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adiocontrast nephropathy (RCN) is the third most common cause of acute
renal failure, occurring in 5% to 12% of all patients exposed to radiocontrast
agents and in 13% of all patients with acute renal failure.1 , 2 When RCN

develops, the mortality rate is approximately 30%.3 This potentially preventable
condition can be predicted based on several clinical features. The confirmed 
predisposing clinical conditions are a serum creatinine of greater than 1.5 mg/dL,
diabetic nephropathy, congestive heart failure of class III or IV, multiple myeloma,
repeat exposure to contrast in less than 48 hours, and the volume of contrast used.
The strongest association is with the baseline creatinine prior to the procedure. In a
study by Berns,4 patients with a creatinine of less than 2.0 mg/dL had an RCN incidence
of 3.6%. This rose to 47% in patients with a baseline creatinine between 2.0 and 4.0
mg/dL and peaked at over 80% in those with a serum creatinine greater than 4.0.
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Radiocontrast nephropathy is an under-recognized event after coronary and radi-
ographic angiography, with major morbidity and mort a l i t y. Patients at greatest risk
for RCN can be defined prior to the procedure based on age, presence of diabetes,
and presence of preexisting renal dysfunction. Despite attempts to alter pre p ro c e d u r a l
hydration, amount of dye administered, and postprocedural therapies, this clinical
event continues to affect over 25% of patients at high risk. This discussion will
review the literature in order to understand the attempts that have been made to
p revent radiocontrast nephro p a t h y. [Rev Cardiovasc Med. 2001;2(suppl 1):S14–S18]
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To understand previous attempts at
decreasing RCN we must understand
the three mechanisms involved.5

Macro- and microcirculatory vaso-
constriction occur in response to
radiocontrast dye, as described in
this supplement. In addition, direct
tubular toxicity and precipitation of
dye crystals within the tubules occur.
To treat RCN effectively, one or all of
these problems must be addressed.

Initial therapies for RCN were
directed at treating the crystallization
of dye in the tubules by improving
urine output. The use of hydration
alone was examined in the 1980s,

and the earliest trials6 demonstrated
some improvement over baseline
results in small randomized studies.
Following upon this line of reason-
ing, some investigators evaluated
forced diuresis using furosemide as
prophylactic therapy to prevent dye-
associated acute renal failure.6 This
study suggested that forced diuresis
may be harmful instead of helpful. 
A randomized trial by Solomon and

colleagues7 demonstrated that saline
alone was better therapy than saline
coupled with forced diuresis. In fact,
the addition of furosemide increased
the risk of acute renal failure three-
fold compared to diuresis alone.
Finally, volume expansion has been
suggested as an appropriate therapy
to decrease the risk of radiocontrast
n e p h r o p a t h y. Mannitol was also
studied in the series by Solomon and
colleagues and was also found to
increase the incidence of acute renal
failure over that observed in patients
who received only saline infusion
(Figure 1).

The availability of new low-osmolar
contrast agents was evaluated in
vitro and in animal models. These
studies suggested that there is a benefit
to the use of newer agents to decrease
the incidence of dye-associated acute
renal insufficiency, and promoted the
use of these agents as possible treat-
ments to decrease RCN. The largest
series to date8 included 1196 patients
who received either iohexol, a low-

osmolar contrast agent, or sodium
diatrizoate, a high-osmolar contrast
agent. Whereas those patients with
normal renal function did not appear
to benefit, patients with elevated
baseline creatinine had lower rates of
acute renal failure. Review of the
currently available studies has not
demonstrated a conclusive benefit of
nonionic media in this situation.9

The clinical observation that
dopamine receptors are important in
regulating renal flow was duplicated
in animal models. These basic studies
have been responsible for several
clinical studies to evaluate the effects
of dopamine in preventing acute renal
i n s u f f i c i e n c y. The prospective ran-
d o mized trial of prevention measures
in patients at high risk for contrast
nephropathy (PRINCE) study10 r a n d o m-
i z e d patients to receive forced diuresis
combined with furosemide, mannitol,
and low-dose dopamine in 43 patients
versus a control group of 55 patients,
who received only intravenous crystal-
loid with matching placebo infusions.
There was no statistically significant
difference in the two patient popula-
tions with regard to the rates of renal
failure. The only correlation was with
the urine flow rate. Flow rates greater
than 150 cc/min correlated with 
the lowest risk of developing acute
renal failure. A second study, by 
Abizaid and colleagues,11 also evalu-
ate dopamine infusion in a high-risk
population with mean baseline 
serum creatinine levels greater than 
2.0 mg/dL (see Figures 2 and 3). This
trial evaluated patients divided into
three arms. The control arm of forced
diuresis was compared to low-dose
dopamine or intravenous amino-
phylline. The results of this trial demon-
strated convincingly that low-dose
dopamine increased the incidence o f
acute renal failure after radiocontrast
exposure. In retrospect, this finding
fits with basic science data demon-
strating that renal blood flow is

Fi g u re 1. Va rying effe cts of pare n te ral va s od i l a tors on regional blood flow in the ki d n ey. From Tumlin JT. Pa re n te ra l
va s od i l a to r s : role of prophylaxis of ra d i oco n t rast dye nephro p a t h y.Tra n s ca t h e ter Th e ra peutics Sy m po s i u m ; Octo ber 1999;
Wa s h i n g to n ,D C , with pe r m i s s i o n .

