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Pharmacotherapeutic options to prevent 
radiocontrast-induced acute renal failure
Marcus Ferrone, PharmD, MS

Renal insufficiency induced by
intravenous, iodinated con-
trast media remains an im-

portant etiology of acute renal failure
(ARF). This pathology is most often
defined as an acute impairment of renal
function manifested by an absolute in-
crease in the serum creatinine of at least
0.5 mg/dL in patients with a baseline
level of ≤2.0 mg/dL.1 An alternative de-
scription reported by various clinical
trials is an increase in the plasma crea-
tinine concentration by 25%–50% over
baseline. The administration of radio-
contrast media can lead to a reversible
form of ARF that begins shortly after
the dye is administered. Since ARF is
both serious and costly, the best treat-
ment for contrast-induced nephropa-
thy is prevention.

Radiocontrast-induced nephropathy is
cited as the third most common cause
of ARF in the hospital setting, account-
ing for 10% of all cases.2 The reported
incidence of this organ failure varies
widely, from 0% to more than 50%. It
is thought that the differences in the def-
inition of nephropathy, the type and
amount of contrast agent administered,
the patient comorbidities, and the exact
radiological procedure all account for
this variability in reported incidence.

According to prospective clinical tri-
als, small increases in serum creatinine
(averaging 0.2 mg/dL) are not an un-
common finding in most patients fol-
lowing a radiocontrast study.3 Renal
function markedly declines, however, in
patients with 1 or more of the risk factors

that are highlighted in Table 1. Inde-
pendent risk factors for contrast media-
induced nephropathy requiring dialysis
include prior renal insufficiency, dia-
betes, and multiple doses of a contrast
agent.4 The incidence of a patient de-
veloping ARF escalates with an increas-
ing number of risk factors present.5

The morbidity associated with con-
trast-induced ARF includes various non-
renal pathologies.6 A decline in excre-
tory renal function following a contrast
study increases the probability of a pa-
tient developing a nonrenal pathology
that may result in death. In addition,
studies have shown that in-hospital mor-
tality is high and long-term survival is
poor in patients who develop contrast-
induced ARF.7 The development of con-
trast-induced ARF leads to increased
hospitalization time, including time in

the intensive care unit, with an obvious
impact on the cost of healthcare.6

REVIEW OF RADIOCONTRAST MEDIA
To fully comprehend the etiology of
ARF from the administration of radio-
contrast media, it is important to un-
derstand the purpose of contrast agents
and the pharmacology behind them.The
development of skeletal radiography
began with Röntgen’s discovery of the x-
ray. Images are produced on x-ray film
when radiation passing through the
body and hits the photographic film.
The amount of radiation passing
through the body depends on the type
as well as the thickness of a tissue.
Bone, being denser than air, absorbs
more x-rays and therefore appears
white on the film. Air, which absorbs
little if any radiation, appears black on
the x-ray film. The remainder of the
body, including the muscles, liver, kid-
neys, heart, and brain, all absorb ap-
proximately the same amount of radia-
tion due to the fact that they are of the
same density. Any pathological process
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�Abstract
One of the primary etiologies of acute renal failure (ARF) is nephropathy secondary to
the administration of radiocontrast dye. In the United States alone, the cost of ARF-
related expenses is estimated at more than $8 billion per year. Since ARF contributes
such a substantial burden to the cost of healthcare and may be associated with sig-
nificant morbidity and mortality, initiatives to educate pharmacists, physicians, and
other health-care providers about how to decrease the incidence of radiocontrast-
induced ARF are warranted. It is important to identify patients at risk for developing this
pathology and to play an active role in disease state prevention. This review covers
the pathogenesis, signs and symptoms, and current treatment options for reducing
the risk of radiocontrast-induced nephropathy. Current pharmacotherapy focuses on the
use of aggressive hydration before and after the administration of a contrast agent.
Clinical trials evaluating the application of periprocedural drugs are also reviewed.
(Formulary. 2004;39:163–185.) 
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that causes a distinct density difference
compared to adjacent anatomical struc-
tures can be visualized on plain x-ray
film by a natural, physiological con-
trasting effect. Unfortunately, in many
disease states the pathological tissue
has nearly the same density as the ad-
jacent structures and therefore cannot
be differentiated on film. Contrast
media are used to visualize the anatomy
or pathologic processes that would not
be seen otherwise. Radiocontrast agents
can be administered either enterally or
parenterally. It is the iodinated contrast
agents given intravenously that carry
the risk of a patient developing ARF.

Iodine-based contrast dye is utilized
because an atom of iodine possesses
chemical properties ideal for efficiently
absorbing x-ray radiation. Iodinated con-
trast agents can be divided into either
ionic or nonionic contrast agents. Ionic,
or first-generation, agents are tri-iodated
benzoic acid salts that possess high os-
molality secondary to the salt dissociating
in the dye solvent. These highly hyper-
osmolal solutions are approximately 5–8
times (1,500–1,800 mosmol/kg) the os-
molality of plasma (275–290 mosmol/kg).
Examples of first-generation agents in-
clude diatrizoate (Hypaque, Nycomed;
and Renografin, Squibb Diagnostics),
ioxaglate (Hexabrix, Mallinckrodt), and

iothalamate (Conray, Mallinckrodt).
Second-generation, or nonionic, con-
trast agents are “modified” tri-iodated
benzoic acid derivatives that have lower
osmolalities than the first-generation
agents, yet are still 2–3 times the os-
molality of plasma. Iopamidol (Isovue,
Squibb Diagnostics), iohexol (Omni-
paque, Nycomed), and metrizamide
(Amipaque, Winthrop) are examples
of second-generation agents. These
nonionic contrast agents are signifi-
cantly more expensive than the first-
generation ionic contrast media. Newer,
nonionic contrast agents are now avail-
able that are dimers in solution, making
them iso-osmolal to the serum. Iodix-
anol (Visipaque, Nycomed), is an ex-
ample of a nonionic, iso-osmolal con-
trast dye. Table 2 summarizes the
differences between the 2 major types
of contrast media.

The physiological effects following
administration of intravenous contrast
dye are numerous and can include va-
sodilation, an increase in intravascular
volume, hypotension, pain upon injec-
tion, electrolyte changes and potential
cardiac dysfunction, anaphylactic re-
actions, and nephrotoxicity. There are
multiple factors that influence the phar-
macodynamics of contrast media. As
the concentration of iodine in the dye
increases, not only does contrast im-
prove on the x-ray film, but an increase
in the risk of adverse reactions is ob-
served.The total dose or volume of the
contrast agent administered also cor-
relates with a risk of adverse events.

The pharmacokinetics of intra-
venous contrast media mimic many 1-
compartment, single-dose, bolus-
administered medications. After injec-
tion, a very rapid peak plasma con-
centration is achieved and is followed
by a steady decline in serum concen-
tration. This decay can be attributed
to rapid mixing in the vascular com-
partment along with continuous renal
excretion. The distribution half-life of
most contrast agents is approximately
10 minutes, and the elimination half-
life is approximately 2 hours. Contrast
media possess a relatively small volume
of distribution of approximately 0.25

L/kg and there is no protein binding or
metabolism.

