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adiocontrast (RC) studies are widely employed
for both diagnostic and therapeutic purposes. It
is estimated that more than 10 million RC studies are performed in the United States each
year.1 At the same time, the prevalence of chronic kidney
disease (CKD) has grown significantly, with approximately 18.3 million patients carrying this diagnosis,
accounting for 12% of the population.2 These data are
important because underlying kidney disease is one of
the major risk factors for developing radiocontrastinduced nephropathy (RCIN). RCIN is the third leading
cause of acute renal failure (ARF) in hospitalized patients3 and is associated with significant morbidity and
mortality, even with minor degrees of ARF. The mortality
rate described in association with RCIN-associated ARF is
34%.4 As a result, there is considerable interest in preventing RCIN in patients who are at risk for this complication. This article briefly reviews the pathogenesis of
RCIN, risk factors for developing RCIN, and strategies
for preventing RCIN. Recommendations for prophylactic measures prior to administration of an RC agent to
prevent development of RCIN are also provided.

R

PATHOGENESIS OF RCIN
The pathogenesis of RCIN has been well studied in
animals, but there are few human studies; therefore, the
mechanism of RCIN in humans has been extrapolated
from animal data. Acute tubular injury and necrosis are
the end result of multiple damaging insults associated
with RC administration (Table 1). Several animal models demonstrate that brief renal arteriolar vasodilation
develops after RC administration, followed by prolonged, intense vasoconstriction with redistribution of
intrarenal blood flow away from the renal medulla.5 This
untoward effect has been confirmed in humans who
receive RC.6 In animals, several mediators of vascular
tone have been implicated as causative in the development of renal vasoconstriction, including adenosine,7
endothelin,8 angiotensin II,9 and nitric oxide.10 The
high osmotic load associated with filtered RC is thought
to promote vasoconstriction through induction of tubu-
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TAKE HOME POINTS
• Radiocontrast nephropathy develops most commonly in patients with underlying kidney disease
and diabetic nephropathy.
• Alternative, non–radiocontrast-based diagnostic
tests (eg, ultrasound and magnetic resonance imaging with gadolinium) should be used when possible in patients at high risk for developing radiocontrast nephropathy.
• Strategies to prevent radiocontrast nephropathy
should include administration of intravenous fluids
before and after exposure to contrast, administration of oral N-acetylcysteine, and use of either lowor iso-osmolar contrast.

loglomerular feedback at the juxtaglomerular apparatus.11 Other potential mechanisms of renal vasoconstriction include direct endothelial cell injury and effects
on vascular smooth muscle cells. Thus, one aspect of
RCIN is caused by renal ischemia and ischemic acute
tubular necrosis. Therapies and drugs have been developed to diminish renal vasoconstriction and abrogate
the associated ischemic tubular injury.
In addition to ischemic kidney injury, direct renal
tubular toxicity can develop following RC exposure. The
high osmolality of RC agent may cause abnormal permeability in tubular epithelial cell membranes by inducing a
redistribution of tight-junction proteins.12 Pinocytosis of
RC material occurs in proximal tubular cells and causes
cellular swelling and vacuolization, which might explain
why low- or iso-osmolar contrast is less nephrotoxic.
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Table 1. Pathogenesis of RCIN-Associated ARF
Ischemic acute tubular necrosis
Vasoconstriction mediated by adenosine, endothelin,
angiotensin II, and nitric oxide
Tubuloglomerular feedback (osmotic effects)
Direct endothelial damage
Smooth muscle injury
Direct tubular toxicity
Tubular cell dysfunction and swelling due to hyperosmolarity
Reduced tubular cell adenosine triphosphate
Increased intracellular calcium concentration
Oxidative stress and lipid peroxidation
Generation of reactive oxygen species
Apoptosis of tubular cells
Tubular cell injury from osmotic stress
Hypoxia of tubular cells
ARF = acute renal failure; RCIN = radiocontrast-induced nephropathy.

