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One of the principal complications of radiographic procedures utilizing intravascular
iodinated contrast media is acute Kidney injury. Although several clinical and proce-
dural factors impact a patient’s risk for contrast-induced acute kidney injury (CIAKI),
substantial attention has been focused on the relationship between the type of contrast
agent used and renal injury. Multiple contrast agents are available for clinical use,

each defined by a series of physicochemical properties. The evolution from high osmo-
lal to low osmolal and, more recently, iso-osmolal contrast media has led to several
clinical trials and meta-analyses comparing the nephrotoxicity of different contrast
agents. This article summarizes the physicochemical properties that define and differ-
entiate iodinated contrast media, discusses the purported relationship between these
properties and kidney injury, and describes the salient findings of clinical trials and
meta-analyses that have compared the nephrotoxic effects of contrast agents. Although
ongoing and future studies will further elucidate our understanding of the relationship
between iodinated contrast and risk for CIAKI, a sound understanding of the currently
available data will help inform evidence-based decisions on the use of these agents in
clinical practice.
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potentially serious complication of intravascular iodinated contrast
administration.'® A series of epidemiological, clinical, and technological
factors suggest that this iatrogenic condition will continue to be an important
clinical entity. First, the patient population is growing in size and living longer

Contrast-induced acute kidney injury (CIAKI) is a well-recognized and
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with chronic illness, suggesting that
a greater number of patients will
have clinical indications for radi-
ographic procedures that use in-
travascular radiocontrast. Second,
chronic kidney disease, which is the
principal risk factor for CIAKI, and
diabetes mellitus, which amplifies risk
for CIAKI in patients with baseline
renal impairment, are increasing in
prevalence.* Third, recent recogni-
tion of the association of gadolinium
with nephrogenic systemic fibrosis
in patients with advanced and end-
stage kidney disease may lead to less
use of MRI and greater reliance on
imaging modalities that utilize iodi-
nated radiocontrast.’ Finally, ad-
vancements in modern imaging
technology have led to an increasing
array of diagnostic and therapeutic
radiographic procedures that employ
iodinated contrast. Unfortunately,
despite intense investigation, few
pharmacologic measures have been
conclusively found to prevent the
development of CIAKI. As a result, a
great deal of attention has been paid
to the few interventions that do im-
pact risk for CIAKI, including choice
of contrast agent.

Iodinated contrast media are
characterized and differentiated by a
series of physicochemical properties,
including ionicity, osmolality, and
viscosity, each of which has been
studied in respect to risk for CIAKI.
Considerable controversy surrounds
the relative importance of each of
these characteristics in regard to risk
for kidney injury. Nonetheless, since
iodinated contrast media became
available decades ago, significant ad-
vancements have been made in our
understanding of how to most effec-
tively and safely use these agents.

Physicochemical Properties
Ionicity

Iodinated contrast media can be di-
vided into ionic and nonionic
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Figure 1. Contrast agents. Reprinted with permission from Rudnick MR?® (adapted with permission from Rudnick

MR2).

agents. Ionic compounds are those
that contain ions, or charged parti-
cles. Early iodinated contrast agents
were ionic monomers, comprised of
a single benzene ring and containing
a cation (sodium or meglumine)
that dissociated in aqueous solution
(Figure 1). The presence of the
cation and dissociation of these
agents into charged particles (tri-
iodinated anion and cation) in blood
define these compounds as ionic. In
addition, ionic monomeric com-
pounds are also characterized as
high osmolal, with osmolalities of
approximately 5 to 8 times that of
human plasma. However, it is im-
portant to note that all ionic con-
trast agents are not high osmolal.
loxaglate is a dimeric molecule con-
sisting of 2 benzene rings and a
sodium atom. It is ionic, yet low
osmolal, with an osmolality of ap-
proximately twice that of plasma.
loxaglate is the sole ionic, low os-
molal agent currently available for
use in the clinical arena. Therefore,
ionicity and osmolality, although
related properties, should not be
considered synonymous.
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Osmolality

