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CONTRAST-INDUCED NEPHROPA-
thy, which occurs in 1% to
15% of all patients undergo-
ing invasive angiographic

procedures and in as many as 50% of
patients with preexisting renal insuffi-
ciency or diabetes mellitus, is one of the
most common causes of hospital-
acquired acute renal failure.1-7 The de-
velopment of contrast-induced ne-
phropathy after diagnostic coronary
angiography and percutaneous inter-
vention is associated with prolonged
hospitalization, marked increases in
morbidity and early and late mortal-
ity, and costs.4-8 Other than hydra-
tion,9,10 most prior studies of mea-
sures to prevent contrast-induced
nephropathy have either been neu-
tral,11 found deleterious effects,12-15 or
in the case of N-acetylcysteine, re-
ported conflicting results.16-19
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Context The development of contrast-induced nephropathy in patients undergoing
invasive cardiac procedures is associated with a marked increase in cardiovascular mor-
bidity and mortality. Fenoldopam mesylate, a specific agonist of the dopamine-1 re-
ceptor, preserves renal blood flow after iodinated contrast administration and has shown
promise in ameliorating contrast nephropathy in previous observational and small ran-
domized trials.

Objective To examine the efficacy of fenoldopam mesylate in preventing contrast
nephropathy after invasive cardiovascular procedures.

Design Prospective, placebo-controlled, double-blind, multicenter randomized trial
with serial serum creatinine levels measured at a central biochemistry laboratory (at
baseline and 1, 24, 48, and 72 to 96 hours after study drug administration) and 30-
day clinical follow-up.

Patients and Setting Between March 2001 and July 2002, 315 patients with cre-
atinine clearance less than 60 mL/min (1.00 mL/s) at 28 centers in the United States
were randomized to receive fenoldopam mesylate (n=157) or placebo (n=158).

Interventions Patients were hydrated and randomized to receive intravenous fenoldo-
pam (0.05 µg/kg/min titrated to 0.10 µg/kg/min) vs matching placebo, starting 1 hour
prior to angiography and continuing for 12 hours.

Main Outcome Measure Contrast-induced nephropathy, defined as an increase
of 25% or more in serum creatinine level within 96 hours postprocedure.

Results Mean (SD) patient age was 70 (11) years, and 49% had diabetes mellitus.
Mean (SD) baseline creatinine clearance was 29.0 (10.0) mL/min (0.48 [0.16] mL/s)
(range, 7.5-56.8 mL/min [0.12-0.94 mL/s]), and 157 (108) mL of contrast was ad-
ministered during the procedures. The primary end point of contrast-induced ne-
phropathy occurred in 33.6% of patients assigned to receive fenoldopam vs 30.1%
assigned to receive placebo (relative risk, 1.11; 95% confidence interval, 0.79-1.57;
P=.61). There were no significant differences in the 30-day rates of death (2.0% vs
3.8%, P=.50), dialysis (2.6% vs 1.9%, P=.72), or rehospitalization (17.6% vs 19.9%,
P=.66) in fenoldopam vs placebo randomized patients, respectively.

Conclusion The selective dopamine-1 agonist fenoldopam mesylate does not pre-
vent further renal function deterioration after contrast administration in patients with
chronic renal insufficiency.
JAMA. 2003;290:2284-2291 www.jama.com

2284 JAMA, November 5, 2003—Vol 290, No. 17 (Reprinted) ©2003 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 03/12/2022



Fenoldopam mesylate is a specific
dopamine-1 receptor agonist that pro-
duces systemic, peripheral, and renal
arterial vasodilatation.20,21 Approved by
the Food and Drug Administration for
the treatment of urgent and emergent
hypertension, fenoldopam has been
shown to increase renal plasma flow in
patients with and without chronic re-
nal insufficiency21,22 and to prevent the
reduction in glomerular filtration rate
that occurs in dogs after contrast ad-
ministration.23 In humans, fenoldo-
pam preserves or increases renal plasma
flow after iodinated contrast, which is
otherwise markedly reduced.24 Single
and multicenter registry experiences
with this agent as a prophylactic mea-
sure to reduce contrast-induced ne-
phropathy have been favorable.25,26 We
therefore performed a large-scale mul-
ticenter, prospective, double-blind, pla-
cebo-controlled randomized trial to de-
termine the safety and efficacy of
fenoldopam mesylate to prevent con-
trast-induced nephropathy in patients
with chronic renal insufficiency under-
going invasive cardiac procedures.

