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The serious clinical implications of contrast-induced nephropathy (CIN) have focused
researchers on prevention strategies. Increased coverage of CIN in major medical jour-
nals and at major cardiovascular meetings, including the Transcatheter Cardiovascular
Therapeutics (sponsored by the Cardiovascular Research Foundation), American
College of Cardiology, and American Heart Association conferences, highlight this 
concern.  Development of CIN prevention strategies is ongoing, but efforts have been
hampered by an incomplete understanding of CIN pathophysiology. The most popular
theories include contrast-induced renal tubular ischemia, free radical formation, and 
a direct tubular toxic effect. Proponents of an ischemia model direct clinical trials eval-
uating the efficacy of a variety of vasodilators, while those who favor a free radical or
direct toxicity theory study antioxidants and free radical scavengers, or a variety of
contrast agents varying in osmolality, ionicity, and viscosity. A comprehensive review of
the more important and contemporary CIN prevention trials is provided to assist the
cardiologist, radiologist, or nephrologist in developing his or her own data-driven
approach to CIN prevention. [Rev Cardiovasc Med. 2003;4(suppl 5):S34–S42]
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The clinical implications of contrast-induced nephropathy (CIN) have
become more greatly appreciated over the last few years. The coverage of
this problem has increased in the major medical journals and the major

cardiovascular meetings, including the annual Transcatheter Cardiovascular
Therapeutics (TCT), the American College of Cardiology (ACC), and the American

A CONTRAST IN RISK



VOL. 4 SUPPL. 5  2003    REVIEWS IN CARDIOVASCULAR MEDICINE    S35

Pharmacologic Interventions to Prevent CIN

Heart Association (AHA) meetings.
Efforts at developing strategies to
prevent CIN have been ongoing 
for many years. These efforts have 
been hampered by an incomplete
understanding of the pathophysiol-
ogy of CIN. The models that are
most popular include contrast-
induced renal tubular ischemia, free
radical formation, and a direct tubu-
lar toxic effect. Proponents of an
ischemia model have driven clinical
trials evaluating the efficacy of a
variety of vasodilators, whereas those
who have favored a free radical or
direct toxicity theory have studied
antioxidants and free radical scav-
engers or a variety of contrast agents
varying in osmolality, ionicity, and
viscosity. This article provides a
comprehensive review of the more
important and contemporary CIN
prevention trials. This information
will assist the cardiologist, radiolo-
gist, and nephrologist in developing
his or her own data-driven approach
to this problem (Table 1).

Mannitol and Furosemide
Up to the mid-1990s, a common
approach to the patient at risk for
CIN was a pre–contrast exposure
cocktail of saline hydration with
mannitol and furosemide. This was
based on the concept that inducing
and maintaining a post–contrast

exposure diuresis would prevent the
development of CIN. The pivotal
trial by Solomon and colleagues1

evaluated the utility of this approach
by randomizing 78 patients under-
going coronary angiography to either
saline hydration (0.45% normal
saline [NS], 1 mL/kg/hr) for 12
hours before and after contrast
exposure, plus mannitol (25 g intra-
venously during the 60 minutes
prior to angiography) or hydration +
mannitol + furosemide (80 mg
infused intravenously 30 minutes
prior to angiography). The results of
this trial showed that mannitol

and/or furosemide were inferior to
hydration alone, with the incidence
of CIN 11% in the saline group, 28%
in the mannitol group, and 40% in
the furosemide + mannitol group
(Figure 1).

The Prospective Randomized Trial
of Prevention Measures in Patients
at High Risk for Contrast Nephro-
pathy (PRINCE) study found no
benefit to forced diuresis with intra-
venous crystalloid, furosemide, man-
nitol, and low-dose dopamine over
hydration alone in patients exposed
to contrast and at risk for CIN. These
investigators did find that patients
with the highest urine outputs were
less apt to develop CIN.2

