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ABSTRACT

Relevance: Contrast-induced acute kidney injury (CI-AKI) is a serious complication of medical procedures using contrast
agents. Despite the decrease in the incidence of acute kidney injury (AKI), CI-AKI remains one of the leading causes of renal function
deterioration, especially in emergencies. Serum creatinine (SCr) is not a reliable biomarker for early diagnosis since its level increases
only when more than 50% of renal mass is lost. Modern iodinated contrast agents (ICA) reduce the risk of AKI but remain dangerous
for patients with chronic kidney disease (CKD) and diabetes.

The study aimed to summarize published studies of TIMP-2 and IGFBP-7 early biomarkers to improve the diagnosis and prognosis
of contrast-induced acute kidney injury.

Methods: The sources were searched in Pubmed, Web of Science, and Cochrane databases. The review included 21 sources
published from 2014 to 2025.

Results: lodized contrasts are widely used in clinical procedures. They increase the risk of CI-AKI, with intensive therapy remaining
the only supportive measure. [TIMP-2]-[IGFBP7] biomarkers predict the development of severe AKI (KDIGO stage 2/3), mortality, and
AKI severity with high sensitivity and accuracy. Elevated levels of these biomarkers are associated with the risk of death or dialysis
within 9 months, making them useful for close patient monitoring.

Conclusion: Recent studies have highlighted the importance of early diagnosis of CI-AKI using IGFBP-7 and TIMP-2 biomarkers,
which is important for early intervention and improved treatment outcomes. Further studies will help improve the understanding and
management of this complication, considering risk factors such as creatinine levels, diabetes, and heart failure. The need for safe and
effective methods for diagnosing and preventing CI-AKI is relevant both in Kazakhstan and abroad. Careful monitoring of high-risk
patients and tailoring AKI management to individual patient needs can improve clinical practice and reduce the incidence of end-stage
kidney failure.

Keywords: urinary tissue metalloproteinase-2 inhibitor (TIMP-2), insulin-like growth factor 7 binding protein (IGFBP7), contrast-

induced acute kidney injury (CI-AKI), biomarkers.

Introduction: Serum creatinine (SCr) is unreliable for
detecting changes in renal function since its increase be-
comes noticeable only when more than 50% of the renal
mass is lost. It delays the diagnostics of acute renal failure
(ARF) and complicates corrective interventions. Therefore,
early biomarkers of contrast-induced acute kidney injury
(CI-AKI) are important for prognosis improvement. CI-AKI
is defined as an absolute (0.5 mg/dL, 44 umol/L) or relative
(25%) increase in SCr in 48-72 hours after exposure to con-
trast medium [1].

Typically, the contrast medium causes rapid non-physi-
ological vasodilation followed by prolonged vasoconstric-
tion, rapidly decreasing renal blood flow. Further, this pro-
cess results in a vicious cycle of medullary ischemia, which,
in turn, causes the generation of reactive oxygen species
and, therefore, damage to the endothelium and tubules of
the vessels. The direct effects of kidney damage from con-
trast exposure are due to the toxicity of the tubular epi-

thelium, confirmed by the violation of cell integrity, which
leads to loss of function, apoptosis, and, ultimately, necro-
sis. The contrast dye also increases blood viscosity, reduc-
es microcirculation, and lowers urine flow rate. It increases
the time CM stays in the body and can cause microvascular
thrombosis. All this results in a sharp decrease in the glo-
merular filtration rate (GFR) and kidney function. In 2012,
33,249 hospitalizations for acute myocardial infarction
were reported in 31,532 patients in the United States and
showed that the incidence of ARF decreased from 26.6%
in 2000 to 19.7% in 2008 (a decrease of 26%). Although the
incidence of CI-AKI may have historically declined over the
past decade, the risk is still significant in patients with the
greatest need for urgent percutaneous coronary interven-
tion, including patients with ST-elevation myocardial in-
farction and patients with cardiogenic shock [2].

