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Abstract Contrast-induced acute kidney injury (CI-AKI) is
defined as an abrupt deterioration in renal function associated
with the administration of iodinated contrast media. This type
of acute kidney injury is frequently encountered as a compli-
cation of percutaneous coronary intervention (PCI) and is as-
sociated with adverse short- and long-term outcomes includ-
ing mainly mortality, cardiovascular morbidity and prolonga-
tion of hospitalization. The incidence of CI-AKI after PCI
ranges from 2 to 20 % according to baseline kidney function.
It may also range according to the clinical setting, being higher
after emergency PCI. The primary manifestation is a small
decline in kidney function, occurring 1 to 3 days after the
procedure. Kidney function usually returns to preexisting
levels within 7 days. Incidence of acute renal failure requiring
dialysis following PCI is rare (<1 %). The present article aims
to review up-to-date published data concerning diagnosis, def-
inition, epidemiology and prognosis of this novel in-hospital
epidemic.

Keywords Contrast induced nephropathy . Percutaneous
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Introduction

Contrast-induced acute kidney injury (CI-AKI) is defined as
an abrupt deterioration in renal function associated with the
administration of iodinated contrast media, in the absence of
another etiology [1]. This type of acute kidney injury is fre-
quently encountered as a complication of percutaneous coro-
nary intervention (PCI) and is associated with adverse short-
and long-term outcomes [2–6]. Radio-contrast associated kid-
ney injury is the third leading cause of acute kidney injury in
hospitalized patients [7].

The incidence of acute renal insufficiency after PCI ranges
from 2% in those patients with normal baseline renal function
to as high as 20–30 % in those patients with a baseline
creatinine>2 mg/dL) prior to PCI [6, 8]. It may also range
according to the clinical setting, as the incidence of CI-AKI
has been found to be higher after emergency PCI compared to
elective PCI [9]. Nash et al. [10] reported that 11 % of
hospital-acquired renal insufficiency cases are due to contrast
media (CM), with coronary angiograms and PCI being the
leading cause. The incidence of acute renal failure requiring
dialysis following PCI, however, is fortunately rare and
is <1 % [11]. Having in mind that PCI is the treatment of
choice in patients with coronary artery disease (CAD) and that
advancement in technology and resources allowed the appli-
cation of this treatment modality in increasing number of pa-
tients, it is logical to hypothesize that this novel pathologic
entity could reach epidemic proportions. Of interest, it is esti-
mated that 500,000 patients undergo PCI in the United States
every year [12]. In addition, the continuous aging of the world
population results in a higher prevalence of CI-AKI risk
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factors (such as renal impairment or diabetes mellitus). This
fact may also cause the overall importance of CI-AKI as a
clinical entity to be augmented in the future [13].

The primary manifestation of CI-AKI is a small decline in
kidney function, occurring 1 to 3 days after the procedure
[14]. Kidney function usually returns to preexisting levels
within 7 days [15], and acute kidney injury after radio-
contrast administration rarely requires acute dialysis treatment
[14]. Despite these small declines in kidney function, several
studies have suggested that CI-AKI is associated with short-
and long-term adverse clinical outcomes including in-hospital
morbidity, longer hospitalizations, subsequent cardiovascular
events, progression to chronic kidney disease (CKD) and in-
creased mortality [4–6, 16]. The observation that CI-AKI af-
fects patients with a greater burden of co-morbidities such as
pre-existing renal insufficiency, diabetes mellitus, heart failure
or advanced age, suggested that adverse outcomes in patients
who develop CI-AKI also reflects this burden. On the other
hand, the findings of prospective studies, in which patients
with CI-AKI had a 20-fold increase in mortality during their
hospital stay, raise the possibility that CI-AKI may indepen-
dently contribute to an increased risk of early morbidity and
mortality [5, 6, 17]. Even after adjusting for co-morbidities,
in-hospital mortality is about five-fold higher in CI-AKI pa-
tients than in patients who received CM but did not develop
CI-AKI, and 1-year and 5-year mortality rates are about four-
fold higher [6, 18, 19].

The present article aims to review up-to-date published
data concerning pathophysiology, diagnosis, definition, epide-
miology and prognosis of this novel in-hospital epidemic.
Furthermore, we highlight some skeptical commentaries re-
garding our knowledge on CI-AKI and we present in brief the
available guidelines concerning CI-AKI. A discussion of the
various measures used to prevent CI-AKI falls outside the
scope of this review article.

Pathophysiology

The pathophysiology of CI-AKI is very complex and incom-
pletely understood. Some important information regarding the
pathophysiology of CI-AKI are presented here, as this subject
is reviewed in detail elsewhere [20, 21]. The development of
CI-AKI seems to be based on a combination of mechanisms.
CM administration causes renal hypoperfusion/hypoxia but
has also been shown to exhibit direct toxicity on tubular epi-
thelial cells. In support of this, the clinical course of CI-AKI,
lasting several days, could reflect the progress of both CM
clearance and tubular epithelial cell recovery [22].

