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Contrast media-associated acute renal failure represents

the third most common cause of in-hospital renal function

deterioration after decreased renal perfusion and

post-operative renal insufficiency. Although generally

benign, this complication is associated with a mortality rate

ranging from 3.8 to 64%, depending on the increase of

creatinine concentration. Multiple drugs have been tested

in an attempt to prevent this complication. Central to the

pathophysiology of contrast-induced nephrotoxicity (CIN) is

an alteration in renal hemodynamics. In an effort to reverse

these hemodynamic changes, vasodilators and diuretics have

been tested as prophylactic drugs. However, their

effectiveness has not been confirmed. Recently, considerable

interest has resulted from the initial positive data on the

effectivess of prophylactic administration of antioxidant

compounds, such as acetylcysteine and ascorbic acid. In this

review, we focus on the effectiveness of pharmacologic

therapies for preventing CIN.
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ANTIOXIDANT STRATEGY

In the last years, many clinical studies have been conducted
with the use of antioxidant compounds in an attempt to
prevent contrast-induced nephrotoxicity (CIN). The two
most investigated drugs are (a) acetylcysteine and (b)
ascorbic acid.

N-acetylcysteine

N-acetylcysteine (NAC), a potent antioxidant that scavenges
a wide variety of oxygen-derived –free radicals, may be
capable of preventing CIN, both by improving renal
hemodynamics and by preventing direct oxidative tissue
damage.1–3 NAC is classically known as a mucolytic agent,
which is used to thin mucus, especially in patients with
respiratory problems such as emphysema and bronchitis and
cystic fibrosis. Animal experiments have shown that NAC
inhibits the renal ischemia-induced reduction of c-fos and c-
jun expression and the renal ischemia-induced increase of
Jun NH2 terminal kinase activity.1 A potential mechanism of
NAC in preventing CIN is the prevention of direct oxidative
tissue damage by scavenging reactive oxygen species; this
antioxidant effect seems to be dose-dependent. Efrati et al.4

demonstrated that treatment with NAC results in an increase
in nitric oxide production as compared to the decrease
observed in the control group after contrast agent adminis-
tration. Renal vasoconstriction, possibly mediated by altera-
tions in nitric oxide, and a direct toxic effect of contrast
media agents have been implicated in the pathogenesis of
CIN. Contrast agents can cause a direct tubular injury,
leading to the generation of oxygen-free radicals, which in
turn react with nitric oxide to produce peroxynitrite.
Peroxynitrite is a potent oxidant that further decreases nitric
oxide bioavailability and results in more tissue injury.

Tepel et al.5 first reported that NAC (600 mg orally twice
daily) plus hydration before and after administration of
contrast agent is more effective than hydration alone in
preventing CIN in patients with chronic renal insufficiency
who were undergoing computed tomography with a constant
dose (75 ml) of a nonionic, low-osmolality contrast agent. In
a prospective study using the contrast agent, 83 patients with
chronic renal insufficiency (average serum creatinine (sCr)
concentration of 2.5 mg/dl or 216 mmol/l) were randomized
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to either NAC (600 mg p.o. b.i.d. administered the day before
and the day of the procedure) plus intravenous saline (0.45%
at 1 ml/kg per hour for 12 h before and 12 h after the
procedure) or to placebo plus saline. At 48 h after the
administration of non-ionic low-osmolality contrast media,
an elevation of the serum creatinine X0.5 mg/dl (44 mmol/l)
was much less common in the NAC group (2 versus 21%,
P¼ 0.01). Gastrointestinal discomfort and dizziness, the only
adverse effects found, were reported in both randomized
groups. Other studies eventually confirmed5–8 and refuted9–15

this preliminary observation (Table 1). Some data also exist
on the beneficial effect of a rapid protocol of intravenous
NAC (150 mg/kg in 500 ml normal saline over 30 min
immediately before contrast, followed by 50 mg/kg in
500 ml normal saline over 4 h).16

It has been pointed out that the advantage of NAC
administration was based on a decrease in sCr concentration.
This decrease in sCr concentrations might reflect either an
increase in creatinine excretion or a decrease in creatinine
production attributable to NAC or interference by NAC with
the method of creatinine determination. Hoffmann et al.17

demonstrated an effect of NAC on creatinine levels and
estimated glomerular filtration rate, surrogate markers of
renal injury, without any effect on cystatin C levels (another
surrogate marker of renal injury). In contrast, Izzedine et al.18

reported that the effect of NAC on contrast media
nephrotoxicity was not related to an analytical interaction
between creatinine and NAC.