PATHOLOGY
The exact mechanism that fuels the de-
velopment of ARF after administration
of radiocontrast media is not fully un-
derstood.5,8 There are currently 2 pri-
mary theories that may act separately or
in concert with one another to promote
renal insufficiency. One possibility is
renal vasoconstriction mediated by the
release of endothelin and adenosine.9–12

A second theory is direct tubular in-
jury associated with the generation of
oxygen free radicals.9

The degree of renal vasoconstriction
does not correlate with increases in
serum creatinine concentrations.11 Vas-
cular tone is determined through a com-
plex equilibrium between endogenous
vasoconstrictors and vasodilators. Due
to the high osmolality of radiocontrast
dyes, prolonged renal vasoconstriction is
possible and is further mediated by the
contrast-induced release of endothelin
and adenosine. Antagonizing the release
of protective vasodilators (eg, nitric
oxide and prostaglandins), as well as
concomitant disease states such as di-
abetes and chronic heart failure, also
contribute to reductions in medullary
blood flow and marked ischemia.10 This
alteration in renal hemodynamics leads
to diminished oxygen tension in the
renal cortex and intensifies medullary
hypoxia, resulting in ARF.

Direct renal tubular injury can act
in conjunction with or can be exacer-
bated by renal vasoconstriction. The
direct cytotoxic effects of radiocontrast
agents are mediated by oxygen free rad-
icals.13 These reactive oxygen species
accumulate following the infusion of
contrast dyes secondary to a decreased
activity of protective antioxidant en-
zymes and hypovolemia.9 The renal ep-
ithelium exposed to such oxidants sen-
sitizes the redox state of these cells and
provokes apoptosis.14

CLINICAL PRESENTATION
Contrast-induced nephropathy is gen-
erally benign in course and rarely leads
to chronic renal failure.4 The renal in-

Radiocontrast-induced ARF
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� Table1
Risk factors associated
with development
of radiocontrast-induced
acute renal failure

Pre-existing renal insufficiency

Diabetes mellitus with renal insufficiency

Dehydration

Hypotension

Nephrotic syndrome

Chronic heart failure

Multiple myeloma

Drugs adversely affecting renal function
(NSAIDs, ACE inhibitors, aminoglycosides)

Formulary/Source: Refs 5,8,53
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sufficiency associated with the use of
contrast media typically begins imme-
diately after administration of the con-
trast agent. In most cases, there is an
acute rise in serum creatinine from
24–48 hours after the radiographic
study. As mentioned earlier, it is not
uncommon to see a small increase in
the serum creatinine by 0.1–0.2 mg/dL
in all patients. For escalations greater
than these values, the index of suspi-
cion should be raised for the likelihood
of contrast-induced nephropathy. Al-
though the diagnosis of this pathology
is based upon the unexpected rise in
serum creatinine, the differential diag-
nosis of ARF could include renal
atheroemboli if the patient is status-
post angiography with diffuse athero-
sclerosis.15

While patients experiencing this form
of ARF usually present with nonoliguric
renal dysfunction, oliguria is also possi-
ble. Renal function begins to stabilize in
medically uncomplicated patients within
3–5 days.8 The decline in renal function
is mild and transient for most patients;
however, those with multiple patholo-
gies or additional organ failure suffer a
more severe form of renal failure.

PREVENTION STRATEGIES 
Prevention is considered the best ap-
proach for contrast-induced renal fail-
ure, yet the optimal strategy to achieve
this goal remains uncertain. Some pos-
sible preventive measures include the
use of alternative imaging modalities,
minimizing the volume of contrast
agents administered, avoidance of repet-
itive or consecutive contrast-dependent
studies, and the use of low or iso-osmolal
nonionic contrast agents.16,17 A nonionic,
iso-osmolal agent such as iodixanol may
lower the incidence of contrast-induced
nephropathy among diabetic patients
with pre-existing abnormal renal func-
tion;18 however, the  expense compared
to other low-osmolal contrast agents may
be prohibitive in certain practice settings.

Multiple pharmaceutical agents have
also been explored to decrease the in-
cidence of ARF in high-risk patient
populations.Table 3 summarizes these
drug studies and highlights their

methodology and results.
Historically, diuretics

have been used to treat
ARF. Various diuretics,
including loop diuretics
such as furosemide and
osmotically-driven di-
uretics such as mannitol,
have been studied. It is
hypothesized that main-
taining a high urine out-
put and thereby increas-
ing the excretion rate of
contrast material prevents
the formation of cellular
casts and preserves
healthy kidney function.
Furosemide is thought to
decrease renal oxygen
consumption due to its
inhibition of medullary
exchange mechanisms.
Mannitol serves as a free
radical scavenger and it
is postulated to decrease
the potential direct toxi-
city of contrast dye. Re-
search has shown that
neither of these medica-
tions consistently pre-
vents the development of
ARF following adminis-
tration of radiocontrast
dye.19–21

Numerous vascular-al-
tering agents such as cal-
cium channel blockers, en-
dothelin antagonists, prostaglandin E1,
atrial natriuretic peptide, dopamine, cap-
topril, and theophylline have also been
researched.22–32 Clinical trials involving
these medications have produced disap-
pointing results and have forced health-
care providers to turn to other drugs such
as acetylcysteine and fenoldopam in ad-
dition to aggressive hydration.

HYDRATION
Volume expansion to maintain a high
urine output (minimum 0.5 mL/kg/min)
and positive fluid balance was the first
intervention to show a reduction in the
negative renal effects of contrast media.19

It is known that patients presenting with
dehydration have both decreased renal

blood flow and glomerular filtration
rates. Renal tubular exposure to the con-
trast agent is prolonged secondary to
poor renal blood flow.

The decision regarding which crys-
talloid to employ remains unclear. A
comprehensive review of the literature
reveals conflicting recommendations.
There are currently no studies that have
directly compared the different crys-
talloids used for maintenance of in-
travascular volume. Numerous trials
focusing on medications have utilized
either half-normal saline or saline as
the intravenous fluid (IVF) to maintain
hydration in study patients.The results
of one study suggest that hydration with
normal saline may be superior to half-

Acute renal failure (ARF) may be associated with significant
morbidity and mortality, and in the United States alone, the cost
of ARF-related expenses is estimated at $8 billion per year.
Therefore, initiatives to educate pharmacists, physicians, and
other health-care providers about how to decrease the incidence
of radiocontrast-induced ARF are warranted.
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normal saline, most notably in diabetic
patients.33 Most practitioners initiate
the fluid 4–12 hours prior to the con-
trast procedure at a rate of 1–3
mL/kg/h. Judicious hydration usually
continues up to 4–12 hours after the
procedure. Patients with chronic heart
failure are at obvious risk for volume
overload, and continuous peripheral
oxygen saturation or pulse oximetry
should be measured to maintain oxy-
genation greater than or equal to 92%.