Renal medulla represents the anatomic region of the kidney
mostly affected by hypoxia, due to a combination of low vas-
cular blood supply and high metabolic rate in this area [23].
Some decades ago, hypertonic contrast media were shown to

decrease renal blood flow and glomerular filtration rate (GFR)
in some classical animal studies [24–26]. In the years that
followed, it was reported by various studies that adenosine is
an important factor involved in the hemodynamic response of
the kidney to CM administration. The concentration of aden-
osine in the urine is increased after administration of CM and
this increase is proportional to the osmolality of the latter [27].
Using an adenosine receptor antagonist, such as theophylline,
can attenuate renal function impairment in both animals and
humans, whereas administration of an adenosine uptake inhib-
itor can lead to further impairment [27–29]. Adenosine is con-
nected to the generation of ROS, which in turn are known to
contribute to the modulation of renal vasoconstriction [30].
Although the mechanisms are not very clear, it is speculated
that ROS could act by mediating the actions of various vaso-
constrictors, such as angiotensin II, thromboxane A2,
endothelin (ET) and adenosine itself, thus creating an ex-
tremely complex interplay among all these mediators [21].
ET seems to play some role in the pathophysiology of CI-
AKI, since a selective blockage of ET-A receptors has been
shown to attenuate renal medullary hypoxia in rats [31].
Noteworthy, blockade of both ET-A and ET-B receptors in
human individuals undergoing coronary angiography exacer-
bated renal function compared to hydration alone [32]. The
importance of ROS in orchestrating the CM-induced nephro-
toxicity is highlighted by the fact that, after inhibiting gener-
ation of ROS using allopurinol, CM-induced reduction of
GFR has been shown to be reduced in both animals [33] and
humans [34].

Apart from the established effects of CM on renal blood
flow, which lead to a decreased GFR, and although medullary
hypoxia itself can also lead to extensive DNA damage in
epithelial cells, as shown in animal models [35], it would be
rational to assume that CM also exhibit some kind of direct
cytotoxic effect on renal tubular epithelial cells, taken into
account that CM are primarily excreted in the urine. The ex-
tent of this direct cytotoxic damage is related to the duration of
the exposure of these cells to the CM [36]. Using a porcine
tubule cell line, it was shown that CM can reduce cell prolif-
eration and reversibly alter mitochondrial function [22]. This
effect on mitochondria was relative to CM ionicity, molecular
structure and osmolality. Regarding the latter, low-osmolar
CM affected mitochondrial function to a lesser extent com-
pared to iso-οsmolar and high-osmolar CM [22]. In addition,
induction of cell apoptosis by CM also seems to play a role in
direct tubular cell toxicity, even in the absence of hypoxia,
especially in the hypertonic environment of the renal medulla
[37].

Finally, increased resistance to flow is another mechanism
implicated in the pathophysiology of CI-AKI, mainly when
iso-osmolar CM are used. Iso-osmolar CM may harm renal
function to a greater extent compared to low-osmolar CM
[21]. Iso-osmolality dimers, used in iso-osmolar CM can
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increase the viscosity of renal ultrafiltrate and, thus, also in-
crease resistance to flow in renal tubules [21, 38].

Contrast-Induced Acute Kidney Injury Diagnosis

CI-AKI is an impairment of renal function resulting from the
administration of CM in the absence of an alternative etiology
[17, 36]. According to the Contrast-Induced Nephropathy
Consensus Working Panel, CI-AKI is defined as either an
absolute increase in serum creatinine (sCr) concentration of
0.5 mg/dL (or 44.2 μM/L) or a 25 % relative increase in
creatinine from baseline [5, 18]. The European Society of
Urogenital Radiology defines CI-AKI as impairment in renal
function (an increase in serum creatinine by >0.5 mg/dL or
>25 %within 3 days after intravascular administration of CM,
without an alternative etiology) [36, 39]. The Acute Kidney
Injury Network definition includes a rise in serum creatinine
≥0.3 mg/dL with oliguria, which may be a new standard to
follow [36]. The European Renal Best Practise (ERBP) posi-
tion statement on the Kidney Disease Improving Global
Outcomes (KDIGO) guidelines has recently proposed a new
definition of CI-AKI, that of an increase by ≥50 % or
by≥0.3 mg/dL at 48 h [40]. Regarding the use of absolute
or relative increase in creatinine levels the Contrast-Induced
Nephropathy Consensus Working Panel has recommended
using the relative increase in creatinine to define CI-AKI [41].

There is a considerable number of alternative definitions
and cut-off values for sCr used to define CI-AKI in various
published clinical trials and guidelines (Table 1, also see
Supplementary Table 2). The varying definitions of CI-AKI

produced a great amount of confusion since CI-AKI incidence
and its association with clinical outcomes varied depending on
the definition used [36, 39–49]. Furthermore, the effect of
preventive treatment also varied according to the definition
used [48, 49]. This controversy led a part of the medical com-
munity to argue regarding the true clinical entity of CI-AKI
[50]. The wide variation in CI-AKI incidence and its relative
association with adverse outcomes underscore the need for a
standardized, clinically relevant definition. A possible consen-
sus is possible as it has been shown that more strict definitions
(i.e., an absolute increase of creatinine>0.5 mg/dL) are asso-
ciated with lower incidence although with more robust asso-
ciation with clinical outcome [43, 47].