After RC exposure, tubular cell isolates have reduced
adenosine triphosphate levels and increased intracellular calcium content (findings consistent with tubular
injury).13 Detection of enzymuria following RC exposure
supports direct tubular injury as a mechanism of RCIN.
Exposure to RC media also causes renal injury
through the action of oxygen free radicals and lipid
peroxidation.14 Again, the hyperosmolarity of RC may
promote generation of reactive oxygen species (ROS)
through induction of osmotic stress. Animal experiments have confirmed that RC infusion is associated
with an increase in ROS generation.14 Inhibition of
ROS generation by drugs has preserved renal function
in these experiments. Employment of the antioxidant
N-acetylcysteine (NAC) to prevent RCIN is based in
part on the role of ROS in the development of ARF.
Finally, apoptosis of renal tubular cells has been
noted with RC exposure in both cell culture12 and in
vivo experiments.15 In some studies, RC -associated
hyperosmolarity rather than ischemia caused apoptosis
in cultured cells.12 This finding is not universal, as
some studies demonstrate that ischemia induced by
RC material is associated with apoptosis in tubular
cells.15 Thus, therapies directed at ischemia and use of
low- or iso-osmolar contrast agents might reduce RCIN
by avoiding the induction of apoptosis.
RISK FACTORS ASSOCIATED WITH RCIN
Although numerous RC studies are performed annually, only a small percentage of patients develop
RCIN. This fact suggests that certain underlying patient
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risk factors and factors peculiar to RC agents are associated with development of RCIN and ARF.
Kidney Disease and Diabetes Mellitus
The most important patient risk factor for RCIN is
underlying kidney disease,16 either newly developed
ARF or CKD. Most published studies show that as renal
function declines, the risk of developing RCIN increases. In addition, the degree of preexisting kidney disease
often determines the severity of RCIN. Various serum
creatinine cut-offs have been employed to define
the at-risk patient (serum creatinine concentration
> 1.4 mg/dL). Other indicators of high risk for coexistent kidney disease include proteinuria, hematuria, and
hypertension. Calculation of the glomerular filtration
rate (GFR) using estimation formulas (modified Modification in Diet in Renal Disease or Cockcroft-Gault) is
probably the best predictor of underlying kidney disease. A reasonable estimated GFR cut-off that portends
risk for RCIN is below 60 mL/min or stage 3 kidney
disease using the Kidney Disease Outcomes Quality Initiative CKD classification system.17 Underlying diabetes
mellitus is another important risk factor for RCIN.18
Studies have shown that patients with diabetes without
underlying kidney disease maintain a risk of ARF following RC exposure that is similar to that in patients
with underlying kidney disease. Coexisting diabetes
and kidney disease further raises risk beyond that in
either disease state alone.16,19 Patients with diabetic
nephropathy appear to have the greatest risk of developing RCIN.
Intravascular Volume Depletion
Intravascular volume depletion, whether true (eg,
vomiting, diarrhea, diuretics) or effective (congestive
heart failure, cirrhosis, nephrosis), is a risk factor for
RCIN. Sluggish urine flow increases RC concentration
and increases its contact time with the tubular cells. Hypercalcemia and drugs that reduce renal artery blood
flow (eg, nonsteroidal anti-inflammatory drugs, calcineurin inhibitors, and several vasopressors) increase
risk for developing ARF when RC exposure occurs. Underlying multiple myeloma, when complicated by kidney disease, enhances the risk for RCIN. Nephrotoxic
medications, such as aminoglycosides and amphotericin B, also increase risk of RCIN.
Other Risk Factors
Other risk factors for RCIN that are not specific to
underlying patient characteristics include administration of large volumes of RC or repeated RC administration and use of high-osmolar, iodinated RC material.
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Prophylaxis with furosemide, even when it does not
cause intravascular volume depletion, is also associated
with higher likelihood of developing RCIN.
STRATEGIES TO PREVENT RCIN
Several strategies have been employed to prevent the
development of RCIN, most of which are based on therapies directed at the ischemic injury and tubular toxic
and oxidative stress associated with RC exposure. While
many therapies are nephroprotective in animals, not all
have been shown to have similar benefits in humans.
