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the diagnostic criteria applied, comorbidities, 
and the type of procedure (coronary angiogra-
phy [CA]; percutaneous coronary intervention 
[PCI]). CI-AKI is a challenge mainly for well-de-
veloped countries, in which excessive amounts of 
CM are used on a daily basis. When using the def-
inition of CI-AKI as an increase of serum creati-
nine concentrations (SCr) by more than 25% rel-
ative to baseline and/or by more than 0.5 mg/dl 
at 48 hours after PCI, the rate of CI-AKI ranged 
from 3.3% according to the Mayo Clinic PCI reg-
istry6 to 13.1% as stated by Mehran et al.7 In the 
largest registry by Gurm et al,8 based on 68 573 
procedures, the rate of CI-AKI was 2.5%, defined 
as an absolute elevation in SCr by more than 0.5 
mg/dl. Still, when only clinically relevant CI-AKI 
requiring dialysis was considered, the incidence 
decreased to a range from 0.8% to 1.7%.9

This review sought to summarize the contem-
porary knowledge on pathophysiology, risk fac-
tors, diagnostic markers, and management of 
CI-AKI, with a special interest in CI-AKI as a re-
sult of cardiac catheterization. Accordingly, the 
Medline and EmBase databases were queried to 

Introduction  Contrast-induced acute kidney 
injury (CI-AKI), previously known as contrast- 
-induced nephropathy (CIN), represents a specific 
form of acute renal function impairment triggered 
by the use of iodinated contrast media (CM). As 
CI-AKI remains the subtype of acute kidney inju-
ry (AKI), it is recommended to use common defi-
nitions of AKI, such as the 2012 KDIGO criteria,1 
RIFLE classification (Risk, Injury, Failure, Loss of 
Function, End-Stage Renal Disease),2 AKI Net-
work criteria,3 or the definition by Harjai4 (Sup-
plementary material online, Table S1).

The rapid development of invasive cardiolo-
gy triggered a massive increase in CM exposure. 
Since the implementation of the first CM in the 
1950s, CI-AKI has emerged as the third most com-
mon subtype of hospital-acquired renal failure 
(reaching 11% of all cases), after renal hypoper-
fusion (42%) and postoperative AKI.5 Nearly half 
of all cases of CI-AKI occur after invasive cardiac 
procedures owing to CM-related nephrotoxicity 
and frequently present hemodynamic instability.5

The exact rate of CI-AKI in the setting of 
a cardiology department varies depending on 

Correspondence to: 
Maciej T. Wybraniec, MD,  
I Katedra i Klinika Kardiologii,  
ul. Ziołowa 47, 40-635 Katowice, 
Poland, phone: +48 32 359 88 90, 
fax: +48 32 252 30 32,  
e-mail: wybraniec@os.pl
Received: June 1, 2015.
Revision accepted: August 24, 2015.
Published online: August 26, 2015.
Conflict of interest: Grant for 
scientific research in the field 
of cardio-nephrology funded by 
Adamed Group under the auspices 
of Polish Society of Cardiology. 
“Complex assessment of the risk 
factors of contrast-induced acute 
kidney injury following coronary 
interventions”.
Pol Arch Med Wewn. 2015; 
125 (12): 938-949
Copyright by Medycyna Praktyczna, 
Kraków 2015

KEY WORDS

biomarkers, cardiac 
catheterization, 
contrast-induced 
acute kidney injury, 
contrast-induced 
nephropathy, risk 
factors

ABSTRACT

The rapidly growing number of percutaneous coronary interventions has led to a considerable improve-
ment in the outcome of patients with acute coronary syndromes, yet concurrently exposing patients to 
enormous volumes of contrast media with the inherent risk of renal function impairment. The issue of 
contrast-induced acute kidney injury (CI-AKI) is not only associated with direct sequelae such as pro-
longed hospital stay, but also with increased risk of chronic kidney disease, recurrent acute coronary 
syndromes, cerebral ischemia, and increased mortality rate. The ubiquitous application of contrast media 
warrants active search for reliable risk factors, diagnostic markers, preventive measures, and therapeutic 
modalities that could be used in the management of CI-AKI. The vast majority of CI-AKI incidents remain 
undiagnosed due to insufficient efficiency of the serum creatinine level as the marker of acute kidney 
injury. Recently, several novel renal injury biomarkers have been proposed to facilitate early diagnosis of 
CI-AKI and better reflect the complex interplay between kidney and cardiac pathology, known as cardio-
renal syndrome. This review aimed to summarize the contemporary knowledge on predictors, markers, 
prevention strategies, and management of CI-AKI.
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development (FIGURE 1). A proportional relation-
ship between osmolality and nephrotoxicity was 
documented exclusively for CM with osmolalities 
exceeding 800 mOsmol/kg H2O.14 It may be con-
ditioned by the exceptional environment of the 
renal medulla chronically exposed to osmolali-
ties of 400 to 1200 mOsmol/kg H2O. Converse-
ly, the beneficial effect of reduced osmolality is 
opposed by increasing viscosity of dimeric com-
pounds. High viscosity of IOCM yields a reduced 
tubular urine flow and extended exposure of tu-
bular cells to CM, and results in reduced estimat-
ed glomerular filtration rate (eGFR). Viscosity 
exponentially increases while CM become more 
concentrated due to tubular fluid reabsorption, 
which may trigger tubular plugging. The subse-
quent increased tubular pressure translates into 
increased interstitial pressure and a further re-
duction of medullary blood flow via the direct 
compression of the direct vasa recta. Important-
ly, flow (both tubular and vascular) does not rely 
on osmolality but on viscosity; therefore, this pa-
rameter considerably contributes to the develop-
ment of CI-AKI. This is precisely reflected by the 
Poiseuille’s law: R = η*l*8/Π*r4, where η denotes 
viscosity coefficient; l, length of the vessel; and 
r, the diameter of the vessel.

