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Abstract

Background: Coronary artery bypass graft (CABG) surgery with cardiopulmonary bypass (CPB) triggers an inflammatory reaction,
leading to the development of myocardial damage and dysfunction. Selenium is the main cofactor for many antioxidant enzymes.
Selenium level is decreased during heart surgeries affecting the cardiopulmonary pump, which in turn can aggravate the organ and
heart dysfunction and mortality.
Objectives: The aim of this study was to evaluate the cardiac protective effects of adding selenium to cardioplegia solution in these
surgeries.
Methods: In this randomized, double-blind, clinical trial study that was conducted in the department of cardiac surgery of Shiraz
University of Medical Sciences (SUMS) in Shiraz, Iran, 67 elected CABG patients were allocated to the two control or selenium groups.
In the intervention group, 1000 µg sodium selenite was added to cardioplegia solution. The same amount of normal saline was
added to the cardioplegia solution in the control group. Arterial blood samples were withdrawn before anesthesia induction (T1),
immediately after the surgery (T2), as well as, 6 and 24 hours after the surgery (T3 and T4 respectively), to determine the CK-MB and
Troponin I levels.
Results: According to our findings, the CK-MB and Troponin I cardiac enzyme levels were significantly different, considering dif-
ferent time points (P < 0.05). Despite lower enzyme levels in the selenium group, the differences were not statistically significant
between the two groups (P > 0.05). There were also no significant differences between the two groups regarding systolic and dias-
tolic blood pressures.
Conclusions: The administration of 1000 µg sodium selenite via cardioplegia solution had no significant cardioprotective effect
during coronary bypass surgery in CABG patients.
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1. Background

Cardiovascular disease (CVD) is among the main causes
of mortality in men and women in different ethnic groups
(1-3). Coronary artery disease (CAD) is the most common
CVD in adults and is characterized by abnormal accumula-
tion of lipids, fats, and fibrous tissue on vessel walls, lead-
ing to their obstruction, constriction, and finally, to re-
duced blood flow through the myocardium (1, 2).

One treatment for coronary vessel obstruction is coro-
nary artery bypass graft (CABG), which is the most fre-
quent heart surgery performed around the world. Nowa-
days, many cardiac surgeries are feasible via cardiopul-
monary bypass (CPB). The cardiac surgery complicated
with increased oxidative stress indicates a dramatic de-
cline in antioxidant and anti-inflammatory capacities

post-operation. These events can be associated with organ
dysfunctions and elevated mortality (4). After initiation of
CPB and subsequent to blood contact with artificial sur-
faces, a systemic inflammatory response rises, leading to
the activation of neutrophils, nicotinamide adenine din-
ucleotide phosphate oxidase (NADPH oxidase), and Xan-
thine oxidase. All these events contribute to the produc-
tion of free oxygen and nitrogen radicals (RNOS) (5).

The free oxygen and nitrogen radicals induced by CPB
can trigger harmful effects. The systemic release of free
radicals during CPB disturbs the reperfusion of ischemic
heart and probably participates in secondary myocardium
damage (6, 7). During ischemia and reperfusion, free
oxygen radicals exert their harmful effects by inflicting
mitochondria, sarcoplasm, vascular endothelium, adeno-
sine, and nitric oxide (which is a vasoactive and anti-
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inflammatory mediator). These effects cause augmented
myocardial damage, presenting as arrhythmia, contrac-
tion abnormalities, and necrosis (8). Because of aortic
clamping during on-pump CABG, blood flow toward the
heart is compromised, which aggravates oxidants accumu-
lation within the heart. Accordingly, the cross-clamp aorta
has been directly associated with oxidative stress-induced
cardiac damage (9, 10).

