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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. It is suggested that selenium (Se), an essential trace element,
has a protective role against oxidative stress. Decreased intraoperative Se levels might be an independent predictive factor for post-
operative multiorgan failure. In spite of its proposed advantages, however, the optimal timing and dosage are not well known.
Objectives: To determine whether 600µg of intravenous Se administration before induction of anesthesia for CABG surgery could
attenuate inflammatory reactions in an Iranian population.
Methods: This randomized triple-blind clinical trial took place in the department of cardiac surgery of an academic hospital affili-
ated with Guilan University of Medical Sciences (GUMS) from May 2015 to September 2015. Eighty-eight eligible patients scheduled
for elective on-pump CABG surgery were divided into two groups using randomized fixed quadripartite blocks. They received ei-
ther an intravenous bolus of 600 µg Se before induction of anesthesia, or normal saline as a placebo. We had four measurement
time-points: just before induction of anesthesia (T0), immediately after the end of CPB (T1), 24 hours after surgery (T2), and 48 hours
after surgery (T3). Interleukin 6 (IL-6), tumor necrosis factor-alpha (TNF-α), and C-reactive protein (CRP) serum levels were measured
using the enzyme-linked immunosorbent assay (ELISA).
Results: Data from a total of 81 patients were analyzed: group S (n = 41) and group C (n = 40). There was no significant difference
between the two groups with regard to baseline characteristics. In both groups, CPB caused markedly increased IL-6, TNF-α, and
CRP plasma concentrations compared with baseline (P = 0.0001). However, the pattern of changes was not significantly different
between group S (P = 0.068) and group C (P = 0.26). The IL-6 and TNF-α change trends were significant in each group (P=0.0001).
However, comparing the two groups showed no significant difference. With regard to IL-6, there was no significant difference be-
tween the two groups at the time-points of T1 (P = 0.34), T2 (P = 0.17), and T3 (P = 0.056), and the same was found for TNF-α at T1
(P = 0.34), T2 (P = 0.17), and T3 (P = 0.056). With regard to CRP, the trend of the changes was significant in each group (P = 0.0001).
However, comparing two groups showed a borderline significant difference between them at T1 (P = 0.039), but not at T2 (P = 0.075)
or T3 (P = 0.11).
Conclusions: This study revealed that the administration of 600 µg of intravenous Se immediately before induction of anesthesia
was safe, but when compared to a placebo, no predominant clinical effects or modifications in the systemic inflammatory response
induced by on-pump CABG were observed.
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1. Background

In coronary artery bypass graft (CABG) surgery, reper-
fusion of the ischemic heart causes myocardial injury,
which is exacerbated by cardioplegic arrest. During reper-
fusion injury, neutrophils are activated and an inflamma-
tory response is triggered, leading to cytokine release and
reactive oxygen species (ROS) generation (1-4). The imbal-

ance between the ROS products and the ability of antiox-
idants to neutralize them results in oxidative stress. In-
creased oxidants, as a prognostic indicator, leads to a poor
outcome and postoperative organ dysfunction (5-7).

In addition to reperfusion injury, cardiopulmonary by-
pass also provokes oxidative stress (8-12). The other re-
sponsible factors are endotoxemia caused by splanchnic
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hypoperfusion injury and gut translocation of endotoxins,
contact between blood cells and the foreign surfaces of
the CPB circuit, temperature fluctuations, blood-product
transfusions, and surgical trauma (13-17). In addition, CABG
surgery is increasingly being performed on an elderly pop-
ulation with a high incidence of co-morbidities, such as di-
abetes, heart failure, previous myocardial infarction, and
renal impairment. These conditions are also associated
with an enhanced degree of oxidative stress (18, 19). Despite
considerable advances in surgical techniques and myocar-
dial preservation strategies, undesirable inflammatory re-
actions still remain a problem, resulting in major compli-
cations (8, 18).

Antioxidant (AOX) enzymes, such as catalase superox-
ide dismutase and glutathione peroxidase, which are in-
volved in the body’s defense against oxidative stress, re-
quire trace elements as essential cofactors. Therefore, re-
duced concentrations of these elements in the circulation
and tissues might be correlated with a systemic inflam-
matory response and perioperative mortality (20). Sele-
nium (Se), as a cost-effective and simple-to-use metabolic
agent, is an essential trace element with antioxidant and
anti-inflammatory effects. This micronutrient plays an im-
portant role in human health outcomes, and suboptimal
levels might contribute to damage to key proteins (19, 21-
25).