Intravascular Volume Repletion
Intuitively, correcting subtle, subclinical volume depletion should be renoprotective in patients who undergo RC studies. Additionally, volume repletion with
intravenous (IV) fluids increases urine flow rates, which
could potentially dilute urinary concentration of the
contrast and wash away obstructing tubular debris.
An initial study that examined 0.45% saline infusions as prophylaxis for RC studies demonstrated benefit for 12 hours before and after infusions.20 Adding
mannitol to this hydration regimen did not further reduce the occurrence of RCIN, whereas adding furosemide increased the occurrence of RCIN.20 Subsequently, a study showed a statistically significant reduction in
RCIN with 0.9% IV saline (0.7% developed RCIN) versus 0.45% IV saline (2% developed RCIN) in patients
undergoing coronary angiography with a low-osmolar,
nonionic RC agent (volume > 200 mL of RC); the
patients received hydration for a total of 24 hours at
a rate of 1 mL/kg/h.21 Unlimited oral hydration
was inferior to 0.9% IV saline at 1 mL/kg/h started
12 hours prior to and continued for 12 hours after RC
exposure.22 In this study involving patients undergoing
coronary angiography with low-osmolar contrast, 3.7%
of patients who received 0.9% IV saline developed
RCIN as compared with 34.6% in the oral hydration
group. In another study of patients receiving lowosmolar contrast, 0.9% IV saline infusion 12 hours
prior to RC exposure was compared with a 300-mL
bolus of 0.9% IV saline.23 The 12-hour preinfusion
group faired better than the bolus group (only 5.3%
developed RCIN compared with 15%).
Recently, IV sodium bicarbonate was compared with
0.9% IV saline in CKD patients undergoing coronary
angiography and digital subtraction angiography with
low-osmolar, noniodinated contrast.24 Both groups
received a 3 mL/kg bolus over 1 hour prior to RC
exposure, and hydration was continued for 6 hours
during and following exposure. Only 1.7% of patients
infused with sodium bicarbonate developed RCIN as
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compared with 13.6% of those who received 0.9% IV
saline. The marked reduction in RCIN led to halting of
the study, and subsequent patients were given sodium
bicarbonate and enrolled in a registry; of 191 patients
enrolled, only 3 developed RCIN (1.6%). The low rate
of RCIN in the bicarbonate group was obtained without coadministration of NAC.
In multiple studies, IV fluids have reduced RCIN
development as compared with no IV fluid administration. As such, administering IV fluids is considered the
standard of care in the prophylaxis of high-risk patients
undergoing RC procedures. Although the differences
among patients and hydration regimens examined in
these studies make it impossible to directly compare
therapeutic efficacy, it is reasonable to conclude that all
patients should receive preinfusion of IV fluids at least 6
to 12 hours prior to RC exposure when possible. IV
sodium bicarbonate appears more effective than 0.9%
IV saline. Since it is inexpensive and safe, we recommend using this infusion fluid for high-risk patients.
Confirmation of its potentially beneficial effects is required.
Vasodilators
Dopamine. Dopamine is a renal vasodilator and diuretic that increases urine output in patients with acute
and chronic renal failure. Heterogeneous results have
been obtained in studies employing dopamine as a
prophylactic agent against RCIN.25 – 28 Although small
benefits were obtained in some of these studies, concern was raised when diabetic patients treated with
dopamine paradoxically had an increased risk of RCIN
compared with controls.28 In addition, dopamine therapy has other adverse effects, including intestinal ischemia
and cardiac arrhythmias. Therefore, dopamine is not
used clinically for the prevention of RCIN.
Fenoldopam. Fenoldopam is a selective agonist of
the dopamine-1 receptor. It provides physiologic benefits in the kidney (renal artery and afferent arteriole
vasodilation, inhibition of proximal tubular sodium
reabsorption resulting in natriuresis) without many of
the adverse side effects of dopamine. Fenoldopam increases blood flow to both the cortex and medulla,
which may be important as RC material reduces medullary blood flow to a greater extent.29
Animal studies demonstrated that the reduction in
blood flow and GFR that occurs with RC administration
can be completely ameliorated by fenoldopam.29 Small,
uncontrolled studies of fenoldopam for the prevention
of RCIN were promising, with increases in renal plasma
