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Purpose: To investigate the effect of pretreatment with intravenous nicorandil on 
the incidence of contrast-induced nephropathy (CIN) in patients with renal dys-
function undergoing coronary angiography. Materials and Methods: This ran-
domized controlled multicenter study enrolled a total of 166 patients (nicorandil 
n=81; control n=85) with an estimated glomerular filtration rate <60 mL/min. 
Nicorandil 12 mg dissolved in 100 mL of 0.9% saline was administered intrave-
nously for 30 minutes just prior to coronary angiography in the nicorandil group. 
The same volume of only saline was given to the control group. The primary end-
point was the incidence of CIN, defined as >0.5 mg/dL increase or >25% rise in 
serum creatinine (SCr) concentration within 48 hours of contrast exposure com-
pared to baseline. Results: The final analysis included 149 patients (nicorandil 
n=73; control n=76). The baseline characteristics and the total volume of the used 
contrast (Iodixanol, 125.6±69.1 mL vs. 126.9±74.6 mL, p=0.916) were similar be-
tween the two groups. The incidence of CIN also did not differ between the nicor-
andil and control groups (6.8% vs. 6.6%, p=0.794). There was no difference be-
tween the two groups in the relative change in SCr from baseline to peak level 
within 48 hours after coronary angiography (-1.58±24.07% vs. 0.96±17.49%, 
p=0.464), although the nicorandil group showed less absolute change in SCr than 
the control group (-0.01±0.43 mg/mL vs. 0.02±0.31 mg/mL, p=0.005). Conclu-
sion: Prophylactic intravenous infusion of nicorandil did not decrease the inci-
dence of CIN in patients with renal dysfunction undergoing coronary angiography.
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INTRODUCTION

With the widespread use of computed tomography and angiography as diagnostic 
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cedure. 
This study was conducted according to the principles of 

the revised Declaration of Helsinki and good clinical prac-
tice guidelines and was approved by the local Institutional 
Review Board of the participating hospitals. All patients 
gave written informed consent prior to study entry. The trial 
was registered with http://www.clinicaltrials.gov (trial iden-
tifier: NCT01103336).

Study protocol
The present study was designed as an investigator-initiated, 
prospective, randomized, open-label, multicenter trial. Pa-
tients were randomized in a 1 : 1 ratio either to the nicor-
andil or to the control group. Randomization was stratified 
for the participating centers and the severity of the renal 
dysfunction (eGFR ≤40 or >40 mL/min). In the nicorandil 
group, nicorandil (Sigmart for injection, Choongwae Phar-
ma, Seoul, Korea) 12 mg nicorandil was diluted in 100 mL 
of 0.9% saline and administered intravenously over a 
30-minute period just prior to coronary angiography. In the 
control group, 100 mL of 0.9% saline was given by the 
same method. In all enrolled patients, an intravenous infu-
sion of 0.45% saline at a rate of 1 mL/kg/hr (0.5 mL/kg/hr 
for patients with LVEF <40%) was administered at least 8 
hours before and after an elective coronary procedure. Elec-
tive coronary procedures were performed according to stan-
dard technique by a radial or femoral approach. Iodixanol 
(Visipaque, GE Healthcare Korea, Seoul, Korea), an iso-os-
molar, non-ionic, dimeric contrast medium, was used for all 
patients. 

Blood samples were collected at baseline and on days 1 
and 2 after the procedure for the measurement of serum Cr 
and cystatin C levels. Laboratory personnel in a central core 
laboratory (Seoul Clinical Laboratory, Seoul, Korea) that 
were fully blinded to the clinical data performed the mea-
surements. The primary endpoint was the incidence of CIN, 
defined as >0.5 mg/dL increase or >25% rise in SCr concen-
tration within 48 hours of contrast exposure compared to 
baseline. Additional endpoints were maximal increase in se-
rum Cr and cystatin C levels within 48 hours after the proce-
dure. Major adverse events including death, myocardial in-
farction, stroke, renal failure requiring dialysis, and acute 
pulmonary edema confirmed by chest X-ray films were also 
recorded.