ACETYLCYSTEINE
Acetylcysteine (Mucomyst,Apothecon)
is a thiol-containing compound that
functions as an antioxidant. It is
commonly used as an oral agent for the
treatment of acetaminophen toxicity as
well as a nebulizer additive for its
mucolytic properties. In 1999, it was
reported that the use of acetylcysteine
improved renal function in patients with
early hepatorenal syndrome.34 Although
this was not a controlled trial, the
findings generated enough interest to
warrant the evaluation of acetylcysteine
in other patient populations suffering
from ARF.

Several studies have now explored
the use of acetylcysteine in patients with
renal insufficiency undergoing radi-
ographic studies requiring intravenous
contrast media.35–39 These prospective,
randomized, controlled trials have
demonstrated that the administration
of oral acetylcysteine in combination
with appropriate crystalloid hydration

and a nonionic or low-osmolal con-
trast agent has protective capabilities
against contrast-induced nephropathy.
In these studies, patients received
400–600 mg of acetylcysteine twice
daily on the day before and the day of
the contrast-dependent procedure. Ex-
amination of the data revealed that at
48 hours after the radiographic proce-
dure, elevations of serum creatinine
were significantly less in the treatment
group compared to placebo. The re-
sults of these trials demonstrate a po-
tential advantage in the use of acetyl-
cysteine, since prior to these studies a
proven benefit had only
been demonstrated
with pre-procedural
hydration.

The mechanism be-
hind this potential ad-
vantage of acetylcys-
teine is speculative at
best. As described ear-
lier, renal function de-
clines after contrast
agents are administered
secondary to direct toxic
effects of the contrast
dye to the renal tubular epithelial cells
and alterations in renal hemodynamics.
It is hypothesized that reactive oxygen
species are the basis of these direct toxic
effects. Acetylcysteine may blunt the ef-
fects of these oxygen radicals and di-
minish their dangerous properties. Re-
cent studies have also suggested that
acetylcysteine possesses vasodilatory

properties.40,41 Therefore, acetylcysteine
may be capable of preventing ARF fol-
lowing radiocontrast administration by
both halting direct oxidative tissue dam-
age and improving renal hemodynamics.

Not all research, however, supports
the use of acetylcysteine in this setting.
For example, no benefit was observed in
1 trial in which patients were random-
ized to receive either acetylcysteine or
placebo.42 Both treatment arms were sup-
plied with adequate hydration throughout
the study.The results revealed a similar
incidence of nephrotoxicity in both arms.
Although not statistically significant, di-
abetic patients showed a trend towards
developing increased nephrotoxicity.

Given the contradictory results of
acetylcysteine trials in the literature, re-
searchers reviewed the agent’s efficacy
in a 2003 meta-analysis of 7 trials that
encompassed a total of 805 patients.43

Analysis of these studies found that
compared to periprocedural hydration
alone, acetylcysteine in combination
with hydration significantly reduces the
risk of contrast-induced nephropathy
in patients with chronic renal insuffi-
ciency. It was noted that the relative
risk of contrast-induced nephropathy
was not related to the degree of renal
insufficiency prior to the radiographic

intervention or the
amount of radiocon-
trast dye administered.

Analysis of various
trials that studied acetyl-
cysteine to determine
its role in the prevention
of contrast-induced
nephropathy reveals
multiple confounding
factors. Discrepancies
observed in the trials are
likely secondary to vari-
ations in acetylcysteine

dosing schemes, hydration regimens,
volume status of the patient at baseline,
dose of contrast media administered,
and definition of contrast-induced ARF.
Despite the incongruity among these
published studies, prophylactic acetyl-
cysteine is a relatively inexpensive phar-
maceutical with a favorable side effect

Radiocontrast-induced ARF

� Table2
Properties of intravenous iodinated contrast media

Ionic agents* Nonionic agents†

High-osmolal Low-osmolal 

First-generation Second-generation

Tri-iodated benzoic acid derivative Modified tri-iodated
benzoic acid derivative

5–8x osmolarity of plasma 2–3x osmolarity of plasma

*Examples: diatrizoate, iothalamate

†Examples: metrizamide, iohexol, iopamidol

Formulary/Source: Ferrone M

Continued on page 175

� Analysis of various
trials that studied
acetylcysteine to
determine its role
in the prevention
of contrast-induced
nephropathy
reveals multiple
confounding factors.



March 2004 |  Vol.39 Formulary 175

Radiocontrast-induced ARF

For Client Review Only. All Rights Reserved. Advanstar Communications Inc. 2003

� Table3
Clinical trials evaluating drugs to prevent radiocontrast-induced nephropathy

Intervention Study Patient population Study design Results

Diuretics

Furosemide Weinstein et al20 18 patients with Prospective, randomized trial At 24 h post-contrast, a
pre-existing renal where patients received fluids only rise in SCr and significant renal
insufficiency (mean=3  L) or fluids + furosemide function decline (P<.005 by 

(mean=110 mg) 30 min prior ANOVA) occurred in the 
to administration of contrast media furosemide group but no change 
(ionic & nonionic, mean=245 mL). in the control was noted.

Solomon et al*19 78 patients with CRI Prospective, randomized trial At 48 h post-contrast, 11%
undergoing cardiac where patients received 1/2NS (7/25) in mannitol arm, and 
angiography 12 h pre- to 12 h post-procedure, 40% (10/25) in furosemide 

or NS + mannitol (25 g) arm developed CIN (P=.05 for 
1 h prior to receiving contrast, comparison of all 3 groups,
or NS + furosemide P=.02 for furosemide 
(80 mg) 30 min prior to vs 1/2NS)
receiving contrast.

Mannitol Weisberg et al†21 50 patients (24 Prospective, randomized, double- At 48 h post-contrast, no 
diabetics, 26 non- blind trial in which patients received statistically significant difference 
diabetics) with CRI NS (100 mL/h) from 12 h pre- among treatment groups: 40%,
undergoing cardiac catheterization through procedure 33%, 50%, and 30% of patients 
catheterization or 1 of 3 drugs during catheterization in NS, dopamine,anaritide, and 

(ionic, mean=124 mL): mannitol arms respectively 
dopamine (2 mcg/kg/min), developed CIN.
anaritide (50 mcg 1x, then 1 mcg/
min), or mannitol (15 g/dL).

Vasoactive agents

Dopamine Hans et al28 55 patients with CRI Prospective, randomized trial where No statistical difference was 
undergoing abdominal patients received dopamine noted in change of baseline SCr 
aortography and (2.5 mcg/kg/min) or equal volume between control and dopamine 
angiography of LE of NS that was initiated 1 h arms, except on Day 1 

prior to procedure and continued post-procedure.
for 12 h.