Interestingly, a recent report has emphasized 
the crucial role of adequate hydration before the 
use of IOCM (eg, iodixanol). It was postulated by 
Seelinger et al15 that LOCM and IOCM share a 
comparable risk of CI-AKI development in well-
-hydrated patients, while in subjects with an in-
adequate hydration status, high viscosity pre-
vails over low osmolality and may paradoxical-
ly favor the use of technologically older LOCM.

Renal tubular hypoxia  The cornerstone of the 
CI-AKI pathophysiology is renal tubular hypox-
ia, which is conditioned by the shifted balance 
between vasodilative and vasoconstrictive agents 
(FIGURE 1). Inadequate oxygen supply is manifest-
ed predominantly in the outer renal medulla. The 
vulnerability of this zone is conditioned by high 
oxygen requirement related to urine concentra-
tions achieved by Na+K+ ATP-ase activity power-
ing sodium reabsorption through the Na+K+2Cl– 

cotransporter, located in the thick ascending limb 
of the Henle loop. Simultaneously, oxygen de-
livery to the outer medulla is scant because the 
direct vasa recta are relatively remote to tubu-
lar cells and are characterized by increased vas-
cular resistance (great length, small diameter). 
HOCM were shown to negatively interfere with 
erythrocyte flexibility hampering renal micro-
circulation.16 As a consequence, physiological 
blood oxygen partial pressure in the outer me-
dulla was reported to be as low as 20 mmHg.17 
The administration of CM also triggers endo-
thelial dysfunction,18 manifested by reduced ni-
tric oxide19 and prostaglandin E2

20 availability, as 
well as increased endothelin and adenosine sig-
naling,21 together with the formation of reac-
tive oxygen species22 (FIGURE 1). Altogether, this 

obtain original research articles and review pa-
pers using the following key words: contrast-in-
duced acute kidney injury, CI-AKI, contrast-in-
duced nephropathy, CIN, contrast media, risk fac-
tors and biomarkers, and cardiac catheterization.

Pathophysiology  Double-hit scenario  The mech-
anism underlying CI-AKI is best described by a 
double-hit scenario, in which harmful effects of 
CM coincide with the different extent of renal 
hypoperfusion or venous congestion leading to 
hemodynamic renal injury. In addition, a con-
siderable number of patients with stable coro-
nary artery disease (CAD) and heart failure suf-
fer from preexisting renal function impairment 
as a consequence of cardio-renal syndrome type 
2, in which chronic cardiac pathology results in 
chronic kidney disease (CKD). The overview of 
CI-AKI pathophysiology is presented in FIGURE 1.

Contrast media  The explanation of CI-AKI patho-
physiology is inextricably connected with the 
physicochemical properties of CM, which are wa-
ter-soluble tri-iodinated benzene compounds.10 
CM are almost exclusively distributed in the ex-
tracellular fluid compartment, minimally protein-
bound, and undergo virtually no metabolism. Ev-
ery available CM is characterized by its distinct 
osmolality, iodine content, iconicity, and viscos-
ity, which all affect its role in the pathophysiolo-
gy of CI-AKI. The most widespread classification 
of CM is based on osmolality,11 which used to be 
regarded as the key factor modifying its patho-
genic impact on the kidney (FIGURE 1). Indeed, 
initial high-osmolar CM (HOCM; 1000–2500 
mOsmol/kg H2O) were ionic monomeric com-
pounds with osmolality up to 8-fold higher than 
human plasma (TABLE 1). The next generations 
of CM were nonionic compounds with the un-
changed iodine content (250–400 mg I/ml so-
lution), but with significantly reduced osmolali-
ty, namely, monomeric low-osmolar CM (LOCM; 
400–800 mOsmol/kg H2O) and finally dimeric 
iso-osmolar CM (IOCM; 290 mOsmol/kg H2O). 

The first observation of CI-AKI following 
urography made by Alwall et al12 in 1955 shed 
light on the dangerous effect of extremely high  
osmolality of infused agents. High osmolali-
ty was deemed to cause direct cytotoxicity to-
wards renal tubular cells via cellular shrinkage 
secondary to osmotic water drainage. Cytotox-
icity was also linked to the phenomenon of pho-
tolysis and iodine release from the CM, causing 
cellular membrane damage.10 The introduction 
of LOCM resulted in a considerably decreased 
rate of CI-AKI; however, further reduction of 
osmolality to the level of human plasma in the 
form of IOCM did not confer much of a clini-
cal benefit and, unexpectedly, was even shown 
to increase the risk of CI-AKI according to 1 re-
port.6 In the rat model of CI-AKI, highly viscous 
IOCM were shown to impede renal blood flow 
more profoundly than LOCM and even HOCM,13 
suggesting a pivotal role of viscosity in CI-AKI 
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↑ ET   ↓ PGE2
↓ NO   ↓ PG2 

EP1EP3 > EP2 EP4 
ET – A > ET – B

contrast-induced tubular cell apoptosis as reflect-
ed by an in-vitro dog kidney model.23 This fact 
may be of paramount importance when it comes 
to periprocedural management, implicating re-
nal benefits of tight glycemic control, contrary 
to the contemporary lenient approach favoring 

external stimulus interferes with a fragile hemo-
dynamic equilibrium of the outer medulla and 
causes acute tubular necrosis.

