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Abstract

The intravascular administration of iodine-based contrast media remains a common cause of acute
kidney injury and a leading cause of iatrogenic renal disease. Past research has elucidated the
principal risk factors for contrast-induced acute kidney injury (CIAKI) and helped to establish the
efficacy of various interventions for the prevention of this condition. The importance of preventing
CIAKI has been underscored by a growing number of studies demonstrating strong associations of
CIAKI with serious, adverse short and long-term outcomes. However, it remains unclear whether
these associations are causal. This is important as considerable healthcare resources are used to
prevent CIAKI. If CIAKI is a marker, but not a mediator, of serious, adverse downstream
outcomes, more judicious and selective utilization of preventive care may be appropriate.
Moreover, with an increasing number of studies reporting the under-utilization of coronary
angiography in patients with acute coronary syndrome and underlying CKD, presumably due in
part out of a fear of CIAKI, a clear understanding of whether this condition directly results in
adverse downstream outcomes is essential. Careful inspection of past studies that investigated the
association of CIAKI with adverse short and long-term events sheds light on their strengths and
weaknesses and provides insight into how future research may be better able to characterize the
short and long-term implications of this iatrogenic condition.

Introduction

Contrast-induced acute kidney injury (CIAKI) is defined as a sudden decline in kidney
function following the intravascular administration of iodinated contrast media for
diagnostic imaging.13 While the threshold level of kidney injury used to define CIAKI
varies across studies, the most commonly employed definition has been an increase in the
serum creatinine concentration (SCr) of at least 0.5 mg/dL and/or 25% within 3-4 days of
contrast exposure.*® Precise estimates of the incidence of CIAKI following angiography
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vary considerably based on patient characteristics, procedural factors, and the threshold
change in SCr utilized.# 7 A recent prospective observational analysis found that CIAKI
occurred in 8.5% of clinically stable patients with eGFR < 60 ml/min/1.73 m? undergoing
non-urgent coronary angiography and 13.2% of clinically stable patients with eGFR < 60
ml/min/1.73 m2 undergoing non-urgent, non-coronary angiography.8 As many as 33% of
very high-risk patients develop this condition following contrast-enhanced procedures.?
Pathophysiological processes thought to contribute to the development of CIAKI include
renal vasoconstriction leading to medullary ischemia, direct tubular cytotoxicity of contrast,
and the generation of reactive oxygen species which contribute to cell damage (Figure 1).
Past research has broadened our understanding of the risk factors for CIAKI and elucidated
the efficacy of preventive interventions for this condition; work that has made it possible for
providers to easily identify patients who are at high risk for CIAKI and implement
preventive care. Nonetheless, due to limitations in sample size and study design, most
clinical trials have not been able to demonstrate that interventions that reduce the incidence
of CIAKI also prevent the adverse downstream events thought to be direct sequelae of this
condition. Whether this relates to a lack of statistical power to examine hard, patient-
centered outcomes or to the absence of a causal relationship between CIAKI and adverse
downstream events is not clear. The current review briefly discusses the risk factors and
preventive interventions for CIAKI and critically examines the data linking this condition
with serious, adverse short and long-term patient-centered outcomes.

Risk Factors for CIAKI

Research over the past three decades has elucidated the principal patient- and procedure-
related risk factors for the development of CIAKI (Table 1). Underlying kidney dysfunction
is recognized as the most important risk factor, with increasing levels of renal impairment
associated with escalating levels of risk.10 The presence of diabetes mellitus substantially
amplifies the risk for CIAKI in patients with concomitant renal disease;1%-13 however,
diabetes in the setting of intact kidney function does not appear to be a significant risk
factor.12 Patients with intravascular volume depletion are also susceptible to renal injury
from iodinated contrast, as are patients with advanced heart failure.19 In both clinical states,
decreased effective circulating volume and reduced renal perfusion potentiate renal
vasoconstriction following the administration of intravascular contrast. The risk of CIAKI
also increases with larger volumes of administered contrast.14 15 It is also believed that the
risk for CIAKI is greater following intra-arterial contrast administration than with
intravenous administration. Recognition of these major risk factors has helped providers
identify which patients are most likely to develop CIAKI and has informed research efforts
to assess the efficacy of preventive interventions for this iatrogenic condition.