Some evidence exists that the effect of NAC on CIN is
dose-dependent.19–20 Briguori et al.,19 in a prospective,
randomized trial enrolling 223 patients with baseline
creatinine level X1.5 mg/dl, referred for coronary procedures
and randomly administered NAC at the standard dose
(600 mg orally twice daily; SD group) or at a double
dose (1200 mg orally twice daily; DD group) before and
after a non-ionic, low-osmolality contrast dye administra-
tion. CIN occurred in 12/109 patients in the SD group (11%)
and 4/114 patients in the DD group (3.5%) (P¼ 0.038; odds
ratio (OR)¼ 0.29; 95% confidence interval (95% CI)
0.09–0.94).

Owing in part to these controversies, the overall
prophylactic efficacy of NAC has been assessed in multiple
meta-analyses.21–26 Birck et al.21 reported a primary analysis
performed among eight randomized controlled trials that
enrolled 885 patients. Compared with hydration alone, NAC
plus hydration significantly reduced the risk of developing
CIN after contrast administration among those with chronic
renal insufficiency (OR¼ 0.41, 95% CI 0.22–0.79). However,
this overall effect must be viewed in the context of the
marked variability in individual risk. In the meta-analysis by

Table 1 | Clinical studies on the prophylactic use of NAC to prevent CIN

Author
Number of

pateints Design
Baseline

sCr (mg/dl)
NAC dose and route of
administration

CIN in the
NAC

group (%)

CIN in the
control

group (%)
Effect

of NAC

Volume of
Contrast dye

(ml)

Tepel5 83 RPCT 2.571.3 600 mg b.i.d. OS, day before
and after

2 21 + 75

Diaz-
Sandoval6

54 BRPCT 1.670.4 600 mg b.i.d. OS 1 dose before
and 3 after

8 45 + 184710

Shyu7 121 RPCT 2.870.8 400 mg b.i.d. OS, day before
and after

3.3 24.6 + 117725

Kay8 200 BRPCT 1.25a

(0.70–3.30)
600 mg b.i.d. OS, day before
and after

4 12 + 125 (70–320)a

Briguori9 183 RCT 1.570.4 600 mg b.i.d. OS, day before
and after

6.5 11 Null 1977135

Allaqaband10 123 RCT 2.170.8 600 mg b.i.d. OS, day before
and after

17.7 15.3 Null 125765

Durham11 79 RPCT 1.670.7 1200 mg b.i.d. OS, 1 h before
and 3 h after

26.3 22 Null 81739

Webb12 447 BRPCT 2.270.4 500 mg i.v., 1 h before 7.3 5.7 Null 120 (80–175)a

Boccalandro13 181 CT 1.870.5 600 mg b.i.d. OS day before
and after

13 12 Null 1917130

Goldenberg14 80 BRPCT 2.070.4 600 mg b.i.d. OS day before
and after

10 8 Null 116745

Oldemeyer15 96 BRPCT 1.670.7 1500 mg b.i.d. OS, day before
and after

8.2 6.4 Null 130772

Baker16 80 RCT 1.870.5 150 mg/kg over 30 min
immediately before and
50 mg/kg over 4 h

5 21 + 2307158

Miner20 180 BRPCT 1.470.6 2000 mg OS, one dose before
and and two doses after

9.6 22.2 + 3477199

BRPCT=double-blinded, randomized, placebo-controlled trial; RPCT=randomized, placebo-controlled trial; RCT=randomized-controlled trial, placebo-controlled trial;
CT=controlled trial; NAC=N-acetylcysteine; CIN=contrast-induced nephrotoxicity.
amedian (interquatile range); sCr=serum creatinine concentration.
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Alonso et al.22 including eight randomized trials and 885
patients, the authors concluded that NAC appears to be a
beneficial preventive agent for CIN. However, this benefit was
observed only in patients with a mean baseline creatinine
level o1.9 mg/dl or administered more than 140 ml of
contrast media. A third meta-analysis by Pannu et al.23

included 14 studies encompassing a total of 1776 patients,
and demonstrated a borderline significant risk reduction for
CIN associated with NAC treatment (OR¼ 0.65; 95% CI
0.43–1.00; P¼ 0.049). In the meta-analysis by Kshirsagar
et al.,24 16 randomized trials with a total of 1538 patients
were included. They concluded that the heterogeneity of the
current literature limits any meaningful conclusion on the
benefit of NAC for CIN. In the meta-analysis by Isenbarger
et al.,25 seven studies selected from 19 were included,
involving 805 study subjects. Excluded studies were either
not randomized clinical trials (n¼ 10) or published only as
abstracts (not peer-reviewed, n¼ 2). The odds of developing
CIN were significantly lower in the NAC group (summary
OR¼ 0.37; 95% CI 0.16–0.84). The summary risk difference
was �0.11 (95% CI �0.19 to �0.03), which corresponds to a
number of needed-to-treat patients of nine (95% CI 5–33). In
other words, nine patients would have to be treated with
NAC to prevent one episode of CIN.