Perhaps the most widely recognized
physicochemical property of iodi-
nated contrast media is osmolality,
which refers to the number of
particles in solution, measured as
milliOsmoles per kilogram of water
(mOsm/kg water). Contrast agents
are typically divided into 3 distinct
categories of osmolality: high osmolal,
low osmolal, and iso-osmolal. High
osmolal contrast media (HOCM),
including diatrizoate, iothalamate,
metrizoate, and ioxithalamate, were
the most widely used agents into the
1980s, with osmolalities ranging
from approximately 1500 mOsm/kg
to greater than 2000 mOsm/Kkg.
The next generation of contrast
agents was referred to as low osmo-
lal contrast media (LOCM) and had
osmolalities of approximately 600 to
1000 mOsm/kg. These agents were
developed by either producing non-
ionic compounds that did not disso-
ciate in solution or creating dimeric
molecules linking 2 benzene rings
through a common side chain. The
term low osmolal was coined based on
the lower osmolality of these agents
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Figure 2. Osmolalities of contrast agents. Reprinted from Davidson C et al,?” with permission from Elsevier.

relative to conventional HOCM.
However, low osmolal is a misnomer.
These contrast media are in fact,
hyperosmolal to human plasma, and
this terminology has unfortunately
led to significant confusion. Lastly,
the most recent generation of
contrast media is iso-osmolal contrast
(IOCM); appropriately named based
on an osmolality that approximates
plasma (~ 290 mOsm/kg) (Figure 2).

An alternative approach to catego-
rizing the different osmolality con-
trast media is based on the ratio of
iodine atoms to dissolved particles.
HOCM, which are monomers made
up of a single benzene ring contain-
ing 3 iodine atoms and an attached
cation, have 3 iodine atoms to 2 par-
ticles in solution, or a ratio of 1.5:1.
LOCM, other than ioxaglate, are
nonionic monomers with 3 iodine
atoms, reflecting a ratio of 3:1. The
chemical structure of IOCM (of
which the only available agent for
clinical use in the United States is
iodixanol) is a nonionic dimer, com-
prised of 2 benzene rings and 6 io-
dine atoms. Therefore, the ratio of
iodine atoms to dissolved particles is
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6:1 (Figure 1). Higher ratios of iodine
atoms to osmotically active particles
in solution are associated with
greater radiographic attenuation. Ad-
vancements in the development of
contrast media were based on gener-
ating nonionic, lower-osmolal mole-
cules that would reduce untoward
side effects and improve tolerability,
while simultaneously preserving io-
dine concentration and radiographic
opacification.

Viscosity

A rheologic property of contrast
media that has recently gained in-
creasing attention is viscosity,
which refers to the resistance of a
fluid to flow. Viscosity is expressed
in milliPascal second (mPa X s).
Although several factors affect the
viscosity of contrast media, HOCM
and LOCM have lower viscosities
than IOCM, particularly at room
temperature. However, the viscosity
of contrast media is highly depen-
dent on and inversely related to
temperature. As a result, a clinical
approach that is commonly used to
lower the viscosity of contrast
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media prior to injection is preheat-
ing of the fluid.

Physicochemical Properties
and the Pathophysiology of
CIAKI
The evolution of contrast media over
the past 3 decades has been accompa-
nied by substantial debate on the im-
portance of ionicity, osmolality, and
viscosity in regard to the pathogenesis
of CIAKI. Animal studies support the
role of multiple pathophysiologic
mechanisms in the pathogenesis of
CIAKI. Principal among these are di-
rect tubular cell toxicity of contrast
media and hypoxia of the outer
medullary region of the kidney. The
medulla is characterized by a rela-
tively low PO, and high oxygen de-
mand, making it an area of the kidney
particularly susceptible to mismatch
in oxygen demand and delivery. A se-
ries of studies in animal models have
demonstrated that the administration
of iodinated contrast media leads to
altered renal microcirculation and
medullary hypoxia. These pathogenic
processes have in part, been the basis
for investigation of the associations of
osmolality and viscosity of contrast
media with the development of
CIAKL