Se influences the inflammatory signaling pathways
that modulate ROS and inhibits the nuclear factor-kappa B
(NF-κB) cascade, leading to suppressed production of TNF-
α and interleukins (18). It also increases enzymatic activ-
ity and reduces lipid peroxidation (26). Previous studies
have demonstrated that Se levels are depleted in CABG un-
der CPB, resulting in an insufficient AOX capacity, which is
correlated with the development of multiorgan failure (8).
The rationale behind the present study was provided by
several reports indicating the anti-inflammatory and an-
tioxidative potential of Se, which has been considered an
attractive complementary option for supporting patients
after surgery (8, 15, 18, 23). However, due to the limited data
in this area, answering questions about the optimization
of Se dosages for promoting health benefits, the timing of
doses, the selection of subjects, and the presumed adverse
effects remains an elusive goal. Hence, its preemptive ad-
ministration prior to surgery must be done cautiously.

It is notable that most related studies have investigated
the effects of Se under conditions other than CABG surgery.
Despite the importance of this issue, almost no similar
studies are found in our country. Regarding the differences
of serum Se levels and the consequential required dosage
among different areas, it was worthwhile to carry out this
study in an Iranian population.

2. Objectives

The aim of the present study was to determine whether
600 µg of intravenous Se administration immediately be-
fore induction of anesthesia could modulate oxidative
stress due to CABG surgery in an Iranian population.

3. Methods

3.1. Setting

This randomized triple-blind clinical trial took place
at Dr. Heshmat hospital from May 2015 to September
2015. This governmental and academic center is affili-
ated with Guilan University of Medical Sciences (GUMS)
in Rasht, Iran. It is a specialized referral hospital for dif-
ferent types of cardiac surgeries with 180 beds, featuring
different departments, such as angiography, angioplasty,
echocardiography, electrophysiology, and surgical wards
for men, women, and pediatric patients. The trial protocol
was approved by the university’s research ethics commit-
tee and was registered in the Iranian Registry of Clinical
Trials (IRCT) with number 2015040813456N3.

3.2. Study Participants

Before enrollment in the study, informed consent was
obtained from all patients.

3.3. Inclusion Criteria

The inclusion criteria were ASA class I and II, candidacy
for elective CABG as an isolated procedure using CPB, age
of 30 - 65 years, 3-vessel disease, and an ejection fraction of
> 40% - 45%.

3.4. Exclusion Criteria

The exclusion criteria were emergent or urgent
surgery, myocardial infarction in the previous six months,
antioxidant supplementation during the previous month,
concomitant malignant disease, uncontrolled diabetes,
thyroid disease, liver or renal dysfunction, pregnancy,
major trauma or major surgery in the previous three
months, and inability to give informed consent.

3.5. Sample Size

With a margin of error of α = 0.05 and β = 10%, an ex-
pected power of 90%, and a Z value of 1.28, it was calculated
that a sample of at least 40 patients in each group was re-
quired. We decided to include 44 patients in each group.
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3.6. Randomization and Blinding

Eighty-eight eligible patients were randomly allocated
to either the Se group (S) or the control group (C) using
randomized fixed quadripartite blocks. Our subjects had
an equal probability of being assigned to each of the two
groups. Se and normal saline were injected intravenously
as a single bolus dose by a responsible anesthesiologist
who monitored the patients and was aware of the type of
injection. However, the patient and the investigator who
recorded the data were blinded, as was the lab technician
who recorded the results. Therefore, this study was a triple-
blind clinical trial.

3.7. Intervention

Immediately before the induction of anesthesia, the
patients in group S received an intravenous bolus of 600
µg of Se (vial 50 mcg/mL, Fellbach, Germany) diluted with
20 cc of sodium chloride 0.9%, while group C received the
same amount of normal saline for the placebo. The pa-
tients were recruited one day before the surgery; to ensure
physical and mental health, a medical history and physi-
cal exam were conducted. Venous blood was obtained for
baseline biochemical serum measurements, as well as for
CRP, IL-6, and TNF-α. All samples were taken in the morning
between 7:30 a.m. and 8:30 a.m.

