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Abstract 

Background: Patients undergoing on-pump cardiac surgery are at risk of postoperative acute kidney injury (AKI). This is mainly due to 
some ischemic events and also pre-and postoperative stress responses which can result in postoperative organ dysfunction. Selenium (Se) 
as an antioxidant may help reduce inflammation and subsequent related complications.  
Objectives: This study aimed to test if administration of oral Se complement before and after the on-pump cardiac surgery can reduce the 
incidence or severity of AKI following the operation. 
Methods: In this randomized double-blind trial, the patients who were a candidate for on-pump cardiac surgery were randomly divided 
into two groups of intervention and control who received Se (n=60) or nothing (n=60), respectively. In the Se group, 500 µg of Se was 
administrated orally 14 and 2 h before surgery and every 12 h postoperatively for 2 days (overall 3000 µg), while the control group only 
received the routine and standard care. The patients were closely observed for the incidence and severity of postoperative AKI, using both 
Risk/Injury/Failure/Loss/End-stage (RIFLE) and the Acute Kidney Injury Network (AKIN) criteria.  
Results: The study sample included 46 (38.3%) males and 74 (61.7%) females with a mean±SD age of 52.8±16.7 years. Both groups were 
similar in terms of demographic characteristics, comorbidities, and Euro-SCORE. According to the RIFLE criteria, AKI occurred in 11 
(17.9%) and 13 (21.4%) patients in the Se and control group, respectively. However, based on AKIN criteria, there were 17 (28.6%) and 
21 (35.7%) cases of AKI in the Se and the control group, respectively (P=0.73). The most frequent stage of AKI among patients was the 
first stage in both groups and the highest rate of AKI was observed within 3-4 days after the surgery in both groups.   
Conclusion: The obtained results did not approve the effect of Se in AKI prevention in coronary artery bypass grafting patients.  
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1. Background 

Cardiac surgery-associated acute kidney injury 
(CSA-AKI) is a serious and frequent complication 
among patients who suffer from congenital or 
acquired heart diseases (1-3). The incidence of CSA-
AKI ranges from 5% to 45% (1, 2, 4, 5) and increases 
the duration of hospitalization and healthcare costs 
as well as in-hospital and long-term morbidity and 
mortality (2, 4-7). Moreover, CSA-AKI results in the 
prolongation of mechanical ventilation and ICU stay 
renal replacement therapy requirement, and the 
development of chronic kidney disease with a high 
mortality rate (1, 2). Factors contributing to the 
development of CSA-AKI include exogenous and 
endogenous toxins, ischemia-reperfusion injury, 
metabolic abnormalities, microemboli, inflammation, 
neurohormonal activation, and oxidative stress (6, 7). 
A slight elevation in serum creatinine levels after 
cardiac surgery has been associated with poor 
outcomes and renal replacement therapy further 
increased the mortality rate (2,7,8). 

Many investigations have attempted to find a 
pharmacologic therapy for the prevention of 

postoperative AKI. Despite several efforts to find 
pharmaceutical prevention and treatment of 
postoperative AKI only a few measures can be 
recommended which include the preservation of 
hemodynamic stability by fluid management or 
vasopressor and inotrope, some renal vasodilators, 
and volume expansion (9). Furthermore, studies 
revealed that diuretic agents can improve urine 
output and facilitate hemodynamic management. 
Treatment with mannitol and osmotic diuretic 
leads to renal vasodilation and increases renal 
blood flow while it has no effect on filtration 
fraction and renal oxygenation (7,10). It is worth 
mentioning that even the administration of atrial 
natriuretic peptide is not effective in CSA-AKI 
treatment (11). 

Selenium (Se), an essential trace element, is  
an antioxidant that acts as a radical scavenger 
 and is responsible for the normalization of  
all selenoenzymes (selenoproteins), such as 
thioredoxin reductase and intracellular glutathione 
peroxidase. It also seems that Se can decrease the 
need for renal replacement therapy (7,12,13). 
Pretreatment with antioxidants, such as Se is 
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suggested to attenuate the inflammation. Se plays an 
important role in the anti-inflammatory process 
 and elevation of antioxidant capacities via at least 
25 selenoproteins including the glutathione 
peroxidases, thioredoxin reductases, selenoprotein 
P, and iodothyronine deiodinases (9). There is 
increasing evidence suggesting that Se serum 
concentration declines the following surgery and 
remains low for a period of several days to weeks. 
This reduction is associated with the elevation of 
reactive oxygen species (ROS) and the severity of 
illness (6,16,17). On the other hand, post-injury 
normalization of Se status does not reduce oxidative 
stress (17). Therefore, it is postulated that a 
preemptive approach is preferred. 