Hyperglycemia  Severe hyperglycemia of 30 
mmol/l or higher was demonstrated to potentiate 

TABLE 1  Contrast-media classification with examples of substances commonly used in Poland14

CM Osmolality,

mOsm/kg H2O

Viscosity at 37°C,  
mPa*s a

Example

ionic nonionic

HOCM 1000–2500 2.4 diatrizoate (monomer) –

LOCM 400–800 7.5 (ionic dimer)
4.5–4.7 (nonionic 

monomer)

ioxaglate (dimer) iopromide (monomer)
iomeprol (monomer)
iopamidol (monomer)

IOCM 290 11.1 – iodixanol (dimer)

a  for iodine content of approximately 300 mg/ml

Abbreviations: CM, contrast media; HOCM, high-osmolar contrast media; LOCM, low-osmolar contrast media; IOCM, iso-osmolar contrast media 

FIGURE 1  Overview of the pathophysiology of contrast-induced acute kidney injury.10,13,16-23,53 The sequence of events initiated by contrast-media 
administration triggers acute tubular necrosis by means of a) tubular medullary hypoxia and b) direct cytotoxicity. The dashed line shows proposed 
renalase involvement in the pathophysiology of CI-AKI based on experimental and animal-based research.

Abbreviations: A1R, adenosine receptor type 1; CI-AKI, contrast-induced acute kidney injury; DVR, direct vasa recta; EP1-4, prostaglandin E receptor type 
1-4; ET, endothelin; ET-A, ET-B, endothelin receptor; NO, nitric oxide; PGE2, prostaglandin type 2; PGI2, prostacyclin; RBF, renal blood flow; ROS, reactive 
oxygen species; TGF, tubuloglomerular feedback
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was associated with a 7-fold higher risk of CI-AKI, 
and SCr exceeding 3.0 mg/dl—with approximate-
ly 13-fold higher risk.6 The largest PCI study to 
date confirmed that patients with CI-AKI had 
significantly higher preprocedural SCr than sub-
jects without this complication (1.0 and 1.5 mg/dl, 
respectively; P <0.001).8 The CI-AKI Consensus 
Working Panel proposed a threshold of 1.3 mg/dl 
for men and 1.0 mg/dl for women (equivalent 
to an eGFR of 60 ml/min/1.73 m2) as clinically 
relevant cut-off level.29 Nonetheless, contempo-
rary guidelines on myocardial revascularization 
by the European Society of Cardiology and Eu-
ropean Association for Cardio-Thoracic Surgery 
(ESC/EACTS) support the eGFR of less than 40 
ml/min/1.73 m2 as a high-risk threshold.30 A pu-
tative explanation is that preexisting chronic kid-
ney disease (CKD) aggravates renal injury because 
a reduced amount of nephrons needs to excrete 
the excess CM and compensatory mechanisms 
maintaining filtration are limited, resulting in an 
extended exposure time of tubular cells to CM. 
Taking the pharmacokinetics of iomeprol as an 
example, it requires 2 hours to eliminate 50% of 
a given dose of CM, while from 16 to 84 hours are 
needed in the case of severe CKD.31

The gradual reduction of eGFR with age is also 
responsible for a higher incidence of CI-AKI in pa-
tients older than 75 years of age.7 Approximate-
ly one-third of people older than 60 years of age 
have an eGFR of less than 60 ml/min/1.73 m2,32 
while according to recent data, 9.5% of adults 
older than 80 years of age have an eGFR of less 
than 45 ml/min/1.73 m2,33 which makes elderly 
patients particularly vulnerable to CM.

Volume of contrast media  The role of CM volume 
is critical for the pathogenesis of CI-AKI; there-
fore, its use should be limited to the smallest 
extent required to perform cardiac catheteriza-
tion. The majority of studies proved that exceed-
ing 100 ml of CM significantly increases the clin-
ical probability of CI-AKI.6,34 In the randomized 
RECOVER trial, the high-risk threshold of CM ad-
ministered to patients with preexisting CKD was 
more than 140 ml.35 In line with the 2014 ESC/
EACTS guidelines on myocardial revasculariza-
tion, it is contraindicated to exceed the level of 
350 ml or 4 ml/kg.30 Conversely, no safe volume 
of CM exists and even doses of less than 30 ml 
were reported to trigger CI-AKI.30

In order to easily reflect the cumulative risk 
of CI-AKI, Laskey et al36 proposed a volume-to- 
-creatinine clearance ratio (V/CrCl). The ratio ex-
ceeding 3.7 accurately predicted the occurrence of 
CI-AKI (odds ratio [OR], 3.84; P <0.001), defined 
as an absolute increase of SCr by 0.5 mg/dl with-
in 24 to 48 hours following CM infusion.36 Fur-
thermore, Cigarroa et al37 long ago established a 
clinically useful algorithm for the prediction of 
the maximum acceptable CM dose: 5 ml × body 
weight (kg) / baseline SCr (mg/dl).37

glycemic targets of less than 180 to 200 mg/dl in 
the acute phase of myocardial infarction, which 
were shown to promote survival.24