Statistical analysis
The calculation of the sample size was based on a two sam-

tools for various diseases, the prevalence of contrast-in-
duced nephropathy (CIN) is increasing, and CIN is a com-
mon cause of hospital-acquired acute renal failure.1-3 Risk 
factors for CIN include chronic kidney disease, diabetes mel-
litus, advanced age, congestive heart failure, nephrotoxic 
drug use, hypovolemia, and excessive contrast media vol-
ume.4,5 The incidence of CIN is less than 5% in patients with-
out risk factors but can increase to 50% among patients with 
multiple risk factors.4,5 Although the underlying pathomecha-
nism for CIN is not fully understood, the reduction in renal 
perfusion caused directly from the effect of contrast media on 
the kidney plays an important role in the development of 
CIN.6,7 Nicorandil is an anti-anginal medication that has the 
dual properties of a KATP channel agonist and a nitric oxide 
(NO) donor.8 A recent study showed that activation of the 
KATP channel reduced renal injury due to ischemia and reper-
fusion by preventing accumulation of reactive oxygen radi-
cals.9 These data suggest that nicorandil may protect the kid-
ney from ischemic injury associated with the use of contrast 
media by decreasing calcium inflow to the tubular cells, in-
hibiting the accumulation of reactive oxygen species (ROS), 
suppressing synthesis of endothelin-1, and inducing NO pro-
duction. The purpose of the present study is to evaluate the 
effect of pretreatment with intravenous nicorandil on the inci-
dence of CIN in patients with renal dysfunction undergoing 
coronary angiography.

MATERIALS AND METHODS
　　　

Study population
Patients admitted with renal dysfunction [i.e., estimated 
glomerular filtration rate (eGFR) ≤60 mL/min by Cock-
croft-Gault formula and serum creatinine (SCr) ≥1.1 mg/
dL] scheduled to undergo coronary angiography on the 
next day were screened. The exclusion criteria were age 
<18 years, acute myocardial infarction requiring primary or 
rescue coronary intervention, allergy to contrast dye or 
nicorandil, previous exposure to nicorandil or contrast me-
dium within the preceding 7 days, pregnancy, left ventricu-
lar ejection fraction (LVEF) <30% by echocardiogram or 
evident by pulmonary edema, acute renal failure, renal fail-
ure requiring dialysis, a single functioning kidney, history 
of kidney transplantation, life expectancy <6 months, or the 
use of nonsteroidal anti-inflammatory drugs except for low 
dose aspirin, dopamine, mannitol, N-acetylcysteine, ascor-
bic acid, or sodium bicarbonate within 48 hours of the pro-
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RESULTS
 

Baseline characteristics
A total of 173 patients were enrolled in this study and were 
randomized to either the nicorandil group (n=85) or the con-
trol group (n=88). Two patients from each group withdrew 
consent for study participation after enrollment. An addi-
tional 20 patients, 10 from each group, were excluded from 
the analysis because of incomplete laboratory evaluations. 
Consequently, 73 patients in the nicorandil group and 76 pa-
tients in the control group remained for statistical analysis. 
Clinical characteristics of the patients are summarized in Ta-
ble 1. No significant differences were identified between the 
two patient groups regarding age, gender, weight, body 
mass index, diabetes mellitus, hypertension, hypercholester-
olemia, current smoking, acute coronary syndrome, acute 
myocardial infarction, multi-vessel disease, eGFR, Mehran 

ple and two-sided inequality test. The incidence of CIN was 
approximated at 15% in the control group based on previ-
ous studies.4,5,10 Pretreatment with nicorandil was hypothe-
sized to reduce this incidence to 2%. Based on an alpha level 
of 0.05 and statistical power of 80%, 73 patients were re-
quired for each group. Continuous variables were expressed 
as mean±standard deviation, and categorical variables were 
described as a number (percentage). Categorical variables 
were compared using the chi-square test or Fisher’s exact 
test, as appropriate. Student’s t-tests were used to compare 
normally and non-normally distributed continuous variables. 
Statistical significance was considered if the p-value was 
<0.05. The impact of the pretreatment of nicorandil on the 
incidence of CIN was evaluated in a logistic regression anal-
ysis after adjustment of all variables associated with CIN in 
univariate analysis with a p-value <0.2. All statistical analy-
ses were conducted using IBM PASW Statistics 18.0 (IBM 
Corporation, New York, NY, USA).