Ionic contrast media, specifically
high osmolal agents, have been asso-
ciated with an increased risk for
CIAKI; however, it has been difficult
to disentangle the relationship be-
tween iconicity and osmolality with
regard to nephrotoxic effects. There-
fore, much of the work on contrast
and the pathogenesis of CIAKI has
focused on osmolality. There are a se-
ries of hypotheses for the association
of increased osmolality with CIAKI.
It has been proposed that differential
effects on tubular metabolic activity,
vasodilatory mediators, and renal he-
modynamics of contrast media of dif-
fering osmolality might explain an
association between osmolality and
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CIAKI. Administration of contrast
media leads to an osmotic diuresis.
The increased solute delivery to dis-
tal segments of the renal tubule
would be expected to lead to an aug-
mentation in metabolic activity. The
resultant increase in oxygen de-
mand, could, in the setting of vaso-
constriction and medullary hypoxia,
contribute to renal injury. Studies in

effects of viscosity appear to provide
biologic plausibility for a link be-
tween higher viscosity of contrast
agent and risk for CIAKI, some of the
potentially adverse effects associated
with higher viscosity may be attenu-
ated by preheating.” Moreover, past
clinical studies that demonstrated
lower rates of CIAKI with iodixanol
than certain LOCM do not support a

Administration of contrast media leads to an osmotic diuresis.

animals have reported a direct asso-
ciation of diuresis/natriuresis with
osmolality.® However, conclusive
data supporting this association and
its effect on renal injury are lacking.
In experimental models, HOCM and
LOCM reduced production of the
vasodilator nitric oxide in smooth
muscle cells, whereas IOCM did not
impact nitric oxide production.” In
patients with chronic kidney disease,
HOCM has been shown to result in a
greater reduction in renal plasma
flow and glomerular filtration rate
than LOCM.® Conversely, other stud-
ies have found that IOCM results in
a more pronounced reduction in
renal blood flow and single nephron
glomerular filtration than hyperos-
molal contrast.”!® Thus, there are
conflicting data on the impact of os-
molality on renal hemodynamics.
Similarly, there are a series of hy-
potheses underlying the association
of contrast agent viscosity and risk
for renal injury. Studies in animal
models have documented that more
viscous contrast may delay transit
time of the contrast medium in
the renal tubule, increase tubular hy-
drostatic pressure, and decrease
glomerular filtration.!' It has also
been suggested that higher viscosity
leads to a greater degree of erythro-
cyte aggregation and reduced ery-
throcyte velocity in the medullary
circulation.® Although these reported

strong relationship between viscosity
and risk for CIAKI.

It is important to note that many
of the studies to date examining
the role and importance of specific
physicochemical properties of con-
trast and renal injury have been
based on in vitro experiments and
animal models. Unfortunately, such
studies cannot provide conclusive
evidence of the precise pathophysi-
ologic processes in humans follow-
ing the injection of intravascular
radiocontrast. However, they pro-
vide a scientific context from which
to discuss clinical trials that have
compared the nephrologic effects of
iodinated contrast media.

Clinical Trials of Contrast
Agents

HOCM versus LOCM

Although more expensive than
HOCM, LOCM were found to be
associated with greater tolerability
and fewer adverse cardiovascular
and pseudoallergic effects. The bal-
ance between cost and clinical ben-
efit led to a series of studies compar-
ing the nephrotoxicity of these
agents. Following several trials that
were underpowered and/or enrolled
inadequate numbers of high-risk
participants and were therefore un-
able to provide consensus on the
superiority of LOCM, Barrett and
Carlisle'? conducted a meta-analysis
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comparing LOCM with HOCM.
Among 25 trials for which there
were evaluable data, the pooled
odds of CIAKI, defined by a rise in
serum creatinine (SCr) greater than
0.5 mg/dL, was 0.61 (95% CI, 0.48-
0.77) with the use of LOCM. The
odds of CIAKI with LOCM decreased
to 0.5 (95% CI, 0.36-0.68) among
patients with abnormal kidney
function, suggesting an even greater
benefit among this patient sub-
group. This meta-analysis provided
preliminary evidence that LOCM
decreased the risk of renal injury
among patients with impaired base-
line kidney function.