METHODS
Study Population

The CONTRAST trial was a random-
ized, multicenter, double-blind, placebo-
controlled, phase 3 study of an intrave-
nous infusion of fenoldopam mesylate in
patients at risk for developing contrast-
induced nephropathy undergoing diag-
nostic and/or interventional cardiology
procedures. Consecutive eligible pa-
tients 18 years of age or older with a cre-
atinine clearance of less than 60 mL/
min (1.00 mL/s) (calculated by the
Cockcroft-Gault formula27) and not un-
dergoing dialysis were considered for en-
rollment at academic and community-
based institutions. The principal
exclusion criteria included known se-
vere allergy to contrast media that could
not be premedicated; known allergy to
fenoldopam or its infusion components
such as metabisulfite or sulfites; acute re-
nal failure or unstable renal function; sys-
tolic blood pressure less than 100
mm Hg; acute myocardial infarction or
decompensated heart or respiratory fail-

ure; contraindication to dopaminergic
agents (eg, history of increased intra-
ocularpressureorglaucoma); currentuse
of mannitol or dopamine; planned ad-
dition, discontinuation, or dose adjust-
ment of trimethoprim, cimetidine, meto-
clopramide, bromocriptine, levodopa,
nonsteroidal anti-inflammatory drugs, or
catechol-O-methyltransferase inhibi-
tors during the study; exposure to io-
dinated contrast within the previous 10
days; other serious medical conditions
likely to interfere with data collection or
follow-up; and participation in other in-
vestigational protocols within 30 days.
The study was approved by the institu-
tional review board at each participat-
ing center, and consecutive, eligible pa-
tients signed informed, written consent.

Protocol
Afterpatienteligibilitywasconfirmedand
consent obtained, a 0.45% normal saline
infusion was started at 1.5 mL/kg/h (or
1.0 mL/kg/h if heart failure was pres-
ent) for 2 to 12 hours prior to study drug
administration. Patients were then ran-
domized 1:1 to receive fenoldopam or
matching placebo, stratified by the pres-
ence or absence of pharmacologically
treateddiabetes.Twoconcealedrandom-
ization schedules (for diabetic and non-
diabetic patients), each in blocks of 6,
were prepared by the sponsor and main-
tained by a research pharmacist at each
site. When informed an eligible patient
had been enrolled, the research pharma-
cist allocated the patient to the next
sequential randomization number. The
study drug infusion was then prepared
by the research pharmacist and initi-
atedbythenursingstaff1hour(±30min-
utes) prior to catheterization at 0.05
µg/kg/min and increased in 20 minutes
to 0.10 µg/kg/min if tolerated. The infu-
sion was then maintained during angi-
ography and percutaneous interven-
tion and continued for 12 hours
postprocedure. Formal recommenda-
tions were in place to downtitrate the
studydrugformildhypotensionortachy-
cardia without symptoms and to discon-
tinue the drug for severe hemodynamic
disturbance or symptoms. Each 1 mL of
placebo contained matching amounts of

all excipient components (ie, sodium
metabisulfite [1 mg], citric acid anhy-
drous [3.44 mg], sodium citrate dihy-
drate [0.61 mg], and propylene glycol
[518 mg]) in a sterile aqueous solution.
All caregivers, trialparticipants,patients,
and committee members were blinded
to the group assignment, with the excep-
tion of (1) the research pharmacist, who
had no patient care responsibilities and
whodidnot interactwithotherstudypar-
ticipants and (2) select personnel from
the sponsor for purposes of performing
drug accountability.