Abizaid et al†29 Phase 1: 60 patients Prospective, unblinded, randomized Phase 1: overall incidence of CIN 
(67% diabetic and trial divided into 2 phases. was 38% with no difference in 
27% CHF) with CAD Patients received either 1/2NS patients receiving hydration vs 
undergoing coronary (1 mL/kg/h), dopamine (2.5 mcg/ dopamine or aminophylline.
angioplasty; Phase 2: kg/min), or aminophylline (4 mg/ Phase 2: SCr levels were 
72 patients with kg 1x, then 0.4 mg/kg/h) prior to significantly higher (P=.01) 
established CIN procedure (nonionic, mean=206 mL)  and a greater percentage of 

in addition to hydration (1/2NS patients required HD (P=.04) 
1 mL/kg/h) in phase 1. In phase 2, in dopamine-treated patients.
patients received 1/2NS (1 mL/kg/
h) or dopamine (2.5 mcg/kg/min).

Gare et al22 66 patients with CRI Prospective, randomized, At 5 d following angiography,
and/or DM undergoing double-blind trial where patients no significant difference in the 
coronary angiography received either NS (120 mL/d)+ change of SCr levels from 

dopamine (2 mcg/kg/min) or NS baseline was noted between the 
alone x 48 h. 2 study arms.

Stevens et al†30 98 patients (mean Prospective, randomized, single- At 48 h post-procedure,
(PRINCE Study: Prevention baseline SCr=2.5 mg/ blind trial where patients were there was no significant 
of Radiocontrast Induced dL, 53% diabetic, 46% assigned forced diuresis via 1/2NS difference in the mean 

Nephropathy Clinical CHF) undergoing (150 mL/h pre- to 6 h post- individual change in SCr 
Evaluation) coronary angiography procedure then adjusted to match between the experimental and 

UOP), furosemide (1 mg/kg up to control arms (P=.87). 32.6% 
100 mg), mannitol (12.5 g over of patients in the experimental 
2 h if PCWP <20 mmHg), or arm and 30.9% of patients
dopamine (3 mcg/kg/min just before in the control arm developed 
and during procedure) vs hydration CIN.
with 1/2NS and matching placebos.

Continued on page 176
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Clinical trials evaluating drugs to prevent radiocontrast-induced nephropathy

Intervention Study Patient population Study design Results

Fenoldopam Madyoon et al†45 46 consecutive patients Retrospective review of patients At 48 h post-procedure,
(SCr ≥1.5 mg/dL if dia- receiving fenoldopam (up to 13% of patients developed CIN 
betic and SCr ≥1.7 mg/ 0.5 mcg/kg/min 2 h pre- to  in the fenoldopam-treated group
dL if non-diabetic, 52% ≥4 h post-procedure). Results compared to an expected 38%,
diabetic and 39% CHF) compared to published cohort of and 22% of patients had a 
undergoing contrast study similar at-risk patients. decrease of SCr from baseline.

Chamsuddin et al46 29 patients (mean Retrospective review of patients At 24 h, SCr decreased by an
baseline SCr=2.5 mg/ receiving fenoldopam (mean= average of 0.55 mg/dL in 16 of 
dL) receiving fenoldopam 0.46 mcg/kg/min) during contrast 28 patients following contrast 

administration (nonionic, mean= administration. In 9 patients,
102 mL) to determine acute and SCr did not change. 2 of the 
long-term effects on kidney function. 3 increases in SCr were 

attributed to problems not 
involving contrast media.

Kini et al*†44 260 patients (mean Prospective, unblinded study of Incidence of CIN in all patients 
baseline SCr=2.1 mg/ patients receiving fenoldopam was 3.8% (2.8% in diabetics vs 
dL, 55% diabetic) 15–20 min pre-procedure and 5.1% in non-diabetics) 
undergoing PCI up to 6 h post-procedure 

(nonionic, mean 142 mL). Patients 
were hydrated with 1/2NS (1 mL/
kg/h) up to 12 h pre-/post-
procedure.

Tumlin et al*†47 45 patients with CRI Prospective, randomized, double- Primary end point was change
undergoing contrast blind, multicenter, placebo- in renal plasma flow 1 h after 
angiography controlled pilot trial where patients contrast. Secondary end point 

received 1/2NS (100 mL/h, 3 h was incidence of CIN.
pre- and 4 h post-procedure) or Renal plasma flow 1 h
1/2NS + fenoldopam (0.1 mcg/kg/ after PCI was 15.8% 
min at least 1 h before above baseline in fenoldopam 
administration of contrast dye group compared with 33.2% 
(nonionic, mean=88 mL). SCr was below baseline in control.
measured at baseline and at 24, Incidence of CIN was 
48, and 72 h after procedure. 41.0% in the control vs

21% in fenoldopam
arm (P=.148).

Stone et al‡49 315 patients with Prospective, randomized, double- Primary end point was incidence 
(CONTRAST) renal insufficiency blind, multicenter trial where patients of contrast nephropathy and 

(CrCL <60 mL/min) were assigned to fenoldopam or secondary end points included 
undergoing PCI placebo in addition to hydration with complications, LOS, and 

1/2NS (1.5 mL/kg/h). The rehospitalization. Authors 
fenoldopam and placebo were  reported no difference between 
initiated 1 h prior to PCI and  study arms for primary or 
continued for 12 h. secondary end points.

Captopril Gupta et al*31 71 patients with DM Prospective, randomized trial where CIN developed in 29% of 
undergoing coronary patients received captopril (25 mg patients in control group vs 6% 
angiography TID x 3 d starting 1 h prior to in captopril group. At 24–72 h

contrast) or no captopril. following contrast, GFR 
decreased by 9.6 mL/min in 
control arm vs a GFR increase 
of 13 mL/min in the captopril arm.

Atrial natriuretic Kurnik et al*†24 247 patients (50% dia- Prospective, randomized, multicenter, No statistically significant 
peptide betic) with stable CRF double-blind study where patients difference between treatment 

received 1 of 3 doses of anaritide groups when examining baseline 
(0.01 mcg/kg/min, 0.05 mcg/kg/min, SCr, change in SCr, or incidence 
or 0.1 mcg/kg/min) or placebo 30 min of CIN.
pre-procedure and continuing 30 min
post-procedure.All patients received
1/2NS from 12 h before to 
12 h after contrast.

Clinical trials evaluating drugs to prevent radiocontrast-induced nephropathy

Radiocontrast-induced ARF

Continued from page 175
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Intervention Study Patient population Study design Results

Endothelin Wang et al*†25 158 patients (68% Prospective, randomized, multicenter, Mean SCr 48 h after PCI was 
antagonist diabetic) with CRI double-blind trial where patients higher and incidence of CIN was 

(mean baseline SCr= were to receive either a mixed higher (56% vs 29%, P=.002) 
2.8 mg/dL) undergoing endothelin A and B antagonist or in endothelin antagonist arm 
PCI placebo in addition to hydration compared to placebo. Negative 

before and after contrast effect apparent in both diabetic 
administration. SCr measured at  and non-diabetic patients.
baseline, 24 h, 48 h, and 3–5 d Hypotension more common in 
post-procedure. endothelin antagonist arm.

Radical scavenger

Acetylcysteine Tepel et al*35 83 patients with CRI Prospective, randomized, placebo- Incidence of CIN was higher in 
(mean baseline SCr= controlled trial where patients placebo arm compared to 
2.4 mg/dL) undergoing received acetylcysteine (600 mg treatment group (21% vs 2%,
CT with contrast PO BID) or placebo on day before P=.01) with NNT=6.

and day of contrast (nonionic, 75 mL).
All patients received 1/2NS (1 mL/
kg/h) as hydration 12 h before 
and after contrast administration.