Ascorbic acid

Additional evidence of the effectiveness of an antioxidant
strategy comes from the recent observation by Spargias
et al.,27 who investigated the impact of ascorbic acid in
preventing CIN. The antioxidant ascorbic acid has been
shown to attenutate renal damage caused by a variety of
insults, such as post-ischemic stress, cisplatin, aminoglyco-
sides, and potassium bromate in animals and has an extensive
safety record as a dietary supplement in humans. Spargias
et al. conducted a randomized, double-blind, placebo-
controlled trial of ascorbic acid in 231 patients with a sCr
concentration X1.2 mg/dl who underwent coronary angio-
graphy and/or intervention. Ascorbic acid, 3 g at least 2 h
before the procedure and 2 g the night and the morning after
the procedure, or placebo was administered orally. Hydration
with 50–125 ml/h i.v. normal saline was started in all patients
from randomization until at least 6 h after the procedure. CIN
(defined by an absolute increase of serum creatinine
X0.5 mg/dl or a relative increase of X25%, measured 2–5
days after the procedure) occurred in 11 of the 118 patients
(9%) in the ascorbic acid group and in 23 of the 113 patients
(20%) in the placebo group (OR¼ 0.38; 95% CI 0.17–0.85;
P¼ 0.02). The mean sCr concentration increased significantly
in the placebo group (from 1.3670.50 to 1.5070.54 mg/dl,
Po0.001) and non-significantly in the ascorbic acid group
(from 1.4670.52 to 1.5270.64 mg/dl, P¼ 0.07). The mean
increase in sCr concentration was greater in the placebo group
than in the ascorbic acid group (difference of 0.09 mg/dl; 95%
CI, 0.00–0.17; P¼ 0.049). The authors conclude that prophy-
lactic oral administration of ascorbic acid may protect against
CIN in high-risk patients undergoing a coronary procedure.

INHIBITION OF RENAL VASOCONSTRICTION

Owing to the potential role of hemodynamic effects induced
by contrast agents, numerous vasodilators drugs have been
tested for prevention of acute reduction in renal function.
The possible importance of endothelin-induced renal vaso-
constriction led to the evaluation of a non-selective
endothelin receptor antagonist in a multicenter, double-blind
randomized trial of high-risk patients undergoing coronary
angiography.28 Compared with those randomized to placebo,
a significantly higher percentage of patients who received
active therapy sustained CIN (56 versus 29%; P¼ 0.002).
However, this study evaluated a mixed endothelin A and B
receptor antagonist, and this disappointing result may
tentatively be explained by endothelin B receptor inhibition
that favors vasoconstriction. To date, it is unknown whether
selectı̀ve endothelin A blockade may be beneficial in
preventing CIN.

Atrial natriuretic peptide has been considered for prophy-
laxis in high-risk patients as its administration has been
associated with benefits in animal models of CIN.29 However,
no benefit was observed with the intravenous administration
of this agent in a large multicenter, prospective, double-blind,
placebo-controlled randomized trial.30

Calcium channel blockers (Table 2) such as verapamil,
diltiazem,31 and amlodipine32 have been found to attenuate
the renal vasoconstrictor response to radiocontrast media,
and to inhibit CIN in rats. A randomized, placebo-controlled
study of 35 patients with renal insufficiency has shown that
oral nitrendipine (20 mg/day for 3 days) is effective for
preventing the decrease in glomerular filtration rate.33 In
contrast, other studies with nitrendipine,34 felodipine,35 and
amlodipine36 did not confirm the beneficial effects of calcium
antagonists in prevention of CIN. However, it must be
emphasized that only dihydropyridine calcium channel
blockers have been clinically tested so far.33–41 These agents
have a more potent peripheral vasodilating effect than
verapamil and diltiazem. Therefore, a possible protective
renal effect from calcium channel inhibition might be offset
by the hypotensive effect caused by these drugs with resulting
lower renal perfusion pressure. Further investigation is
needed to evaluate possible effects of using different calcium
channel antagonist agents. Currently, the use of calcium
channel blockers to prevent CIN is not recommended.
However, their discontinuation at the time of contrast
exposure is not required in patients taking these drugs for
other indications.