All in-hospital volume inputs and
outputs were carefully collected and re-
corded. Volume losses such as blood,
urine output, vomiting, diarrhea, ex-
cessive diaphoresis, and the like were
replaced in accordance with standard
medical practices. Blood samples were
scheduled to be drawn and sent to a
central biochemistry laboratory for se-
rum creatinine measurements after the
prestudy drug hydration period (but be-
fore study drug administration) and at
24 hours (or at the time of discharge,
if earlier), 48 to 60 hours, and 72 to 96
hours following the completion of study
drug administration. If patients were
discharged in less than 96 hours, re-
search nurses traveled to the patients’
homes and obtained blood samples at
the designated times.

Data Collection and Management
Clinical data were prospectively col-
lected by dedicated research nurses, and
100% of case report form data were veri-
fied on-site by independent study moni-
tors. Data were double-key entered into
a computerized database. An indepen-
dent data and safety monitoring board
periodically assessed safety through-
out the study.

Study End Points
and Statistical Analysis
The primary efficacy end point was the
development of contrast-induced ne-
phropathy, defined as an increase in se-
rum creatinine level of 25% or more
from baseline to the maximum value
obtained within the 24- to 96-hour pe-
riod following completion of study drug
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administration. Additional efficacy end
points included measurements of con-
trast-induced nephropathy defined as
2 consecutive increases in serum cre-
atinine level of 25% or more, and an in-
crease in serum creatinine level of 0.5
mg/dL (44.2 µmol/L) or more. Pre-
specified clinical end points included

the duration of the index hospitaliza-
tion and the 30-day rates of death, di-
alysis, and rehospitalization.

The sample size was selected to dem-
onstrate a reduction in the primary end
point of contrast-induced nephropa-
thy from 30% in the control group to
15% in the treatment group. Using a �2

test for 2�2 tables and a 2-sided � of
.05, 268 randomized patients afforded
the study 80% power. Recruitment of
approximately 300 patients was thus
planned to accommodate incomplete
data ascertainment or follow-up.

The primary end point was ana-
lyzed by Cochran-Mantel-Haenszel
methodology, using diabetic status as
the stratification variable. Other cat-
egorical variables were compared by the
Fisher exact test. Continuous vari-
ables are presented as mean (SD) and
were compared with 1-way analysis of
variance, or for outcomes measures, by
the nonparametric Wilcoxon rank sum
test. The influence of baseline sub-
group demographic, laboratory, and
procedural variables on the primary end
point were evaluated, and interaction
effects were examined by Breslow-
Day tests for homogeneity.

Unless otherwise stated, all analyses
were by intention to treat (ie, all avail-
able data were analyzed from all ran-
domized patients according to their ini-
tial treatment assignment, regardless of
the actual medication, dose, and dura-
tion administered). All P values are
2-sided.

An independent data and safety
monitoring board met after approxi-
mately 150 patients were enrolled to
consider premature termination of the
trial if the primary end point had been
met with an � of .0001, recommend-
ing that the trial continue to comple-
tion. Thus, final P values of �.0499
were required for statistical signifi-
cance of the primary end point. SAS ver-
sion 6.12 (SAS Institute Inc, Cary, NC)
was used for the data analysis.

RESULTS
Patient Population and
Baseline Characteristics

Between March 2001 and July 2002,
315 patients at 28 centers in the United
States were randomized to receive
fenoldopam mesylate (n=157) or pla-
cebo (n=158) (FIGURE 1). Baseline
demographic features were well
matched between the 2 groups, ex-
cept for a slightly higher incidence of
hypertension in those assigned to re-

Figure 1. Randomization Flow and Follow-up Process

158 Assigned to Receive Placebo and Received
Placebo as Assigned

315 Patients Randomized

20 Did Not Have Baseline or Follow-up Serum
Creatinine Values

4 Did Not Have Complete 30-Day Clinical
Follow-up Data

12 Did Not Have Baseline or Follow-up Serum
Creatinine Values

2 Did Not Have Complete 30-Day Clinical
Follow-up Data

137 Included in Serum Creatinine Analysis
(Primary End Point)

153 Included in 1-Month Clinical Event Rate Analysis

146 Included in Serum Creatinine Analysis
(Primary End Point)

156 Included in 1-Month Clinical Event Rate Analysis

157 Assigned to Receive Fenoldopam Mesylate and
Received Fenoldopam Mesylate as Assigned

The number of patients eligible for randomization was not tracked during the course of enrollment.

