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In patients with well-preserved renal function, the choice of contrast agent appears to
have little impact on the development of contrast-induced nephropathy (CIN). However,
in patients with underlying renal insufficiency and diabetes mellitus, it has been shown
that the use of low-osmolar media is associated with a lower incidence of CIN compared
with high-osmolar agents. Previously, it was unknown whether further benefit would
be derived from the use of iso-osmolar contrast media. Recent studies, including
Nephrotoxicity in High-Risk Patients Study of Iso-osmolar and Low-Osmolar Nonionic
Contrast Media (NEPHRIC), have shown a reduction in the incidence of CIN with the
iso-osmolar contrast agent iodixanol compared with low-osmolar agents in patients with
renal insufficiency and diabetes. The peak rise in serum creatinine was significantly
reduced with iodixanol (0.13 mg/dL vs 0.55 mg/dL, P < .001). The incidence of CIN,
defined as a peak rise > 0.5 mg/dL, was decreased from 26% to 3%, P < .0002 when
iodixanol was used. An ongoing, multicenter, prospective, double-blind, randomized
study (Visipaque Angiography/Interventions with Laboratory Outcomes for Renal
Insufficiency [VALOR]) is evaluating the potential benefit of iodixanol in reducing CIN in
patients with preexisting renal impairment. Accumulating evidence suggests that the use
of iso-osmolar contrast agents in conjunction with other proven measures, especially
adequate intravenous hydration and contrast dosage limitation, can reduce the morbidity
and mortality associated with CIN. These measures have the potential for a significant
reduction in health care costs.
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with human serum (approximately 1500-1800 mOsm/kg). A relatively
high frequency of cardiac and renal adverse effects was noted following
their use. This led to the development of newer agents that had lower osmolality
and were less chemotoxic. These second-generation nonionic contrast agents

E arly contrast agents were ionic monomers and were hypertonic compared
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Figure 1. Risk of contrast-
induced nephropathy based on
serum creatinine at baseline.
Adapted from Davidson et al.?
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were monomers of iodinated ben-
zene rings (eg, iohexol, iopamidol).
Although the osmolality of these
agents was lower than that of con-
ventional ionic agents, they were
still hyperosmolar relative to plasma
(approximately 600-850 mOsm/kg).
The most recently developed class
of contrast media is a nonionic
dimer. Iodixanol is the first, and is
novel in that it is iso-osmolar to
plasma at all iodine concentrations
(approximately 290 mOsm/kg).

The renal toxicity of iodinated
contrast agents has been well
described (Figure 1)."* Although the
exact mechanism is unclear, studies
in experimental animals have pos-
tulated that renal vasoconstriction,
direct toxic effects, and ischemia are
possible explanations. Risk factors for
the development of contrast-induced
nephropathy (CIN) include preexist-
ing renal insufficiency, diabetes mel-
litus, dehydration, advanced age, use
of diuretics, and uncontrolled hyper-
tension. Patients who have both
diabetes and preexisting renal insuf-
ficiency have been shown to be at
the highest risk for developing CIN.*
There is no universally accepted
quantitative definition of CIN; the
most commonly used criteria include
an absolute increase in the serum
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creatinine (SCr) concentration of at
least 0.5 mg/dL (44.2 mmol/L) or a
relative increase of at least 25%
from the baseline value.

Previous studies demonstrated
that in patients with preserved renal
function, the choice of contrast
agent had no impact on the devel-
opment of CIN.? Analysis of patients
with diabetes and/or baseline renal
insufficiency has shown that contrast
media osmolality is an important
factor in CIN. In a prospective, ran-
domized trial involving 1196
patients, it was shown that among
patients without diabetes but with
renal insufficiency (baseline SCr
concentrations >1.5 mg/dL), the
incidence of nephropathy (defined
as an increase of 0.5 mg/dL in the
SCr concentration within 72 hours
after contrast administration) was
reduced from 27% to 12% by the
use of the nonionic low-osmolar
agent iohexol in comparison with
the ionic high-osmolar agent diatri-
zoate.* Among patients with both
diabetes and renal insufficiency, the
incidence was reduced from 48% to
33%. Overall, patients receiving high-
osmolar contrast agents were more
than three times as likely to have
CIN as those receiving low-osmolar
agents (P < .0013). Additionally, in a
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meta-analysis of trials with high-
and low-osmolality contrast media,
Barrett and Carlisle' found that the
use of low-osmolar contrast agents
conferred a statistically significant
benefit for patients with baseline
renal insufficiency when compared
with high-osmolar agents (odds ratio,
0.44; CI, 0.26-0.73).