Selenium is a vital element in the structure of seleno-
proteins with antioxidative activities such as GPX, seleno-
protein p, and thioredoxin. Particularly, GPX is highly de-
pendent on selenium in a way that a slight reduction in
the selenium level (below the reference range (90 - 100
µg/L) can directly reduce GPX activity (11). Also, selenium
deficiency may be involved in the development and pro-
gression of CVDs, possibly by 1-increasing thromboxane
B2 synthesis, which subsequently leads to platelet aggre-
gation and 2-decreasing prostacyclin production, which
inhibits platelet aggregation (12). The level of selenium
dramatically declines following heart surgeries and dial-
ysis (13), resulting in unwanted complications and mor-
bidities in both conditions (14, 15). A previous study also
indicated a reduction in selenium level in patients under
CABG surgery (14). Because of this, patients under cardiac
surgery are administered with high dose sodium selenite
to prevent selenium reduction during the surgery and to
restore both selenium level and GPX activity postopera-
tion. Meanwhile, the administration of high-dose sodium
selenite has been approved as a safe intervention in CABG
surgery (4). The results of a recent study revealed that se-
lenium was reduced on the first day of postoperation de-
spite high-dose sodium selenite administration. However,
their study supported the safety and efficiency of high-
dose sodium selenite in preventing selenium fall during
cardiac surgery (4). Sedighinejad et al. in their study in
2015, investigated the effects of selenium on inflammatory
markers in patients undergoing CABG. According to their
results, the infusion of 600 µg selenium was safe with no
adverse effects in these patients. Nevertheless, selenium
did not significantly affect CABG-pump induced systemic
inflammatory markers in comparison to the control group
(16).

Considering the fall of selenium during CABG surgery
and the subsequent depletion of antioxidant mediators,
on the one hand, and high production of free radicals, on
the other hand, it seems that selenium-supplemented car-
dioplegia solution can help to restore antioxidant and car-
dioprotective capacities.

2. Objectives

In this study, the cardioprotective and antioxidative
effects of selenium administration through selenium-
supplemented cardioplegia solution were investigated.
Cardiac enzymes (Troponin I and CK-MB) were used to as-
sess cardioprotective effects. The previous studies evalu-
ated the role of selenium administration during cardiac
surgery in antioxidant capacity. Based on our searches no
study has reported the efficiency of indirect selenium infu-
sion to coronary arteries by adding selenium (sodium se-
lenite) to cardioplegia solution.

3. Methods

3.1. Design and Ethical Criteria

This randomized, double-blind clinical trial took place
at Namazi Educational Hospital, from May 2018 to Septem-
ber 2018. This governmental and academic center is affili-
ated with Shiraz University of Medical Sciences (SUMS) in
Shiraz, Iran. This study approved by the Ethics Commit-
tee of Shiraz University of Medical Sciences (approval code:
ir.sums.rec.1396.49), and has been registered as a clinical
trial (IRCT20180422039383N1). Overall, 68 patients were al-
located to the control and intervention groups. for the pa-
tients, informed consent was obtained and the cost of the
complications associated with this plan was the responsi-
bility of the program administrators.

3.2. Randomization and Blinding

Sixty-eight eligible patients were randomly allocated
to either the Se group (S) or control group (C) using the
random-number table. They had an equal probability of
being assigned to each of the two groups. A responsible
anesthesiologist was aware of the type of groups. However,
the patients and the investigators collecting the data were
unaware of the treatment assignment (double-blinded).

3.3. Inclusion Criteria

The inclusion criteria were comprised of a scheduled
CABG surgery, consent to participate in the study, the ab-
sence of renal or hepatic failure, age of > 30 and < 80 years
old, and being non-pregnant.

3.4. Exclusion Criteria

Patients with complex surgeries or previous CABG
surgery, a history of the recent infraction (within the past
one week), EF < 30%, and elevated troponin level (> 0.33
µg/L), as well as the patients in whom the surgery process
altered from ON PUMP to OFF PUMP were excluded.
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3.5. Anesthesia and Surgical Methods

After referring to the operation room, the patients
were monitored by standard procedures, including Leads
II and V5 electrocardiography, pulse oximetry, continuous
arterial blood pressure, central venous pressure, nasopha-
ryngeal thermometer, Bispectral index (BIS), and End-Tidal
Co2 (Etco2). The anesthesia method was the same in
both control and intervention groups, including admin-
istration of Midazolam (0.2 - 1 mg/kg), Fentanyl (5 - 10
µg/kg), Morphine (2 mg/kg), and Pancuronium Bromide (1
mg/kg). Anesthesia maintenance was achieved by admin-
istering Propofol (50 - 100 µg/kg/m), Remifentanil (0.1 - 0.2
µg/kg/min), and 100% oxygen. Following the sternotomy
and removing the graft by the surgeon, the primary dose
of heparin (300 mg/kg) was infused. After reaching to ATC
> 400s, the cannulation of aorta and right atrium was con-
ducted, and the patient was connected to the cardiopul-
monary pump. The patients underwent the median ster-
notomy and a standard technique was used to establish
cardiopulmonary bypass pump. At the end of the surgery,
heparin was reversed by protamine, and the vascular graft-
completed patients were admitted to the intensive care
unit (ICU) of cardiac surgery for at least 48 hours. After
standard criteria were fulfilled, tracheal extubation was
performed within 6 - 8 hours (17).