Table 1. Baseline Clinical Features

Fenoldopam Mesylate
(n = 157)

Placebo
(n = 158)

Demographic
Age, y

Mean (SD) 69.0 (11.1) 70.2 (10.4)

Range 38.9-93.3 44.3-89.5

Weight, kg
Mean (SD) 83.7 (18.5) 84.5 (16.6)

Range 49.0-150.0 52.6-144.0

Male sex, No. (%) 108 (68.8) 100 (63.3)

Medical history, No. (%)
Diabetes mellitus 77 (49.0) 76 (48.1)

Insulin dependent 45 (28.7) 45 (28.5)

Hypertension 142 (90.4) 128 (81.0)

Hypercholesterolemia 121 (77.1) 128 (81.0)

Prior myocardial infarction 83 (52.9) 72 (45.6)

Prior congestive heart failure 77 (49.0) 73 (46.2)

Prior coronary bypass surgery 51 (32.5) 54 (34.2)

Prior percutaneous intervention 60 (38.2) 57 (36.1)

Peripheral vascular disease 50 (31.8) 61 (38.6)

Unstable angina 87 (55.4) 86 (54.4)

Clinical, mean (SD)
Systolic arterial pressure, mm Hg 139 (21) 145 (22)

Diastolic arterial pressure, mm Hg 70 (13) 72 (12)

Heart rate, beats/min 68 (13) 69 (12)

Serum creatinine, mg/dL 1.82 (0.71) 1.81 (0.83)

Creatinine clearance, mL/min 29.0 (9.8) 29.1 (10.3)
SI conversion factors: To convert serum creatinine to µmol/L, multiply by 88.4; creatinine clearance to mL/s, multiply

by 0.0167.
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ceive fenoldopam (P=.02) (TABLE 1).
The study cohort was elderly and char-
acterized by a high frequency of diabe-
tes mellitus, prior myocardial infarc-
tion, and congestive heart failure. The
mean creatinine clearance was 29 mL/
min (0.48 mL/s), ranging from 7.5 to
56.8 mL/min (0.12-0.94 mL/s).

Hydration, Drug Administration,
and Procedural Data
After consent and prior to catheteriza-
tion, patients assigned to receive
fenoldopam were intravenously hy-
drated with 692 (468) mL of fluid over
8.2 (4.9) hours, compared with pla-
cebo patients who received 666 (391)
mL over 7.5 (4.3) hours (data are mean
[SD]; P=.60 for amount and P=.15 for
duration). The total amount of hydra-
tion received after the catheterization
through the day postprocedure was
2829 (1223) mL in the fenoldopam
group and 2832 (1095) mL in the pla-
cebo group (data are mean [SD];
P=.98). All 315 randomized patients re-
ceived study drug. Fenoldopam admin-
istration resulted in a mild to moder-
ate decrease in blood pressure and
increase in heart rate during the infu-
sion period (FIGURE 2). Premature
study drug discontinuation or intoler-
ance of the maximal dose occurred
more frequently with fenoldopam than
placebo (TABLE 2), most commonly for
mild hypotension or tachycardia.

N-acetylcysteine was administered
prior to the procedure in 49.6% of pa-
tients in the fenoldopam group and
54.1% of patients in the placebo group
(P=.48). Percutaneous coronary inter-
vention was performed in approxi-
mately one third of patients, whereas two
thirds had diagnostic procedures only.
A total of 157 (108) mL of contrast was
administered per procedure. Low-
osmolar contrast was administered to all
patients, 90% of which was nonionic. Io-
dixanol was used in 10.4% of patients in
the fenoldopam group and 8.5% of pa-
tients in the placebo group (P=.70).