3.8. Anesthesia and Surgical Methods

Anesthesia was performed in accordance with a stan-
dardized protocol for CABG surgery in both groups.
Surgery always started in the morning between 8:00 a.m.
and 9: 00 a.m. to avoid bias caused by the circadian
rhythm’s effect on circulating stress hormones. As pre-
medication, the subjects in both groups received oral lo-
razepam 1 mg the night before surgery and one hour before
transferring to the operating room, and intramuscular
morphine 0.1 mg/kg 30 minutes before transferring to the
operating room. On arrival in the operating room, an in-
travenous 18-gauge catheter was inserted into the forearm
vein. Standard monitoring, including electrocardiogra-
phy with both leads II and V5 with automated ST-segment
analysis, pulse oximetry, invasive arterial blood pressure,
central venous pressure, nasopharyngeal thermometer,
bispectral index (BIS), end-tidal CO2 (EtCO2), urine out-
put (UOP), and non-invasive blood pressure (NIBP) was
performed at intervals of 3 minutes. Anesthesia was in-
duced with 0.05 mg/kg of midazolam and 2µg/kg of sufen-
tanil. After neuromuscular blockade was achieved with 0.2
mg/kg of cisatracurium, the trachea was intubated. Anes-
thesia was maintained with continuous infusion of propo-
fol 50 - 150 mg/kg/minutes, sufentanil 0.1 - 0.3 µg/kg/hour,
and cisatracurium 0.6 mg/kg/hour. An initial dose of 300

u/kg of heparin was administered to achieve an activated
coagulation time of > 480 seconds, then CPB was per-
formed. In order to induce cardiac arrest, a cold cardio-
plegic solution was injected into the coronary arteries dur-
ing pump-time. Throughout the CPB period, a mean blood
pressure of 50 - 70 mmHg was maintained by administra-
tion of vasodilators or vasopressors, and hematocrit was
kept between 21% and 27%. During the surgery, a body tem-
perature of 32 - 34°C and a BIS value of 40 - 60 were main-
tained. The patients were ventilated with 100% oxygen to
an EtCO2 concentration of 35 - 40 mmHg. The patients
underwent median sternotomy, and a standard technique
was used to establish the heart-lung pump (standard mem-
brane oxygenator, Medtronic). At the end of the procedure,
protamine was used in a ratio of 1: 1 to fully reverse the
heparin. After the vascular graft was complete and the pa-
tients had stable vital signs, they were disconnected from
the heart-lung pump and transferred to the coronary care
unit (CCU). Weaning off of ventilator support and tracheal
extubation was performed within 6 - 8 hours, after the stan-
dard criteria were fulfilled, including stable vital signs, be-
ing awake and cooperative, normal sinus rate, normal elec-
trolytes (Na/K/Mg), normal arterial blood gas (ABG), and
a body temperature of 36 - 37°C. For patients who com-
plained of pain, morphine 0.1 mg/kg was administered.
Any complication was recorded for 48 hours of follow-up.

3.9. Inflammatory Marker Measurements

An experienced and trained lab technician who was
employed for this purpose closely monitored lab tests, per-
forming and recording the results. All lab tests were con-
ducted uniquely in our hospital laboratory.

The samples targeting IL-6, TNFα, and CRP were col-
lected four times: before the induction of anesthesia (T0),
just after the end of CPB (T1), 24 hours (T2) after surgery,
and 48 hours (T3) after surgery. The first sample was ob-
tained from a venous puncture and the others were col-
lected through arterial catheters. All blood samples were
6 mL, and K2 EDTA was used as the anticoagulant. The sam-
ples were immediately placed in ice and within a few min-
utes, the plasma was separated by centrifuging at 1200 g
for 5 minutes. Plasma samples were stored below -20°C un-
til analysis. Serum concentrations of IL-6 (pg/mL), TNFα
(pg/mL), and CRP (mg/L) were measured by using the sand-
wich enzyme-linked immunosorbent assay (ELISA) (BioTek-
ELX800). IL-6 and TNF-α human kits (Bender medSystems
eBioscience, Germany) and CRP kits (Audit Diagnostic, Ire-
land) were used. The data were collected and the results
were compared between the two groups.
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Figure 1. CONSORT 2010 Flow Diagram

3.10. Statistical Analysis

All of the statistical analyses were performed using
SPSS statistical software, version 16 (SPSS Inc., Chicago, IL,
USA). The chi-square test was used to compare the categor-
ical variables between the two groups. The K-S test was ap-
plied to determine the normality of the variables, followed
by parametric tests. The independent t test was performed
to compare and assess the parametric data between the
two groups, and the repeated-measures test was used to
compare the parametric data at four measurement time-
points. The data were expressed as mean ± standard devi-
ation. P values of < 0.05 were considered statistically sig-
nificant.