Briguori et al†38 183 patients with Prospective, randomized trial where Development of CIN was higher 
impaired renal func- patients were assigned to 1/2NS in placebo group compared to 
tion (mean baseline (1 mL/kg/h) and acetylcysteine experimental group (11% vs 
SCr=1.52 mg/dL) (600 mg PO BID) or 1/2NS alone 6.5%, P=.22). Logistic regression
undergoing contrast (1 mL/kg/h) 1 d before and analysis revealed that the volume 
procedure day of contrast dye administration. of contrast dye administered 

(P=.035, OR=2.58, 95% CI,
1.1–4.9) was a predictor of CIN.

Diaz-Sandoval et al*†39 54 patients with Prospective, randomized, double Incidence of CIN was greater in 
(APART Trial: Acetylcysteine impaired renal function blind, placebo-controlled study where placebo arm compared to treat-

to Prevent Angiography- (SCr ≥1.4 mg/dL, mean patients received acetylcysteine ment arm (45% vs 8, P=.005) 
Related Renal Tissue Injury) baseline SCr=1.6 mg/ (600 mg PO BID, 1 dose before with NNT=3.

dL) undergoing coronary contrast and 3 doses after) or 
angiography placebo in addition to 1/2NS 

(1 mL/kg/h 2–12 h pre- and 
12 h post-procedure).

Durham et al*42 79 patients with Prospective, randomized, placebo- Nephropathy developed in 24% 
impaired renal function controlled study where patients of subjects, 26.3% receiving 
(SCr >1.7 mg/dL, mean received acetylcysteine (1,200 mg acetylcysteine, and 22.0% 
baseline SCr=2.3 mg/dL) PO 1 h before and 3 h after placebo (P=NS). Among
undergoing PCI procedure) or placebo in addition to subjects with DM, there was no 

hydration (1/2NS 1 mL/kg/h for up significant difference in 
to 12 h before and up to 12 nephropathy between groups.
h after contrast).

Shyu et al*36 121 patients with CRI Prospective, randomized, double- Occurrence of CIN was  
(stable SCr between blind, placebo-controlled trial in greater in the control group 
2.0–6.0 mg/dL) under- which patients were assigned to than in the treatment  arm
going coronary receive 1/2NS (1 mL/kg/h 12 h (24.6% vs 3.3%, P<.001,
angiography before and after procedure) in RR=0.13, 95% CI, 0.08–0.20) 

addition to acetylcysteine (400 mg with NNT=5.
PO BID on day before and day of 
procedure) or placebo. SCr and BUN 
measured before, 48 h and 7 d 
after procedure (nonionic, 188 mL).

Kay et al†37 200 patients with CRI Prospective, randomized, placebo- At 48 h, the incidence of 
(stable CrCL <60 mL/ controlled trial where participants CIN was higher in placebo arm 
min) undergoing were assigned acetylcysteine (600 mg compared to treatment group 
coronary angiography PO BID on day before and day of (12% vs 4%, P=.03, RR=0.32,

procedure) or placebo in addition 95% CI, 0.10–0.96) with 
to NS (1 mL/kg/h 12 h before NNT=13.
and 12 h after contrast exposure).

Clinical trials evaluating drugs to prevent radiocontrast-induced nephropathy

Continued from page 176
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Intervention Study Patient population Study design Results

Acetylcysteine Allaqaband et al*48 123 patients with CRI Prospective, randomized trial in which At 48 h post-contrast,
(baseline SCr  >1.6 mg/ patients received hydration (1/2NS 15.3% in the hydration arm,
dL or CrCL <60 mL/min) 1 mL/kg/h 12 h before and 12 h 17.7% in the acetylcysteine 
undergoing contrast- after procedure), or acetylcysteine arm, and 15.7% in the 
dependent cardiovas- (600 mg q 12 h, 24 h before fenoldopam arm developed CIN 
cular procedures and 24 h after procedure) (P=.919).

and hydration, or fenoldopam
(0.1 mcg/kg/min) plus 
hydration 4 h prior and 4 h 
after procedure.

Adenosine antagonist

Theophylline Kolonko et al32 58 healthy patients Prospective, randomized study in At 24 h, a small but 
(exclusion criteria which participants were randomized transient decrease in GFR and 
included pregnancy, to 165 mg theophylline IV or 0.9% rise in SCr were noted in the 
CHF, DM, HTN, SCr saline 30 min prior to contrast placebo group but not observed 
>1.4 mg/dL) administration (ionic, 40 mL). in the theophylline treatment arm.

Erley at al*23 64 patients with CRI Prospective, randomized, double- CIN was observed in 5.7% of 
(SCr >1.5 mg/dL) who blind trial of 64 patients where patients in the theophylline 
received >100 mL hydration (PO or IV) was started group in comparison to 3.4% of 
iopromide contrast 24 h before through 24 h after patients in the control group.

contrast administration. Participants 
were assigned to theophylline 
(810 mg daily from 2 d pre- to 
3 d post-contrast) or placebo.
SCr and CrCL measured before  
and for 3 d after contrast.

Calcium channel blocker

Nifedipine Khoury et al26 85 patients undergoing Prospective, randomized, single- Baseline SCr compared to max 
scheduled CT or IVP center study in which patients either levels 24 h and 48 h after 

received nifedipine (10 mg 1 h administration of contrast 
prior to contrast) or no treatment. revealed a +0.03 mg/dL 

difference with nifedipine, and 
+0.08 mg/dL with control 
(P=.54).

Other

Prostaglandin E1 Koch et al27 130 patients with renal Prospective, randomized study where All treatment groups had 
insufficiency (SCr patients were randomized to 3 increases in SCr from baseline; 
≥1.5 mg/dL, mean different doses of PGE1 (10, 20, however, PGE1 did lower the rate 
baseline SCr=2.2 mg/dL) 40 ng/kg/min) or placebo from of increase in patients with CRI 
undergoing contrast 1 h pre- to 5 h post-contrast. compared to placebo 
procedure Hydration consisted of 1 L NS (P=.0136 placebo vs 

and 1 L D5W. 20 ng/kg/min group).

SCr=serum creatinine; 1/2NS=0.45% NaCl solution; NS=0.9% NaCl solution; CIN=contrast-induced nephropathy; 
CRI=chronic renal insufficiency; LE=lower extremities; CHF=congestive heart failure; CAD=coronary artery disease; HD=hemodialysis;
DM=diabetes mellitus; UOP=urine output; PCWP=pulmonary capillary wedge pressure; PCI=percutaneous coronary intervention;
CrCL=creatinine clearance; LOS=length of stay; GFR=glomerular filtration rate; CRF=chronic renal failure; CT=computed tomography;
HTN=hypertension; IVP=intravenous pyelogram; PG=prostaglandin; D5W=5.0% dextrose solution

*Contrast-induced nephropathy defined as increase in serum creatinine of >0.5 mg/dL with 48 h of contrast.

