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Abstract
Background: Contrast-induced nephropathy (CIN) is a common cause of acute kidney injury and is associated
with significant morbidity and mortality even if transient or successfully treated. The preventive measures currently
available have failed to show significant efficacy. Selenium, which is involved in anti-oxidative reactions, might have
protective effects against CIN.
Methods: 237 patients undergoing coronary angiography or intervention were randomly assigned to receive
placebo (n=120) or selenium (200 mcg daily on the pre-procedural day, procedural day, and the first post-procedural
day) (n=117). Serum creatinine was measured before and two days after the procedure. The primary endpoint was
the occurrence of CIN within forty-eight hours.
Results: Baseline characteristics were not different between the groups. CIN occurred in 13 (11.1%) patients in
the selenium group and in 23 (19.2%) in the placebo group (odds ratio (or) 95% confidence interval (CI): 1.72
(0.92-3.24), p value=0.084). Selenium intake was significantly associated with lower rates of CIN in the males (or
(95% CI): 2.33 (1.10-5.48), p value=0.04), hypertensive patients (or (95% CI): 2.69 (1.12-7.53), p value=0.04), those
with a left ventricular ejection fraction <50% (or (95% CI): 5.38 (1.26-22.9), p value=0.008), and those who
underwent percutaneous coronary interventions (or (95% CI): 1.98 (1.01-3.99), p value=0.04).
Conclusion: Selenium, as an antioxidant, might decrease the occurrence of CIN, especially in high-risk patients
undergoing coronary angiography or percutaneous coronary intervention. Nevertheless, routine recommendation of
selenium to these patients needs further investigations.
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Introduction
Nowadays, contrast agents are increasingly employed in various
diagnostic and therapeutic techniques. Contrast-induced nephropathy
(CIN) is one of the most important complications of contrast agents
and ranges in severity from mild to severe and even life-threatening
[1,2]. Core elements that are intertwined in the pathophysiology of
CIN include direct toxicity of iodinated contrast to nephrons, micro
showers of athero-emboli to the kidneys, and contrast- and atheroemboli induced intra-renal vasoconstriction [3,4]. Recently, a
causative role for antioxidants in the pathophysiology of CIN has been
proposed [5].
Unfortunately, CIN is increasing in rate due to performing complex
procedures requiring large doses of contrast agents in elder population
with a high prevalence of comorbid diseases. The widespread use of
coronary angiography and percutaneous coronary interventions (PCI)
probably has played a major role in bringing CIN into the headlines.
CIN occurrence, even if transient and self-limited or successfully

J Clin Exp Cardiolog
ISSN:2155-9880 JCEC, an open access journal

treated, is allied with poor outcomes in patients scheduled for
coronary angiography and PCI [6-10]. The occurrence of CIN might
be expected in high-risk patients based on history, baseline renal
function, clinical status and risk scores [7,11]. Optimal hydration and
administration of the least possible amount of contrast media are the
cornerstone of CIN prophylaxis, but the current paucity of data and
lack of randomized controlled trials should be paid sufficient heed to
[12].
There are many studies targeting pharmacological therapies in CIN
prevention, but no specific agent has shown any clear and consistent
evidence of reduced kidney injury. Of those are N-acetyl cysteine,
Theophylline, Pentoxiphylline, Ascorbic acid, Prostaglandin E1
(alprostadil), calcium channel blockers, Fenoldopam, and Dopamine;
neither has demonstrated promising results regarding CIN, nor is
currently approved for routine use to prevent CIN [13-23]. Selenium,
a trace element in the structure of antioxidant enzymes [24]. We
sought to evaluate the possible protective role of this element against
CIN in angiography and PCI patients.
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Materials and Methods
Study design
This randomized controlled trial was a single-center study on
coronary angiography and PCI patients, who were randomized to
double-blind treatment with placebo or selenium, with parallel design
and allocation ratio of 1:1. The local Ethics Committee of Rajaie
Cardiovascular, Medical and Research Center, Tehran University of
Medical Sciences, approved the trial design.
Patient population and randomization: 550 patients were initially
evaluated between September 2010 and October 2011. Patients were
considered eligible for enrolment if they were over 18 years of age with
chronic stable angina or acute coronary syndrome with classic
indications for coronary angiography or PCI. Exclusion criteria were
history of non-coronary cardiac procedures, acute ST-elevation
myocardial infarction and primary PCI patients, hemodynamic
instability or cardiogenic shock at presentation or during hospital
course, untreated major complications during the procedure,
hemodialysis and pregnancy. In addition, patients with
contraindication for administration of contrast media such as history
of severe allergic reactions, chronic renal failure patients not on
hemodialysis or untreated hyperthyroidism did not undergo
angiograghic procedure.
Randomization was performed based on the computerized balanced
block randomization method in blocks of 4:117 patients to the
selenium treatment group and 120 to the placebo. Randomization
concealment was performed via the sealed envelope technique.
Procedural protocol and follow-up: The study patients in both
groups received the same routine preparation protocol for coronary
angiography and PCI, including hydration with normal saline before
and after the procedure. Normal saline (1 cc/kg) was administered
from twelve hours before to six hours after the procedure. The patients
in the treatment group received daily oral 200 mcg selenium for three
consecutive days before, during and after the procedure. Placebo pills,
similar in shape and color, were given to the placebo group to achieve
treatment concealment. Coronary angiography and PCI were
performed according to the current guidelines. The procedures were
conducted using the iso-osmolar non-ionic contrast media Iodixanol
(Visipaque 320, GE Healthcare, Cork, Ireland). Laboratory data were
obtained from a single hospital laboratory, with the staff blinded to the
study protocol. Serum creatinine was measured before and 48 hours
after the procedure.
The primary end point of the study was the occurrence of CIN,
defined as a minimum 0.5 mg/dl or 25% increase in serum creatinine
above baseline.

