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Strategies to Reduce the Risk of Contrast-Induced Nephropathy

Fulvio Stacul, MD,a,* Andy Adam, MB, BS,b Christoph R. Becker, MD,c

Charles Davidson, MD,d Norbert Lameire, MD,e Peter A. McCullough, MD, MPH,f and
James Tumlin, MD,g on behalf of the CIN Consensus Working Panel

In view of the clinical importance of contrast-induced nephropathy (CIN), numerous
potential risk-reduction strategies have been evaluated. Adequate intravenous volume
expansion with isotonic crystalloid (1.0–1.5 mL/kg per hr) for 3–12 hours before the
procedure and continued for 6–24 hours afterward can lessen the probability of CIN
in patients at risk. There are insufficient data on oral fluids (as opposed to intrave-
nous volume expansion) as a CIN-prevention strategy. No adjunctive medical or
mechanical treatment has been proved to be efficacious in reducing risk for CIN.
Prophylactic hemodialysis and hemofiltration have not been validated as effective
strategies. The CIN Consensus Working Panel considered that, of the pharmacologic
agents that have been evaluated, theophylline, 3-hydroxy-3-methylglutaryl coenzyme
A reductase inhibitors (statins), ascorbic acid, and prostaglandin E1 deserve further
evaluation. N-acetylcysteine is not consistently effective in reducing the risk for CIN.
Fenoldopam, dopamine, calcium channel blockers, atrial natriuretic peptide, and
L-arginine have not been shown to be effective. Use of furosemide, mannitol, or an
endothelin receptor antagonist is potentially detrimental. Nephrotoxic drugs should
be withdrawn before contrast administration in patients at risk for CIN. © 2006

Elsevier Inc. All rights reserved. (Am J Cardiol 2006;98[suppl]:59K–77K)
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n view of the frequency with which contrast-induced ne-
hropathy (CIN) occurs in patients at risk, the impact of
ostprocedure renal impairment on healthcare costs, and the
dverse effects of CIN on long-term prognosis, numerous
trategies have been evaluated for their potential to reduce
he risk of postprocedure increases in serum creatinine.

any investigators have undertaken clinical trials of clini-
al procedures and pharmacologic agents intended to reduce
he risk for CIN. However, the results often have been
isappointing or inconsistent, and intravenous volume ex-
ansion is the only strategy that has been shown consis-
ently to reduce the risk for CIN. This review provides an
verview of the results of the main clinical trials identified
y a literature search and offers guidance on the most
ealistic approaches to reducing the risk for CIN in routine
linical practice. The CIN Consensus Working Panel agreed
n 2 consensus statements on preventive strategies to reduce
he risk for CIN.
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onsensus Statements
Consensus statement 9: Adequate intravenous volume

xpansion with isotonic crystalloid (1.0–1.5 mL/kg per
our) for 3–12 hours before the procedure and continued for
–24 hours afterward can lessen the probability of CIN in
atients at risk. The data on oral fluids as opposed to
ntravenous volume expansion as a CIN prevention measure
re insufficient.

Consensus statement 10: No adjunctive medical or me-
hanical treatment has been proved to be efficacious in reduc-
ng the risk of CIN. Prophylactic hemodialysis or hemofiltra-
ion has not been validated as an effective strategy.

olume Expansion and Hydration

olume expansion has a well-established role in reducing
he risk for CIN, though few studies address this theme
irectly. Many patients described in early case reports of
IN were dehydrated.1–5 This applied particularly to pa-

ients undergoing intravenous urography, because fluid re-
triction was a common strategy to increase the concentra-
ion of contrast medium in the urine. Early uncontrolled
tudies suggested that adequate volume expansion can re-
uce the incidence and severity of CIN.6,7 An uncontrolled
tudy in 214 patients suggested that an infusion of 1,000 mL
aline 0.45% with mannitol, furosemide, and sodium bicar-
onate reduced the risk for CIN and led the authors to
ecommend that a controlled trial was needed.8 However,

here have been no randomized controlled trials directly

www.AJConline.org
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omparing a strategy of volume expansion with no volume
xpansion.

It is not clear exactly how volume expansion reduces the
isk for CIN. Although the exact mechanisms for the pro-
ective effects of intravenous fluid administration are un-
nown, vigorous volume expansion could reduce CIN
hrough a number of potential mechanisms, including the
ollowing:

1. Intravenous administration of half-normal (0.5 N) sa-
line 0.45% may cause an increase in free water ex-
cretion, leading to dilution of the contrast agents
within the tubule lumen. This form of prophylaxis
could reduce the likelihood of tubular precipitation of
contrast agents and prevent intraluminal obstruction
from necrotic epithelium or act by other potential
mechanisms

2. Intravenous volume expansion with normal saline has
been shown to be superior to 0.5 N saline hydration.9

Its potential beneficial effects may involve increased
delivery of sodium to the distal nephron, leading to
reduced activation of the renin-angiotensin system via
the macula densa. Reducing renin activation and the
attendant “prerenal” physiology would allow renal
blood flow to remain above the threshold that leads to
overt tubular necrosis. However, it is important to
note that no single threshold for all patients has been
identified

3. Intravenous volume expansion would also minimize
reductions in the renal production of nitric oxide.
Animal model studies demonstrate that noniodinated
high-osmolarity solutions reduce the autoregulatory
capacity of the renal vasculature through a loss of
nitric oxide production. (See the article by Tumlin
and associates in this supplement.10)

Most recent clinical trials of pharmacologic agents for
IN prophylaxis have used adjunctive intravenous 0.5 N

aline 0.45%. However, there are limited data on the most
ppropriate choice of intravenous fluid (Table 1).9,11–15 The
rial by Mueller and colleagues9 randomized 1,620 patients
o receive either saline 0.9% or saline 0.45%, 1 mL/kg per
r for 24 hours beginning early on the day of angioplasty.
he incidence of CIN (increase in serum creatinine of �0.5
g/dL [44.2 �mol/L] within 48 hours) was significantly

ower with saline 0.9% than with saline 0.45% (0.7% vs 2%;
� 0.04).9 In another randomized trial in 119 patients,

ntravenous sodium bicarbonate was compared with sodium
hloride (154 mEq/L of each, given as 3 mL/kg per hr for 1
our before and 1 mL/kg per hr for 6 hours after the
rocedure). This showed that the risk for CIN (increase of
25% in serum creatinine within 48 hours) was signifi-

antly lower in the group receiving bicarbonate (1.7% vs
3.6%, p � 0.02).11 The CIN Consensus Working Panel
onsidered that isotonic saline was the most appropriate
ntravenous fluid for use at the present time and that further

tudies of sodium bicarbonate are required. It has been c
peculated that alkalinizing the urine reduces the nephro-
oxicity of iodinated contrast media through changes in
edox potential or through decreasing the viscosity of the
gents within the vasa recta. The CIN Consensus Working
anel concluded that additional confirmatory trials with
icarbonate must be performed before a conclusive protec-
ive mechanism can be identified.

There is also no clear evidence to guide the choice of the
ptimal rate and duration of infusion. A prospective ran-
omized study showed that intravenous volume expansion
�2,000 mL saline over 12 hours before and after contrast
xposure) was more effective than a 300-mL saline bolus
uring contrast administration as shown by the significantly
p �0.05) lower decline in glomerular filtration rate (GFR).
he incidence of CIN was also lower.12 Another random-

zed trial also showed a trend toward a lower incidence of
IN with overnight intravenous fluid compared with bolus
dministration.13

Overnight intravenous volume expansion is not possible
or outpatients, and several investigators have evaluated the
ole of oral regimens. One study showed that an outpatient
rotocol including oral fluids (1,000 mL clear liquid over 10
ours) followed by 6 hours of intravenous fluid (saline
.45% solution at 300 mL/hr) beginning just before the
rocedure was as effective as overnight intravenous fluid
saline solution 0.45% at 75 mL/hr for 12 hours before and
fter catheterization).14 However, in this trial, the oral reg-
men was compared with intravenous saline 0.45%, which
ay be less effective than normal saline. A randomized trial

n 53 patients showed that the incidence and severity of CIN
as lower in patients who received normal saline intrave-
ously at a rate of 1 mL/kg per hr for 12 hours before and
fter the procedure than in those who received unrestricted
ral fluids.15 The CIN Consensus Working Panel agreed that
ral fluid administration may have some benefit, but there is
ot enough evidence to show that it is as effective as
ntravenous volume expansion.

Protocols for intravenous fluid: Table 1 summarizes
he protocols that have been used in clinical trials of volume
xpansion.9,11–15 The majority of studies have been carried
ut in patients undergoing cardiac catheterization. After
eviewing the evidence, the CIN Consensus Working Panel
greed that the optimum protocol to reduce the risk for CIN
s 1–1.5 mL/kg per hr of intravenous isotonic crystalloid
nitiated 12 hours before the procedure and continued for
–24 hours afterward—a regimen that is achievable in hos-
italized patients. However, this regimen is impractical for
utpatients. They should receive intravenous crystalloid for
p to 3 hours before the procedure and for up to 12 hours
fterward, depending on the timing of the procedure and the
xpected discharge time. The CIN Consensus Working
anel considered that adequate postprocedure volume ex-
ansion may be even more important than preprocedure
uids. So far, 2 prospective trials in patients receiving

ontrast agents have examined the duration of the reduction



Table 1
Clinical trials of volume expansion protocols

Study Aim
Patients, N
(Group 1/Group 2)

Group 1 Group 2

CIN Definition

CIN Incidence

p Value
Preprocedure
Regime

Postprocedure
Regime

Preprocedure
Regime

Postprocedure
Regime Group 1 Group 2

Mueller et al9 Isotonic vs half-isotonic
saline

809/811 Saline 0.9%
at 1 mL/kg/hr IV
started at 8 AM

on morning of
angioplasty

Saline 0.9%
at 1 mL/kg/
hr IV until
8 AM next
morning

Saline 0.45%/
glucose 5% at
1 mL/kg/hr IV
started at 8 AM

on morning of
angioplasty

Saline 0.45%/
glucose 5% at
1 mL/kg/hr IV
until 8 AM next
morning

�0.5 mg/dL
SCr increase
within 48 hr

0.70% 2.00% 0.04

Merten et al11 NaHCO3 vs NaCl
infusion

60/59 NaHCO3 154-mEq/L
infusion at 3 mL/
kg IV for 1 hr

NaHCO3 at
1 mL/kg/hr
IV for 6 hr

NaCl 154-mEq/L
infusion at 3 mL/
kg IV for 1 hr

NaCl at 1 mL/kg/
hr IV for 6 hr

25% SCr
increase
within 48 hr

1.70% 13.60% 0.02

Bader et al12 Comparison between
overnight and bolus
infusion

19/20 Saline 1,000 mL IV
over 12 hr

Saline 1,000
mL IV over
12 hr

300-mL saline
bolus during CM
administration

50% decrease
in GFR
within 48 hr

5.30% 15% 0.605

Krasuski et al13 Comparison between
overnight and bolus
infusion

26/37 Saline 0.45%/
dextrose 5%
at 1 mL/kg/hr IV
for 12 hr

Saline 0.45%/
dextrose
5% at 1
mL/kg/hr
IV for 12
hr

250-mL saline 0.9%
IV over 20 min

Saline 0.45%/
dextrose 5% at
1 mL/kg/hr IV
for 12 hr

�0.5 mg/dL
SCr increase
within 48 hr

0 10.80% 0.136

Taylor et al14 Comparison between
overnight IV infusion
and outpatient oral
precatheterization
strategy

18/18 Saline 0.45%
at 75 mL/hr IV
for 12 hr

Saline 0.45%
at 75 mL/hr
IV for 12
hr

1,000 mL water PO
over 10 hr
followed by
saline 0.45% at
300 mL/hr IV for
30–60 min before
procedure

Saline 0.45% at
300 mL/hr IV
for total of 6 hr

�0.5 mg/dL
SCr increase
within 48 hr

11.10% 5.60% NR

Trivedi et al15 Comparison between
overnight infusion
and unrestricted oral
fluids

27/26 Saline 0.9%
at 1 mL/kg/hr IV
for 12 hr

Saline 0.9%
at 1 mL/kg/
hr IV for
12 hr

Unrestricted oral
fluids

Unrestricted oral
fluids

�0.5 mg/dL
SCr increase
within 48 hr

3.70% 34.60% 0.005

CIN � contrast-induced nephropathy; CM � contrast medium; GFR � glomerular filtration rate; IV � intravenous; NR � not reported; PO � orally; SCr � serum creatinine.
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n renal blood flow following contrast exposure. Russo and
ssociates16 noted that renal blood flow remains 30% below
aseline levels for up to 2 hours. In a similar, but longer,
uration study, Tumlin and coworkers17 directly measured
enal blood flow in 51 patients undergoing cardiac cathe-
erization and noted that renal blood flow was reduced by up
o 50% 4 hours after contrast infusion. Because the precise
uration of vasoconstriction is unknown, the CIN Consen-
us Working Panel recommended that intravenous saline
dministration be maintained for up to 12 hours after con-
rast infusion to reduce alterations in renal blood and
hereby reduce the incidence of CIN.