Tubuloglomerular feedback  Tubuloglomerular 
feedback (TGF) used to be regarded as the prin-
cipal mechanism explaining CI-AKI under the la-
bel of osmotic diuresis theory. TGF is based on 
the unique role of the macula densa involved in 
the local secretion of adenosine in response to el-
evated concentrations of Na+, K+, or Cl– in tubular 
fluid detected via the activity of the Na+K+2Cl– co-
transporter. In turn, adenosine activates A1 recep-
tors on extraglomerular mesangial cells, resulting 
in afferent arteriole vasoconstriction and eGFR 
reduction. This protective mechanism is thought 
to reduce oxygen consumption in the event of ex-
cess natriuresis and osmotic load. It was believed 
that high osmolality of CM and subsequent in-
creased tubular sodium load were responsible for 
overstimulation of TGF and severe eGFR reduc-
tion. This hypothesis was somewhat undermined 
by the observation that Na+K+2Cl– cotransport-
er inhibitors, such as loop diuretics (eg, furose-
mide), do not protect against CI-AKI.25 Nonethe-
less, rolofylline, the selective antagonist of A1 ad-
enosine receptors, exerted a protective effect on 
CI-AKI in a nitric-oxide-deficient rat model.26 It 
is possible that adenosine signaling is engaged in 
CI-AKI pathogenesis irrespective of TGF.

Osmotic nephrosis  In the era of HOCM, CI-AKI 
was linked to a characteristic histopathological 
pattern recognized as “osmotic nephrosis”, exem-
plified by a massive vacuolization of proximal tu-
bular cells.27 This phenomenon can be also found 
in the setting of any tubular exposure to highly 
osmolar substances, such as mannitol, and is de-
pendent on the process of pinocytosis. Of note, 
it is merely an indicator of CM exposure but does 
not precisely correspond to the degree of renal 
function impairment.

Risk factors  Since the management of CI-AKI is 
limited to symptomatic treatment, careful risk 
stratification is crucial for selecting patients re-
quiring more aggressive intravenous hydration 
and limitation of CM dose. Every catheteriza-
tion laboratory should develop its own preproce-
dural risk-adjusted hydration protocol. In case of 
elective CA, it is indispensable to define patients’ 
pretest probability of CAD and apply noninvasive 
diagnostic tests28 to select patients ineligible for 
CA and thus avoid redundant exposure to CM.

Consistently with its multifaceted pathophysi-
ology, CI-AKI has numerous risk factors that can 
be categorized into modifiable and nonmodifiable 
subgroups (TABLE 2). A large body of evidence sug-
gests that preexisting CKD and the volume of CM 
injected are the two most significant predictors 
of CI-AKI (TABLE 2).

Baseline renal function  The Mayo Clinic Registry 
reported that baseline SCr exceeding 2.0 mg/dl 
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(STEMI) was linked to CI-AKI burden, presum-
ably due to hemodynamic instability and higher 
CM requirement.41

Impaired glucose metabolism  Impaired glucose 
metabolism acts as a permissive factor to CI-
AKI owing to diabetic microangiopathy promot-
ing renal tubular hypoxia, as well as the syner-
gy between hyperglycemia and high osmolality 
of CM.24 Roughly one-third of diabetic patients 
display Kimmelstiel–Wilson glomerulosclerosis, 
which is the most frequent cause of end-stage re-
nal disease (ESRD) and an indication for dialysis 
in developed countries.42 Numerous studies un-
derscored the harmful effect of diabetes on kid-
ney function following the use of CM.7,43 Inter-
estingly, Rihal et al6 demonstrated that the pres-
ence of diabetes significantly increased the risk 
of CI-AKI only in patients with SCr of less than 
2.0 mg/dl, while in patients with severe CKD, it 
did not confer additional risk of renal injury. Both 
mild (110–140 mg/dl; OR, 1.31) and severe (>200 
mg/dl; OR, 2.14) preprocedural hyperglycemia was 
associated with a higher incidence of CI-AKI in 
comparison with normoglycemia (<110 mg/dl), 
but exclusively in subjects without the previous 
diagnosis of diabetes.44

Predictive scales  In 2004, Mehran et al7 formu-
lated a transparent and clinically relevant risk 
classification for CI-AKI (Supplementary mate-
rial online, Table S2). Notwithstanding its sim-
plicity and utility, this statistical model neglect-
ed some other very important risk factors, which 
were further included in a subsequent risk pre-
diction algorithm developed by Gurm et al.8 The 
latter score, derived from the Blue Cross Blue 
Shield of Michigan Cardiovascular Consortium 
registry, incorporates a wide range of clinical vari-
ables and is available as an easily accessible online 

Types of contrast media  As previously stated, the 
use of HOCM is associated with an increased risk 
of CI-AKI in comparison with the use of LOCM 
or IOCM.38 All LOCM confer a comparable risk of 
CI-AKI; however, there are conflicting data regard-
ing the comparison of LOCM and IOCM. It was 
implied that LOCM might be superior to IOCM 
in dehydrated patients,13 while some research en-
dorsed the advantage of IOCM over LOCM in pa-
tients with preexisting CKD and diabetes.35

Dehydration  The maintenance of adequate vol-
ume status is the cornerstone of CI-AKI preven-
tion, while dehydration is a major risk factor for 
CI-AKI, since it directly modifies urinary, tissue, 
and plasma CM concentrations. The total body 
water measured by means of a bioimpedance vec-
tor analysis immediately before the procedure (a 
correlate of effective intravascular volume) was 
shown to accurately predict the occurrence of 
postprocedural CI-AKI.39