Although these trials showed that
the use of nonionic, low-osmolar
contrast media was associated with
lower rates of CIN, it was unknown
whether further benefit would be
derived from iso-osmolar contrast
media. Some animal models sug-
gested that renal blood flow was
decreased with iodixanol when com-
pared with low-osmolar contrast
media because of increased plasma
viscosity (associated with increased
molecule size and weight). There
was concern that this increased vis-
cosity would lead to sludging of red
blood cells in the microcirculation
of the medulla, subsequently lead-
ing to ischemia.’

Several recent studies, including
Chalmers and Jackson,® the Nephro-
toxicity in High-Risk Patients Study
of Iso-osmolar and Low-Osmolar
Nonionic Contrast Media (NEPHRIC)
trial,” the Rapid Protocol for the
Prevention of Contrast-Induced Renal
Dysfunction (RAPPID) trial,® and the
ongoing Visipaque Angiography/
Interventions with Laboratory
Outcomes for Renal Insufficiency
(VALOR) trial, address the use of iso-
osmolar contrast media (iodixanol)
and its effects on CIN in high-risk
patient populations (baseline renal
insufficiency and/or diabetes).

Pharmacology

The osmolality of contrast agents is
a function of the size of the mole-
cules that compose the agent and
the number of particles in solution.
Iso-osmolar nonionic contrast agents
reduce osmolality by linking two



Iodixanol Trials

molecules of iodinated benzene
rings together, creating a dimer. This
is done through the use of a com-
mon side chain and results in a large
molecule in solution. Because there
is only one particle in solution for
every six iodine atoms, the ratio
becomes 6:1. Iodixanol is the first
contrast agent available in the
United States in this class.

Clinical Trials

Chalmers and Jackson® compared
the use of an iso-osmolar, dimeric,
nonionic contrast agent (iodixanol)
to a low-osmolar, nonionic, mono-
meric contrast agent (iohexol) in a

One third of patients in this study
had diabetes mellitus. However, the
sample size was small, contrast selec-
tion was unblinded, and a low con-
trast dosage (50-60 mL) was used. In
addition, the authors stated that a
subset underwent additional inter-
ventions as well as changes in drug
therapy during the week following
angiography. These factors may have
contributed to the change observed
in SCr. Nevertheless, the positive
correlation between dosage of con-
trast media and differences in the
change in creatinine suggests a
potential causal role. This prelimi-
nary study demonstrated a statisti-

The NEPHRIC study demonstrated that mean peak SCr concentration increased
significantly less in patients who received iodixanol compared with iohexol.

population of patients with preexist-
ing renal impairment. In this trial,
124 patients who had SCr >1.7 mg/dL
(150 pmol/L) presenting for renal
and/or peripheral angiography were
randomized to receive either iohexol
or iodixanol. SCr was measured
within 48 hours prior to angiogra-
phy, then at 24 hours and at variable
intervals postprocedure. Follow-up
was available for 102 of the 124
study participants, 54 of whom had
been randomized to the iodixanol
group and 48 to the iohexol group.
The study found that 15 of 48
patients (31%) in the iohexol group
had a rise >10% in SCr, compared
with eight of 54 patients (15%) in the
iodixanol group (P < .05). SCr values
rose by more than 25% in five of 48
patients (10%) in the iohexol group,
compared with two of 54 (3.7%) in
the iodixanol group. The creatinine
rise was positively correlated with
the dose of both contrast media.
This study was the first to suggest
that iodixanol could exert a benefi-
cial effect on the prevention of CIN.

cally significant but clinically modest
difference in the incidence of nephro-
toxicity with iodixanol compared
with iohexol in patients with chronic
renal impairment.

