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Introduction

Contrast medium (CM) administration is widely cited as
a leading cause of hospital-acquired acute kidney injury
(AKI) [1]. Concern over precipitation of AKI by CM is
pervasive, and has influenced clinical decision-making
related to diagnostic imaging and therapeutic interven-
tions for more than half a century. So-called contrast-
induced AKI (CI-AKI) is defined as an acute impairment
in renal function occurring within 3 days of CM admin-
istration that is not attributable to any other etiology [1,
2]. Yet, nearly all studies establishing CI-AKI as a clinical
entity were performed in the absence of control popula-
tions not exposed to CM. These studies assumed causal-
ity from association, and considered all cases of AKI in
CM-exposed patients as CI-AKI, even when alternative
explanations were obvious (Fig. 1) [3-5]. A growing body
of evidence, derived from studies that include adequate
control populations and discussed in more detail below,
now suggests that risk for AKI attributable to CM admin-
istration is modest at most. Yet, outsized fear of CI-AKI
persists.

Clinical importance

The distinction between a causal and associative rela-
tionship between CM and AKI is not purely academic.
The prevailing belief that CM plays a central role in AKI
has had major impacts over several decades, including
promotion of potentially suboptimal clinical care at the
patient level and subversion of a research agenda at the
scientific level. Withholding CM on the basis of overes-
timated risk deprives individual patients of diagnostic
studies and therapeutic interventions, many of which
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convey substantial proven benefit [6, 7]. There are scenar-
ios in which CM administration is unavoidable, however,
and the perceived risk of CM administration associated
with such scenarios has driven intense interest in preven-
tive measures for CI-AKI. Indeed, an entire field of inves-
tigation aimed at their identification and evaluation has
been established. An enormous amount of funding has
been allocated to this line of research and a very large
number of patients have been exposed to experimental
interventions including N-acetylcysteine, sodium bicar-
bonate, fluid loading, statins, vitamin C, vasoactive medi-
cations, theophylline, preconditioning ischemia, and
renal replacement therapy—none of which are devoid of
side effects [8]. The preponderance of negative trials test-
ing similar preventive strategies for CI-AKI is in itself a
strong argument against a causative relationship between
CM and AKI, and even raises potential ethical concerns
for enrollment of patients in such studies. Interestingly,
all three authors of this editorial, as initial believers in
CI-AKI, planned or initiated interventional trials aimed
at its prevention in their respective fields of emergency
medicine, critical care, and cardiology. In doing so, each
abandoned their efforts after independently concluding,
in the light of the available literature, that the role of CM
in AKI has been vastly overestimated.

Intravenous contrast media and acute kidney
injury in the general population

Studies performed in unselected populations with con-
trols do not support a meaningful role for intravenous
CM in causing AKI. Meta-analysis of 13 studies in
which incidence of AKI was directly compared between
patients who were and were not exposed to CM failed to
demonstrate any increased risk of AKI, dialysis, or death
associated with CM [9]. This is supported by a recent
nationwide analysis of administrative data for almost
6 million patients in the USA, where rates of AKI were
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Fig. 1 Diagram showing the importance of negative controls in
evaluating the causal relationship between contrast media (CM)
exposure and acute kidney injury (AKI). Regardless of the decision to
use CM, acute illness (acute myocardial infraction, sepsis, trauma, etc.)
produces a set of alternative conditions that can independently initi-
ate the process of AKI prior to, during, and after the administration of
CM. Note that the potential bias introduced by other causes of AKI
increases with increasing severity of the acute illness. The essential
purpose of the negative control group is to reproduce a condition
that does not include the hypothesized causal mechanism but is very
likely to involve the same sources of bias that are often present in the
original association. If contaminants (source of bias) were responsible
for the effect of the CM, they should exert their effect even when CM
is not present. A control group allows us to estimate the true effect of
CM exposure given the background of multiple confounders. In con-
trolled studies, the outcome (AKI) is encountered without exposure
to CM, demonstrating the existence of a confounding bias. AMI acute
myocardial infarction, PE pulmonary embolism, PCl percutaneous
coronary intervention, CT computed tomography, AKI acute kidney
injury, CM contrast media, CKD chronic kidney disease

nearly identical in patients who did and did not receive
CM [10]. Direct comparison of populations, as per-
formed in these studies, is confounded by selection bias
associated with the decision to administer or withhold
CM. Several subsequent studies have utilized propensity
matching analysis to minimize this bias. None of these
studies identified an independent association between
intravenous CM administration and risk for AKI, dialysis,
or death in the general population [11-13]. While one
group did report increased risk of AKI associated with
CM administration in the less than 5% of patients with
an estimated glomerular filtration rate below 30 mL/
min/1.73 m?, two others did not [11-13].