Hemodynamic status  CI-AKI is frequently accom-
panied by prerenal component associated with 
hypoperfusion secondary to acute heart failure, 
low left ventricular ejection fraction (LVEF), the 
need for the use of an intra-aortic balloon pump, 
or renal congestion secondary to congestive heart 
failure. High central pulse pressure potentiates 
renal injury via impaired autoregulation of re-
nal blood flow.40 In the setting of acute coronary 
syndrome (ACS), the systemic inflammatory re-
sponse aggravates renal injury, while excessive 
administration of CM is often indispensable for 
procedural success. The need for frequent cathe-
ter exchange or intra-aortic balloon pump inser-
tion could result in renal microembolization. Cor-
respondingly, complex coronary anatomy reflect-
ed by a high SYNTAX score in subjects presenting 
with ST-segment elevation myocardial infarction 

TABLE 2  Risk factors for contrast-induced acute kidney injury risk factors7-8,34

Patient-related risk factor Procedure-related risk factors

modifiable nonmodifiable

hydration status
glycemia
blood pressure – hypoperfusiona

anemia
obesitya

nephrotoxic drug use:
NSAIDs
aminoglycosides
amphotericin B
high dose loop diuretics
acyclovir, foscarnet

baseline SCr – CKD
diabetes
CI-AKI in anamnesis
age >75 years
female sex
LVEF
CHF
ACS
previous MI
previous PCI
peripheral arterial disease
SYNTAX score
neutrophil-to-lymphocyte ratio

CM volume
CM type (HOCM, LOCM, IOCM)
CM type preheating and storing
CM intra-arterial or intravenousb
automated CM syringe
repeated CM exposure
biplane angiography
use of IABPb

operator

a  modifiable to certain extent;     b  in case of CA/PCI, CM is administered intra-arterially

Abbreviations: ACS, acute coronary syndrome; CHF, congestive heart failure; CKD, chronic kidney disease; IABP, intra-aortic balloon pump; LVEF, left 
ventricular ejection fraction; MI, myocardial infarction; NSAIDs, nonsteroidal anti-inflammatory drugs; PCI, percutaneous coronary intervention; SCr, 
serum creatinine concentrations; others, see TABLE 1 and FIGURE 1
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Metformin itself does not affect the risk of 
CI-AKI. Nevertheless, in the event of CI-AKI, met-
formin can trigger lethal lactic acidosis. No sci-
entific evidence supports routine discontinuation 
of metformin in all diabetic patients referred for 
CA, except for diabetic patients with preexisting 
CKD.57 Instead, SCr should be evaluated for 2 to 
3 consecutive days following the procedure, and 
metformin should be suspended when renal func-
tion deteriorates.30

Contrast media precautions  Merely 2 preventive 
strategies significantly modified the prevalence of 
CI-AKI: CM dose modification and adequate hy-
dration. The preferable use of IOCM over LOCM 
and HOCM (class IIa, level A), CM prewarming 
to 37°C, and CM volume reduction to less than 
350 ml or less than 4 ml/kg body weight (or CM 
volume-GFR ratio <3.7) all play a pivotal role in 
the prevention of CI-AKI (class I, level A).30 Au-
tomated contrast injectors have proved effective 
in reducing CM volume approximately by 45 ml 
per case, which translated into a reduced risk of 
CI-AKI (OR, 0.85; P <0.001).58 Biplane angiogra-
phy facilitates further reduction in CM dose (25 
vs 47 ml; P <0.0001) and results in a lower prev-
alence of CI-AKI (7.8% vs 26.8%; P = 0.0007) and 
dialysis requirement (P = 0.02).59 Additionally, an 
experimental contrast removal device placed in 
the coronary sinus during CA prevented a post-
procedural increase in SCr, without causing any 
device-related complications.60

Hydration  The deleterious effect of CM can be 
somewhat reduced by adequate hydration leading 
to CM dilution,39 both in renal tubules and intra-
renal arteries. Due to excessive viscosity, the use 
of IOCM, in particular, should always be preceded 
by sufficient volume expansion.13 Current Europe-
an guidelines endorse the strategy of intravenous 
hydration with isotonic saline in all patients with 
moderate-to-severe CKD, especially those with an 
eGFR of less than 40 ml/min/1.73 m2, starting 
12 hours before to 24 hours after the procedure 
(class I, level A).30,61 The oral route of hydration 
was shown to be as effective as the intravenous 
one in the prevention of CI-AKI.62 Yet, blind hy-
dration can trigger pulmonary edema, especial-
ly in patients with low LVEF. Thus, a ”one size fits 
all” approach seems outdated, and, nowadays, 
there is growing experimental evidence to sup-
port the concept that volume expansion should 
be adjusted to the current hydration status.63,64 
The fundamental results of the POSEIDON tri-
al showed that intraprocedural intravenous hy-
dration guided by left ventricular end-diastolic 
pressure (LVEDP) measured immediately before 
the use of CM is superior to the standard hydra-
tion protocol (rate of CI-AKI, 6.7% vs 16.3%; P = 
0.005).63 Patients in whom LVEDP was 18 mmHg 
or lower received a more aggressive hydration 
than patients randomized to the control group.63 
Of note, all study participants regardless of the 
assigned group received an intravenous bolus of 

computational tool with an excellent area un-
der the curve of 0.85 for CI-AKI risk prediction.8