Table 1. Clinical Characteristics of the Study Population
Nicorandil (n=73) Control (n=76) p value

Age, yrs 70.8±9.6   69.1±10.3 0.291
Male (%)    53 (72.6) 51 (67.1) 0.581
Weight, kg   63.8±11.6   65.4±11.1 0.383
BMI, kg/m2 24.1±3.2 24.8±3.7 0.229
Diabetes mellitus (%)    30 (41.1) 42 (55.3) 0.117
Hypertension (%)    57 (78.1) 61 (80.3) 0.900
Hypercholesterolemia (%)    21 (28.8) 28 (36.8) 0.382
Current smoker (%)    17 (23.3) 18 (23.7) 0.892
Acute coronary syndrome (%)    24 (32.9) 21 (27.6) 0.604
AMI (%)    5 (6.8) 5 (6.6) 0.794
Multi-vessel disease (%)    35 (47.9) 28 (36.8) 0.228
LVEF ≤45% (%)    11 (15.1) 5 (6.6) 0.159
Baseline eGFR, mL/min   37.5±13.4   40.1±13.9 0.248
eGFR <40 mL/min (%)    37 (50.7) 40 (52.6) 0.941
Mehran score (%) 0.571
    0-5    20 (27.4) 21 (27.6)
    5-10    35 (47.9) 36 (47.4)
    11-16    18 (24.7) 17 (22.4)
    >16 0 (0) 2 (2.6)
    Mean   7.8±3.5   7.9±3.8 0.974
Previous medications (%)*
    ACEI or ARB    47 (64.4) 43 (56.6) 0.420
    β-blocker    42 (57.5) 35 (46.1) 0.216
    Calcium-channel blocker    34 (46.6) 36 (47.4) 0.919
    Nitrate    37 (50.7) 43 (56.6) 0.485
    Statin    37 (50.7) 43 (56.6) 0.640

BMI, body mass index; AMI, acute myocardial infarction; LVEF, left ventricular ejection fraction; eGFR, estimated glomerular filtration rate; ACEI, angioten-
sin-converting-enzyme inhibitor; ARB, angiotensin receptor blocker. 
*Medications prior to coronary angiography.
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24 and 48 hours after the procedure did not show any sig-
nificant difference between the two groups. The primary 
endpoint (incidence of CIN) was also similar between the 
nicorandil and control groups (6.8% vs. 6.6%, p=0.794) 
(Fig. 1). The change in absolute serum Cr level within 48 
hours after the exposure to contrast media showed signifi-
cantly less change in the nicorandil group compared to the 
control group, respectively (-0.01±0.43 mg/dL vs. 0.02± 
0.31 mg/dL, p=0.005). However, the relative changes in se-
rum Cr from baseline to maximal Cr level within 48 hours 
were not significantly different between the nicorandil and 
control groups (-1.58±24.07% vs. 0.96±17.49%, p=0.464). 
The absolute (0.08±0.25 mg/L vs. 0.09±0.15 mg/L, p=0.867) 
and relative changes in the serum cystatin C levels (5.57± 

score, and previous medications. However, the nicorandil 
group had a trend toward a higher frequency of LVEF ≤45% 
compared to the control group (15.1% vs. 6.6%, p=0.159). 

Contrast-induced nephropathy (CIN)
The procedural and biochemical characteristics are present-
ed in Table 2. The frequency of percutaneous coronary in-
tervention (PCI) (41.1% vs. 36.8%, p=0.716) and the vol-
ume of contrast media (125.6±69.1 mL vs. 126.9±74.6 mL, 
p=0.916) did not differ between the nicorandil and control 
groups, respectively. Baseline serum Cr (1.67±0.67 mg/dL 
vs. 1.56±0.45 mg/dL, p=0.173) and cystatin C levels (1.42± 
0.51 mg/L vs. 1.35±0.47 mg/L, p=0.406) were similar be-
tween the nicorandil and control groups. Serum Cr levels at 

Table 2. Procedural and Biochemical Data before and after Coronary Angiography
Nicorandil (n=73) Control (n=76) p value

