
Radiocontrast Nephropathy
By ALVARO ALONSO, MD, AND MARK J.  SARNAK, MD, MS

Radiographic contrast media is the third most common cause of hospital-
acquired acute renal failure (ARF), accounting for approximately 11% of cases.
Almost half of these are secondary to cardiac catheterization (49%), with the
remainder due to computed tomography (CT) (33%) and miscellaneous proce-
dures.1 The increasing number of procedures involving contrast administration
places a larger portion of the population at risk of developing radiocontrast
nephropathy (RCN). The incidence of RCN varies among different patient pop-
ulations.While it appears to be as low as 3% to 5% for the general population,2,3

it may be as high as 40% in patients with preexisting chronic kidney disease
(CKD) or diabetes mellitus.4,5 The importance of RCN resides in its conse-
quences; in-hospital mortality may be as high as 7.1% to 14.3% in patients with
RCN,6 compared to 1% to 5% in control subjects.2,4,7 Furthermore, one-year
mortality rates also appear to be higher, in the range of 25% to 45% for patients
with RCN compared to a range of 7% to 15% in control subjects.2,4,8,9 Those who
develop RCN and require dialysis were reported to have a two-year mortality of
~80%.6 RCN is also associated with higher rates of cardiac, vascular, and sys-
temic complications, increased length of hospital stay, and reduced procedural
success.2,10,11 A recent study revealed that increases in serum creatinine (sCr)
concentration after coronary interventions are more powerful predictors of mor-
tality than increases in creatine kinase-MB (CK-MB).12 This issue of Nephrology
Rounds reviews the current state of knowledge regarding RCN, with particular
emphasis on prophylactic strategies.

Definition, clinical features, and differential diagnosis

RCN is defined as “an acute decline in kidney function after the administration of
intravascular contrast material, in the absence of other causes.3,13” The most commonly
used criteria to define RCN is an increase of ≥ 25% or ≥ 0.5 mg/dL in sCr concentra-
tion, between 48 and 72 hours after the administration of contrast media.14-16

sCr concentration usually begins to increase within 24 hours after administration of
contrast media and generally peaks between days 3 and 5, returning to baseline 7 to 10
days later.13,17,18 The ARF is non-oliguric in most cases. Nonspecific formed elements
can appear in the urine, including renal tubular epithelial cells, pigmented granular
casts, urate crystals, and debris. However, these urine findings do not correlate with
severity.17,18 Urine osmolality tends to be <350 mOsm/kg, the fractional excretion of
sodium may vary widely,17,18 and mild-to-moderate proteinuria may be present.19 The
differential diagnosis includes prerenal azotemia, other causes of acute tubular necrosis,
acute interstitial nephritis, glomerulonephritis, post-renal azotemia, and atheroemboli.20

Pathogenesis

Several hypotheses have been postulated to explain the nephrotoxicity of contrast
media. The 2 most common mechanisms proposed for RCN are alterations in renal
perfusion and direct toxicity of the contrast media.
• Under normal circumstances, the medullary partial pressure of oxygen is about half

that of the renal cortex.21 The administration of contrast induces a biphasic hemo-

The editorial content of Nephrology Rounds
is determined solely by the Nephrology Division
of Brigham and Women’s Hospital.

Co-Editors

Joseph V. Bonventre, M.D., Ph.D.,
(Division Director)

Barry M. Brenner, M.D., F.R.C.P.,
(Director Emeritus)

Nephrology Division
Brigham and Women’s Hospital

Reza Abdi, M.D.
Jessamyn Bagley, Ph.D.
Joseph V. Bonventre, M.D., Ph.D.
Barry M. Brenner, M.D.
Charles B. Carpenter, M.D.
Anil K. Chandraker, M.B., M.R.C.P.
David M. Charytan, M.D.
Kenneth B. Christopher, M.D.
Gary C. Curhan, M.D., Sc.D.
Bradley M. Denker, M.D.
John P. Forman, M.D.
Markus H. Frank, M.D.
Won Kook Han, M.D.
Dirk M. Hentschel, M.D.
Li-Li Hsiao, M.D., Ph.D.
Stephen Hsu, M.D., Ph.D.
Benjamin D. Humphreys, M.D., Ph.D.
John J. Iacomini, Ph.D.
Takaharu Ichimura, Ph.D.
Vicki Rubin Kelley, Ph.D.
Julie Lin, M.D., M.P.H.
Colm C. Magee, M.D., M.P.H.
Edgar L. Milford, M.D.
David B. Mount, M.D.
Nader Najafian, M.D.
Shona Pendse, M.D.
Martin R. Pollack, M.D.
Stephen T. Reeders, M.D.
Mohamed H. Sayegh, M.D.
Julian L. Seifter, M.D.
Jagesh V. Shah, Ph.D.
Alice M. Sheridan, M.D.
Ajay K. Singh, M.B., M.R.C.P. (U.K.)
Theodore I. Steinman, M.D.
Eric N.Taylor, M.D.
Kathryn Tinckam, M.D.
John K.Tucker, M.D.
Wolfgang C.Winkelmayer, M.D., Sc.D.
Xueli Yuan, M.D., Ph.D.
Kambiz Zandi-Nejad, M.D.
Jing Zhou, M.D., Ph.D.

