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Abstract Contrast-induced acute kidney injury (CI-AKI),
previously known as contrast-induced nephropathy (CIN),
is a syndrome in which an acute renal dysfunction is diag-
nosed after the intravascular injection of contrast media.
AKI implies an injury or damage but not necessarily a
reduction in overall renal filtration function. The renal dam-
age becomes evident only when more than 50 % of the renal
mass is compromised. This typically occurs when AKI is
diagnosed using creatinine as a marker; in fact, creatinine is
a surrogate of glomerular filtration and it does not describe
the whole spectrum of kidney function. Recent AKI classi-
fications include even slight changes in serum creatinine (as
low as 0.3 mg/dl), which are associated with worse out-
comes. An early diagnosis of AKI using novel biomarkers

has now become possible. These new biomarkers provide
additional value, not only because they facilitate earlier
diagnosis but also because they can diagnose AKI even in
the absence of a change in subsequent filtration function.
Thus, in this situation, these new criteria can reveal subclin-
ical AKI. A new domain of AKI diagnosis could then
include functional and structural criteria as indicated by
laboratory testing.
Key Points
• There is continuing concern about renal damage caused by
radiological contrast agents

• Acute kidney injury may be associated with minor changes
in serum creatinine

• AKI implies damage but not necessarily a reduction in
overall renal filtration function.

• Novel biomarkers facilitate earlier diagnosis, even if sub-
sequent filtration function is unaltered.

• AKI diagnosis could include functional and structural
criteria as indicated by laboratory testing

Keywords Contrast medium-induced nephropathy . Iodine-
based contrast media . Acute kidney injury . Renal failure .

Definitions

Contrast-induced acute kidney injury (CI-AKI), previously
known as contrast-induced nephropathy (CIN), represents
an important problem for radiologists. CI-AKI occurs in up
to 15 % of the general population receiving intravascular
iodine-based contrast agents [1]. Intra-arterial administra-
tion in those with chronic kidney disease (CKD) with addi-
tional risk factors including diabetes, heart failure, anaemia,
hyperglycemia, and haemodynamic instability heighten the
risk to ∼50 % with a probability of requiring renal replace-
ment therapy during hospitalisation or rehospitalisation of
∼10 % [2–4]. Although the incidence may be low in the
overall population undergoing imaging diagnostic and ther-
apeutic procedures, the absolute number of events may
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represent a significant burden, given the overall number of
examinations performed in clinical routine worldwide. Fur-
thermore, the risk with intravenous may be similar to intra-
arterial injections given a greater load of contrast agent
balanced by more admixing with the blood pool and a
greater water distribution in the body before being delivered
to the kidneys by the renal arteries [5]. The epidemiology of
this clinical entity has been reported in several papers ex-
ploring various populations with or without pre-existing risk
factors for renal dysfunction. A significant variability in its
incidence and severity has been described in different stud-
ied populations. This could be for various reasons including
different baseline risk conditions, additional risk factors,
different techniques utilised and different contrast media.
However, one of the main sources of heterogeneity in
population-based reports is the criteria utilised to define
AKI and CIN.

CI-AKI has been defined as an adverse event occurring in
patients receiving contrast media for imaging procedures. It
is characterised by a rapid deterioration of kidney function
documented by a rise in serum creatinine (SCr) or cystatin
C, which may be transient or evolve into more severe and
chronic kidney dysfunction. In general, the causal mecha-
nism has been identified as transient vasoconstriction and
ischaemia in a predisposed kidney with superimposed direct
cellular toxicity to renal tubular cells [6]. Today, a new
understanding of the AKI syndrome may require a re-
visitation of the CI-AKI or CIN definition, utilising harmon-
ised, modern criteria to define kidney injury and dysfunc-
tion. The scope of this commentary is to drive the attention
of the radiological community on the recent advances in the
comprehension of the AKI syndrome and its new criteria for
definition and staging.

AKI is a complex, time-variable syndrome with a multi-
factorial pathophysiology whose epidemiology and out-
comes are variable in relation to the criteria utilised for
detection and determination of severity. The concept of
AKI has been evolving over recent years. Both its diagnosis
and management have become multidisciplinary with major
involvement of critical care medicine, cardiology, hepatol-
ogy, radiology and other disciplines. With this evolution, the
term ARF used for many years in clinical practice has been
replaced with the term AKI. The new term implies a poten-
tially reversible injury or damage to the kidney occurring in
a timeframe of hours or days. This is mainly characterised
by an abrupt decrease of glomerular filtration with conse-
quent clinical derangements. Thus, while the term “injury”
does not necessarily imply dysfunction, the diagnosis of
AKI is still made on a change in SCr or a drop in urine
output, as manifestations of an acute decline in glomerular
filtration rate (GFR). Few studies have reported the results
from biopsies carried out during AKI [7], demonstrating a
variable involvement of the renal parenchyma. Biopsies,

however, cannot be performed routinely in AKI because of
their inappropriate risk-benefit ratio. Only recently, some
attention has been placed on signs of structural damage to
the nephrons, summarised in a meta-analysis of a novel
renal marker, neutrophil gelatinase-associated lipocalin
(NGAL) [8]. These concepts suggest that kidney damage
or injury may occur, even in the absence of a parallel or
consequent alteration of kidney function, and these changes
are associated with the future development of clinical out-
comes including prolonged length of stay, need for haemo-
dialysis and mortality.