Statistical analysis
The continuous quantitative variables are presented as mean ±
standard deviation and the qualitative variables as percentage and
frequency. Comparison of the means was done using the t-test, and the
chi-square test was employed to compare the ratios. Additionally, the
relations between the quantitative variables were investigated via the
Pearson correlation test.
The independent relationships between the variables and CIN were
investigated using the multivariable logistic regression analysis. A p-
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value<0.05 was considered statistically significant, and the analyses
were conducted with SPSS 15 software.

Results
Of the 550 patients, who were initially evaluated, 240 patients were
subjected to random assignment: 120 to each group; and finally, 117
patients were analysed in the selenium, and 120, in the placebo arms.
The study patients were fairly comparable in terms of baseline
demographic, laboratory, and procedural characteristics, although
there was a significantly larger number of male patients in the
selenium group (Table 1). The mean age of the patients was 59.1 years
(range=35-79 years) and 60% were male. Renal function tests were not
significantly different at baseline. The mean serum creatinine was 0.98
± 0.25 mg/dl in the selenium group and 1.01 ± 0.3 mg/dl in the
placebo group before the procedure (p-value=0.57). The mean
contrast volume injected was 185 ± 110 cc in the selenium group and
175 ± 115 cc in the control group (p value=0.35). Type of the
procedure, including coronary angiography versus PCI, was also
comparable between the two arms (p value=0.24). Of the patients who
underwent PCI, 21.3% in the selenium group and 27.5% in the placebo
arm received a minimum of 2 stents (p value=0.46).
Placebo (n=120) Selenium
(n=117)

P value*

59.4 ± 11.3
years

58.9 ± 11.2
years

0.70

Male

63 (52.5%)

79 (68.7%)

Female

57 (47.5%)

36 (31.3%)

Smoking

72 (60%)

83(71%)

0.30

Hypertension

60 (50%)

43 (36.8%)

0.05

Dyslipidemia

35 (29.2%)

32 (27.4%)

0.75

Diabetes

36 (30%)

35 (29.9%)

0.99

Family history

11 (9.2%)

13 (11.1%)

0.62

Body mass index (mean)

26.5 ± 3.7

26.9 ± 4.5

0.50

Ejection fraction ≥50%

75 (62.5%)

73 (62.4%)

Ejection fraction <50%

45 (37.5%)

44 (37.6%)

Anemia

32 (26.7%)

22 (18.8%)

0.16

Hyperglycemia on
admission

30 (25%)

17 (14.5%)

0.07

Baseline creatinine (mg/dl)

1.01 ± 0.3

0.98 ± 0.25

0.42

Contrast volume (cc)

175 ± 115

185 ± 110

0.35

Type of procedure

CAG: 52 (43.3%)

CAG: 42 (35.9%) 0.24

PCI: 69 (56.7%)

PCI: 75 (64.1%)

Age (Mean)

Sex

0.01

Risk Factors

Left ventricular function

0.90

Table 1: Background and procedural data of the study participants. *Pvalue <0.05 was considered statistically significant.
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CIN* (%) in the placebo group CIN(%) in the selenium Odds ratio
(n=120)
group (n=117)
(95% CI)
Age

P value**

0.23

>60 years

15 (26.8%)

8 (17%)

1.57 (0.73-3.38)

≤60 years

8 (12.5%)

5 (7.2%)

1.72 (0.59-5.01)

Male

13 (20.6%)

7 (8.9%)

2.33 (1.10-5-48)

0.04

Female

10 (17.5%)

6 (16.7%)

0.94 (0.31-2.85)

0.91

Smoking

19 (16.8%)

13 (12.3%)

1.37 (0.71-2.63)

0.34

Hypertension

15 (25%)

4 (9.3%)

2.69 (1.12-7.53)

0.04

Diabetes

10 (27.8%)

4 (11.4%)

2.43 (0.84-7.03)

0.08

(BMI >30)

2 (12.5%)

0

3.62 (0.89-6.92)

0.10

Anaemia

8 (25%)

3 (13.6%)

1.83 (0.55-6.15)

0.30

Hyperglycemia

7 (17.9%)

4 (12.9%)

1.39 (0.45-4.32)

0.56

11 (24.4%)

2 (4.5%)