In hospitals, CI-AKI is one of the most common iatro-
genic causes of ARF. As a result of the development of
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diagnostic and interventional imaging methods, con-
trast-induced renal injury was the third leading cause of
iatrogenia in hospitalized patients undergoing diagnos-
tic and interventional procedures in Greece, Germany, and
the United States in the 2010s [1]. Mild forms of acute kid-
ney injury (AKI) are associated with high mortality and
morbidity. The toxicity of iodinated contrast media (ICM) is
an important cause of ARF in the intensive care unit (ICU).
Modern ICMs with low osmolarity are less likely to cause
ARF than older drugs. Over the past 40 years, the osmolal-
ity of available contrast agents has gradually declined to
physiological levels. Only high-osmolar products (e.g., di-
atrizoate) with 5 to 8 times higher osmolality than plasma
were used in the 1950s. Red blood cell deformity, system-
ic vasodilation, intrarenal vasoconstriction, and direct tox-
icity of the renal tubules are more common with contrast
agents with osmolality greater than that of blood. This is
confirmed in a meta-analysis of studies up to 1992 [3]. ICMs
are water-soluble benzene rings in the form of monomers
or dimers. Modern ICMs for intravascular injections are
iso-osmolar iodixanol and low-osmolar non-ionic mono-
mers. Highly osmolar ICMs are no longer used. The viscos-
ity of iodixanol (11.8 cPs) is significantly higher than that of
yohexol (6.3 cPs), the lowest in the category with a low os-
molar content. Urine viscosity may be significantly high-
er with iodixanol in an experimental rat model. Temporary
dilation may be followed by a period of sustained vaso-
constriction that lasts several hours in the renal arcade of
blood vessels subdivided into afferent glomerular arteri-
ole serving the glomerulus, efferent arteriole dividing and
forming a peritubular network. As a result, contrast stasis is
observed in the kidneys after the completion of the proce-
dure. The uptake of ICM by cells leads to cell swelling and
apoptosis [4].

According to the neutrophil gelatinase-associated
lipocalin (NGAL) assay results, a subclinical CI-AKI micro-
embolism not found clinically may explain part of CI-AKI
since the kidneys receive 25% of cardiac output. Direct
complications include volume overload, hyperkalemia,
end-stage chronic renal failure, and death. Patients with
Cl-AKI have a higher risk of myocardial infarction, bleed-
ing, and mortality [4].

To date, there are no effective pharmaceuticals for
the prevention or treatment of CI-AKI. Diagnostic pro-
cedures using ICM are often denied for patients with
chronic kidney disease (CKD). Early detection of ARF is
difficult, as it is diagnosed only with an increase in SCr
or a decrease in diuresis [3].

ICMs are widely used for diagnostics and surgical
treatment but cause iatrogenic renal dysfunction. With a
decrease in renal parenchyma mass and fewer nephrons
in patients with CKD and diabetes, the decrease in renal
blood flow can be quite persistent. It impairs oxygen-
ation of the external medulla and leads to ischemia of
the proximal and distal tubules. Besides, water-soluble

contrast is readily absorbed by the apical surface of the
proximal tubular cells and from the basal-lateral surface
into the tubulointerstitial space. Tubular cells undergo
swelling and apoptosis.

Attempts to make iodine-based radiographic con-
trast medium less toxic are promising, especially with
cyclodextrin, which retains contrast in the urinary space
and reduces the likelihood of its penetration into kid-
ney tissue and kidney damage. Today, significant funds
in invasive cardiology have been invested in fluorosco-
py and cineangiography for many years [4].

In severe cases, CI-AKI causes progressive oliguria
requiring dialysis associated with high mortality. This is
about 10% of all cases of iatrogenic kidney disease. Al-
though the incidence is low (1-6%), this rate is high in at-
risk groups. Therefore, early identification of high-risk
patients is important to improve treatment outcomes
[5]. In Kazakhstan, NGAL testing is still conducted only
by commercial laboratories according to the AKI diag-
nostic protocol. The U.S. Food and Drug Administration
(FDA) has authorized the marketing of the NephroCheck
test. NephroCheck’ is a commercial product combining
two urinary biomarkers, TIMP-2 and IGFBP-7, to assess
the risk of ARF.

