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ABSTRACT

Currently, there is a continuous increase in the number of interventional interventions
in cardiology using X-ray contrast agents (RKV), which often leads to such a formidable
complication as contrast-induced acute kidney injury (CI-AKI). The manifestations of CI-
AKI have all the characteristics of acute renal injury (AKI) and include an absolute (greater
than or equal to 0.3 or more or equal to 0.5 mg/dL) or relative (greater than or equal to 25%)
increases in serum creatinine (sCr) compared with baseline values, occurring 48-72 hours after
intravascular administration of RVC.

Contrast-induced acute kidney injury is a common complication following intravascular
administration of iodine-containing contrast media and is associated with prolonged
hospital stay and poor long-term prognosis, including unwanted cardiovascular events, and
complete loss of renal function. CI-AKI occurs in 5-20% of hospitalized patients undergoing
percutaneous coronary interventions.

Unfortunately, there are currently no analogues of iodine-containing RVC, and therefore
the question of finding optimal CI-AKI biomarkers for the purpose of early diagnosis and
prevention of this formidable complication remains relevant.

The diagnosis of CI-AKI is based on an increase in serum creatinine, which is a late biomarker
of kidney damage. New and earlier serum and urinary biomarkers for the diagnosis of kidney
damage have now been identified that can be detected before serum creatinine levels rise.
This article provides information on the most relevant and modern biomarkers of CI-AKI.
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INTRODUCTION

Contrast-induced acute kidney injury (CI-AKI) is
a severe complication of exposure to radiopaque sub-
stances (ROS) used in cardiology for diagnosis or when
using interventional treatment methods, and may be
associated with unfavorable short- and long-term out-
comes [1, 2]. CI-AKI is the third most common cause
of nosocomial development of acute kidney injury
(AKI) after reduced renal perfusion (within prerenal
AKI) and drug nephrotoxicity. The incidence of CI-
AKI varies up to 20% among hospitalized patients [2,
3]. CI-AKl is usually defined as an absolute (more than
or equal to 0.3 or more than or equal to 0.5 mg/dl) or
relative (more than or equal to 25%) increase in serum
creatinine (sCr) compared to baseline values, occur-
ring 48-72 hours after intravascular administration of
ROS, and, reaching a peak on day 3-5, returns to the
baseline level within 10-14 days [1]. Such dynamics
of creatinine level does not allow timely diagnosis of
CI-AKI. In addition, an increase in serum creatinine
depends not only on a decrease in glomerular filtration
rate (GFR), but also on the systemic accumulation of
sCr produced by skeletal muscles and non-renal factors
(age, gender, muscle mass, state of hydration), which
makes an increase in sCr level non-specific for the
diagnosis of CI-AKI, in connection with which other
biomarkers have been actively investigated recently.
In particular, there is a growing interest in the most
sensitive biomarkers that allow detecting kidney injury
earlier than the sCr level. These biomarkers can be di-
vided into 2 groups: 1) those that represent changes in
renal function [for example, sCr or cystatin (Cys-C)], 2)
those that reflect structural kidney injury [for example,
kidney injury molecule 1, interleukin-18 (IL-18)]. Sev-
eral studies report new biomarkers in urine/serum used
for risk stratification, diagnosis and prediction of the
possibility of CI-AKI. The combination of functional
biomarkers and biomarkers of kidney injury provides
a simple method for dividing patients with AKI into
4 groups: 1) markers do not change; 2) only injury; 3)
only functional disorders; 4) injury and functional dis-
orders [4]. In fact, the use of new biomarkers of kid-
ney injury has been limited for several reasons: finding

the most accurate biomarkers for each individual case,
uncertainty in thresholds (which may vary depending
on the conditions), as well as limited clinical data and
financial costs.

Characteristics of the optimal biomarker for detect-
ing CI-AKI: 1) detection fluency and specificity for
contrast-induced kidney injury; 2) cost-effectiveness;
3) the ability of detection at the subclinical phase; 4) the
ability to monitor the biomarker; 5) the ability to strat-
ify the risk and predict the outcome of kidney injury.

PATHOPHYSIOLOGY OF ACUTE
KIDNEY INJURY INDUCED BY
RADIOPAQUE SUBSTANCE

ROS can induce AKI by two main mechanisms: 1)
cytotoxic effect; 2) impaired renal hemodynamics [5,
6]. Cytotoxic effects of ROS include: apoptosis, im-
paired cell viability and increased activity of the brush
border and lysosomal enzymes; fragmentation of cellu-
lar DNA; suppression of signaling molecules involved
in cell survival and amplification of signaling mole-
cules during cell death, such as members of the N-ter-
minal kinase p38 and c-Jun mitogen-activated protein
kinases and nuclear transcription factor kB, as well as
activation of caspase. It is believed that the nuclear fac-
tor kB and N-terminal kinases c-Jun are involved in en-
hancing the regulation of pro-inflammatory IL-8. The
imbalance between vasoconstrictors and vasodilators is
leading in the pathogenesis of CI-AKI.