The CIN Consensus Working Panel agreed that it is not
seful to recommend a target urine output. The Prevention
f Radiocontrast Induced Nephropathy Clinical Evaluation
PRINCE) trial suggested that there was a modest benefit
rom a forced diuresis regime with maintenance of intra-
ascular volume in patients who achieved high urine flow
ates,18 but there are no other trial results to confirm this
nding.

The CIN Consensus Working Panel considered the con-
erns that have been expressed about the possible risks of
uid overload and pulmonary edema, associated with infu-
ion of large volumes of fluid in patients with impaired left
entricular function. Occasional cases have been reported in
he literature,6,13 and a 5% incidence of pulmonary edema
as reported in 1 study with N-acetylcysteine (NAC).19

owever, patients with congestive heart failure (CHF) or
ulmonary edema are often excluded from clinical trials of
IN prevention; hence there is a very limited evidence base

o guide practice. The CIN Consensus Working Panel
greed that caution is needed in patients with CHF but
onsidered that the risk of volume overload may be lower
han is often believed. If it occurs, it can be managed
elatively easily. In outpatients with compensated CHF,
uid should be infused at a lower rate. In cardiac patients,
emodynamic measurements are feasible and consideration
hould be given to using them to guide the postprocedure
nfusion rate. In patients with uncompensated CHF, the CIN
onsensus Working Panel recommended that consideration

hould be given to right heart catheterization for hemody-
amic monitoring, with the infusion rate adjusted appropri-
tely. Diuretics should be continued.

Emergency situations: In an emergency situation full
reprocedure volume expansion is not possible, and there is
lack of published evidence to guide clinicians about ap-

ropriate alternatives. The CIN Consensus Working Panel
greed that in emergency situations, where the potential
enefit from an urgent investigation outweighs the risks of
aiting, the procedure can be undertaken without knowl-

dge of renal function, which precludes risk stratification
ccording to renal function. Hence, clinical judgment is
eeded. Appropriate postprocedure intravenous fluids

hould be given. a
emodialysis

ialysis is effective in removing contrast medium.20–23

owever, randomized trials of prophylactic hemodialysis
howed that it is not effective in reducing the risk for
IN,24,25 even when carried out within 1 hour26 or simulta-
eously with contrast administration.27 In a study of 17
atients with advanced chronic kidney disease, Frank and
oworkers27 simultaneously hemodialyzed patients during
ardiac catheterization and demonstrated that hemodialysis
ffectively reduces contrast levels in the blood. However,
espite its ability to clear these agents, the incidence of CIN
as not reduced at 1 week or 8 weeks after contrast expo-

ure. These observations are consistent with previous ani-
al studies demonstrating the rapid effects of contrast

gents on renal blood flow and imply that renal damage
ccurs very rapidly. In 1 study, there was a trend for more
omplications in the hemodialysis group.28

Although hemodialysis is not useful for reducing the risk
or CIN, the CIN Consensus Working Panel agreed that for
atients with severe renal impairment (estimated GFR
eGFR] �20 mL/min) who require contrast medium admin-
stration, preparation for the procedure should include plan-
ing for hemodialysis in the event that CIN occurs despite
ppropriate precautions.

emofiltration

ne study in 114 patients showed that in patients with
evere chronic renal impairment (serum creatinine �2
g/dL [�176.8 �mol/L]), continuous venovenous hemofil-

ration (1,000 mL/hr without weight loss) was more effec-
ive than intravenous volume expansion in reducing the risk
or CIN (normal saline 1 mL/kg per hr). Hemofiltration and
ntravenous volume expansion were both started 4–8 hours
efore percutaneous coronary intervention (PCI) and con-
inued for 18–24 hours afterward. It is important to note that
IN was defined in this study as a �25% increase in serum
reatinine; this occurred less frequently in the group receiv-
ng hemofiltration than in the group treated with volume
xpansion (5% vs 50%; p �0.001). However, because the
ntervention of hemofiltration itself affected the serum cre-
tinine level, it cannot be determined whether there was a
eneficial effect of hemofiltration. Although the inhospital
nd 1-year mortality were significantly lower in the patients
ho underwent hemofiltration, the flawed nature of the trial
esign does not allow for definitive conclusions regarding
his technique.29 The CIN Consensus Working Panel con-
idered that hemofiltration deserves further investigation
sing end points unaffected by the experimental interven-
ion, but the high cost and need for intensive care unit
dmission will also limit the utility of this prophylactic

pproach.
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harmacologic Agents

he CIN Consensus Working Panel reviewed published
eports describing various pharmacologic agents evaluated
or reduction of the risk for CIN. Many of the trials have
iven negative or conflicting results, and there are no drugs
ith robust and consistent trial evidence to support clinical
se in patients at risk for CIN. The majority of clinical trials
f potentially protective agents have been undertaken in
atients receiving intra-arterial contrast medium, for PCI/
oronary angiography in most cases, and there are very few
rials in patients receiving intravenous contrast media.

oreover, no drugs are approved by regulatory authorities
nywhere in the world for prevention of CIN.

For most of the pharmacologic agents that have been
valuated for reduction in the risk for CIN, the rationale for
se has been based on current understanding of the patho-
enesis of CIN. Thus, 3 main groups have been assessed:
asodilators, antagonists of intrarenal mediators, and cyto-
rotective agents.

After reviewing the evidence, the CIN Consensus Work-
ng Panel divided the drugs that have been evaluated in
atients at risk for CIN into 3 categories based on their
esults (Table 2).

Positive results: These are potentially beneficial agents
hat need further evaluation but could be considered for use
n patients at risk.

THEOPHYLLINE/AMINOPHYLLINE. Because adenosine is
n intrarenal vasoconstrictor and a mediator of the tubulo-
lomerular feedback mechanism, it was logical to evaluate
denosine antagonists for risk reduction in CIN. A total of
1 studies were identified that evaluated adenosine antago-
ists in patients at risk for CIN (Table 3).30–40 Of the 11
tudies, 9 were randomized controlled trials (8 with theo-
hylline, 1 with aminophylline) 30–38 and 2 were case-
ontrol studies (1 with aminophylline).39,40 There appears to
e some overlap between patients included in 2 of the
eports.34,35 Various oral and intravenous dosage regimens
ave been evaluated, but a single intravenous dose before
he procedure is a convenient option.

Whereas 3 of the controlled trials showed a significant
eduction in the risk for CIN,34–36 another 3 studies showed
o reduction.30,32,33 Although CIN was not an end point in
he other 3 trials, less decline in renal function was observed
n patients receiving theophylline.31,37,38 A meta-analysis of

trials (N � 480) showed that the administration of the-
phylline or aminophylline had a statistically significant
ffect on the decline in renal function after contrast medium
dministration.41 The CIN Consensus Working Panel con-
idered that these results were sufficiently positive for cli-
icians to consider the prophylactic use of theophylline in
atients at high risk for CIN, although further studies are
equired to validate this contention. The potential benefits of

heophylline must be weighed against the narrow therapeu- o
ic index and potential for serious adverse effects including
astrointestinal, neurological, and cardiovascular effects.42

STATINS. It has been suggested that the 3-hydroxy-3-
ethylglutaryl coenzyme A (HMG-CoA) reductase inhibi-

ors, or statins, may reduce the risk for CIN43 because they
ave beneficial effects on endothelial function, maintain
itric oxide production, and reduce oxidative stress.44 A
etrospective review of 1,002 patients with renal impair-
ent (baseline serum creatinine �1.5 mg/dL [�132.6
mol/L]) undergoing coronary angiography suggested that

he risk for CIN was lower in patients in whom a statin was
nitiated just before the procedure. A 50% increase in serum
reatinine occurred in 17.2% of the 250 patients receiving
tatins and in 22.3% of the 752 patients in the control group
p � 0.028).43 The results of a large PCI registry study
ublished since the literature search for this review also
upport this conclusion,45 and the CIN Consensus Working
anel considered that these findings were of such impor-

ance for clinicians that this report should be included.
ecords of 29,409 patients were reviewed and the results

howed that, compared with patients who did not receive
tatin therapy, patients who received statins before their
rocedure had a lower incidence of both CIN and nephrop-
thy requiring dialysis. The incidence of CIN, defined as an
ncrease in serum creatinine of �0.5 mg/dL (�44.2 �mol/
), was 4.37% in the statin group and 5.93% in the nonstatin
roup (p �0.0001); the incidence of nephropathy requiring
ialysis was 0.32% in the statin group and 0.49% in the
onstatin group (p � 0.03).45 These data reinforce the
ationale for the introduction of statin therapy before PCI.
owever, there is not enough evidence to support the use of

tatins in radiology patients in whom these drugs are not

able 2
harmacologic agents evaluated for contrast-induced nephropathy risk
eduction

Positive results (potentially beneficial)
—Theophylline/aminophylline
—Statins
—Ascorbic acid
—Prostaglandin E1

Neutral results (no consistent effect)
—N-acetylcysteine
—Fenoldopam
—Dopamine
—Calcium channel blockers

Œ Amlodipine
Œ Felodipine
Œ Nifedipine
Œ Nitrendipine

—Atrial natriuretic peptide
—L-Arginine
Negative results (potentially detrimental)
—Furosemide
—Mannitol
—Endothelin receptor antagonist
therwise indicated.



Table 3
Theophylline/aminophylline trials*

Study Aim Patients (N) Patient Type Procedures

Theophylline/
Aminophylline
Dose

Placebo/Control
Dose

Route of
Administration

CIN
Definition

CIN Incidence

p
Value Outcomes Conclusions

Theophylline/
Aminophylline Control

Abizaid et al30 RCT
(aminophylline
vs dopamine
vs saline)

60: 20/group SCr �1.5 mg/dL PCI Aminophylline
4 mg/kg
followed by
0.4 mg/kg/hr,
2 hr before
and 12 hr after
procedure

Saline IV �25%
increase in
SCr†

35% Saline
30%

NS Length of stay, peak SCr,
change in SCr, time to peak
SCr, dialysis: NS between the
3 groups

Aminophylline is not
superior to saline
alone

Erley et al31 RCT 39: 19
theophylline,
20 control

Mean SCr 1.2
mg/dL; 43%
with GFR �75
mL/min/1.72 m2

CT or digital
subtraction
angiography

Theophylline 5
mg/kg, 45 min
preprocedure

Placebo (saline) IV — — — — Change in GFR: significant
decline in the placebo group
from 88 to 75 mL/min
(p �0.01), but not the
theophylline group

Theophylline can
prevent CM-
induced decrease
in GFR in patients
with/without RI

Erley et al32 RCT 80: 64
completed
protocol (35
theophylline,
29 control)

SCr �1.5 mg/dL CT or digital
subtraction
angiography

Theophylline 810
mg/day (270
mg in the
morning, 540
mg in the
evening), 2
days before
and 3 days
after procedure

Placebo PO 0.5 mg/dL
increase in
SCr†

5.70% 3.40% NS Change in SCr, change in CrCl:
NS in both groups; NAG
excretion: increase in both
groups, but significant
(p �0.05) in the placebo
group only, on days 2 and 3

Oral/IV fluid
preserved renal
function, with no
further benefit
from theophylline

Gandhi et al33 RCT 21: 13
theophylline,
8 control

CrCl 86.9 mL/
min, placebo;
89.7 mL/min
theophylline

Coronary
angiography

Theophylline 125
mg tid, 24 hr
before and 48
hr after
procedure

Placebo PO Significant
renal
impairment
(not
specified)

15% 12.50% NS Change in CrCl: NS in both
groups (stable, compared with
baseline, in both groups)

No evidence of
protective effect of
theophylline with
this dose (125 mg
tid) in a small
group of patients

Huber et al34 RCT 100: 50
theophylline,
50 control

SCr �1.3 mg/dL Various, 54
coronary
angiography,
24 CT, 12
iliofemoral
arteriography

Theophylline 200
mg, 30 min
preprocedure

Placebo (saline) IV �0.5 mg/dL
increase in
SCr at 48
hr

4% 16% 0.046 Change in SCr at 24 hr:
theophylline, NS decrease
from 2.07 to 1.97 mg/dL (p �
0.99); placebo, significant
increase from 1.92 to 2.01
mg/dL (p � 0.006)