Contrast-Induced Nephropathy
Serum creatinine levels at both base-
line and during the 96-hour postdrug

Figure 2. Changes in Systolic Blood Pressure, Diastolic Blood Pressure, and Heart Rate During
Study Drug Infusions
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Table 2. Study Drug Administration and Procedural Results*

Fenoldopam Mesylate
(n = 157)

Placebo
(n = 158)

P
Value

Procedure type†
Coronary angiography 155 (98.7) 156 (98.7) �.99

Bypass graft angiography 25 (15.9) 29 (18.4) .65

Left ventriculography 50 (31.8) 51 (32.3) �.99

Aortography 14 (8.9) 15 (9.5) �.99

Renal arteriography 18 (11.5) 20 (12.7) .86

Percutaneous coronary intervention 54 (34.4) 55 (34.8) �.99

Other procedure 25 (15.9) 30 (19.0) .55

Use of contrast
Contrast amount, mean (SD), mL 153 (107) 162 (110) .44

Range, mL 25-600 15-640

Nonionic contrast 137 (89.5) 140 (89.7) �.99

Study drug administration
Prematurely discontinued 21 (13.4) 11 (7.0) .06

Maximum dose tolerated for entire study 116 (73.9) 139 (88.0) .002

Total study drug duration, mean (SD), h 13.0 (4.1) 13.8 (2.7) .03

*Data presented as No. (%) unless otherwise indicated.
†More than 1 procedure type possible per patient.
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administration period were available
and analyzed at the central biochem-
istry laboratory in 283 (90%) of 315

randomized patients (Figure 1). By 48
hours, contrast nephropathy had de-
veloped in 19.9% of patients assigned

to receive fenoldopam vs 15.9% as-
signed to receive placebo (P = .45).
Within 96 hours, the primary end point
of contrast-induced nephropathy had
been reached in 33.6% of patients in the
fenoldopam group vs 30.1% of pa-
tients in the placebo group (relative risk
[RR], 1.11; 95% confidence interval
[CI], 0.79-1.57; P = .61). The inci-
dence of contrast-induced nephropa-
thy was also similar in both groups
when defined by an absolute increase
in serum creatinine level (TABLE 3).
There were no significant interactions
between treatment group and diabetic
status, hypertension, baseline renal
function, N-acetylcysteine use, or
amount of hydration or contrast use
(TABLE 4; Breslow-Day test for homo-
geneity �.30 for all tested variables).

30-Day Outcomes
The index hospitalization length of stay
was comparable in both groups (me-
dian [interquartile range] 3.0 [2.0, 6.5]
and 3.0 [1.0, 6.0] days) for the fenoldo-
pam and control groups, respectively,
P=.21). Repeat invasive procedures re-
quiring contrast administration and by-
pass surgery were similarly distributed
in both groups. Within 30 days, 18.8%
of patients were rehospitalized, 2.3% re-
quired dialysis, 2.6% had a myocardial
infarction, and 2.9% of patients died. The
30-day composite rate of death, myo-
cardial infarction, or dialysis was in-
creased in patients developing vs not de-
veloping contrast-induced nephropathy
(12.2% vs 4.1%, P=.02). Major adverse
event rates, however, occurred with
comparable frequency in both treat-
ment groups (Table 3).

COMMENT
The principal finding of this prospec-
tive, randomized, double-blind trial, the
largest such study to date of any pre-
ventive measure for contrast-induced
nephropathy, is that the specific dopa-
mine-1 agonist fenoldopam mesylate is
ineffective in preventing further renal
function deterioration in patients with
chronic renal insufficiency receiving io-
dinated contrast. The lack of efficacy of
fenoldopam was independent of dia-