Prostaglandin E1 (PGE) has vasodilatory effects and may
be promising as a prophylactic agent against CIN, but further
studies are needed to confirm the effectiveness of this agent.
In one study, 130 patients with renal insufficiency (sCr
X1.5 mg/dl) were randomly assigned to receive either
placebo or one of three doses of PGE (10, 20, and 40 ng/
kg/min for 6 h) in addition to intravenous hydration before
and after contrast exposure.42 The increase in sCr was smaller
in all the three PGE groups than in placebo group, but the
difference was significant only in the medium-dose PGE
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group. In another study, Gurkowski et al.43 showed that
repeated treatment with the PGE analog misoprostol (four
times a day starting from 3 days before and 2 days after
contrast exposure) significantly attenuates the decrease in
creatinine clearance induced by the contrast administration.

Contrast media stimulate the intrarenal secretion of
adenosine, which binds to the renal adenosine receptor and
acts as a potent vasoconstrictor, primarily in the efferent
arterioles, reducing renal blood flow. As this vasoconstrictive

response can be blunted with theophylline in experimental
animals, multiple investigators have evaluated the competi-
tive adenosine antagonists (aminophylline and theophylline) as
a potential means of reducing the risk of CIN in human
subjects (Table 344–54). However, these studies have been
limited by small sample size, variation in timing and dosage
of drug administration, and variation in the definition of
CIN. Two prospective randomized trials evaluated the
administration of intravenous theophylline.48,49 In the first

Table 2 | Clinical studies on the prophylactic use of CCBs to prevent CIN

Author, year
Number of

patients Randomized
Baseline sCr

(mg/dl) CCB and dose

CIN in
the CCBs

group
(%)

CIN in
the

control
group

(%)
Effect of

CCBs Comment

Pourrat, 198439 53 No Normal Nifedipine, 30–60 mg/day NA � + Evaluation at 24 h
Cacoub, 198840 27 No 2.70 Nifedipine, 40 mg/day 36 37.5 Null Retrospective
Neumayer, 198933 35 Yes 1.23 Nitrendipine, 20 mg/day (3 days) NA NA + Protection on GFR and

enzymuria on day 2 only
Russo, 199041 30 Yes Normal Nifedipine, 10 mg/sublingual NA NA + Evaluation only at 30, 60,

and 120 min
Russo, 199537 14 Yes 2.60 Nifedipine, 10 mg/sublingual NA NA + Protection versus rise in

sCr at 24, 48, and 72 h
Khoury, 199538 85 Yes 1.05 Nifedipine, 10 mg orally, 1 h

before
0 4.6 Null

Spangberg-
Viklund, 199635

27 Yes 1.56 Felodipine, 10 mg orally NA NA Null

Carraro, 199634 121 Yes 1.20 Nitrendipine, 10 mg (or 20 mg) 6.5 8.3 Null
Arici, 200336 29 Yes 0.90 Amlodipine, 500 mg i.v., 1 h

before
6.7 7.1 Null

CCBs=calcium channel blockers; CIN=contrast-induced nephrotoxicity; GFR=glomerular filtration rate, sCr=serum creatinine concentration, NA=not available; +=favors use of
CCBs; Null=does not favor use of CCBs.

Table 3 | Clinical studies on the prophylactic use of AAs to prevent CIN

Author, year
Number of

patients Randomized
Baseline sCr

(mg/dl) AAs and dose

CIN in
the AAs
group

(%)

CIN in
the

control
group

(%)
Effect of

AAs Comment

Gandhi, 199245 21 Yes NA Theophylline, 125 mg for 3 days 15.4 12.5 Null Nephrotoxicity not
defined

Erley, 199446 39 Yes 1.20 Theophylline, 5 mg/kg i.v., 45 min
before

NA NA + Prevention of acute and
delayed decline in GFR

Katholi, 199544 93 Yes 1.25 Theophylline, 2.88 mg/kg/12 h
for four times

NA NA + Prevention of decline
in GFR

Kolonko, 199847 58 Yes 1.0 Theophylline, 165 mg i.v. NA NA + Prevention of increase in
sCr