Prophylactic
administration of
200 mg
theophylline
reduces the
incidence of CIN
in patients with RI

Huber et al35 RCT 100: 50
theophylline,
50 control

SCr �1.3 mg/dL Coronary
angiography

Theophylline 200
mg, 30 min
preprocedure

Placebo (saline) IV �0.5 mg/dL
increase in
SCr at 48
hr

4% 20% 0.0138 Change in SCr at 48 hr:
theophylline, stable (1.65 mg/
dL NS); placebo, significant
increase over baseline (from
1.72 to 1.9 mg/dL, p �
0.0007)

Prophylactic
administration of
200 mg
theophylline
reduces the
incidence of CIN
in patients with RI

Kapoor et al36 RCT 70: 35
theophylline,
35 control

Diabetes mellitus
and SCr �3.0
mg/dL; mean
GFR: control
85.4 mL/min,
theophylline
86.8 mL/min

Coronary
angiography

Theophylline 200
mg bid, for 24
hr before and
48 hr after
procedure

No drug PO �25%
increase in
SCr or
�25%
decrease in
GFR†

SCr 0%;
GFR 3%

SCr
20%;
GFR
31%

0.017
(SCr);
0.004
(GFR)

Change in SCr: control group,
increase from 1.19 to 1.44
mg/dL (p � 0.03);
theophylline group, NS.
Change in GFR: control
group, decrease from 85.4 to
66.8 mL/min (p � 0.008);
theophylline group, NS

Prophylactic
administration of
200 mg bid
theophylline
reduces the
incidence of CIN
in patients with
diabetes

Katholi et al37 RCT 93: 47
theophylline,
46 control

SCr �2.0 mg/dL Coronary
angiography/
left ventri-
culography

Theophylline
2.88 mg/kg,
every 12 hr �
4; first dose at
�1 hr
preprocedure

Placebo PO — — — — Change in CrCl at 24 hr:
significant decrease in the
placebo-iopamidol group
(18%, from 82 to 68 mL/min,
p �0.05), but not in the
theophylline-iopamidol group;
significant decrease in the
placebo-diatrizoate group
(42%, from 79 to 46 mL/min,
p �0.01) and in the
theophylline-diatrizoate group
(24%, from 80 to 61 mL/min,
p �0.05)

Supports the
hypothesis that
intrarenal
adenosine is
implicated in the
pathogenesis of
CIN
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65KStacul et al/CIN Risk-Reduction Strategies
ASCORBIC ACID. In view of the possible role of oxidative
tress and free radical production in CIN, ascorbic acid was
ssessed because it is a widely available and well-tolerated
ntioxidant with an extensive safety record as a dietary
upplement. Oral ascorbic acid (3 g before and 2 g given 2
imes after the procedure) was evaluated in a randomized,
ouble-blind, placebo-controlled trial in 231 patients under-
oing cardiac catheterization. The incidence of CIN, defined
s �0.5 mg/dL (44.2 �mol/L) or a �25% increase in serum
reatinine, was 9% in the ascorbic acid group and 20% in
he placebo group (p � 0.02), representing a 62% reduction
n risk.46

PROSTAGLANDIN E1 (PGE1). Because renal vasoconstric-
ion is believed to contribute to the pathogenesis of CIN,
reliminary studies have been undertaken with vasodilator
rostaglandins. Misoprostol (a PGE1 analog), given as a
osage of 200 �g 4 times daily, initiated 3 days before,
adiologic procedures and continued for 2 days afterward,
ttenuated the decline in creatinine clearance observed in
he placebo group.47 A pilot study with intravenous PGE1

as designed to evaluate its role in reducing the risk for
IN and to determine the most appropriate dose. Patients
ith renal impairment (defined as serum creatinine �1.5
g/dL [�132.6 �mol/L]) undergoing coronary and periph-

ral angiography were randomized to 1 of 3 PGE1 doses, 10,
0, or 40 ng/kg per min or placebo for 6 hours starting
efore the procedure. The increase in serum creatinine was
ess in each of the PGE1 groups compared with placebo,
ith the difference being significant at the 20-ng/kg per min
ose (p � 0.01).48,49 There were no clinically relevant
hanges in calculated creatinine clearance in any group.48

linically relevant decreases in blood pressure were ob-
erved in 23% of patients in the 40-ng/kg per min group and
n 6.5% (placebo), 6.1% (10 ng/kg per min) and 5.6% (20
g/kg per min) of the other groups.

Neutral: These are agents that have not been shown to
e consistently effective in reducing the risk for CIN.

NAC. The possible role of reactive oxygen radicals in the
athogenesis of CIN led to the evaluation of NAC, an
ntioxidant. A total of 27 studies of varying quality evalu-
ting NAC for CIN prophylaxis were identified by the
iterature search (Table 4).19,50–75 Additionally, 9 published

eta-analyses were identified, all documenting the signifi-
ant heterogeneity between studies.76–84 It should be noted
hat almost all of the studies were conducted in patients
ndergoing coronary angiography or PCI. A few included
atients undergoing noncardiac angiography or angio-
lasty54–56,70 but only 1 study has been conducted in pa-
ients receiving intravenous contrast medium.74 Most trials
ave incorporated adequate intravenous volume expansion,
ypically with saline 0.45%.

A standard oral regimen of 600 mg twice daily for 24
ours the day before and the day of the procedure has been
valuated in many studies, compared with a placebo group

r an untreated control group. However, a number of dif-
T
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Table 4
N-acetylcysteine (NAC) trials*

Study Aim Patients (N) Patient Type Procedures NAC Dose Control
Route of
Administration CIN Definition

CIN Incidence

p Value Outcomes ConclusionsNAC Control

Baker et al19 RCT 80: 41
NAC, 39
control

SCr �1.36 mg/
dL or CrCl
�50 mL/min

Coronary
angiography or
PCI

150 mg/kg in 500
mL saline before
and 50 mg/kg in
500 mL saline
after procedure

Saline alone IV �25% increase
in SCr at 48
hr or 96 hr

4.90% 20.50% 0.045 Change in mean
SCr at 48 hr
�0.08 mg/dL for
NAC vs �0.05
for saline
(p � 0.044)

Significant benefit from
NAC

Agrawal et al50 RCT (novel NAC
dose strategy)

25: 11
NAC, 14
control

SCr �1.5 mg/dL
or CrCl �50
mL/min

Coronary
angiography
and/or PCI

800 mg 12 hr and
600 mg 2 hr
before
angiography; 600
mg 6 hr after
angiography

Placebo PO �0.5 mg/dL
increase in
SCr or �25%
increase at 48
hr

18% 14% NS Change in mean
SCr at 48 hr
similar for both
groups, 0.14 mg/
dL NAC vs 0.06
mg/dL placebo
(p � 0.6)

Underpowered, so no
firm conclusions can
be drawn

Allaqaband et al51 RCT (NAC vs
fenoldopam vs
saline)

123: 45
NAC, 38
fenoldopam,
40
control

SCr �1.6 mg/dL
or CrCl �60
mL/min

Cardiovascular
procedures,
including left
heart
catheterization
with coronary
angiography,
coronary
angiography with
PCI

600 mg NAC bid on
day before and
day of procedure

No drug PO �0.5 mg/dL
increase in
SCr at 48 hr

17.70% 15.30% 0.919 Change in mean
SCr at 48 hr
similar for all
groups, 0.01 mg/
dL NAC vs 0.09
saline
(p � 0.701)

No additional benefit
over saline

Azmus et al52 RCT 397: 196
NAC,
201
control

Cr �1.3 mg/dL,
with DM or
�70 yr

Elective diagnostic
and therapeutic
cardiac
procedures

600 mg bid on day
before and day of
procedure; 600 mg
on day after
procedure

Placebo PO �25% increase
in SCr at 48
hr or �0.5
mg/dL
increase to
�1.3 mg/dL
at 48 hr

7.10% 8.40% 0.62 Change in mean
SCr at 48 hr
similar for both
groups, �0.076
mg/dL NAC vs
�0.101 placebo
(p � 0.33)

Not effective in
patients at risk
receiving mainly
HOCM

Boccalandro et al53 Nonblinded,
nonrandomized
study

179: 73
NAC,
106
control

SCr �1.2 mg/dL
or CrCl �50
mL/min

Cardiac
catheterization

600 mg bid on day
before and day of
procedure

No drug PO �0.5 mg/dL
increase in
SCr at 48 hr

13% 12% 0.84 Change in mean
SCr at 48 hr
similar for both
groups, �0.17
mg/dL NAC vs
�0.19 mg/dL
placebo
(p � 0.77)

No significant benefit
from NAC

Briguori et al54 RCT 183: 92
NAC, 91
control

SCr �1.2 mg/dL
and/or CrCl
�70 mL/min

Coronary and/or
peripheral
angiography
and/or
angioplasty

600 mg bid on day
before and day of
procedure

No drug PO �25% increase
in SCr at 48
hr

6.50% 11% 0.22 In patients with low
dose of CM
(�140 mL),
significantly
lower incidence
of CIN with
NAC: 0% vs
8.5% for saline
(p � 0.02)

Significant benefit from
NAC, only when a
small volume of CM
is used

Briguori et al55 RCT (NAC vs
fenoldopam)

192: 97
NAC, 95
fenoldopam

SCr �1.5 mg/dL
and/or CrCl
�60 mL/min

Coronary and/or
peripheral
angiography
and/or
angioplasty

1,200 mg bid on day
before and day of
procedure

Fenoldopam
0.1 �g/kg/
min 1 hr
before and
12 hr after
procedure

PO �0.5 mg/dL
increase in
SCr at 48 hr

4.10% Fenoldopam
13.7%

0.019 Change in mean
SCr at 48 hr
similar for both
groups, �0.12
mg/dL NAC vs
�0.04 mg/dL
fenoldopam
(p � 0.77)

NAC seems more
effective than
fenoldopam in
preventing CIN

Briguori et al56 RCT, NAC SD
vs NAC DD

223: 109
SD, 114
DD

SCr �1.5 mg/dL
and/or CrCl
� 60 mL/min

Coronary and/or
peripheral
procedures

1,200 mg NAC (DD)
bid before and on
day of procedure

600 mg
NAC (SD)
bid before
and after
procedure

PO �0.5 mg/dL
increase in
SCr at 48 hr

3.5% DD 11% SD 0.038 Patients with high
dose of contrast
medium (�140
mL), significantly
higher incidence
of CIN in SD
group: 18.9% vs
5.4% for DD
(p � 0.039)

DD of NAC can be
more effective than
the standard dose in
preventing CIN,
especially when a
high volume of CM
is used
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Table 4
(continued)

Diaz-Sandoval et al57 RCT 54: 25
NAC, 29
control

SCr �1.4 mg/dL
or CrCl �50
mL/min

Elective cardiac
catheterization

600 mg bid, 1 dose
before, 3 after
procedure

Placebo PO �0.5 mg/dL
increase in
SCr or �25%
increase at 48
hr

8% 45% 0.005 At 48 hr change in
mean SCr was
�0.32 mg/dL for
placebo vs �0.13
for NAC
(p �0.0001)

NAC reduces the risk
of CIN in patients
with chronic renal
insufficiency

Drager et al58 RCT 24: 13
NAC, 11
control

SCr �1.4 but
�5.0 mg/dL
and CrCl �70
mL/min/1.73
m2

Coronary
angiography

600 mg bid for 4
periprocedure days
beginning 2 days
before the
procedure

Placebo PO NR NR NR NR Significant increase
in CrCl in NAC
patients (p �
0.02); no change
in placebo group

In chronic renal failure
patients, the
improvement in renal
function induced by
NAC is associated
with suppression of
oxidant
stress–induced
proximal tubule
injury

Durham et al59 RCT 79: 38
NAC, 41
control

SCr �1.7 mg/dL Coronary
angiography

1,200 mg 1 hr before
and 3 hr after
procedure

Placebo PO �0.5 mg/dL
increase in
SCr at 48 hr

26.30% 22% NS — No significant benefit
from NAC

Efrati et al60 RCT 49: 24
NAC, 25
control

SCr �1.2 mg/dL Coronary
angiography

1,000 mg bid 24 hr
before and 24 hr
after procedure

Placebo PO �25% increase
in SCr at 24
hr or 96 hr

0% 8% NR Change in mean
CrCl at 24 hr: 5.3
mL/min increase
for NAC (p �
0.13); 13.8 mL/
min decrease for
placebo
(p �0.0001)