In fact, haemodynamic compromise with an in-
crease in renal blood flow, glomerular filtration rate and
diuresis rate are directly related to the osmolality of
ROS. Due to the increased osmotic load, more sodium
is reabsorbed by tubular cells, which in itself increas-
es oxygen consumption. After this temporary increase,
the renal blood flow decreases (from 10 to 25%). The
decrease in blood flow appears to occur under the in-
fluence of vasodilators, such as adenosine, nitric oxide,
atrial natriuretic peptide and prostaglandin E2. Also,
the pathogenesis of CI-AKI involves an increase in the
production of reactive oxygen species due to a decrease
in blood flow and increased oxygen consumption in the
brain substance (Fig. 1).
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FUNCTIONAL BIOMARKERS

Creatinine

Creatinine is the most widely used endogenous
marker of glomerular filtration rate, produced at a con-
stant rate and freely filtered in the glomeruli, with only
10 to 40% secreted by distal tubules. This is a conve-
nient and cheap marker to measure, but its concentra-
tion is influenced by several factors, including age,
gender, exercise, medication, muscle mass, nutritional
status and number of meals [1].

The increase in sCr occurs 24-72 hours after the in-
troduction of ROS and peaks on days 3-5, returning to
the baseline level within 10-14 days. In addition to this
slow kinetics which limits its use for early diagnosis of
kidney injury, sCr remains within the reference range
until 50% of renal function is lost.

Microalbuminuria

Microalbuminuria is an important marker of chang-
es in the structure and function of the glomeruli. The
term “microalbuminuria” refers to urinary albumin at
a concentration below the threshold for determining
albumin using conventional urine test strips. Its val-
ue ranges from 30 to 300 mg/I [7]. Microalbuminuria
was used as a biomarker in a study of the prevention

of CI-AKI with N-acetylcysteine [8]. The limitation of
the use of microalbuminuria as a marker of AKI is its
presence not only in acute, but also in chronic condi-
tions, such as diabetes mellitus, blood diseases, chronic
kidney disease, etc.

Cystatin C (Cys-C)

Cystatin C is a functional biomarker of glomerular
filtration, more sensitive than sCr, for detecting acute
(within 24 hours) changes in kidney function. Itis a 13
kDa protein, a member of the cysteine protease inhibi-
tor family, which is present in all nucleated cells. Cys-C
is filtered by glomeruli and then metabolized in the cells
of the proximal renal tubules after megalin-mediated
endocytosis [9]. Cys-C is not secreted by the proximal
renal tubules. All cells in the body that contain nuclei
produce cystatin C at a stable rate. Thus, the concentra-
tion of cystatin C in the blood correlates with the glo-
merular filtration rate [10, 11]. The level of protein in
the blood does not depend on body weight and height,
muscle mass and gender.

For these reasons, Cys-C can be a useful marker for
detecting both chronic and acute changes in GFR [12,
13]. In addition, Cys-C is distributed in the extracel-
lular fluid, whereas sCr is distributed in the water of
the whole body, the volume of which is 3 times larger

Contrast medium administration
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Fig. 1. Pathophysiology of acute kidney injury
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[14, 15]. Thus, with a decrease in GFR, the content of
Cys-C in serum increases faster than sCr [16, 17].

It has been shown that with CI-AKI, the peak level
of Cys-C in blood serum is reached as early as 24 hours
after the administration of ROS, which makes it possi-
ble to detect even minor changes in GFR [18-20].

Brigoori C. and colleagues demonstrated that in 410
patients with chronic kidney disease who underwent
coronary and/or peripheral angiography and/or angio-
plasty, an increase in the concentration of Cys-C in se-
rum by 10% or more 24 hours after exposure to ROS
was associated with an increase in sCr greater than or
equal to 0.3 mg/dl and was an independent predictor of
serious consequences for 1 year, including death and
renal replacement therapy (RRT). At the same time, an
increase in the level of Cys-C in serum by less than
10% in 24 hours excluded CI-AKI [21].

Beta-2-microglobulin (B2M, B , M, Thymotaxin,
Beta -Microglobulin).