Biomarkers  To date, no AKI marker has achieved 
the diagnostic power sufficient for an early and 
definite diagnosis of CI-AKI. In particular, the 
use of SCr as an early disease marker is limited. 
Following renal injury, SCr accumulates in blood-
stream no sooner than 24 to 48 hours, and it may 
take even up to 5 days, while in the setting of a 
cardiology department, the majority of patients 
are discharged within 2 days after CM adminis-
tration.45 SCr depends on numerous factors in-
cluding age, sex, total muscle mass, diet, or hy-
dration status. Since the relationship between SCr 
and eGFR is exponential, SCr initially remains 
intact following renal injury, despite a rapid de-
crease in actual GFR.46 In turn, notable day-to-
-day variability of SCr was demonstrated in pa-
tients who did not receive CM during hospitaliza-
tion, as more than half of 32 161 patients experi-
enced a relative increase in SCr of at least 25%.47

Thus, the idea of so called renal troponin has 
driven the search for an ideal biomarker, which 
could facilitate the early initiation of treatment 
such as intravenous hydration or renal replace-
ment therapy (RRT). To date, several markers 
have been proposed, such as cystatin C,48 neutro-
phil gelatinase-associated lipocalin,49 liver fatty 
acid-binding protein,50 kidney injury molecule 1,51 
or interleukin 18.52 Catecholamine-metabolizing 
enzyme known as renalase is particularly prom-
ising because a rapid postprocedural decrease 
in its urinary levels could reflect not only real-
time renal injury but also the actual renal func-
tion loss (FIGURE 1).53 Time will show whether any 
of these markers will be incorporated into daily 
clinical practice.

Prevention and management  Risk assessment  So 
far, no pharmacological agent proved fully effec-
tive in reducing the risk of CI-AKI (TABLE 3). Thus, 
an adequate preparation for cardiac catheteriza-
tion and estimation of CI-AKI risk are of para-
mount importance (class IIa, level C).30 This in-
cludes the use of electronic alertness systems, 
which are capable of selecting patients at high 
risk of CI-AKI merely on the basis of data included 
in a patient’s electronic history, allowing for the 
timely incorporation of a preventive strategy.54

Drug review  The easiest and least expensive pre-
caution is cessation of all potentially nephrotoxic 
drugs in all high-risk patients, including nonste-
roidal anti-inflammatory drugs, cyclosporine A, 
and aminoglycosides at least 48 hours before the 
injection of CM. The current clinical data on the 
role of angiotensin-converting enzyme inhibitors 
and angiotensin receptor blockers in the patho-
physiology of CI-AKI55,56 are conflicting; howev-
er, it is reasonable to consider withholding these 
agents in patients with severe CKD at a very high 
risk of CI-AKI.
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been shown that patients derive a notable bene-
fit from pretreatment with high-dose statin giv-
en 24 hours before radiographic contrast proce-
dures. This was documented both in statin-na-
ive patients with ACS67 and in subjects with sta-
ble CAD.68 The beneficial effect was observed for 
atorvastatin at a dose of 80 mg,68 rosuvastatin 
at a dose of 40 or 20 mg,67 and simvastatin at a 
dose of 80 mg.69 The efficacy of statins was sum-
marized by a recent meta-analysis comprising 7 
randomized controlled trials (RCTs) incorporating 
1399 patients, which revealed a favorable effect 
of statin on the rate of CI-AKI (relative risk [RR], 
0.51, P = 0.001), yet with no effect on the rate of 
dialysis requirement.70 The effect of statins might 
be less profound in patients with baseline renal 
function impairment (eGFR <40 ml/min/1.73 
m2).71 As observed by Quintavalle et al,68 atorv-
astatin induced cell viability via reduction of pro-
apoptotic caspase-3, JNK, and p53 activation, at 
the same time promoting survival signals medi-
ated by the Akt and ERK pathways.68 These data 
lend support to the current recommendations of 
the European Society of Cardiology (ESC),30 sug-
gesting the consideration of preprocedural ad-
juvant loading dose of statin (class IIa, level A).

Prevention of contrast-induced acute kidney injury: 
past experience and future perspectives  The exten-
sive scientific data from RCTs did not show any 
clinical benefit of using N-acetylcysteine and so-
dium bicarbonate72,73 or implementing dopamine 
or selective D1 receptor-agonist (fenoldopam) in 
the prevention of CI-AKI.74 Therefore, their use 
is not supported by the current ESC guidelines.30 
Although several other substances have been pro-
posed as potential preventive agents in patients 
with CI-AKI (TABLE 3), the evidence for their ben-
efit remains scarce.

saline (3 ml/kg) before the procedure, suggest-
ing that intra- and postprocedural hydration is 
at least equally as important as the preprocedur-
al volume status.63