Despite poor CI-AKI definition, CI-AKI clinical course is
very well described. CI-AKI typically manifests within 1-
3 days of CM administration, peaks within 3–5 days and re-
solves within 10– 21 days [36, 51]. In rare occasions,
sustained or permanent kidney injury occurs warranting the
use of dialysis. Therefore, to monitor for CI-AKI, it is recom-
mended that serum creatinine follow-up should be obtain-
ed at not less than 24 h or more than 72 h following
contrast exposure [41].

Problems of Using Serum Creatinine Levels

Quantification of sCr levels remains the main tool the clini-
cians use for the diagnosis of acute kidney injury (AKI).
However, it certainly has some important disadvantages, due
to which AKI diagnosis remains a problem that is often chal-
lenging to diagnose and manage. A significant impairment in
renal function leads to an increase in sCr levels. However, it

Table 1 Proposed cut-off values
and definitions of CI-AKI in the
literature

Cut-off values*

≥ 0.3 mg/dL Lakhal et al. [42], European Renal Best Practice Working Group [40]

≥ 0.4 mg/dL Slocum et al. [43]

≥ 0.5 mg/dL Marenzi et al. [44], Rihal CS et al.[6], Mehran R, et al. [45]

≥ 1 mg/dL Bartholomew et al.[89], Gupta et al.[104]

≥ 25 % Slocum et al.[43], Iakovou et al.[46], Mehran et al.[45]

≥ 50 % Lakhal et al.[42], Fliser et al.[40]

Definitions*

≥ 0.5 mg/dL or≥ 25 % ↑ at 48 h Mehran et al. [45]

≥ 0.3 mg/dL or ≥50 % ↑ at 48 h European Renal Best Practice working group [40]

≥ 0.3 mg/dL or≥ 50 % ↑ or oliguria Acute Kidney Injury Network [105]

> 0.5 mg/dL ↑ in sCr or > 25 % ↓ in
GFR or oliguria

RIFLE Classification [106]

> 100 % ↑ or oliguria Kidney Disease Improving Global Outcomes [101]

> 0.5 mg/dL or > 25 % at 72 h Canadian Association of Radiologists [61]

CI-AKI; contrast-induced acute kidney injury, h; hour, PCI; percutaneous coronary intervention, ↑; increase, ↓;
decrease. Part of this table was adapted from Azzalini et al. [71]. * All definitions refer to an increase/decrease in
sCr compared to baseline levels
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may take several days in order for the new steady state of
creatinine levels to be reached [52–54] and, during this period,
the calculated GFR (eGFR incorporating sCr levels) does not
correspond to the actual creatinine clearance. Additionally, the
rate of sCr rise depends not only on the new, lower level of
renal clearance, but also on the rate of creatinine production
and the volume of creatinine distribution [53]. Because these
two latter parameters often do not remain unchanged and also
have considerable inter-individual variation, diagnosing AKI
using sCr levels may be misleading.

The inherent drawbacks of sCr measurement seem to be-
come of greater importance in patients with an already im-
paired renal function, particularly when relative increases in
sCr over baseline are used as the definition of AKI. Using
percentage increases as the diagnostic criterion for AKI can
lead to a delayed diagnosis in patients with CKD [54]. On the
other side, patients with low sCr levels at baseline (such as
pregnant women or patients with cirrhosis) may not be effec-
tively diagnosed as having AKI by using an absolute defini-
tion [54]. Another drawback of sCr as a biomarker in those
patients with an elevated sCr level at baseline, is the high
variability of sCr measurement, which is of both laboratory
and biological origin [55]. This can lead to high false-positive
rates in the diagnosis of AKI and result in an AKI misclassi-
fication of patients with CKD [55].

As far as AKI due to CM administration is concerned, sCr
increase in CI-AKI manifests 1-3 days after CM administra-
tion, as already discussed. This delayed increase can be a
reason both for overlooking CI-AKI and also for prolonging
hospitalization in the majority of patients who will not finally
develop CI-AKI [56].

The aforementioned drawbacks of sCr levels as a diagnos-
tic means for AKI have created the need for novel biomarkers,
which would help diagnose AKI timely and efficiently and
thus improve management and overall prognosis of patients
with AKI. This topic will be covered in a later section of this
review article.

Contrast-Induced Acute Kidney Injury
Epidemiology

It is undoubtedly difficult to unravel the details of CI-AKI
epidemiology, because of the vast number of factors that
may affect the incidence values reported by published studies.
These factors may be patient-related (diabetes mellitus or
other co-morbidities) or study-design-related (inclusion/ex-
clusion criteria, CI-AKI definition etc.). Of course,
intervention-related factors, such as the choice of contrast
agent, the volume of agent used and also CM administration
route may also strongly affect CI-AKI incidence. Sometimes,
CI-AKI incidence can be affected by a mixture of factors
belonging to all three of the aforementioned categories,

making any direct comparisons among studies confusing or
even impossible. For example, both the selection of contrast
agent and the patient characteristics are often the result of a
particular study design.