3.5.1. CPB

CPB was performed on a conventional CPB circuit
(Stockert S5, Sorin group, Germany). Cardiac arrest was
started by the antegrade infusion of cold crystalloid car-
dioplegia (i.e. del Nido). A non-pulsatile pump flow of 2.2
L/min/m2 was maintained throughout CPB. Ringer crystal-
loid supplemented with heparin (5000 IU) was used as the
prime solution in all patients.

3.5.2. Intervention

Twenty ml (1000 µg) sodium selenite and the same
amount (20 mL) of normal saline were added to the car-
dioplegia solution in the intervention and control groups,
respectively.

3.5.3. CK-MB and Cardiac Troponin I Measurement

To this aim, blood samples were withdrawn from the
arterial line in the following time points: 1- after anesthesia
induction (T1), 2- immediately following the surgery (T2),
3- six hours after the surgery (T3), and 4- twenty-four hours
after the surgery (T4). The CK-MB (ng/mL) were quantified
by an immune inhibition assay, Auto-analyzer Hitachi 912,
and specific CK-MB Kits (Pars Azmoon Co, Tehran, Iran). To
determine the concentrations of CTnI, we used ELISA kits

(BioTek-ELX800 and kits from Monobind Inc. USA). More-
over, the patients’ hematocrit was checked before, during,
and after pumping.

3.6. Statistical Analysis

Statistical analysis was performed using statistical
package of IBM SPSS Statistics for Windows, version 24
(IBM Corp, Armonk, N.Y., USA). The parametric indepen-
dent sample student t-test was used to compare quantita-
tive variables between the two studied groups. Repeated
measures ANOVA was used to screen time-dependent and
between-group changes in quantitative variables. In order
to check the association between categorical variables, chi-
square or Fisher’s exact test were applied. Also, paired sam-
ple student t-test was performed for within-group compar-
isons between quantitative variables. The data were ex-
pressed as mean± standard deviation. P values of less than
0.05 were considered statistically significant.

4. Results

In this study, 68 patients undergoing CABG by the use
of pulmonary pump were categorized into two selenium-
treated and control groups. After screening laboratory
tests, one patient in the control group was excluded from
the study due to the high initial troponin level. The data
of the remaining 67 patients were analyzed. The patients’
demographic information is displayed in Table 1. Accord-
ing to the indicated demographic data in this table, there
were no significant differences between the two groups.

Hemodynamic markers, including systolic blood
pressure (SBP) and diastolic blood pressure (DBP) were
recorded before, during, and after pumping in the two
studied groups. Systolic and diastolic blood pressures
were significantly decreased during pumping and showed
an increasing trend afterward (P < 0.001). Nevertheless,
neither systolic nor diastolic blood pressures showed sig-
nificant differences between the studied groups (Figure
1).
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Figure 1. Comparison of hematocrit at three time-points (before, during and after
pump)

Based on statistical analysis results regarding troponin
fluctuations revealed significant time-dependent changes
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Table 1. Demographic Information and History of Underlying Diseases in the Stud-
ied Groups

Variables Selenium Group Control Group P Value

Gender (male/female) 42/58 44/56 0.32

Age, y 54.5 58.3 0.06

Weight, kg 68.6 ± 8.5 70.3 ± 10.6 850.

BSA, m2 1.8 ± 0.11 1.75 ± 0.12 0.89

Preoperative EF, % 48.3333 48.5294 77.0

HTN, % 32.8 32.8 0.535

DM, % 13 9 0.24

HLP, % 10.4 11.9 0.474

Hyperthyroidism 0 0 0.353

Hypothyroidism, % 1.5 0 0.32

Smoking, % 19.4 14.9 0.49

Addiction, % 7.5 10.4 3540.