flow and trends toward a reduction in the incidence of
RCIN.30–32 These early data resulted in selective use of
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fenoldopam, primarily by cardiologists, in high-risk
patients. However, 2 randomized controlled trials have
shown no benefit of this expensive agent (~$700/
vial).33,34 In the largest study, 315 patients with creatinine clearance of less than 60 mL/min were randomly
assigned to fenoldopam or placebo plus 0.45% IV
saline at 1.5 mL/kg/h for 2 to 12 hours prior to RC
administration.34 The agent was continued for 12 hours
following cardiac catheterization. The primary endpoint (defined as a ≥ 25% increase in serum creatinine
level at 96 hours postprocedure) occurred in 33.6% of
patients who received fenoldopam and 30.1% of those
who received placebo.34 Additionally, there were no significant differences in 30-day mortality, need for dialysis, or rehospitalization. Given the negative results of
the 2 recent randomized controlled trials, fenoldopam
has no role in preventing RCIN.
Antioxidants
N-acetylcysteine. NAC is a thiol-containing antioxidant that has traditionally been used to treat pulmonary diseases and acetaminophen-induced hepatotoxicity. NAC may ameliorate RCIN by its vasodilatory
properties,35 by a direct protective effect on the kidney
to ischemic injury,36 or by scavenging oxygen free radicals.37 A landmark study in 2000 reported efficacy in
preventing RCIN with NAC.38 Eighty-three patients
with CKD (mean baseline serum creatinine concentration, 2.4 mg/dL) who underwent computed tomography scanning with a nonionic, low-osmolality contrast
agent were randomly assigned to receive NAC 600 mg
orally twice daily and 0.45% IV saline at 1 mL/kg/h
12 hours before and after RC administration or placebo with the same hydration regimen. RCIN incidence
(defined by a 0.5 mg/dL increase in serum creatinine at
48 hours) was 21% in the placebo group versus 2% in
the NAC group. The results of this study led to the use
of the Tepel protocol nationwide for preventing RCIN.
However, controversy and questions still existed
after this study. In the Tepel study,38 only 75 mL of an
IV contrast agent were administered twice the day
before and twice the day of the procedure. It remains
unclear whether NAC is effective with larger doses of
contrast, if these results are applicable only to patients
undergoing coronary angiography, if the dosing regimen is appropriate (ie, for more emergent contrast
procedures), and if the agent is effective for patients
with more severe renal failure.
Since Tepel’s publication, there have been at least 17
published randomized controlled trials examining
NAC’s role in RCIN prophylaxis,33,39–54 with some trials
finding benefit and others failing to do so. Several re-
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cently published meta-analyses that sought to resolve
this issue and have also yielded mixed results.55–60 Three
meta-analyses have concluded that treatment with NAC
is beneficial for reducing the primary endpoint of RCIN
development,55,56,59 2 others found nonstatistically
significant trends toward benefit,58,60 and one reported
that because of significant heterogeneity among the
reviewed trials, the RCIN incidence is too inconsistent
to yield a conclusion on efficacy.57 The overall rate of
dialysis-requiring RCIN is too low among all of the
meta-analyses to determine whether NAC is effective at
preventing this more severe form of RCIN. Subgroup
analysis from 2 of these reports revealed that in patients with more advanced kidney disease (serum creatinine concentration > 1.9 or 2.0 mg/dL, respectively), NAC did not confer significant protection from
RCIN.59,60 Also of interest, one analysis found that NAC
seemed to benefit patients who received more than
140 mL of RC (relative risk, 0.38 [95% confidence
interval, 0.21–0.68]; P = 0.001),59 whereas another
analysis found no benefit of NAC prophylaxis in the
subgroup that received the same amount of RC.60
Finally, in a study that examined the efficacy of IV
NAC,61 the IV NAC group experienced a reduction in
the overall endpoint of RCIN; however, the control
group was treated differently. In essence, the NAC
group received a larger saline load, which is likely the
most important factor in reducing the risk of RCIN.21
On the whole, data suggest that there is some prophylactic benefit with NAC added to standard saline
therapy. The heterogeneity of results of the individual
clinical trials and the meta-analyses prevent the experts
from conclusively recommending NAC. However, given
its excellent side effect profile, ease of administration,
