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Abstract- Pharmacologic-conjugated-cardioplegia is one of the strategies against ischemia and reperfusion.
The aim of this study was to investigate the impact of nitroglycerin on myocardial protection and postoperative
outcomes. This was a case-control study performed on 91 patients undergoing coronary artery bypass grafting
in Faghihi Hospital, Shiraz University of Medical Sciences. Patients were randomly divided into case and
control groups. Trinitroglycerin Conjugated Cardioplegia on Myocardial Protection of Patients with Coronary
Artery Bypass Grafting. As a result of nitroglycerin, the number of patients requiring inotrope administration
was increased. No other significant alteration was observed between two groups in neither of ischemic features
nor postoperative outcomes. In conclusion, nitroglycerin conjugated cardioplegia, with the condition of this
study, demonstrated a negative inotrope requirement without improvement in myocardium protection.
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Introduction

Recently, myocardial protection has become an
essential criterion in any cardiac surgery under cardiac
arrest or in off-pump coronary artery bypass (OPCAB)
procedures to protect myocardium and hinder ischemia or
reperfusion-induced damage during cardiac operation.
Up to now, a number of myocardial protection procedures
during cardiac surgery have been more appealed
including temperature modulation (cold, tepid, or warm),
delivery single-dose or multi-dose infusion, crystalloid or
blood cardioplegia, direction (antegrade or retrograde) of
cardioplegia, intermittent or continuous infusion, and
cold or warm induction (1).

Cardioplegia protects myocardium by reducing
metabolism and thereby increasing cardiac capacity for
prolonged ischemia cardiac operations. However,
cardioplegia protects the heart during surgery, temporary
myocardial ischemia and then reperfusion, result by
surgical trauma, manipulation of the heart, pericardial
suction or genetic predisposal can trigger a higher
systemic inflammatory response (2,3). Warmblood
cardioplegia and cold crystalloid cardioplegia are the two
main types of cardioplegic solutions used in coronary
artery bypass graft (CABG) surgery, but there is still a
controversy about the side effects and effectiveness of

cardioplegic solutions (1). Although there are a few
studies to compare inflammatory response and oxidative
stress in different types of cardioplegia (4-7), it has been
shown that types of cardioplegia are not specifically
associated with neither the systemic inflammatory
response nor the oxidative stress (8). Blood cardioplegia
protective effects against myocardial damage during
ischemia and reperfusion have been shown to be
associated with greater oxygen-supply capacity (more
aerobic metabolism), greater acid-base balance capacity,
and higher osmotic pressure (9).

Pharmacological strategies are additional methods for
myocardial protection which have been investigated
experimentally and clinically in cardiac surgery.
Therapeutic benefits of the non-selective inhibitor of
Na+/H+ exchangers, such as amiloride and HOE694, or
selective inhibitors, such as Cariporide, were the first
demonstrations against ischemia and reperfusion when
administered into crystalloid cardioplegic solutions (10-
15). Nicorandil drug is known as an activator for both
sarcolemmal and mitochondrial KATP (mitoKATP)
channels and has been shown to display a
cardioprotective effect through the mitoKATP channel
activation (16,17). Nicorandil infusion (intravenous)
along with antegrade cold-blood cardioplegia
significantly reduced postoperative troponin T (18).
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Adenosine cold-blood cardioplegia on patients with heart
valve replacement has been shown to decrease
postoperative troponin | and interleukin levels and also to
reduce the extent of myocardial injury assessed by
electron microscopy (19). Adenocaine cardioplegia
decreases coronary vascular resistance and enhances
myocardial oxygen consumption (20) by maintaining the
myocardial cell membrane potential at its resting state
(21). Esmolol cardioplegia, histidine—tryptophan—
ketoglutarate, and natriuretic peptide (hANP shot) are
other examples of pharmacological strategies at the time
of cardioplegic infusion with enhancing cardioprotective
effects (22-25).

Trinitroglycerin (TNG) increases the level of cGMP,
by activating Guanly Cyclase, which triggers to inhibition
of smooth muscle contraction; so, TNG can affect arteries
contraction and as a result dilation of veins (26). TNG
cardioplegia on patients with coronary artery bypass
surgery has shown the cardioprotective effect by lowering
vascular resistance and cardiac infarction (27,28).
Regarding the effect of TNG on dilation of veins and
limited studies conducted on TNG cardioplegia, in this
study, we aimed to investigate the role of TNG on the
protective effect of cardioplegia on myocardium with
respect to post-operative and ischemic outcomes.

Materials and Methods

Patients

This case-control study was performed on 91 patients
with coronary artery occlusion who were candidates for
coronary artery bypass grafting.