4. Results

In the present study, 88 eligible subjects were divided
into selenium (S) and control (C) groups. In group S, intra-
aortic balloon pumps were used for two patients and one
could not be extubated within the expected time. In group
C, one patient experienced malignant hyperthermia, two
patients required valve repair during surgery, and one
could not be extubated within the expected time. After ex-
cluding these cases from the survey, data from 81 patients
were finally analyzed.

The mean age of the patients in groups S and C were
54.65 ± 8.46 and 58.2 ± 8.29 years, respectively (P = 0.061).
Twenty-one (51.2%) of the patients in group S and 19 (47.5%)
in group C were women (P = 0.738). There was no signifi-
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cant difference between the two groups with regard to the
other baseline characteristics, including BMI (P = 0.8), ejec-
tion fraction (P = 0.67), surgery duration (P = 0.15), pump
time (P = 0.45), clamp time (P = 0.46), creatinine clearance
(P = 0.258), and serum creatinine (P = 0.37) (Table 1). Base-
line plasma concentrations of IL-6 (P = 0.507), TNF-α (P =
0.352), and CRP (0.095) also showed no significant differ-
ences. The pattern of changes in serum levels of IL-6 and
TNF-α over time was not significantly different between
the two groups (P = 0.068 and P = 0.26, respectively) (Fig-
ures 2 and 3). With regard to IL-6, there was no significant
difference between the two groups at the time-points of
T1 (P = 0.34), T2 (P = 0.17), or T3 (P = 0.056), and the same
was found for TNF-α at T1 (P = 0.34), T2 (P = 0.17), and T3
(P = 0.056). The trend of changes in CRP was significant
in each group (P = 0.0001). However, comparing the two
groups, there was a borderline significant difference be-
tween them at T1 (P = 0.039), but not at T2 (P = 0.075) or T3
(P = 0.11) (Table 2, Figure 4). None of the patients in the Se
group experienced adverse effects due to the intervention.

Figure 2. Changes in IL-6 Concentrations (pg/mL) at Four Points
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5. Discussion

Patients undergoing on-pump CABG surgery are af-
fected by various ischemic stimuli: induction of cardio-
plegic arrest, microembolic events, reperfusion of the my-
ocardium by surgical revascularization, and termination
of cardioplegic arrest (18). There has been increasing evi-
dence that the application of CPB using a heart-lung ma-
chine for open heart surgery may be the cause of some of
this morbidity and is associated with pre- and postopera-
tive stress responses, which triggers postoperative organ
dysfunction (4, 27). It is proposed that pretreatment with

Figure 3. Changes in TNF-α Concentrations (pg/mL) at Four Points
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Figure 4. Changes in CRP Concentrations (mg/L) at Four Points
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antioxidants such as Se could attenuate this inflamma-
tion. Se is involved in the anti-inflammatory process and
increases antioxidant capacities via at least 25 selenopro-
teins, among which selenoprotein P, the glutathione per-
oxidases, thioredoxin reductases, and iodothyronine deio-
dinases are the best known. The redox-regulating prop-
erties of Se-dependent glutathione peroxidase play a piv-
otal role in its benefits. Se has multiple AOX defense lines
and is involved in apoptosis, cell cycling, and microvascu-
lar tone. Moreover, Se inhibits lipopolysaccharide-induced
pro-inflammatory gene expression by modulating NF-κB
(17, 28-33).

However, despite promising results in several studies
indicating the relationship between preoperative Se ad-
ministration and cardiovascular outcomes, other clinical
trials show conflicting results (21, 34, 35). Indeed, recent
clinical studies and case reports have shown that Se sup-
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Table 1. Patients’ Preoperative Characteristics

Variable Control Group (n = 40) SeleniumGroup (n = 41) P Value

Age, y 58.2 ± 8.29 54.65 ± 8.46 T = 1.9, P = 0.061

Gender, No. (%) P = 0.738

Male 21 (52.5) 20 (48.8)

Female 19 (47.5) 21 (51.2)