Brigham and Women’s Hospital 
Website: www.brighamandwomens.org/renal

A U G U S T / S E P T E M B E R 2 0 0 6 V o l u m e  4 ,  I s s u e 7

NEPHROLOGY Rounds
AS PRESENTED IN THE ROUNDS OF

THE NEPHROLOGY DIVISION OF

BRIGHAM AND WOMEN’S HOSPITAL

BOSTON, MASSACHUSETTS

®

HARVARD 
MEDICAL SCHOOL

TEACHING AFFILIATE

Nephrology Rounds is approved
by the Harvard Medical School
Department of Continuing Education
to offer continuing education credit

www.nephrologyrounds.org



Patient characteristics
• Chronic kidney disease • Hypotension
• Diabetes mellitus • Age
• Heart failure • Dehydration 
• Myocardial infarction • Proteinuria
• Kidney transplant

Drugs
• Angiotensin-converting enzyme inhibitors
• Diuretics
• Non-steroidal anti-inflammatory agents
• Type and volume of contrast media

dynamic response in the kidneys, with a transient
vasodilatation followed by a prolonged vasoconstric-
tion phase, probably leading to medullary ischemic
injury and cellular necrosis.13,17, 22

• Contrast administration may also induce direct cyto-
toxicity as suggested by the histologic changes of 
cell injury and enzymuria.17,18 Experimental studies
demonstrate that contrast media causes cytoplasmic
vacuolization, interstitial edema, tubular degenera-
tion, and disruption of intercellular tight-junc-
tions.13,17 Increased production of oxygen-free radicals
has been documented after contrast medium admin-
istration. Furthermore, radiocontrast agents reduce
the activity of the antioxidant enzymes, catalase, and
superoxide dismutase. The hypertonicity of contrast
media may induce apoptosis.13,17,23

Risk factors

A mild, transient decline in kidney function may
occur in virtually all patients undergoing contrast
administration, but the development of RCN is asso-
ciated with certain risk factors (Table 1). Approximately
7% of all patients referred for studies with intravas-
cular administration of contrast have either diabetes
mellitus or preexisting CKD.3

Pre-existing chronic kidney disease

Baseline CKD is the single most important risk
factor for the development of RCN.17,24 This risk
appears to be inversely proportional to the glomerular
filtration rate (GFR), and the presence of proteinuria
may further increase the risk.13,17 Even though a 
mild reduction in kidney function increases the risk 
of RCN,25 the risk grows exponentially among patients
with stage 3 CKD or higher, ie, a GFR that is 
<60 mL/min.16,26,27

Diabetes mellitus

The second most important risk factor for the
development of RCN appears to be diabetes mellitus,
probably secondary to diabetes-related alterations in
renal and vascular endothelial function, which affect

their response to contrast agents.17,28 Diabetic patients
with CKD may have as much as a 5-fold higher risk of
RCN compared with their nondiabetic counterparts.2,6

Heart disease

The presence of various cardiac conditions may
predispose patients to develop RCN. Heart failure,
myocardial infarction (MI), and cardiogenic shock are
known to influence renal hemodynamics. One study
reported that the presence of concomitant cardiac con-
ditions placed these patients at a 3-fold higher risk of
RCN than patients with normal cardiac function.29

Radiocontrast material

Osmolality and ionic content: Table 2 summarizes the
characteristics of common types of radiocontrast
media. Both osmolality and ionic content vary between
different contrast media. The incidence of ARF is
approximately 3-fold higher with all high-osmolar
contrast media than with low-osmolar media.30,29 The
recent Nephrotoxicity in High-Risk Patients Study of
Iso-Osmolar and Low-Osmolar Non-Ionic Contrast
Media (NEPHRIC), demonstrated that RCN devel-
oped less frequently among patients who were ran-
domized to receive iso-osmolar, dimeric, nonionic
contrast media.31 However, the use of low-osmolar and
iso-osmolar media is associated with an increase in
healthcare expenditures,32 whereas the viscosity of
dimeric media may impose technical difficulties.33

Volume of contrast: Higher volumes of contrast are
associated with a higher risk for RCN,4 although no
clear threshold volume has been identified. A recent
randomized trial noted that a volume of ≥140 mL, pre-
dicted the occurrence of RCN.34 The severity of renal
injury also appears to be related to the volume of
contrast, as noted in a study in almost 2000 patients, 
in which none of the patients who received contrast
volumes of <100 mL required dialysis.6

Table 1: Potential risk factors for radiocontrast
nephropathy

Type Agent Osmolality Iodine Ionization
(mOsm/ content
kg H2O) (mg I/mL)