The failure of mannitol and
furosemide to exert protective
effects can be explained by their
physiologic renal effects. Mannitol
increases the intrarenal secretion of
adenosine which acts as a potent
renal vasoconstrictor resulting in a
reduction of renal blood flow. The
active transport process that is
responsible for excretion of this
osmotically active compound also
increases tubular mitochondrial
oxygen consumption. Furosemide-
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Figure 1. Comparative efficacy of saline, mannitol, and furosemide in contrast-induced nephropathy (CIN) pro-
phylaxis. Saline hydration is superior to mannitol and furosemide, particularly in diabetic patients. Data from
Solomon et al.1

Table 1
Previous Attempts at Preventing Contrast-Induced Nephropathy

Either No Benefit or Cause Harm Some Benefit

• Dopamine • Saline

• Mannitol • Iso-osmolar, nonionic 

• Furosemide contrast (iodixanol)

• Atrial natriuretic peptide

• Mixed endothelin antagonists

• Calcium channel blockers

• Fenoldopam

Data from Solomon et al1, Weisberg et al29, Wang et al30, Carraro et al31, Moore et al.32
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induced diuresis may result in 
hypovolemia, which may actually
increase the risk of contrast-induced
tubular injury.

Vasodilators 
Fenoldopam
Fenoldopam mesylate is a selective
dopamine-1 receptor agonist (DA1)
that produces systemic, peripheral,
and renal arterial vasodilatation. It
has been approved by the Food and
Drug Administration as an intra-
venous agent for the treatment of
emergent hypertension. It has the
favorable characteristics of being
easily titrated, and able to maintain
renal blood flow (RBF) and glomeru-
lar filtration rate (GFR) with blood
pressure reduction. In an anes-
thetized canine model, Bakris and
associates3 demonstrated that the
reduction in RBF and GFR that
occurs after contrast is completely
blocked by prior fenoldopam
administration. In a retrospective
historical control study by
Madyoon and coworkers,4 the pro-
phylactic use of fenoldopam was
associated with a significant reduc-
tion of CIN compared with saline
hydration alone. In a prospective
historical control study by
Annapoorna and Sharma,5

fenoldopam was observed to reduce
the incidence of CIN from 18.8% to
4.5% (P = .009). In a randomized
and blinded pilot trial by Tumlin
and colleagues,6 the ability of
fenoldopam to reduce the contrast-
induced reduction in renal blood
flow was observed, as well as a trend
toward the reduction of CIN. In
both the control and experimental
groups, patients who experienced
reductions in renal blood flow fol-
lowing contrast exposure seemed to
be at higher risk of CIN.

The recently completed CON-
TRAST trial (Evaluation of Corlopam
in Patients at Risk for Renal Failure—

A Safety and Efficacy Trial) compared
in a multicenter, randomized, place-
bo-controlled study a regimen of
fenoldopam + intravenous hydration
to hydration alone in preventing
CIN.7 This is the largest CIN preven-
tion trial to date, evaluating 315
patients at 28 centers. The major
inclusion criterion was a creatinine

clearance < 60 mL/min in patients
undergoing invasive cardiac proce-
dures. All patients were hydrated with
0.45% NS and randomized to intra-
venous fenoldopam (0.05 �g/kg/min
titrated to 0.10�g/kg/min) or a
matching placebo study drug start-
ing 1 hour prior to angiography and
continuing for 12 hours following
the procedure. The mean creatinine
clearance in this study population
was 29 mL/min and serum creati-
nine of 1.8 mg/dL. Approximately
90% of patients received a nonionic
contrast, with mean volume of
approximately 155 mL. The primary

endpoint—CIN—defined as a ≥ 25%
increase in serum creatinine from
baseline within 96 hours of contrast
exposure, occurred in 33.6% of
fenoldopam-assigned patients versus
30.1% assigned to placebo (P = NS).
The results of CONTRAST run
counter to previous experiences and
show no benefit of fenoldopam over

intravenous hydration alone in the
doses used in this randomized trial
(Figure 2).

Interest in the use of this agent for
preventing CIN has waned with the
release of the CONTRAST trial
results, though data continue to
accumulate showing its renal-pre-
serving characteristics in patients
undergoing major vascular surgery
and as a potential treatment for
acute tubular necrosis. 