BMI, kg/m2 27.32 ± 2.37 27.16 ± 3.03 T = 0.25, P = 0.8

Ejection fraction, % 47.87 ± 3.9 47.31 ± 7.42 t = 0.42, P = 0.67

Surgery duration, hour 2.78 ± 0.28 2.88 ± 0.36 t = 1.43, P = 0.15

Pump time,minute 60.45 ± 18.08 57.87 ± 12.41 t = 0.74, P = 0.45

Clamp time,minute 36.72 ± 10.16 35.17 ± 8.59 t = 0.743, P = 0.46

Creatinine clearance 60.5 ± 3.57 61.41 ± 3.65 t = 1.13, P = 0.258

Serum creatinine 110.27 ± 3.49 100.95 ± 3.26 t = 0.9, P = 0.37

Table 2. IL-6, TNF-α, and CRP Concentrations Measured at Four Pointsa

Variable Group T0 T1 T2 T3 P Value P Value

IL-6, pg/mL

Control 5.51 ± 3.29 117.2 ± 21.1 106.5 ± 20.65 99.5 ± 19.8 F = 1217.7, P = 0.0001
F = 3.19, P = 0.068

Study 5.89 ± 1.59 113.4 ± 13.6 101.1 ± 13.8 92.2 ± 13.2 F = 2081.9, P = 0.0001

P Value P = 0.507 P = 0.34 P = 0.17 P = 0.056

TNF-α, pg/mL

Control 2.9 ± 0.9 7.93 ± 0.95 6.03 ± 1.06 4.53 ± 1.05 F = 1452.3, P = 0.0001
F = 1.32, P = 0.26

Study 2.71 ± 0.89 7.58 ± 0.87 5.67 ± 0.86 4.21 ± 0.91 F = 2706.2, P = 0.0001

P Value P = 0.352 P = 0.089 P = 0.1 P = 0.146

CRP,mg/L

Control 7.27 ± 2.36 45.02 ± 5.64 102.05 ± 6.44 129.22 ± 6.12 F = 9643.7, P = 0.0001
F = 4.09, P = 0.017

Study 8.26 ± 2.90 42.19 ± 6.45 99.41 ± 6.68 126.65 ± 8.01 F = 5691.9; P = 0.0001

P Value P = 0.095 P = 0.039 P = 0.075 P = 0.11

aT0, before induction of anesthesia; T1, at the end of CPB; T2, 24 hours after surgery; T3, 48 hours after surgery.

plementation in patients who are not carefully selected
may be harmful, and several adverse health effects of this
metabolic agent have been reported in humans, includ-
ing carcinogenesis, cytotoxicity, and genotoxicity. We can
also point to its toxic effects on endocrine function, in-
cluding synthesis of thyroid hormones, growth hormone,
and insulin-like growth factor-1. Hepatotoxicity, gastroin-
testinal disturbances, natural-killer-cell dysfunction, brit-
tle nails, hair loss, a garlic smell to the breath, vomiting,
dizziness, and pulmonary edema are also reported. Labo-
ratory investigations indicate that Se has a bivalent effect
on the risk of cancer, with the risk either increased or de-
creased (18, 21, 22, 35-39). Most of the mentioned adverse

effects are due to chronic exposure; however, due to the
old age and co-morbidities in patients undergoing CABG
surgery, it is wise to investigate the lowest dose possible
that has beneficial effects. Hence, the lack of a complete
understanding of the pharmacodynamics, safety, and pre-
sumed toxicity of Se limits its routine application in hu-
mans. Clinical studies have used a wide range of Se doses
and have demonstrated that ≤ 500 µg failed to improve
clinical outcomes in various conditions (22, 23, 40, 41).

In this context, the authors tested the hypothesis that
an intravenous bolus of 600µg of Se, which is only slightly
over its lower limit of efficacy, could blunt cytokine-release
following CABG surgery. Cardiac surgery is an ideal model
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for studying the efficacy of preemptive Se because the on-
set of oxidative injury is predictable and we can repro-
ducibly prompt ischemia-reperfusion injury, as the onset
and duration of ischemia are under the control of the sur-
geon. Therefore, on-pump CABG with cardioplegic arrest
and elective global ischemia represents an ideal situation
for evaluating the potential injury induced by oxidative
stress (8, 10). Accumulating evidence suggests that Se con-
centrations decrease following surgery and remain low for
several days to weeks. This reduction is associated with the
elevation of ROS and the severity of illness (6, 19, 20, 42-
44). On the other hand, post-injury normalization of Se sta-
tus is unable to reduce oxidative stress (20). Therefore, it is
postulated that a preemptive approach is preferred. It has
been reported that the duration of surgery influences the
release of neuroendocrine hormones, and decreased intra-
operative Se levels are correlated with CPB duration (20,
45). Although the surgeries were performed by different
surgeons, the mean duration of surgery did not differ sta-
tistically significantly between the two groups.