The NEPHRIC study by Aspelin
and colleagues’” was a prospective,
double-blinded, randomized, place-
bo-controlled trial that compared
the iso-osmolar agent iodixanol to
the nonionic low-osmolar agent
iohexol in patients at high risk for
developing CIN. The study involved
129 patients who were defined as

high risk by the presence of diabetes
with SCr concentrations of 1.5 mg/dL
to 3.5 mg/dL for men and 1.3 mg/dL
to 3.5 mg/dL for women. Patients
presenting for  coronary or
aortofemoral angiography were
included and were randomized to
receive either iodixanol or iohexol.
The primary endpoint was the peak
increase in SCr within the 3 days fol-
lowing angiography. Secondary end-
points included an increase in crea-
tinine concentration of 0.5 mg/dL
or more, an increase of 1.0 mg/dL or
more, and the change in creatinine
concentration over the 7 days fol-
lowing angiography.

The study demonstrated that mean
peak SCr concentration increased
significantly less in patients who
received iodixanol compared with
iohexol. The peak increase in creati-
nine over 3 days was 0.13 mg/dL for
iodixanol versus 0.55 mg/dL for
iohexol (P =.001) (Table 1). Using an
increase in creatinine of 0.5 mg/dL
as the definition of CIN, 3% of the
iodixanol group versus 26% of the
iohexol group suffered CIN (P =
.002). The odds ratio for iodixanol-
associated CIN > 0.5 mg/dL was 0.09
(0.02-0.41). If an increase in creati-
nine of 1.0 mg/dL was used, the
incidence of CIN was 0% in the
iodixanol group and 15% in the
iohexol group (Figure 2).

The baseline demographic charac-

Table 1
Peak Increase in Serum Creatinine Concentration
from Baseline to Day 3 from the NEPHRIC Trial

Group Patients (n) Increase in Serum Creatinine Concentration (mg/dL)*
Mean = SD (95% CI) Median Range

TIodixanol 64 0.13 + 0.22 (0.08-0.18) 0.10 -0.21-0.84

Iohexol 65 0.55 + 0.98 (0.36-0.85) 0.21 -0.24-5.42

*To convert values for creatinine to pmol/L, multiply by 88.4.

Adapted with permission from Aspelin et al.”
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teristics of the two groups were sim-
ilar with respect to age, weight,
body mass index, baseline SCr,
hydration status, and volume of
contrast used. The average duration
of diabetes, however, was noted to
be significantly longer in the iohex-

risk of developing CIN is unclear.
The NEPHRIC trial was primarily
a trial of diagnostic angiography
rather than percutaneous coronary
intervention (PCI) (17% rate of PCI
in the iodixanol group versus 25%
in the iohexol group). Although the

Ultimately, the clinical impact of the NEPHRIC trial is that it not only con-
firms the results of the smaller Chalmers study, but also extends the results to
a population at higher risk for CIN (ie, patients with diabetes and baseline

renal insufficiency).

ol group than in the iodixanol
group (18.0 years vs 12.8 years).
However, the duration of diabetes in
patients as a specific risk factor for
the development of CIN has not
been demonstrated.

The volume of hydration received
by the two groups (mean volume
977 mL in the iodixanol group and
934 mL in the iohexol group)
reflects the usual standard of care
for this population. Although differ-
ences in hydration status are known
to contribute to the development of
CIN, the optimal volume and rate of
hydration required to minimize the
risk of CIN are unknown. Because of
differences in baseline hydration
status and left ventricular function,
hydration must be tailored to the
individual patient. A balance between
adequate hydration and avoidance
of precipitation of congestive heart
failure is the goal. In this study, sim-
ilar amounts of hydration were used
in the two groups, further supporting
the results obtained.

Although the use of angiotensin-
converting-enzyme (ACE) inhibitors
is not specifically mentioned in the
article, the authors stated in a later
correspondence that 78% of
patients in the iodixanol group were
using ACE inhibitors, versus 55% in
the iohexol group.’ The relative con-
tribution of this difference to the
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mean contrast dosages used in this
trial (163 mL in the iodixanol group
and 162 mL in the iohexol group)
were larger than those used by
Chalmers and Jackson (60 mL in the
iodixanol group and 52 mL in the
iohexol group), they were potentially
lower than the levels required for
complex PCI or combined diagnos-
tic and therapeutic procedures.
Future studies will be required to
evaluate the protective effect of
iodixanol when larger doses of con-
trast media are used.