Following the publication of this
meta-analysis, Rudnick and col-
leagues'® reported the results of the
Iohexol Cooperative Study, a multi-
center clinical trial of 1196 patients
undergoing nonemergent coronary
angiography. Participants were ran-
domized to receive high osmolal dia-
trizoate or low osmolal iohexol. The
primary study outcome was the de-
velopment of CIAKI, defined by an
increase in SCr greater than or equal
to 1.0 mg/dL within 48 to 72 hours
following angiography. The overall
incidence of CIAKI was lower among
patients who received iohexol com-
pared with diatriazoate (3.2% vs
7.1%; P = .002). Using a less robust
increase in SCr of 0.5 mg/dL or more
to define renal injury, iohexol was
also associated with a lower overall
incidence of CIAKI than diatrizoate
(13.4% vs 21.1%; P < .001). The ben-
eficial effects of iohexol were lim-
ited to patients with baseline renal
insufficiency and were pronounced
among participants with kidney dis-
ease and concomitant diabetes melli-
tus. This study, the data of which
were included in the meta-analysis
by Barrett and Carlisle,'* confirmed
that iohexol was less nephrotoxic
than diatrizoate in “at risk” patients.
Furthermore, it demonstrated that
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among patients with chronic kidney
disease, coexistent diabetes mellitus
substantially amplifies the risk for
CIAKI. Collectively, both of these
studies established an evidence basis
for the widespread use of LOCM, par-
ticularly among patients with abnor-
mal baseline kidney function.

LOCM versus IOCM

Over the past decade, several trials
have been conducted to evaluate
the relative nephrotoxicity of
LOCM and IOCM. However, many
were performed in very small pa-
tient populations and/or enrolled
inadequate numbers of patients at
increased risk for CIAKI, rendering
the results of unclear clinical signif-
icance. More recent randomized
clinical trials that enrolled larger
numbers of patients and/or focused
on patients at increased risk for
CIAKI form much of the current ev-
idence basis on the relative nephro-
toxicity of LOCM and IOCM, and
fuel the ongoing controversy on the
comparative effects of these agents
(Table 1).

In 1998, Carraro and coworkers'
published one of the first studies
comparing LOCM with IOCM in
patients with underlying kidney
disease. This clinical trial enrolled
patients with baseline SCr between
1.5 and 3.0 mg/dL who were under-
going intravenous urography, and
randomized patients to receive iso-
osmolal iodixanol (32 patients) or
low osmolal, nonionic iopromide
(32 patients). The primary study
endpoint was the development of

trast agents, there were certain
methodological limitations to this
trial. First, the patient population
was quite small, which signifi-
cantly limited the study’s power to
detect differences between groups.
Second, although all participants
had chronic kidney disease, very few
had comorbid diabetes mellitus,
which likely rendered the study pop-
ulation at moderate rather than high
risk for CIAKI. Lastly, CIAKI was de-
fined by a substantial increase in

Although serologic evidence of contrast-induced acute kidney injury may
manifest within 24 hours of contrast administration, a substantial pro-
portion of patients may not have biochemical evidence of renal injury for

2 to 3 days.

CIAKI defined by an increase in
SCr of 50% within 24 hours of con-
trast administration. Only 1 study
patient (who received iodixanol)
developed CIAKI, and the SCr re-
portedly returned to baseline within
48 hours. Although this study
demonstrated no significant differ-
ences in CIAKI between the 2 con-

SCr within just 24 hours following
the procedure, which may not have
allowed sufficient time to determine
whether renal injury had occurred.
Although serologic evidence of
CIAKI may manifest within 24 hours
of contrast administration, a sub-
stantial proportion of patients may
not have biochemical evidence of

Table 1

Select Clinical Trials of Low and Iso-Osmolal Contrast in Patients at Risk for CIAKI

Incidence of CIAKI (%)

Contrast Baseline SCr

Study Patients (n) Agents Procedure (mg/dL) LOMC I0CM P Value

Carraro M et al' 64 Iopromide IV urography 1.69-1.7 0 3.1 NS
Iodixanol

Chalmers N and 102 Iohexol Angiography 3.05-3.34 31 15 <.05

Jackson RW'S Todixanol

Aspelin P et al'® 129 Tohexol Angiography 1.49-1.6 26* BE .002
Iodixanol

Jo SH et al'? 275 Toxaglate Coronary 1.3-1.38 17 7.9 .02
Iodixanol angiography

Barrett BJ et al'® 153 Iopamidol Computed 1.5-1.6 0* 2.6 o2
Iodixanol tomography

Solomon RJ et al*® 414 Iopamidol Coronary 1.44-1.46 4.4* 6.7* .39
Iodixanol angiography

CIAKI, contrast-induced acute kidney injury; IOCM, iso-osmolal contrast media; IV, intravenous; LOCM, low osmolal contrast media; SCr, serum creatinine.