As already discussed, CI-AKI incidence widely varies de-
pending on the presence (or not) of an impaired renal function
before diagnostic or interventional cardiac catheterization.
These two factors are possibly the most important ones defin-
ing CI-AKI incidence, although no such definite conclusion
can be safely reached. Table 2 attempts to summarize the
various incidence levels reported in the literature presented
in this review article, categorized based on the factors affect-
ing incidence that are present in each study or patient subset. It
should be taken into account that the majority of studies
do not report incidence rates in patient subsets defined
by various patient characteristics and, therefore, this table
is not exhaustive.

Another interesting issue to address is the number of factors
that can function as independent predictors of the develop-
ment of CI-AKI. Once more, various patient- and procedure-
related factors that lead to a greater risk for CI-AKI have been
proposed over the years, such as an impaired renal function,
diabetes mellitus (DM), old age, administration of nephrotox-
ic drugs and CM volume [57]. Although the effects of patient-
related risk factors have been generally confirmed, there is
considerable heterogeneity in the findings of various studies
regarding the factors that can function as independent predic-
tors for CI-AKI development. For example, there is a discus-
sion on whether DM or age is a risk factor or it actually func-
tions as one, due to the fact that diabetic or elderly individuals
very often have an impaired renal function [58]. This means
that the role of confounders in the establishment or renal dys-
function could be of major importance, thus making CM ad-
ministration a contributor rather than a cause of CI-AKI.
Many of the proposed risk factors could actually serve as
markers for coexisting conditions [14]. Despite this confusion,
there is a general Bconsensus^ that an impaired renal function
prior to CM administration plays a major role, among other
risk factors, in the development of CI-AKI [58]. In Table 3 we
provide a list of independent risk factors often appearing in the
literature, derived from multivariate analyses adjusting for
cofounders.

The volume and type used during coronary angiography or
PCI has also been shown to affect CI-AKI epidemiology.
Higher CM volume (CMV) has been shown to be associated
with increased rates of CI-AKI and also increased mortality
[59, 60]. The association of CMV with CI-AKI incidence is
dose-dependent and the risk of CI-AKI development almost
doubles with every 20 ml of CM that is administered [60].
Additionally, the same relatively low volume of CMmay have
a tremendous effect on the risk for CI-AKI development in a
patient with comorbidities such as diabetes mellitus and CKD
[61].

218 Cardiovasc Drugs Ther (2016) 30:215–228



The matter of the importance of CMV in defining the risk
for development of CI-AKI has been addressed by various
studies [62]. There are some indices that take into account
the volume used during coronary angiography and/or PCI,
that have been proposed to function as predictors of a high
risk for CI-AKI (Supplementary Table 1).Maximal acceptable
contrast dose (MACD) has been defined using the formula
5 ml of contrast × body weight (kg) (maximum value is
300 ml)/baseline SCr (mg/dl) [63]. This formula has been
applied in a registry of 16,592 patients undergoing PCI and
was found to be the strongest predictor of nephropathy requir-
ing dialysis after PCI [64]. In addition, it has been associated
with increased mortality in a set of 561 patients with STEMI
undergoing primary PCI [59]. The CMV/eGFR index is an-
other tool used to calculate the risk for CI-AKI development,
based on CMV, which has been also associated with high 1-
month mortality in patients undergoing primary PCI for
STEMI [65]. The risk for CI-AKI increases particularly when
the index exceeds a value of 3.7 [65]. An important publica-
tion by Gurm et al. concluded that this index is superior to
MACD in defining patients at high risk for CI-AKI. A ratio of

under 2 is associated with a low incidence of CI-AKI, whereas
a ratio higher than 3 is associated with an increased risk of CI-
AKI and need for dialysis [66]. In a recent study including
patients with ACS it was shown that every one-tenth increase
in CMV/eGFR ratio is associated with a 4.9 % increase in the
risk for CI-AKI, whereas using a volume higher than the max-
imal acceptable contrast dose with a 19-fold increase [67]. The
same investigators proposed the following two-step algorithm:
if CMVexceeds theMACD, the risk is considered high where-
as if CMV does not exceed MACD, the CMV/eGFR ratio
should be calculated. A score<2 represents a low risk and a
score>2 a moderate risk. This algorithm was found to effec-
tively identify ACS patients who will develop CI-AKI [67].
Interestingly, the CMV/eGFR index predicted CI-AKI better
when eGFR was not normalized according to body surface
area (BSA), i.e., when raw eGFR was used [68]. Finally, the
ratio of iodine quantity (in grams) to eGFR (g-I/eGFR) has
been also proposed as another relevant index that can act as
an useful indicator for determining CM dose [69, 70].