 

2. Objectives 

The present study aimed to investigate the effect 
of Se on the prevention of acute kidney injury after 
on-pump cardiac surgery. 

 

3. Methods 

This randomized double-blind clinical trial 
included 120 candidates for elective on-pump 
cardiac surgery. The written informed consent was 
obtained from the participants at the beginning of 
the study. Patients were excluded from the study if 
they had renal structural abnormalities, renal 
failure, single kidney, heart failure with an ejection 
fraction (EF)<35%, severe malnutrition, and those 
with a history of cardiac arrest with prolonged C-
reactive protein (CPR), dip vein thrombosis (DVT) 
in the last 6 months, allergy/hypersensitivity to Se, 
surgery duration more than 5 h, reception of more 
than 2 IU packed red blood cell (RBC) during the 
surgery, intra or postoperative application of intra-
aortic balloon pump, or application of more than 
one vasopressor/inotrope agent. 

Patients were randomly divided into two groups 
of Se (n=60) and placebo or control (n=60) using a 

random number table. The Se group received 500 µg 
of Se orally14 and 2 h before surgery and every 12 h 
postoperatively for 2 days (overall 3000 µg), while 
the control group only received the routine and 
standard care. 

All patients received 1 mg oral lorazepam the night 
before surgery, as well as intramuscular morphine 
0.05 mg/Kg and promethazine 25 mg one hour before 
surgery. Anesthesia was induced with 10-15 µg/Kg 
fentanyl and 0.1 mg/Kg midazolam followed by 0.15 
mg/Kg atracurium for endotracheal intubation. 
Propofol (50-100 µg/Kg/min), fentanyl (2-3 
µg/Kg/min), and atracurium (3 µg/Kg/min) was 
infused to maintain the anesthetic state. Mean arterial 
pressure (MAP) was maintained between 60 to 80 
mmHg. Transfusion was conducted in case of 
hemoglobin less than 8 mg/dL or 8-10 mg/dL with 
ScVO2<70%, lactate more than 4mmol/L, or the need 
for two vasopressors to maintain MAP above 
60mmHg. 

We explored the patients for the development of 
AKI until they were discharged from the hospital 
using the RIFLE and acute kidney injury network 
(AKIN) criteria. The glomerular filtration rate 
 of the patients was calculated using the MDRD 
equation, assuming a steady-state renal function. 

The statistical analysis was carried out using SPSS 
software (Version 11.5). The correlation between 
quantitative and qualitative variables was evaluated 
using a t-test, while the Spearman and Pearson 
correlation was used to assess the correlation 
between quantitative variables. The Chi-square test 
was applied for qualitative variables. The confidence 
interval was estimated at 95%. 

 

4. Results 

There were 46 (38.3%) males and 74 (61.7%) 
females with mean±SD age of 52.8±16.7 years. 
Patients in both groups of intervention and control 
were similar regarding their demographic 
characteristics and comorbidities (Table 1).  

 
Table1. Patients’ demographic characteristics and comorbidities 

Variable 
Control (n=60) 

mean±SD 
Case (n=60) 

mean±SD 
P-value 

Age (year) 54.1±17.4 51.1±15.2 0.50 
BMI 25.3±3.8 23.5±4.3 0.14 
Basic CR (mg/dl) 1.1±0.3 1.1±0.3 0.33 
Basic GFR (ml/min) 77.6±23.5 77.5±32.3 0.98 
History of MI 7.1% 3.6% 0.15 

Atrial fibrillation history  0 0.99 

Chronic heart disease 7.2  %  3.6% 0.31 

Hypertension history 25% 52 % 0.99 

Hyperlipidemia history 17.9% 7.1% 0.084 

COPD history 17  %  3.6% 0.55 

Diabetes history 21.4  %  17.9  %  0.73 

Renal failure history 0 0 0.99 

Anemia history 0 0 0.99 

Smoking 25  %  17.9  %  0.51 

Opium addiction 10.7  %  10.7  %  0.99 
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Table 2. Surgical and postsurgical characteristics 