Tissue inhibitor of matrix metalloprotease (TIMP-2) is
a regulatory protein of 194 amino acids (21 kDa) with two
domains: N-terminal and C-terminal. It reduces MMP ac-
tivity and activates pro-MMP-2. The N-terminal domain
(the first 125 amino acids) inhibits active MMPs by bind-
ing to their active site. This domain can change its con-
formation, affecting the binding affinity and specificity
of the MMP. The C-terminal domain participates in pro-
MMP-2 modulation. TIMP-2 forms a non-covalent bond
with MMP-2 (gelatinase A) and is activated on the cell sur-
face by interaction with MT1-MMP, which is required for
collagenolysis and tissue remodeling. TIMP-2 is expressed
in the glomeruli and tubular cells of the kidneys, regulat-
ing ECM components and maintaining the integrity of the
kidneys. Its expression is regulated by cytokines and such
growth factors as TGF-3 and has been linked to fibrosis
and kidney disease. TGF-{3 activates TIMP-2 expression via
the Smad and MAPK pathways, increasing transcription-
al activity and regulating ECM turnover. Other cytokines
and growth factors, such as FGF and EGF, also affect the
production of TIMP-2 but have been studied less [6].

Insulin-like growth factor 7 binding protein (IGFBP7)
is a novel biomarker for predicting AKI that has gained
attention as a biomarker in urine. IGFBP7 is highly ex-
pressed in the blood and urine of patients and mice
with AKI through a c-Jun-dependent mechanism, cor-
relating with renal dysfunction and programmed cell
death. IGFBP7 originates from the epithelial cells of the
renal tubules and acts as a biomarker and key mediator
of AKI, inhibiting RNF4/PARP1-mediated tubular dam-
age and inflammation [7].
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TIMP-2 and IGFBP7 can be detected and measured
using a variety of methods, including enzyme-linked
immunoassay (ELISA), zymography, reverse transcrip-
tion-polymerase chain reaction (RT-PCR), and surface
plasmon resonance (SPR).

The study aimed to summarize published studies of
TIMP-2 and IGFBP-7 early biomarkers to improve the di-
agnosis and prognosis of contrast-induced acute kidney
injury.

Materials and methods: The analysis of articles in-
dexed in the Pubmed, Web of Science, and Cochrane
databases over the past 10 years has been conducted
(Figure 1). We found 10 results in Pubmed and 3 in Web
of Science for “contrast-induced nephropathy timp 2 ig-
fbp 7" or “contrast-induced acute kidney injury timp 2
igfbp 7”. 21 articles were selected after filtering. Most of
the studies were conducted in America, China, and Eu-
rope.
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Figure 1 — Algorithm for selection of sources for analysis

Results: In the study by Q. Sun et al., the average dose
of contrast medium was 3 ml/kg in 107 of the 137 chil-
dren who received iodixanol injections. The mean volume
was 2 ml/kg in the remaining 30 patients with heart dis-
ease who received yopamidol. The incidence of CI-AKI was
14.59% based on the SCr result [1]. In the CI-AKI group, uri-
nary levels of NGAL, IGFBP-7, TIMP-2, and [IGFBP-7][TIMP-
2] increased significantly at 2 and 6 hours and increased
more rapidly than SCr, remaining high at 12 hours, in con-
trast to the group without CI-AKI. ROC analysis of CI-AKI di-
agnostics showed that [IGFBP-7][TIMP-2] was more effec-
tive for early diagnostics than IGFBP-7 or TIMP-2 alone. The
authors note that the study is small and requires confirma-
tion in multicenter studies. The lack of sensitive biomark-
ers for children with CI-AKI reduces the ability to intervene
on time. Urinary NGAL, IGFBP-7, and TIMP-2 have shown
sensitivity in CI-AKI diagnostics (Table 1) [1].

A. Breglia et al. noted that the incidence of CI-AKI was
3-fold higher in patients exposed to iopamidol than in
those treated with iodixanol. There were no differenc-
es in age, sex, BMI, comorbidities, or use of nephrotox-
ic drugs [2]. The yopamidol group was exposed 4.5 times
more than the iodixanol group, confirming a higher risk
of CI-AKI [2].

Increases in IGFBP-7 and TIMP-2 after bypass surgery
predicted a higher incidence of ARF in a study by A. Saad
et al. Urine readings of these biomarkers predicted the
development of ARF, protecting the kidney from tubu-
lar damage. Renal hypoxia developed in 50% in 24 hours;
R2* levels rose but returned to baseline in 3 months. Pa-
tients with higher levels of TIMP-2 and IGFBP-7 respond-
ed better to revascularization. No sustained changes in
serum creatinine or NGAL, KIM-1, TNF-a, IGFBP-7, or TIMP-
2 levels were observed with ARAS [8].