5.38 (1.26-22.9)

0.008

≥300 cc

6 (28.6%)

3 (12%)

1.38 (0.68-8.38)

<300 cc

17 (17.2%)

10 (10.9%)

1.58 (0.76-3.27)

5 (9.6%)

3 (7.1%)

1.35 (0.34-5.31)

0.66

18 (26.5%)

10 (13.3%)

1.98 (1.01-3.99)

0.04

Sex

0.30

Obesity

LV dysfunction
( Ejection fraction <50% )
Contrast volume

Type of procedure
Coronary angiography
PCI

0.15
0.21

Table 2: Multivariate logistic regression model
*CIN

is defined as a minimum 0.5 mg/dl or 25% increase in serum
creatinine above baseline 48 hours after contrast media
administration. **P value <0.05 was considered statistically significant.
LV: Left Ventricle; PCI: Percutaneous Coronary Intervention
Based on 48 hour post-procedural creatinine, 13 (11.1%) patients in
the selenium and 23 (19.2%) patients in the placebo group experienced
CIN, which was, albeit not significantly, marginally different between
the two groups (odds ratio (or) 95% confidence interval (CI): 1.72
(0.92-3.24), p value=0.084). Moreover, there was no significant
difference in post-procedural serum creatinine level between the
groups (1 ± 0.32 mg/dl vs 1.04 ± 0.36 mg/dl, p value=0.42).
Multivariate analysis using logistic regression model did not show a
strong and independent association between the selenium intake and
the occurrence of CIN. However, selenium administration was
associated with a lower frequency of CIN in the males (or (95% CI):
2.33 (1.10-5.48), p value=0.04), hypertensive patients (or (95% CI):
2.69 (1.12-7.53), p value=0.04), left ventricular ejection fraction <50%
(or (95% CI): 5.38 (1.26-22.9), p value=0.008), and those who
underwent PCI (or (95% CI): 1.98 (1.01-3.99), p value=0.04) (Table 2).

Discussion
CIN is an increasing important cause of acute renal failure [25].
CIN is currently described as one of the most common causes of
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hospital-acquired renal failure, accounting for approximately 11% of
cases [26]. Accordingly, many prophylactic strategies have been
proposed and tested in numerous studies; none of them, however, has
shown constant positive results and there is currently no approved
agent for the prevention of CIN.
Selenium, a trace element needed in the structure of antioxidant
enzymes such as glutathione peroxidase, can protect cells against
damage due to free radicals (oxidative damage) caused by
inflammation, malignancies, or toxic materials. Selenium also has a
role in the proper functioning of the thyroid gland and adjusting the
responses of the immune system [27].
The fact that free radicals play a part in the occurrence of CIN has
raised the theory of protective role of Selenium against CIN. Though
still in small trials, the available data on this protective role are
promising [28-30].To our knowledge, this study is the first
randomized trial to evaluate the role of selenium in CIN prevention.
The results obtained from the data collected in this study indicate that
selenium intake was not significantly associated with lower rates of
CIN in overall patients. CIN was occurred in 11.1% of the patients
in the selenium group and 19.2% patients in the control group;
although not statistically significant; the difference shows a trend
toward less nephropathy in the Selenium arm (or (95% CI): 1.72
(0.92-3.24), p value=0.084).
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Selenium intake was shown to be significantly associated with lower
rates of CIN in the male patients (8.9% vs 20.6%, p value=0.04).
However, the gender ratio was not the same, there were more male
patients in the selenium group than in the control group. In an
attempt to avoid the effects of this issue, we separately analysed the
results in the two gender groups.
Our study also revealed that selenium might be associated with
lower frequencies of CIN in hypertensive patients and those with left
ventricular dysfunction. These high-risk patients are classically more
prone to CIN and seem to benefit the most from the antioxidant
effects of selenium supplementation. Our PCI patients experienced
significantly less CIN with selenium supplementation than those in the
placebo arm or those who underwent coronary angiography.
According to Thiele, balloon angioplasty and stenting are associated
with a reduction in selenium levels in serum and whole blood, which is
due to an increase in the formation of free radicals following
reperfusion or by the procedure itself [31]. These alterations might
have some roles in the development of CIN and could be preventable
with selenium supplementation.

Study limitations
First and foremost among the limitations of the present study is that
it is not sufficiently powered because of the small number of
participants. Considering the marginal trend toward a reduction in
CIN occurrence with selenium, we may assume that, with a larger
sample size, the reduction could have been significant. In addition,
selection of patients with higher risk of CIN development might reveal
higher efficacy of selenium. It is noteworthy to mention that serum
levels of selenium were not measured in the study population. Patients
who have selenium deficiency are likely to benefit the most from
supplementation.

Conclusion
Our findings indicate that selenium might have a preventive effect
against CIN. Nonetheless, this effect is most probably observed in
certain high-risk subgroups such as patients with hypertension and left
ventricular dysfunction or those who undergo PCI. Lower levels of
serum selenium or higher concentrations of free radicals in these
patients might be associated with CIN, which could be prevented by
selenium supplementation.
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