Abizaid, 199948 60 Yes 1.9 Aminophylline, 4 mg/kg/h 35 30 Null Coronary angioplasty
Erley, 199949 80 Yes 1.9 Theophylline, 810 mg/day for 5

days
5.7 3.4 Null CIN defined as rise in

sCr 40.5 mg/dl
Shammas, 200151 52 No 1.6 Aminophylline, 200 mg i.v. before

procedure
11.5 11.5 Null

Huber, 200150 78 No 1.47 Theophylline, 200 mg i.v. 30 min
before procedure

4 14 + Control series

Huber, 200252 100 Yes 2.07 Theophylline, 200 mg i.v. 30 min
before procedure

4 16 + ICU patients

Kapoor, 200253 70 Yes 1.16 Theophylline, 200 mg twice daily
for 3 days

0 20 + Diabetic patients

Huber, 200354 100 Yes 1.65 Theophylline, 200 mg i.v. 30 min
before procedure

4 20 +

Aa=adenosine antagonists; CIN=contrast-induced nephrotoxicity; GFR=glomerular filtration rate; sCr=serum creatinine concentration; NA=not available; +=favors use of AAs;
Null=does not favor use of AAs.
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of these two studies, 80 patients with chronic renal failure
were evaluated, but no benefit was observed in patients who
received theophylline.49 Similarly, in the second randomized
trial of patients undergoing coronary angioplasty, in which
aminophylline, dopamine, and saline were compared, no
clinically significant reduction in the incidence of CIN with
the use of aminophylline was observed.48 In contrast, Huber
et al.50 observed a reduction in the incidence of CIN (from 20
to 4%) in a series of 100 patients with chronic renal
dysfunction treated with oral theophylline. A recent meta-
analysis suggests that theophylline may be helpful,55 so that
further studies are needed to definitely determine its efficacy,
safety, and utility.

Although theoretically justified, studies testing the effec-
tiveness of low (o2mg/kg/min) doses of dopamine showed
negative or neutral results (Table 448,56–61). The failure of
dopamine may be due to hypovolemia and tachyarrhythmia
induced by diuretic and pro-arrhythmogenic effects, both
leading to reduced cardiac output and reduced effective
circulating arterial volume. Furthermore, the unselective
stimulation of both dopamine-1 and -2 receptors may have
an important role.

Fenoldopam is a parenteral, selective dopaminergic agent
approved in 1997 for the treatment of systemic hypertension.
In contrast to dopamine, fenoldopam is a selective dopa-
mine-1 receptor agonist with systemic and renal arterial

vasodilatory properties that does not stimulate dopamine-2
or adrenergic receptors, even when administered in higher
doses. Low dosage of fenoldopam, which did not decrease
blood pressure, in dogs produced dopamine-1 receptor-
mediated dose-related renal vasodilation, diuresis, and
natriuresis when administered directly into the renal artery.
Intravenous infusion of fenoldopam (0.025–0.5 mg/kg/min)
causes small decreases in diastolic blood pressure in healthy
volunteers and dose-related increase in heart rate, without
altering systolic blood pressure.62 Fenoldopam significantly
increases renal blood flow and decreases renal vascular
resistance, without altering glomerular filtration rate. In
healthy volunteers, an intravenous infusion of fenoldopam
0.025–0.5 mg/kg/min increased renal plasma flow (by 12–57%)
and decreased renal vascular resistance (by 19–42%) in a
generally dose-related manner.62,63 Following preliminary
studies showing a benefit of fenoldopam in reducing CIN,
more recent prospective, randomized trials suggested nega-
tive results (Table 410,64–69). Kini et al.64 found that
fenoldopam has a protective effect against renal ischemic
injury during percutaneous coronary intervention. Intrave-
nous fenoldopam should be started at least 1 h before the
procedure at a rate of 0.1 mg/kg/min and be continued during
the percutaneous intervention and for 4–6 h after procedure if
the patient’s blood pressure is stable. In the study by Kini
et al. including 269 patients with baseline creatinine

Table 4 | Clinical studies on the prophylactic use of dopamine (DA) and fenoldopam (FE) to prevent CIN

Author, year
Number of

patients Randomized
Baseline sCr

(mg/dl) DA/FE dose

CIN in
the DA/

FE group

CIN in
the

control
group

Effect of
DA/FE Comment

Hans, 199057 60 Yes 1.97 DA 2.5 mg/kg/min for 12 h NA NA + Small CrCl improvement
at day 1

Hall, 199258 222 No 3.0 DA 3.0 mg/kg/min from the
evening before to the next day

0 NA + No control group

Weisberg, 199356 30 Yes 2.37 DA 2.0 mg/kg/min for 120 min 33 40 Null
Kapoor, 199659 40 Yes 1.5 DA 5.0 mg/kg/min from 30 min

before to 6 h after
0 50 +

Hans, 199860 55 Yes 1.97 DA 2.5 mg/kg/min 1 h before and
12 h after

NA NA +/Null Benefit after 24 h only in
pts with sCrZ2 mg/dl

Abizaid, 199948 60 Yes 1.9 DA 2.5 mg/kg/min for 2 h before 50 30 Null More patients in DA
group required HD