Inclusion and exclusion criteria

Patients with a history of infarction, arterial
fibrillation, and positive serum troponin at zero time
(running time of cardiopulmonary pump) were excluded.
Patients with all three major vessels involved and with
left ventricle ejection fraction (EF) of >40% were entered
into the study.

Performance

One hour before anesthesia, patients received 0.05-0.1
mg/kg intravenous morphine. The cardiac performance
was monitored using precordial leads, and blood pressure
were monitored with respect to the left radial artery.
Analgesic drug administration were started with
midazolam (0.03-0.05 mg/kg), sufentanil (1.5-2 mg/kg),
and sodium thiopental (1-2 mg/kg). To facilitate
intubation pancuronium bromide (0.15 mg/kg), to keep
anaesthesia propofol (50-150 mg/ml) and remifentanil
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(0.1-1 mg/min) were injected continuously. The
temperature of the patient was maintained at 34-32° C
during operation and the central venous pressure was kept
at about 16-8 mm Hg. Crystalloid cardioplegia was
injected at aortic root and with 15-20 cc/kg per 3 min. The
cardioplegia compositions were including lactate Ringer
solution as the base solution, which the following
materials added to it: Potassium meq/L30, bicarbonate
meq/45%, magnesium sulfate mg/kg/30%, lidocaine
mg/1100. The hematocrit of this solution was 18-22%. For
assessment of serum cTnl, Chemiluminescent Enzyme
Immunoassay (CLEIA) was performed using the
PATHFAST reagent kit (Mitsubishi Chemical Medience
Corporation). Heparin sodium, heparin lithium or
ethylenediaminetetraacetic acid (EDTA) was used as
anticoagulation. Fibrin and coagulation debris was
removed by centrifugation.

Ethical consideration

The study was carried out in accordance with the
Declaration of Helsinki, and the ethics committee of the
X University of Medical Sciences approved the protocols
of the study. The study procedure and probable side
effects were explained to patients, and written consent
was acquired. The patients’ records were kept
confidential.

Data analysis

Qualitative and quantitative data were reported as
frequency (%) and  meantstandard  deviation,
respectively. Statistical analysis was performed with
respect to Pearson Chi-square, t-test, ANOVA, and
P<0.05 was considered significant. All data were
analyzed with IBM SPSS Statistics for Windows, version
19.0 (SPSS Inc., Chicago, Illinois, USA).

Patient and public involvement

The patients and participants were aware of the study.
They were explained completely about the study process,
the reason for the study, the advantages of the study, and
the probable side effects. All patients participate in the
study according to their desire and willingness. Each
stage of the study was explained to them and all
participants were notified about the result of the study.

Results
Patients were randomly distributed in each case and
control groups. As presented in table 1, except for age, no

statistically significant difference was observed between
the case and control group. The average age for the case
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group was 58.10+39.02, and that of the control group was

62.11+85.3 (P=0.05).

Table 1. Demography of patients who underwent cardiac bypass *

Pearson
Case Control Overall P Cl 95% Chi-
Square
Gender - - -- 04 - 0.71
Male 36 (81.8) 35 (74.5) 71(77.2) - -- -
Female 8(18.2) 12 (25.5) 20 (21.7) - -- -
Age 58.10 +
(year) 3902 62.11+85.3 60.10 £69.8 0.05 0.003-8.9 -
Diabetes 20 (45.5) 25 (53.2) 45 (48.9) 0.43 - -
Coronary Hypertension 27 (61.4) 25(53.2) 52 (56.5) 0.43 - -
artery Smoking 7(15.9) 12 (25.5) 19 (20.7) 0.25 - -
occlusion risk  Hypercholesterolemia 17 (38.6) 30 (63.8) 47 (51.1) 0.016 -- -
factors Prewogs myocardial 0(0) 2(43) 222) 0.16 3 B
infarction
Pre-operative EF, % 536+226  5456+0.2 536+9.4 0.33 -1.4-4.07 -

* Data are presented as mean = standard deviation or No. (%)

To assess TNG efficacy on myocardial protection
under cardioplegia and ischemic parameters, some of the
trans and postoperative factors were monitored and
compared between case and control group. There was no

difference between case and control group, except in term
of inotropic usage. The number of patients with inotropic
usage in the case group was significantly higher than that
of the control group (P=0.002) (Table 2).