Considering the following actions, certain inflamma-
tory markers could be our therapeutic targets. TNF-α,
as a pro-inflammatory mediator, rises rapidly after major
surgery, facilitating the activation of other cytokines and
the initiation of the inflammatory cascade (1). In on-pump
CABG, IL-6 serum concentration is a significant predictor
of worsened outcomes and is correlated with the degree of
myocardial damage and left ventricular dysfunction (2, 13,
15). CRP is a marker of the acute-phase response in patients
undergoing CABG surgery, and its serum levels are corre-
lated with early postoperative complications, such as acute
ischemic events and stenosis of the graft. Recent evidence
suggests that CRP is a powerful predictor of heart failure
after myocardial infarction via activating the complement
and coagulation cascades (46). In agreement with previ-
ous studies, our findings also suggested that IL-6, TNFα,
and CRP were involved in ischemic reperfusion injury, as
they were markedly increased after CPB began. There was
a trend of Se being higher in parts of our evaluations, but
it did not reach statistical significance except at one time-
point (T1), according to CRP. We could not find a meaning-
ful difference between the study and control groups. It
seems that the authors’ hypothesis has not been proved.
Hence, larger doses or repeated and more prolonged treat-
ment durations before surgery may be necessary in order
to achieve the optimal condition.

Given the importance of this issue, several studies have
been performed to investigate the efficacy of factors that
contribute to reducing the inflammatory response due to
CABG surgery. In 2013, Stoppe et al. (8) performed a study
in which patients undergoing elective cardiac surgery re-
ceived an intravenous bolus of 2000 µg of Se after in-

duction of anesthesia. They claimed that this preemptive
dose of Se was associated with a decrease in SOFA scores;
however, it failed to improve the postoperative outcomes
for the patients. This study differed from ours because
we enrolled patients undergoing CABG under CPB, while
their participants all underwent elective cardiac surgeries,
which of course induced different levels of stress response.
The Se dosage was also different. In contrast to our find-
ings, in a clinical trial conducted by Altaei et al. in 2012
(1), it was reported that Se treatment (140 mg × 3 capsules
per day) three days before CABG significantly reduced the
serum levels of IL-6 and TNF-α. Comparing the two stud-
ies, it is notable that in addition to their differences with re-
gard to Se dosage and the route of administration, both on-
pump and off-pump CABG patients were enrolled the study
and the evaluations were only pre- and postoperative.

Leong et al. (19) believe that when antioxidants func-
tion as a network, they act more effectively than as single
agents. They reported that preoperative metabolic ther-
apy (coenzyme Q10, lipid acid, Se, orthotic acid, and omega
3) reduced oxidative stress and the incidence of myocar-
dial damage in elective CABG surgery. However, the efficacy
of each component was not clear. Their results were not
in line with the present study, which might be explained
by the differences in methods. Their subjects were se-
lected from among patients who were candidates for elec-
tive CABG and/or valve surgery, and the Se was orally ad-
ministered at a lower dosage but for at least two weeks be-
fore surgery. Duncan et al. showed that a systemic inflam-
matory response was associated with a 50% reduction in
serum Se concentrations when CRP concentrations were >
80 mg/dL (18). Stoppe et al. (20) showed that post-operative
Zn and Se concentrations had predictable accuracy for the
later development of multiorgan failure. Poulsen et al. (15)
investigated the anti-inflammatory effect of EPO in CPB,
but their results rejected this hypothesis. Their evaluation
was based on TNFα, IL-6, and IL-10. Krivoy et al. (46) con-
ducted a study to determine whether administration of
high doses of atorvastatin before CABG could decrease the
inflammatory response as reflected by CRP, and their find-
ings supported this idea. Jouybar et al. (47) investigated
the effects of ascorbic acid on decreasing the inflammatory
cytokines IL-6 and IL-8, but their results revealed no posi-
tive effect of this antioxidant agent compared to a placebo.
Angstwurm et al. (48) reported in 2008 that adjuvant treat-
ment with high-dose Se diminished the mortality rate in
patients with severe sepsis or septic shock. Valenta et al.
reported that although high-dose Se in patients with sep-
sis reduced inflammatory markers, the mortality rate was
not affected (49). Heyland et al. conducted a multicenter
study on critically ill patients who received 500 µg Se in
their artificial nutrition. Their results were disappointing
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and reported no beneficial effects from this intervention
on the 28-day mortality rate (50). Andrews et al. (41) per-
formed a clinical trial searching for the effects of Se on 505
adults in intensive care units, who received Se (500µg/day)
for seven days. They found a reduction rate in new infec-
tions but no effect on the mortality rate. Landucci et al.
conducted a systemic review and meta-analysis of nine ran-
domized trials and concluded that high-dose Se might be
have an effect on 28-day mortality in critically ill patients.
They also found that Se supplementation at doses of < 500
µg/day had no significant beneficial effects (51). Brodin et
al. investigated the pharmacokinetics and toxicity of Se
in cancer patients by administering it at different doses
for 2 - 4 weeks. The reported adverse effects were fatigue,
nausea, and cramps in the fingers and legs; the incidence
rate of chemotherapy-induced toxicity was higher in cases
treated with < 3 mg/m2 of Se (52).

