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has the incidence and severity 
of contrast-induced nephropathy 
been overestimated?
Concern about contrast-induced nephropathy (CIN) is omnipresent in modern 
clinical practice and can inhibit the timely administration of appropriate ther-
apies to patients.  However recent evidence suggests that the true incidence 
of CIN may be much lower than previously realized. This article describes a 
meta-analysis of published studies and the results of a large retrospective 
controlled study involving no fewer than 50 000 patients. 

The results suggest that previous uncontrolled studies have overestimated 
the incidence and severity of CIN. The need for further properly controlled 
studies and for the development of more specific biomarkers of renal injury 
is highlighted.

The association between iodinated contrast 
material exposure and nephrotoxicity was first 
reported nearly 60 years ago [1]. Currently, the 
phenomenon of contrast-induced nephropathy 

(CIN) is considered to be one of the most common causes 
of acute kidney injury (AKI) [2, 3]. Animal models of CIN 
suggest several potential mechanisms of nephrotoxicity, 
including vasoconstriction, the formation of reactive oxy-
gen species, and direct tubular toxicity, which ultimately 
decrease renal perfusion [4]. However, the physiologic 
relevance of these models is debatable, as multiple renal 
insults are required to express the desired phenotype 
and such injury far exceeds the extent of renal impair-
ment typically seen in human patients with chronic renal 
disease. 

CIN has traditionally been defined as an elevation in 
serum creatinine (SCr) following exposure to contrast 

material, yet a standardized minimal threshold in SCr 
elevation has not been established. Studies of CIN have 
employed SCr cutoffs ranging from absolute increases 
such as 0.3 or 0.5 mg/dL and/or relative increases such 
as 25 or 50% in SCr within the 24-72 hours following 
contrast material exposure [5]. Among relatively healthy 
individuals, the incidence of CIN has been reported to be 
low (1-5%) and is typically self-limited with no adverse 
outcomes or long-term clinical sequelae [6]. Conversely, 
among patients with comorbidities reported to render 
them susceptible to nephrotoxicity such as chronic kidney 
disease, diabetes mellitus, and congestive heart failure, the 
incidence of CIN has been reported to be 20% or higher 
[7]. In these patients, CIN is reportedly associated with an 
up to a ten-fold increased risk of permanent renal impair-
ment manifesting as the need for dialysis and up to an 
eight-fold increased risk of death as compared to patients 
who did not develop CIN [8-10].

In response to concerns of nephrotoxicity, the American 
College of Radiology (ACR) and the European Society of 
Urogenital Radiology (ESUR) published guidelines that rec-
ommend judicious use of contrast material among patients 
with compromised renal function and use of reno-protec-
tive agents including IV fluids, bicarbonate, and N-acetyl-
cysteine [11, 12]. For patients with severe renal dysfunction, 
the guidelines recommend withholding IV contrast mate-
rial, often at the expense of diagnostic accuracy. 

CONTROVERSIES REGARDING CONTRAST-INDUCED 
NEPHROPATHy
Although the causal association between IV contrast mate-
rial exposure and nephrotoxicity appears to be axiomatic, 
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recent critiques as well as new data have 
surfaced that question the incidence, 
severity, and in some cases, the existence 
of CIN [13]. The most notable criticism is 
that the vast majority of CIN studies have 
not included control groups of patients 

that did not receive contrast material. 
Uncontrolled studies routinely attributed 
all elevations in SCr to contrast material 
infusion despite a myriad of other possi-
ble causes. Therefore these studies cannot 
accurately identify contrast-dependent 

from contrast-independent causes of ele-
vated SCr. Our recent systematic review of 
the CIN literature identified only 13 stud-
ies that specifically examined IV contrast 
material administration in the presence of 
appropriate control groups [14].

Two primary causes of contrast-
independent elevations in SCr are most 
likely to obscure a diagnosis of CIN.

First, it has been demonstrated that 
hospitalization itself, likely secondary to 
the acute clinical status of the patient, 
dehydration, and/or poor renal perfu-
sion can cause contrast-independent 
AKI. A 2008 study by Newhouse et al. 
demonstrated that hospitalized patients 
not given contrast material experienced 
SCr elevations at a rate similar to the 
reported incidence of CIN, leading to 
the suggestion that CIN is indistinguish-
able from contrast-independent “hospi-
tal-induced nephropathy” [15].  

Second, temporal variation in SCr, 
secondary to physiologic variation, 
could be misattributed as CIN depend-
ing on the timing of blood samples taken 
for SCr measurements. Further, intra-
individual SCr variability is increased 
in patients with comorbidities associ-
ated with compromised renal function, 
putting them at even higher risk of SCr 
variability being misattributed to con-
trast exposure [16]. 