Table 3. Primary and Secondary End Points

Fenoldopam
Mesylate Placebo

P
Value

Renal function deterioration within 96 hours
No. of patients 137 146

Serum creatinine increase by �25%, No. (%) 46 (33.6) 44 (30.1) .61

2 Consecutive 25% increases in serum creatinine, No. (%)* 20 (20.4) 18 (16.5) .48

Serum creatinine increase by �0.5 mg/dL, No. (%) 39 (28.5) 35 (24.0) .42

Maximum serum creatinine change, mean (SD), mg/dL† 0.32 (0.53) 0.26 (0.45) .86

Clinical end points, No. (%)
No. of patients 153 156

Repeat angiography and/or angioplasty 16 (10.5) 16 (10.3) �.99

Coronary artery bypass graft surgery 15 (9.7)‡ 15 (9.6) �.99

30-Day adverse events, No. (%)
Death 3 (2.0) 6 (3.8) .50

Dialysis 4 (2.6)‡ 3 (1.9) .72

Myocardial infarction 5 (3.3) 3 (1.9) .50

Rehospitalization 27 (17.6) 31 (19.9) .66

Composite of death, dialysis, myocardial infarction,
or rehospitalization

36 (23.4)‡ 36 (23.1) �.99

SI conversion factor: To convert serum creatinine to µmol/L, multiply by 88.4.
*Denominator = 98 for the fenoldopam group and 109 for the placebo group.
†From baseline value to the peak value within 96 hours after study drug administration.
‡Denominator = 154 (1 patient lost to 30-day follow-up required dialysis and 1 required bypass surgery before hos-

pital discharge).

Table 4. Subgroup Analysis for the Primary Study End Point of Contrast-Induced
Nephropathy

No./Total (%)
Relative Risk

(95% Confidence
Interval)

P
Value

Fenoldopam
Mesylate Placebo

All patients 46/137 (33.6) 44/146 (30.1) 1.11 (0.79-1.57) .61

Diabetic status
No diabetes 23/68 (33.8) 22/73 (30.1) 1.12 (0.69-1.82) .72

Diabetes (all) 23/69 (33.3) 22/73 (30.1) 1.11 (0.68-1.79) .72

Diabetes (insulin requiring) 13/38 (34.2) 13/42 (31.0) 1.11 (0.59-2.08) .81

Hypertension
Yes 40/122 (32.8) 37/120 (30.8) 1.06 (0.74-1.54) .78

No 6/15 (40.0) 7/26 (26.9) 1.49 (0.41-3.60) .49

Baseline serum creatinine value
�2.0 mg/dL 40/107 (37.4) 35/108 (32.4) 1.15 (0.80-1.66) .48

�2.0 mg/dL 6/30 (20.0) 9/38 (23.7) 0.84 (0.34-2.11) .78

N-acetylcysteine use before procedure
Yes 24/68 (35.3) 21/79 (26.6) 1.33 (0.82-2.16) .28

No 22/69 (31.9) 23/67 (34.3) 0.93 (0.58-1.50) .86

Contrast amount
�150 mL 26/84 (31.0) 21/82 (25.6) 1.21 (0.74-1.97) .49

�150 mL 20/52 (38.5) 23/62 (37.1) 1.04 (0.65-1.66) �.99

Precontrast hydration
�475 mL 18/49 (36.7) 12/45 (26.7) 1.38 (0.75-2.53) .38

475-950 mL 13/44 (29.5) 14/47 (29.8) 0.99 (0.53-1.87) �.99

�950 mL 15/44 (34.1) 18/54 (33.3) 1.02 (0.59-1.79) �.99

Study drug tolerated for 12 h
after catheterization

27/91 (29.7) 31/105 (29.5) 1.00 (0.65-1.55) �.99

Study drug prematurely
discontinued

19/46 (41.3) 13/41 (31.7) 1.30 (0.74-2.29) .38

SI conversion factor: To convert serum creatinine to µmol/L, multiply by 88.4.
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betic status, baseline renal function, N-
acetylcysteine use, hydration status, and
amount of contrast administered.

The pathophysiology of contrast-
induced nephropathy, although incom-
pletely understood, is characterized by
acute tubular necrosis, possibly as a re-
sult of iodinated contrast-induced re-
ductions in renal blood flow as well as
oxygen free radical–mediated direct tu-
bular toxicity.23,28,29 Atheroembolism and
apoptosis have also been implicated as
contributing factors.30,31 Attempts to di-
minish contrast-induced nephropathy
with free radical scavengers such as N-
acetylcysteine have had mixed re-
sults.16-19 Reductions in renal blood flow
after contrast identify patients prone to
contrast-induced nephropathy,24 and
thus numerous vasodilators have been
studied to prevent further renal dete-
rioration after contrast administration,
with little success.11-15 However, the
reduction in renal blood flow after con-
trast affects the renal medulla dispro-
portionately, with intense vasoconstric-
tion resulting in medullary ischemia.32

