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Context: Contrast–induced nephropathy (CIN) is a common cause of  acute kidney 
dysfunction.
Evidence Acquisitions: Directory of  Open Access Journals, Google Scholar, PubMed, EBSCO 
and Web of  Science have been searched.
Results: It is necessary to identify at risk patients at early stages to implement preventive 
strategies to decrease the incidence of  this nephropathy. However, mechanisms of  CIN 
have not fully explained yet. It seems that mechanisms which mediated by nitric oxide 
and prostaglandin-induced vasodilatation have been played a crucial role in the CIN. 
Hemodynamic changes of  renal blood flow, which causes hypoxia in the renal medulla 
and direct toxic effects of  contrast media on renal cells, are thought to contribute to the 
pathogenesis of  CIN. Contrast media is normally divided into iso-osmolar, low-osmolar, 
and high-osmolar. N-acetylcysteine is considered as one of  the best choices to prevent CIN 
in high-risk groups. 
Conclusions: The first aim to prevent CIN is identifying high-risk subjects and controlling 
associate risk factors. As significant differences existed between contrasts agents due to their 
physicochemical properties, low-osmolar or iso-osmolar contrast media should be used to 
prevent CIN in at-risk patients. The volume of  contrast media should be as low as possible.
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ABSTRACT

Implication for health policy/practice/research/medical education:
Contrast-induced nephropathy is a common cause of  acute renal functional impairment and accounts for 
significant morbidity and mortality. The primary goal should be avoiding contrast media to prevent con-
trast-induced nephropathy, if  at all possible, and risk factors should be recognized. As significant differences 
between contrast agents due to their physicochemical properties exist, low-osmolar or iso-osmolar contrast 
media should be used to prevent contrast-induced nephropathy in at-risk patients. The volume of  contrast 
media should be as low as possible.
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1. Context 
Contrast media-induced nephropathy (CIN) 
is considered as a common cause of  acute 
kidney dysfunction after percutaneous coronary 
intervention (1). 

2. Evidence acquisition 
Directory of  Open Access Journals, Google 
Scholar, PubMed, and Web of  Science were 
searched with keywords relevant to contrast-
induced nephropathy, contrast media, 
percutaneous coronary intervention.

3. Results
Forty original and review articles relevant to this 
topic directly or indirectly were found. From the 
information given in these papers, we attempt 
to discuss about six major concerns of  CIN, 
important in clinical practice: 1) clinical aspects, 
2) prevalence of  CIN, 3) pathophysiology, 4) 
contrast agents and renal cell apoptosis, 5) 
relationship between CIN and different contrast 
media, 6) prevention of  CIN by drugs and 
procedures.

3.1. Clinical aspects
CIN is one of  the most important post-operative 
adverse events after cardiac procedures.
The definition of  CIN comprises absolute (≥ 
0.5 mg/dl) or relative increase (≥ 25%) in serum 
creatinine value at 48-72 h after exposure to 
a contrast agent compared to baseline serum 
creatinine values, while alternative explanations 
for renal impairment have been excluded (1-
3). CIN is often undetected clinically because 
patients are asymptomatic. Contrast media have 
serious toxic implication on kidney tubular cells 
(2). CIN is the third most usual cause of  hospital-
acquired acute renal failure after impaired renal 
perfusion and nephrotoxic treatments. Several 
definitions regarding CIN in subjects who have 
undergone cardiac interventions has been defined. 
Recently suggested definition by Harjai, et al. (3) 
categorized, contrast nephropathy as grade 0 
(serum creatinine increase <25% above baseline 

and <0.5 mg/dL above baseline), grade 1 (serum 
creatinine increase ≥25% above baseline and 
<0.5 mg/dL above baseline), or grade 2 (serum 
creatinine increase ≥0.5 mg/dL above baseline).