*Based on an increase in SCr = 0.5 mg/dL.
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renal injury for 2 to 3 days. It should
also be noted that contrast was ad-
ministered intravenously in this
study, which has been associated
with less risk for CIAKI than intra-
arterial administration.

In 1999, Chalmers and Jackson!®
reported the results of a clinical trial
that randomized hospitalized patients
with moderately advanced Kkidney
disease (SCr > 1.7 mg/dL) who were
undergoing angiography to receive
iohexol or iodixanol. Of 48 patients
who received iohexol, 15 (31%)
demonstrated a rise in SCr greater
than 10% compared with 8 of 54
(15%) who received iodixanol (P <
.05). Five patients (10%) in the io-
hexol group manifested an increase
in SCr of more than 25% as com-
pared with 2 subjects (3.7%) in the
iodixanol group (P = NS). These find-
ings provided preliminary evidence
that iodixanol might be less nephro-
toxic in high-risk patients. The pri-
mary strength of this trial was the
enrollment of patients with moder-
ately advanced chronic kidney dis-
ease. However, the study sample was
relatively small and it remains unclear
whether a postprocedure rise in SCr of
more than 10% is a sufficiently spe-
cific definition of CIAKI, or whether it
represents a clinically meaningful
change in kidney function.

The Nephrotoxic Effects in High-
Risk Patients Undergoing Angiogra-
phy (NEPHRIC) study'® was a ran-
domized, double-blind, multicenter
study comparing iodixanol and
iohexol in 129 diabetic patients with
baseline renal impairment undergo-
ing coronary or aortofemoral angiog-
raphy.'® The primary study endpoint
was the peak increase in SCr by day 3
following the procedure. Secondary
endpoints included increases in SCr
greater than or equal to 0.5 mg/dL
and greater than or equal to 1.0
mg/dL, as well as the change in SCr
from day O to day 7. lodixanol was

found to result in a smaller peak in-
crease in SCr by day 3 than iohexol
(0.13 mg/dL vs 0.55 mg/dL; P =
.001). Only 3% of patients who re-
ceived iodixanol manifested a rise in
SCr greater than or equal to 0.5
mg/dL compared with 26% of pa-
tients who received iohexol (P =
.002), whereas none of the patients
who received iodixanol developed a
change in SCr of greater than or
equal to 1.0 mg/dL as compared with
15% of patients in the iohexol group
(P = .001). Mean peak increase in
SCr at 7 days was also lower with
iodixanol. This study, published in
2003, was the largest trial up until
that time to compare LOCM and
IOCM in high-risk patients. Enroll-
ment of patients at particularly high
risk for CIAKI, all of whom had
chronic kidney disease and diabetes
mellitus, was one of the strengths of
this study. Additionally the proto-
colized assessment of renal function
out to the seventh day postproce-
dure facilitated the comparison of
study groups on a series of biochem-
ically defined outcomes. Conversely,
the sample size estimate was based
on a continuous outcome, which
likely allowed for the enrollment of
a smaller number of patients.
Although there were substantial dif-
ferences in categorical outcomes, all
of which favored iodixanol, the
propensity for a type 1 error with
such outcomes increases with smaller
sample size. Notwithstanding these
limitations, the findings in the
NEPHRIC provided supportive data
that iodixanol was less nephrotoxic
than iohexol.