NAC treatment has a
short- and relative
long-term
renoprotective effect

Fung et al61 Open-label trial 91: 46
NAC, 45
control

SCr 1.69–4.52
mg/dL

Coronary
angiography or
PCI

400 mg tid day
before and day of
procedure

No drug PO �0.5 mg/dL
increase in
SCr at 48 hr
or �25%
decrease in
GFR �25%
at 48 hr

17.40% 13.30% 0.8 No significant
difference
between groups
in change in SCr
(p � 0.7) or GFR
(p � 0.7)

No significant benefit
from NAC

Gill et al62 Retrospective
comparison
NAC vs
volume
expansion
alone; plus sex
as a CIN risk
factor

146: 69
NAC, 77
control

SCr �1.2 mg/dL Cardiac or
peripheral
angiography

600 mg bid for 2
periprocedure days

No drug PO �0.5 mg/dL
increase in
SCr at 48 hr

Men
5.26%,
women
16.12%,
overall
10.1%

Men 24%,
women
48.14%,
overall
32.5%

NR Change in mean
SCr at 48 hr,
NAC: men 0.15
mg/dL, women
0.14 mg/dL;
control: men 0.23
mg/dL, women
0.55 mg/dL

No benefit from NAC
beyond that seen
with saline alone;
women were less
likely to receive
hydration, received
less protection from
saline alone; NAC
seemed to minimize
the difference
between sexes

Goldenberg et al63 RCT 80: 41
NAC, 39
control

SCr �1.5 mg/dL
or CrCl �50
mL/min

Coronary
angiography

600 mg tid for 48 hr
starting 24 hr
before procedure

Placebo PO �0.5 mg/dL
increase in
SCr at 48 hr

10% 8% 0.52 No significant
difference in
clinical events or
hospital stay

No significant benefit
from NAC

Kay et al64 RCT 200: 102
NAC, 98
control

SCr �1.2 mg/dL
or CrCl �60
mL/min

Coronary
angiography
with/without PCI

600 mg bid on day
before and day of
procedure

Placebo PO �25% increase
in SCr at 48
hr

4% 12% 0.03 In NAC group CrCl
was significantly
increased at 2
days (p �0.001);
in placebo group,
increase in CrCl
at 2 days was not
significant
(p � 0.15)

NAC reduced CIN
incidence

Kefer et al65 RCT 108: 53
NAC, 51
control

Normal renal
function or
mild or
moderate renal
failure

Coronary
angiography
and/or PCI

1,200 mg 12 hr
before procedure,
1,200 mg after
CM administration

Placebo IV �0.5 mg/dL
increase in
SCr or �25%
increase at 24
hr

3.80% 5.90% 0.98 Mean SCr remained
unchanged at 24
hr in both groups

No significant benefit
from NAC

MacNeill et al66 RCT 43: 21
NAC, 22
control

SCr �1.5 mg/dL Coronary
angiography

5 doses 600 mg bid
starting day of
procedure

Placebo PO �25% increase
in SCr at 72
hr

4.76% 31.81% 0.046 — NAC reduced CIN
incidence
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Table 4
(continued)

Study Aim Patients (N) Patient Type Procedures NAC Dose Control
Route of
Administration CIN Definition

CIN Incidence

p Value Outcomes ConclusionsNAC Control

Miner et al67 RCT 180: 95
NAC, 85
control

SCr �2.2 mg/dL
or CrCl �50
mL/min

Coronary
angiography or
PCI

1–2 doses (2,000
mg) before
procedure, 1 dose
postprocedure

Placebo PO 25% increase in
SCr at 48–72
hr

9.60% 22.20% 0.04 Long-term
composite end
point (death,
nonfatal MI,
dialysis or repeat
hospitalization
for cardiac causes
at mean 9.5 mo),
24.2% NAC vs
21.2% placebo

NAC reduced CIN, but
there was no
decrease in adverse
outcomes at 9 mo.
Patients with and
without CIN had
similar outcomes at
9 mo

Ochoa et al68 RCT (abbreviated
NAC dosing)

80: 36
NAC, 44
control

SCr �1.8 mg/dL
(men), �1.6
mg/dL
(women) or
CrCl �50 mL/
min

Coronary
angiography
and/or PCI

1,000 mg NAC 1 hr
before and 4 hr
after procedure

Placebo PO �0.5 mg/dL
increase in
SCr or �25%
increase at 48
hr

8% 25% 0.051 Mean SCr increase
at 48 hr, 0.08
mg/dL for NAC,
0.17 mg/dL for
placebo. Study
terminated after
18 months
because of poor
recruitment

Abbreviated oral NAC
prevents increase in
SCr and may prevent
CIN. Large
randomized trial
needed to confirm
these findings

Oldemeyer et al69 RCT 96: 49
NAC, 47
control

SCr �1.2 mg/dL
and CrCl �50
mL/min

Coronary
angiography

1,500 mg bid for
2 days starting
evening before
procedure

Placebo PO �0.5 mg/dL
increase in
SCr or �25%
increase at 24
hr or 48 hr

8.20% 6.40% 0.74 Mean SCr changes
from baseline not
significantly
different between
groups

NAC does not reduce
the risk for CIN

Rashid et al70 RCT 94: 46
NAC, 48
control

Normal and
raised SCr

Peripheral
angiography or
angioplasty

1,000 mg before and
after procedure

Placebo IV �0.5 mg/dL
increase in
SCr or �25%
increase at 48
hr

Normal
SCr, 0;
raised
SCr,
17.6%

Normal
SCr, 0;
raised
SCr,
14.3%

Normal
SCr,
NS;
raised
SCr,
NS

No significant
difference in
mean change in
SCr or CrCl
between groups

No benefit of NAC in
preventing CIN

Raven et al71 Retrospective
review of
medical
records: NAC
vs no drug

60: 32
NAC, 28
control

SCr �1.2 mg/dL Cardiac
catheterization

600 mg bid day
before and day of
procedure

No drug PO �0.5 mg/dL
increase in
SCr at 48–72
hr

12.50% 25% 0.21 Median increase in
SCr at 48–72 hr,
0 mg/dL for
NAC vs 0.25
mg/dL for
placebo (p �
0.001)

NAC significantly
reduced SCr levels
after contrast media
administration

Shyu et al72 RCT 121: 60
NAC, 61
control

Mean SCr 2.8
mg/dL

Cardiac
angiography
and/or PCI

400 mg bid on the
day before and
day of procedure

Placebo PO �0.5 mg/dL
increase in
SCr at 48 hr

3.30% 24.60% �0.001 Change in mean
SCr at 48 hr,
�0.29 mg/dL for
NAC vs �0.24
mg/dL for control
(p �0.001)

NAC reduced the
incidence of CIN
after contrast media
administration

Tadros et al73 Comparison with
historical
controls

55
consecutive
patients
vs 55
historical
controls

SCr �1.2 mg/dL
or CrCl �50
mL/min

Coronary
angiography

600 mg � 4 (3 doses
before, 1 after
procedure)

No drug PO �0.5 mg/dL
increase in
SCr or �25%
increase at 24
or 48 hr

5.40% 16.4%
(historical
controls)

0.02 Change in mean
SCr at 48 hr,
�0.4 mg/dL for
NAC vs �0.1
mg/dL for control
(p �0.001)

NAC prevented the
reduction in renal
function after
contrast media
administration

Tepel et al74 RCT 83: 41
NAC, 42
control

SCr �1.2 mg/dL
or CrCl �50
mL/min

Computed
tomography

600 mg bid day
before and day of
procedure

Placebo PO �0.5 mg/dL
increase in
SCr at 48 hr

2% 21% 0.01 Change in mean
SCr at 48 hr,
�0.4 mg/dL for
NAC vs �0.2
mg/dL for control
(p �0.001)

NAC prevented the
reduction in renal
function in patients
with renal
insufficiency

Webb et al75 RCT 487: 242
NAC,
245
control

GFR �50 mL/
min

Cardiac
catheterization or
PCI

500 mg immediately
before procedure

Placebo
(saline)

IV �5 mL/min
decrease in
CrCl
(Cockcroft-
Gault
formula)

23.30% 20.70% 0.57 Study terminated
early because of
futility

IV NAC ineffective in
preventing CIN

CIN � contrast-induced nephropathy; CrCl � creatinine clearance; DD � double dose; GFR � glomerular filtration rate; IV � intravenous; NAC � N-acetylcysteine; NR � not reported; NS � not significant; PCI � percutaneous coronary intervention; PO � oral; RCT
� randomized, controlled trial; SCr � serum creatinine; SD � single dose.

* 1 mg/dL � 88.4 �mol/L.
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69KStacul et al/CIN Risk-Reduction Strategies
erent dosing regimens have also been evaluated. Briguori
nd colleagues56 compared the standard oral dose (600 mg
wice daily) with a double dose of NAC (1,200 mg twice
aily). CIN, defined as an increase in the serum creatinine of
0.5 mg/dL (�44.2 �mol/L) at 48 hours, occurred in 3.5%

f the double-dose group, compared with 11% of the single-
ose group (p � 0.038). The difference was significant in
atients receiving higher volumes of contrast medium but
ot in the subgroup receiving �140 mL of contrast me-
ium.56 A beneficial effect on creatinine clearance was
bserved with 1-g doses in patients with mild renal impair-
ent undergoing coronary angiography.60 However, in

ther studies, 1,200-mg and 1,500-mg doses were not
ffective.59,69

Because NAC initiation the day before contrast me-
ium administration is possible only for planned proce-
ures, various alternatives have been assessed that might
e suitable for use in urgent cases. With an abbreviated
ral dosing schedule (1,000 mg 1 hour before and 4 hours
fter the procedure), CIN occurred in 8% of patients in
he NAC group and in 25% of patients in the placebo
roup (p � 0.051).68 In patients undergoing angiography
or peripheral vascular disease, intravenous NAC (1,000
g before and after the procedure) did not confer any

Table 5
Summary of published N-acetylcysteine (NAC

Study

No. of
Trials
Included

Pannu et al76 15

Alonso et al77 8

Birck et al78 7

Guru and Fremes79 11

Isenbarger et al80 7

Bagshaw et al81 14

Misra et al82 5

Kshirsagar et al83 16

Nallamothu
et al84

20

CIN � contrast-induced nephropathy; RI �
enefit over saline alone.70 However, a higher dose of t
ntravenous NAC (150 mg/kg in 500 mL saline over 30
inutes preprocedure and 50 mg/kg in 500 mL saline

ver 4 hours postprocedure) was associated with a sig-
ificant reduction in the risk for CIN (5% vs 21%; p
0.045) in cardiology patients.19 The largest NAC trial,

n which NAC 500 mg was given intravenously immedi-
tely before the procedure, was terminated early after
nterim analysis because of failure to show benefit and a
etermination that trial continuation was unlikely to
how benefit after the randomization of 487 patients. The
rimary end point, defined as a decrease in creatinine
learance from baseline of a �5 mL/min, occurred in
3.3% of patients in the NAC group and in 20.7% of
atients in the placebo group (p � 0.57).75

The published meta-analyses include different num-
ers of trials, between 5 and 20, depending on the inclu-
ion criteria adopted and the date on which they were
ndertaken (Table 5).76 – 84 Some included trials pub-
ished only as abstracts and/or included unpublished tri-
ls, whereas others were confined to trials published in
he peer-reviewed literature. All of the meta-analyses
ighlight the heterogeneity of NAC trials, which is gen-
rally unexplained and limits the conclusions that can be
rawn. Some analyses include funnel plots and the Begg

analyses

tients
) Conclusions

776 NAC may reduce CIN, but
borderline significance
and trials are
heterogeneous

885 NAC reduces the risk for
CIN

805 NAC significantly reduces
the risk for CIN

203 Suggests a protective
effect of NAC against
CIN

805 NAC significantly reduces
the risk of CIN

261 Heterogeneity between
studies (possibly related
to elective/emergency
angiography); results
inconsistent

643 Oral NAC � saline is
beneficial in patients
with RI

538 Heterogeneity between
studies; results too
inconclusive to warrant
a conclusion

195 NAC may reduce CIN but
trials are inconsistent

nsufficiency.
) meta-

Pa
(N

1,

1,

1,

1,

2,
est, indicating that there may be a publication bias, with
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maller negative trials underrepresented.76,81 Most of the
uthors highlight the need for more trials and/or further
eta-analysis with patient-level data. The conclusions

ary between statements that NAC is beneficial77– 80,82

nd more cautious interpretations that more data are
equired.76,81,83,84

A recent study has suggested that the apparent benefit
f NAC observed in some trials may be a consequence of
n effect on serum creatinine levels that does not reflect
real improvement in GFR. In normal volunteers not

eceiving contrast medium, NAC treatment was associ-
ted with a decrease in serum creatinine levels and an
ncrease in the eGFR calculated from the serum creati-
ine, but it had no effect on serum levels of cystatin C, a
etter marker of GFR. It is possible that NAC causes a
ecrease in serum creatinine through other mechanisms
uch as renal tubular secretion or increased muscle
etabolism.85

FENOLDOPAM/DOPAMINE. The hypothesis that dopa-
ine might reduce the risk for CIN by causing renal

asodilation and increasing renal blood flow led to its
linical evaluation (Table 6).30,86 –91 There were 3 small
rials and 1 uncontrolled study that suggested that dopa-
ine reduced the risk for CIN.86 – 89 A small hemody-

amic study suggested that the use of dopamine was
ssociated with an increased risk for CIN in patients with
iabetes mellitus but might be protective in patients with-
ut diabetes.90

However, a prospective, randomized, double-blind
rial showed that low-dose dopamine (2 �g/kg per min)
n addition to intravenous saline 0.45% was no more
ffective than adequate volume expansion in reducing the
isk for CIN in patients with mild or moderate renal
mpairment.91 In patients with peripheral vascular dis-
ase, the increase in serum creatinine was greater in
atients receiving dopamine, suggesting a deleterious ef-
ect in this subgroup.