Low-Dose Dopamine
Classic thinking has portrayed low-
dose dopamine (2–5 �g/kg/min) 

The results of CONTRAST run counter to previous experiences and show
no benefit of fenoldopam over intravenous hydration alone in the doses
used in this randomized trial.
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Figure 2. Results from the CONTRAST trial. Serum creatinine (SCr) at both baseline and during the 96-hour post–drug
administration period was available and analyzed at the central laboratory in 283 of 315 randomized patients
(90%). Fenoldopam did not reduce the incidence of contrast-induced nephropathy relative to saline hydration.
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as a renal vasodilator. Low-dose
dopamine has been used to main-
tain renal perfusion and function,
particularly in the intensive care
unit setting in patients developing,
or at risk for developing, acute renal
insufficiency, without any random-
ized clinical trial data to support its
use. Clinical trial data does not sup-
port the use of low-dose dopamine
to prevent or treat CIN. Gare and
associates8 evaluated the ability of
low-dose dopamine (2 �g/kg/min)
compared with saline alone to pre-
vent CIN in 66 patients with mild to
moderate chronic renal insuffi-
ciency and/or diabetes who were
undergoing coronary angiography.
Patients were randomized to low-dose
dopamine + hydration (100 mL/hr
of 0.45% NS) or hydration alone for
12 hours before and 36–48 hours
following contrast (lopromide) expo-
sure. The peak increase in serum cre-
atinine (SCr) trended higher in the
dopamine group and was significant-
ly worse in the subgroup of patients
with peripheral vascular disease.

In the elegant, randomized,
prospective trial by Abizaid and

coworkers,9 the investigators evalu-
ated the ability of low-dose
dopamine (2.5 �g/kg/min) or
aminophylline (4 mg/kg bolus fol-
lowed by an infusion of 0.4
mg/kg/hr) to prevent the occurrence
of CIN compared with saline. The
patients from both arms who devel-
oped CIN were then randomized to
treatment with low-dose dopamine
or saline. All patients were hydrated
for 12 hours with 1 mL/kg/hr of
0.45% intravenous saline. Iohexol
was the contrast agent used for all

patients. Despite the use of this 
low-osmolar radiocontrast agent,
the overall incidence of CIN in this
study was 38%, as defined by an
increase of at least 25% of SCr from
baseline. There was no significant
difference in the development of
CIN in patients who were treated
with saline alone (30%) versus those

who received saline + dopamine
(50%) or those treated with amino-
phylline + saline (35%). Of the 23
patients who developed CIN, those
who were then treated with low-
dose dopamine had worse outcomes
than those treated with saline alone
(Figure 3).

Since the results of these trials
showing the lack of effectiveness of
low-dose dopamine in preventing
CIN, its use has become less common.
The failure of low-dose dopamine to
be effective in this setting may be

related to its simultaneous activa-
tion of the DA2 receptor, which, in
contrast to the DA1 receptor, has the
paradoxic effect of reducing RBF
and the GFR.10 In addition, there
seems to be a poor relationship
between the rate of dopamine infu-
sion and the achieved plasma con-
centrations.11 This may result in plas-
ma levels of dopamine in the alpha
or beta range, despite the low-dose
infusion rate.

Calcium Channel Blockers
Studies by Bakris and Burnett12 have
demonstrated the ability of the cal-
cium channel antagonists verapamil
and diltiazem to attenuate the renal
vasoconstrictor response to radio-
contrast as well as the diminution of
the GFR. In a series of trials evaluat-
ing the efficacy of dihydropyridine
calcium channel blockers, including
felodipine, nitrendipine and nifedip-
ine, conflicting effects were seen 
in their ability to prevent CIN. The
ability of calcium channel antago-
nists to prevent CIN has not been
confirmed by any preponderance of
clinical data.
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Figure 3. Failure of dopamine and aminophylline to prevent contrast-induced nephropathy. Neither low-dose
dopamine nor aminophylline reduces the incidence of contrast-induced nephropathy relative to saline hydration.
Cath, catheterization; Cr, creatinine; NS, not significant. Data from Abizaid et al.9

There was no significant difference in the development of CIN in patients
who were treated with saline alone (30%) versus those who received saline
+ dopamine (50%) or those treated with aminophylline + saline (35%).
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Prostaglandin E1 (PGE1)
Little data are available regarding
the ability of PGE1 to prevent CIN.
In a trial of 117 patients by Koch
and associates,13 there were no differ-
ences in creatinine clearance among
the range of doses (10 ng, 20 ng,
and 40 ng) of PGE1 studied.