Ultimately, the clinical impact of
the NEPHRIC trial is that it not only

Figure 2. Differences in
contrast-induced
nephropathy between
iodixanol and iohexol
from the NEPHRIC trial.
The bars show the per-
cent of patients with a
maximal increase in
serum creatinine con-
centration between day
0 and day 3 of at least
0.5 mg/dL and at least
1.0 mg/dL (P = .002).
Adapted with permis-
sion from Aspelin et al.”
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confirms the results of the smaller
Chalmers study, but also extends the
results to a population at higher risk
for CIN (ie, patients with diabetes
and baseline renal insufficiency).
The RAPPID?® study was designed
to investigate the potential benefit
of using N-acetylcysteine (NAC) in
conjunction with iodixanol. In this
prospective randomized study, 80
patients with stable renal dysfunc-
tion (SCr concentration > 1.36 mg/dL
or creatinine clearance < 50 mL/min)
received a protocol of intravenous
(IV) NAC versus IV hydration alone
while undergoing cardiac catheteri-
zation or intervention. Forty-one
patients in the NAC group received
150 mg/kg NAC in 500 mL of nor-
mal saline over 30 minutes immedi-
ately before contrast, followed by
50 mg/kg in 500 mL of normal saline
over 4 hours. Thirty-nine patients
in the IV hydration group received
1 mL/kg/hr of normal saline for
12 hours pre- and postcontrast. All
patients received iodixanol during
their coronary studies. CIN was
defined as an increase in SCr con-
centration by 25% at either 2 or 4
days after contrast administration.

lodixanol
[ 1ohexol

>1.0 mg/dL

Peak Increase in Serum
Creatinine Concentration
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At 48 and 96 hours after the proce-
dure, 76 out of 80 and 74 out of 80
patients had SCr measurements
available for analysis.

The study found that CIN occurred
in 2 of the 41 patients in the NAC
group (5%) and in 8 of the 39
patients in the hydration group

The VALOR study is an ongoing,
multicenter, prospective, random-
ized, double-blind trial comparing
the renal effects of the iso-osmolar
contrast agent iodixanol to the low-
osmolar contrast agent ioversol in
subjects with elevated SCr undergo-
ing coronary angiography or inter-

The potential benefit of using oral NAC in conjunction with iodixanol in
a high-risk patient population deserves further study.

(21%; P = .045). In the NAC group,
mean SCr fell from 1.85 mg/dL to
1.77 mg/dL at 48 hours and
1.79 mg/dL at 96 hours postcontrast,
respectively (P =.02 and .023 vs base-
line). In the hydration group, SCr
increased from 1.75 mg/dL to
1.81 mg/dL at 48 hours and
1.80 mg/dL at 96 hours postcontrast,
respectively (P = .99 and .23 vs base-
line).

The major finding of this study
was that treatment of patients with
IV NAC and normal saline started
immediately before the coronary
procedure reduced the incidence of
CIN compared with a standard pro-
tocol of saline hydration alone. This
study also found that the absolute
change in SCr concentration was
less in NAC-treated patients than in
the hydration-alone group.
However, the sample size was small,
the rate of fluid administration dif-
fered, and the definition of CIN was
liberal.

The reduction in the incidence of
CIN shown in the RAPPID trial was
similar to previous trials in which
patients received oral NAC." This
provides preliminary support for the
combined benefit and safety of IV
NAC wused in conjunction with
iodixanol. The potential benefit of
using oral NAC in conjunction with
iodixanol in a high-risk patient pop-
ulation deserves further study.

ventions. The use of NAC is at the
discretion of the operator. Subjects
with stable renal insufficiency,
defined as elevated SCr (= 1.7 mg/dL
for men, = 1.5 mg/dL for women),
are randomized to receive an iso-
osmolar contrast agent (iodixanol)
or a low-osmolar contrast agent
(ioversol). SCr values are measured
at 24, 48, and 72 hours following
contrast administration. The pri-
mary end points are mean peak
change in creatinine (peak postcon-
trast administration minus baseline)
up to 72 hours postprocedure and
the proportion of patients with an
increase in SCr of at least 0.5 mg/dL.

subjects with impaired renal func-
tion, diabetics, and discretionary
use of NAC. In addition, a health
economic analysis is planned to elu-
cidate the potential cost:benefit of
this agent.