†Contrast-induced nephropathy defined as increase in serum creatinine of ≥25% over baseline within 48 h of contrast.

‡Contrast-induced nephropathy defined as increase in serum creatinine of ≥25% over baseline within 96 h of contrast.

Formulary/Source: Refs 19–32, 35–39, 42, 44–49 
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profile. Since there exists a strong link
between contrast-induced nephropa-
thy and increased morbidity and mor-
tality, the potential use of acetylcys-
teine in this setting warrants further
investigation.

FENOLDOPAM
Fenoldopam (Corlopam, Neurex) is a
parenteral, selective dopamine-1 agonist
approved for the use of systemic hyper-
tension.The agent dilates renal and sys-
temic arteries and increases renal blood
flow, reducing renal vascular resistance
without altering glomerular filtration rate.
Fenoldopam also increases renal blood
flow in a dose-dependent manner and
appears to preferentially vasodilate ef-
ferent glomerular arterioles.This mech-
anism explains the substantial increase
in blood flow to the medullary regions
without affecting the glomerular filtra-
tion rate. Urine volume increases as do
sodium and water excretion secondary

to a non-vascular effect on the distal
tubules, which promotes a sodium na-
turesis.The drug is metabolized in the
liver by conjugation and has no
CYP450 drug interactions.These clin-
ical observations stimulated interest to
conduct studies using fenoldopam as a
prophylactic agent for  contrast-induced
nephropathy.

Of the many previous interventions
studied, none had shown a decrease in
the incidence of developing radi-
ographic contrast-induced nephropa-
thy in diabetic patients with elevated
baseline serum creatinine concentra-
tions. However, a recent clinical trial
elucidated the renoprotective proper-
ties of fenoldopam in both diabetic and
non-diabetic patients undergoing per-
cutaneous coronary intervention with
creatinine values ≥2.0 mg/dL.44

Madyoon and colleagues45 were the
first to publish their clinical experience
with fenoldopam to prevent contrast-
induced nephropathy. In this retro-

spective review, high-risk patients were
given adequate hydration and received
a continuous infusion of fenoldopam
2 hours prior to the procedure. Patients
remained on the medication for at least
4 hours after the procedure. The dose
was initiated at 0.1 mcg/kg/min and
titrated up by 0.1 mcg/kg/min incre-
ments every 15 to 20 minutes to a max-
imum of 0.5 mcg/kg/min. Systolic blood
pressure was measured regularly and
maintained at greater than or equal to
100 mmHg. An important limitation
of fenoldopam is the potential for sig-
nificant hypotension; therefore, patients
receiving fenoldopam should have their
blood pressure monitored regularly
during the course of treatment.Table 4
outlines the general algorithm that was
followed in this study to initiate a
fenoldopam infusion for patients at risk
of developing contrast-induced
nephropathy.45

Madyoon and colleagues docu-
mented contrast-induced ARF in only
13% of the high-risk patients receiv-
ing fenoldopam, which was substan-
tially lower than the 38% observed in
previous controls (statistical compari-
son not performed). At 48 hours after
the procedure, a decrease from baseline
serum creatinine was documented in
22% of the patients. The addition of
fenoldopam to pre-procedural hydra-
tion has resulted in positive clinical
outcomes as reported by several other
clinical trials.46,47

Although several studies support the
use of fenoldopam as a renoprotective
agent in patients at risk for developing
contrast-induced nephropathy, until
recently, no clinical trials had been per-
formed that compared fenoldopam to
other interventions such as hydration
and/or acetylcysteine. One study exam-
ined the incidence of contrast-induced
nephropathy among 3 groups of pa-
tients: 1 received only saline, another
received acetylcysteine, and the last
group received fenoldopam.48 Results
of the trial showed that the occurrence
of contrast-induced ARF was 17.7%
in the acetylcysteine group, 15.3% in
the hydration group, and 15.7% in the
fenoldopam group (P=.919).The au-

� Table4
Sample protocol for fenoldopam administration 
to patients at risk for ARF following radiocontrast procedure*

� Obtain CMP to check for electrolyte abnormalities.

� Begin IV hydration with 0.9% saline at 1–3 mL/kg/h maintaining positive fluid balance
but maintaining SpO2 >92%.

� Prepare fenoldopam drip by diluting 10 mg fenoldopam in 250 mL of 0.9% saline 
(concentration of 40 mcg/mL).

� 2 h prior to procedure, initiate fenoldopam infusion at 0.1 mcg/kg/min.

� Increase fenoldopam infusion by 0.1 mcg/kg/min q 15–20 min to a maximum 
of 0.5 mcg/kg/min.†

� Monitor BP with each dosage increase and maintain SBP ≥100 mmHg.

� Monitor BP q 30 min during fenoldopam administration.

� Maintain fenoldopam infusion at highest obtained dose throughout procedure.

� Continue fenoldopam infusion for at least 4 h following procedure.

� Fenoldopam infusion may be continued until UOP >0.5 mL/kg/h should patient become 
oliguric after the procedure.

CMP=complete metabolic profile; SpO2=peripheral oxygen saturation;
BP=blood pressure; SBP=systolic blood pressure; UOP=urine output

*Multiple protocols exist; this regimen represents 1 algorithm studied in the literature.

†A more rapid titration is possible: Increase infusion q 15 min by 0.1 mcg/kg/min 
to a maximum of 0.3 mcg/kg/min.

Formulary/Source: Ref 45
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thors concluded that acetylcysteine and
fenoldopam offered no prophylactic
value against radiocontrast-induced ARF
when compared to hydration alone.

The results of the CONTRAST trial
were presented at the American College
of Cardiology 2003 Scientific Sessions.49

Their study is the first
randomized, double-
blind, multicenter,
placebo-controlled trial
to examine the efficacy
of fenoldopam in 
preventing contrast-
induced ARF following
a contrast-dependent,
interventional cardiol-
ogy procedure. After
randomizing patients
to either fenoldopam
or placebo, the authors
reported that fenol-
dopam was no more
effective than hydration alone in avert-
ing the deterioration of renal function
following administration of contrast
media (33.6% vs 30.1%; P=.61;
RR=1.11, 95% CI, 0.79–1.57).49 The
conclusions of this study suggest that
fenoldopam should not be used as a
prophylactic measure to prevent the
development of contrast-induced
nephropathy.

RENAL REPLACEMENT THERAPY
Although not a pharmacotherapeutic
modality, prophylactic hemodialysis is
another proposed method of protec-
tion against contrast-induced nephropa-
thy in high-risk patients.Two random-
ized studies have previously shown no
benefit to patients receiving renal re-
placement therapy following the radi-
ographic study to actively remove the
contrast media from circulation.50,51 A
clinical trial published in 2003, how-
ever, reports novel results. Marenzi et
al52 found that deterioration of renal
function could be attenuated with
periprocedural hemodialysis in patients
with chronic renal failure undergoing
percutaneous coronary intervention.
The discrepancy among conclusions
in these clinical trials warrants further
study and analysis.