Preventive Interventions for CIAKI

Renal injury resulting from iodinated contrast is potentially preventable. Procedures that
utilize intravascular contrast are frequently scheduled in advance and thus provide sufficient
time to implement prophylactic care and patients at increased risk for CIAKI are easily
identifiable by the presence of known clinical risk factors. Past efforts to find effective
preventive strategies for CIAKI have focused on four principal approaches: 1) use of less
nephrotoxic contrast agents; 2) provision of pre-emptive renal replacement therapy to
remove contrast from the circulation prior to its filtration at the glomerulus; 3) expansion of
the intravascular space and enhanced diuresis with IV fluids; and 4) utilization of
pharmacologic agents to counteract the nephrotoxic effects of contrast media. These data
have recently been reviewed and are briefly summarized below.16
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Starting in the 1980s, the so called “low-osmolal” contrast agents (with an osmolality of 500
to 700 mOsm/kg) began to supplant the considerably more nephrotoxic high-osmolal agents
(osmolality of >1400 mOsm/kg), resulting in a decreased incidence of CIAKI.12: 17 Qver the
past decade, several trials have compared the renal effects of an iso-osmolal to the low-
osmolal contrast media.18-20 While these studies have yielded conflicting data, it is clear
that the incidence of CIAKI remains substantial in high-risk patients despite the use of these
less nephrotoxic agents.?1-24

Renal replacement therapies for the prevention of CIAKI have been largely ineffective, and
in some instances, prophylactic hemodialysis has been associated with harm.25-27 The
interpretation of studies of hemofiltration for the prevention of CIAKI has been confounded
by the use of change in SCr, a variable that is directly impacted by the intervention, as the
primary study endpoint.28 29 As a result, use of renal replacement therapy to prevent CIAKI
is not currently recommended.30

Trials of pharmacologic agents, including furosemide, dopamine, fenoldopam, calcium
channel blockers, and mannitol have failed to demonstrate benefit and in some cases have
documented an increased risk of CIAKI.% 31-35 Studies on the benefit of natriuretic
peptides, aminophylline, theophylline, statins, and ascorbic acid have yielded mixed results,
yet the paucity of data on these interventions and potential safety concerns with natriuretic
peptides, aminophylline, and theophylline has led experts to recommend against their
routine use.36

Based on a more complete understanding of the pathophysiology of CIAKI, recent research
has focused on the role of IV fluids and N-acetylcysteine. Over the past half-decade, clinical
trials have compared the effectiveness of IV sodium bicarbonate (bicarbonate) with 1V
sodium chloride (saline). While several trials demonstrated bicarbonate to be more effective
than saline for the prevention of CIAKI, other trials reported no difference between these
two IV fluids.37-46 Clinical trials investigating the efficacy of NAC have also been
inconsistent in their results.4’="1, Multiple meta-analyses attempting to reconcile the
conflicting studies on these interventions have themselves, been inconclusive.’2-%8
Consequently, there remains clinical quipoise regarding the superiority of bicarbonate
(compared to saline) and role of NAC for the prevention of CIAKI.

At the present time, the mainstay of preventive care for CIAKI involves the discontinuation
of nephrotoxic medications (e.g., non-steroidal anti-inflammatory agents) prior to contrast
administration, the use of LOCM or IOCM in the lowest possible dose, peri-procedural
administration of IV isotonic bicarbonate or saline, and the provision of NAC prior to and
following the contrast-enhanced procedure.

Clinical implications of CIAKI

The importance of preventing CIAKI has been supported by a large and growing body of
research demonstrating an association of CIAKI with serious, adverse short and long-term
outcomes. A careful review of past studies that reported these associations provides a clear
understanding of the data supporting a link between CIAKI and adverse downstream events,
as well as an appreciation for the weaknesses and shortcomings of these data.