Human kidneys have a significant functional reserve and
only when a significant number of nephrons are damaged is
a meaningful reduction in GFR observed. A rise in SCr may
in fact become evident only when 50 % of the renal mass or
more is compromised. In these circumstances, an insult that
affects less than 50 % of the nephrons may result in no
change in SCr or only marginal changes in the baseline
glomerular filtration rate. Thus, considerable proportions
of patients are believed to incur subclinical AKI. The Euro-
pean Society of Urogenital Radiology (ESUR) Contrast
Media Safety Committee recently updated CI-AKI guide-
lines with a retained definition: “CIN is a condition in which
a decrease in renal function occurs within 3 days of the
intravascular administration of a CM in the absence of an
alternative aetiology. An increase in SCr by more than 25 %
or 44 μmol/l (0.5 mg/dL) indicates CIN” [9]. Additionally,
new AKI classifications such as the RIFLE [10] or AKIN
[11] include, as minimal diagnostic criteria, changes in SCr
as low as 0.3 mg/dl, and validation studies demonstrated
that such marginal conditions are associated with worse
outcomes [12]. Although this is a refined approach, rein-
forced by the most recent Kidney Disease Improving Global
Outcomes (KDIGO) recommendations, it still represents a
functional criterion for AKI suggesting a sufficiently detect-
able decline in GFR, which may occur long after the injury
has taken place [13]. The new KDIGO definition of AKI
applies to CI-AKI and helps unify the clinical and research
language around this common problem. This definition
states AKI is defined as any of the following (not graded):
an increase in SCr of ≥0.3 mg/dl (≥26.5 μmol/l) within
48 h, an increase in SCr to ≥1.5 times the baseline that is
known or presumed to have occurred within the prior 7 days, or
urine volume <0.5 ml/kg/h for 6 h. In addition, a severity of
AKI stratified by three stages is shown in Table 1.

Very recently, significant contributions to the literature
have shown that we might be able to make an early diagno-
sis of AKI using a single structural or functional biomarker
or a combination thereof capable of detecting kidney injury
almost in real time [14]. Clinical validation studies have
demonstrated the additional value of new biomarkers over
standardised creatinine measurement not only for the possi-
bility of an early diagnosis of AKI, but also for the detection
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of a structural injury even if a kidney dysfunction or a rise in
SCr will never become manifest [15, 16].

According to this modern approach, we might speculate
that AKI could be diagnosed even in the absence of the
classical signs that have characterised the syndrome in the
past. Thus, a new category of AKI should be identified for
those patients who display positivity of structural bio-
markers even in the absence of creatinine rise as depicted
in Table 2. According to this concept, patients undergoing
imaging procedures requiring injection of contrast agents
should be screened for both kidney damage and dysfunction
in the period subsequent to the radiological investigation to
detect structural and/or functional criteria for AKI. The fact
that AKI is not clinically manifest according to classic
criteria does not necessarily mean that the kidney is un-
harmed. A subclinical derangement may be unveiled by
the new biomarkers and, although not responding to the
classic criteria, it should be still defined as CI-AKI. To make
a meaningful comparison, we may use the case of acute
myocardial infarction where an increase in troponin, with at