As far as the type of the CM is concerned, osmolality and
viscosity are the two main physical properties of the CM that

Table 3 Risk factors for the
development of CI-AKI Variables that have been shown to function as independent predictors for CI-AKI development

Impaired renal function at baseline 12 studies [6, 8, 9, 47, 48, 83, 89, 104, 112–115]

Diabetes mellitus 8 studies [4, 6, 8, 78, 79, 89, 104, 115]

Anemia 7 studies [48, 78, 79, 85, 109, 112, 116]

Peripheral vacular disease 3 studies [4, 6, 89]

ACS 6 studies [6, 79, 108, 109, 116, 117]

Older age 7 studies [6, 9, 44, 78, 83, 104, 117]

Hypotension 2 studies [9, 78]

Hypertension 2 studies [78, 89]

Heart failure / low LVEF / LV systolic dysfunction 10 studies [6, 9, 47, 78, 83, 85, 89, 112, 116, 117]

Female gender 5 studies [9, 47, 115, 116, 118]

CM volume 12 studies [4, 6, 8, 9, 44, 78, 79, 83, 85, 89, 114, 115]

ACS acute coronary syndrome, CI-AKI contrast-induced acute kidney injury, LVEF left ventricular ejection
fraction, LV left ventricle

Table 2 Patient/study
characteristics affecting the
incidence of CI-AKI

Factors CI-AKI incidence* References

CI-AKI definition 1.3 % - 15.8 % [8, 47, 48, 107–109]

Specific risk factors

Pre-existing renal disease 1.4 % - 37.7 % [59, 78, 81–83, 89, 91, 108, 110]

Diabetes mellitus 3.7 % - 20 % [6, 91, 111]

Heart failure 20 % [91]

Anemia 6.2 % - 26.2 % [74, 91]

Clinical setting Emergency/urgent: 9.2 % - 16.2 % [9, 91]
Elective: 4.5 % – 15.2 %

CI-AKI contrast-induced acute kidney injury. *We present ranges of reported CI-AKI incidence values, as they
differ among studies, depending on study design, patient characteristics etc. These values are just for reporting
purposes and no direct comparisons can be performed
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can influence the possibility of CI-AKI development. A cate-
gorization of available CM into iso-, low- and high-osmolar
according to Azzalini et al. [71] can be found in Table 4. A
lower osmolality results in a better absorbance of x-rays and a
better visualization of the vessel [72]. On the other side, high-
osmolar CM have been associated with a higher nephrotoxic
potential [20, 72]. There is therefore a tendency towards
prefering low- and iso-osmolar CM in clinical practice and
this fact is also reflected in the new European Society of
Cardiology guidelines for myocardial revascularization [67,
71–73]. The issue of the Bbest CM^ remains controversial,
because the lower the osmolality of CM, the higher the vis-
cosity (viscosity increases when shifting from high- to low-
and iso-osmolar CM [71]). Administering a CM with high
viscosity results to an increase in the viscosity of renal ultra-
filtrate and, thus, also to an increased resistance to flow in
renal tubules, ultimately leading to tubular damage [21, 38].

Finally, anemia due to periprocedural bleeding is another
procedure-related variable that can affect the risk for CI-AKI
development. It has been retrospectively shown that
periprocedural bleeding in patients treated with PCI is signif-
icantly associated with CI-AKI [74]. The incidence of CI-AKI
correlated with bleeding severity and rose from 6.2 % in pa-
tients with a<1 g/dl decrease in hemoglobin levels to 26.2 %
in patients with>3 g/dl decrease [74].

Contrast-Induced Acute Kidney Injury
in the Clinical Setting

CI-AKI and Mortality

CI-AKI has been shown to significantly affect the prognosis
and clinical outcome in patients undergoing not only coronary
angiography and PCI [75], but also other diagnostic proce-
dures utilizing CM, such as CM-enhanced CT [76]. Many
studies published over the years have established an associa-
tion of CI-AKI with higher in-hospital and long-term

mortality rates. Supplementary Table 2 offers a summary of
relevant studies. Noteworthy, results among studies investi-
gating the association of CI-AKI with mortality vary consid-
erably. This can be attributed to differences in study design or
data analysis. For example, it should be taken into account that
many of these studies report values that are not adjusted for
confounders, whichmakes the comparison among their results
difficult and confusing. The patient selection criteria (inclu-
sion/exclusion criteria) and the CI-AKI definition used in each
study may also confound the extracted values.

James and co-workers published a very interesting meta-
analysis that investigated the connection between CI-AKI af-
ter coronary angiography and adverse clinical outcomes [77].
Not all studies included in this meta-analysis used the same
CI-AKI definition, however the association between CI-AKI
and mortality remained similar. Of the 34 included studies
examining mortality, 33 reported significantly increased mor-
tality rates in patients who developed CI-AKI after coronary
angiography. From 23 studies adjusting for confounders, the
pooled adjusted risk ratio for mortality and cardiovascular
events was 2.39; (95 % CI, 1.98-2.90) and 1.98 (95 % CI,
1.52-2.59), respectively. A significant statistical heterogeneity
among the studies was reported by the authors for both mor-
tality and cardiovascular events rates. Noteworthy, a publica-
tion bias was also reported for mortality rates. The authors
concluded that the results of these observational studies are
rather weak to prove a causal relationship between CI-AKI
and mortality, due to the potential residual that remains, even
after adjustment. The development of CI-AKI was also asso-
ciated with a greater length of hospital stay and a higher prob-
ability of progression to end-stage renal disease (ESRD).