3.2. Incidence of  CIN
The incidence of  CIN has been calculated to 
be >2% in the general population but in high-
risk patients, i.e., diabetic patients, subjects with 
history of  congestive heart failure, chronic renal 
impairment, and older age, the incidence has 
been considered to be >20% to 30% (4). Almost 
the rate of  CIN is about 150000 patients each 
year in the world, and at least 1% requires dialysis 
and a prolonged hospital stay (5). Rudnick et 
al. (6) reported that patients with history of 
kidney failure alone or combined with diabetes 
mellitus had a notably lower risk of  CIN when 
low-osmolar contrast media are used. It is well-
documented that, CIN increases the length of 
hospital stay cost and medical treatment and 
morbidity (7).
Several risk factors have been described for 
CIN. Mehran et al. have reported a risk score for 
prediction of  CIN after percutaneous coronary 
intervention (8). Their suggested risk scores 
include hypotension (5 points, if  systolic blood 
pressure <80 mm Hg for at least 1 hour requiring 
inotropic support), use of  intra-aortic balloon 
pump (5 points), congestive heart failure (5 points, 
if  class III/IV by New York Heart Association 
classification or history of  pulmonary edema), 
age (4 points, if  >75 years), anemia (3 points, 
if  hematocrit <39% for men and <36% for 
women), diabetes mellitus (3 points), contrast 
media volume (1 point per 100 mL), estimated 
glomerular filtration rate (eGFR); 2 points, if 
eGFR 60 to 40; 4 points, if  eGFR 40 to 20; 6 
points, if  eGFR <20. A risk score of  >6, 6 to 
10, 11 to 16, and >16 indicates a risk for CIN of 
7.5%, 14%, 26%, and 57%, respectively. It is well-
documented that, risk of  CIN increases by higher 
contrast volume (9-12), additionally, Sadeghi et al. 
showed that the use of  high dose of  contrast agent 
was strongly related to the incidence of  acute 
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kidney failure when it is combined with cardiac 
surgery (13). It seems that raising the rate of  CIN 
is due to increasing the number of  angiographies 
and CT examinations in clinical practice as well 
as administered higher doses of  contrast media 
to sicker and older patients (14-16).

3.3. Pathophysiology 
The precise mechanisms of  CIN have not 
been explained in details. It has been observed 
that, adenosine, endothelin, and free radical-
induced vasoconstriction increase following 
CIN while nitric oxide and prostaglandin-
induced vasodilatation decrease, then ischemia 
in the deeper portion of  the outer medulla will 
occur. Furthermore, contrast agents have direct 
toxic effects on kidney tubular cells, inducing 
vacuolization, change in mitochondrial function, 
and even apoptosis (17,18).

3.4. Risk Factors
Various, strategies are available to decrease the 
likelihood that patients will experience CIN. 
Diabetes mellitus (type 1 and type 2) and impaired 
kidney function are considered as important risk 
factors for CIN. In high risk patients different 
levels of  GFR can be considered as a risk factor 
too. The highest risk is associated with GFR 
of  less than 30 mL/min; the lowest risk, with 
GFR levels of  60 mL/min or greater, except for 
patients with diabetes (19). Additionally diabetic 
subjects with normal GFR have increased risk 
of  CIN because of  endothelial dysfunction of 
the renal vessels, resulting in suppressed tonic 
influence of  nitric oxide (20). 

3.5. Contrast agents and renal cell apoptosis
Several factors have thought to be related to 
pathogenesis of  CIN, for example hemodynamic 
changes of  renal blood flow, which causes 
hypoxia in the renal medulla, direct toxic effect 
of  the contrast media on renal cells (21). Both 
clinical trials and animal experiments showed 
predominant toxic effect of  contrast media 
on renal tubules. In addition, administration of 

compounds with antioxidant properties [such 
as N-acetylcysteine, ascorbic acid, and sodium 
bicarbonate] has found as an effective strategy to 
prevent CIN (22-24). Romano et al. demonstrated 
the apoptotic effect of  the iso-osmolar and low-
osmolar contrast media on human embryonic 
kidney, porcine proximal renal tubular, and canine 
Madin–Darby distal tubular renal, cells (25,26). 
Recently it has shown that, sodium bicarbonate 
and ascorbic acid had acceptable properties to 
avoid CIN (27), notably, Romano et al. showed that 
ascorbic acid has lower effect against contrast-
induced apoptosis than NAC. In contrast, sodium 
bicarbonate does not prevent contrast-induced 
apoptosis. Additionally, newly clinical studies 
suggest that the sodium bicarbonate seems to 
be effective in preventing CIN (28). It has been 
assumed that alkalinizing renal tubular fluid with 
bicarbonate could decrease injury (29-31). 