least one piece of supportive information, may be a
sufficient trigger for a diagnosis and a therapeutic inter-
vention even in the absence of classical signs and symp-
toms. In the field of radiology and especially of CI-AKI,
a paradigm shift is likely to occur based on the above-
mentioned concepts. Future criteria may well integrate
one or more injury markers with creatinine, urine output
and/or other functional markers [17]. Today we do not
have sufficient data to characterise severity based on
structural biomarker levels and therefore the grading of
the syndrome still relies on creatinine once dysfunction
becomes manifest. However, we should consider the
presence of a new class of AKI diagnosed by commer-
cially available tubular damage biomarkers such as
NGAL (blood and urine, Europe) and L-type fatty acid-
binding protein (urine L-FABP, Japan) that may or may
not evolve into a clinically manifest syndrome character-
ised by SCr rise and decreased GFR. Point-of-care test-
ing both serum and urine before and after the imaging
procedure could become a reality, allowing rapid and
timely screening for CI-AKI. However, the scalability
of this approach will be challenged in high-volume
centres. On the horizon are additional markers including
kidney injury molecule-1, a renal regenerative protein,
and more pure markers of cellular damage such as alpha
glutathione S-transferase (GST) and Pi GST. Thus, in the
next few years we should be able to organise markers
into a panel to provide inferences about reductions in
renal filtration (SCr, cystatin-C), direct cellular damage
(alpha and Pi GST), and cellular response to injury
(NGAL to limit oxidative stress), including KIM-1 (to
direct regeneration of tubules), hepatocyte growth factor,
and other modulators of cell cycle proliferation and tissue
recovery. As a general guide, all of these markers elevate
chronically with CKD, and a doubling from baseline
likely represents a significant change. Exact thresholds
and detection limits have yet to be established in pop-
ulations at risk with these markers. The field is likely to
further develop and establish patterns of cell signalling
(interleukin-18) and urinary losses of proteins by renal
tubular cells that are associated with CI-AKI (N-acetyl-
beta-D-glucosaminidase, cystatin-C, albumin). However,
these are less specific and unlikely to add more to the
three major conceptual domains of filtration, damage and
response to injury.

This new approach has several implications: (1) the di-
agnosis of AKI may include a larger spectrum of conditions
and the epidemiology of the syndrome may significantly
change with a greater incidence being recognised; (2) pre-
vention and/or early organ protection strategies should be
evaluated with newer diagnostic criteria for CI-AKI as an
endpoint; (3) we should discriminate between acute kidney
injury and acute renal dysfunction using the new staging

Table 1 Kidney Disease International Global Outcomes (KDIGO)
criteria for AKI

Stage Serum creatinine Urine output

1 1.5-1.9 times baseline
OR

<0.5 ml/kg/h for 6-12 h

≥0.3 mg/dl (≥26.5 μmol/l)
increase

2 2.0–2.9 times baseline <0.5 ml/kg/h for ≥12 h

3 3.0 times baseline <0.3 ml/kg/h for ≥24 h

OR OR

Increase in serum creatinine
to ≥4.0 mg/dl (353.6 μmol/l)

Anuria for ≥12 h

OR

Initiation of renal replacement
therapy

OR, in patients <18 years, decrease
in eGFR to <35 ml/min per 1.73 m2

Table 2 Conceptual framework for subclinical and clinically recog-
nised CI-AKI

Functional criteria
(ESUR/RIFLE/AKIN/
KDIGO)

Structural criteria
(biomarkers)

No CI-AKI Negative Negative

CI-AKI with structural
damagea

Negative Positive

CI-AKI with kidney
dysfunctiona

Positive Negative

CI-AKI with structural
damage and kidney
dysfunctiona

Positive Positive

a These are all CI-AKIs for epidemiological and research purposes

Eur Radiol (2013) 23:319–323 321



classification (subclinical AKI for patients who are biomarker
positive and creatinine negative). The diagnosis of subclinical
AKI can be easily suspected today using available injury
biomarkers. These tests are quite reliable with high sensitivity
and specificity [18]. Sequential measurements and biomarkers
curves may further help to identify trends characteristic of an
isolated or an ongoing renal insult. This may open a new
frontier in the diagnosis of AKI and its consequences in terms
of prevention and therapeutic strategies. Data relevant to
prevention and protection measures should be carefully eval-
uated in light of these new criteria. For example, volume
expansion, iso-osmolar contrast [19], N-acetylcysteine and/
or bicarbonate infusion [20], and pre-emptive extracorporeal
therapies [21] all have provided suggestive data in some
studies for renal protection; however, the biochemical out-
come, SCr, is simply not sufficient. We strongly suggest that
the definition of CI-AKI should be amended, including sub-
clinical AKI as a true component of the contrast-induced
kidney damage. New biomarkers should be incorporated in
the criteria for diagnosis, and an integrated RIFLE or KDIGO
(Table 2) should be utilised in future research.

In conclusion, we should not abandon creatinine or
cystatin-C as biochemical reflections of renal filtration;
however, we should combine them with markers of renal
tubular injury. When subclinical AKI (elevation in a marker
of injury but no change in SCr) occurs after contrast expo-
sure, it should be considered as CI-AKI. Although risk
stratification, prevention measures and careful assessment
of outcomes have globally reduced the rates of CI-AKI and
improved patient comfort; particularly in the setting of acute
myocardial infarction managed with percutaneous coronary
intervention using intra-arterial contrast agents, there is a
clear need for upgraded criteria to define AKI [19, 22, 23].
Current research looks forward to new diagnostic and ther-
apeutic targets in this clinical domain, which will undoubt-
edly advance care in the specialties of radiology, cardiology,
nephrology and other disciplines where intravascular
iodine-based contrast agents are used.
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