CONCLUSION
The optimal strategy to eliminate con-
trast-induced ARF remains uncertain.
Further research in this area is war-
ranted since no satisfactory animal
model of contrast-induced ARF
exists. It is apparent that the etiology

of this disease state is
mult i factor ial  and
close inspection of the
current literature re-
veals that a poor con-
trol of relevant vari-
ables in clinical trials
has led to the report-
ing of widely conflict-
ing conclusions.

A key step to safer
contrast-assisted inter-
ventions is to identify
patients at high risk for
c o n t r a s t - i n d u c e d
nephropathy. If the ne-

cessity of a contrast-dependent imag-
ing study cannot be postponed, ag-
gressive crystalloid hydration to
maintain a positive fluid balance and
high urine output should be initiated
prior to the procedure and should also
be continued after the exam. In addi-
tion to adequate hydration, all med-
ications that could potentiate the
nephrotoxicity of contrast media by
adversely affecting renal blood flow
should be discontinued prior to the
procedure. In high-risk patients, the
use of a nonionic, iso-osmolal con-
trast agent also serves as a preventive
measure.

The application of periprocedural
drugs has been considered in the past;
however, due to inconsistent results
from many clinical trials, the poten-
tial use of these agents should be de-
pendent on careful consideration of
their risks, benefits, and economic
value. Given the need for alternative,
evidence-based interventions to re-
duce the incidence of contrast-induced
nephropathy, it is conceivable that
combination drug strategies such as
acetylcysteine (to reduce chemotoxic-
ity) in combination with a medication
that promotes renal vasodilation may
be an area for future research.

REFERENCES

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

2. Hou SH, Bushinsky DA,Wish JB, et al. Hospital-
acquired renal insufficiency: a prospective study.
Am J Med. 1983;74:243–248.

3. Davidson CJ, Hlatky M, Morris KG, et al.
Cardiovascular and renal toxicity of a nonionic
radiographic contrast agent after cardiac catheter-
ization. A prospective trial. Ann Intern Med.
1989;110:119–124.

4. McCullough PA, Wolyn R, Rocher LL, et al.
Acute renal failure after coronary intervention:
incidence, risk factors, and relationship to mor-
tality. Am J Med. 1997;103:368–375.

5. Barrett, BJ. Contrast nephrotoxicity. J Am Soc
Nephrol. 1994;5:125–137.

6. Iakovou I, Dangas G, Lansky AJ, et al. Incidence,
predictors, and economic impact of contrast-
induced nephropathy: results in 8,628 patients
treated with percutaneous coronary interventions
[abstract 1004.I–14]. In: Program and Abstracts
of the 51st Annual Sessions of the American
College of Cardiology, March 17–20, 2002;
Atlanta, Ga.

7. Levy EM,Viscoli CM, Horwitz RI.The effect of
acute renal failure on mortality. A cohort analysis.
JAMA. 1996;275:1489–1494.

8. Rudnick MR, Berns JS, Cohen RM, Goldfarb S.
Nephrotoxic risks of renal angiography: Contrast-
media associated nephrotoxicity and atheroem-
bolism. A critical review. Am J Kidney Dis.
1994;24:713–727.

9. Yoshioka T, Fogo A, Beckman JK. Reduced activ-
ity of antioxidant enzymes underlies contrast
media-induced renal injury in volume depletion.
Kidney Int. 1992;41:1008–1015.

10. Agmon Y, Peleg H, Greenfield Z, et al. Nitric
oxide and prostanoids protect the renal outer
medulla from radiocontrast toxicity in the rat.
J Clin Invest. 1994;94:1069–1075.

11. Weisberg LS, Kurnik PB, Kurnik BR.
Radiocontrast-induced nephropathy in humans.
Role of renal vasoconstriction. Kidney Int.
1992;41:1408–1415.

12. Kramer BK, Kammerl M, Schweda F, Schreiber
M. A primer in radiocontrast-induced nephropa-
thy. Nephrol Dial Transplant. 1999;14:2830–2834.

13. Baliga R, Ueda N,Walker PD, Shah SV. Oxidant
mechanisms in toxic acute renal failure. Am J
Kidney Dis. 1997;29:465–477.

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

15. Modi KS, Rao VK. Atheroembolic renal disease.
J Am Soc Nephrol. 2001;12:1781–1787.

16. Rudnick MR, Godfarb S, Wexler L, et al.
Nephrotoxicity of ionic and nonionic contrast
media in 1196 patients: A randomized trial.
Kidney Int. 1995;47:254–261.

17. Cigarroa RG, Lange RA, Williams RH, Hillis
LD. Dosing of contrast material to prevent con-
trast nephropathy in patients with renal disease.
Am J Med. 1989;86:649–652.

18. Aspelin P, Aubry P, Fransson SG, et al. Nephro-
toxic effects in high-risk patients undergoing
angiography. N Engl J Med. 2003;348:491–499.

19. Solomon RJ,Werner C, Mann D, et al. Effects of
saline, mannitol, and furosemide to prevent acute
decreases in renal function induced by radiocon-
trast agents. N Engl J Med. 1994;331:1416–1420.

Radiocontrast-induced ARF

� Until recently,
no clinical trials
had been performed
that compared
fenoldopam to other
interventions such
as hydration and/or
acetylcysteine.



For Client Review Only. All Rights Reserved. Advanstar Communications Inc. 2003

March 2004 | Vol.39 Formulary 185

20. Weinstein JM, Heyman S, Brezis M. Potential
deleterious effect of furosemide in radiocontrast
nephropathy. Nephron. 1992;62:413–415.

21. Weisberg LS, Kurnik PB, Kurnik BR. Risk of
contrast nephropathy in patients with and without
diabetes mellitus. Kidney Int. 1994;45:259–265.

22. Gare M, Haviv YS, Ben-Yehuda A, et al.The renal
effect of low-dose dopamine in high-risk patients
undergoing coronary angiography. J Am Coll
Cardiol. 1999;34:1682–1688.

23. Erley CM, Duda SH, Rehfuss D, et al. Prevention
of radiocontrast-media induced nephropathy in
patients with pre-existing renal insufficiency by
hydration in combination with the adenosine
antagonist theophylline. Nephrol Dial Transplant.
1999;14:1146–1149.

24. Kurnik BR, Allgren RL, Genter FC, et al.
Prospective study of atrial natriuretic peptide for
the prevention of radiocontrast-induced
nephropathy. Am J Kidney Dis. 1998;31:674–680.

25. Wang A, Holcslaw T, Bashore TM, et al.
Exacerbation of radiocontrast nephrotoxicity by
endothelin receptor antagonism. Kidney Int.
2000;57:1675–1680.

26. Khoury Z, Schlicht JR, Como J, et al. The
effect of prophylactic nifedipine on renal function
in patients administered contrast media.
Pharmacotherapy. 1995;15:59–65.

27. Koch J-A, Plum J, Grabensee B, Modder U, and
PGE1 Study Group. Prostaglandin E1: a new
agent for the prevention of renal dysfunction in
high risk patients caused by radiocontrast media?
Nephrol Dial Transplant. 2000;15:43–49.