Figure 2 shows an example of parametric maps af-
ter contrast imaging and renal stenting for a subject with
ARAS at baseline and in 24 hours and 3 months. Maps ob-
tained using the color scale for R2* demonstrate the devel-
opment of transient widespread tissue hypoxia 24 hours
after contrast imaging and renal stenting. This study was
not randomized; people with diabetes were excluded,
and most patients were men. Revascularization and con-
trast injection were performed as part of the same proce-
dure. It did not allow the effect of each factor on hypox-
ia to be determined. The control group included patients
with EH of similar age rather than “normal” people. Individ-
uals with ARAS had lower GFR, and 30% had bilateral ste-
nosis with extensive kidney damage. Levels of IGFBP-7 and
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TIMP-2 in the renal veins, as well as NGAL, were elevated
and inversely correlated with hypoxic changes in 24 hours
in patients with chronic renal ischemia due to ARAS. Early
hypoxic changes were transient and resolved in 3 months,
highlighting the ability of the kidney to adapt to hypox-

ia even in elderly patients with low GFR. Among patients
undergoing angioplasty, ARF was observed in 5.6% and
subclinical ARF (increased lipocalin, without Cr increase) in
17.9%. Lipocalin levels remained elevated in one month in
half of those with subclinical ARF [8].

Table 1 - Efficacy of uUNGAL, ulGFBP-7, uTIMP-2 and [ulGBP71*[uTIMP-2] biomarkers for the diagnostics of CI-AKI [1]

Biomarkers
Area under the curve UNGAL UIGFBP-7 uTIMP-2 {3%327%]
0.718 0.779 0.779 0.811
CI 95% 0.575-0.860 0.658-0.901 0.650-0.908 0.681-0.941
Limit value 36.274 153.061 2.951 0417
Sensitivity, % 0.70 0.80 0.75 0.80
Specificity, % 0.684 0.667 0.821 0.812

24 hrs after

)\

Contrast/ stenting

After 3
months

Regs oy

Figure 2 — Example of parametric maps [8]

A very interesting observation is made by S. Mar-
tin-Cleary et al.: after the marathon, serum creatinine in-
creased by 40%, urinary TIMP-2 by 555%, and IGFBP-7 by
1094%. The values returned to baseline levels in 24 hours
[9]. The PRESERVE randomized clinical trial “Prevention of
Serious Adverse Events After Angiography” enrolled 922
participants who underwent coronary or non-coronary
angiography at 53 health centers in the U.S., Australia,
Malaysia, and New Zealand, making it the largest study
to examine this marker in CKD patients undergoing an-
giography. 7.9% of the 922 participants in the study con-
ducted by R. Murugan et al. developed CI-AKI, and 6.5%
had adverse renal events by Day 90. The use of contrast
medium was higher in patients who developed CI-AKI.
There was no difference in the risk of death (2.7% ver-
sus 3.1%). 18% developed adverse events (persistent kid-
ney dysfunction — 11% versus 2%). Patients with low GFR
and high albumin-to-creatinine ratios had a high risk of
adverse events. Thus, Stage 1 CI-AKI developed in 22%
of them (vs. 7%). 46.7% of the 28 patients with adverse

events died, 20% were on dialysis, and 43.3% had persis-
tent renal dysfunction by Day 90. A high concentration
of the [TIMP-2]-[IGFBP7] index was associated with a low
risk of CI-AKI (@OR=0.59; P=0.002), but the predictive val-
ue of this index was low (AUROC=0.59). The [TIMP-2]-[IG-
FBP7] index was more sensitive and superior to other bi-
omarkers for the early detection of ARF. Urinary levels of
[TIMP-2]-[IGFBP7] did not increase after angiography in
patients with mild ARF, indicating that cell cycle arrest
is not the main factor in ARF [10]. This is confirmed in
the study conducted by Rouve et al. [3]. It showed slight
changes in [TIMP-2]-[IGFBP7] after exposure to the con-
trast medium.