and inexpensiveness (~$16 total for 4 doses), it is prudent to continue to administer oral NAC until larger,
randomized controlled trials provide a definitive answer.
Vasoconstrictor Antagonists
Theophylline. RC material causes local release of
adenosine, a potent renal vasoconstrictor. In animal
models, theophylline, an adenosine antagonist, has
been shown to abrogate RCIN by preventing reduced
renal blood flow. Early clinical studies of theophylline
showed very modest benefits in some measures of renal
function, but no clear advantages over saline alone were
noted.27,62 – 64 Two recent studies suggest that theophylline may have a clinically significant protective effect. In
a study of 70 patients with a relatively preserved GFR
(85 mL/min), administration of theophylline 200 mg
twice daily for 24 hours before and 48 hours after coronary angiography, in addition to saline, reduced the rate
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of RCIN (defined by a 25% reduction in GFR measured
by nuclear renal scan) from 31% to 3% (P = 0.004).65
The high rate of RCIN in the placebo group, despite the
apparently adequate GFR at baseline, was probably due
to the patient’s preexisting diabetes mellitus, which if
proteinuria is present, is an independent risk factor for
developing RCIN. In the second study, 100 patients with
mean serum creatinine concentrations of 1.3 mg/dL or
more received 200 mg IV theophylline 30 minutes prior
to coronary angiography; the incidence of RCIN was
reduced from 20% to 4% (P = 0.0138).66 Although these
2 studies have mildly revived interest in theophylline,
before its use can be recommended, larger studies must
be performed to determine whether theophylline is
truly beneficial, what its role will be in addition to the
current standard of care (ie, saline plus NAC), and the
appropriate dose as well as route of administration.
Radiocontrast Agents
High-osmolar, iodinated and low-osmolar, noniodinated RC. The first-generation contrast agents are
extremely hyperosmolar (500–1800 mOsm/kg) and
are iodinated. Second-generation contrast agents are
noniodinated and much less hyperosmolar (600–
850 mOsm/kg) but still greatly exceed the osmolarity
of plasma. It is hypothesized that greater degrees of
hyperosmolarity produce greater osmotic diuresis and,
thus, more activation of tubuloglomerular feedback,
thereby decreasing GFR.
Several studies and a meta-analysis have reported a
decreased incidence of RCIN with low-osmolar agents
as compared with high-osmolar agents in patients with
preexisting renal insufficiency.67–69 However, in patients
without risk factors for developing RCIN, there is no
obvious clinical benefit in using low-osmolar agents, as
the rate of RCIN is very low with both types of agents in
these patients.70 Examination of the largest study published (1196 patients) reveals that the employment of
high-osmolar contrast was associated with a risk of RCIN
that was 3.3 times greater than that in the low-osmolar
contrast group.19 The use of low-osmolar contrast was
beneficial only in patients with kidney disease (baseline
creatinine concentration > 1.4 mg/dL), and benefits
were greatest in those who had concomitant diabetes
mellitus, with RCIN being reduced from 27% to 11.8%.
There was no benefit in patients with normal creatinine
levels, with diabetes alone, or those who received contrast intravenously rather than intra-arterially. Notably,
all of the trials examining NAC as an intervention have
been performed in the setting of low-osmolarity RC
administration for both treatment and control groups.
Iso-osmolar, noniodinated RC. Iodixanol is the only
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available iso-osmolar (290 mOsm/kg), nonionic contrast agent. While the lower osmolarity may produce
less osmotic diuresis, experimental data suggest that the
higher viscosity of iodixanol may result in stasis in renal
tubules,71 produce greater reductions in renal blood
flow,72 and result in a greater degree of medullary hypoxia73 than low-osmolar agents. In several small
human studies, iodixanol provided no clinical benefit
in the reduction of RCIN in comparison with lowosmolar agents in patients with normal renal function74,75 or mild/moderate76 or severe kidney disease.77
However, Chalmers and Jackson78 were able to show a
small reduction in the incidence of RCIN from 10% to
3.7% in patients with significant baseline kidney disease
(mean creatinine concentration, 3.0–3.3 mg/dL). The
amount of contrast volume correlated with the change
in serum creatinine concentration with both contrast