Short-term implications of CIAKI

Short-term mortality associated with CIAKI—A series of retrospective studies have
demonstrated an association between CIAKI (defined by small relative and/or absolute
changes in SCr) and increased short-term mortality (Table 2).11: 99-103 | evy et al. reported
that the incidence of in-hospital death among 183 hospitalized patients who developed
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CIAKI (defined by an increase in SCr of >25% to at least 2.0 mg/dL) was 34% compared to
7% in 174 matched controls without CIAKI (unadjusted OR: 6.5, p<0.001).%° After
adjusting for underlying severity of illness, CIAKI remained a strong predictor of in-hospital
death (OR = 5.5, p<0.001). A subsequent study by McCullough et al. of 1,826 patients who
had undergone percutaneous coronary intervention found an incidence of in-hospital
mortality of 7.1% among patients who developed CIAKI (defined by an increase in SCr of
>25%) compared to 1.1% in those without this change in SCr (p< 0.0001).11 In patients who
developed CIAKI that required renal replacement therapy, in-hospital mortality was 35.7%.
Similarly, in a retrospective study by Rihal et al. that examined outcomes in 7,586 patients
who underwent coronary angiography with percutaneous intervention, patients who
developed CIAKI had a markedly higher incidence of in-hospital mortality (22% v. 1.4%,
p<0.0001).103 In multivariate analyses, CIAKI had a strong independent association with in-
hospital mortality (OR=10.8, p<0.0001). In a series of over 20,000 patients who underwent
percutaneous coronary intervention, Bartholomew found that CIAKI, defined by more
robust changes in SCr (=1.0 mg/dL), was associated with a marked increase in in-hospital
mortality (OR =22, 95% CI 16-31). From et al. performed a case-matched cohort study of
patients who underwent contrast-enhanced procedures and found that CIAKI, defined by an
increase in SCr of >25% or >0.5 mg/dL, was associated with an increase risk for 30-day
mortality after adjustment for a series of potential confounding variables (OR 3.37, 95% CI
2.58-4.41). 101 Shema et al. recently reported the findings of an analysis of over 1,100
hospitalized patients who underwent contrast-enhanced radiographic procedures. The
investigators demonstrated that CIAKI was independently associated with a nearly 10-fold
increase in in-hospital mortality (OR = 9.8, 95% ClI: 4.4-22.0). 104 Finally, in a retrospective
analysis of over 27,000 patients who underwent coronary angiography, we reported that
even a small post-procedure increase in SCr of greater than 0.25 mg/dL but no higher than
0.5 mg/dL was independently associated with increased in-hospital mortality (OR=1.83,
95% Cl:1.35-2.49).102

While consistent in demonstrating a robust relationship between small changes in SCr and
short-term mortality, these seven studies were retrospective and hence, susceptible to
ascertainment bias and to potential problems with missing data.11: 99-103 Nonetheless,
prospective observational studies and clinical trials report similar findings.3% 49105 Gruperg
and colleagues conducted a prospective observational study of 439 patients with CKD
undergoing percutaneous coronary intervention and found that in-hospital mortality was
considerably more common among patients who developed CIAKI (14.9% v. 4.9%,
p=0.001).195 In a clinical trial, Marenzi et al. also found that patients who developed CIAKI
had a significantly increased incidence of in-hospital mortality compared to patients without
this decline in renal function (26% v. 1.4%, p<0.001).4° Finally, in a clinical trial of patients
undergoing coronary angiography, Maioli et al. demonstrated that in-hospital mortality
among patients who developed CIAKI was markedly higher than among patients who did
not develop this post-procedure complication (11.1% v. 0.2%, p=0.001).3° Thus, data from
observational studies and clinical trials are consistent with the findings of retrospective
analyses demonstrating an association of small post-angiography decrements in renal
function with short-term mortality.

Prolonged hospitalization with CIAKI—A series of observational studies and clinical
trials also document an association of CIAKI with a prolongation in

hospitalization.46: 100, 102, 106-108 | oyr group's recent analysis of over 27,000 patients who
underwent coronary angiography, a rise in SCr of 0.25 — 0.5 mg/dL was associated with a
prolongation in hospital length of stay after adjusting for underlying severity of illness.102
Progressively larger increases in SCr were associated with even longer lengths of stay.
Bartholomew and colleagues found that patients who developed CIAKI after PCI were 15-
times more likely to have their hospitalization prolonged more than four days.1% In the
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study by Shema et al., patients who developed CIAKI had a marked increase in hospital
length of stay compared to patients without this renal complication (24 v. 13 days, p<0.001).
Adolph and colleagues found that patients with a post-angiography increase in SCr of >25%
or >0.5 mg/dL remained in the hospital a mean of two days longer than patients without
such an increase in SCr in a clinical trial comparing IV fluids for the prevention of CIAKI.46
While the difference in the length of stay between patients who did and did not develop
CIAKI in these study varies due to differences in patient populations, these studies are
consistent in demonstrating that the development of CIAKI is associated with a prolongation
in hospitalization.