In 2006, Jo and colleagues'’ re-
ported their findings of the Renal
Toxicity Evaluation and Comparison
Between Visipaque and Hexabrix in
Patients With Renal Insufficiency Un-
dergoing Coronary Angiography (RE-
COVER) study, a clinical trial of pa-
tients with baseline kidney disease
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(baseline creatinine clearance = 60
mlL/min) undergoing coronary an-
giography with or without percuta-
neous intervention. Overall, 275 pa-
tients were randomized to receive
iodixanol or the low osmolal ionic
agent ioxaglate and had evaluable
follow up data. A definition of CIAKI
based on an increase in SCr of greater
than or equal to 25% or 0.5 mg/dL
within 2 days was the primary study
endpoint. The incidence of CIAKI
using this definition was lower
among patients who received iodix-
anol than those who received
ioxaglate (7.9% vs 17%; P = .021).
When 2 different definitions of
CIAKI, increases in SCr of greater
than or equal to 0.5 mg/dL and
greater than or equal to 1.0 mg/dL
were each analyzed, the differences
between contrast agents were not
statistically different. Subgroup
analyses of patients with advanced
baseline kidney disease (creatinine
clearance < 30 mL/min) and pa-
tients with diabetes demonstrated a
lower incidence of CIAKI with iodix-
anol. Among subgroups of older pa-
tients and those with significantly
reduced ejection fraction, there were
no differences in CIAKI. Finally,
there were no differences between
the groups in the composite safety
outcome that included need for dial-
ysis and death. Strengths of this
study included the recruitment of a
larger study population and the ex-
clusion of patients without baseline
kidney disease. However, less than
40% of patients were diabetic, ren-
dering the patient population at
lower risk than participants in the
NEPHRIC study. Moreover, the rela-
tively small number of patients
included in many of the subgroup
analyses significantly limited the
power of these comparisons.
Nonetheless, by recognizing the
higher viscosity of iodixanol than
iohexol and ioxaglate, the NEPHRIC
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and RECOVER studies and the trial
by Chalmers and Jackson' suggested
that osmolality is a more important
property than viscosity in regard to
risk for CIAKL

There have been a series of trials that
have not demonstrated differences in
risk for CIAKI between IOCM and
certain LOCM. In 2006, Barrett and
colleagues'® published the results of
the Isovue-370 and Visipaque-320 in
renally IMpaired PAtients undergo-
ing Computed Tomography (IMPACT)
study, a multicenter clinical trial of
patients with baseline kidney disease
undergoing multidetector CT with
intravenous contrast. Patients in this
study were randomized to receive
iso-osmolal iodixanol or low osmolal
iopamidol. An increase in SCr
greater than or equal to 0.5 mg/dL
was observed in 2 of 76 (2.6%)
patients who received iodixanol
compared with none of the 77 (0%)
who received iopamidol (P = .2). An
increment in SCr of greater than or
equal to 25% developed in 4.0% of
patients who received iodixanol and
3.9% of those who were administered
iopamidol (P = 1.0). These results
supported a similar risk for CIAKI
with iodixanol and iopamidol among
patients with chronic kidney disease
undergoing multidetector CT. This
was a methodologically sound trial
that achieved comparability between
the study groups in several clinical
factors that have known associations
with CIAKI. Nonetheless, the overall
size of the study population was
small, raising questions on the
study’s power to detect subtle differ-
ences between the groups. Moreover,
less than 25% of participants were
diabetic and most had less advanced
baseline kidney disease. It is there-
fore not surprising that the observed
rates of CIAKI were quite low. It is
also important to note that this
study involved intravenous contrast
administration, which may be associ-
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ated with a lower risk for CIAKI
than intra-arterial administration.
Nonetheless, one conclusion drawn
from the results was that there are
no differences in risk for CIAKI
between iodixanol and iopamidol
among patients at moderate risk for
this condition who receive intra-
venous contrast. Finally, although it
is difficult to compare results across
trials and study populations, this
study also raised the possibility of
potential differences in risk for
CIAKI among the different clinically
available LOCM.