Beta-2-microglobulin is an 11.8 kJ protein that is
filtered by glomeruli and reabsorbed by the proximal
tubules of the kidneys [22]. Although low levels of be-
ta-2-microalbumin are found in the urine and serum of
healthy people, after kidney injury its level increases
due to a decrease in reabsorption by damaged tubules.

In particular, the baseline level of beta-2-micro-
globulin in serum is an important predictor of CI-AKI.
Nozue and colleagues included 96 patients with stable
angina who underwent routine percutaneous coronary
intervention (PCI) [23].

They measured serum Cys-C and b2M, as well as
fatty acid binding protein in the liver (FABP), b2M and
N-acetyl-b-D-glucosamide (NAG) before and 1 day af-
ter PCIL. In patients with CI-AKI (5%), baseline serum
b2M and Cys-C levels were significantly higher than in
patients without CI-AKI (4.2 £ 2.6 vs. 2.2 = 1.0 mg/L,
P=0.0007 and (1.51 £ 0.52) vs. 1.11 £ 0.34 mg/L, P =
0.013, respectively).

The baseline level of b2M > 1.26 mg/dl showed 75%
sensitivity and 80% specificity in predicting CI-AKI.
Similar results were obtained by Li and his colleagues,
who randomized 424 patients exposed to ROS [24].

CI-AKI was defined as an increase in SCr by 25%
or higher or 0.5 mg/dL above baseline within 48 hours.
Serum levels of b2M, Cys-C and creatinine were mea-
sured 0, 24 and 48 hours after coronary angiography.

Before using ROS, the risk of CI-AKI was predict-
ed by both the baseline level of b2M and CysC. After
the introduction of ROS, CI-AKI was determined by
the level of B2m, Cys-C, creatinine and GFR. Howev-
er, multivariate regression analysis confirmed that the
baseline levels of B2m, Cys-C, creatinine and calculat-
ed GFR were independent predictors of CI-AKI.
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Retinol-binding protein (RBP).

Retinol binding protein (RBP) is a 21 kDa protein
that is filtered by the glomeruli and reabsorbed by the
proximal tubules. It has been shown to be an adequate
marker for the diagnosis of AKI; in particular, levels
of RBP in urine before and after are used to assess the
effectiveness of the prevention of AKI with N-acetyl-
cysteine [25].

BIOMARKERS OF STRUCTURAL KIDNEY
INJURY

N-acetyl-fi-d-glucosamide (NAG)

N-acetyl-p-d-glucosamide (NAG) is a lysosomal en-
zyme (>130 kDa) that is produced by cells of the prox-
imal tubules of the kidneys. In healthy people, NAG is
present in the urine in small amounts. Damage to the re-
nal tubule leads to an increase in its concentration in the
urine due to the fact that it is not filtered by the glom-
eruli due to the large weight. However, elevated levels
of NAG in the urine can also be the result of increased
lysosomal activity without cell destruction [26].

Andreucci M. and colleagues included 590 patients
who underwent coronary angiography for both stable
and unstable coronary heart disease [27]. Urine samples
of NAG, osmolality, and sCr were taken before and 1, 2,
and 6 days after administration of low-osmolar nonionic
ROS. CI-AKI occurred in 33 patients. In these patients,
the levels of NAG and sCr in the urine on days 1 and 2
were significantly higher than at the baseline, and com-
pared with patients without CI-AKI. NAG levels in the
urine peaked earlier and grew much faster than sCr lev-
els in patients with CI-AKI.

Lipocalin associated with neutrophil gelatinase
(NGAL)

Neutrophil gelatinase-associated lipocalin (NGAL)
is a 25 kDa protein associated with human neutrophil
gelatinase, which belongs to the lipopalin superfami-
ly [28]. Monomeric (mainly) and heterodimeric forms
are the predominant forms produced by tubules [29].
NGAL is filtered by the glomeruli and then reabsorbed
by the proximal tubules, where it is partially cleaved by
megalin and partially excreted in the urine. The concen-
tration of NGAL in a healthy person is 20 ng/ml in both
serum and urine. After damage to the cells of the renal
tubules, NGAL is released into plasma and urine; this
causes an increase in its concentration in plasma and
urine much earlier than an increase in the concentration
of sCr [30]. Thus, NGAL can be considered as a fairly
informative and independent marker of AKI [31-33].

According to various sources, there is evidence of
the potential role of NGAL as a reliable and prognos-
tic marker of AKI, since its serum and urine levels rise
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earlier than sCr. Some researchers say that the level of
NGAL in plasma is less specific than its concentration
in urine [34, 35].