Fenoldopam is a selective dopamine A1 receptor ago-
ist that might theoretically increase the blood flow to the
enal medulla selectively. Several uncontrolled studies
historical controls, retrospective review) suggested that
t was effective in reducing the risk for CIN,92–96 and the
esults of a pilot trial were promising.17 Trial results are
ummarized in Table 7.17,51,55,93–97 There were 2 prospec-
ive randomized trials that showed negative results.51,97

n the first trial, patients were randomized to saline alone
r with fenoldopam (0.1 �g/kg per min for 4 hours before
nd after the procedure); a third arm was treated with
AC. The incidence of CIN was similar in the fenoldo-
am (15.7%) and control (15.3%) groups and there was
o benefit over saline alone.51 A second larger trial also
onfirmed the lack of benefit with fenoldopam. In this
ouble-blind trial, 315 patients, all with saline 0.45%,
ere randomized to fenoldopam (0.05 �g/kg per min

itrated to 0.1 �g/kg per min) or placebo starting 1 hour

efore the procedure and continuing for 12 hours after- t
ard. There was no significant difference in the inci-
ence of CIN within 96 hours in the 2 groups (fenoldo-
am, 33.6%; placebo, 30.1%) or in the rates of dialysis,
ehospitalization, or death at 30 days.97

CALCIUM CHANNEL BLOCKERS. Calcium channel block-
rs have been evaluated for reduction in the risk for CIN
ecause of their vasodilatory properties. Various dihy-
ropyridine calcium antagonists have been evaluated for
IN prophylaxis with no consistent evidence of benefit.
ifedipine,98 –100 nitrendipine,101–103 felodipine,104 and

mlodipine105 have all been tested in small studies in
atients at risk for CIN. One hemodynamic study sug-
ested that nifedipine protected against the reduction in
enal plasma flow and GFR that occurred with high-
smolality contrast media.100

ATRIAL NATRIURETIC PEPTIDE (ANP). ANP has multiple
ffects on the kidney and has been shown to be beneficial
n animal models of CIN.106 One study showed no sig-
ificant difference in the incidence of acute renal failure
fter contrast medium administration between patients
eceiving ANP (50 �g bolus, followed by an infusion of

�g/min) or mannitol (15%, 100 mL/hr) for 2 hours
efore and during cardiac catheterization. Renal blood
ow was maintained in both groups.106 In a subsequent
ouble-blind, placebo-controlled trial, the incidence of
IN was not reduced by ANP at any of 3 doses (0.01,
.05, 0.1 �g/kg per min for 30 minutes before and 30
inutes after the procedure) compared with placebo.107 A

mall hemodynamic study suggested that the use of ANP
nd other vasodilator agents was associated with an in-
reased risk for CIN in patients with diabetes but might be
rotective in nondiabetic individuals.90

L-ARGININE. Theoretically, L-arginine might be reno-
rotective because it is a substrate for nitric oxide syn-
hesis. However, a single infusion of L-arginine (300

g/kg) immediately before coronary angiography did not
revent a decrease in creatinine clearance at 48 hours in
atients with mild-to-moderate renal failure included in a
andomized, double-blind, placebo-controlled trial.108

Negative results: These are potentially detrimental
gents.

FUROSEMIDE. In 1 trial, furosemide (80 mg infused
mmediately before the procedure) plus saline was less
ffective than saline 0.45% alone in preventing acute
ecreases in renal function after cardiac angiography.109

n uncontrolled study suggested that an infusion of sa-
ine 0.45%, mannitol 12.5 g, sodium bicarbonate, and
urosemide 200 mg (NSMF) was potentially beneficial.8

forced diuresis regime including intravenous crystal-
oid, mannitol, furosemide and low-dose dopamine had
o effect on the overall incidence of CIN.18

In a small study of 18 patients, furosemide pretreat-
ent (1.5 mg/kg) added to an intravenous fluid protocol
as associated with significantly worse renal function
han was intravenous fluid alone (p �0.005). Significant



Table 6
Dopamine trials*

Study Aim Patients (N) Patient Type Procedures Dopamine Dose

Control/
Placebo
Dose

Route of
Administration

CIN
Definition

CIN Incidence

p Value Outcomes ConclusionsDopamine Control

Abizaid et al30 RCT (dopamine vs
aminophylline
vs saline)

60: 20/group SCr �1.5 mg/dL PCI 2.5 �g/kg/min, 2
hr before and
12 hr after
procedure

Saline IV �25%
increase
in SCr†

50% Saline 30%;
aminophylline
35%

NS Length of stay, peak SCr,
change in SCr, time to
peak SCr, dialysis: NS
between the 3 groups

Dopamine is not
superior to saline
alone

Hans et al86 RCT 55: 28
dopamine,
27 control

SCr �1.4 mg/dL Abdominal
aortography
and lower-
extremity
arteriography

2.5 �g/kg/min,
starting 1 hr
preprocedure
for a total of
12 hr

Saline IV �0.5 mg/dL
increase
in SCr at
24, 48,
72, and
96 hr

0% (24 hr),
7.1%
(48 hr),
14.3%
(72 hr),
17.9%
(96 hr)

25.9% (24 hr),
28.6%
(48 hr), 27%
(72 hr), 44.4%
(96 hr)

0.002 (24 hr),
0.026 (48 hr),
0.048 (72 hr),
0.031 (96 hr)

SCr higher in control
group at day 1 (p �
0.002), CrCl decrease
in control group but
not dopamine group

Low-dose
dopamine can
prevent an
increase in SCr
24 hr after
arteriography,
but this
protective effect
is not sustained
over subsequent
days

Hans et al87 RCT 60: 30
dopamine,
30 control

SCr 1.3–3.5 mg/
dL

Abdominal and
lower-
extremity
arteriography

2.5 �g/kg/min,
starting at
beginning of
procedure for
12 hr

Placebo IV — — — — Change in SCr: increase
on days 1–3 in the
control group (p �0.03
on days 1 and 3),
stable in the dopamine
group. Change in CrCl:
significant decrease in
the control group on
day 1 only (p �
0.001), stable in the
dopamine group

Dopamine
prophylaxis
reduces the
effects of CM on
renal function

Kapoor et al88 RCT 40: 20
dopamine,
20 control

Patients with
DM; mean
SCr 1.5 mg/
dL

Coronary
angiography

5 �g/kg/min,
from 30 min
before to 6–8
hr after
procedure

No drug IV �25%
increase
in SCr at
24 hr

0% 50% NR Significant increase in
SCr in control group
but not dopamine
group

Dopamine in renal
doses appears to
be effective in
preventing CIN

Hall et al89 Sequential
treatment
periods, not
randomized

222, 30 of
whom
received
dopamine

Stratified by SCr:
group 1, �2
mg/dL, n �
24; group 2,
1.3–1.9 mg/dL,
n � 60; group
3, �1.2 mg/
dL, n � 148

Peripheral or
visceral
angiography

3 �g/kg/min
(commencing
the evening
before
procedure, and
continuing to
next morning)

12.5 g
25%
mannitol

IV �1 mg/dL
or �50%
increase
in SCr†

0% Overall CIN
incidence:
group 1, 62%;
group 2,
10.4%; group
3, 2%

— No patients receiving
dopamine experienced
an elevation in SCr

Renal-dose
dopamine may
be beneficial for
reducing the
incidence of CIN
in high-risk
patients

Weisberg et al90 RCT 50, 15 of
whom
received
dopamine

SCr �1.8 mg/dL
(14 with DM,
16 without
DM)

Cardiac
catheterization

2 �g/kg/min
(commencing
at start of
procedure for 2
hr)

Saline
alone

IV �25%
increase
in SCr at
48 hr

Patients
with DM
83%;
patients
without
DM 0%

Patients with
DM 43%;
patients
without DM
38%

— Baseline RBF:
significantly lower in
patients with DM (p
�0.05); these patients
had the greatest
increase in RBF with
vasodilator/diuretic
drugs

Vasodilator/diuretic
drugs (including
dopamine) were
effective in
reducing the risk
for CIN in
patients without
DM; the higher
risk for CIN in
patients with
DM was related
to exaggerated
renovascular
reactivity

Gare et al91 RCT 66: 33
dopamine,
33 control

CRF and/or DM
(SCr �1.47
mg/dL, but
�2.26 mg/dL)

Coronary
angiography

2 �g/kg/min
dopamine for
48 hr

Saline
alone

IV �40%
increase
in SCr†

12% 6% NR Change in SCr: NS
between the 2 groups;
small, but significant
increase in both
groups. Subgroup of
patients with PVD:
significant increase in
SCr in dopamine group

No advantage of
dopamine over
adequate IV
fluid; dopamine
should be
avoided in PVD
patients

CIN � contrast-induced nephropathy; CM � contrast medium; CrCl � creatinine clearance; CRF � chronic renal failure; DM � diabetes mellitus; IV � intravenous; NR � not reported; NS � not significant; PCI � percutaneous coronary intervention; PVD � peripheral
vascular disease; RBF � renal blood flow; RCT � randomized, controlled trial; SCr � serum creatinine.

* 1 mg/dL � 88.4 �mol/L.
† SCr measurement time frame unspecified.
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Table 7
Fenoldopam trials*

Study Aim Patients (N) Patient Type Procedures
Fenoldopam
Dose

Placebo/
Control Dose

Route of
Administration CIN Definition

CIN Incidence

p Value Outcomes ConclusionsFenoldopam Control

Tumlin
et al17

Pilot RCT 45: 23
fenoldopam,
22
control

SCr 2–5
mg/dL

Coronary/peripheral
angiography

0.1 �g/kg/min
(1 hr before
and 4 hr
after
procedure)

Placebo IV 0.5 mg/dL or
25% increase
in SCr at 48
hr

Entire group
21%; DM
subgroup 33%

Entire group
41%; DM
subgroup
64%

NS (entire
group
and
DM
subgroup)

Peak SCr at 72 hr;
significantly higher
in the placebo
group (3.55 vs 2.77
mg/dL, p �0.05).
Change in RPF at
1 hr; 15.8%
increase in the
fenoldopam group
vs 33.2% decrease
in the placebo
group (p �0.01)

Fenoldopam appears
to be a promising
prophylactic agent
for CIN, but
larger multicenter
trials are needed
to confirm this

Allaqaband
et al51

RCT
(fenoldopam
vs NAC vs
saline)

123: 38
fenoldopam,
40
control

SCr �1.6
mg/dL or
CrCl �60
mL/min

Cardiovascular
procedures,
including left
heart
catheterization
with coronary
angiography,
coronary
angiography with
PCI

0.1 �g/kg/min
fenoldopam
4 hr before
and 4 hr
after
procedure

No drug IV �0.5 mg/dL
increase in
SCr at 48 hr

15.70% 15.30% 0.919 Change in mean SCr
at 48 hr similar for
all groups, 0.01
mg/dL fenoldopam
vs 0.09 saline (p �
0.701)

No additional
benefit over saline

Briguori
et al55

RCT (NAC vs
fenoldopam)

192: 95
fenoldopam,
97 NAC

SCr �1.5
mg/dL
and/or
CrCl �60
mL/min

Coronary and/or
peripheral
angiography and/
or angioplasty

0.1 �g/kg/min
fenoldopam
1 hr before
and 12 hr
after
procedure

NAC 1,200 mg
bid before
and after
procedure

IV �0.5 mg/dL
increase in
SCr at 48 hr

13.70% NAC 4.1% 0.019 Change in mean SCr
at 48 hr similar for
both groups, �0.12
mg/dL NAC vs
�0.04 mg/dL
fenoldopam (p �
0.77)