Most recently, Solomon and
coworkers' reported the results of
the Cardiac Angiography in Renally
Impaired Patients (CARE) study.
This multicenter, double-blind, ran-
domized trial was a comparison of
iodixanol and iopamidol in patients
with chronic kidney disease under-
going coronary angiography, with
or without percutaneous interven-

trial was the enrollment of a larger
number of patients. However, 34%
of study participants had only mild
kidney disease (baseline estimated
glomerular filtration rates, 50-59
mL/min/1.73 m?), and less than
half were diabetic, raising impor-
tant questions on the true underly-
ing level of risk for CIAKI in much
of the study population. Interest-
ingly, there also appeared to be dif-
ferences in the incidence of CIAKI
based on the timing of the postpro-
cedure SCr. A higher incidence of
CIAKI was observed with iodixanol
among patients with postprocedure
SCr assessments at 45 to 71 hours,
yet among patients with postproce-
dure assessments at 71 to 96 hours,
iopamidol was associated with a
higher rate of CIAKI. However,
these analyses, as with the other
subgroup analyses in this trial and
the RECOVER study, had less power
to discern meaningful differences.

Trial data comparing high osmolal contrast media with low osmolal
contrast media in higher-risk patients appear to suggest that osmolality
may have a stronger relationship with risk for contrast-induced acute kidney

injury than viscosity.

tion. Among 210 evaluable patients
who received iodixanol, 14 (6.7%)
manifested a rise in SCr of 0.5
mg/dL or more and 26 (12.4%) had
a rise of 25% or more, compared
with 4.4% and 9.8%, respectively,
among patients who received
iopamidol (P = NS for each com-
parison). In analyses among sub-
groups defined by the presence or
absence of diabetes, no statistically
significant differences in CIAKI
were seen between the 2 study
groups. Collectively these results
supported the findings of the IM-
PACT study that iodixanol and
iopamidol were comparable in their
risk for CIAKI. The principal
strength of this randomized clinical
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These 6 studies constitute much
of the evidence base on the nephro-
toxic effects of IOMC and LOCM in
patients at increased risk for CIAKI.
Three studies suggest a lower risk for
renal injury with iodixanol than
certain LOCM agents (eg, iohexol,
ioxaglate), whereas 3 trials found no
differences between iodixanol and
either iopamidol or iopromide.
There are certain limitations to each
of these studies, which need to be
carefully considered when interpret-
ing the results and conclusions.
Collectively the findings of these
trials, when viewed in light of the
trial data comparing HOMC with
LOCM in higher-risk patients, ap-
pear to suggest that osmolality may
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have a stronger relationship with
risk for CIAKI than viscosity. How-
ever, it is also possible that some of
the benefit achieved by decreasing
osmolality from low osmolal to
iso-osmolal is offset by the higher
viscosity of IOCM. Recently com-
pleted studies, the results of which
have yet to be published, should
shed further light on the compara-
bility of LOCM and IOCM in high-
risk patients.

Pooled Analyses, Meta-Regression
Analyses, and Meta-Analyses of
LOCM and IOCM

A lack of consensus on the relative
risks for CIAKI of LOCM and IOCM
led to a series of analyses that com-
bined data from several different
clinical trials in order to identify a
summary effect of contrast type on
CIAKI. It should be noted that data
from the RECOVER, IMPACT, and
CARE studies were not included in
these analyses.

In 2005, Sharma and Kini®® re-
ported the findings of an analysis in
which trial-level results of prospec-
tive studies of contrast agents were
pooled to generate summary relative
risk estimates for CIAKI with iodix-
anol and low osmolal contrast
agents. Based on a study sample of
560 patients, the investigators found
that both iodixanol and iopamidol
were associated with a lower risk for
CIAKI than iohexol, yet identified
no difference in risk when compar-
ing iodixanol with iopamidol.
Although novel in the approach to
the question of osmolality and
CIAKI, this study had a relatively
small sample size, did not include
studies published before 2002, and
did not formally account for statisti-
cal heterogeneity among the in-
cluded studies.