According to R. Murugan et al. [10], the level of
[TIMP-2]-[IGFBP7] may help in early risk stratification and
rule out concerns about CI-AKI. A unique finding was a
higher pre-angiographic urinary value [TIMP-2]-[IGFBP7]
in patients without CI-AKI. This finding may be the re-
sult of chance alone or suggest that a higher pre-angio-
graphic concentration of [TIMP-2]-[IGFBP7] in urine may
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serve as a protection against the risk of CI-AKI, although
the predictive accuracy of this index was low. The mech-
anisms associated with increased pre-angiographic uri-
nary concentrations of [TIMP-2]-[IGFBP7] and a reduced
risk of CI-AKl are unclear, and our findings require further
confirmation in future studies. Limitations of this study
included one-time urine and plasma collections, limited
time intervals for biomarker assessment, and predomi-
nant male participation.

The Discovery Study showed that the urinary bio-
markers - TIMP-2 and IGFBP7 are better predictive of the
risk of ARF in critically sick patients than other biomark-
ers [11]. The combination of [TIMP-2]-[IGFBP7] and a furo-
semide (FST) stress test has also been shown to improve
the prediction of ARF progression [12].

Biomarkers such as TIMP2:IGFBP7 appear to be a rea-
sonable and effective method for early AKI prediction
based on the analysis of existing studies. K.J. Gunnerson
et al. showed high accuracy in predicting ARF based on
a single measurement of urinary TIMP2:IGFBP7 after ad-
mission to the ICU [13]. M. Meersch et al. confirmed this
biomarker’s high sensitivity and specificity for ARF after
cardiac surgery [14]. A study by K. Lakhal et al. also found
that contrast-induced nephropathy was associated with
higher mortality and the need for renal replacement
therapy among patients who received contrast media [7].

The study conducted by E. Rouve et al. showed a sig-
nificant increase in [TIMP-2]-[IGFBP-7] levels in 30% of pa-
tients after contrast media infusion, with 66% of them ex-
periencing a worsening of KDIGO classification within 72
hours. However, the threshold of change in [TIMP-2]+[IGF-
BP-7] was not associated with CI-AKI, which may indicate
the relative harmlessness of contrast agents [3].

Moreover, the incidence of ARF was similar in patients
with STEMI who underwent angiography to that of the
control group. This fact confirms the low incidence of
ARF with contrast agents [10].

Other studies also support these findings. For exam-
ple, [TIMP-2Ix[IGFBP7] levels in a study with 42 partic-
ipants were not significantly elevated in 4 hours after
surgery and until the first day after surgery, highlight-
ing the importance of measurement time for interpret-
ing results [12].

Drug-induced nephrotoxicity is associated with 20%
of ARF cases acquired in the hospital and 25% of ARF
cases occurring in the ICU. Early detection of nephrotox-
icity is critical, but TIMP-2 and IGFBP7 have not yet been
used for these purposes outside of the ICU [12]. The tox-
ic effect of ICM is minimal in ICU patients with multi-
ple renal aggression. Disease severity and nephrotox-
ic load are risk factors for ARF independent of contrast
agent infusion [15]. In a large study involving 6877 ICU
patients (4351 with contrast, 2526 without contrast), af-
ter adjustments, ARF predisposition, dialysis, and mor-
tality were not significantly higher in the contrast group

in GFR >45. An increased risk of dialysis was observed
with GFR <45 [11]. In another study, contrast administra-
tion was not associated with increased incidence of ARF,
chronic kidney disease, dialysis, or transplantation at 6
months [16].

In the study by R.J. McDonald et al. [17], the ARF in-
cidence was 5.0% (1059 of 21,346). The ARF incidence
did not differ between the contrast (4.8%) and non-con-
trast (5.1%) groups; OR=0,94; P=0,38). In the “risk group”
subgroups, the ARF incidence was higher in patients
with a history of ARF, CKD, and CHF, but the differenc-
es were not significant for ARF (OR 1.10; P=0.36) or CHF
(OR 1.18; P=0,18). After adjustment, the rate of emergen-
cy dialysis (OR 0.96; P=0.89) and short-term mortality
(HR 0.97; P=0.45) was not different in patients who un-
derwent computed tomography with and without con-
trast agents. Patients with AKI had a higher risk of dialysis
(OR 15.75; P<0.0001) and mortality (OR 4.51; P<0.0001), re-
gardless of the administration of the contrast agent. Be-
sides, patients with high creatinine levels, diabetes, CHF,
or renal dysfunction had higher rates of ARF, dialysis, and
mortality regardless of contrast agent.