Variable SE Group Control Group P-value 
Mechanical ventilation time (h) 18.64 ± 7.7 20.47 ± 4.2 0.46 
Time of operation (h) 7.7± 3 4.1 ± 3.3 0.049 
Cross-clamp time (min) 40.17 ± 8.6 52.21 ± 5.5 0.030 
Time of pump 50.19 ± 4.2 63.26± 2.2 0.043 
Need for pack cell 1.82 ± 1.11 1.86 ± 0.81 0.91 
Need for FFP 1.43 ± 0.58 2.24 ± 1.21 0.028 
Need for platelets 2.75 ± 0.95 2.50 ± 1.43 0.77 
Post-operative max Cr (mg/dl) 4.0±2.1 5.0 ±3.1 71.0 
Days to maximum Cr 6.1±4.2 0.1 ±1.2 29.0 
Minimum postoperative GFR (ml/min) 7.34±3.71 4.25 ±1.71 92.0 
Maximum percentage of Cr change after surgery 3.40±5.20 7.38 ±4.15 62.0 
Maximum percentage of GFR change after surgery 1.41±5.14 3.36 ±3.16 85.0 
ICU stay (h) 18 (15) 28 (26) 0.023 

 
Table 3. AKI cases based on RIFLE criteria 

Variable 
Control group 

n=60 
Se group 

n=60 
P-value 

AKI cases 21.4 % 17.9% 0.73 

Duration to AKI (day) 2.2 ± 0.3 2.2 ±0.5 0.87** 

Duration to maximum Cr (day) 3.6 ±1.5 3.4 ± 1.6 0.41** 

AKI 
Severity 
(RIFLE criteria) 

Risk 14.3% 7.1% 

0.64 Injury 0.0% 3.6% 

Failure 7.1% 7.1% 

Cases with renal function return 10.7% 7.1% 0.32 

Days to return to basic renal function 6.2±2.7 4.1±1.8 0.18** 

*Chi-square test  
**Independent t-test  

 
Surgical and postsurgical characteristics are 

presented in Table 2. There was not any significant 
difference between the Se and the control group in 
terms of the mean score of the European System for 
Cardiac Operative Risk Evaluation (1.38±0.7 Vs. 
1.30±0.6, respectively; P=0.15). 

Based on RIFLE criteria, AKI occurred in 
11(17.9%) patients in the Se group and 13(21.4%) 
patients in the control group (P=0.73), with the 
highest reported incidence of AKI on the 3rd and 

4th postoperative days in both groups. No 
significant difference was observed between the 
two groups in terms of the frequency of the patients 
who were at the risk, injury, or failure stages 
(P=0.64) (Table 3). 

Considering the AKIN criteria, 17 (28.6%) and 21 
(35.7%) patients developed AKI in Se and the 
 control group, respectively (P=0.55) (Table 4). The 
most frequent stage of AKI among patients  
was the first stage in both groups.

 
Table 4. AKI cases based on AKIN criteria 

Variable 
Control group 

n=60 
Se group 

n=60 
P-value 

CASES AKI 35.7% 28.6% 0.55 

FIRST day of AKI 3.3±1.3 2.9± 1.2 0.14** 

AKI maximum severity day 3.8±1.9 3.4±2.2 0.26** 

AKI 
Maximum 
severity 

Stage1 28.6 % 14.3 % 

0.53 Stage 2 3.6 % 7.1 % 

Stage 3 3.6 % 7.1 % 

cases with renal function return 17.9 % 7.1 % 0.22 

*Chi-square test  
**Independent t-test  

 
No significant difference was observed between 

the mean±SD post-operative maximum creatinine 
level in Se (1.3±0.86 mg/dl) and the control group 
(1.2±0.4mg/dl) (P=0.71). The mean±SD duration of 
serum creatinine rise in both groups was 3.58±1.9 
and 3.4 days which was statistically similar  
in the two groups. 

 

5. Discussion 

Patients who undergo on-pump CABG surgery 
could be affected by different ischemic events 
including cardioplegic arrest induction, microembolic 
events, reperfusion of the myocardium via  
surgical revascularization, and cardioplegic arrest 
termination (14). There has been increasing evidence 
that the application of cardio-pulmonary bypass 
(CPB) using a heart-lung machine for open-heart 
surgery might be the cause of some of these 
complications and be associated with pre-and 
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postoperative stress responses which can result in 
postoperative organ dysfunction (4,15). 