PCI performed (%) 30 (41.1) 28 (36.8) 0.716
Contrast media
    Volume (mL) 125.6±69.1 126.9±74.6 0.916
    Volume ≥150 mL (%) 20 (27.4) 17 (22.4) 0.603
SCr
    Baseline, mg/dL  1.73±0.60   1.61±0.44 0.166
    At 24 hrs  1.63±0.72   1.55±0.54 0.441
    At 48 hrs  1.68±0.78   1.58±0.56 0.410
    Peak within 48 hrs, mg/dL  1.72±0.78   1.63±0.57 0.469
    Max absolute change, mg/dL -0.01±0.43   0.02±0.31 0.005
    Max relative change, %   -1.58±24.07     0.96±17.49 0.464
Cystatin C
    Baseline, mg/L  1.42±0.51   1.35±0.47 0.406
    At 24 hrs  1.44±0.55   1.40±0.51 0.612
    At 48 hrs  1.45±0.64   1.38±0.48 0.464
    Peak within 48 hrs, mg/L  1.50±0.60   1.45±0.52 0.609
    Max absolute change, mg/L  0.08±0.25   0.09±0.15 0.867
    Max relative change, %    5.57±15.89     6.66±11.21 0.648

PCI, percutaneous coronary intervention; SCr, serum creatinine; Max, maximum.

Fig. 1. Changes in serum creatinine levels. (A) Incidence of contrast-induced nephropathy. (B) Frequency of an increase in serum creatinine level >0.5 mg/dL 
from baseline. (C) Frequency of an increase in serum creatinine level >25% from baseline. CIN, contrast-induced nephropathy; SCr, serum creatinine.
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after adjusting for the influence of variables found to be as-
sociated with CIN in univariate analysis. These included age, 
sex, diabetes mellitus, acute coronary syndrome, baseline 
serum Cr, left ventricular ejection fraction <45%, and mul-
tivessel disease. The analysis showed that prophylactic pre-
treatment with nicorandil did not reduce the risk for CIN 
(Table 3).

Clinical outcomes
No symptoms or hemodynamic changes related to the in-

15.89% vs. 6.66±11.21%, p=0.648) were also similar be-
tween the two groups. The incidences of an increase in se-
rum cystatin C levels >10%, >20%, and 30% from baseline 
were similar between the nicorandil and control groups (Fig. 
2). In subgroups either with baseline eGFR >30 mL/min or 
with eGFR ≤30 mL/min, the incidences of CIN and the in-
crease in serum cystatin C >10% did not differ between the 
nicorandil and control groups (Fig. 3). In the multivariate 
logistic regression analysis, the effect of the pretreatment 
with nicorandil on the development of CIN was evaluated 

Fig. 2. Changes in serum cystatin C levels. Frequency of increases in serum cystatin C >10% (A), >20% (B), and >30% (C) from baseline.

Fig. 3. Incidences of CIN (A and C) and increase in serum cystatin C >10% from baseline (B and D) in patient subgroups with baseline glomerular filtration 
rate (GFR) >30 mL/min (A and B) and ≤30 mL/min (C and D). *p value by Fisher exact test. CIN, contrast-induced nephropathy.
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quirements of the kidney as a whole, and particularly the 
outer medulla.11 Released by endothelial cells, endothelin 
and adenosine are strong vasoconstrictors in the kidney. 
NO and prostaglandin E2 act as potent vasodilators.12,13 One 
study demonstrated that infusion of contrast media marked-
ly decreased blood flow to both the cortex and medulla by 
decreasing activity of NO synthase and by increasing ade-
nosine through hydrolysis of adenosine triphosphate (ATP).13 
Catabolism of adenosine generates ROS that scavenge NO. 
Induced by exposure to contrast media, release of endothe-
lin and prostaglandin from endothelial cells and the in-
crease in adenosine result in decreased blood flow and hy-
poxia in the medulla.7,14

Various preventive measures have been investigated to 
help prevent CIN. Diuretics, mannitol, dopamine, atrial na-
triuretic peptide, endothelin receptor antagonists, fenoldo-
pam, theophylline, ascorbic acid, N-acetylcysteine, and 
statins have all been evaluated in well-designed, prospec-
tive, randomized, double-blinded trials, but either failed to 
show a positive impact on CIN prevention or remained con-
troversial.6,15 A recent study demonstrated that iloprost, an 
analog of prostacyclin, significantly reduced the risk of CIN 
in patients with renal insufficiency undergoing coronary an-
giography or intervention.16 Trimetazidine, an anti-ischemic 
agent, has also shown to be effective in reducing the inci-
dence of CIN in patients with pre-existing renal dysfunc-
tion.17 The efficacy of these agents for the prevention of 
CIN requires further clinical validation. However, these stud-
ies indicate that anti-ischemic drugs may play a beneficial 
role in the prevention of CIN.