It can be noted that the results obtained by J.S. Mc-
Donald et al. [11, 18] are closely intertwined with the
findings presented in S. Ehrmann et al. [15]. In particu-
lar, McDonald et al. showed that a reduced GFR was as-
sociated with an increased risk of ARF after computed
tomography, and this risk was independent of the use of
contrast, even with a GFR of less than 30 ml/min/1.73 m>.
This finding is reflected in a study by Ehrmann et al.,
where the AKl incidence was also similar between the
contrast and control groups, with no significant differ-
ence (0%) observed. Moreover, both authors had com-
parable in-hospital mortality in the groups, highlighting
no significant difference in outcomes when contrasting
was used. The main risk factors, such as the assessment
of sequential organ failure and the number of nephro-
toxic agents used, were also similar in both studies. This
calls into question the need to avoid contrast agents in
patients with low GFR.

Discussion: Thus, the results of numerous studies
confirm the feasibility of using biomarkers for the ear-
ly diagnostics and prediction of CI-AKl and ARF. Howev-
er, further multicenter studies must confirm these find-
ings and address existing limitations. Early detection
of nephrotoxicity remains critical, but TIMP-2 and IGF-
BP7 have not yet been used outside the ICU [12]. Clinical
data show that intra-arterial injection of contrast agents
is often associated with increased renal toxicity, but this
belief is controversial and requires additional research
[19]. It is also important to note the importance of hy-
dration for the protection of the kidneys when using
contrast agents [18].

ICMs are widely used in clinical procedures, increas-
ing the risk of CI-AKI. Intensive care is the only supportive
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agent in AKI, so new diagnostic approaches are required
[5]. Daily measurements are not recommended, except
in cases of a change in the clinical situation. Assessment
of CI-AKI biomarkers, together with clinical information,
should tailor the management of ARF to patients’ individ-
ual needs. It will improve clinical practice and reduce the
incidence of end-stage renal disease [17].

[TIMP-2] - [IGFBP7] predicts the development of se-
vere ARF (KDIGO stage 2/3) with an area under the curve
of 0.80-0.82. IGFBP7 predicts mortality, kidney recovery,
and severity of ARF [20]. Increased [TIMP-2]-[IGFBP7] is as-
sociated with a composite endpoint of death or dialysis
within 9 months. These markers can predict kidney dam-
age, prompting closer monitoring of patients [21]. TIMP-2
increases earlier and longer than IGFBP7, as it is involved
in cell cycle arrest, inflammation, and tubular regenera-
tion after injury.

Conclusion Recent studies [1, 3, 8, 10, 11, 14] have
shown the importance of early CI-AKI diagnostics using
novel biomarkers such as IGFBP-7 and TIMP-2. Urine tests
for these biomarkers allow CI-AKI detection much earlier
than traditional methods based on serum creatinine lev-
els. This finding has important implications for early in-
tervention and improved patient outcomes.

Studies by Q. Sun et al.[1] and A. Saad et al. [8] demon-
strate that using these biomarkers effectively diagnoses
CI-AKI in children and post-bypass patients. At the same
time, studies conducted by A. Breglia et al. show that the
CI-AKI incidence is significantly higher in patients treat-
ed with iopamidol compared to iodixanol. This fact high-
lights the need to choose less toxic contrast agents [2].

The PRESERVE clinical trial confirms that the combina-
tion of TIMP-2 and IGFBP-7 is the most sensitive biomark-
er for early diagnostics and prediction of the CI-AKI risk
[10]. Despite this fact, there are still unresolved questions,
such as the mechanisms associated with the increase in
the level of these biomarkers and their predictive accura-
cy, which requires further research.