Several factors might be responsible for these dis-
parate results. The biology of Se is complex, cell-tissue de-
pendent, and is often affected by other metabolic pathways
and by the disease process itself (21). We do not know the
exact predominant factors (such as the cardiopulmonary
bypass or the surgical trauma) in the initiation of the sys-
temic inflammatory response in cardiac surgeries. In fact,
no single pharmacological or technical intervention is ad-
equate to entirely suppress the associated adverse clinical
outcomes and inflammatory response due to surgery (3).
The exact biomarkers reflecting the severity of the stress
response have not yet been identified. Moreover, in car-
diac surgery, the inflammatory reaction varies consider-
ably among patients, and the kinetics of exogenous admin-
istration of Se and its pathophysiological role in multior-
gan injury are poorly understood. The genetic background
of individuals also contributes to the stress response. It re-
mains speculative whether the present genotype and phe-
notype of patients might affect Se distributions. Further-
more, it is largely unknown whether the underlying geno-
type might influence the physiologic response to Se com-
plements (3, 53, 54).

Varying doses, preparations, routes of administration,
surgeon experience, anesthetic agents, and methods (21,
53) are also partly responsible for the disparate findings
(2, 28, 29, 55, 56). Several Se studies have focused on can-
cer, the endocrine system, cerebrovascular disease, im-
mune function, the respiratory system, pregnancy, the gas-
trointestinal system, and other conditions, but not on-
pump CABG surgery. Moreover, a number of previous stud-
ies evaluated the combination of Se with other minerals
or vitamins. This indicates the strength and novelty of
the present study; however, comparing our findings with
those of similar studies and discussing the conflicting re-
sults was limited (37, 52, 57-76).

5.1. Strengths

To the authors’ knowledge, despite the importance of
this issue, no similar studies have been performed purely
to investigate the efficacy of low-dose Se on the stress
response in CABG surgery. This could be considered a
strength of the present study.

5.2. Weaknesses

Considering the fact that the human pharmacody-
namic conditions are unknown, earlier Se treatment be-
fore surgery or repeated doses may be necessary to achieve
an anti-inflammatory response. The mentioned time-
points might not have been optimal to recognize the peak
values; for instance, between T1 (just after the end of CPB)
and T2 (24 hours after surgery), there may have been a valu-
able time-point. In addition, a short follow-up duration of
only up to 48 hours after surgery could be considered a
weakness of this study.

5.3. Limitations

First, this was a single-center study involving a lim-
ited number of surgeries, up to four per day. Second, the
sample size was small. Third, the evaluated inflammatory
markers were restricted, and it cannot be ruled out that
the results might be different if other cytokines were eval-
uated. Therefore, these results might not be generalizable.

5.4. Suggestions

We hope that the present findings underlie new stud-
ies in the future. In order to report reliable and gen-
eralizable results about the anti-inflammatory properties
of Se, further large, well-planned, multicenter trials with
longer follow-up durations in different populations and
with other types of surgeries are still needed. More com-
plete data on the safety, optimal dosage, and timing are re-
quired before making recommendations for pre-, peri- or
postoperative Se administration.

5.5. Conclusions

The results of the present study showed that 600 µg
of intravenous Se was safe with no side effects, but did
not support the superiority of this treatment as an anti-
inflammatory agent in on-pump CABG surgery.
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