Nicorandil, a KATP channel opener and a NO donor, is 
currently used in the treatment of angina and acute heart 

travenous administration of nicorandil were observed dur-
ing and immediately after the intravenous nicorandil infu-
sion. The length of hospital stay after the procedure did not 
differ between the nicorandil and control group, respective-
ly (5.4±5.4 days vs. 4.7±4.4 days, p=0.399). Major adverse 
events occurred in 3 patients (2 cardiac deaths and 1 dialy-
sis) in the nicorandil group and in 2 patients (2 myocardial 
infarctions) in the control group (p=0.974). Acute pulmo-
nary edema was observed in 2 of the 3 patients with major 
adverse events in the nicorandil group and in 1 of the 2 pa-
tients with major adverse events in the control group.

DISCUSSION

This study evaluated whether pretreatment with single intra-
venous dose of nicorandil prevented CIN in patients with re-
nal insufficiency undergoing coronary angiography. Howev-
er, the results failed to identify any preventive pretreatment 
effect of nicorandil on the development of CIN.

Although the exact pathomechanisms of CIN is unknown, 
renal ischemia from an imbalance in vasodilatory and vaso-
constrictive factors, as well as the direct toxic effects of con-
trast media on tubular epithelial cells, are thought to be in-
volved in the development of CIN.6,7 Normally, the majority 
of renal blood flow goes to the cortex, and only 10% is de-
livered to the medulla.7 The deeper portion of the outer me-
dulla is particularly vulnerable to ischemia because the epi-
thelial cells of the thick ascending limb have a relatively 
high oxygen requirement in order to reabsorb salt. The com-
plex interaction of vasodilators and vasoconstrictors modu-
lates renal microcirculation in response to the metabolic re-

Table 3. Impact of the Pretreatment with Nicorandil on the Incidence of Contrast-Induced Nephropathy in a Logistic Regres-
sion Analysis after Adjustment of Covariates

Crude OR Adjusted OR
OR 95% CI p value OR 95% CI p value

Pre-treatment
    Nicrorandil 1.04 0.29-3.77 0.947 0.77 0.16-3.81 0.748
Covariates for adjustment
    Age 0.96 0.90-1.01 0.150 0.95 0.89-1.02 0.151
    Sex 4.17   0.51-33.93 0.182 2.93   0.30-28.87 0.357
    Diabetes mellitus 4.69   0.96-22.87 0.056 4.41   0.68-28.45 0.119
    Baseline SCr 3.34 1.33-8.35 0.010 1.38 0.42-4.56 0.593
    LVEF <45% 4.54   1.04-19.85 0.045 4.06   0.51-32.25 0.185
    ACS 3.85   1.03-14.37 0.045 3.62   0.81-16.10 0.091
    Multivessel disease 3.46   0.86-13.95 0.081 1.69 0.33-8.72 0.529

OR, odds ratio; CI, confidence interval; SCr, serum creatinine; LVEF, left ventricular ejection fraction; ACS, acute coronary syndrome.
All variables found to be associated with contrast-induced nephropathy in univariate analysis with p<0.2 were included as covariates. 
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shown differences between the nicorandil and control groups 
since serum creatinine can peak later than 48 hours after the 
procedure. However, The Acute Kidney Injury Network  
criteria also suggested a period of 48 h for diagnosis to en-
sure that the process being diagnosed is acute and represen-
tative.24 The most common definitions of CIN used in pre-
vious studies were based on the serial measurements of 
serum Cr with 48 hours after contrast exposure.25 A recent 
study reported that measurement of cystatin C at 24 hours 
after administration of contrast agents was efficient for ear-
ly detection of CIN.26 In our study, there were no significant 
changes in serum cystatin C between the two groups. 

In conclusion, this study did not demonstrate a preventive 
effect of single dose intravenous nicorandil on the develop-
ment of CIN in patients undergoing coronary angiography 
or PCI. The role of anti-ischemic agents in the prevention of 
CIN needs to be investigated in further clinical trials.

ACKNOWLEDGEMENTS

This study was supported partly by grants from the Brain 
Korea 21 Project for Medical Science, Yonsei University 
and Korean Institute of Medicine, the Cardiovascular Re-
search Center, Seoul, Korea, GE Healthcare Korea, and the 
Korea Healthcare Technology R&D Project, Ministry for 
Health, Welfare & Family Affairs, Republic of Korea (No. 
A110879). Other than providing financial support, GE 
Healthcare Korea was not involved with the protocol devel-
opment or the study process including site selection, man-
agement, or data collection and analysis.