Gare, 199961 66 Yes 1.1 DA 2.0 mg/kg/min for 36–48 h after 12 6 Null CIN defined as 440%
increase in sCr

Madyoon, 200165 46 No 2.4 FE 0.1mg/kg/min for 2 h before
and 44 h after

13 38 + Historical controls

Kini, 200264 260 No 2.08 FE 0.1mg/kg/min 15–20 min
before and 6 h after

3 NA + Retrospective study

Chamsuddin,
200266

29 No 2.55 FE 0.1mg/kg/min for 2 h before
and 44 h after

7 NA + Retrospective study

Tumlin, 200267 45 Yes 2.61 FE 0.1mg/kg/min for 2 h before
and 44 h after

21 41 Null

Stone, 200368 315 Yes 1.82 FE 0.1mg/kg/min for 2 h before
and 12 h after

33.6 30.1 Null

Allaquaband,
200210

123 Yes 1.94 FE 0.1mg/kg/min for 2 h before
and 4 h after

15.7 15.3 Null

Briguori, 200469 192 Yes 1.75 FE 0.1mg/kg/min for 2 h before
and 12 h after

13.7 4.1 Null

CIN=contrast-induced nephrotoxicity; GFR=glomerular filtration rate; sCr=serum creatinine concentration; NA=not available; +=favors use of DA/FE; Null=does not favor use
of DA/FE; HD=hemodialysis.
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concentration X1.5 mg/dl (mean¼ 2.0870.71), an increase
of X25% in creatinine level occurred in 3.8% of cases,
whereas urgent dialysis was seen in 0.77%. Of note, it seems
that fenoldopam extends its renoprotective benefit in patients
with diabetes mellitus and baseline creatinine concentration
42.0 mg/dl. The Evaluation of Corlopam in Patients at Risk
for Renal Failure – A Safety and Efficacy Trial (CON-
TRAST)68 is a randomized, multicenter, double-blind,
placebo-controlled study of an i.v. infusion of fenoldopam
in 315 patients with creatinine clearance o60 ml/min, at risk
for developing CIN, and undergoing diagnostic and/or
interventional cardiology procedures. The CONTRAST trial
suggests that fenoldopam mesylate is ineffective in preventing
further renal function deterioration in patients with chronic
renal insufficiency receiving iodinated contrast. All patients
received 0.45% saline for hydration. A non-ionic contrast
agent was administered to all patients and 90% of the
patients received a low-osmolality contrast agent. Fenoldo-
pam mesylate infusion was started at least 1 h before the
procedure at 0.05 mg/kg/min and then increased to 0.10 mg/
kg/min in 20 min, if tolerated. The infusion was continued
during the procedure and for 12 h post procedure. NAC was
administered before the procedure in 49.6% of the Fenoldo-
pam group and 54.1% of patients in the placebo group.
Premature discontinuation of the study drug because of
hypotension occurred in 21% of the Fenoldopam group
compared to 11% in the placebo group. The incidence of CIN
at 48 h was 19.9% in the Fenoldopam group versus 15.9% in
the control group (P¼ 0.45), and at 96 h 33.6 versus 30.1%,
respectively (P¼ 0.61). No statistical difference was evident
between the two treatment groups. In addition, no interac-
tion between fenoldopam and NAC was evident. Briguori
et al.69 compared the effectiveness of fenoldopam versus
NAC. Patients with chronic impairment of renal function
(sCr concentration X1.5 mg/dl and/or creatinine clearance
o60 ml/min) were randomly assigned to receive intravenous
saline plus NAC (NAC group) or fenoldopam mesylate
(Fenoldopam group) before and after administration of
iodixanol, a non-ionic, iso-osmolality contrast agent. Saline
(0.45%) was given intravenously at a rate of 1 ml/kg of body
weight per hour (0.5 ml/kg for patients with left ventricular
ejection fraction o40%) for 12 h before and 12 h after
administration of the contrast agent. NAC was given orally at
a dose of 1200 mg twice daily in the NAC Group on the day
before and on the day of administration of the contrast agent,
for a total of 2 days. Fenoldopam infusion was started at least
1 h before the procedure at 0.10 mg/kg/min, maintained
during the procedure and continued for 12 h post procedure.
The dosage was downtitrated or discontinued in case of
hypotension or tachycardia. Severe hypotension was defined
as a systolic blood pressure o90 mm Hg. Three patients
experienced side effects in the Fenoldopam group necessitat-
ing premature drug infusion discontinuation: two patients
had severe hypotension (one patient 2 h and the other 4 h
after the procedure), and one patient had allergic reaction
(skin rash and vomiting) before the procedure. A trend to a