• High- Ioxathala- 2130 350 Ionic monomer
osmolar  mate

Diatrizoate 2000 370 Ionic monomer
• Low- Iobitridol 915 350 Non-ionic 

osmolar monomer
Iopamidol 796 370 Non-ionic 

monomer
Iohexol 780 350 Non-ionic 

monomer
Iopromide 770 370 Non-ionic 

monomer
Ioxaglate 600 320 Ionic dimer

• Iso- Iotrolan 320 ~ 300 Non-ionic 
osmolar dimer

Iodixanol 290 320 Non-ionic 
dimer

Table 2: Characteristics of various contrast agents



Risk stratification

Apart from estimating the GFR and considering
other risk factors, a recently developed risk score may
help clinicians determine the risk for both RCN and
the need for dialysis in patients undergoing percuta-
neous coronary intervention (Figure 1).35

Methods to prevent RCN

Interventions aimed at preventing RCN are sum-
marized below, and include fluid and drug administra-
tion (Table 3). 

What seems to work

Fluid administration: The administration of intra-
venous fluids corrects clinical or subclinical dehydra-
tion and counterbalances the osmotic diuresis that
follows contrast administration.18,36 Theoretically, fluid
administration would decrease renin-angiotensin sys-
tem activity, downregulate the tubuloglomerular feed-
back, augment diuresis and sodium excretion, dilute
the contrast medium, and reduce endothelin and other
intrarenal vasoconstriction mediators.37

The role of fluid administration in the prevention
of RCN was described in the early 1980s38 and con-
firmed in patients with different risk profiles undergo-
ing various procedures. However, the assumption of
the benefit of fluid administration is either based on
uncontrolled observational data or derived from ran-
domized trials comparing fluid administration with
other interventions.39 However, the consensus among
experts is unanimously in favor of fluid administration 
as the standard prophylaxis of RCN.

Most studies have used intravenous 0.45% saline.
However, a recent randomized trial with 1,620 patients

undergoing coronary angioplasty demonstrated that
fluid administration with a 0.9% saline solution was
superior to 0.45% saline with 5% glucose.40

Contrast agents: As mentioned in the risk factor
section, contrast volume reduction and low-osmolar or
iso-osmolar, nonionic agents, may reduce the inci-
dence of RCN.

What may work

Oral hydration: Intravenous fluids require hospital
admission. Two randomized trials have evaluated the
usefulness of oral fluid administration, with contradic-
tory results.15,39

Acetylcysteine: N-acetylcysteine (NAC) ameliorates the
toxic effects of a variety of experimentally- or clinical-
ly-induced ischemia-reperfusion syndromes.41,42 It
scavenges oxygen-free radicals and acts as a cofactor
for enzymatic reactions that prevent the degradation of
nitric oxide.43 More than 20 randomized trials and >10
meta-analyses evaluating the use of NAC have been
published. The latter are likely the consequence of the
heterogeneous results of individual studies.44-49 The
variability in results among meta-analyses may be
explained by differences in their methodology and
inclusion criteria. While many conclude that NAC
reduces the incidence of RCN, caution in the interpre-
tation of data is recommended. A large, randomized,
controlled trial or a meta-analysis of individual-patient
data would help to further characterize the effective-
ness of NAC.  Other features that need to be consid-
ered with regard to NAC use are the following:
• Dosing: Most studies use a dose of 600 mg by
mouth twice daily, on the day before and on the day of
the exposure to contrast media. A recent study evalu-
ated the 600 versus the 1200 mg dose; the latter was
perhaps more effective in the prevention of RCN.50

Three trials have evaluated the use of intravenous
NAC for emergency catheterizations, also with con-
flicting results. While 1 study using high-dose NAC
(150 mg/kg) showed a renoprotective effect,51 2 stud-
ies with lower-dose intravenous NAC demonstrated
no benefit.52,53

• Presentation: Some have noticed that most protec-
tive trials were done in countries outside the United

Risk factors

Risk
score

Risk of
CIN

Risk of
dialysis

≤ 5 7.5% 0.04%

6 to 10 14.0% 0.12%

11 to 16 26.1% 1.09%

≥16 57.3% 12.6%
OR

Hypotension

C
al

cu
la

te

IABP
CHF

Age >75 years

Anemia

Diabetes

sCr >1.5 mg/dL

1 for each 100 cc3

2 for 40-60
4 for 20-40
6 for <20

eGFR <60 mL/min/1.73 m2

eGFR (mL/min/1.73 m2) =
186 x (SCr)1.154 x (Age)
x (0.742 (if female) x (1.210 if African American)

Contrast media vol.