Forced diuresis with volume expansion  Notewor-
thy, urinary CM levels can be further decreased 
by forced diuresis due to furosemide-mediated in-
hibition of the Na+K+2Cl– cotransporter in the as-
cending limb of the Henle loop. Although the use 
of furosemide alone augmented the risk of CI-AKI 
(OR, 3.27),65 adding matched volume expansion to 
furosemide in high-risk patients undergoing PCI 
led to the reduction in the rate of CI-AKI (class IIb, 
level A).30 Current European guidelines are based 
on the results of the randomized MYTHOS trial, 
which proposed a preprocedural intravenous bo-
lus of 250 ml of saline over 30 minutes (150 ml 
in case of low LVEF) with a subsequent intrave-
nous furosemide bolus (0.25–0.5 mg/kg) and fur-
ther diuresis-tailored hydration during the pro-
cedure and 4 hours afterwards.66 The procedure 
was started providing that the urine output ex-
ceeded 300 ml/h.66 The above approach caused a 
marked reduction in the CI-AKI rate (RR = 0.29, 
P = 0.023).66 This concept was further explored in 
the REMEDIAL-II trial evaluating the effective-
ness of the RenalGuard System,64 a closed-loop 
system adapting furosemide infusion to the cur-
rent urine output. Clinical application of this sys-
tem in high-risk patients led to a decrease in the 
rates of CI-AKI and in-hospital adverse events, 
significantly limiting cystatin C elevation, as well 
as in the rate of in-hospital dialysis.64

Statins  The significance of statins has long 
been known to extend far beyond their hypoli-
pemic action, with pleiotropic anti-inflammato-
ry and antithrombotic properties. Recently, it has 

TABLE 3  Prevention of contrast-induced acute kidney injury53,57-61,64,68,72-74,90-96

Results Pharmacological prevention Nonpharmacological prevention

effective IV hydration tailored to fluid status
nephrotoxic drug discontinuation
HMG inhibitors (statins)

contrast media volume limitation, prewarming, use of iso-osmolar 
contrast media

automated contrast injectors
biplane angiography

promising preliminary human 
studies

N-acetylcysteine (NAC)a

bicarbonate (NaHCO3–)a

theophyllinea

ascorbic acid
sildenafil
iloprost
citrate
trimetazidine
allopurinol
atrial natriuretic peptide

remote ischemic preconditioning
oxygenation
coronary sinus contrast removal systems

promising preliminary animal 
studies 

renalase
cardiotrophin 1

no significant clinical benefit dopamine
fenoldopam

a  conflicting results of studies suggest mild benefit or neutral effect on the risk of contrast-induced acute kidney injury
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is contraindicated in high-risk patients receiving 
CM (class III, level B).1,30

The limitations of HD are somewhat overcome 
by continuous extracorporeal blood purification 
techniques such as continuous venovenous he-
mofiltration (CVVH). Marenzi et al82 reported 
that CVVH had an advantage over saline hydra-
tion in the reduction of the rate of CI-AKI (5% 
vs 50% respectively, P <0.001), the need for re-
peated RRT (3% vs 25%), the rate of in-hospital 
complications, and the rates of in-hospital (2% vs 
14%, P = 0.02) and 1-year mortality (10% vs. 30%, 
P = 0.01).82 Current guidelines state that prophy-
lactic CVVH may be considered in subjects with 
severe CKD exposed to CM (Class IIb, level A).30 
More recently, Choi et al83 revealed that hemofil-
tration performed simultaneously with CA result-
ed in an improved outcome in comparison with 
the hemofiltration strategy performed 6 hours 
before and 24 hours after the procedure.

Chronic kidney disease and cardiac interventions� 
Preexisting renal function impairment remains a 
clinical challenge because it is the key risk factor 
for CI-AKI. This is of particular importance be-
cause the rate of coronary incidents in CKD far ex-
ceeds that observed in healthy individuals.45 The 
general preventive strategy resembles the usual 
approach applied in normal population. All the 
potential nephrotoxic drugs should be withheld 
and the volume of CM minimized, while adequate 
hydration is a prerequisite for long-term net pro-
cedural success. Despite the above data, CVVH 
should be reserved merely for patients with CKD 
at an extremely high risk of CI-AKI.1 Prophylac-
tic HD is contraindicated.1 In the event of post-
procedural worsening of renal function, the in-
dications for RRT are common with other etiol-
ogies of ACI.

The maximum acceptable CM dose should be 
tailored according to the initial creatinine concen-
tration and eGFR. Based on the formula of Cigar-
roa et al37 and the advised volume-to-creatinine 
clearance ratio (<3.7) by Laskey et al,36 we calcu-
lated a maximal reasonable volume of contrast for 
an average individual with a weight of 65 kg de-
pending on the baseline renal function (TABLE 4).

� 
The effect of iodinated CM on residual renal 
function in patients with ESRD maintained on 
RRT is another intriguing clinical dilemma. This 
problem is particularly important since the cur-
rent evidence suggests that the use of CM does 
not trigger the reduction of residual diuresis at 
6-month follow-up.84 Guidelines do not support 
performing HD before the next routinely sched-
uled session in patients maintained on a routine 
HD schedule of 3 sessions per week and exposed 
to CM dose. It was demonstrated that this sub-
set of patients does not exhibit surplus in-hospi-
tal adverse events following the administration 
of CM.85,86 Under the condition of IOCM use and 
CM dose limitation, patients with ESRD should 

Remote ischemic preconditioning (RIPC) is 
based on the concept that transient cycles of 
nonlethal ischemia and reperfusion of one or-
gan prevent another organ from extensive dam-
age following a subsequent episode of lethal isch-
emia and reperfusion. Notwithstanding the un-
disclosed underlying mechanism, it involves re-
peated transient episodes of 5-minute arm cuff 
inflation and 5-minute deflation immediately be-
fore the procedure. Surprisingly, RIPC initially 
proved effective in reducing the rate of CI-AKI in 
patients undergoing elective CA75 or PCI in the 
setting of STEMI.76 Preliminary data concerning 
the use of RIPC in CI-AKI are promising but merit 
verification in high-volume randomized studies.