As previously discussed, impaired renal function is an in-
dependent predictor for the development of CI-AKI.
Noteworthy, the strength of the association between CI-AKI
and mortality seems to also depend on baseline renal function.
A low eGFR before the procedure is associated with incre-
mentally higher mortality [78], in particular when sCr levels at
baseline are higher than 1.5 mg/dl [79].

Despite the fact that the majority of studies have shown that
the development of CI-AKI is associated with higher in-hos-
pital, short-term and long-term mortality (Supplementary
Table 2), sometimes associating even small absolute or rela-
tive changes in sCr with a worse outcome [80], there are
reports that propose that no association exists between CI-
AKI and increased mortality in patients without CKD [81]
and that these patients follow a rather benign clinical course
[82].

The strength of the association of CI-AKI and mortality
seems to also depend on whether PCI is elective or emergent.
As already mentioned, patients with an ACS are at higher risk
of developing CI-AKI. Noteworthy, CI-AKI development in
those patients is associated with a higher resultant mortality
[9]. In particular, patients presenting with STEMI have been

Table 4 Osmolality of available contrast media according to Azzalini
et al. [71]

Iso-osmolar Low-osmolar High-osmolar

- Iodixanol - Iomeprol - Iothalamate

– Iosimenol – Iopentol – Diatrizoate

- Iotrolan – Ioxaglate - Metrizoate
– Ioxilan

– Ioversol

– Iohexol

– Iopromide

- Iopamidol

This table was created with information from Azzalini et al. [71]
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shown to exhibit a more complicated course compared to
NSTEMI [83]. An interesting prospective cohort study con-
ducted in 181 patients with baseline CKD undergoing non-
emergent PCI found CI-AKI to be a low-frequency event with
a less robust association with adverse outcomes compared to
other studies [84].

CI-AKI and Length of Hospital Stay

The development of CI-AKI after administration of CM is
associated with a more complicated clinical course which,
among other factors, also results to a prolongation of hospi-
talization. A relatively small number of studies have examined
the association between CI-AKI and length of hospital stay.
However, all of them seem to conclude that patients that de-
velop CI-AKI after coronary angiography or PCI tend to re-
main longer in the hospital. The results of some representative
studies are summarized in Supplementary Table 2.

The meta-analysis published by James et al. [77], after
analyzing 19,674 participants in 10 studies, reported an unad-
justed mean length of hospital stay ranging from 0.5 to
8.3 days longer for patients with CI-AKI compared to patients
without CI-AKI, although there was a lot of heterogeneity
among studies.

CI-AKI and Chronic Loss of Kidney Function

The progression to CKD is an important potential outcome of
CM administration, which can strongly affect prognosis and
mortality. In various published studies, the rate of progression
to end-stage renal disease requiring dialysis post-PCI varies
from<1 % in the general population [8, 64] to 7 % in patients
with CKD [85]. It is thus considered a relatively rare compli-
cation, but with a poor prognosis, given that patients who
develop end-stage renal disease have an in-hospital mortality
rate of almost 40 % [64].

The association of CI-AKI with progression to ESRD is
based on a much smaller number of studies compared to its
association with mortality (Supplementary Table 2). The
meta-analysis by James et al. regarding progression to
ESRD showed a pooled risk ratio of 8.07 (95 % CI, 3.23-
20.19) [77]. Studies examining the long term outcomes of
CM administration have established a novel aspect in the dis-
cussion of the importance of CI-AKI as a predictor of perma-
nent kidney damage.

One such study was recently published by Nemoto et al.
and included patients with ACS who underwent PCI [86].
They were divided into two groups, namely with and without
persistently impaired renal function (defined as a>0.5 mg/dl
or > 25 % increase of sCr levels 6-8 months after PCI).
Interestingly, the group with persistently impaired renal func-
tion comprised 16 % of total patients included in the study.
This group had higher rates of CI-AKI post-PCI and also

higher 5-year mortality rates compared to the group who had
no persistent impairment in their renal function. CI-AKI was
an independent predictor for the development of persistent
impairment of renal function. About 40 % of patients who
developed CI-AKI had a persistent impairment of renal func-
tion, whereas this percentage in the control group was 11 %.

The importance of CI-AKI for the development of ESRD
was recently challenged by a study that enrolled patients with
impaired renal function (eGFR 30-60 mL/min/1.73 m2) un-
dergoing elective coronary angiography [87]. This study ex-
amined the composite long-term outcome of death or need for
dialysis after a mean follow-up period of 34.5 months in pa-
tients undergoing elective coronary angiography in compari-
son to a control group of patients with no CM exposure (CKD
patients presenting for a regular follow-up at the department of
nephrology) [87]. Patients who developed CI-AKI after coro-
nary angiography were excluded from this study. Although all
included individuals had not developed CI-AKI, the compos-
ite outcome occurred more frequently in the CM group com-
pared to the control group. Patients receiving CM had a sig-
nificantly higher decrease in eGFR values compared to the
aforementioned control group. Since CM exposure, but not
comorbidities such as diabetes mellitus and hypertension,
was found to be an independent predictor of long-term ad-
verse events, one could argue in favor of the importance of
CM exposure for the occurrence of the composite outcome.
Noteworthy, not even baseline eGFR was an independent pre-
dictor of the outcome. In accordance to these findings creati-
nine levels at 30 days have been associated with increased
mortality in the study of Holscher et al., whereas no such
association was found for CI-AKI [88].