Fenoldopam seems
less effective than
NAC in
preventing CIN

Kini and
Sharma93

Nonrandomized
study
(historical
controls)

110 vs 117
historical
controls

SCr �1.5
mg/dL
and �1
risk factor
for CIN

PCI 0.1 �g/kg/min
(15–20 min
before and 6
hr after
procedure)

No drug
(historical
controls)

IV �25% increase
in SCr at 48–
72 hr or
absolute
increase of
�0.5 mg/dL

4.5% Historical
controls
19%

0.001 Peak SCr: significant
difference between
the 2 groups (2.05
mg/dL in the
fenoldopam group
vs 3.32 mg/dL in
the control group;
p �0.01

Evidence suggests
protective effect
of fenoldopam,
which is more
pronounced in
patients with DM
with moderate
renal failure

Kini et al94 Retrospective
analysis of
the incidence
and
predictors of
CIN in high-
risk patients
receiving
fenoldopam

260 (143
with DM,
117
without
DM)

SCr �1.5
mg/dL

PCI 0.1 �g/kg/min
(15–20 min
before and 6
hr after
procedure)

No control IV �25% increase
in SCr at 48–
72 hr or
absolute
increase of
�0.5 mg/dL

Entire group
3.8% or 3.0%,
depending on
definition;
patients with
DM 2.8%;
patients
without DM
5.1% (p �
NS)

NA NA Peak SCr: entire
group 2.01 mg/dL;
patients with DM
2.07 mg/dL;
patients without
DM 1.92 mg/dl (p
� NS for all)

Data suggest that
fenoldopam is
especially
renoprotective in
patients
undergoing PCI,
with SCr �2.0
mg/dL and with
or without DM;
previously
established risk
factors did not
predict CIN

Kini et al95 Retrospective
analysis

150 vs 117
historical
controls

SCr �1.5
mg/dL

PCI 0.1 �g/kg/min
(15–20 min
before and 6
hr after
procedure)

No drug
(historical
controls)

IV �25% increase
in SCr at 48–
72 hr

Entire group
4.7%; patients
with DM
3.5%; patients
without DM
6.1% (p �
NS, vs DM
and non-DM)

Historical
controls
19%

�0.001
(entire
group
vs
historical
controls)

Peak SCr 2.05 mg/dL
in the fenoldopam
group vs 2.93 mg/
dL in the control
group. Patients
requiring dialysis:
0 in the
fenoldopam group
vs 6 in the control
group (p � 0.001)

Data suggest that
fenoldopam can
help reduce the
incidence of CIN,
especially in
patients with DM
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eight loss was observed in the patients treated with
urosemide, suggesting that the potentially deleterious
ffect of furosemide was the result of a negative fluid
alance.110

MANNITOL. There were 2 studies, only 1 published in
ull, that suggested that mannitol had a protective effect
gainst CIN111–113; another 2 studies concluded that it had
o effect.89,114 A small hemodynamic study suggested
hat the use of mannitol was associated with an increased
isk for CIN in patients with diabetes but might be pro-
ective in patients without diabetes.90 The study cited
bove suggested an infusion of NSMF was potentially
eneficial.8

Two randomized prospective trials provide no evi-
ence to support a benefit from mannitol in patients at
isk for CIN. In 1 trial, mannitol 25 g (just before the
rocedure) plus saline was less effective than saline
.45% alone in preventing acute decreases in renal func-
ion after cardiac angiography.109 A forced diuresis re-
ime including intravenous crystalloid, mannitol, furo-
emide, and low-dose dopamine had no effect on the
verall incidence of CIN. The trial design allowed for the
ffects of mannitol to be evaluated independently and the
esults showed that mannitol provided no additive
enefit.18

DUAL ENDOTHELIN RECEPTOR ANTAGONIST. A non-
elective dual endothelin A and B receptor antagonist
as shown to have a detrimental effect and to exacerbate
IN.115 The incidence of CIN was 56% in the patients

eceiving the endothelin receptor antagonist compared
ith 29% in the control group (p � 0.002).

ithdrawal of Nephrotoxic Drugs

he CIN Consensus Working Panel agreed that poten-
ially nephrotoxic drugs should be withdrawn �24 hours
efore contrast administration in patients at risk for CIN
defined as an eGFR �60 mL/min).

ithdrawal of Metformin

lthough not relevant to CIN prevention, acute renal
ailure increases the risk of lactic acidosis as a compli-
ation of metformin treatment. Hence, it is common prac-
ice to withdraw metformin before contrast administra-
ion to avoid the risk that metabolic acidosis might be
recipitated if a postprocedure decline in renal function
ccurs. The CIN Consensus Working Panel agreed that
etformin should be stopped at the time of the investi-

ation or procedure and resumed 48 hours afterward,
rovided renal function remains within the normal range.
f the patient’s baseline renal function is abnormal, met-
ormin should be stopped 48 hours before the study and

hould only be restarted 48 hours afterward if renal
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unction is unchanged. In emergency situations, clinical
udgment should be used and the patient should be mon-
tored closely, with particular attention to hydration. This
s in line with the recommendations of the European
ociety for Urogenital Radiology (ESUR)116 and the So-
iety for Cardiac Angiography and Interventions
SCAI).117

onclusion

he CIN Consensus Working Panel agreed that intrave-
ous volume expansion reduces the risk for CIN and that
atients should receive adequate intravenous volume ex-
ansion with isotonic crystalloid 1.0 –1.5 mL/kg per hr
or 3–12 hours before the procedure and for 6 –24 hours
fterward. The CIN Consensus Working Panel consid-
red all the evidence and agreed that no adjunctive phar-
acologic treatment has been proved conclusively to

educe the risk for CIN. They also agreed that hemodi-
lysis is ineffective and that hemofiltration requires fur-
her validation. However, the CIN Consensus Working
anel agreed that in patients at increased risk for CIN (ie,
ith an eGFR �60 mL/min per 1.73 m2) consideration

ould be given to prophylactic treatment with any of the
gents that have given promising results, specifically
heophylline, statins, ascorbic acid, or PGE1. These
gents deserve further evaluation. Nephrotoxic drugs
hould be withdrawn 24 hours before the procedure in
atients at risk for CIN.

1. Byrd LH, Sherman RL, Stenzel KH, Rubin AL. Computerized to-
mography-induced acute renal failure [letter]. Arch Intern Med 1979;
139:491.

2. Chen WY, Yen TS, Cheng JT, Hsieh BS, Hsu FY. Acute renal failure
following intravenous pyelography. Taiwan Yi Xue Hui Za Zhi 1970;
69:229–233.

3. Dudzinski PJ, Petrone AF, Persoff M, Callaghan EE. Acute renal
failure following high dose excretory urography in dehydrated pa-
tients. J Urol 1971;106:619–621.

4. Kamdar A, Weidmann P, Makoff DL, Massry SG. Radiography dye
induced acute renal failure in diabetes mellitus [abstract]. Kidney Int
1976;10:501.

5. Pillay VK, Robbins PC, Schwartz FD, Kark RM. Acute renal failure
following intravenous urography in patients with long-standing dia-
betes mellitus and azotemia. Radiology 1970;95:633–636.

6. Eisenberg RL, Bank WO, Hedgock MW. Renal failure after major
angiography can be avoided with hydration. AJR Am J Roentgenol
1981;136:859–861.

7. Teruel JL, Marcen R, Herrero JA, Felipe C, Ortuno J. An easy and
effective procedure to prevent radiocontrast agent nephrotoxicity in
high-risk patients [letter]. Nephron 1989;51:282.

8. Louis BM, Hoch BS, Hernandez C, Namboodiri N, Neiderman G,
Nissenbaum A, Foti FP, Magno A, Banayat G, Fata F, Manohar NL,
Lipner HI. Protection from the nephrotoxicity of contrast dye. Ren
Fail 1996;18:639–646.

9. Mueller C, Buerkle G, Buettner HJ, Petersen J, Perruchoud AP,
Eriksson U, Marsch S, Roskamm H. Prevention of contrast media-
associated nephropathy: randomized comparison of 2 hydration reg-
imens in 1620 patients undergoing coronary angioplasty. Arch Intern

Med 2002;162:329–336.
10. Tumlin J, Stacul F, Adam A, Becker CR, Davidson C, Lameire N,
McCullough PA, on behalf of the CIN Consensus Working Panel.
Pathophysiology of contrast-induced nephropathy. Am J Cardiol
2006;98(suppl 6A):14K–20K.

11. Merten GJ, Burgess WP, Gray LV, Holleman JH, Roush TS,
Kowalchuk GJ, Bersin RM, Van Moore A, Simonton CA III, Rittase
RA, Norton HJ, Kennedy TP. Prevention of contrast-induced ne-
phropathy with sodium bicarbonate: a randomized controlled trial.
JAMA 2004;291:2328–2334.

12. Bader BD, Berger ED, Heede MB, Silberbaur I, Duda S, Risler T,
Erley CM. What is the best hydration regimen to prevent contrast
media-induced nephrotoxicity? Clin Nephrol 2004;6:1–7.

13. Krasuski RA, Beard BM, Geoghagan JD, Thompson CM, Guidera
SA. Optimal timing of hydration to erase contrast-associated ne-
phropathy: the OTHER CAN study. J Invasive Cardiol 2003;15:699–
702.

14. Taylor AJ, Hotchkiss D, Morse RW, McCabe J. PREPARED: Prep-
aration for Angiography in Renal Dysfunction—a randomized trial of
inpatient vs outpatient hydration protocols for cardiac catheterization
in mild-to-moderate renal dysfunction. Chest 1998;114:1570–1574.

15. Trivedi HS, Moore H, Nasr S, Aggarwal K, Agrawal A, Goel P,
Hewett J. A randomized prospective trial to assess the role of saline
hydration on the development of contrast nephrotoxicity. Nephron
Clin Pract 2003;93:C29–C34.

16. Russo D, Minutolo R, Cianciaruso B, Memoli B, Conte G, De Nicola
L. Early effects of contrast media on renal hemodynamics and tubular
function in chronic renal failure. J Am Soc Nephrol 1995;6:1451–
1458.

17. Tumlin JA, Wang A, Murray PT, Mathur VS. Fenoldopam mesylate
blocks reductions in renal plasma flow after radiocontrast dye infu-
sion: a pilot trial in the prevention of contrast nephropathy. Am
Heart J 2002;143:894–903.

18. Stevens MA, McCullough PA, Tobin KJ, Speck JP, Westveer DC,
Guido-Allen DA, Timmis GC, O’Neill WW. A prospective random-
ized trial of prevention measures in patients at high risk for contrast
nephropathy: results of the P.R.I.N.C.E. study. J Am Coll Cardiol
1999;33:403–411.

19. Baker CS, Wragg A, Kumar S, De Palma R, Baker LR, Knight CJ. A
rapid protocol for the prevention of contrast-induced renal dysfunc-
tion: the RAPPID study. J Am Coll Cardiol 2003;41:2114–2118.

20. Schindler R, Stahl C, Venz S, Ludat K, Krause W, Frei U. Removal
of contrast media by different extracorporeal treatments. Nephrol
Dial Transplant 2001;16:1471–1474.

21. Donnelly PK, Burwell N, McBurney A, Ward JW, Walls J, Watkin
EM. Hemodialysis and iopamidol clearance after subclavian venog-
raphy. Invest Radiol 1993;28:629–632.

22. Furukawa T, Ueda J, Takahashi S, Sakaguchi K. Elimination of
low-osmolality contrast media by hemodialysis. Acta Radiol 1996;
37:966–971.

23. Moon SS, Back SE, Kurkus J, Nilsson-Ehle P. Hemodialysis for
elimination of the nonionic contrast medium iohexol after angiogra-
phy in patients with impaired renal function. Nephron 1995;70:430–
437.

24. Lehnert T, Keller E, Gondolf K, Schaeffner T, Pavenstaedt H,
Schollmeyer P. Effect of haemodialysis after contrast medium ad-
ministration in patients with renal insufficiency. Nephrol Dial Trans-
plant 1998;13:358–362.

25. Sterner G, Frennby B, Kurkus J, Nyman U. Does post-angiographic
hemodialysis reduce the risk of contrast-medium nephropathy? Scand
J Urol Nephrol 2000;34:323–326.

26. Huber W, Jeschke B, Kreymann B, Hennig M, Page M, Salmhofer H,
Eckel F, Schmidt U, Umgelter A, Schweigart U, Classen M. Hae-
modialysis for the prevention of contrast-induced nephropathy: out-
come of 31 patients with severely impaired renal function, compar-
ison with patients at similar risk and review. Invest Radiol 2002;37:

471–481.