3.6. Relationship between CIN and different contrast 
media 
For the first time at 1968, Almén et al. suggested 
about low-toxicity, nonionic, monomeric and 
dimeric contrast media, and since then, others 
proposed about the attribution of  osmolality, 
viscosity, and chemotoxicity on the toxicity of 
different contrast media (32).
Today, contrast media are commonly divided 
into high-osmolar, low-osmolar, and iso-osmolar 
agents. The osmolality value is often stated in 
terms of  the ratio between the number of  iodine 
atoms and the number of  dissolved particles 
(32). Low-osmolar contrast media have gained 
widespread clinical acceptance because of  fewer 
adverse effects than high-osmolar contrast media, 
particularly in high-risk patients with an elevated 
pre-procedural serum creatinine (33).

3.7. Prevention of  CIN 
Studies suggest that intravenous hydration is 
the most effective strategy to prevent CIN (34). 
Hydration is inexpensive and is usually risk-free. 
The volume of  contrast media and the frequency 
of  administration should be minimized, to 
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ensure satisfactory image quality. Liberal salt and 
oral fluid intake or avoidance of  fluid restriction 
may be recommended for patients at low to 
moderate risk for CIN (34). Sodium bicarbonate 
and N-acetylcysteine are considered as two 
strategies which are recommended to prevent 
an acidic environment and formation of  free 
radicals in the renal tubules (35). N-acetylcysteine 
increases production of  nitric oxide, which has 
vasodilatory capabilities, and the concentration 
of  glutathione, which acts as a free radical 
scavenger. Compared with infusion of  normal 
saline alone, administration of  N-acetylcysteine 
in conjunction with infusions of  normal saline 
significantly decreased the risk for CIN (36).
Published results showed that N-acetylcysteine 
has gained favor in clinical practice as a preventive 
therapy in high-risk groups, like in patients with 
preexisting renal failure (37). Several prospective, 
randomized clinical trials showed that the 
administration of  N-acetylcysteine along with 
hydration significantly decreased CIN in high-
risk patients (37). Briguori et al. (36) highlighted 
the effect of  N-acetylcysteine dosage. In 
addition, Baker et al. (38) demonstrated that, 
the intravenous administration of  high-dose 
N-acetylcysteine was also effective. Ascorbic 
acid, theophylline, fenoldopam, and calcium 
antagonists, and periprocedural hemofiltration 
have been recommended to prevent CIN too 
(39). Periprocedural hemofiltration is an invasive 
and costly procedure, which is not confirmed 
by evidences yet. This procedure is not directly 
applicable to all high-risk patients who are exposed 
to contrast agents for simpler procedures (40).

4. Conclusions
In summary, CIN is a common cause of  acute 
kidney functional impairment and accounts for 
significant morbidity and mortality. The primary 
goal should be avoided contrast media to prevent 
CIN, if  at all possible, and risk factors should be 
recognized. As significant differences between 
contrasts agents due to their physicochemical 
properties exist, and low-osmolar or iso-osmolar 

contrast media should be used to prevent CIN 
in at-risk patients. The volume of  contrast media 
should be as low as possible. 

Authors’ contributions
All authors wrote the manuscript equally.

Conflict of  interest
The author declared no competing interests.

Funding/Support
This research received no specific grant from any 
funding agency in the public, commercial, or not-
for-profit sectors.

References
1. Schilp J, de Blok C, Langelaan M, Spreeuwenberg P, 

Wagner C. Guideline adherence for identification and 
hydration of  high-risk hospital patients for contrast-
induced nephropathy. BMC Nephrol 2014;15(1):2. 

2. Barrett BJ, Parfrey PS. Clinical practice. Preventing 
nephropathy induced by contrast medium. N Engl J 
Med 2006;354(4):379-86.

3. Harjai KJ, Raizada A, Shenoy C, Sattur S, Orshaw 
P, Yaeger K,  et al. A comparison of  contemporary 
definitions of  contrast nephropathy in patients 
undergoing percutaneous coronary intervention and a 
proposal for a novel nephropathy grading system. Am 
J Cardiol 2008;101(6):812-9.

4. Jorgensen AL. Contrast-induced nephropathy: 
pathophysiology and preventive strategies. Crit Care 
Nurse 2013;33(1):37-46.

5. Feldkamp T, Kribben A. Contrast media induced 
nephropathy: definition, incidence, outcome, 
pathophysiology, risk factors and prevention. Minerva 
Med 2008; 99(2):177-96.