Kidney Injury Molecule 1 (KIM-1)

Kidney injury molecule 1 (KIM-1), a type 1 trans-
membrane glycoprotein, is recognized as a potential
biomarker for detecting ischemic or toxic damage to
the proximal tubules [36, 37]. The extracellular domain
KIM-1 is separated from the cell surface by a metallo-
proteinase-dependent process. This excretion with in-
creased synthesis of KIM-1 is most likely the cause of
increased release of KIM-1 in urine on the background
of AKI [38, 39]. The use of urinary KIM-1 as a bio-
marker of AKI is based on the fact that in healthy peo-
ple there is no expression of KIM-1 and its activation in
the apical cell membrane of the tubules, as during AKI.

Liao B. and colleagues conducted a study that in-
cluded 3,200 patients without chronic kidney disease
(CKD) who underwent coronary angiography. CI-AKI
was defined as an increase in serum creatinine by 0.3
mg/dl from the baseline level [40]. KIM-1 levels were
measured before, as well as 6 and 48 hours after ex-
posure to ROS [40]. The authors noticed that the lev-
els of KIM-1 after 6 and 48 hours, compared with the
baseline level, significantly increased in patients with
CI-AKI, but not in the control group.

The role of KIM-1 as an early biomarker of CI-AKI
was also confirmed in 145 patients with diabetes mel-
litus exposed to ROS [41]. In these patients, sCr lev-
els were measured before administration of ROS and
24-48 hours after that. The urinary KIM-1 values were
evaluated at the baseline level and within 2, 6, 12, 24
and 48 hours after the use of ROS. A total of 19 patients
developed CI-AKI, which was diagnosed by the level
of sCr. There was a significant difference between the
levels of KIM-1 in urine measured 2, 6, 12, 24 hours
after the procedure and the levels before the procedure
in the CI-AKI group. There was no difference in the
sCr level measured before and after 24 hours after the
procedure. Not so long ago, Wybraniec M. T. and col-
leagues showed that urinary KIM-1 levels exceeding
0.425 ng/mL 6 hours after administration of ROS pre-
dicts with high sensitivity and specificity CI-AKI in pa-
tients undergoing coronary angiography [42].

Urinary interleukin-18 (IL-18)

IL-18 is a cytokine that increases in the proximal
renal tubules in patients with AKI, and is formed from
the IL-18 precursor under the action of caspase-1 [43].
Levels of IL-18 in urine increase with acute tubular ne-
crosis, but not with prerenal AKI. It is a sensitive and
specific biomarker of AKI [36]. A meta-analysis of 23
studies has demonstrated that IL-18 in urine is a reli-

able biomarker of AKI in patients who have undergone
cardiac surgery, hospitalized in intensive care units and
cardiology departments [44-48].

Fatty Acid Binding Protein, Liver Form (L-FABP)

The liver fatty acid binding protein (L-FABP) is
expressed in the proximal tubules of the human kid-
ney and participates in the metabolism of fatty acids
[49]. There are two types of FABP found in the kid-
neys: L-FABP, located in the proximal convoluted and
straight tubules of the kidneys (it can also be reab-
sorbed from the glomerular filtrate through megalin,
multigand proximal tubular endocytic receptor), and
cardiac-type FABP which is not found in the urine.
Thus, only L-FABP has been approved as a biomarker
of tubule injury. In the promoter region of the L-FABP
gene, there is an element that reacts to hypoxia, and
some studies have reported that the concentration of
L-FABP in the urine increased in parallel with a de-
crease in peritubular blood flow, thus, L-FABP can be
determined by changes in renal hemodynamics after
administration of ROS. Some studies have shown that
baseline levels of L-FABP in urine correlated with the
occurrence of CI-AKI [50].

Hishikari K. and colleagues compared the levels of
L-FABP in urine before and after coronary angiography
in 66 patients with sCr from 1.2 to 2.5 mg/dl and in 30
volunteers [51]. Prior to angiography, L-FABP levels
were significantly higher in 13 patients in whom sub-
sequently sCr level increased and CI-AKI developed.
In particular, Menez S. and colleagues found that uri-
nary Cr level greater than or equal to 24.5 mg/g prior to
exposure to ROS was an independent predictor of CI-
AKI [52]. In addition, measuring changes in the level
of L-FABP in urine before and 24 hours after cardiac
catheterization in patients with mild to moderate renal
dysfunction may be an important indicator of stratifi-
cation of the risk of the onset of cardiovascular events
[53].