28. Hans SS, Hans BA, Dhillon R, et al. Effect of
dopamine on renal function after arteriography
in patients with pre-existing renal insufficiency.
Am Surg. 1998;64:432–436.

29. Abizaid AS, Clark CE, Mintz GS, et al. Effects of
dopamine and aminophylline on contrast-induced
acute renal failure after coronary angioplasty in
patients with preexisting renal insufficiency. Am J
Cardiol. 1999;83:260–263.

30. Stevens MA, McCullough PA,Tobin KJ, et al. A
prospective randomized trial of prevention meas-
ures in patients at high risk for contrast nephropa-
thy. Results of the P.R.I.N.C.E. study. J Am Coll
Cardiol. 1999;33:403–411.

31. Gupta RK, Kapoor A,Tewari S, et al. Captopril
for prevention of contrast-induced nephropathy in
diabetic patients: a randomised study. Indian
Heart J. 1999;51:521–526.

32. Kolonko A,Wiecek A, Kokot F.The nonselective
adenosine antagonist theophylline does prevent
renal dysfunction induced by radiographic
contrast agents. J Nephrol. 1998;11:151–156.

33. Mueller C, Buerkle G, Buettner HJ, et al. Preven-
tion of contrast media-associated nephropathy:
Randomized comparison of 2 hydration regimens
in 1620 patients undergoing coronary angioplasty.
Arch Intern Med. 2002;162:329–336.

34. Holt S, Goodier D, Marley R, et al. Improve-
ment in renal function in hepatorenal
syndrome with N-acetylcysteine. Lancet.
1999;353: 294–295.

35. Tepel M,Van Der Giet M, Schwarzfeld C, et al.
Prevention of radiographic-contrast-agent-induced
reductions in renal function by acetylcysteine.
N Engl J Med. 2000;343:180–184.

36. Shyu KG, Cheng JJ, Kuan P. Acetylcysteine
protects against acute renal damage in patients
with abnormal renal function undergoing a
coronary procedure. J Am Coll Cardiol. 2002;
40:1383–1388.

37. Kay J, Chow WH, Chan TM, et al. Acetylcysteine
for prevention of acute deterioration of renal
function following elective coronary angiogra-
phy and intervention: a randomized controlled
trial. JAMA. 2003;289:553–558.

38. Briguori C, Manganelli F, Scarpato P, et al.
Acetylcysteine and contrast agent-associated
nephrotoxicity. J Am Coll Cardiol. 2002;40:
298–303.

39. Diaz-Sandoval LJ, Kosowsky BD, Losordo DW.
Acetylcysteine to prevent angiography-related
renal tissue injury (the APART trial). Am J
Cardiol. 2002;89:356–358.

40. Zhang H, Spapen H, Nguyen DN, et al. Effects of
N-acetyl-L-cysteine on regional blood flow dur-
ing endotoxic shock. Eur Surg Res. 1995;27:
292–300.

41. Jones AL, Haynes W, MacGilchrist AJ, et al.
N-acetylcysteine (NAC) is a potent peripheral
vasodilator. Gut. 1994;35:Suppl 5:S10 [abstract].

42. Durham JD, Caputo C, Dokko J, et al. A ran-
domized controlled trial of N-acetylcysteine to
prevent contrast nephropathy in cardiac angiog-
raphy. Kidney Int. 2002;62:2002–2007.

43. Birck R, Krzossok S, Markowetz F, Schnulle P.
Acetylcysteine for prevention of contrast
nephropathy: Meta-analysis. Lancet. 2003;362:
598–603.

44. Kini AS, Mitre CA, Kamran M, et al. Changing
trends in incidence and predictors of radiographic
contrast nephropathy after percutaneous coronary
intervention with use of fenoldopam. Am J
Cardiology. 2002;89:999–1002.

45. Madyoon H, Croushore L,Weaver D, Mathur V.
Use of fenoldopam to prevent contrast nephropa-
thy in high-risk patients. Catheter Cardiovasc
Interven. 2001;53:341–345.

46. Chamsuddin AA, Kowalik KJ, Bjarnason H, et al.
Using a dopamine type 1A receptor agonist in
high-risk patients to ameliorate contrast-associated
nephropathy. Am J Roentgenol. 2002;179:591–596.

47. Tumlin JA, Wang A, Murray PT, Mathur vs.
Fenoldopam mesylate blocks reductions in renal
plasma flow after radiocontrast dye infusion: a
pilot trial in the prevention of contrast nephropa-
thy. Am Heart J. 2002;143:894–903.

48. Allaqaband S, Tumuluri R, Malik AM, et al.
Prospective randomized study of acetylcysteine,
fenoldopam, and saline for prevention of radio-
contrast-induced nephropathy. Cathet Cardiovasc
Intervent. 2002;57:279–283.

49. Stone GW, Tumlin JA, Madyoon H, et al.
Fenoldopam mesylate for the prevention of con-
trast-induced nephropathy: a randomized con-
trolled trial. JAMA. 2003;290:2284–2291.

50. Vogt B, Ferrari P, Schonholzer C, et al.
Prophylactic hemodialysis after radiocontrast
media in patients with renal insufficiency is poten-
tially harmful. Am J Med. 2001;111:692–698.

51. Lehnert T, Keller E, Gondolf K, et al. Effect of
hemodialysis after contrast medium administra-
tion in patients with renal insufficiency. Nephrol
Dial Transplant. 1990;13:358–362.

52. Marenzi G, Marana I, Gianfranco L, et al. The
prevention of radiocontrast-agent-induced
nephropathy by hemofiltration. N Engl J Med.
2003;349:1333–1340.

53. Porter GA. Contrast medium-associated nephro-
toxicity. Recognition and management. Invest
Radiol. 1993;28(suppl 4):S11–S18. F

Radiocontrast-induced ARF

EXPANDING
O U R

REVIEW
BOARD

Formulary is expanding its panel
of referees for review of submitted
manuscripts. Presently, we have a
need for physician and pharmacy 
specialists in these areas: allergy and
immunology, cardiology, critical care,
endocrinology, gastroenterology,
general medicine/internal medicine,
infectious disease, neurology,
managed care, pharmacy and
therapeutics committee issues, an
psychiatry/psychopharmacology.

As a referee, up to 4 manuscripts
submitted to Formulary will be sent
to you for review each year.We ask
that you return each manuscript
within 2 to 4 weeks with your 
recommendations for publication.

The list of referees is published
each year on the Formulary website
(www.formularyjournal.com) and/or
in the printed journal. Because
Formulary is indexed in Current 
Contents as well as other secondary
reference sources, you may wish to 
include participation on our review
board in your curriculum vitae.

Interested candidates, please
email your CV and a cover letter
describing your clinical
interests/areas of expertise to:

Formulary
Attn:Tara Stultz
Editor-in-Chief
7500 Old Oak Blvd
Cleveland, OH 44130

(440) 891-2689
tstultz@advanstar.com