Besides, a study by R.J. McDonald et al. [17] and J.S.
McDonald et al. [11, 18] showed that the incidence of
ARF does not differ between the contrast medium and
non-contrast groups, indicating the need to consider oth-
er risk factors such as creatinine, diabetes, and heart fail-
ure. Patients with high creatinine levels, diabetes, chron-
ic heart failure, or renal dysfunction have higher rates of
ARF, dialysis, and mortality regardless of contrast medi-
um use.

In general, the need for safer and more effective Cl-
AKI diagnostics and prevention remains relevant in Ka-
zakhstan and abroad. Further multicenter studies will
help improve the understanding and management of
this serious complication.

Studies also highlight the importance of revasculari-
zation procedures and contrast media selection to mini-
mize the CI-AKI risk in patients with chronic renal failure

and other comorbidities. Closer follow-up of high-risk pa-
tients and tailoring the ARF management to patients’ in-
dividual needs can significantly improve clinical practice
and reduce the incidence of end-stage renal disease.

References:

1.5un Q. Kang Z., Li Z., Xun M. Urinary NGAL, IGFBP-7, and TIMP-
2: novel biomarkers to predict contrast medium-induced acute
kidney injury in children // Renal Failure. - 2022. - Vol. 44(1). - P. 1202-
1207. https://doi.org/10.1080/0886022X.2022.2075277

2. Breglia A., Godi 1., Virzi G.M., Guglielmetti G., lannucci G., De
Cal M., Brocca A., Carta M., Giavarina D., Ankawi G., Passannante A.,
Yun X., Biolo G., Ronco C. Subclinical contrast-induced acute kidney
injury in patients undergoing cerebral computed tomography
// Cardiorenal Med. - 2020. - Vol. 10(2). - P. 125-136. https://doi.
org/10.1159/000505422

3. Rouve E., Lakhal K., Salmon Gandonnieére C., Jouan Y., Bodet-
Contentin L., Ehrmann S. Lack ofimpact of iodinated contrast media
on kidney cell-cycle arrest biomarkers in critically ill patients // BMC
Nephrol. - 2018. - Vol. 19. - P. 1-7. https://doi.org/10.1196/5s12882-018-
1091-2

4. McCullough P.A. Contrast-induced acute kidney injury //
J Am Coll Cardiol. - 2008. - Vol. 51(15). - P. 1419-1428. https://doi.
0rg/10.1016/j.jacc.2016.05.099

5. Gonzdlez-Nicolds M.A., Gonzdlez-Guerrero C., Goicoechea
M., Boscd L., Valifio-Rivas L., Ldzaro A. Biomarkers in Contrast-
Induced Acute Kidney Injury: Towards A New Perspective // Int J
Molec Sci.- 2024. - Vol. 25(6). — Art. no. 3438. https://doi.org/10.3390/
ijms25063438

6. Delrue C., Speeckaert M. M. Tissue Inhibitor of
Metalloproteinases-2 (TIMP-2) as a Prognostic Biomarker in Acute
Kidney Injury: A Narrative Review // Diagnostics. - 2024. — Vol. 14(13).
- Art. no. 1350. https://doi.org/10.3390/diagnostics14131350

7.Lakhal K., Robert-Edan V., Ehrmann S. In the name of contrast-
induced acute kidney injury // Chest. - 2020. - Vol. 157(4).- P. 751-752.
https://doi.org/10.1016/j.chest.2019.12.009

8. Saad A., Wang W., Herrmann S.M., Glockner J.F., Mckusick
M.A., Misra S., Bjarnason H., Lerman O.L., Textor S.C. Atherosclerotic
renal artery stenosis is associated with elevated cell cycle arrest
markers related to reduced renal blood flow and postcontrast
hypoxia // Nephrol. Dial. Transplant. - 2016. — Vol. 31(11). - P. 1855-
1863. https://doi.org/10.1093/ndt/gfw265

9. Martin-Cleary C., Sanz A.B., Avello A., Sanchez-Nifio M.D.,
Ortiz, A. NephroCheck at 10: addressing unmet needs in AKI
diagnosis and risk stratification // Clin. Kidney J. - 2023. - Vol. 16(9). -
P. 1359-1366. https://doi.org/10.1093/ckj/sfad146