In a subsequent study, Solomon?!
published the results of a meta-
regression analysis that pooled the

findings of 17 studies including di-
rect comparisons of iodixanol with
LOCM, as well as the control arms
of trials that investigated other in-
terventions for the prevention of
CIAKI. A total of 1365 patients were
included, and in logistic regression
analyses, iodixanol and iopamidol
were similar in their risk for CIAKI;
yet both were associated with a
lower risk than iohexol. This study
supported the findings of Sharma
and Kini,? yet included the control
arms of studies that investigated pre-
ventive interventions other than
contrast, rather than data from all of
the participants in these trials. The
selective inclusion of patients from
trials that addressed a different clin-
ical question could have con-
founded the results. A subsequently
published meta-regression analysis
by Solomon and DuMouchel®? that
included 3112 patients from 22
trials also reported a higher rate of
CIAKI with iohexol than iopamidol,
and a generally comparable risk of
CIAKI with iodixanol and iopami-
dol. However, the findings of these
2 later studies were based on the
use of trial rather than patient-level
data and heterogeneity among the
included studies was managed by
trial-level meta-regression tech-
niques. This is a less robust approach
to pooled analyses than utilizing
patient level data.

Finally, McCullough and cowork-
ers® conducted a meta-analysis com-
paring the renal safety of iodixanol
and LOCM, of which several agents
were considered collectively. Individ-
ual-level data from 2727 patients was
pooled from 16 clinical trials, all of
which were head-to-head compar-
isons of iodixanol and LOCM in an-
giography. Outcomes, based on both
the maximal change in SCr, and
CIAKI defined by an increase in SCr
of at least 0.5 mg/dL were reported
for the overall population, as well as
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subgroups of patients at high and
low risk for CIAKI. The investigators
assessed study heterogeneity and
used this assessment to guide their
regression analyses. Iodixanol was
associated with a smaller rise in SCr
in the overall population and among
each of the subgroups. Similarly,
iodixanol was associated with a
lower risk for CIAKI than LOCM in
the overall population, among pa-
tients with chronic kidney disease,
and among diabetics with chronic
kidney disease. However, no differ-
ences in the risk for CIAKI between
iodixanol and LOCM were found
among patients without chronic
kidney disease, whether diabetic
or nondiabetic, or among nondia-
betic patients with chronic kidney
disease. These findings suggested
that among patients at lower risk
for CIAKI, there is little difference
between agents. However, among
patients at higher risk for CIAKI,
iodixanol appears less nephrotoxic.
This study was strengthened by
the inclusion of only those studies
that were head-to-head compar-
isons of contrast agents, a large
number of patients, and the utiliza-
tion of patient rather than trial-
level data. It is, however, important
to note that only 69 of 1345 (5%) in
the LOCM group received iopami-
dol, which was the low osmolal
agent that had been reported in the
other pooled analyses to be less
nephrotoxic than iohexol. There-
fore, differences between iodixanol
and iopamidol could not be mean-
ingfully assessed in this meta-
analysis.

These 4 analyses provide further
data that there are differences be-
tween and among IOCM and
LOCM; consistently demonstrating
that iohexol is associated with a
greater risk for CIAKI among higher-
risk patients. When LOCM are con-
sidered collectively, they appear to
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pose a greater risk for CIAKI than
iodixanol in higher-risk patients,
specifically those with chronic kid-
ney disease and diabetes. However,
the results of some of these trials
and pooled analyses dispute the no-
tion that all LOCM are equivalent in
regard to renal safety, suggesting
that iopamidol is a less nephrotoxic
low osmolal agent. These conflicting
findings are reflected in recent
guidelines for the use of contrast
agents. The American College of
Cardiology/American Heart Associa-
tion guidelines recommend the use
of IOCM in patients with chronic
kidney disease undergoing angiog-
raphy, whereas the European Soci-
ety of Urogenital Radiology recom-
mends the use of either LOCM or
IOCM in patients at increased risk
of CIAKL***5 Future studies will
clearly be needed to elucidate the
differences among the different
LOCM, and between LOCM and
IOCM.

Conclusions

lodinated contrast agents have
greatly facilitated the diagnosis and
treatment of many diseases, and
their use is likely to continue to in-
crease in the future. A series of
physicochemical properties define
and differentiate currently available
contrast media, and a growing un-
derstanding of the relationships be-
tween these properties and adverse
effects have led to improvements in
the tolerability and safety of these

agents. Although it is clear that addi-
tional studies will be needed to eluci-
date which contrast agent poses the
lowest risk for CIAKI, a sound appre-
ciation for the current evidence basis
will enable providers to use these
agents in the safest and most effica-
cious manner. [ ]
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