Adenosine Antagonists
Within the renal vasculature,
adenosine acts as a potent vasocon-
strictor, reducing renal blood flow
and increasing the generation of
oxygen–free radicals as it is metabo-
lized to xanthine and hypoxan-
thine. Contrast media stimulate the
intrarenal secretion of adenosine
that, on binding to the renal adeno-
sine receptor, may be responsible 
for the vasoconstrictor response
observed following contrast expo-
sure. The ability to block the adeno-
sine receptor with an agent such as
theophylline, therefore, could result
in blocking the contrast-induced
renal vasoconstrictor response. 

The hypothesis has been con-
firmed by the double-blind, placebo-
controlled study of Erley and col-
leagues14 that showed no significant
change in GFR in patients treated
with theophylline before their expo-
sure to contrast media. In contrast,
patients pretreated with placebo
(saline) experienced a significant
decline in GFR after the exposure to
contrast agent. The results of subse-
quent clinical studies evaluating 
the rates of CIN in patients treated
with theophylline compared with
placebo have been inconsistent. In 
a recent randomized, placebo-con-
trolled study, prophylactic intra-
venous administration of 200 mg
theophylline reduced the incidence
of CIN in patients with chronic
renal insufficiency.15 The rates of
CIN in the theophylline group ver-
sus the placebo arm in this study
were 4% and 16%, respectively. In

another randomized, placebo-con-
trolled study, treatment with 165 mg
theophylline was accompanied by a
smaller decrease in GFR, plasma ery-
thropoietin, and renin and a smaller
increase in urinary ß2-microglobulin
compared with placebo.16 Oral theo-
phylline, in a dosage of 200 mg twice
daily prescribed to diabetic patients
24 hours before and 48 hours after
the exposure to contrast, provided a
significantly lower degree of fall in
GFR and lower SCr values compared
with placebo.17 However, three other
randomized trials and one study that
used a control group matched 
for several characteristics (ie, age, left
ventricular ejection fraction, peripro-
cedural hydration) did not show any
benefit of theophylline compared
with placebo in preventing CIN. 

Antioxidants 
N-acetylcysteine
N-Acetylcysteine (NAC) is a com-
pound that has several attributes
making it a potentially useful agent
to prevent CIN. Besides its antioxi-
dant properties, there are reports of
its ability to block the expression of
vascular-cell adhesion molecule 1
and the activation of nuclear factor-
�. In rats, contrast agents have been
observed to increase lipid peroxida-
tion and superoxide dismutase, a
scavenger of reactive oxygen species,
was found to result in preserved
renal function. Owing to these prop-
erties, in addition to its safety and
low cost, NAC is commonly utilized
to prevent CIN. Unfortunately,  clin-
ical studies to date, most of them
small single-center experiences eval-
uating the efficacy of NAC, have
yielded mixed results.

Tepel and associates18 randomized
83 patients with SCr levels 
> 1.2 mg/dL or creatinine clearance <
60 mL/min to receive intravenous
hydration + NAC or hydration alone
(0.45% saline at 1 mL/kg/hr) for 

12 hours prior to and following con-
trast exposure. A 600 mg oral dose of
NAC was given twice daily on the
day before and day of computed
tomography scanning with 75 mL of
the nonionic, low-osmolar contrast
agent iopromide. In this single- cen-
ter trial, the mean increase in SCr in
the control group was only 0.2
mg/dL and fell 0.4 mg/dL from base-
line in the NAC cohort. The inci-
dence of CIN, as defined as 
an increase in SCr of at least 
0.5 mg/dL following contrast expo-
sure, was 21% in the control cohort
and 2% in the patients receiving
NAC (P = .010). None of the patients
who developed CIN in this study
went on to require dialysis. The
implications of this study show the
ability of NAC to prevent modest
increases in SCr in a noncardiac pop-
ulation receiving a modest amount
of contrast medium. There was no
observation of any ability to prevent
clinically significant events, includ-
ing dialysis and mortality (Figure 4).