Integer score
5

5

5

4

4

3

3

Figure 1: Risk prediction of RCN and need for
dialysis*

Reproduced with authorization from the American College of Cardiology
Foundation: Reference #35
* Risk score prediction for patients undergoing cardiac catheterization.
IABP = intra-aortic balloon pump;  CHF = congestive heart failure; 
CIN = contrast-induced nephropathy;
eGFR = estimated glomerular filtration rate with the MDRD formula.35

Table 3: Interventions for the prevention of RCN
in patients at risk

Beneficial
• Fluid administration

May be beneficial
• N-acetylcysteine • Theophylline
• Hemofiltration • Bicarbonate infusion

Ineffective or harmful
• Dopamine • Fenoldopam
• Forced diuresis • Hemodialysis



States (US), using a pill form of NAC, whereas in
the US, it is available in liquid form. Whether
pharmacokinetic properties influence the efficacy
of NAC remains unclear.
• Interference with assay: Some physicians hypo-
thesize that NAC may interfere with the sCr assay.
Two studies aimed at evaluating this issue had con-
tradictory results.54,55

• Costs: Although inexpensive, we are not aware
of cost-benefit analyses evaluating the use of  NAC.
• Clinical significance: A recent randomized trial
found that NAC reduced RCN, but not the 9-
month incidence of death, MI, need for dialysis 
or repeat hospitalization for cardiac causes.56

Natriuretic peptides: Natriuretic peptides increase
renal blood flow, but studies with atrial natriuretic
peptide have failed to demonstrate a protective
effect.57 Other studies are currently evaluating
brain natriuretic peptide and its effect on risk 
for RCN.
Theophylline: Theophylline is an adenosine antag-
onist that has been evaluated as a prophylactic
drug for RCN because adenosine decreases when
radiocontrast is administered. Adenosine regulates
the intracellular calcium concentration, which
appears to mediate the prolonged vasoconstrictor
phase that follows contrast administration.17 A
recent meta-analysis concluded that prophylactic
administration of theophylline or aminophylline
appears to protect against RCN.58

Calcium channel blockers (CCBs): CCBs can
prevent adenosine-induced vasoconstriction and
the decrease in nitric oxide synthesis that follows
contrast media administration in humans.59 While
a small RCT showed some benefit with CCBs,60 a
larger study with nitrendipine found no difference
in comparison with placebo.61 There is an ongoing
trial in 290 patients, in which amlodipine is being
given 7 days before, and continued 2 days after,
radiocontrast media exposure.59

Renal replacement therapy: Hemodialysis removes
contrast media effectively.62 Two studies in
patients with CKD failed to demonstrate an influ-
ence of hemodialysis on the incidence of RCN.62,63

The results of a large randomized trial comparing
fluid administration with NAC and dialysis are
still pending.64

Other methods of renal replacement therapy
have been successful. Marenzi et al randomized
114 patients with CKD (sCr >2 mg/dL) to hemo-
filtration or saline hydration, both before and after
the administration of contrast media. The inci-
dence of RCN was 5% in the hemofiltration
group, versus 50% in the control group. In-
hospital complications and mortality, as well as

cumulative 1-year mortality, were also reduced in
the hemofiltration group.9

Contrast agents:  Gadolinium was shown to be safe
in patients with CKD in 2 small studies,65,66 and
was used successfully for coronary angiography in
3 case reports. However, most types of gadolinium
lack enough density to allow the image quality
necessary for interventional catheterizations.67-69

Other interventions: Hydration with sodium bicar-
bonate in comparison with saline reduced the inci-
dence of RCN in 1 recent randomized trial.70

Other investigations using ascorbic acid or statins
have shown promising results.71,72 These studies
need to be reproduced in future trials.

What doesn’t work

Forced diuresis with furosemide or mannitol,
as well as dopamine administration were found to
be either harmful or conferred no benefit.14,73,74

Despite initial optimism, it was demonstrated that
fenoldopam did not reduce the incidence of RCN
in 3 randomized trials.75-77

Treatment of RCN

There is no standard treatment for RCN.
Management is supportive while waiting for the
recovery of kidney function 7 to 10 days after
exposure to radiocontrast material.18,78 If patients
become oliguric and are volume replete, fluid
repletion should be discontinued and diuretics
may be required. If they are non-oliguric, it seems
reasonable to maintain euvolemic status. Poten-
tially nephrotoxic drugs, such as angiotensin con-
verting enzyme inhibitors, angiotensin receptor
blockers, and non-steroidal anti-inflammatory
agents, should be discontinued. The effect of
dopamine to treat RCN was deleterious in 1 study
of 72 patients.73

Conclusions

RCN is a common cause of ARF and is asso-
ciated with significant morbidity and mortality. Its
incidence varies among different population
groups, but patients with diabetes and CKD are at
particularly increased risk.