agents. No patients in either group required dialysis.
Finally, a randomized, double-blind, prospective, multicenter trial compared the nephrotoxicity of iodixanol
(iso-osmolar nonionic) with iohexol (low-osmolar, nonionic) in diabetic patients undergoing coronary or aortofemoral angiography with underlying mild/moderate
kidney disease.79 In this study, baseline serum creatinine
concentration was between 1.5 and 3.5 mg/dL, with a
mean baseline creatinine clearance of approximately
50 mL/min. The mean volume of contrast given was
162 mL in both groups, and both groups received
approximately 1 L of IV fluids periprocedure. Only 4 patients in the iodixanol group and 7 patients in the iohexol group received NAC. The peak increase in serum creatinine after 3 days was significantly lower in the iodixanol
group compared with the iohexol group (0.13 mg/dL
versus 0.55 mg/dL; P = 0.001). RCIN incidence (defined
as an increase in serum creatinine concentration of
0.5 mg/dL) was only 3% in the iodixanol group and
26% in the iohexol group (odds ratio, 0.09; P = 0.002).
Finally, 15% of patients in the iohexol group but none in
the iodixanol group had an increase in serum creatinine
concentration of at least 1.0 mg/dL.
In conclusion, the overall data suggest that using
low-osmolarity agents reduces nephrotoxicity in highrisk patients, with iso-osmolar agents conferring further reductions in risk. However, whether iso-osmolar
agents will still confer a clinically significant benefit in
the setting of the rather inexpensive, safe, and widely
used prophylactic strategies, such as bicarbonate and
NAC administration, is yet to be determined.
Radiocontrast Removal
Hemodialysis. Contrast media are removed mainly
by the kidneys via glomerular filtration and therefore
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retained in patients with kidney disease. It has been
hypothesized that elimination of contrast media by hemodialysis performed directly after RC procedures
may prevent the development of RCIN. Three small
studies randomized CKD patients undergoing angiography to prophylactic hemodialysis or standard saline
infusion.80 – 82 None of the studies showed a reduction
in the incidence of RCIN at 48 hours; in fact, there was
a nonsignificant trend towards an increased incidence
of RCIN in dialyzed patients.
Given the small sample size, the study may have
lacked sufficient power to allow statistical differences to
manifest between the 2 therapies. Additionally, the lack
of benefit may be related to a very rapid onset of renal
injury after administration of contrast media (within
20 minutes).83,84 The earliest time that hemodialysis
was initiated following contrast was 30 minutes, with a
delay as long as 280 minutes. It is also possible that the
hemodialysis treatment per se was nephrotoxic and
might have offset the beneficial effect of the removal of
contrast media. Nephrotoxicity associated with dialysis
has been linked with the activation of inflammatory
reactions from exposure of blood to the dialysis membrane.85 Induction of hypovolemia and hypotension
associated with ultrafiltration and the presence of
blood in the extracorporeal circulation may have promoted further renal ischemia and acute tubular necrosis. In conclusion, there is not sufficient evidence to
indicate that hemodialysis is as effective as nonhemodialysis measures in preventing RCIN among
patients with preexisting renal insufficiency; therefore,
it cannot be recommended at this time.
Hemofiltration. Hemofiltration is a continuous form
of renal replacement therapy that is generally associated
with hemodynamic stability.86 Marenzi et al87 studied the
effectiveness and safety of administering prophylactic
hemofiltration to 114 patients with significant underlying kidney disease (serum creatinine concentrations,
> 2 mg/dL; mean serum creatinine concentration,
3 mg/dL; mean calculated creatinine clearance,
26 mL/min). Coronary angiography was performed
with iso-osmotic nonionic contrast. Fifty-eight patients
were randomly assigned to hemofiltration initiated 4 to
8 hours prior to coronary intervention and continued
for 18 to 24 hours after the procedure. Fifty-six patients
were randomly assigned to isotonic fluid replacement at
a rate of 1 mL/kg/h initiated and discontinued with the
same timing pre- and postprocedure as the intervention
group. Hemofiltration reduced the incidence of RCIN
(defined as a 25% rise in serum creatinine) from 50% to
5% (P < 0.001); however, the relevance of this endpoint
is questionable as creatinine was removed during the