Another single-center trial was
reported by Chinese investigators in
200 patients undergoing coronary
angiography.19 All patients received 1
mL/kg/hr of intravenous NS for 
12 hours before and 6 hours follow-
ing angiography. The mean serum
creatinine (1.26 and 1.24 mg/dL) and
volume of contrast (iopamidol)
exposure (120 mL and 130 mL) were
similar in the control and NAC
groups. There was no significant
diminution of creatinine clearance in
the control group, and those receiv-
ing NAC had an average increase of
about 15%. The incidence of CIN,
defined as > 25% increase in SCr, was
12% in the control group and 4% in
those receiving NAC. These results
indicate a modest impact of NAC in
this lower-risk cohort of patients
exposed to contrast. 

The APART (Acetylcysteine to
Prevent Angiography-Related Renal
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Tissue Injury) trial was another sin-
gle-center study that did show a sig-
nificant benefit of NAC by prevent-
ing the increase in SCr observed in
the control group.20

Briguori and associates21 studied 183
patients and found no significant ben-
efit in preventing CIN. Caputo and
coworkers randomized 79 patients
and found a trend toward more CIN in
the patients receiving NAC (26%) ver-
sus the control cohort (23%).

The Rapid Protocol for the
Prevention of Contrast-Induced
Renal Dysfunction (RAPPID study)
prospectively randomized 80 patients
undergoing coronary angiography or
interventions at three London hospi-
tals.22 The experimental group
received a rapid protocol of intra-
venous NAC (150 mg/kg) prior
to contrast exposure, followed by 
50 mg/kg intravenously over 4 hours
postcontrast. All patients received 
1 mL/kg/hr of NS for 12 hours pre-
and postcontrast. Iodixanol was the

contrast agent used in all patients,
with average contrast exposure of
238 mL in the NAC group and 
222 mL in the control group and
mean SCr of 1.85 mg/dL and 1.75
mg/dL, respectively. An increase 
in SCr of 0.09 mg/dL was observed in
the control group at 96 hours 

following contrast exposure and
decreased by a mere 0.08 mg/dL 
in the cohort receiving NAC. The 
incidence of CIN, as defined by a 
25% or greater increase in SCr at the 
48 or 96 hour endpoint, occurred 
in 4.9% of patients receiving NAC
and 20.5% in the control group 
(P = .045).

A meta-analysis of 7 trials that
included a total of 805 patients was

recently reported, showing a 44%-
56% reduction in CIN using a fixed-
effects and random-effects statistical
model (Figure 5).23 The common cri-
terion among the 7 trials was ran-
domization to NAC + hydration ver-
sus hydration alone. Unfortunately,
there is tremendous heterogeneity
among the trials, including differ-
ences in the degree of baseline car-
diac risk factors (CRF) and the mode
of NAC administration. In addition,
there is a strong tendency for this
type of analysis to report positive
findings due to publication bias,
which generally favors the publica-
tion of positive over negative reports
in the medical literature. Other sus-
pect findings of this analysis include
the secondary conclusion that the
degree of CRF before the procedure
and the amount of radiocontrast
given did not affect the risk of devel-
oping CIN.    

The accumulation of clinical trial
data indicates that NAC may have
modest protective effects in prevent-
ing CIN. Without larger multicenter,
prospective, placebo-controlled ran-
domized trials, the uncertainty of
this effect will remain. It is antici-
pated, however, that because of its
low cost and safety—more than its

effectiveness—it will remain part of
protocols to prevent CIN. However,
the above-mentioned clinical trials
evaluated the use of NAC where
both the experimental and control
groups were aggressively hydrated.
It is, therefore, imperative that all
patients at risk for the development
of CIN receive aggressive preproce-
dure intravenous hydration with a
compound such as NAC as an