Pretreatment with antioxidants, such as Se is 
suggested to attenuate the inflammation. Se plays an 
important role in the anti-inflammatory process and 
elevation of antioxidant capacities via at least 25 
selenoproteins including glutathione peroxidases, 
thioredoxin reductases, selenoprotein P, and 
iodothyronine deiodinases (9). There is increasing 
evidence suggesting that Se serum concentration 
declines following surgery and remains low for a 
period of several days to weeks. This reduction is 
associated with the elevation of reactive oxygen 
species (ROS) and the severity of illness (6,16,17). On 
the other hand, post-injury normalization of Se status 
fails to reduce oxidative stress (17). Therefore, it is 
postulated that a preemptive approach is preferred. 

Cardiac surgery is an ideal model to investigate 
the efficacy of preemptive Se due to its predictable 
onset of oxidative injury and can reproducibly 
prompt ischemia-reperfusion injury. Therefore, on-
pump CABG with cardioplegic arrest provides ideal 
circumstances to evaluate the potential injury that 
can be caused by oxidative stress (8,10). Therefore, 
this randomized control trial was conducted to 
evaluate the protective effect of Se in on-pump 
cardiac surgery. 

The relation between preoperative Se 
administration and cardiovascular outcomes has 
been reported in several previous studies. On the 
other hand, some other clinical trials resulted in 
conflicting results (18-20). Amini et al. reported that 
administration of neither Se nor vitamin C could 
reduce the development of AKI following off-pump 
CABG, which was consistent with the results of the 
present study (21). 

It has been reported that the duration of surgery 
has a great impact on neuroendocrine hormonal 
release. Furthermore, the declined levels of 
intraoperative Se are correlated with CPB duration 
(20). Therefore, post-operative Se concentration may 
have predictive value for the later development of 
multi-organ failure including AKI. It was observed 
that duration of surgery, pump time, and cross clamp 
time were significantly longer in the Se group that 
have been proposed as risk factors for occurrence of 
AKI. However, these did not affect development of 
AKI, probably due to the protective role of Se in on-
pump surgeries.  

Patients received more FFP in the Se group in the 
present study. Nevertheless, unlike a strong 
association between transfusion of RBC and AKI (22), 
administration of FFP has not been reported to be a 
risk factor for the development of AKI after cardiac 
surgery.  

In 2020, physicians in the University of Tehran, 
Tehran, Iran, conducted a study on 100 patients who 
had undergone CABG and evaluated the correlation 
between serum Se level and surgery outcomes. The 

results of the study showed that patients with 
reduced Se levels are at an increased risk of longer 
hospitalization, longer CPB time, and longer duration 
of surgery. However, they did not consider the 
frequency of AKI in their study (23). 

In 2019, anesthesiologists in Germany published a 
review study discussing the effects of low levels of 
preoperative Se level on patient’s outcomes following 
the surgery. Unlike the result of the present study, 
they revealed that low levels of Se may cause chronic 
cardiovascular disease and also lead to organ 
dysfunction, such as kidney dysfunction in patients 
following the cardiac surgery (24).  

Physicians in Turkey conducted a study in 2019 to 
evaluate the effect of Se on docetaxel-induced 
toxicity. Docetaxel is a chemotherapeutic agent which 
is used as a treatment for various types of cancers. 
Based on their results, Se seems to be an antioxidant 
agent which upregulates Glutathione in kidney cells 
and leads to recovery from adverse events of 
docetaxel by apoptosis inhibition. The combined 
therapy of Se and Docetaxel is recommended as a 
result (25).  

Regarding the limitation of the present study, one 
can refer to the difference between the two groups in 
terms of duration of surgery, pump time, and cross-
clamp time that might affect the results. Therefore, 
further studies are required to exclude these 
potential confounding factors. Other limitations 
included the restriction regarding the long-term 
follow-up of all patients after ICU discharge and the 
lack of administration of the IV form of Se due to 
financial restrictions. 

 

6. Conclusion 

Although it was not possible to prove the effect of 
Se in AKI prevention in CABG patients, it is believed 
that further studies should be designed to evaluate 
the effect of Se in this context.  
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