Another major criticism of current 
guidelines regarding administration of 

FigUre 1. Meta-analysis of thirteen retrospective controlled studies (no randomized controlled studies). It can 
be seen that there is an overall lower incidence of SCr-defined AKI, dialysis, and death in patients who received 
contrast material as compared to control patients [14]. However, since in these studies the decision whether to 
give contrast is made on an individual patient basis, it is possible that there is a selection bias in which patients 
with poorer renal function or with co-morbities are less likely to receive contrast material. To investigate this further, 
a much larger retrospective study of over 50 000 patients was undertaken.

TaBle 1. A large, retrospective study of over 150,000 contrast-enhanced and unenhanced CT scans was performed on over 50,000 patients at the Mayo Clinic [19]. 
Patients were classified by baseline renal function into presumed CIN risk groups (low (SCr < 1.5 mg/dL), medium (SCr 1.5 – 2.0 mg/ dL), and high (SCr > 2.0 mg/dL)) 
based upon institutional clinical practice patterns. In order to mitigate selection bias, the entire unmatched study population was subjected to in silico randomization by 
matching each contrast-enhanced CT scan recipient to a clinically similar patient who underwent an unenhanced CT scan (1:1 matching rows). Each patient was matched 
on their respective propensity score, in this case the probability of receiving IV contrast. Such an approach mimics the randomization of a randomized controlled trial.
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IV contrast material is that much of the purported risks of 
exposure are derived from more invasive intra-arterial con-
trast material studies of cardiac catheterization [13]. Intrin-
sically, these studies do not allow for control groups, as all 
patients are administered contrast. Several studies suggest that 
much of the “CIN” observed during intra-arterial catheteriza-
tion is attributable to renal ischemia secondary to atheroem-
boli that are dislodged during catheterization of the aorta [17]. 
Additionally, there is compelling evidence that intra-arterial 
and IV routes of administration do not impose the same level 
of nephrotoxic risk. Recipients of intra-arterial contrast typi-
cally receive larger contrast boluses [18] and are often more 
hemodynamically unstable with poor renal perfusion com-
pared to recipients of IV contrast [12, 13]. 

Randomized controlled trials would provide the ideal 
means of assessing the safety of IV contrast material. How-
ever, such a study is limited by ethical concerns regarding the 
administration of potentially nephrotoxic agents and with-
holding contrast from exams where it is required for diagnos-
tic accuracy. In the absence of such a prospective trial, well-
designed controlled retrospective studies can be performed 
that compare IV contrast recipients to similar patients who 
did not receive contrast material.

RESULTS OF CONTROLLED CONTRAST-INDUCED 
NEPHROPATHy STUDIES 
Our research group recently performed a systematic review of 
CIN studies directly focused upon IV contrast administration 
and identified thirteen retrospective controlled studies [14]. No 
randomized controlled studies were identified. Meta-analysis 
of these studies demonstrated an overall lower incidence of 

SCr-defined AKI, dialysis, and death in patients who received 
contrast material as compared to control patients [Figure 1]. 
Such results question the reported incidence and severity of 
CIN and the utility of SCr as a biomarker to accurately identify 
cases of contrast-mediated nephrotoxicity. However, in these 
controlled studies, the decision whether to give contrast was 
made on an individual patient basis by the provider and/or radi-
ologist. It is possible that this may have introduced a selection 
bias in that patients with poorer renal function or with comor-
bidities that predispose to AKI were likely less likely to receive 
contrast material, potentially artificially inflating the incidence 
of AKI in control groups.

In an effort to more accurately estimate the incidence and 
risk of CIN, more rigorous controlled studies were necessary 
to compare contrast recipients to control patients with similar 
clinical characteristics. Accordingly, we performed a large, 
retrospective study of over 150,000 contrast-enhanced and 
unenhanced CT scans performed on over 50,000 patients at 
the Mayo Clinic [19]. We classified patients by baseline renal 
function into presumed CIN risk groups (low (SCr < 1.5 mg/
dL), medium (SCr 1.5 – 2.0 mg/dL), and high (SCr > 2.0 mg/
dL)) based upon clinical practice patterns at our institution. 
In order to minimize selection bias, we performed propensity 
score adjustment to match contrast recipients with control 
patients on clinical variables that influence the decision on 
whether to administer contrast, including patient age, gender, 
and race, and whether the patient had pre-existing comor-
bidities including chronic or acute renal failure, diabetes, or 
congestive heart failure. Additionally, we performed a paired 
counterfactual experiment among patients that received both 
a contrast-enhanced and unenhanced CT scan during the 
study timeframe, allowing each patient to serve as their own 
control. Such an experiment examines the causal relationship 
between contrast exposure and development of AKI by adjust-
ing for changes in clinical characteristics over time within the 
same patient. With both statistical approaches, we observed 
that the incidence of post-scan AKI was similar between the 
contrast and non-contrast groups, even in patients with a 
baseline SCr of at least 2.0 mg/dL [Table 1, Figure 2]. These 
findings question the causal relationship between contrast 
exposure and subsequent development of AKI and suggest the 
overall higher incidence of AKI observed in control patients 
versus contrast recipients in prior controlled studies were 
attributable to selection bias. 