34 Hospital Physician November 2005

hemofiltration procedure, and GFR was not formally
assessed. Examination of the other endpoints does
reveal uniform benefits in the hemofiltration group.
Need for renal replacement therapy was reduced from
25% to 3% (P < 0.001), the incidence of pulmonary
edema was reduced from 11% to 0% (P = 0.02), inhospital mortality was reduced from 14% to 2% (P =
0.02), and 1-year mortality was reduced from 30% to
10% in the hemofiltration group.
It is unclear why this intervention provided such
benefits. Certainly, this group was at higher risk for
RCIN compared with other study groups given their
advanced degree of kidney disease and the large volume of contrast used (~250 mL in each group). These
benefits may have been related to an improvement in
volume status, the use of bicarbonate-buffered replacement fluid, or the removal of the contrast agent. However, the maximal clearance of contrast achieved by
hemofiltration would only be approximately 40%. In
addition, it is questionable whether this involved procedure should be applied empirically to all patients prior
to a coronary procedure in order to prevent applying it
to some patients postprocedure. Given this uncertainty
and lack of more clinical data, the costs and invasiveness of the procedure, and the need for an intensive
care unit bed, hemofiltration cannot be recommended
for preventing RCIN at this time.
Unanswered Questions
Despite numerous clinical trials over the past several
years, several unanswered questions remain regarding
the most effective strategy for prophylaxis against RCIN.
The optimal hydration strategy is likely isotonic saline,
yet the majority of randomized controlled trials utilized
hypotonic saline (0.45% IV saline) in their hydration
protocol. Furthermore, the most appropriate isotonic
solution may be one that contains bicarbonate rather
than chloride, but further trials to confirm Merten et
al’s results24 must be conducted to eliminate any skepticism about the benefits of bicarbonate. In addition, the
effects of bicarbonate plus NAC must be elucidated,
and if this combination is extremely effective, it should
be determined if there are any additional benefits of
highly expensive iso-osmolar contrast.
Finally, one large question looms. While these agents
reduce “RCIN,” is the arbitrary endpoint of an increase
in creatinine concentration by 0.5 mg/dL or 25% at
48 hours postcontrast administration clinically meaningful? Most of the NAC trials do not examine the effects
on hard endpoints (ie, need for dialysis or death). Only
one study has been able to show a reduction in length of
hospital stay,48 and no trial to date, with the exception of
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Table 2. Risks of Short-Term and Long-Term Mortality Associated with RCIN
In-Hospital Mortality
No ARF
(%)