Future research should lead to the develop-
ment of a standard definition of RCN in order to
compare the results of studies. Consideration
should be given to estimating the risk of RCN in
all patients expected to undergo contrast adminis-
tration. Those at risk should be given intravenous
fluid administration. There may be some benefit
from the use of oral NAC or, for patients under-
going emergency procedures, high-dose intra-
venous NAC, but these are not substitutes for

NEPHROLOGY Rounds



intravenous fluid administration. The use of lower
osmolality agents, as well as bicarbonate infusions,
should be considered.79

Dr. Mark Sarnak is Associate Director of the Research
Training Program, Division of Nephrology, Tufts-New England
Medical Center, and Associate Professor of Medicine, Tufts-
University School of Medicine.
Dr. Alvaro Alonso is an Internal Medicine resident at
Tufts-New England Medical Center, Boston, Massachusetts.

References
1. Nash K, Hafeez A, Hou S. Hospital-acquired renal insufficiency. 

Am J Kidney Dis 2002;39(5):930-936.
2. Rihal C, Textor S, Grill D, et al. Incidence and prognostic impor-

tance of acute renal failure after percutaneous coronary intervention.
Circulation 2002;105:2259-2264.

3. Parfrey PS, Griffiths SM, Barrett BJ, et al. Contrast material-induced
renal failure in patients with diabetes mellitus, renal insufficiency, or
both. A prospective controlled study. N Engl J Med 1989;320(3):143-
149.

4. Gruberg L, Mintz GS, Mehran R, et al. The prognostic implications
of further renal function deterioration within 48 h of interventional
coronary procedures in patients with pre- existent chronic renal
insufficiency. J Am Coll Cardiol 2000;36(5):1542-1548.

5. Tumlin JA, Wang A, Murray PT, Mathur VS. Fenoldopam mesylate
blocks reductions in renal plasma flow after radiocontrast dye infu-
sion: a pilot trial in the prevention of contrast nephropathy. Am Heart
J 2002;143(5):894-903.

6. 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;103:368-375.

7. Marenzi G, Lauri G, Assanelli E, et al. Contrast-induced nephropa-
thy in patients undergoing primary angioplasty for acute myocardial
infarction. J Am Coll Cardiol 2004;44(9):1780-1785.

8. Dangas G, Iakovou I, Nikolsky E, et al. Contrast-induced nephropa-
thy after percutaneous coronary interventions in relation to chronic
kidney disease and hemodynamic variables. Am J Cardiol 2005;
95(1):13-19.

9. Marenzi G, Marana I, Lauri G, et al. The prevention of radio-
contrast-agent-induced nephropathy by hemofiltration. N Engl J
Med 2003;349(14):1333-1340.

10. Iakovou I, Dangas G, Mehran R, et al. Impact of gender on the inci-
dence and outcome of contrast-iInduced nephropathy after percuta-
neous coronary intervention. J Invasive Cardiol 2003;15:18-22.

11. Mangano CM, Diamondsone LS, Ramsay JG, Aggarwal A,
Herskowitz A, Mangano DT. Renal dysfunction after myocardial
revascularization: Risk factors, adverse outcomes, and hospital
resource utilization. Ann Intern Med 1998;128:194-203.

12. Lindsay J, Canos D, Apple S, Pinnow E, Aggrey G, Pichard A. Caus-
es of acute renal dysfunction after percutaneous coronary interven-
tion and comparison of late mortality rates with postprocedure rise of
creatine kinase-MB versus rise of serum creatinine. Am J Cardiol
2004;94(6):786-789.

13. Nikolsky E, Aymong ED, Dangas G, Mehran R. Radiocontrast
nephropathy: identifying the high-risk patient and the implications of
exacerbating renal function. Rev Cardiovasc Med 2003;4(Suppl 1):
S7-S14.

14. Solomon R, Werner C, Mann D, D'Elia J, Silva P. Effects of saline,
mannitol and furosemide on acute decreases in renal function
induced by radiocontrast agents. N Engl J Med 1994;331:1416-1420.

15. Taylor AJ, Hotchkiss D, Morse RW, McCabe J. PREPARED: Prepa-
ration for angiography in renal dysfunction: a randomized trial of
inpatient vs outpatient hydration protocols for cardiac catheteriza-
tion in mild-to-moderate renal dysfunction. Chest 1998;114(6):1570-
1574.

16. Tepel M, van der Giet M, Schwarzfeld C, Laufer U, Liermann D,
Zidek W. Prevention of radiographic-contrast-agent-induced reduc-
tions in renal function by acetylcysteine. N Engl J Med 2000;343(3):
180-184.

17. Berns AS. Nephrotoxicity of contrast media. Kidney Int 1989;36(4):
730-740.

18. Murphy SW, Barrett BJ, Parfrey PS. Contrast nephropathy. J Am Soc
Nephrol 2000;11(1):177-182.

19. Hampel DJ, Sansome C, Sha M, Brodsky S, Lawson WE, Goligorsky
MS. Toward proteomics in uroscopy: urinary protein profiles after
radiocontrast medium administration. J Am Soc Nephrol 2001;12(5):
1026-1035.