6. Rudnick MR, Goldfarb S, Wexler L, Ludbrook PA, 
Murphy MJ, Halpern EF, et al. Nephrotoxicity of 
ionic and nonionic contrast media in 1196 patients: 
a randomized trial: the Iohexol Cooperative Study. 
Kidney Int 1995; 47:254-261.

7. Murphy SW, Barrett BJ, Parfrey PS. Contrast 
nephropathy. J Am Soc Nephrol 2000; 11:177-182.

8. Mehran R, Aymong ED, Nikolsky E, Lasic Z, Iakovou 
I, Fahy M, et al. A simple risk score for prediction 
of  contrast-induced nephropathy after percutaneous 
coronary intervention: development and initial 
validation. J Am Coll Cardiol 2004; 44(7):1393-9.

9. Rihal CS, Textor SC, Grill DE, Berger PB, Ting HH, 



 www.nephropathol.com      Journal of  Nephropathology, Vol 3, No 2, April 2014 55

Best PJ, et al. Incidence and prognostic importance 
of  acute renal failure after percutaneous coronary 
intervention. Circulation 2002; 105:2259-2264.

10. Cochran ST, Wong WS, Roe DJ. Predicting 
angiography-induced acute renal function impairment: 
clinical risk model. AJR Am J Roentgenol 1983; 141: 
1027-1033.

11. Leon MB, Dangas G. A simple risk score for prediction 
of  contrast-induced nephropathy after percutaneous 
coronary intervention: development and initial 
validation. J Am Coll Cardiol 2004; 44:1393-1399. 

12. Murphy SW, Barrett BJ, Parfrey PS. Contrast 
nephropathy. J Am Soc Nephrol 2000; 11:177-82.

13. Sadeghi MM, Gharipour M, Nilforoush P, 
Shamsolkotabi H, Sadeghi HM, Kiani A, et al. 
Influence of  the timing of  cardiac catheterization and 
amount of  contrast media on acute renal failure after 
cardiac surgery. J Res Med  Sci 2011;16(4):502-8.

14. Gleeson TG, Bulugahapitiya S. Contrast-induced 
nephropathy. AJR Am J Roentgenol 2004; 183: 1673-
1689. 

15. Maeder M, Klein M, Fehr T, Rickli H. Contrast 
nephropathy: review focusing on prevention. J Am 
Coll Cardiol 2004; 44:1763-1771.

16. Goldenberg I, Matetzky S. Nephropathy induced 
by contrast media: pathogenesis, risk factors and 
preventive strategies. CMAJ 2005; 172:1461-1471.

17. Aurelio A, Durante A. Contrast-Induced Nephropathy 
in Percutaneous Coronary Interventions: Pathogenesis, 
Risk Factors, Outcome, Prevention and Treatment. 
Cardiology 2014;128(1):62-72

18. Persson PB, Hansell P, Liss P. Pathophysiology of 
contrast medium induced nephropathy. Kidney Int 
2005;68:14-22.

19. Schilp J, de Blok C, Langelaan M, Spreeuwenberg P, 
Wagner C. Guideline adherence for identification and 
hydration of  high-risk hospital patients for contrast-
induced nephropathy. BMC Nephrology 2014 15:2.

20. Aspelin P, Aubry P, Fransson SG, Strasser R, 
Willenbrock R, Berg KJ. Nephrotoxic effects in high-
risk patients undergoing angiography. N Engl J Med 
2003; 348:491-9.

21. Murphy SW, Barrett BJ, Parfrey PS. Contrast 
nephropathy. J Am Soc Nephrol 2000;11:177-82.

22. Jo SH. N-acetylcysteine for Prevention of  Contrast-
Induced Nephropathy: A Narrative Review. Korean 
Circ J 2011; 41(12):695-702.

23. Spargias K, Alexopoulos E, Kyrzopoulos S, Iokovis 
P, Greenwood DC, Manginas A, et al. Ascorbic 
acid prevents contrast-mediated nephropathy in 
patients with renal dysfunction undergoing coronary 
angiography or intervention. Circulation 2004; 

110:2837-2842.
24. Tepel M, van der Giet M, Schwarzfeld C, Laufer U, 

Liermann D, Zidek W. Prevention of  radiographic-
contrast-agent-induced reductions in renal function 
by acetylcysteine. N Engl J Med 2000; 343:180-184.