greater absolute decrease in systolic blood pressure was found
in the Fenoldopam group than in the NAC group (�17720
versus 11725 mm Hg; P¼ 0.068). In contrast, decrease in
diastolic (�9711 versus �9714 mm Hg; P¼ 1.00) and
mean (�11712 vs. �8715 mm Hg; P¼ 0.30) blood pressure
was similar in the two groups. CIN occurred in 4/97 patients
in the NAC Group (4.1%) and in 13/95 patients in the
Fenoldopam Group (13.7%) (P¼ 0.019; OR¼ 0.27; 95%
CI¼ 0.08–0.85). Contrast-associated nephrotoxicity occurred
in 5/11 (45.5%) patients with serum creatinine level 42.5 mg/
dl in the Fenoldopam group versus 1/9 (11%) patients in the
NAC group (P¼ 0.095). In the 98 diabetic patients, renal
function deterioration occurred in 4/49 (8.2%) in Fenoldo-
pam Group and in 3/49 (6.1%) in the NAC Group (P¼ 0.72).
In the 23 patients with left ventricular ejection fraction
o40%, renal function deterioration occurred in 4/13 (13.3%)
in Fenoldopam group and in none of the 10 patients in the
NAC group (P¼ 0.23). In patients with left ventricular
ejection fraction X40%, renal function deterioration oc-
curred in 9/72 (12.5%) in Fenoldopam group and in 4/87
(4.5%) in the NAC group (P¼ 0.085). No case of CIN were
observed in the 16 diabetic patients with left ventricular
ejection fraction o40% (seven patients in the Fenoldopam
group and nine in the NAC group). In the Fenoldopam
group, mean blood pressure lowering was similar in patients
with and without contrast-associated nephrotoxicity
(�11711 versus �11710 mm Hg; P¼ 0.95), and in patients
with left ventricular ejection fraction o40 and X40%
(�1379 versus �10712 mm Hg; P¼ 0.39). Renal failure
requiring dialysis occurred in one patient enrolled in the
Fenoldopam group (1.1%): this patient subsequently experi-
enced in-hospital death. Length of in-hospital stay (from
admission to discharge) was longer in the Fenoldopam Group
than NAC Group (5.0710 versus 2.972.7 days; P¼ 0.049).

On the basis of the results of these studies, fenoldopam
should not be used as a prophylactic measure to prevent
further renal function deterioration in patients at risk for CIN.

DIURETICS: MANNITOL AND FUROSEMIDE

Up to the mid-1990s a common approach to the patient at
risk for contrast nephropathy was pretreatment with saline
hydration with mannitol and furosemide. Furosemide
inhibits sodium–potassium–chloride cotransport in the thick
ascending limb of the loop of Henle. This segment of the
nephron is at greatest risk of ischemic injury attributable to
the combination of high metabolic demand and low oxygen
delivery. It has been postulated that inhibition of active ion
transport in this nephron segment would reduce oxygen
utilization and decrease the risk of nephrotoxicity resulting
from contrast-stimulated vasoconstrition. In the study by
Solomon et al.,70 there were no beneficial effects of the
osmotic diuretic mannitol when added to saline hydration in
either diabetic or nondiabetic patients, and there was an
actual exacerbation of contrast-induced renal dysfunction
with the use of the loop diuretic furosemide with saline
hydration.
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The prospective Randomized Trial of Prevention Measures
in Patient at High-risk for Contrast Nephropathy study
found no benefit to forced diuresis with intravenous crystal-
loid, furosemide, mannitol, and low-dose dopamine over
hydration alone.71 Mannitol increases the intrarenal secretion
of adenosine, a potent renal vasoconstrictor, resulting in a
reduction of renal blood flow. Furthermore, the active
transport process that is responsible for excretion of this
osmotically active compound also increases tubular mito-
chondrial oxygen consumption. Furosemide-induced diuresis
may result in hypovolemia, which may actually increase the
risk of contrast-induced tubular injury.