Renal failure 0 0 0.335

CVA, % 1.5 1.5 0.74

Abbreviations: BSA, body surface area; CVA, cerebral vascular attack; EF, ejection
fraction; HLP, hyperlipidemia; HTN, hypertension.

in troponin in both groups (P < 0.001). Paired compar-
isons demonstrated that significant differences were re-
lated to the differences between the first measurement to
the other time points (P < 0.001) and also between the
second and third measurements (P < 0.001). As shown in
Figure 2, the troponin level showed a steadily increasing
trend until the third measurement (T3) and then reduced.
Overall, the mean troponin level was higher in the control
group in comparison to the selenium group (Table 2). De-
spite the higher troponin level in the control group, the re-
peated measures ANOVA showed that this was not statisti-
cally significant (P = 0.31).
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Figure 2. Comparison of serum levels of troponin between the two groups at four
time-points

According to the evidence of repeated measures
ANOVA, the within-group CK-MB alternations were not

Table 2. Comparison of the Mean Troponin Levels Between the Studied Groups in
Four Time-Points (T1 - T4)

Group Mean ± SD P Value

T1 0.71

Control 47.0667 ± 95.02269

Selenium 56.9214 ± 104.43976

Mean 52.0836 ± 99.12617

T2 0.35

Control 1286.1741 ± 1252.51421

Selenium 1302.5036 ± 1759.61046

Mean 1294.4873 ± 1517.73733

T3 0.11

Control 5372.1519 ± 4346.32917

Selenium 3856.1071 ± 2651.21446

Mean 4600.3473 ± 3632.48913

T4 0.54

Control 4508.7889 ± 9329.68025

Selenium 3189.2107 ± 7552.26797

Mean 3837.0036 ± 8418.50182

statistically significant in neither of the studied groups at
any time points (P values of 0.45, 0.22, 0.12, and 0.28 for
T1, T2, T3, and T4, respectively). This indicated no overall
significant impact on CK-MB (P = 0.8). The mean values
of CK-MB in the studied groups at different time points
are shown in Table 3. As it is indicated, the mean values of
CK-MB were higher in the control than the intervention
group at all time-points after the surgery. As shown in
Figure 3, except for the first measurement (T1), CK-MB
values were higher in the control than the selenium group
at other time points (i.e. in T2, T3, and T3). Nevertheless,
the differences were not statistically significant (P = 0.16).
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Figure 3. The CK-MB(U/l) measurements at four time-points
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Table 3. The Comparison of CK-MB Values Between the Control and Selenium Groups
at Four Time-Points

Group Mean ± SD P Value

CK-MB1 0.45

Control 9.3333 ± 5.88045

Selenium 11.6071 ± 9.46079

Mean 10.5577 ± 8.01815

CK-MB2 0.22

Control 28.7917 ± 22.64274

Selenium 21.0000 ± 21.150266

Mean 24.5962 ± 21.9868

CK-MB3 0.12

Control 59.8708 ± 143.02955

Selenium 19.7500 ± 17.46663

Mean 38.2673 ± 98.97125

CK-MB4 0.28

Control 49.5542 ± 126.47067

Selenium 20.2500 ± 19.44341

Mean 33.7750 ± 87.35614

5. Discussion

Cardiac surgery complicated with oxidative stress
refers to the prominent reduction in antioxidative and
anti-inflammatory capacities following the surgery. This
phenomenon can disturb organ functions and increase
the mortality rate (4). Cardiopulmonary bypass is associ-
ated with the activation of inflammatory and hemostatic
cascades along with altered oxidative balance. Contact of
blood with artificial beds triggers a systemic inflammatory
response, leading to the activation of neutrophils, NADPH
oxidase, and xanthine oxidase, which in turn produce oxy-
gen and nitrogen free radicals (RNOS) (8). The free radi-
cals subsequently lead to unbalanced Ca2+ hemostasis and
its intracellular accumulation causes the increment of car-
diac enzymes such as CK-MB, troponin, and LDH (18).