Increased hospital-related costs with CIAKI—The extended length of hospital stay
associated with the development of CIAKI is associated with increased healthcare
expenditures.107: 108 An analysis of 598 diabetics with CKD undergoing coronary
angiography found that CIAKI, defined by a rise in SCr of >50%, was independently
associated with a 2-fold increase in hospital costs.197. 108 A study by Subramanian et al. that
used a decision analytic model reported that CIAKI resulted in an average increase in
hospital-related costs of more than $10,000 per episode.196 Based on estimates of the
number of angiograms performed across the United States, there may be 110,000 cases of
angiography-related CIAKI yearly nationwide, with a cumulative cost of greater than $1.1
billion.106. 109 Thjs estimate would increase considerably if the costs of CIAKI following
other imaging procedures such as computed tomography scans are considered.

Long-term implications of CIAKI

Long-term mortality associated with CIAKI—In addition to short-term complications,
CIAKI defined by small increases in SCr has also been linked with long-term mortality
(Table 3). 103, 110-114 561omon et al. demonstrated that CIAKI following angiography
(defined by an increase in SCr of >0.3 mg/dL) was associated with a greater than 3-fold
increased risk of major adverse outcomes (death, stroke, myocardial infarction, end-stage
renal disease requiring renal replacement therapy) at 1-year of follow up.113 In an analysis
by Harjai et al. of 985 patients who underwent PCI, CIAKI was independently associated
with increased mortality at 24 months of follow-up (HR = 2.6; 95% CI: 1.5-4.4).111 Brown
et al. examined long-term survival among 7,856 patients who underwent percutaneous
coronary intervention.114 Patients with either transient or persistent deterioration in renal
function following angiography had a 2—3 fold increase in long-term mortality. Goldenberg
and colleagues reported that among 78 patients who underwent coronary angiography, the
development of CIAKI that fully recovered within 7 days of the procedure was associated
with a significant increase in 5-year mortality (HR=2.66, 95% Cl 1.72-4.46).110 The
previously described study by Rihal et al. also demonstrated that the 5-year mortality rate
among patients who underwent coronary angiography and survived to hospital discharge
was significantly higher in those who had experienced CIAKI (44.6% v. 14.5%).103
Similarly, a prospective cohort study by Roghi et al. of 2,860 patients who underwent
percutaneous coronary intervention demonstrated a borderline independent association of
CIAKI with increased 2-year mortality (HR 1.83; 95% CI 0.98-3.44). 112 Finally, James and
colleagues found a hazard ratio for death of 2.0 (95% CI: 1.69-2.36) over the ensuing 3
years in patients sustaining a 50% to 100% increase in SCr and a hazard of death of 3.72
(95% CI: 2.92-4.76) in patients sustaining an acute increase in SCr of >100% following
coronary angiography.115 Thus, collectively these studies indicate that small decrements in
renal function following contrast-enhanced procedures, even if transient, are associated with
increased long-term mortality.

Progression of CKD following CIAKI—Past studies have also documented an
association of CIAKI with more rapid progression of underlying CKD,39: 110. 115,116
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Goldenberg and colleagues examined downstream outcomes among 78 patients with CKD
and found that patients who manifested a transient post-procedure rise in SCr of >25% or
>0.5 mg/dL following coronary angiography experienced a larger decrement in eGFR two
years following the procedure as compared to patients without these small post-angiography
increases in SCr (AeGFR = — 20 = 11 ml/min.1.73 m2 v. — 6 = 16 ml/min/1.73 m?2,
p=0.02).110 |n a study by Maioli et al., patients who developed CIAKI had a 0.2 mg/dL
higher mean SCr at one month post-angiography compared to patients who had not
developed CIAKI (p=0.001).2° Finally, James et al. recently reported that patients who
developed an increase in SCr of >0.3 mg/dL or 50-99% within 7 days following coronary
angiography experienced a greater rate of loss of kidney function on long-term follow-up
compared to patients who had not experienced this change in SCr following angiography
(loss of eGFR 0.8 ml/min/1.73m2/yr v. 0.2 ml/min/1.73m?/yr) (Figure 2).116 For patients
who experienced an even larger post-angiography increase in SCr (=100%), the long-term
rate of loss of eGFR was even more pronounced (2.8 ml/min/1.73m?2/yr).116 Additional
analyses from the same group have also demonstrated an increased risk for development of
end-stage renal disease (ESRD) during three years of follow-up in patients who sustain
CIAKI following coronary angiography, with greatest risk in patients with more severe
kidney injury (hazard ratio of 4.15 [95% CI: 2.32—7.42] in patients with a 50% to 100%
increase in SCr and 11.74 [95% Cl: 6.38-21.59] in patients with a >100% increase in
scr).115