20. Thadhani R, Pascual M, Bonventre JV. Acute renal failure. N Engl J
Med 1996;334(22):1448-1460.

21. Brezis M, Rosen S. Hypoxia of the renal medulla – its implications
for disease. N Engl J Med 1995;332(10):647-655.

22. Tepel M, Zidek W. Acetylcysteine for radiocontrast nephropathy.
Curr Opin Crit Care 2001;7(6):390-392.

23. Bakris GL, Lass N, Gaber AO, Jones JD, Burnett JC, Jr. Radiocon-
trast medium-induced declines in renal function: a role for oxygen
free radicals. Am J Physiol 1990;258(1 Pt 2):F115-F120.

24. Davidson CJ, Hlatky M, Morris KG, et al. Cardiovascular and renal
toxicity of a nonionic radiographic contrast agent after cardiac
catheterization. A prospective trial. Ann Intern Med 1989;110(2):119-
124.

25. Best PJM, Lennon R, Ting HH, et al. The impact of renal insuffi-
ciency on clinical outcomes in patients undergoing percutaneous
coronary interventions. J Am Coll Cardiol 2002;39:1113-1139.

26. K/DOQI clinical practice guidelines for chronic kidney disease: eval-
uation, classification, and stratification. Kidney Disease Outcome
Quality Initiative. Am J Kidney Dis 2002;39(2 Suppl 2):S1-S246.

27. McCullough PA. Beyond serum creatinine: defining the patient with
renal insufficiency and why? Rev Cardiovasc Med 2003;4(Suppl 1):S2-
S6.

28. Rich MW, Crecelius CA. Incidence, risk factors, and clinical course
of acute renal insufficiency after cardiac catheterization in patients 70
years of age or older. A prospective study. Arch Intern Med
1990;150(6):1237-1242.

29. Lasser EC, Lyon SG, Berry CC. Reports on contrast media reac-
tions: analysis of data from reports to the U.S. Food and Drug
Administration. Radiology 1997;203(3):605-610.

30. Barrett BJ, Carlisle EJ. Meta-analysis of the relative nephrotoxicity of
high- and low-osmolality iodinated contrast media. Radiology
1993;188(1):171-178.

31. Aspelin P, Aubry P, Fransson SG, Strasser R, Willenbrock R, Berg
KJ. Nephrotoxic effects in high-risk patients undergoing angiogra-
phy. N Engl J Med 2003;348(6):491-499.

32. Jacobson PD, Rosenquist CJ. The introduction of low-osmolar con-
trast agents in radiology. Medical, economic, legal, and public policy
issues. JAMA 1988;260(11):1586-1592.

33. Sandler CM. Contrast-agent-induced acute renal dysfunction – is
iodixanol the answer? N Engl J Med 2003;348(6):551-553.

34. Briguori C, Manganelli F, Scarpato P, et al. Acetylcysteine and con-
trast agent-associated nephrotoxicity. J Am Coll Cardiol 2002;40(2):
298-303.

35. Mehran R, Aymong E, Nikolsky E, et al. A simple risk score for pre-
diction of contrast-induced nephropathy after percutaneous coronary
intervention: development and initial validation. J Am Coll Cardiol
2004;44(7):1393-1399.

36. Friedrichsohn CB, Riegel W, Kohler H. What is reliable in preven-
tion of contrast medium-induced nephropathy? Med Klin 1997;92(6):
329-334.

37. Erley CM. Does hydration prevent radiocontrast-induced acute renal
failure? Nephrol Dial Transplant 1999;14(5):1064-1066.

38. Eisenberg RL, Bank WO, Hedgcock MW. Renal failure after major
angiography. Am J Med 1980;68(1):43-46.

39. Trivedi HS, Moore H, Nasr S, et al. A randomized prospective trial
to assess the role of saline hydration on the development of contrast
nephrotoxicity. Nephron Clin Pract 2003;93(1):C29-C34.

40. Mueller C, Buerkle G, Buettner HJ, et al. Prevention of contrast
media-associated nephropathy: randomized comparison of 2 hydra-
tion regimens in 1620 patients undergoing coronary angioplasty.
Arch Intern Med 2002; 162(3):329-336.

41. Safirstein R, Andrade L, Vieira JM. Acetylcysteine and nephrotoxic
effects of radiographic contrast agents – a new use for an old drug. 
N Engl J Med 2000;343(3):210-212.

42. Lopez Conesa E, Valero F, Nadal JC, et al. N-acetyl-L-cysteine
improves renal medullary hypoperfusion in acute renal failure. Am J
Physiol Regul Integr Comp Physiol 2001(281):R730-R737.

43. Andrews NP, Prasad A, Quyyumi AA. N-acetylcysteine improves
coronary and peripheral vascular function. J Am Coll Cardiol 2001;
37(1):117-123.

44. Alonso A, Lau J, Jaber B, Weintraub A, Sarnak M. Prevention of
radiocontrast nephropathy with N-acetylcysteine in patients with
chronic kidney disease: a meta-analysis of randomized, controlled
trials. Am J Kidney Dis 2004;43(1):1-9.