Previously studied vasodilators that in-
crease renal plasma flow, including do-
pamine and endothelin B receptor an-
tagonists, may shunt blood to the renal
cortex at the expense of further reduc-
ing medullary perfusion, thereby exac-
erbating regional hypoxia.33,34 This find-
ing might explain why previously
studied vasodilators have actually wors-
ened the incidence of contrast-induced
nephropathy.11-15

Fenoldopam mesylate, a specific do-
pamine-1 receptor agonist, is a unique
vasodilator that selectively increases both
renal cortical and outer medullary blood
flow while decreasing systemic vascu-
lar resistance.20,35,36 In an anesthetized ca-
nine model, Bakris et al demonstrated
that the reduction in renal blood flow
and glomerular filtration rate that oc-
curs after contrast is completely blocked
by prior fenoldopam administration.23

Prior observational registry experi-
ences and case-controlled studies in hu-
mans at risk for contrast-induced ne-
phropathy undergoing coronary and
peripheral procedures have reported
marked reductions in further renal func-

tion deterioration with prophylactic
fenoldopam use.25,26 In a previous 4-cen-
ter, placebo-controlled, double-blind,
prospective, randomized trial in 45 pa-
tients with chronic renal insufficiency
(creatinine level, 2.0-5.0 mg/dL [176.8-
442.0 µmol/L) receiving iodinated con-
trast, the primary end point of renal
plasma flow at 1 hour increased 16%
above baseline with 0.1 µg/kg/min of
fenoldopam vs decreasing 33% with pla-
cebo (P�.05).24 A reduction in renal
blood flow was strongly correlated with
contras t - induced nephropathy
(P�.001), and contrast-induced ne-
phropathy occurred within 72 hours in
41% of patients assigned to receive pla-
cebo vs 21% of patients assigned to re-
ceive fenoldopam (P=.15). As a result
of these studies, fenoldopam has be-
come widely used in recent years for
contrast-induced nephropathy prophy-
laxis. In a recently reported open-label
randomized trial, however, in which 123
patients with chronic renal insuffi-
ciency undergoing cardiovascular pro-
cedures were randomized to receive
saline hydration, fenoldopam, or N-
acetylcysteine, no differences in contrast-
induced nephropathy within 48 hours
were noted with either active treat-
ment, questioning the utility of both. As
only 15% of control patients developed
contrast-induced nephropathy, how-
ever, this trial was markedly underpow-
ered to find differences with either
therapy.37

In the current large-scale, placebo-
controlled, double-blind, randomized
trial using a central core laboratory to
measure serum creatinine, fenoldo-
pam mesylate was ineffective at pre-
venting the development of contrast-
induced nephropathy or its clinical
sequelae in patients with baseline re-
nal insufficiency undergoing invasive
cardiac procedures. Contrast-induced
nephropathy, defined as a serum cre-
atinine level increase of 25% or more
within 24 to 96 hours postdrug admin-
istration (the typical time course for its
development38), developed in 30.1% of
patients treated with placebo (identi-
cal to the postulated control rate) vs
33.6% of patients treated with fenoldo-

pam. Given the 95% CI around this 11%
hazard, the treatment effect of fenoldo-
pam could range from a 21% decrease
to a 57% increase in contrast-induced
nephropathy relative to placebo. Even
using a stricter definition of contrast-
induced nephropathy, a 0.5 mg/dL
(44.2 µmol/L) or more increase in se-
rum creatinine, nephropathy devel-
oped in 28.5% of patients in the
fenoldopam group vs 24.0% in the con-
trol group, a 12% RR increase. More-
over, no subgroups were identified in
which a significant signal for fenoldo-
pam benefit was present. Thus, even
with the most optimistic projections, it
is unlikely that the utility of fenoldo-
pam would outweigh its cost, incon-
venience, and adverse effects.