1-Year Mortality

5-Year Mortality

RCIN
(%)

RCIN + HD
(%)

No ARF
(%)

RCIN
(%)

RCIN + HD
(%)

No ARF
(%)

RCIN RCIN + HD
(%)
(%)

McCullough et al89

1.1

7.1

35.7

—

—

—

—

—

—

Levy et al4

7.0

34.0

62.0

—

—

—

—

—

—

Gruberg et al90

4.9

14.9

22.6

19.4

35.4

45.2

—

—

—

Rihal et al91

1.4

22.0

30.0

02.3

12.1

—

14.5

44.6

—

ARF = acute renal failure; HD = hemodialysis; RCIN = radiocontrast-induced nephropathy.

the hemofiltration study, has been able to show a reduction in hard endpoints. In fact, a recent study found that
while NAC was effective in reducing RCIN, the endpoints of death, nonfatal myocardial infarction, and
need for dialysis both during hospitalization and at
9 months were not altered by NAC administration.88
RCIN is not trivial: several reports have shown that
patients who develop RCIN have an increased inhospital mortality,4,89 – 91 which is even greater in those
who require dialysis from RCIN (Table 2).4,89 The development of RCIN may be a prognostic “marker” that
unveils the individual’s underlying poor health status.
Both 1-year91,92 and 5-year91 mortality are markedly increased in patients who develop RCIN. Reduced GFR is
associated with cardiovascular events;92 however, because
even severe RCIN is often transitory,90 it is difficult to
imagine that short-lived reversible renal failure would
itself be driving the marked increase in long-term
death. Studies examining postcardiac surgery ARF
found that even after adjustment for other independently associated factors, patients who suffered episodes of
ARF that completely resolved by the time of discharge
had an elevated long-term risk of death (hazard ratio,
1.66), similar to those whose renal failure was persistent
(hazard ratio, 1.72).93 These data also support the hypothesis that ARF in this setting is likely a marker that
portends a poor prognosis. While potentially averting
dialysis-requiring ARF is clearly beneficial, it is less clear
if avoiding an increase in serum creatinine concentration will improve overall patient health and survival.
RECOMMENDATIONS FOR PROPHYLAXIS OF RCIN
Based on data generated in humans, we recommend
the following strategies to prevent the development of
ARF following RC administration:
•

Define the underlying risk profile of the patient
being considered for exposure to RC.

•

In high-risk patients (stage 3 or higher CKD,
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incipient or overt diabetic nephropathy), investigate the possibility of employing alternative
diagnostic tests (eg, magnetic resonance imaging or angiography with gadolinium,94 ultrasonography).
•

Administer IV isotonic sodium bicarbonate or
saline solution for 12 hours prior to RC exposure and for 12 hours after exposure. In emergencies that do not allow preinfusion, isotonic
saline can be given as a bolus (3 mL/kg over
1 hour) prior to RC exposure and continued
for 12 hours at a rate of 1 mL/kg/h. IV fluids
should be adjusted based on the patient’s underlying intravascular volume status. Volume
status should be monitored while IV fluids are
administered.

•

Administer oral NAC (600 mg twice daily) on
the day prior to the procedure and on the day
of RC exposure. IV NAC may be employed in
emergent situations that do not allow oral therapy as described above.

•

Use an iso-osmolar RC agent in very high-risk
patients (stage 4 CKD, diabetic nephropathy).
The volume of contrast that is administered
should also be limited as much as possible.

•

In low-risk patients, the use of low-ionic or nonHP
ionic contrast is an unnecessary expense.
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