Table 2. Comparison of ischemic and postoperative parameters between study and placebo groups

Case Control P Cl 95%
Cardiopulmonary bypass (CPB) time, min 49.6 +10.3 48+9 0.45 -55-25
Cross Clamp time, min 269+4.6 27.3+538 0.7 -1.7-26
Graft number 4+0.9 4+08 0.96 -
Arterial fibrillation 6 (13.6) 3(6.4) 0.25 -
IABP ! by the operation 1(2.3) 0(0) 0.3 -
IABP after operation 0(0) 0(0) 0 -
Postoperative cardiopulmonary resuscitation 0 (0) 1(2.1) 0.33 -
Administration of antiarrhythmic by the operation 9 (20.5) 12 (25.5) 0.56 -
Administration of antiarrhythmic after the operation 10 (22.7) 8 (17) 0.5 -
Intraoperative DC shocks required 6 (13.6) 10 (21.3) 0.34 -
Inotropic administration 30 (68.2) 17 (36.2) 0.002 -
Time of Inotrope drug, hr 13.6 £8.2 19.6 £12.5 021 -28-114
cTnl, ng/ml 1+09 24+14 0.19 -0.62-1.3
Number of inotropes 19+12 24+14 0.19 -0.62-1.3
ICU stay, day 22+05 22+0.7 0.66 -

* Data are presented as mean + standard deviation or No. (%).
! intra-aortic balloon counterpulsation

Discussion

Myocardial protection protocols aim to reduce
metabolic activity through hypothermia, the therapeutic
arrest of the myocardial contraction, and all of the
electrical activities of the myocardium by the
administration of the cardioplegic solution (29-32). Many
studies have indicated the role of pharmaceutics, such as
B-adrenergic antagonists (-blockers) to reduce the extent
of myocardial ischemia and reperfusion when conjugated
with cardioplegia solution (33,34). Also, the infusion of
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nitroglycerin has shown to the recovery of mechanical
function after hypothermic ischemia (35). In this study,
the impact of trinitroglycerin conjugation with
cardioplegia on myocardial ischemic features was
investigated.

As presented in table 1, in terms of gender, the
difference between groups of case and control was not
significant which demonstrated the random distribution
of patients in both groups. However, the average age in
the case group was significantly less than the control
group. Also, analysis of Coronary artery occlusion risk



factors and ejection fraction (EF) exhibited no significant
difference between case and control groups which
demonstrated the equal distribution of patients in both
groups.

It has been observed that the type of cardioplegia can
significantly impact the length of aortic cross-clamp and
CPB time. Blood cardioplegia increased the duration of
both aortic cross-clamp and CPB time compared with
Crystalloid cardioplegia (8). Another study showed that
the type of cardioplegia solution significantly affects the
aortic cross-clamp time, cardiopulmonary bypass time
and the number of doses of cardioplegia (36). According
to the findings of the present study, TNG solution
increased CPB time and reduced cross-clamp duration;
however, these alterations were not statistically
significant.

It has been shown that the type of cardioplegia
solution might not be associated with either of
Intraoperative DC shocks required, IABP usage, or
inotropic usage (36). Conversely, our results suggest that
there is no difference between control group and that
group who received TNG along with cardioplegia
solution in term of Intraoperative DC shocks required and
IABP usage; however, according to the present results,
the number of patients in case group who used inotrope
was significantly higher than control group who did not
receive TNG. Adversely, conjugation of esmolol (a type
of beta-blocker) with cardioplegia reduced post-operative
inotropic requirement in patients with open cardiac
surgery (37). Moreover, the conjugation of TNG with
cardioplegia reduced the number of inotrope
administration per patient, but this alteration was not
significant. Also, in a study conducted on children
undergoing repair of tetralogy of Fallot who received
nitric oxide, which is chemically similar to TNG, the
length of ICU stay significantly decreased (38).
Adversely, in the present study, TNG did not impact the
length of the ICU course.

The increase of the Tnl level in response to the
reperfusion of ischemic myocardium was related to the
systemic inflammatory responses induced by ischemia
and reperfusion of the myocardium (39). Del Nido
cardioplegia  (crystalloid) did not impact the
concentration of Tnl compared with blood cardioplegia
group (40). According to our findings, although not
statistically significant, conjugation of TNG along with
cardioplegia could reduce the concentration of released
cTnl which indicated the diminution of necrosis.
Similarly, in a study on remote ischemic conditioning-
induced cardioprotection during coronary artery bypass
grafting, intraoperative nitroglycerine had no significant
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impact on Tnl release (41).

In conclusion, TNG cardioplegia demonstrated no
significant impact on ischemic myocardium and
postoperative outcomes, although there were observable
alterations in investigated parameters as a result of TNG
infusion. This study was accompanied by limitations,
such as the number of patients participated that can affect
the statistical significance of results by increasing the
number. Pharmacological cardioplegia has shown to be
related by dose, as in the case of adenosine blood
cardioplegia higher doses exhibited higher postoperative
advantages (42). Similarly, TNG cardioplegia might be
dose-dependent, thus requires to be investigated in lower
doses to diminish the inotrope usage effect.
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