45. Kshirsagar A, Poole C, Mottl A, et al. N-acetylcysteine for the pre-
vention of radiocontrast induced nephropathy: a meta-analysis of
prospective controlled trials. J Am Soc Nephrol 2004;15(3):761-769.

46. Pannu N, Manns B, Lee H, Tonelli M. Systematic review of the
impact of N-acetylcysteine on contrast nephropathy. Kidney Int
2004;65(4):1366-1374.

47. Bagshaw S, Ghali W. Acetylcysteine for prevention of contrast-
induced nephropathy after intravascular angiography: a systematic
review and meta-analysis. BMC Med 2004;2(1):38.

NEPHROLOGY Rounds



48. Duong M, Mackenzie T, Malenka D. N-acetylcysteine prophylaxis signifi-
cantly reduces the risk of radiocontrast-induced nephropathy: Comprehen-
sive meta-analysis. Cathet Cardiovasc Intervent 2005;64(4): 471-479.

49. Nallamothu B, Shojania K, Saint S, et al. Is acetylcysteine effective in
preventing contrast-related nephropathy? A meta-analysis. Am J Med 2004;
117(12):938-947.

50. Briguori C, Colombo A, Violante A, et al. Standard vs double dose of 
N-acetylcysteine to prevent contrast agent associated nephrotoxicity. Eur
Heart J 2004;25(3):206-211.

51. Baker CS, Wragg A, Kumar S, et al. A Rapid Protocol for the Prevention of
Contrast-Induced Renal Dysfunction: The RAPPID Study. J Am Coll
Cardiol 2003;41:2114-2118.

52. Rashid S, Salman M, Myint F, et al. Prevention of contrast-induced
nephropathy in vascular patients undergoing angiography: a randomized
controlled trial of intravenous N-acetylcysteine. J Vasc Surg 2004;40(6):
1136-1141.

53. Webb J, Pate G, Humphries K, et al. A randomized controlled trial of intra-
venous N-acetylcysteine for the prevention of contrast-induced nephropa-
thy after cardiac catheterization: lack of effect. Am Heart J 2004;148(3):
422-429.

54. Izzedine H, Guerin V, Launay-Vacher V, Bernard M, Deray G. Effect of N-
acetylcysteine on serum creatinine level. Nephrol Dial Transplant 2001;
16:1514-1515.

55. Hoffmann U, Fischereder M, Krüger B, Drobnik W, Krämer B. The value
of N-acetylcysteine in the prevention of radiocontrast agent-induced
nephropathy seems questionable. J Am Soc Nephrol 2004;15:407-410.

56. Miner S, Dzavik V, Nguyen-Ho P, et al. N-acetylcysteine reduces contrast-
associated nephropathy but not clinical events during long-term follow-up.
Am Heart J 2004;148(4):690-695.

57. Kurnik BR, Allgren RL, Genter FC, Solomon RJ, Bates ER, Weisberg LS.
Prospective study of atrial natriuretic peptide for the prevention of radio-
contrast-induced nephropathy. Am J Kidney Dis 1998;31(4):674-680.

58. Ix J, McCulloch C, Chertow G. Theophylline for the prevention of radio-
contrast nephropathy: a meta-analysis. Nephrol Dial Transplant 2004;19(11):
2747-2753.

59. Esnault VL. Radiocontrast media-induced nephrotoxicity in patients with
renal failure: rationale for a new double-blind, prospective, randomized trial
testing calcium channel antagonists. Nephrol Dial Transplant 2002;17(8):
1362-1364.

60. Neumayer H, Junge W, Kufner A, Wenning A. Prevention of radiocontrast-
media-induced nephrotoxicity by the calcium channel blocker nitrendipine:
a prospective randomised clinical trial. Nephrol Dial Transplant 1989;4:
1030-1036.

61. Carraro M, Mancini W, Artero M, et al. Dose effect of nitrendipine on
urinary enzymes and microproteins following non-ionic radiocontrast
administration. Nephrol Dial Transplant 1996;11:444-448.

62. Vogt B, Ferrari P, Schonholzer C, et al. Prophylactic hemodialysis after
radiocontrast media in patients with renal insufficiency is potentially harm-
ful. Am J Med 2001;111(9):692-698.

63. Lehnert T, Keller E, Gondolf K, Schaffner T, Pavenstadt H, Schollmeyer P.
Effect of haemodialysis after contrast medium administration in patients
with renal insufficiency. Nephrol Dial Transplant 1998;13(2):358-362.

64. Reinecke H, Dieckmann T, Fleiter J, et al. Prevention of contrast media-
induced renal failure after coronary angiography – First results of the
“Diuresis versus Dialysis (DVD) study”. Eur Heart J 2002;4 (Suppl):701.

65. Tombach B, Bremer C, Reimer P, et al. Renal tolerance of a neutral gadolin-
ium chelate (gadobutrol) in patients with chronic renal failure: results of a
randomized study. Radiology 2001;218(3):651-657.