Radiocontrast nephropathy (RCN) is the third most common cause of
acute renal failure .
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shunted to the cortex at the expense of
the medulla. The lack of effectiveness
of “renal-dose dopamine" may be
related to the fact that dopamine ago-
nizes both the renal DA1 and DA2
receptors as well as alpha and beta
receptors. The DA1 receptor increases
renal blood flow and the glomerular
filtration rate; however, this effect
could be countered by the simultaneous
activation of the DA2 receptor by
dopamine, which decreases both renal

blood flow and glomerular filtration.
In addition, there is no good relation-
ship between dose of dopamine and
resulting plasma levels.1 2 T h e r e f o r e ,

some patients who are receiving infu-
sions of dopamine in the “renal-dose"
range may be achieving levels causi n g

alpha receptor stimulation, causing
vasoconstriction and possibly wors-
ening medullary hypoxemia, and beta
receptor stimulation, predisposing 
to arrhythmias. This alteration in
medullary blood flow also occurs with
the administration of mannitol and
l i kely explains the results of mannitol
a d m i n i s t r a t i o n .

The use of agents directing and
improving arteriolar flow is in its
i n f a n c y. The use of endothelin antag-
onists and nitric oxide agents has
been reported in limited detail. The
initial experience with a nonselective
e n d o t h e l i n1 3 has been published. This
agent demonstrated an increased
incidence of renal failure. Other more
selective endothelin agents are reported
to be currently under investigation.

The recent report of the use 
of acetylcysteine for prophylaxis
against radiocontrast-associated acute
renal failure is intriguing but limited
by the size of the study and lack of
corroborative studies.14 The fact that

all patients had a small volume of
dye (75 cc) used for elective CT scan
makes this study’s results difficult to
extrapolate to coronary angiographic
studies. It is also interesting that 
the control group developed acute
renal failure in 21% of patients, a
much higher number than predicted
for this patient population. This 
therapy awaits corroboration by
other randomized trials but does 
provide hope that such therapies are
on the horizon.

Use of selective DA1 r e c e p t o r ago-
nists have been reported to p r e v e n t
radiocontrast-associated renal failure.
The best trial to date is the one 
by Tumlin and colleagues,1 5 w h i c h
demonstrated a 50% reduction in the
incidence of renal failure after RCN.

Fi g u re 2. Ef fe ct of low-dose dopamine on patients who deve l o ped co n t ra s t - i n d u ced acute renal failure. Hospital stay
was higher in the dopamine-tre a ted gro u p ; 4 of the dopamine-tre a ted patients re q u i red dialy s i s. Ad a p te d, with pe r m i ss i o n ,
f rom Abizaid AS, Clark CE, Mintz GS, et al. Ef fe cts of dopamine and aminophylline on co n t ra s t - i n d u ced acute renal failure
a fter co ro n a ry angioplasty in patients with pre existing renal insufficiency. Am J Ca rd i o l . 1 9 9 9 ; 8 3 : 2 6 0 – 2 6 3 ( A 5 ) .

Days postcatheterization

4.0

3.6

3.2

2.8

2.4

2.0
1 2 3 4 5 6

Saline Dopamine

Saline Dopamine Aminophylline

4.0

3.4

2 . 8

2.2

1.6

1.0

NS

NS

Precatheterization         Postcatheterization

NS

Fi g u re 3. Fa i l u re of dopamine and aminophylline to prevent ra d i oco n t rast nephropathy in a study of 60 patients. Ad a p te d,
with pe r m i s s i o n ,f rom Abizaid AS, Clark CE, Mintz GS, et al. Ef fe cts of dopamine and aminophylline on co n t ra s t - i n d u ced acute
renal failure after co ro n a ry angioplasty in patients with pre existing renal insufficiency.Am J Ca rd i o l. 1 9 9 9 ; 8 3 : 2 6 0 – 2 6 3 ( A 5 ) .

Preprocedural hydration remains the only proven therapy to decrease
acute renal failure.
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Table 1 presents a summary of 
trials to date. A review of this data
demonstrates that the studies show
great variability in patient popula-
tions and the definition of RCN.

Conclusions
Radiocontrast-associated renal failure
is a significant problem in patients
with cardiovascular disease. The risk

factors for cardiovascular disease
also predispose these patients to an
increased risk of renal failure.
Preprocedural hydration remains the
only proven therapy to decrease
acute renal failure; however, new
therapies using agents that increase
renal medullary perfusion, such as
fenoldopam, or decrease oxidative
stress appear promising.             
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Main Points
• Radiocontrast nephropathy is the third most common cause of acute renal failure and the mortality rate is 

approximately 30%.

• Predisposing clinical conditions are a serum creatinine of greater than 1.5 mg/dL, diabetic nephropathy, congestive
heart failure of class III or IV, multiple myeloma, repeat exposure to contrast in less than 48 hours, and the volume
of contrast used.

• Hydration is used to treat the crystallization of dye in the tubules by improving urine output.

• F o rced diuresis by saline infusion with furosemide or mannitol was found to increase the incidence of acute renal failure
over that of patients who received only saline infusion.

• Low-dose dopamine increased the incidence of acute renal failure after radiocontrast exposure.

• Studies suggest that new low-osmolar contrast agents may decrease the incidence of dye-associated acute renal insufficiency.
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