75KStacul et al/CIN Risk-Reduction Strategies
27. Frank H, Werner D, Lorusso V, Klinghammer L, Daniel WG, Kun-
zendorf U, Ludwig J. Simultaneous hemodialysis during coronary
angiography fails to prevent radiocontrast-induced nephropathy in
chronic renal failure. Clin Nephrol 2003;60:176–182.

28. Vogt B, Ferrari P, Schonholzer C, Marti HP, Mohaupt M,
Wiederkehr M, Cereghetti C, Serra A, Huynh-Do U, Uehlinger D,
Frey FJ. Prophylactic hemodialysis after radiocontrast media in pa-
tients with renal insufficiency is potentially harmful. Am J Med
2001;111:692–698.

29. Marenzi G, Marana I, Lauri G, Assanelli E, Grazi M, Campodonico
J, Trabattoni D, Fabbiocchi F, Montorsi P, Bartorelli AL. The pre-
vention of radiocontrast-agent-induced nephropathy by hemofiltra-
tion. N Engl J Med 2003;349:1333–1340.

30. Abizaid AS, Clark CE, Mintz GS, Dosa S, Popma JJ, Pichard AD,
Satler LF, Harvey M, Kent KM, Leon MB. 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.

31. Erley CM, Duda SH, Schlepckow S, Koehler J, Huppert PE,
Strohmaier WL, Bohle A, Risler T, Osswald H. Adenosine antagonist
theophylline prevents the reduction of glomerular filtration rate after
contrast media application. Kidney Int 1994;45:1425–1431.

32. Erley CM, Duda SH, Rehfuss D, Scholtes B, Bock J, Muller C,
Osswald H, Risler T. Prevention of radiocontrast-media-induced ne-
phropathy in patients with pre-existing renal insufficiency by hydra-
tion in combination with the adenosine antagonist theophylline.
Nephrol Dial Transplant 1999;14:1146–1149.

33. Gandhi MR, Brown P, Romanowski CA, Morcos SK, Campbell S, el
Nahas AM, Gray TA. The use of theophylline, an adenosine antag-
onist in the prevention of contrast media induced nephrotoxicity
[letter]. Br J Radiol 1992;65:838.

34. Huber W, Ilgmann K, Page M, Hennig M, Schweigart U, Jeschke B,
Lutilsky L, Weiss W, Salmhofer H, Classen M. Effect of theophylline
on contrast material-nephropathy in patients with chronic renal in-
sufficiency: controlled, randomized, double-blinded study. Radiology
2002;223:772–779.

35. Huber W, Schipek C, Ilgmann K, Page M, Hennig M, Wacker A,
Schweigart U, Lutilsky L, Valina C, Seyfarth M, Schomig A, Classen
M. Effectiveness of theophylline prophylaxis of renal impairment
after coronary angiography in patients with chronic renal insuffi-
ciency. Am J Cardiol 2003;91:1157–1162.

36. Kapoor A, Kumar S, Gulati S, Gambhir S, Sethi RS, Sinha N. The
role of theophylline in contrast-induced nephropathy: a case-control
study. Nephrol Dial Transplant 2002;17:1936–1941.

37. Katholi RE, Taylor GJ, McCann WP, Woods WT Jr, Womack KA,
McCoy CD, Katholi CR, Moses HW, Mishkel GJ, Lucore CL, et al.
Nephrotoxicity from contrast media: attenuation with theophylline.
Radiology 1995;195:17–22.

38. Kolonko A, Wiecek A, Kokot F. The nonselective adenosine antag-
onist theophylline does prevent renal dysfunction induced by radio-
graphic contrast agents. J Nephrol 1998;11:151–156.

39. Huber W, Jeschke B, Page M, Weiss W, Salmhofer H, Schweigart U,
Ilgmann K, Reichenberger J, Neu B, Classen M. Reduced incidence
of radiocontrast-induced nephropathy in ICU patients under theo-
phylline prophylaxis: a prospective comparison to series of patients at
similar risk. Intensive Care Med 2001;27:1200–1209.

40. Shammas NW, Kapalis MJ, Harris M, McKinney D, Coyne EP.
Aminophylline does not protect against radiocontrast nephropathy in
patients undergoing percutaneous angiographic procedures. J Inva-
sive Cardiol 2001;13:738–740.

41. Ix JH, McCulloch CE, Chertow GM. Theophylline for the prevention
of radiocontrast nephropathy: a meta-analysis. Nephrol Dial Trans-
plant 2004;19:2747–2753.

42. Cooling DS. Theophylline toxicity. J Emerg Med 1993;11:415–425.
43. Attallah N, Yassine L, Musial J, Yee J, Fisher K. The potential role
of statins in contrast nephropathy. Clin Nephrol 2004;62:273–278.
44. Wolfrum S, Jensen KS, Liao JK. Endothelium-dependent effects of
statins. Arterioscler Thromb Vasc Biol 2003;23:729–736.

45. Khanal S, Attallah N, Smith DE, Kline-Rogers E, Share D,
O’Donnell MJ, Moscucci M. Statin therapy reduces contrast-induced
nephropathy: an analysis of contemporary percutaneous interven-
tions. Am J Med 2005;118:843–849.

46. Spargias K, Alexopoulos E, Kyrzopoulos S, Iokovis P, Greenwood
DC, Manginas A, Voudris V, Pavlides G, Buller CE, Kremastinos D,
Cokkinos DV. Ascorbic acid prevents contrast-mediated nephropathy
in patients with renal dysfunction undergoing coronary angiography
or intervention. Circulation 2004;110:2837–2842.

47. Gurkowski L, MacDougall M, Wiegmann T. Effects of misoprostol
on contrast-induced renal dysfunction. Am J Ther 1995;2:837–842.

48. Koch JA, Plum J, Grabensee B, Modder U. 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.

49. Sketch MH Jr, Whelton A, Schollmayer E, Koch JA, Bernink PJ,
Woltering F, Brinker J, for the Prostaglandin E1 Study Group. Pre-
vention of contrast media-induced renal dysfunction with prostaglan-
din E1: a randomized, double-blind, placebo-controlled study. Am J
Ther 2001;8:155–162.

50. Agrawal M, Wodlinger AM, Huggins CE, Tudor GE, Pieper JA,
O’Reilly KP, Denu-Ciocca CJ, Stouffer GA, Ohman EM. Effect of
N-acetylcysteine on serum creatinine concentration in patients with
chronic renal insufficiency who are undergoing coronary angiogra-
phy. Heart Drug 2004;4:87–91.

51. Allaqaband S, Tumuluri R, Malik AM, Gupta A, Volkert P, Shalev Y,
Bajwa TK. Prospective randomized study of N-acetylcysteine,
fenoldopam, and saline for prevention of radiocontrast-induced ne-
phropathy. Catheter Cardiovasc Interv 2002;57:279–283.

52. Azmus AD, Gottschall C, Manica A, Manica J, Duro K, Frey M,
Bulcao L, Lima C. Effectiveness of acetylcysteine in prevention of
contrast nephropathy. J Invasive Cardiol 2005;17:80–84.

53. Boccalandro F, Amhad M, Smalling RW, Sdringola S. Oral acetyl-
cysteine does not protect renal function from moderate to high doses
of intravenous radiographic contrast. Catheter Cardiovasc Interv
2003;58:336–341.

54. Briguori C, Manganelli F, Scarpato P, Elia PP, Golia B, Riviezzo G,
Lepore S, Librera M, Villari B, Colombo A, Ricciardelli B. Acetyl-
cysteine and contrast agent-associated nephrotoxicity. J Am Coll
Cardiol 2002;40:298–303.

55. Briguori C, Colombo A, Airoldi F, Violante A, Castelli A, Balestrieri
P, Paolo Elia P, Golia B, Lepore S, Riviezzo G, et al. N-Acetylcys-
teine versus fenoldopam mesylate to prevent contrast agent-associ-
ated nephrotoxicity. J Am Coll Cardiol 2004;44:762–765.

56. Briguori C, Colombo A, Violante A, Balestrieri P, Manganelli F,
Paolo Elia P, Golia B, Lepore S, Riviezzo G, Scarpato P, et al.
Standard vs double dose of N-acetylcysteine to prevent contrast agent
associated nephrotoxicity. Eur Heart J 2004;25:206–211.

57. 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.

58. Drager LF, Andrade L, Barros de Toledo JF, Laurindo FRM,
Machado-Cesar LA, Seguro AC. Renal effects of N-acetylcysteine in
patients at risk for contrast nephropathy: decrease in oxidant stress-
mediated renal tubular injury. Nephrol Dial Transplant 2004;19:
1803–1807.

59. Durham JD, Caputo C, Dokko J, Zaharakis T, Pahlavan M, Keltz J,
Dutka P, Marzo K, Maesaka JK, Fishbane S. A randomized con-
trolled trial of N-acetylcysteine to prevent contrast nephropathy in
cardiac angiography. Kidney Int 2002;62:2202–2207.

60. Efrati S, Dishy V, Averbukh M, Blatt A, Krakover R, Weisgarten J,
Morrow JD, Stein MC, Golik A. The effect of N-acetylcysteine on
renal function, nitric oxide, and oxidative stress after angiography.

Kidney Int 2003;64:2182–2187.



76K The American Journal of Cardiology (www.AJConline.org) Vol 98 (6A) September 18, 2006
61. Fung JW, Szeto CC, Chan WW, Kum LC, Chan AK, Wong JT, Wu
EB, Yip GW, Chan JY, Yu CM, Woo KS, Sanderson JE. Effect of
N-acetylcysteine for prevention of contrast nephropathy in patients
with moderate to severe renal insufficiency: a randomized trial. Am J
Kidney Dis 2004;43:801–808.

62. Gill NK, Piccione EA, Vido DA, Clark BA, Shannon RP. Gender as
a risk factor for contrast nephropathy: effects of hydration and N-ace-
tylcysteine. Clin Cardiol 2004;27:554–558.

63. Goldenberg I, Shechter M, Matetzky S, Jonas M, Adam M, Pres H,
Elian D, Agranat O, Schwammenthal E, Guetta V. Oral acetylcys-
teine as an adjunct to saline hydration for the prevention of contrast-
induced nephropathy following coronary angiography: a randomized
controlled trial and review of the current literature. Eur Heart J
2004;25:212–218.

64. Kay J, Chow WH, Chan TM, Lo SK, Kwok OH, Yip A, Fan K, Lee
CH, Lam WF. Acetylcysteine for prevention of acute deterioration of
renal function following elective coronary angiography and interven-
tion: a randomized controlled trial. JAMA 2003;289:553–558.

65. Kefer JM, Hanet CE, Boitte S, Wilmotte L, De Kock M. Acetylcys-
teine, coronary procedure and prevention of contrast-induced wors-
ening of renal function: which benefit for which patient? Acta Cardiol
2003;58:555–560.

66. MacNeill BD, Harding SA, Bazari H, Patton KK, Colon-Hernadez P,
DeJoseph D, Jang IK. Prophylaxis of contrast-induced nephropathy
in patients undergoing coronary angiography. Catheter Cardiovasc
Interv 2003;60:458–461.

67. Miner SES, Dzavik V, Nguyen-Ho P, Richardson R, Mitchell J,
Atchison D, Seidelin P, Daly P, Ross J, McLaughlin PR, et al.
N-acetylcysteine reduces contrast-associated nephropathy but not
clinical events during long-term follow-up. Am Heart J 2004;148:
690–695.

68. Ochoa A, Pellizzon G, Addala S, Grines C, Isayenko Y, Boura J,
Rempinski D, O’Neill W, Kahn J. Abbreviated dosing of N-acetyl-
cysteine prevents contrast-induced nephropathy after elective and
urgent coronary angiography and intervention. J Interv Cardiol 2004;
17:159–165.

69. Oldemeyer JB, Biddle WP, Wurdeman RL, Mooss AN, Cichowski E,
Hilleman DE. Acetylcysteine in the prevention of contrast-induced
nephropathy after coronary angiography. Am Heart J 2003;146:E23.

70. Rashid ST, Salman M, Myint F, Baker DM, Agarwal S, Sweny P,
Hamilton G. Prevention of contrast-induced nephropathy in vascular
patients undergoing angiography: a randomized controlled trial of
intravenous N-acetylcysteine. J Vasc Surg 2004;40:1136–1141.

71. Raven QL, Walton T, Howe AM, Macon EJ. Role of acetylcysteine
in the prevention of contrast-media-induced nephrotoxicity. Am J
Health Syst Pharm 2003;60:2232–2235.