Many other pharmacologic approaches have been inves-
tigated in attempts to decrease the incidence and severity of
CIN, but the results with these agents must be considered
preliminary and inconclusive. In one study, the nitric oxide
substrate L-arginine was used, on the theory that CIN is
related to impaired endothelial function, but it did not have a
protective effect.72 In several studies and review articles,
angiotensin-converting enzyme (ACE) inhibitors have been
identified as a risk factor for CIN because of their potential to
reduce renal function. Gupta et al.73 challenged this concept
by evaluating the use of captopril before contrast adminis-
tration. They hypothesized that the reduction of renal blood
flow that occurs following administration of contrast may be
because of the rennin–angiotensin system causing constric-
tion of the afferent arterioles, and they suggested that by
using ACE inhibitors, this response may be attenuated.
Indeed, in their study, the incidence of CIN was lower in
patients treated with captopril than in controls (6 versus
29%; P¼ 0.002). Even though the results of this study are
interesting, more studies need to be performed to better
understand the role of ACE inhibitors in relation to contrast
administration. Finally, a recent study investigated the
usefulness of statins in CIN. Khanal et al.74 retrospectively
evaluated 29 409 patients undergoing cardiac catheterization.
Among them, 10 831 (38%) patients were on statin therapy
before the procedure, and 18 040 (62%) were not. Patients on
a pre-procedure statins had a lower incidence of CIN (4.37
versus 5.93%; Po0.0001) and nephropathy requiring dialysis
(0.32 versus 0.49%; P¼ 0.03). These promising preliminary
results on a protective role of statins against CIN should be
confirmed by a randomized, prospective trial.

RECOMMENDATIONS

Saline hydration throughout all studies has repeatedly been
shown to provide effective and safe prophylaxis for CIN.
With the onset of newer therapies regarding the pathophy-
siology behind CIN, N-acetylcysteine has been targeted as a
potentially new pharmacologic answer to this growing
problem. Because of the low incidence of adverse effects
and the nominal cost of acetylcysteine, it appears that little
harm can be incurred by a patient receiving this drug.
Therefore, it may be at least acceptable to include this drug in
prophylactic protocols for patients at high risk. We suggest
the dose of 1200 mg b.i.d. the day before and the day of the

procedure. Additional data are necessary to clarify the role of
different hydration protocol (in particular sodium bicarbo-
nate) and of the type of antioxidant compound (N-acetyl-
cysteine or ascorbic acid).

The major studies of fenoldopam strongly point to the
lack of value provided by this drug when administered
systemically. The risk of hypotension (21%) and the
additional cost make it an impractical choice for the
prevention of contrast-associated nephrotoxicity. Because of
the negative or inconclusive data, theophylline, calcium
antagonists, atrial natriuretic peptide, adenosine, and endo-
thelin receptor antagonits are not recommended to prevent
contrast nephrotoxicity.

CONCLUSIONS

(1) N-acetylcysteine: N-acetylcysteine has been targeted as a
potentially new pharmacologic answer to this growing
problem. Because of the low incidence of adverse effects
and the nominal cost of acetylcysteine, it appears that
little harm can be incurred by a patient receiving this
drug. Therefore, it may be at least acceptable to include
this drug in prophylactic protocols for patients at high
risk. We suggest the dose of 1200 mg b.i.d. the day
before and the day of the procedure.

(2) Ascorbic acid: Additional data are necessary to clarify
the role of ascorbic acid.

(3) Dopamine: Dopamine should not be used as a
prophylactic measure to prevent further renal function
deterioration in patients at risk for CIN.

(4) Fenoldopam mesylate: Fenoldopam should not be used
as a prophylactic measure to prevent further renal
function deterioration in patients at risk for CIN.

(5) Diuretics: Furosemide-induced diuresis may result in
hypovolemia, which may actually increase the risk of
contrast-induced tubular injury.

(6) Theophylline: A recent meta-analysis suggests that
theophylline may be helpful, so further studies are
needed to definitely determine its efficacy, safety, and
utility.

(7) Calcium antagonists: Further investigation is needed to
evaluate possible effects of using different calcium
channel antagonist agents. Currently, the use of calcium
channel blockers to prevent CIN is not recommended.
However, their discontinuation at the time of contrast
exposure is not required in patients taking these drugs
for other indications.

(8) Atrial natriuretic peptide: Not recommended.
(9) Endothelin receptor antagonists: To date, it is unknown

whether selectı̀ve endothelin A blockade may be
beneficial in preventing CIN.

(10) ACE inhibitors: More studies need to be performed to
better understand the role of ACE inhibitors in
relation to contrast administration.

(11) PGE: May be promising as a prophylactic agent against
CIN, but further studies are needed to confirm the
effectiveness of this agent.
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