The results mentioned above seem to lead to the conclusion
that CI-AKI is associated with an increased risk for develop-
ment of CKD. However, it is obviously not essential that the
course leading from CM administration to the establishment
of CKD passes through the intermediate step of CI-AKI.
Undoubtedly, more studies investigating the effects of CM
administration on renal function in the long-term are needed,
in order to clarify whether a mid-term examination of kidney
function after CM administration should become a routine, at
least for patients in high-risk for developing CKD.

Contrast-Induced Acute Kidney Injury Prediction

Risk Scores

Various groups have developed and validated risk scores for
CI-AKI, in an effort to create a tool useful for the clinicians
[44, 45, 89] (Supplementary Table 3). Such a tool would help
identify patients at high risk and accordingly affect clinical
decision making. Mehran’s score [45] and Bartholomew’s
score [89] are the two scores most often used in the literature.
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It should be noted that the clinical setting of a study, from
which a score derives may affect the general applicability of
the score in different clinical settings. For example, Marenzi’s
score was derived from patients undergoing primary PCI for
STEMI [44] and may therefore not apply in an elective PCI
setting. It is therefore important that such scores are validated
in different settings, before they can be generally applied in
clinical practice. Other important disadvantages of risk scores
are summarized in Table 5.

Our group has also developed a risk score for CI-AKI after
enrolling an unselected cohort of 488 patients undergoing
PCI, on an elective or an emergency basis [90]. This score
was internally and externally validated by bootstrapping and
in a validation cohort respectively [90]. We also prospectively
validated its performance in a large multicenter international
cohort of 2,689 patients undergoing PCI [91], in which our
score achieved good accuracy (c-statistic 0.741; 95 % CI,
1.98-2.90) and discrimination (area under the curve≥0.700)
across all predefined subgroups of the study population.

The performance and clinical usefulness of various pub-
lished risk scores for CI-AKI were assessed in a recent sys-
tematic review published in the British Medical Journal [92].
A total of 12 risk scores published from 2004 to 2015 were
included in this review. The authors state that, although the
majority of these risk scores achieve an adequate accuracy,
their usability in clinical practice is extremely limited, mainly
due to three factors. First, the lack of external validation in
multicenter studies. Second, an unclear association between
the stratification to a risk category and clinical decision mak-
ing, and third, the lack of easy-to-use electronic risk
calculators.

Conclusively, despite the development of a number of risk
scores, we are probably still far from a risk score that can be
widely used in everyday clinical practice and actually affect
clinical decisions regarding the risk/benefit ratio of a coronary
diagnostic/interventional procedure or the peri- or post-
procedural prophylactic strategies. Apart from its simplicity
and accuracy, such a score would definitely need to be exten-
sively validated on an external basis and in various clinical
settings, before it can find its way in cardiologists’ everyday
clinical practice.

Risk Biomarkers

As already discussed in a previous section, quantification of
sCr levels for the diagnosis and prognosis of AKI has a num-
ber of disadvantages. Among other reasons, this inadequacy
of sCr as a biomarker for AKI has led to a continuous search
for the Bideal AKI biomarker^, which, of course, would be of
major value also for the diagnosis and management of CI-
AKI. The latter would ideally also be specific to AKI due to
administration of CM. There is a number of novel biomarkers
that have been proposed to be able to diagnose CI-AKI and
also to contribute to patient risk stratification and improve-
ment of clinical outcomes (Table 6). Neutrophil gelatinase-
associated lipocalin (NGAL), interleukin-18 (IL-18) and
Cystatin C (CyC) are the most known relevant biomarkers
studied from various groups, including ours [93], with
NGAL being the most investigated one in the clinical setting
of CI-AKI [56]. However, these novel biomarkers have not
yet been established in everyday clinical management of AKI
and particularly CI-AKI. In this section, we refer to published
meta-analyses regarding the three aforementioned bio-
markers, in order to avoid presenting the results of numerous
studies available in the literature, which would make this sec-
tion confusing and inconclusive.

The clinical value of NGAL was assessed by a meta-
analysis published some years ago which included 19 studies
with a total of 2,538 patients [94]. NGAL level measurement
was found to be a clinically useful early predictor of AKI, with
urine and serum/plasma levels both performing well in this
regard. Measured NGAL levels had a good association with
clinical outcomes, such as mortality and need for dialysis.
NGAL performed well in all clinical settings of AKI investi-
gated, including CI-AKI. Particularly for the diagnosis of CI-
AKI, NGAL levels had a pooled sensitivity of 77.8 % (95 %
CI, 62.8 %-88.0 %) and a pooled specificity of 96.3 % (95 %
CI, 74.4 %-99.6 %) with a median cut-off NGAL value of
100 ng/ml (95 % CI, 80-100).