Commentary

The recent and ongoing clinical trials
with iodixanol are important to for-
mulate an appropriate strategy to
reduce the risk of CIN during angio-
graphic procedures. There is growing
evidence that the use of an iso-osmo-
lar contrast agent reduces the risk
of CIN in a high-risk patient popu-
lation when compared with a low-
osmolar contrast agent.

The prognostic importance of
lowering the incidence of CIN has
been studied.! CIN is a major deter-
minant of mortality and morbidity
following coronary angiography and
interventional procedures. In 7586
patients who had undergone PC], it
was demonstrated that in 254 (3.3%)
who experienced CIN, there was
increased mortality during the
index hospitalization as well as at
S years. Patients who developed
CIN did have higher rates of other

There is growing evidence that the use of an iso-osmolar contrast agent
reduces the risk of CIN in a high-risk patient population when compared

with a low-osmolar contrast agent.

Secondary endpoints include a com-
parison of iodixanol and ioversol
with regard to their rates of CIN
using a more stringent definition
(an increase = 1.0 mg/dL) and mean
percent changes in calculated
glomerular filtration rate.

The novel aspect of this study
is the large multicenter, high-risk
population receiving double-blind
administration of contrast media.
The study should closely reflect cur-
rent medical practice, including

comorbidities, including congestive
heart failure, diabetes, myocardial
infarction within 24 hours of PCI,
and peripheral vascular disease.
Subsequent studies controlling for
comorbidities, including a retrospec-
tive matched-pairs cohort study by
Levy and coworkers,” have also
shown higher mortality for patients
with CIN. Although there are no
prospective randomized trials proving
that lowering the incidence of CIN
will result in improved outcomes,
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Table 2
Periprocedural Considerations:
Prevention of Contrast-Induced Nephropathy

1) Discontinue nonsteroidal anti-inflammatory drugs.

2) Discontinue metformin for at least 48 hours after procedure.

3) Administer 1-2 liters of 0.9 normal saline over 12-24 hours before and after
procedure at a rate of 1.5 mL/kg/hr or 150 mL/hr for a target urinary output

of 150 mL/hr in the 6 hours after the

procedure. AVOID DEHYDRATION.

4) Limit dosage of contrast medium to <30 mL for diagnostic studies and 100 mL
for combined diagnostic and percutaneous coronary intervention (PCI) cases.

Use biplane angiography when available.

5) If PCI is complex, stage PCI at least 10 days after diagnostic procedure or as
long as feasible if the patient is in the hospital.

6) Administer iso-osmolar contrast medium (eg, iodixanol).

7) Avoid contrast medium readministration during recovery phase of acute

tubular necrosis.

these data suggest the existence of
an adverse outcome relationship with
CIN. The effects are particularly pro-
nounced in patients with underlying
renal insufficiency and diabetes.
The metabolic explanation for
iso-osmolar contrast media possess-
ing less nephrotoxicity than low-
osmolar contrast media is not well
understood. Hypotheses have includ-
ed the extent of osmotic diuresis
being less with iso-osmolar media
(leading to decreased renal tubular
enzyme secretion following contrast
exposure) and differences in the
extent of chemotoxicity between
agents. Regardless of the specific
mechanism, a clinical benefit does
exist with the use of iso-osmolar
agents and appears to be greater in
patients with baseline renal insuffi-
ciency with or without diabetes.
The cardioprotective effect of
iso-osmolar contrast media com-
pared with low-osmolar agents was
addressed in the recent COURT
(Contrast Utilization in High-Risk
Patients Undergoing PTCA [percuta-
neous transluminal coronary angio-
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plasty]) trial.” In this multicenter,
prospective, randomized, double-
blind trial of 856 high-risk patients,
the cohort receiving iodixanol expe-
rienced a 45% reduction in major
adverse clinical events when com-
pared with the cohort receiving
a low-osmolar contrast agent
(ioxaglate) (P < .001). The benefit
was particularly striking in patients
who had not received an 1V IIb/Illa
platelet inhibitor with their inter-
vention (1.7% vs 8.1%; P < .0001).
Thus, iso-osmolar contrast prevent-
ed major cardiac adverse events fol-
lowing PCI performed during acute
coronary syndromes.