It is imperative that all patients at risk for the development of CIN receive
aggressive preprocedure intravenous hydration with a compound such as
NAC as an adjunct to hydration, not as a replacement.
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Figure 4. Antioxidant therapy reduces the incidence of contrast-induced nephropathy (CIN). Though the incidence
of CIN was reduced in the acetylcysteine arm, there is no significant increase in serum creatinine (Cr) from baseline in
the control arm. A criticism of this trial is the unexpectedly high event rate (21%) in the placebo group based on an
estimate of risk in a patient population with a mean creatinine of 2.4 mg/dL. This high event rate would make a pos-
itive effect of acetylcysteine more likely than it should have been. NS, normal saline. Data from Tepel et al.18



S40 VOL. 4 SUPPL. 5  2003    REVIEWS IN CARDIOVASCULAR MEDICINE

Pharmacologic Interventions to Prevent CIN continued

adjunct therapy, not as a replace-
ment. In addition, postprocedure
surveillance for CIN with monitor-
ing of serum electrolytes, blood urea
nitrogen, and SCr, 48–96 hours fol-
lowing contrast exposure, should be
mandatory. This certainly becomes
more difficult in the outpatient set-
ting, where it is less practical to
guarantee a well-hydrated state in
patients exposed to contrast and
where a more cavalier attitude to
postcontrast exposure surveillance
of renal function and electrolytes
seems to exist.

Perhaps protocols standardizing
oral and/or intravenous hydration
and the use of compounds such as
NAC and lower-risk radiocontrast
agents such as iodixanol, along with
recommendations for postcontrast
CIN surveillance, can be developed
and applied to protect patients at risk.

Other Approaches
The possible role of the renin-
angiotensin axis in the genesis 
of contrast-induced medullary
ischemia prompted Gupta and
coworkers24 to evaluate the efficacy
of the angiotensin-converting
enzyme inhibitor captopril in a 
randomized study of 71 diabetic
patients undergoing coronary angio-
graphy. Captopril 25 mg was given
three times daily, starting 1 hour

before angiography. According to
the results, GFR increased in the
captopril group and decreased in
the control group. The increase in
SCr in the captopril group was sig-
nificantly less prominent than in
the control. This was accompanied

by significantly lower rates of CIN
in the captopril-treated group 
compared with control. However,
because of the lack of a placebo
group and the small sample size

used in the study, one cannot con-
clude currently that captopril is
effective in prevention of CIN in
diabetic patients.

Insulin-like growth factor (IGF)
has been reported to improve exper-
imental ischemic renal failure. Fuchs

and colleagues25 investigated a possi-
ble beneficial role of IGF-1 in a rat
model of CIN. In this study, IGF-1
did not prevent either the fall in cre-
atinine clearance or the medullary
thick ascending limb necrosis. Atrial
natriuretic peptide in three different
doses failed to prevent CIN in the
randomized, placebo-controlled study
by Kurnik and associates.26

Several studies examined the
effect of hemodialysis immediately
after exposure to contrast media in
preventing renal function deteriora-
tion in patients with preexisting
renal disease. All these studies con-
curred that prophylactic hemodialysis
does not diminish the risk of CIN27

and may even increase it.28 Other
approaches that are contemplated

Perhaps protocols standardizing oral and/or intravenous hydration and the
use of compounds such as NAC and lower-risk radiocontrast agents such as
iodixanol, along with recommendations for postcontrast CIN surveillance,
can be developed and applied to protect patients at risk.
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Figure 5. Summary of
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7 randomized, controlled
trials comparing N-acetyl-
cysteine plus hydration to
prevent contrast-induced
nephropathy versus hydra-
tion alone. Reproduced
with permission from Birck
et al.23
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to undergo investigation as to their
ability to prevent CIN include simul-
taneous dialysis and hypothermia.