Another meta-analysis published in the New England
Journal of Medicine in 2013 aimed at investigating the use-
fulness of serum levels of CyC as a biomarker for AKI [95]. It
included 11 general-population studies (with 90,750 individ-
uals) and also 5 studies enrolling patients with CKD (with 2,
969 patients). The authors investigated the association of
eGFR calculated by measurement of CyC compared to the
traditional eGFR (calculated by measurement of creatinine)
and found a net reclassification improvement of 0.23 (95 %
CI, 0.18-0.28) for death and 0.10 (95 % CI, 0.00-0.21) for
progression to ESRD.

Finally, the value of urine levels of IL-18 as a biomarker of
AKI was investigated in a meta-analysis published in 2013
[96], which included 23 studies enrolling a total of 4,512
patients. IL-18 was found to have a relatively suboptimal sen-
sitivity of 58 % (95 % CI, 52 %-64 %) and specificity of 75 %

Table 5 Disadvantages of CI-AKI risk scores

Characteristics of a study producing a risk score that may affect the
score’s performance and applicability

a) Patient cohort from which the score was derived (clinical setting).

b) Publication date (scores developed more than a decade ago may not
reflect up-to-date clinical practice).

c) Full data on co-morbidities are often not provided.

d) Full data on prophylactic measures used are often not provided.

e) The study is retrospective or post-hoc in nature
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(95 % CI, 70 %-80 %). The predictive value of urinary IL-18
did not differ significantly across the various time points of
measurement. Similar were the results about IL-18 presented
in another meta-analysis published this year [97].

Obviously, there is no Bperfect^ biomarker for AKI and CI-
AKI. Given the nature of AKI itself, it would be rational to
support the view that research should not be orientated to-
wards one ideal biomarker, able to produce a simple binary
result (positive or negative). Maybe it would be more mean-
ingful to follow a synergistic approach and combine a bio-
marker with clinical history plus other useful traditional labo-
ratory examinations, such as sCr, conventional urine analysis
and fractional excretion of sodium [98]. Taking into consider-
ation the particular epidemiological and other characteristics
of AKI due to CM administration is undoubtedly of major
significance

Contrast-Induced Acute Kidney Injury
And Guidelines

In contrast to other medical issues with lots of different guide-
lines and statements by relevant medical societies, there is a
relatively small number of guidelines specifically on CI-AKI.
There is of course a number of guidelines addressing the mat-
ter of AKI in general (see Supplementary Table 4 for a
summary of available guidelines). In 1999, the European
Society of Urogenital Radiology produced guidelines for the
use of contrast media, which had, however, the character of a
consensus report [99]. These guidelines were updated many
times during the years that followed, in form of online or
booklet versions. One of these updates was also published in
European Radiology in 2011 [58]. At present, version 9.0
represents the most up-to-date printed version, whereas the
electronic form of version 8.1 is currently available online
[100]. The Kidney Disease: Improving Global Outcomes
(KDIGO) workgroup, a panel consisting of experts in the
field, also published the 2011 KDIGO Clinical Practice
Guideline for Acute Kidney Injury, with section 4 focusing
on CI-AKI [101]. These guidelines were endorsed and up-
dated by the European Renal Best Practice (ERBP) position
statement, which was published in two parts in 2012 and 2013
[40, 102]. Finally, the Canadian Association of Radiologists
also published relevant guidelines in 2011, which were up-
dated in 2012 [61, 103].

These guidelines were produced after reviewing the avail-
able literature on CI-AKI, a large part of which consists of
studies examining clinical settings of CM administration other
than the ones met in a cardiac catheterization laboratory, such
as contrast-enhanced CT scans. Although these guidelines are
definitely useful, one could rationally argue that the wide uti-
lization of cardiac catheterization nowadays creates a need for
guidelines specially focusing on CI-AKI after cardiac

catheterization procedures. Such guidelines would help to bet-
ter understand the risks of CI-AKI development after a pa-
tient’s visit in a catheterization laboratory and allow physi-
cians to better organize their pre- and post-procedural clinical
strategy.

Conclusions

CI-AKI remains an important cause of morbidity and mortal-
ity after CM exposure, especially in the clinical setting of
percutaneous coronary interventions. Various issues regarding
clinical co-morbidities (age, DM, renal function), clinical set-
ting (elective or urgent), periprocedural logistics (CM type
and volume) or biochemical aspects (poor sCr performance)
raise some ambiguity as far as definition, incidence and true
prognostic effect is concerned. A general consensus is war-
ranted for a strict definition of CI-AKI to be adapted so as the
incidence of this pathology to be robustly associated with poor
outcome. Furthermore, specific risk factors should universally
be acknowledged in order appropriate clinical vigilance to be
applied in these sub-group of patients. Emerging acute kidney
injury biomarkers could serve as an alternative mean to diag-
nose CI-AKI earlier and more accurately. Finally, risk stratifi-
cation with validated risk scores is of paramount importance
to identify high-risk patients who will benefit from optimal
renal prophylaxis, staged procedures or careful and prolonged
monitoring of kidney function.
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