Guidelines for

Prevention of CIN

Although additional data will be
necessary, the available evidence
allows several general renoprotective
strategies to be proposed (Table 2).
Adequate pre- and postprocedure IV
hydration, limitation of contrast
dosage, and lengthening of the time
interval between procedures have
been shown to confer benefit. Of

REVIEWS IN CARDIOVASCULAR MEDICINE

these, IV hydration is the most
important. Solomon and associates'*
showed that hydration with 0.45%
saline for 12 hours before and 12
hours after the administration of
contrast agents was the most effective
means of preventing acute decreases
in renal function in patients with or
without diabetes mellitus. Subsequent
studies have shown further benefit
with the use of normal saline as
opposed to 0.45% saline, and this
should be considered the choice for
IV hydration regimens."

Additional recommendations in-
clude limiting the dosage of contrast
used during procedures in patients
with underlying renal insufficiency
to < 30 mL for diagnostic angiogra-
phy and < 100 mL for PCI. When fea-
sible, it is preferable to stage PCI 48
hours following the administration of
iso-osmolar contrast agents in
patients with renal insufficiency.
Furthermore, the avoidance of con-
trast during the recovery phase of
acute tubular necrosis and discontin-
uance of nonsteroidal anti-inflamma-
tory drugs, ACE inhibitors, and met-
formin for 48 hours following proce-
dures are effective renoprotective
strategies.

Several strategies have not been
successful in reducing the incidence
of CIN. Solomon and colleagues™
found that neither forced diuresis
with mannitol nor furosemide
offered additional protection against
CIN compared with saline hydration
alone in either diabetic or nondiabet-
ic patients. Low-dose dopamine infu-
sion has been observed to increase
renal blood flow but was associated
with a higher incidence of CIN in
diabetic patients.’ The recently pub-
lished CONTRAST trial evaluated a
selective IV dopamine agonist,
fenoldopam. It demonstrated no ben-
efit in the prevention of CIN.”
Endothelin-receptor antagonists have
not been shown to reduce the risk of
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CIN in patients with underlying renal
dysfunction. In fact, patients treated
with this agent and IV hydration had
a significantly higher incidence of
CIN compared with patients treated
with IV hydration alone (56% vs
29%, P = .002).” In examining the
effects of calcium-channel blockers
on patients with renal insufficiency;
it was shown that daily treatment
with nifedipine did not appear to
exert a protective effect after adminis-
tration of a contrast agent.”

Cost-Effectiveness

CIN is associated with higher health
care costs, primarily through length-
ening hospital stays and the initiation
of dialysis in certain patients.
Reduction in the incidence of CIN
will likely have public health benefits
both through a reduction in mortality
associated with CIN and a relative
decrease in health care costs by reduc-
ing hospital stay or the need for dialy-
sis. Thus, although the use of iso-
osmolar agents is more expensive

than low-osmolar agents (approxi-
mately $35 per 100 mL vs $20-$25
per 100 mL), this additional cost
could be offset by savings in other
hospital-related expenditures. When
compared with other therapies
already used in the cardiac catheteri-
zation laboratory to reduce morbidity
and mortality (eg, drug-eluting stents,
which are approximately $2000 more
than bare metal stents), the relative
increase in cost is modest.

A study by Powe and colleagues®
showed that the higher material cost
of low-osmolality agents in angiogra-
phy was partially offset by a reduction
in the cost management of adverse
drug reactions associated with low-
osmolality versus high-osmolality
media. A similar economic analysis
would be beneficial in assessing the
cost-effectiveness of iso-osmolar
agents and will be addressed in the
ongoing VALOR trial.

Summary
Iso-osmolar agents have documented

renoprotective benefits for use in a
high-risk population. They appear
to be safe and well tolerated, and are
likely to be proven cost-effective.
Thus, for patients with underlying
renal insufficiency, iso-osmolar agents
provide a valuable addition to pre-
ventive strategies currently available
for the reduction of CIN. ]
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