REMAINING QUESTIONS
Our studies suggest that prior uncontrolled studies have 
overestimated the incidence and severity of CIN. Taken 
further, the results even bring up the possibility that CIN 
following IV contrast administration is not a clinically sig-
nificant concern in modern medical practice. If either of 
these hypotheses is correct, contrast use could be judiciously 
liberalized to optimize health care delivery by minimizing 

FigUre 2. Within the large retrospective trial  an additional paired counterfactual 
experiment was carried out among patients that received both a contrast-enhanced 
and unenhanced CT scan during the study timeframe, thus allowing each patient to 
serve as their own control. Such an experiment examines the causal relationship 
between contrast exposure and development of AKI by adjusting for changes in 
clinical characteristics over time within the same patient.

 “..... the results question the reported incidence 
and severity of CIN and the utility of SCr 
as a biomarker to accurately identify cases 

of contrast-mediated nephrotoxicity.....”

“...the results bring up the possibility that 
CIN following IV contrast administration 

is not a clinically significant concern 
in modern medical practice...”
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the number of redundant exams and 
increasing diagnostic accuracy. How-
ever, additional studies are necessary to 
determine which of these hypotheses are 
correct. Although we could not identify 
a patient subgroup at increased risk of 
CIN, other specific patient groups not 
examined in our studies may demon-
strate an increased risk of CIN in future 
controlled studies. 

Although we recognize that SCr is 
and will remain the cornerstone of the 
clinical evaluation of renal function, our 
findings demonstrate the limitations of 
SCr as a biomarker to study renal injury 
since elevations in SCr are not specific 
for CIN. Newer renal biomarkers of cys-
tatin C and NGAL (Neutrophil gelati-
nase-associated lipocalin) may provide 
an earlier and more accurate marker to 
detect true renal injury [20, 21]. In addi-
tion to these biomarkers, advances in CT 
imaging vis-à-vis the use of dual-energy 
CT to quantify persistent nephrograms 
may provide an additional means to 
detect true, contrast-mediated renal 
injury [22].

 Additional controlled studies are also 
necessary to examine whether admin-
istration of contrast material increases 
the risk of more severe outcomes includ-
ing dialysis and mortality. While previ-
ous noncontrolled studies have associ-
ated contrast administration with these 
adverse outcomes, the controlled studies 
we identified in our systematic review 
did not demonstrate an increased risk 
of death or dialysis following contrast 
administration. It is therefore uncer-
tain whether contrast administration 
itself increases the risk of these out-
omes, or whether the development of 
AKI, — regardless of whether the AKI 
was attributable to contrast material 
or other causes — increases the risk of 
these outcomes.

CONCLUSION 
Concern for contrast-induced nephrop-
athy permeates all aspects of modern 
clinical practice and often delays or pre-
vents delivery of the most appropriate 
or expeditious health care to patients. 
Recent evidence suggests that the true 
incidence and risk of CIN is far lower 
than what is suggested by current clini-
cal guidelines and consensus statements. 
The recent data undersc ores the criti-
cal need to perform additional properly 
controlled studies, and develop more 

specific biomarkers of renal injury. Only 
then can we better understand the true 
clinical significance of CIN, ultimately 
optimizing use of contrast in patients 
and improving imaging and clinical care.
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Anatomy in Diagnostic Imaging, 3rd Edition
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Book review

This book is a basic atlas of anatomy applied to 
diagnostic imaging. It covers the entire human body 
employing all the imaging modalities used in clinical 
practice; x-ray, CT, MR, ultrasound and scintigraphy. 
It includes over 800 carefully selected images, which 
are very east to read due to their high quality and 
the comprehensive anatomical interpretation that is 
that is drawn and labelled directly on a contact print 
alongside every image. 

The third edition contains extended coverage of 
MR scanning given the great strides that have been 
made in this area recently. It will also cover PET scan-
ning for the first time in recognition of the fact that 
this modality has become a great deal more common