66. Townsend RR, Cohen DL, Katholi R, et al. Safety of intravenous gadolini-
um (Gd-BOPTA) infusion in patients with renal insufficiency. Am J Kidney
Dis 2000;36(6):1207-1212.

67. Sarkis A, Badaoui G, Slaba S, Moussalli A, Jebara V. Gadolinium-based
coronarography in a patient with renal failure: first clinical report. Cathet
Cardiovasc Intervent 2001;54:68-69.

68. Bokhari S, Wen Y, Winters R. Gadolinium-based percutaneous coronary
intervention in a patient with renal insufficiency. Catheter Cardiovasc Interv
2003;58(3):358-361.

69. Voss R, Grebe M, Heidt M, Erdogan A. Use of gadobutrol in coronary
angiography. Catheter Cardiovasc Interv 2004;63(3):319-322.

70. Merten G, Burgess W, Gray L, et al. Prevention of contrast-induced
nephropathy with sodium bicarbonate. A randomized controlled trial.
JAMA 2004;291(19):2328-2334.

© 2006 Nephrology Division, Brigham and Women’s Hospital, Boston, Massachusetts, which is solely responsible for the contents. The opinions expressed in this publication
do not necessarily reflect those of the publisher or sponsor, but rather are those of the author based on the available scientific literature. Publisher: SNELL Medical
Communication Inc. in cooperation with the Nephrology Division, Brigham and Women’s Hospital. ®Nephrology Rounds is a registered trade mark of SNELL Medical
Communication Inc. All rights reserved. The administration of any therapies discussed or referred to in Nephrology Rounds should always be consistent with the recognized
prescribing information as required by the FDA. SNELL Medical Communication Inc. is committed to the development of superior Continuing Medical Education.

This publication is made possible by an educational grant from

Amgen Inc.

304-045S N E L L

71. Spargias K, Alexopoulos E, Kyrzopoulos S, et al. Ascorbic acid prevents
contrast-mediated nephropathy in patients with renal dysfunction undergo-
ing coronary angiography or intervention. Circulation 2004;110:2837-2842.

72. Attallah N, Yassine L, Musial J, Yee J, Fisher K. The potential role of statins
in contrast nephropathy. Clin Nephrol 2004;64(4):273-278.

73. Abizaid AS, Clark CE, Mintz GS, et al. Effects of dopamine and amino-
phylline on contrast-induced acute renal failure after coronary angioplasty
in patients with preexisting renal insufficiency. Am J Cardiol 1999;83(2):
260-3, A5.

74. Stevens MA, McCullough PA, Tobin KJ, et al. A prospective randomized
trial of prevention measures in patients at high risk for contrast nephropa-
thy: results of the P.R.I.N.C.E. Study. Prevention of radiocontrast induced
nephropathy clinical evaluation. J Am Coll Cardiol 1999;33(2):403-411.

75. Stone G, McCullough P, Tumlin J, et al. Fenoldopam mesylate for the pre-
vention of contrast-induced nephropathy: a randomized controlled trial.
JAMA 2003;290(17):2284-2291.

76. Allaqaband S, Tumuluri R, Malik AM, et al. Prospective randomized study
of N-acetylcysteine, fenoldopam, and saline for prevention of radiocontrast-
induced nephropathy. Catheter Cardiovasc Interv 2002;57(3):279-283.

77. Briguori C, Colombo A, Airoldi F, et al. N-Acetylcysteine versus fenoldo-
pam mesylate to prevent contrast agent-associated nephrotoxicity. J Am Coll
Cardiol 2004;44(4):762-765.

78. Porter GA. Contrast-associated nephropathy. Am J Cardiol 1989;64(9):
22E-26E.

79. Aspelin P, Aubry P, Fransson S, Strasser R, Willenbrock R, Lundkvist J.
Cost-effectiveness of iodixanol in patients at high risk of contrast-induced
nephropathy. Am Heart J 2005;149(2):298-303.

Upcoming Scientific Meetings
14-19 November 2006
ASN Renal Week 2006
San Diego, California
CONTACT: www.asn-online.org

9-12 March 2007
Renal Physicians Association (RPA) 
2007 Annual Meeting
Baltimore, MD
CONTACT: Tel. 301-468-3515

Fax: 301-468-3511
Website: www.renalmd.org

10-14 April 2007
National Kidney Foundation (NFK)
2007 Spring Clinical Nephrology Meetings
Walt Disney World Swan and Dolphin Hotel
Orlando, Florida
CONTACT: Tel. 800-622-9010

Fax: 212-689-9261
Website: www.kidney.org

21-25 April 2007
2007 World Congress of Nephrology
Rio de Janeiro, Brazil
CONTACT: Tel. +32 2 743 1546

Fax: +32 2 743 1550
Website:  www.WCN2007.org

Dr. Alonso has no disclosures to announce in association with this
issue. Dr. Sarnak has received grant support from Amgen Inc.