Midkin (MK)

Midkin (MK) is a 13 kDa heparin-binding growth
factor with various biological functions, such as mi-
gration of inflammatory cells and anti-apoptotic effect
[54]. In the kidneys, MK is expressed both in the cells
of the proximal tubules and in the epithelial cells of
the distal tubules and to a lesser extent in endothelial
cells and is induced by oxidative stress through the ac-
tivation of factor 1-alpha caused by hypoxia [54]. The
pathophysiological roles of MK vary, from the onset of
AKI to the progression of CKD [55].

Malyszko J. and colleagues conducted a study
aimed at clarifying whether MK could be an early bio-
marker of CI-AKI [56]. A total of 89 patients with nor-
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mal sCr levels who had undergone PCI were examined.
Serum MK was assessed at the baseline level and 2,
4, 8, 24 and 48 hours after administration of ROS; sCr
was evaluated before and 24 and 48 hours after admin-
istration of ROS. CI-AKI was defined as an increase in
sCr by more than 25% from the baseline level 48 hours
after PCI and occurred in 10% of patients. In these pa-
tients with CI-AKI, a significant increase in serum MK
level was observed 2 hours (P < 0.0019) and 4 hours
after exposure to ROS; MK returned to the baseline
value after 24 hours. In the same study, NGAL levels
were significantly higher 2 hours (SNGAL) or 4 hours
(uUNGAL) after PCI. Cys-C was higher 8 and 24 hours
after PCI in patients with CI-AKI.

Dickkopf-3 (DKK3)

A new biomarker for the diagnosis of progressive
tubulointerstitial fibrosis. DKK3 belongs to the glyco-
protein family (DKK1-4), which primarily modulate
the Wnt signaling pathway. This signaling pathway is
involved in various cell functions, such as proliferation,
migration and gene expression of fibrogenic cytokines.
A number of experimental studies has shown that the
Wnt signaling pathway is also involved in the progres-
sion of chronic kidney disease [57]. DKK3 is released
from “stressed” tubular cells in the urine. Thus, signif-
icant kidney injury is detected at an early stage. The
disadvantage of this method may be that this method is
eminently suitable as additional information for GFR,
but is more relevant for patients with chronic kidney
disease (Figure 2).

Bowman's capsule

L-FABP
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OTHER BIOMARKERS

Protein 7 binding insulin-like growth factor
and tissue metalloproteinase-2 inhibitor are 2 proteins
involved in cell cycle arrest that can be predictors of
AKI. Actually, cell cycle arrest may be the result of cell
damage caused by ROS [54].

: Gamma-glutamyltranspeptidase (GGT) 1is
an enzyme on the brush border of the proximal tubules
of the kidneys, which appears in the urine when the
brush border is damaged. Elevated baseline GGT levels
can predict CI-AKI [34, 57].

MiRNA is a molecule involved in cell proliferation,
differentiation and death, as well as in inflammation,
which suggests their involvement in the pathogenesis
of CI-AKI [58]. MiRNA molecules have the advantage
of their stability in serum, urine and saliva.

CONCLUSIONS

CI-AKI is one of the most common causes after
percutaneous coronary interventions, associated with
prolonged hospital stay and adverse outcomes, includ-
ing various adverse cardiovascular outcomes and loss
of renal function up to the terminal stage. Given the
continuous increase in the number of performed PCls
using ROS, the frequency of CI-OPP will continuous-
ly increase. There is also an increase in the number of
comorbid patients with endocrinological pathology,
chronic kidney disease, which also increases the risk of
CI-AKI. Currently, in clinical practice, sCr is still wide-

Distal tubule

Fig. 2. Release of CI-AKI biomarkers in various parts of the nephron
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ly used as a marker of kidney injury, despite the fact
that its increase is delayed and its concentration may
depend on age, increased muscle mass and concomitant
therapy. In this regard, it became necessary to search
for new early biomarkers of renal injury.

Recently, several promising biomarkers have been
identified that presumably can be predictors of kidney
injury in cardiac patients until sCr increases. The most
promising markers of CI-AKI are Cys-C, NGAL, KI-1,
IL-18 and L-FABP, as their use can help in the diagno-
sis of acute kidney injury in the subclinical phase of the
disease. However, some questions remain unresolved
regarding the accuracy and reliability of these new bio-
markers in the context of contrast-induced nephropathy.

Preferably, an ideal biomarker should be non-inva-
sive, detectable at an early stage of the disease, prog-
nostically significant, and, most importantly, it should
be specific for kidney injury when using ROS and
have a pathophysiological correlation with the disease.
Therefore, in order to find the ideal biomarker, it is nec-
essary to conduct a multicenter clinical study to find out
the potential of these biomarkers in different groups of
patients.
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