Increased long-term costs with CIAKI—As part of the aforementioned economic
analysis by Subramanian and colleagues, the long-term costs associated with an episode of
CIAKI were examined. Considering incremental expenditures related to hospital
prolongation, the need for dialysis, and downstream complications, the investigators
estimated that CIAKI was associated with an increase in 1-year costs of more than
$11,800.106

Interpretation of the data linking CIAKI with adverse clinical outcomes

Collectively, these studies demonstrate robust associations of CIAKI with clinically
significant short and long-term adverse outcomes and health resource utilization. However,
whether these data demonstrating that CIAKI is associated with serious adverse short and
long-term outcomes justify the avoidance of indicated contrast-enhanced procedures in
patients with CKD is an essential question. Although the strength of the association between
CIAKI and the adverse outcomes is strong, it must be recognized that association does not
imply causality. The majority of patients who undergo angiography have significant
underlying comorbid illnesses including CKD, vascular disease, heart failure, and diabetes.
These conditions increase the risk for CIAKI. However, it is clear that not all episodes of
CIAKI lead to adverse outcomes (Figure 3). Moreover, while serious, downstream events
following angiography may occur as a direct consequence of CIAKI, they may also develop
independent of this intermediate event, as many of the clinical conditions that predispose
patients to the development of CIAKI (e.g., CKD, diabetes mellitus, heart failure) are also
independently associated with mortality and other adverse outcomes (Figure 3). Due to their
inherent limitations and biases, observational studies are not able to determine whether
CIAKI is a mediator of serious downstream events or simply serves as a marker of patients
at particularly high-risk for these outcomes. Demonstration of a causal relationship will
require prospective studies that show that interventions that prevent CIAKI also decrease the
longer term consequences. Unfortunately, none of the trials conducted to date has had
sufficient statistical power to address this question.

Considering the limitations of the studies to date, concern for the clinical consequences of
CIAKI seem perfectly justified, but should not preclude the routine performance of
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CIAKI and

clinically indicated and potentially life-saving procedures. Nonetheless, it appears from a
growing number of studies that provider concern about the clinical implications of CIAKI
may contribute to sub-optimal clinical care. Chertow and colleagues conducted an analysis
of more than 55,000 patients to assess whether patients with CKD presenting with acute Ml
underwent coronary angiography at a rate comparable to patients with intact kidney
function.117 While the provision of coronary angiography was associated with a significant
reduction in mortality (OR = 0.62, 95% CI: 0.54-0.70), those with CKD deemed to be
appropriate candidates for this procedure were less than half as likely to undergo
angiography compared to patients without CKD (OR=0.47, 95% CI: 0.40-0.52). Although
the authors did not systematically examine the reasons for under-utilization of angiography
in individuals with CKD, they posited that concern for the development of CIAKI may
explain this finding. Subsequent studies have also documented under-utilization of coronary
angiography in patients with CKD. Han et al. examined processes of care delivered to over
45,000 patients presenting with non-ST segment elevation acute coronary syndromes and
reported that after adjustment for potential confounders, patients with moderate to severe
CKD were considerably less likely to undergo percutaneous coronary intervention that
patients without CKD (OR 0.67, 95% CI 0.62-0.71).118 These authors also speculated that
concern for CIAKI may underlie this observation. In another analysis of over 13,000
patients with non-ST segment elevation acute coronary syndrome, Goldenberg et al.
reported that patients with CKD who underwent coronary angiography experienced a 36%
lower risk of inhospital mortality as compared to patients with CKD who did not undergo
this procedure.11® However, compared to patients without CKD, patients with CKD were
considerably less likely to undergo coronary angiography (49.9% v. 67.8%, p<0.001). Thus,
three observational studies demonstrate less frequent performance of coronary angiography
in patients with acute coronary syndrome who have underlying CKD. Provider concern for
adverse outcomes related to the development of CIAKI may, at least in part, motivate
decisions on the performance of angiography in patients with CIAKI.