REFERENCES

1.	McCullough PA, Wolyn R, Rocher LL, Levin RN, O’Neill WW. 
Acute renal failure after coronary intervention: incidence, risk fac-
tors, and relationship to mortality. Am J Med 1997;103:368-75.

2.	Nash K, Hafeez A, Hou S. Hospital-acquired renal insufficiency. 
Am J Kidney Dis 2002;39:930-6.

3.	Kim MJ, Choi HS, Oh SH, Lee HC, Kim CS, Choi JS, et al. Im-
pact of acute kidney injury on clinical outcomes after ST elevation 
acute myocardial infarction. Yonsei Med J 2011;52:603-9.

4.	Rihal CS, Textor SC, Grill DE, Berger PB, Ting HH, Best PJ, et 
al. Incidence and prognostic importance of acute renal failure after 
percutaneous coronary intervention. Circulation 2002;105:2259-
64.

5.	Mehran R, Aymong ED, Nikolsky E, Lasic Z, Iakovou I, Fahy M, 
et al. A simple risk score for prediction of contrast-induced ne-
phropathy after percutaneous coronary intervention: development 

failure.8 KATP channels, which are widely distributed in vari-
ous tissues, respond to alterations in the metabolic activity 
of the cell and thereby act as sensors of glucose and oxygen 
availability.18,19 Nicorandil has been found to prevent reper-
fusion injury and protect the heart against ischemic injury 
by promoting ischemic preconditioning.20 A recent study 
showed that activation of KATP channels reduced renal injury 
due to ischemia and reperfusion by preventing the accumu-
lation of reactive oxygen radicals in mitochondria.9 Shimizu, 
et al.21 found that the renal expression of KIR6.2 channels, a 
major subunit of the KATP channel, in the ischemia-reperfu-
sion injury rats was significantly lower than in the control 
rats. However, the down-regulation of the KIR6.2 expression 
was reversed by administration of nicorandil. Nicorandil 
has also been reported to suppress renal synthesis of endo-
thelin-1 and reduce proteinuria in patients with hyperten-
sion.22

Based on these observations, we hypothesized that nicor-
andil may protect the kidney from ischemic injury associat-
ed with the use of contrast media by inhibiting the accumu-
lation of ROS, suppressing synthesis of endothelin-1, and 
inducing NO production. Despite these theoretical advan-
tages, nicorandil did not demonstrate a preventive effect on 
CIN in this study. Several explanations can be speculated 
for the negative results of our study. First, nicorandil may not 
have a preventive effect on the development of CIN. Howev-
er, intravenous nicorandil might be effective when adminis-
tered at a different dose or frequency. The dose was derived 
from the regimen for the pretreatment of patients with ST-
segment elevation myocardial infarction prior to reperfusion 
in a clinical study conducted by Ishii, et al.23 Significantly im-
proved clinical outcomes were reported after pretreatment 
with a single dose of intravenous nicorandil in patients un-
dergoing primary PCI. Indeed the dose required for the pre-
vention of CIN may be different from the dose used for 
protection from ischemia-reperfusion injury in the myocar-
dium. Additionally, the majority (>75%) of the patients in-
cluded in our study had Mehran scores ≤10 and belonged to 
relatively lower CIN risk groups. PCI was performed in 
38.9% of the study patients, and only 24.8% of the enrolled 
patients required contrast media volume ≥150 mL. These 
circumstances possibly led to an incidence of CIN in the 
present study that was much lower than we had assumed 
for the calculation of the study sample size. Therefore, the 
present study was underpowered to evaluate the primary 
study objective. We cannot rule out the possibility that later 
measurements of serum creatinine and cyctatin C may have 



Young-Guk Ko, et al.

Yonsei Med J   http://www.eymj.org   Volume 54   Number 4   July 2013964

16.	Spargias K, Adreanides E, Demerouti E, Gkouziouta A, Manginas 
A, Pavlides G, et al. Iloprost prevents contrast-induced nephropa-
thy in patients with renal dysfunction undergoing coronary angi-
ography or intervention. Circulation 2009;120:1793-9. 

17.	Onbasili AO, Yeniceriglu Y, Agaoglu P, Karul A, Tekten T, Akar H, 
et al. Trimetazidine in the prevention of contrast-induced nephrop-
athy after coronary procedures. Heart 2007;93:698-702.