25. Romano G, Briguori C, Quintavalle C, Zanca C, Rivera 
NV, Colombo A, et al. Contrast agents and renal cell 
apoptosis. Eur Heart J 2008; 29(20):2569-76.

26. Kolyada AY, Liangos O, Madias NE, Jaber 
BL. Protective effect of  erythropoietin against 
radiocontrast-induced renal tubular epithelial cell 
injury. Am J Nephrol 2008; 28(2):203-9.

27. Merten GJ, Burgess WP, Gray LV, Holleman JH, Roush 
TS, Kowalchuk GJ, et al. Prevention of  contrastinduced 
nephropathy with sodium bicarbonate: a randomized 
controlled trial. JAMA 2004;291:2328-2334

28. Duan S, Zhou X, Liu F, Peng Y, Chen Y, Pei Y, et al. 
Comparative cytotoxicity of  high-osmolar and low-
osmolar contrast media on HKCs in vitro. J Nephrol 
2006; 19(6):717-24.

29. Briguori C, Colombo A, Violante A, Balestrieri 
P, Manganelli F, Paolo Elia P, et al. Standard vs 
double dose of  N-acetylcysteine to prevent contrast 
agent associated nephrotoxicity. Eur Heart J 2004; 
25:206-211.

30. Merten GJ, Burgess WP, Gray LV, Holleman JH, Roush 
TS, Kowalchuk GJ, et al. Prevention of   contrast induced 
nephropathy with sodium bicarbonate: a randomized 
controlled trial. JAMA 2004; 291:2328-2334.

31. Boron WF. Acid-base transport by the renal proximal 
tubule. J Am Soc Nephrol 2006;17(9):2368-82.

32. Almen T. Contrast media: the relation of  chemical 
structure, animal toxicity and adverse clinical effects. 
Am J Cardiol 1990; 66:2F-8F

33. Weikl A, Hubmann M. A survey of  contrast media 
used in coronary angiography. Cardiovasc Intervent 
Radiol 1982;5(3-4):202-10.

34. Persson PB, Hansell P, Liss P. Pathophysiology of 
contrast medium-induced nephropathy. Kidney Int 
2005; 68:14-22.

35. Heinrich MC, Kuhlmann MK, Grgic A, Heckmann 
M, Kramann B, Uder M. Cytotoxic effects of  ionic 
high-osmolar, nonionic monomeric, and nonionic 
iso-osmolardimeric iodinated contrast media on renal 
tubular cells in vitro. Radiology 2005; 235:843-849.

36. Briguori C, Visconti G, Focaccio A, Airoldi F, Valgimigli 
M, Sangiorgi GM, et al. Renal Insufficiency After 
Contrast Media Administration Trial II (REMEDIAL 
II):Renal Guard System in high-risk patients for 
contrast-induced acute kidney injury. Circulation 2011; 
124(11):1260-9.

37. Pannu N, Manns B, Lee H, Tonelli M. Systematic 

 Contrast-induced nephropathy 



Golshahi J et al.

Journal of  Nephropathology, Vol 3 No 2, April 2014        www.nephropathol.com56

review of  the impact of  N-acetylcysteine on contrast 
nephropathy. Kidney Int 2004; 65:1366-74.

38. Baker WL, Anglade MW, Baker EL, White CM, Kluger 
J, Coleman CI. Use of  N-acetylcysteine to reduce post-
cardiothoracic surgery complications: a meta-analysis. 
Eur J Cardiothorac Surg 2009; 35(3):521-7.

39. MacNeill BD, Harding SA, Bazari H, Patton KK, 
Colon-Hernadez P, DeJoseph D, et al. Prophylaxis of 

contrast-induced nephropathy in patients undergoing 
coronary angiography. Catheter Cardiovasc Interv 
2003; 60:458-461

40. Miner SE, Dzavik V, Nguyen-Ho P, Richardson R, 
Mitchell J, Atchison D, et al. N-Acetylcysteine reduces 
contrast-associated nephropathy but not clinical 
events during long-term follow-up. Am Heart J 2004; 
148:690-695.

Copyright © 2014 The Author(s); Published by Nickan Research Institute. This is an open-access article distributed under 
the terms of  the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