It is also important to note that nearly all past clinical trials investigating the efficacy of
interventions for the prevention of CIAKI have used small perturbations in SCr as the
primary study endpoint. Use of such a surrogate biochemical endpoint is based upon past
studies that demonstrated an association of CIAKI with serious, adverse short and long-term
outcomes. However, recognizing that these epidemiological studies were unable to
determine the causal nature of these associations, the practice of using small changes in SCr
as a surrogate endpoint in clinical trials is potentially problematic. Use of small changes in
SCr rather than hard, patient-centered events as the primary endpoint in past clinical trials
has justified the enrollment of smaller numbers of study participants because CIAKI occurs
with considerable greater frequency than serious, adverse downstream outcomes. However,
this has rendered nearly all past trials underpowered to determine the impact of preventive
interventions on the hard outcomes that are of greatest importance to patients. Therefore,
future trials on the prevention of CIAKI should be designed and powered to investigate the
impact of clinical interventions on serious, adverse events. Trials that establish an
intervention to be effective for the prevention of hard, patient-centered outcomes will
subsequently be able to determine whether the benefit of the intervention is mediated
through a decrease in the development of CIAKI.

renal angiography

The preponderance of data on the incidence, prevention and outcomes of CIAKI emanates
from studies of patients undergoing coronary angiography with or without percutaneous
intervention. Considerably less is known about the precise incidence of CIAKI following
renal angiography. Based on the mechanisms of renal injury from iodinated contrast media,
which includes vasoconstriction in the renal medulla, it seems highly plausible that the risk
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of renal injury would be greater with the direct injection of contrast into the renal arteries.
However, direct comparisons of the incidence of CIAKI following renal angiography
compared to coronary angiography are lacking. Data on the incidence of AKI following
renal angioplasty are provided by the ASTRAL trial, a randomized trial comparing
revascularization and medical therapy for the treatment of renal artery stenosis in patients
with chronic kidney disease.120 In this trial, AKI occurred in 25 of 383 (7%) patients who
underwent renal angioplasty. While this appears to be a lower incidence of CIAKI than
many past studies involving coronary angiography, the assessment and definition of AKI
were not specified and the volume of contrast administered was not described. A small study
by Lufft el al. compared the incidence of CIAKI, defined by an increase in SCr of >25% or
0.5 mg/dL, between patients undergoing renal angiography without angioplasty and with
angioplasty.121 CIAKI occurred in 25% of patients who underwent renal angiography with
angioplasty and in 6.9% of patients who underwent renal angiography without angioplasty.
Notwithstanding the results of these and other small studies, future research on the incidence
and implications of CIAKI following renal angiography with or without intervention is
needed.

Conclusions

The small decrements in renal function that define CIAKI occur commonly following
angiography and other contrast-enhanced imaging procedures. While a series of
retrospective analyses, prospective observational studies, and clinical trials demonstrate that
CIAKI is associated with serious adverse short and long-term events, evidence that CIAKI is
a mediator rather than a marker of patients at particularly high risk for adverse outcomes is
lacking. The importance of elucidating the nature of this relationship is underscored by the
growing number of studies demonstrating the underperformance of angiography in patients
with CKD who seemingly have clear indications for these procedures. Future research on
CIAKI should focus not merely on the prevention of small increases in SCr, but on the
efficacy of interventions for the prevention of hard outcomes that matter most to patients.
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Figure 1.
Pathophysiology of contrast-induced acute kidney injury
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Potential pathways to adverse patient-centered outcomes following contrast-enhanced
imaging procedures
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Table 1
Principal risk factors for CIAKI

. Underlying renal insufficiency

Diabetes mellitus”™

. Intravascular volume depletion

. Congestive heart failure

. Volume of contrast used

. Hyper-osmolal contrast media

. Intra-arterial contrast administration

. Nonsertoidal Anti-Inflammatory Agents

. Liver disease

*
amplifies risk in the setting of renal insufficiency
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Table 2

Association of CIAKI with short-term mortality

Study authors Number of patients Definition of CIAKI Adjusted OR®  95% CI
Bartholomew et al.100 20,479 1 SCr > 1.0 mg/dL 22 16-31

From et al.10% 3,236 1 SCr > 25% or > 0.5 mg/dL 3.4 2.6-4.4
Levy etal.?® 357 1 SCr > 25% to > 2.0 mg/dL 55 2.9-132
McCullough et al.t* 1,826 1 SCr > 25% 6.6 3.3-12.9
Rihal et al.103 7,586 1 SCr > 0.5 mg/dL 10.8 6.9-17.0
Shema et al. 104 1,111 1 SCr > 0.5 mg/dL 9.8 4.4-22.0
Weisbord et al.102 27,608 1 SCr 0.25-0.5 mg/dL 1.8 1.4-25

aOR denotes odds ratio for death
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