18.	Quayle JM, Nelson MT, Standen NB. ATP-sensitive and inwardly 
rectifying potassium channels in smooth muscle. Physiol Rev 
1997;77:1165-232.

19.	Miki T, Seino S. Roles of KATP channels as metabolic sensors in 
acute metabolic changes. J Mol Cell Cardiol 2005;38:917-25. 

20.	Sato T, Sasaki N, O’Rourke B, Marbán E. Nicorandil, a potent 
cardioprotective agent, acts by opening mitochondrial ATP-depen-
dent potassium channels. J Am Coll Cardiol 2000;35:514-8.

21.	Shimizu S, Saito M, Kinoshita Y, Ohmasa F, Dimitriadis F, Shomo-
ri K, et al. Nicorandil ameliorates ischaemia-reperfusion injury in 
the rat kidney. Br J Pharmacol 2011;163:272-82. 

22.	Lee TM, Chang NC. Effect of nicorandil on proteinuria in well 
controlled hypertensive patients. J Hypertens 2009;27:618-25.

23.	Ishii H, Ichimiya S, Kanashiro M, Amano T, Imai K, Murohara T, 
et al. Impact of a single intravenous administration of nicorandil 
before reperfusion in patients with ST-segment-elevation myocar-
dial infarction. Circulation 2005;112:1284-8. 

24.	Molitoris BA, Levin A, Warnock DG, Joannidis M, Mehta RL, 
Kellum JA, et al. Improving outcomes of acute kidney injury: re-
port of an initiative. Nat Clin Pract Nephrol 2007;3:439-42.

25.	Solomon R, Dauerman HL. Contrast-induced acute kidney injury. 
Circulation 2010;122:2451-5.

26.	Briguori C, Visconti G, Rivera NV, Focaccio A, Golia B, Gian-
none R, et al. Cystatin C and contrast-induced acute kidney injury. 
Circulation 2010;121:2117-22.

and initial validation. J Am Coll Cardiol 2004;44:1393-9.
6.	Persson PB, Hansell P, Liss P. Pathophysiology of contrast medi-

um-induced nephropathy. Kidney Int 2005;68:14-22.
7.	Wong PC, Li Z, Guo J, Zhang A. Pathophysiology of contrast-in-

duced nephropathy. Int J Cardiol 2012;158:186-92.
8.	Taira N. Nicorandil as a hybrid between nitrates and potassium 

channel activators. Am J Cardiol 1989;63:18J-24J.
9.	Sun Z, Zhang X, Ito K, Li Y, Montgomery RA, Tachibana S, et al. 

Amelioration of oxidative mitochondrial DNA damage and dele-
tion after renal ischemic injury by the KATP channel opener di-
azoxide. Am J Physiol Renal Physiol 2008;294:F491-8. 

10.	Dangas G, Iakovou I, Nikolsky E, Aymong ED, Mintz GS, Kip-
shidze NN, et al. Contrast-induced nephropathy after percutaneous 
coronary interventions in relation to chronic kidney disease and 
hemodynamic variables. Am J Cardiol 2005;95:13-9.

11.	Brezis M, Heyman SN, Dinour D, Epstein FH, Rosen S. Role of 
nitric oxide in renal medullary oxygenation. Studies in isolated 
and intact rat kidneys. J Clin Invest 1991;88:390-5.

12.	Brenner BM, Troy JL, Ballermann BJ. Endothelium-dependent 
vascular responses. Mediators and mechanisms. J Clin Invest 
1989;84:1373-8.

13.	Myers SI, Wang L, Liu F, Bartula LL. Iodinated contrast induced 
renal vasoconstriction is due in part to the downregulation of renal 
cortical and medullary nitric oxide synthesis. J Vasc Surg 2006;44: 
383-91.

14.	Fujisaki K, Kubo M, Masuda K, Tokumoto M, Hirakawa M, Ike-
da H, et al. Infusion of radiocontrast agents induces exaggerated 
release of urinary endothelin in patients with impaired renal func-
tion. Clin Exp Nephrol 2003;7:279-83.

15.	Ellis JH, Cohan RH. Reducing the risk of contrast-induced ne-
phropathy: a perspective on the controversies. AJR Am J Roent-
genol 2009;192:1544-9. 