72. Shyu K, Cheng JT, 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.

73. Tadros GM, Mouhayar EN, Akinwande AO, Campbell B, Wood C,
Blankenship JA. Prevention of radiocontrast-induced nephropathy
with N-acetylcysteine in patients undergoing coronary angiography.
J Invasive Cardiol 2003;15:311–314.

74. Tepel M, van der Giet M, Schwarzfeld C, Laufer U, Liermann D,
Zidek W. Prevention of radiographic-contrast-agent-induced reduc-
tions in renal function by acetylcysteine. N Engl J Med 2000;343:
180–184.

75. Webb JG, Pate GE, Humphries KH, Buller CE, Shalansky S, Al
Shamari A, Sutander A, Williams T, Fox RS, Levin A. A randomized
controlled trial of intravenous N-acetylcysteine for the prevention of
contrast-induced nephropathy after cardiac catheterization: lack of
effect. Am Heart J 2004;148:422–429.

76. Pannu N, Manns B, Lee H, Tonelli M. Systematic review of the
impact of N-acetylcysteine on contrast nephropathy. Kidney Int 2004;
65:1366–1374.

77. Alonso A, Lau J, Jaber BL, Weintraub A, Sarnak MJ. Prevention of

radiocontrast nephropathy with N-acetylcysteine in patients with
chronic kidney disease: a meta-analysis of randomized, controlled
trials. Am J Kidney Dis 2004;43:1–9.

78. Birck R, Krzossok S, Markowetz F, Schnuelle P, van der Woude FJ,
Braun C. Acetylcysteine for prevention of contrast nephropathy:
meta-analysis. Lancet 2003;362:598–603.

79. Guru V, Fremes SE. The role of N-acetylcysteine in preventing
radiographic contrast-induced nephropathy. Clin Nephrol 2004;62:
77–83.

80. Isenbarger DW, Kent SM, O’Malley PG. Meta-analysis of random-
ized clinical trials on the usefulness of acetylcysteine for prevention
of contrast nephropathy. Am J Cardiol 2003;92:1454–1458.

81. Bagshaw SM, Ghali WA. Acetylcysteine for prevention of contrast-
induced nephropathy after intravascular angiography: a systematic
review and meta-analysis. BMC Med 2004;2:38.

82. Misra D, Leibowitz K, Gowda Ramesh M, Shapiro M, Khan Ijaz A.
Role of N-acetylcysteine in prevention of contrast-induced nephrop-
athy after cardiovascular procedures: a meta-analysis. Clin Cardiol
2004;27:607–610.

83. Kshirsagar AV, Poole C, Mottl A, Shoham D, Franceschini N, Tudor
G, Agrawal M, Denu-Ciocca C, Magnus Ohman E, Finn WF. N-ace-
tylcysteine for the prevention of radiocontrast induced nephropathy:
a meta-analysis of prospective controlled trials. J Am Soc Nephrol
2004;15:761–769.

84. Nallamothu BK, Shojania KG, Saint S, Hofer TP, Humes HD,
Moscucci M, Bates ER. Is acetylcysteine effective in preventing
contrast-related nephropathy? A meta-analysis. Am J Med 2004;117:
938–947.

85. Hoffmann U, Fischereder M, Krueger B, Drobnik W, Kraemer BK.
The value of N-acetylcysteine in the prevention of radiocontrast
agent-induced nephropathy seems questionable. J Am Soc Nephrol
2004;15:407–410.

86. Hans SS, Hans BA, Dhillon R, Dmuchowski C, Glover J. Effect of
dopamine on renal function after arteriography in patients with pre-
existing renal insufficiency. Am Surg 1998;64:432–436.

87. Hans B, Hans SS, Mittal VK, Khan TA, Patel N, Dahn MS. Renal
functional response to dopamine during and after arteriography in
patients with chronic renal insufficiency. Radiology 1990;176:651–
654.

88. Kapoor A, Sinha N, Sharma RK, Shrivastava S, Radhakrishnan S,
Goel PK, Bajaj R. Use of dopamine in prevention of contrast induced
acute renal failure—a randomised study. Int J Cardiol 1996;53:233–
236.

89. Hall KA, Wong RW, Hunter GC, Camazine BM, Rappaport WA,
Smyth SH, Bull DA, McIntyre KE, Bernhard VM, Misiorowski RL.
Contrast-induced nephrotoxicity: the effects of vasodilator therapy.
J Surg Res 1992;53:317–320.

90. Weisberg LS, Kurnik PB, Kurnik BR. Risk of radiocontrast nephrop-
athy in patients with and without diabetes mellitus. Kidney Int 1994;
45:259–265.

91. Gare M, Haviv YS, Ben-Yehuda A, Rubinger D, Bdolah-Abram T,
Fuchs S, Gat O, Popovtzer MM, Gotsman MS, Mosseri M. The renal
effect of low-dose dopamine in high-risk patients undergoing coro-
nary angiography. J Am Coll Cardiol 1999;34:1682–1688.

92. Chamsuddin AA, Kowalik KJ, Bjarnason H, Dietz CA, Rosenberg
MS, Gomes MD, McDermott CM, Hunter DW. Using a dopamine
type 1A receptor agonist in high-risk patients to ameliorate contrast-
associated nephropathy. AJR Am J Roentgenol 2002;179:591–596.

93. Kini AA, Sharma SK. Managing the high-risk patient: experience
with fenoldopam, a selective dopamine receptor agonist, in preven-
tion of radiocontrast nephropathy during percutaneous coronary in-
tervention. Rev Cardiovasc Med 2001;29(suppl 1):S19–S25.

94. Kini AS, Mitre CA, Kamran M, Suleman J, Kim M, Duffy ME,
Marmur JD, Sharma SK. Changing trends in incidence and predictors
of radiographic contrast nephropathy after percutaneous coronary
intervention with use of fenoldopam. Am J Cardiol 2002;89:999–

1002.



1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

77KStacul et al/CIN Risk-Reduction Strategies
95. Kini AS, Mitre CA, Kim M, Kamran M, Reich D, Sharma SK. A
protocol for prevention of radiographic contrast nephropathy during
percutaneous coronary intervention: effect of selective dopamine
receptor agonist fenoldopam. Catheter Cardiovasc Interv 2002;55:
169–173.

96. Madyoon H, Croushore L, Weaver D, Mathur V. Use of fenoldopam
to prevent radiocontrast nephropathy in high-risk patients. Catheter
Cardiovasc Interv 2001;53:341–345.

97. Stone GW, McCullough PA, Tumlin JA, Lepor NE, Madyoon H,
Murray P, Wang A, Chu AA, Schaer GL Stevens M, Wilensky RL,
O’Neill WW, for the CONTRAST Investigators. Fenoldopam mesy-
late for the prevention of contrast-induced nephropathy: a random-
ized controlled trial. JAMA 2003;290:2284–2291.

98. Cacoub P, Deray G, Baumelou A, Jacobs C. No evidence for pro-
tective effects of nifedipine against radiocontrast-induced acute renal
failure. Clin Nephrol 1988;29:215–216.

99. Khoury Z, Schlicht JR, Como J, Karschner JK, Shapiro AP, Mook
WJ, Weber RJ. The effect of prophylactic nifedipine on renal func-
tion in patients administered contrast media. Pharmacotherapy 1995;
15:59–65.

00. Russo D, Testa A, Della Volpe L, Sansone G. Randomised prospec-
tive study on renal effects of two different contrast media in humans:
protective role of a calcium channel blocker. Nephron 1990;55:254–
257.

01. Madsen JK, Jensen JW, Sandermann J, Johannesen N, Paaske WP,
Egeblad M, Pedersen EB. Effect of nitrendipine on renal function and
on hormonal parameters after intravascular iopromide. Acta Radiol
1998;39:375–380.

02. Carraro M, Mancini W, Artero M, Stacul F, Grotto M, Cova M,
Faccini L. Dose effect of nitrendipine on urinary enzymes and mi-
croproteins following non-ionic radiocontrast administration. Neph-
rol Dial Transplant 1996;11:444–448.

03. Neumayer HH, Junge W, Kuefner A, Wenning A. Prevention of
radiocontrast-media-induced nephrotoxicity by the calcium channel
blocker nitrendipine: a prospective randomised clinical trial. Nephrol
Dial Transplant 1989;4:1030–1036.

04. Spangberg-Viklund B, Berglund J, Nikonoff T, Nyberg P, Skau T,
Larsson R. Does prophylactic treatment with felodipine, a calcium
antagonist, prevent low-osmolar contrast-induced renal dysfunc-
tion in hydrated diabetic and nondiabetic patients with normal or
moderately reduced renal function? Scand J Urol Nephrol 1996;
30:63– 68.

05. Arici M, Usalan C, Altun B, Erdem Y, Yasavul U, Turgan C, Kes S,
Caglar S. Radiocontrast-induced nephrotoxicity and urinary alpha-
glutathione S-transferase levels: effect of amlodipine administration.

Int Urol Nephrol 2003;35:255–261.
06. Kurnik BR, Weisberg LS, Cuttler IM, Kurnik PB. Effects of atrial
natriuretic peptide versus mannitol on renal blood flow during radio-
contrast infusion in chronic renal failure. J Lab Clin Med 1990;116:
27–36.

07. Kurnik BR, Allgren RL, Genter FC, Solomon RJ, Bates ER, Weis-
berg LS. Prospective study of atrial natriuretic peptide for the pre-
vention of radiocontrast-induced nephropathy. Am J Kidney Dis
1998;31:674–680.

08. Miller HI, Dascalu A, Rassin TA, Wollman Y, Chernichowsky T,
Iaina A. Effects of an acute dose of L-arginine during coronary
angiography in patients with chronic renal failure: a randomized,
parallel, double-blind clinical trial. Am J Nephrol 2003;23:91–95.

09. Solomon R, Werner C, Mann D, D’Elia J, Silva P. Effects of
saline, mannitol, and furosemide on acute decreases in renal func-
tion induced by radiocontrast agents. N Engl J Med 1994;331:
1416 –1420.

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

11. Anto HR, Chou SY, Porush JG, Shapiro WB. Mannitol prevention of
acute renal failure (ARF) associated with infusion intravenous py-
elography (IIVP) [abstract]. Clin Res 1979;27:407A.

12. Anto HR, Chou SY, Porush JG, Shapiro WB. Infusion intravenous
pyelography and renal function: effect of hypertonic mannitol in
patients with chronic renal insufficiency. Arch Intern Med 1981;141:
1652–1656.

13. Old CW, Duarte CG, Siedlecki M, Lehrner LM, Henry AR, Sinnott
RC. Effects of mannitol in the prevention of radiocontrast (RC) acute
renal failure (ARF) in patients with pre-existing chronic renal failure
(CRF) [abstract]. Kidney Int 1982;21:158.

14. Cruz C, Hricak H, Samhouri F, Smith RF, Eyler WR, Levin NW.
Contrast media for angiography: effect on renal function. Radiology
1986;158:109–112.

15. Wang A, Holcslaw T, Bashore TM, Freed MI, Miller D, Rudnick
MR, Szerlip H, Thames MD, Davidson CJ, Shusterman N, Schwab
SJ. Exacerbation of radiocontrast nephrotoxicity by endothelin recep-
tor antagonism. Kidney Int 2000;57:1675–1680.

16. Morcos SK, Thomsen HS. European Society of Urogenital Radiology
guidelines on administering contrast media. Abdom Imaging 2003;
28:187–190.

17. Heupler FA Jr, for Members of the Laboratory Performance Stan-
dards Committee of the Society for Cardiac Angiography and Inter-
ventions. Guidelines for performing angiography in patients taking

metformin. Cathet Cardiovasc Diagn 1998;43:121–123.


	Strategies to Reduce the Risk of Contrast-Induced Nephropathy
	Consensus Statements
	Consensus statement 9
	Consensus statement 10

	Volume Expansion and Hydration
	Protocols for intravenous fluid
	Emergency situations

	Hemodialysis
	Hemofiltration
	Pharmacologic Agents
	Positive results
	THEOPHYLLINE/AMINOPHYLLINE
	STATINS
	ASCORBIC ACID
	PROSTAGLANDIN E1 (PGE1)

	Neutral
	NAC.
	FENOLDOPAM/DOPAMINE.
	CALCIUM CHANNEL BLOCKERS.
	ATRIAL NATRIURETIC PEPTIDE (ANP).
	L-ARGININE.

	Negative results
	FUROSEMIDE.
	MANNITOL.
	DUAL ENDOTHELIN RECEPTOR ANTAGONIST.

	Withdrawal of Nephrotoxic Drugs
	Withdrawal of Metformin

	Conclusion
	REFERENCES