Selenium is a vital element in most antioxidant medi-
ators, including glutathione peroxidase, selenoprotein P
(SE-P), and selenoprotein W (SE-W). A reduction in the se-
lenium level attenuates the activity of the body’s antioxi-
dant system (11). Many studies have reported the relation-
ship between selenium deficiency during cardiac surgery
and postoperative complications. Also, some studies have
assessed the relationships between intravascular injected
selenium (sodium selenite) and inflammatory and cardio-
protective markers. In this study, we studied the effects
of selenium administered via cardioplegia solution on the
levels of cardiac enzymes and arrhythmias in 67 patients

who were candidates for CABG surgery. As mentioned, we
found no previous reports applying this method to deliver
selenium.

Our results demonstrated a remarkable reduction in
patients’ blood pressure during pumping. It appears
that hemodilution is one of the most important factors
contributing to blood pressure reduction in this condi-
tion. Hemodilution is triggered following the infusion
of 1.5 L (in adults) prime solution, which then results in
reduced blood viscosity and pressure. Abnormal blood
pumping and thereafter non-elastic vessels may further ag-
gravate the hypotension during cardiopulmonary pump-
ing. Nonetheless, the observed hypotension revealed sim-
ilar descending and ascending patterns between the two
studied groups with no significant differences. This phe-
nomenon suggested no evident impacts for the sodium se-
lenite on hemodynamic parameters.

As our results revealed, the time-dependent troponin
alternations were significant in both studied groups. The
noticeable increment in troponin level in T2 respective to
T1 demonstrated an increase in the enzyme level during
the surgery likely due to the surgical manipulations and
application of the cardiopulmonary pump. The highest in-
crement in troponin level was related to the interval be-
tween T2 (i.e., 1-hour postoperation) and T3 (i.e., six hours
postoperation). Furthermore, the enzyme level was re-
duced in the transition between T3 to T4 (i.e., 24 hours post-
operation). These results are in accordance with the find-
ings of Carrier et al. (19) and Sedighinejad et al. (20). In be-
tween groups comparisons, although troponin levels were
higher in the control group than intervention at 1 hour af-
ter surgery (i.e. T2), the differences were not statistically
significant. However, this observation was opposed to the
finding of Sedighinejad et al. (20) at 6 hours postopera-
tion (i.e. T2). According to the recent report, the troponin
level showed a significant difference between the control
and selenium groups at 6 hours postoperation. Neverthe-
less, the results of Sedighinejad et al. were in line with ours,
indicating no significant differences in troponin levels be-
tween the groups in other time points.

Also, there were no significant differences comparing
the two studied groups regarding CK-MB isoenzyme at any
of the time points. The mean levels of CK-MB were higher in
the control group than the intervention group at all time-
points evaluated postoperatively. Nevertheless, these dif-
ferences did not show a statistically significant threshold.
According to our results, selenium administration via car-
dioplegia solution did not effectively reduce CK-MB level in
the patients undergoing CABG, which agreed with the find-
ings of Sedighinejad et al. (20).

In the present study, 1000 µg selenium (sodium selen-
ite) was infused (via cardioplegia solution) to the patients

Iran Red Crescent Med J. 2019; 21(10):e92737. 5

http://ircmj.com


Shafa M et al.

who were candidates for CABG. The two studied cardiac en-
zymes; troponin and CK-MB, remarkably raised after the
surgery, indicating the contribution of these enzymes to
the reperfusion ischemic damage secondary to cardiac ma-
nipulation and pumping during the surgery. Although se-
lenium reduced the troponin and CK-MB levels, these ef-
fects were not efficient, and no statistically significant dif-
ferences were detected between the intervention and con-
trol groups. Furthermore, there were no significant dif-
ferences between the two groups regarding hematocrit,
potassium level, blood pressure, and beating time.

5.1. Conclusions

It was found that selenium decreases the markers of
troponin and CK-MB, but this reduction is not effective, and
the difference between the two groups is not statistically
significant. According to our study, we recommended that
a higher dose of selenium should be used before the oper-
ations, considering the enhancement of cardiac markers
during the surgery. Regarding the role of various antioxi-
dants as a chain in the prevention and reduction of oxida-
tive damages, it sounds that combined administration of
these antioxidants may be more effective in the prevention
or limitation of oxidative damages.
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