Hemofiltration initiated 4–6 hours
prior to a scheduled coronary proce-
dure, with resumption after proce-
dural completion and continuation
for an additional 18–24 hours in the
intensive care unit, was compared to

standard hydration by Marenzi and
coworkers.33 One hundred and four-
teen patients with a mean SCr of 
3.0 mg/dL and an average creatinine
clearance of 27 mg/dL were random-
ized to either hydration or hemofil-
tration. The low osmolar contrast
agent iopentol was used in all
patients with an average exposure
per patient of about 250 cc. There
was a decreased incidence of contrast-
induced nephropathy (> 25% increase
in SCr from baseline) from 50% to

5% (P < 0.001) with hemofiltration.
In-hospital mortality was 14% in 
the control group and 2% in the
hemofiltration group (P = .02) and 1
year mortality was reduced from
30% in the hydration group to 10% in
the hemofiltration group (P = .01).
The implications from this clinical
trial include the failure of this low-

osmolar contrast agent to prevent
CIN in this high-risk patient popu-
lation and confirmation of the pro-
tective ability of hemofiltration.
Unfortunately, the expense and
complexity of hemofiltration will
prevent its widespread utilization.
Nonetheless, this study proves that
reduction of both in-hospital and 
1-year mortality through the pre-
vention of CIN are possible. This
certainly underscores the impor-
tance of CIN prevention efforts and

counters the claims that the occur-
rence of CIN is only a marker of
mortality risk and doesn’t have mor-
tality implications on its own.

A common clinical scenario is the
patient with risk factors for CIN who
is undergoing a contrast-requiring
diagnostic or therapeutic procedure
and who has not received appropriate
preprocedure hydration. This is cer-
tainly an issue in both the inpatient
and outpatient settings. The question
of whether fenoldopam, NAC, or
other agents would have 
a role in the treatment of at-risk
patients undergoing contrast-requir-
ing procedures who have not
received hydration at the time of con-
trast exposure remains unanswered.
In this clinical situation, minimizing
contrast exposure and using a con-
trast agent with the lowest CIN
potential, such as iodixanol, would
be prudent. Unfortunately, there are
no clinical trial data available that
would confirm an optimal strategy in
the volume-depleted patient, under-
scoring the need to insure that
patient volume status 
is optimized prior to contrast expo-
sure and that patients at risk have 

Main Points
• Neither the study by Solomon and colleagues nor the Prospective Randomized Trial of Prevention Measures in Patients

at High Risk for Contrast Nephropathy (PRINCE) found a benefit in mannitol and/or furosemide compared with
hydration alone for preventing contrast-induced nephropathy (CIN). 

• Several studies showed that fenoldopam blocks the reduction in renal blood flow and glomerular filtration rate (GFR)
that occurs after contrast exposure, thereby reducing the incidence of CIN; however, the CONTRAST trial showed that
fenoldopam is not superior to hydration alone in preventing CIN.

• Although low-dose dopamine has classically been portrayed as a renal vasodilator, clinical trial data do not support
its use in the prevention or treatment of CIN. Studies have shown no significant difference in development of
nephropathy in patients receiving dopamine or aminophylline versus those receiving saline only. 

• Erley and associates showed there was no significant change in GFR in patients treated with theophylline before exposure
to contrast media. In contrast, patients pretreated with saline experienced significant decline in GFR after exposure. 

• N-acetylcysteine (NAC) has several qualities that make it a potentially useful agent in preventing CIN; however, clinical
studies evaluating the efficacy of NAC have yielded mixed results. 

• There is no “silver bullet” that prevents CIN in the at-risk population. No single pharmacologic compound has been
able to show in a consistent fashion its ability to improve on the results seen with hydration alone.

There have been many attempts to identify the pharmacologic “silver bullet"
that would prevent contrast-induced nephropathy in the at-risk patient
population. Unfortunately, no single pharmacologic compound has been
able to show in a consistent fashion its ability to improve on the results
seen with hydration alone.
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an assessment of SCr and potassium
48–96 hours following contrast
exposure.

In summary, there have been
many attempts to identify the phar-
macologic "silver bullet" that would
prevent contrast-induced nephropa-
thy in the at-risk patient population.
Unfortunately, no single pharmaco-
logic compound has been able to
show in a consistent fashion its abil-
ity to improve on the results seen
with hydration alone. With the mixed
results observed with NAC, we await
an appropriately powered multicen-
ter, randomized clinical study simi-
lar in design to the CONTRAST trial
to evaluate its efficacy. Other pre-
sentations in this supplement
underscore the important role of
contrast agent selection in the pre-
vention of CIN.                           
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