As renal tubular hypoxia constitutes the ulti-
mate endpoint of all CI-AKI pathogenic pathways, 
the idea of surplus oxygenation seems notewor-
thy. Unexpectedly, patients referred for elective 
CA/PCI who received surplus oxygenation via the 
nasal cannula suffered from CI-AKI notably less 
frequently than patients kept on room air.77 Still, 
this preventive strategy requires further research.

Renal replacement therapy  Single hemodialysis 
(HD) session cannot remove the whole load of 
CM stored in the extravascular compartment. 
First, CM diffuse into the extracellular fluid and 
rapidly achieve equilibrium with the intravascu-
lar compartment. In patients with normal renal 
function, the excretion via glomerular filtration 
leads to a rapid drop in CM concentrations in 
blood and rediffusion of CM from the extracellu-
lar volume to intravascular compartment. In pa-
tients with severe CKD, there is a prolonged re-
tention of CM.31 Although the mean reduction of 
CM during HD slightly exceeds 80% of the total 
iodine content at 4 hours,78 circulating CM levels 
increase significantly directly after HD, suggesting 
a rebound phenomenon.79 Second, CM are classi-
fied as middle-sized molecules, and low-flux HD 
membranes perform suboptimally in the elimi-
nation of CM, as opposed to high-flux hemofil-
tration membranes.

In the largest study to date, Vogt et al80 dem-
onstrated that prophylactic HD in 133 patients 
with CKD was associated with an insignificant-
ly higher demand for repeated HD (P = 0.12) and 
greater variations in SCr with no clinical benefit 
concerning in-hospital adverse events. Converse-
ly, a meta-analysis comprising 1010 patients in-
dicated a possible harmful effect of prophylac-
tic HD (RR, 1.61) on the risk of CI-AKI (eleva-
tion of SCr by >0.5 mg/dl) and a neutral effect 
on permanent RRT requirement or progression 
to ESRD.81 The explanation of these paradoxical 
findings may be the possibility of real-time re-
nal injury during the procedure, which cannot 
be prevented by postprocedural dialysis, as well 
as the harmful effect of HD itself due to varia-
tions in blood pressure. Also, SCr is an insensitive 
AKI marker in patients on RRT since it is elimi-
nated from bloodstream during the procedure it-
self. Given the above rationale, prophylactic HD 
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injury, but also the magnitude of combined car-
diorenal pathology.
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Conclusions  Worsening of renal function fol-
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jor clinical challenge on account of higher mor-
bidity and mortality, far exceeding renal outcome 
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tion laboratory should be carefully interviewed 
to elucidate all potential risk factors of CI-AKI. 
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TABLE 4  Maximum acceptable amount of contrast media depending on baseline 
renal function36,37

Baseline

eGFR,  
ml/min/1.73 m2

Corresponding

SCr according

to MDRDa, mg/dl

CM volume, ml

algorithm by 
Cigarroa37b

algorithm by 
Laskey et al36c

90 0.9 360 330

60 1.25 260 220

45 1.65 195 165

30 2.3 140 110

15 4.25 75 55

a  eGFR based on the MDRD formula for non-African-American male (weight, 65 kg); 
approximated

b  values calculated for an average person with a weight of 65 kg

c  recommended volume of contrast-to-creatinine clearance ratio <3.7

Abbreviations: eGFR, estimated glomerular filtration rate; MDRD, Modification of Diet 
in Renal Disease; others, see TABLE 1
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STRESZCZENIE

Gwałtownie rosnąca liczba przezskórnych interwencji wieńcowych doprowadziła do znaczącej poprawy 
rokowania u pacjentów z ostrymi zespołami wieńcowymi, jednocześnie narażając pacjentów na duże 
ilości środków cieniujących, których użycie nierozerwalnie wiąże się z uszkodzeniem czynności nerek. 
Zagadnienie ostrego uszkodzenia nerek po podaży kontrastu (contrast‑induced acute kidney injury – CI‑AKI) 
łączy się nie tylko z bezpośrednimi następstwami w postaci wydłużonego czasu hospitalizacji, ale także 
ze zwiększonym ryzykiem rozwoju przewlekłej choroby nerek, ponownymi ostrymi zespołami wieńcowymi, 
wystąpieniem udaru niedokrwiennego mózgu oraz większym ryzykiem zgonu. Wszechobecne zastoso‑
wanie środków kontrastowych wymaga podjęcia działań w kierunku znalezienia wiarygodnych czynników 
ryzyka, markerów diagnostycznych i środków zapobiegania przydatnych w leczeniu CI‑AKI. Zdecydowana 
większość przypadków CI‑AKI pozostaje nierozpoznana w związku z niedoskonałością stężenia kreatyniny 
w surowicy jako markera ostrego uszkodzenia nerek. W ostatnim czasie zaproponowano kilka nowych 
markerów, umożliwiających wczesne wykrycie CI‑AKI oraz lepsze zrozumienie złożonej zależności pomiędzy 
układem sercowo‑naczyniowym a nerkami, znanej jako zespół sercowo‑nerkowy. Celem niniejszego 
artykułu poglądowego jest podsumowanie dotychczasowej wiedzy na temat patofizjologii, czynników 
ryzyka, markerów, środków prewencji i leczenia ostrej nefropatii kontrastowej.
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