Contrast media and acute kidney injury in the
critically ill

Critically ill patients have long been considered a popula-
tion at particularly elevated risk of CI-AKI [14]. A recent
systematic review revealed that this belief has been driven
by a large body of uncontrolled data [15]. Meta-analysis
of three propensity-matched controlled studies showed a

lack of significant difference in AKI incidence among 560
critically ill patients who were exposed or unexposed to
CM [15]. Those data were reinforced by a large monocen-
tric database analysis showing a lack of significant asso-
ciation between CM and AKI, renal replacement therapy,
and mortality among 6877 propensity-matched intensive
care unit patients [16]. These findings have important
clinical implications, as the utility of CM for diagnosis
and treatment of immediately life-threatening conditions
may be even greater among critically ill patients than in
the general population.

Contrast media and acute kidney injury in patients
undergoing percutaneous intervention

The reported incidence of CI-AKI following percutane-
ous intervention (PCI) ranges from 1-2% in patients
undergoing elective PCI to 10-20% in patients undergo-
ing PCI for ST-elevation myocardial infarction (STEMI)
[1, 3, 4, 7]. While attributed to CM exposure, the marked
increase in AKI rates in these patients more likely
results from associated conditions including hypoten-
sion, hemodynamic instability/cardiogenic shock, acute
heart failure, hemorrhage, and initiation of medications
that alter renal hemodynamics (Fig. 1). Indeed, multiple
retrospective controlled studies in patients undergoing
PCI were unable to show a meaningful adverse effect of
CM exposure [6, 7, 10]. Further, a study performed in
a large inpatient sample that controlled for comorbid-
ity and acuity of illness found that patients with acute
coronary syndromes (n = 1,251,812) who received CM
experienced an unexpectedly lower rate of AKI as com-
pared to patients who were not exposed to contrast (6.4%
versus 17.4%) [10]. Finally, a propensity-matched cohort
study of patients with non-STEMI reported one addi-
tional episode of AKI for every 62 participants treated
with an early invasive approach instead of a conserva-
tive approach, with similar risks of dialysis or long-term
risk of end-stage renal disease, but better long-term sur-
vival with the invasive approach [6] and in a propensity-
matched cohort study of patients with STEMI, the risk of
AKI was similar with and without CM exposure [7].

Conclusion

Mythology and science share a common purpose: to
provide meaning to and understanding of phenomena
that are readily observed but not easily explained. The
two disciplines diverge dramatically in process, how-
ever, with the prior relying on imagination and conjec-
ture and the latter on a rigorous method that includes
observation followed by hypothesis formulation, testing
through structured experimentation, and finally rejec-
tion or acceptance. In keeping with this, and the data
discussed above, we support the clause under debate:
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contrast-induced acute kidney injury is a myth. The con-
cept of CI-AKI arose from observation and assumed cau-
sality, and despite a lack of rigorous hypothesis testing,
has driven clinical practice for more than five decades.
While a randomized controlled trial has not been con-
ducted, there is now substantial evidence suggesting that
CM contributes minimally, if at all, to the development of
AKI [6,7,9, 11, 13, 15-17]. Despite the existence of such
evidence, a pervasive preoccupation with what should
be referred to as contrast-associated AKI (CA-AKI) per-
sists in clinical practice, medical texts, and even among
clinical researchers. There are many well-established risk
factors for AKI (Fig. 1), many of which have clear causal
relationships with AKI and are readily modifiable, yet are
often ignored as episodes of AKI are attributed to CM.
Disproportionate focus on CM also results in misap-
propriation of critical human and monetary capital that
could be more effectively harnessed to reduce AKI-asso-
ciated harms.
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