It is unlikely that a different dose or
infusion duration of fenoldopam would
prove effective. The 0.1 µg/kg/min tar-
get dose in the current study results in
significant increases in renal blood flow,
and higher doses are likely to be poorly
tolerated because of systemic hypoten-
sion.2,24,39 Moreover, even the current
dose of fenoldopam produced hypo-
tension and tachycardia sufficient to
warrant its interruption or discontinu-
ation in a significant proportion of pa-
tients (Figure 2 and Table 3). Indeed,
a nonsignificant trend toward harm was
present if premature study drug dis-
continuation was required. Lower doses
of fenoldopam, on the contrary, would
be unlikely to increase renal plasma
flow sufficiently to be protective.2,24,39

The duration that renal blood flow is
reduced after iodinated contrast in un-
protected patients is unknown, al-
though it may persist well beyond 4
hours.24 An infusion of fenoldopam
longer than 12 hours postprocedure,
however, is not a practical consider-
ation.

Patients with baseline renal insuffi-
ciency ranging from mild to severe were
enrolled in this study. There was no in-
teraction, however, between fenoldo-
pam and baseline renal function, sug-
gesting a possible treatment effect in
mild vs more severe renal insuffi-
ciency. A previously noted dispropor-
tionate benefit of fenoldopam in dia-
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betic patients at risk for contrast-
induced nephropathy24 also did not
materialize. The degree of hydration
used in the current trial was similar or
greater than in prior studies,9-19 and
there were no differences in the amount
or duration of hydration between the
2 groups, nor was fenoldopam rela-
tively more or less effective depending
on the degree of hydration. Finally, no
interaction between fenoldopam and N-
acetylcysteine use was evident.

A recent randomized trial reported a
marked reduction in contrast-induced
nephropathy in diabetic patients under-
going coronary and peripheral invasive
procedures treated with the iso-
osmotic nonionic contrast agent iodixa-
nol compared with the low osmolar non-
ionic agent iohexol (3% vs 26%,
P=.002).40 Although iodixanol was used
in only 10% of patients in the current
trial, contrast-induced nephropathy, us-
ing the same definition (serum creati-
nine increase of �0.5 mg/dL [44.2 µmol/
L]) occurred in 33.3% of patients treated
with iodixanol compared with 25.3% of
those treated with other contrast agents
(P=.39). Although unlikely, the small
number of patients receiving iodixanol
in the current study precludes ruling out
a beneficial treatment effect with
fenoldopam.

Limitations
The primary study end point of contrast-
induced nephropathy could not be de-
termined in approximately 10% of
patients in whom serial creatinine mea-
surements were not available. Most of
these patients were asymptomatic as out-
patients and declined returning to the
clinic for blood draws. Moreover, the
baseline characteristics were similar in
patients with vs without follow-up cre-
atinine assessment, and the principal re-
sults were unchanged in sensitivity
analyses when these patients were im-
puted either as developing or not devel-
oping contrast-induced nephropathy.
Second, while the current study size ef-
fectively rules out fenoldopam having
utility for the prevention of contrast-
induced nephropathy in the study popu-
lation as a whole, it is possible that sub-

groups might have been identified that
could benefit had more patients been en-
rolled. Third, either a greater amount or
duration of hydration might have im-
proved the tolerability of fenoldopam;
however, even when the study drug was
not prematurely discontinued, the point
estimate for efficacy was entirely neu-
tral (Table 4). Fourth, the mechanism
of renal failure after contrast adminis-
tration in patients undergoing invasive
cardiac procedures is complex, and in
selected cases may be due to non–dye-
related etiologies such as atheroembo-
lism or procedural-related hemody-
namic disturbances, situations that
fenoldopam would not be expected to
favorably affect.

Conclusions and
Clinical Implications
Based on the current study, fenoldo-
pam mesylate should not be used as a
prophylactic measure to prevent fur-
ther renal function deterioration in pa-
tients at risk for contrast-induced ne-
phropathy. The negative findings from
this investigation, in concert with prior
disappointing studies of other vasodi-
lators, suggest that disturbances in in-
trarenal hemodynamics may not rep-
resent the critical pathophysiologic
insult that produces contrast-induced
nephropathy. The outcomes and im-
plications of this study also reaffirm the
importance of completing adequately
powered, prospective, double-blind ran-
domized controlled trials before ac-
tive therapies are adopted into wide-
spread use.
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