA ABNACTCA N3YIECHNE U
aHa/Im3 aq)q)eKTI/[BHOCTI/I IIperniapaTta TPUMETA3NAVNH B CHVDKEHNN ITOC/IEONIEPAIVIOHHOTO I/IH.ICMI/I‘{CCKOI‘O—peHep(l)ySI/IOHHOI‘O TIOBPEX-
AE€HNA MMOKap/aa.

Llenb: Mbl onleHnn BIMsAHME TPUMETA3U/IMHA Ha aKTUBHbIE POPMBI KMCIOPO/a, KOTOPble MOIYT BO3HUKHYTD B pe3y/IbTaTe Iepyuofia
niemMun-penepysun MIUOKappa UIn CUCTEMHOTO BOCII/IEHNA MIOCTIe Ollepaliyi a0pTOKOpoHapHoro myHTrpoBanus (CABG).

Matepuanbl n MeTofbl: B uccnenoBanye BKaoYeHbl 90 MalMeHTOB, pasfieNI€HHBIX Ha [Be TPYIIIIbI, ONlepYPOBAHHBIX I/IAHOBO 1 IIe-
peHECIINX U30MMPOBAHHOE A0PTOKOPOHAPHOE LIYHTUPOBaHNe B Iepuof ¢ Mapta 2018 r. mo okTa6pp 2018 r. IlayenTsl ogHOI U3
TPYIII MOMYYaIM TPMMETa3UANH 1o 35 mg 2 pasa B CYyTKM cpasy ke mocie popoB. OHy 6bumn 3KCTy6upoBansl. OcTambHasl YacTh
bapmareBTIYeCKOI Teparyy OblIa OZMHAKOBOI /s BCEX YYaCTHUKOB. BbIIN M3MepeHbI pefolepalioHHbIe I IT0CIe0IepPaIIOHHbIE
YPOBHH HECKOIbKIX OMOXMMIYECKIX MapKepOB KPOBH, BK/IIOUas MalloHOBOII fuanpaers (MDA), dpakiuio kpeaTHHHHKIHA3bI-MB
(CK-MB) 1 BricokouyBcTBuUTenbHb TponornH T (hs-TnT).

JlaHHBIe 6bIIM KTacCQUIMPOBAHBI U IPOAHAM3UPOBAHBI IO BpeMeHU cbopa Impoo.

Pe3ynbraTtbl: Pe3ynbraThl HOKa3bIBAIOT, YTO IIOC/ICONEPALIOHHOE JIeYeHMe TPUMETAa3UANHOM CHIDKaeT BoipaboTKy MDA, uto mpu-
BOJIUT K CHIDKEHUIO OKMCIMTEIbHOIO CTPECCa M YAy4LUIEHUIO 3aLUThl CEPICYHbIX K/IETOK 3a CYET IIOBBILIEHNUSA aHTUOKCULAHTHOTO
craryca. HabmrofieHne ocyIecTBaAnoCh depes 6 Mecsnes mocie oneparnyu. OlieHKa KadecTBa XMU3HMU C IIOMOIbI0 MIHHECOTCKOTO
OIPOCHVKA Ka4eCTBA )XU3HI OOIbHBIX CEPAEIHOI HELOCTATOYHOCTDHIO TOKA3a/Ia OT/INYHbIE Pe3y/IbTaThl.

3akntoueHue: IlocneonepauoHHas Tepanus TPUMETasIANHOM IIPUBOANT K YIYUIICHNIO MeTabo/IM3Ma KJIeTOK MIOKap/a 11, CIIefi0Ba-
TEJIbHO, K CHVDKEHUIO MIIeMIYeCKI-peneppy3noHHOro moBpesxaenns nocie CABG.
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