10. Murugan R., Boudreaux-Kelly M.Y., Kellum J.A., Palevsky P.M.,
Weisbord S. Kidney cell cycle arrest and cardiac biomarkers and
acute kidney injury following angiography: the prevention of serious
adverse events following angiography (PRESERVE) study // Kidney
Med. - 2023. - Vol. 5(3). — Art. no. 100592. https://doi.org/10.1016/].
xkme.2022.100592

11. McDonald J.S., McDonald R.J., Williamson E.E., Kallmes D.F.,
Kashani K. Post-contrast acute kidney injury in intensive care unit
patients: a propensity score-adjusted study // Intens. Care Med. -
2017. — Vol. 43. - P. 774-784. https://doi.org/10.1007/5s00134-017-
4699-y

12. Vijayan A., Faubel S., Askenazi D.J., Cerda J., Fissell W.H.,
Heung M., Humphreys B.D., Koyner J.L., Liu K.D., Mour G., Nolin T.D.,
Bihorac A. on behalf of the American Society of Nephrology Acute
Kidney Injury Advisory Group. Clinical use of the urine biomarker
[TIMP-2]X[IGFBP7] for acute kidney injury risk assessment // Am. J.
Kidney Dis. - 2016. — Vol. 68(1). - P. 19-28. https://doi.org/10.1053/].
ajkd.2015.12.033

13. Gunnerson K.J., Shaw A.D., Chawla L.S., Bihorac A., Al-
Khafaji A., Kashani K., Lissauer M., Shi J., Walker M., Kellum J.A.
TIMP2- IGFBP7 biomarker panel accurately predicts acute kidney
injury in high-risk surgical patients // J. Trauma Acute Care
Surg. - 2016. — Vol. 80(2). - P. 243-249. https://doi.org/10.1097/
TA.0000000000000912

150

Oncology and Radiology of Kazakhstan, Nel (75) 2025



@) KazlOR

LITERATURE REVIEWS

14. Meersch M., Schmidt C., Van Aken H., Martens S., Rossaint
J., Singbartl K., Gérlich D., Kellum J.A., Zarbock A. Urinary TIMP-2
and IGFBP7 as early biomarkers of acute kidney injury and renal
recovery following cardiac surgery // PloS one. - 2014. - Vol. 9(3). -
Art. no. e93460. https://doi.org/10.1371/journal.pone.0093460

15. Ehrmann S., Badin J., Savath L., Pajot O., Garot D., Pham T,
Capdevila X., Perrotin D., Lakhal K. Acute kidney injury in the critically
ill: is iodinated contrast medium really harmful? //Critical care
medicine. - 2013. = Vol. 41(4). - P. 1017-1026. https://doi.org/10.1097/
CCM.0b013e318275871a

16. Hinson J.S., Ehmann M.R. Fine D.M., Fishman E.K.,
Toerper M.F,, Rothman R.E., Klein E.Y. Risk of acute kidney injury
after intravenous contrast media administration // Ann. Emerg.
Med. - 2017. — Vol. 69(5). - P. 577-586.e4. https://doi.org/10.1016/].
annemergmed.2016.11.021

17. McDonald R.J., McDonald J.S., Carter R.E., Hartman R.P,,
Katzberg R.W., Kallmes D.F., Williamson E.E. Intravenous contrast
material exposure is not an independent risk factor for dialysis or
mortality // Radiology. - 2014. - Vol. 273(3). - P. 714-725. https://doi.
org/10.1148/radiol.14132418

18. McDonald J.S., McDonald R.J,, Carter R.E., Katzberg R.W.,
Kallmes D.F., Williamson E.E. Risk of intravenous contrast material-
mediated acute kidney injury: a propensity score-matched study
stratified by baseline-estimated glomerular filtration rate //Radiology.
-2014.-Vol. 271(1). - P. 65-73. https://doi.org/10.1148/radiol.13130775

19. Stiva M., Kala P, Poloczek M., Karovsky J., Stipal R., Radvan
M., Hlasensky J., Hudec V., Brdzdil V., Rehofovd J. Contrast-induced
acute kidney injury and its contemporary prevention // Front.
Cardiovasc. Med. - 2022. — Vol. 9. —-Art. No. 1073072. https://doi.
0rg/10.3389/fcvm.2022.1073072

20. Ortega L.M., Heung M. The use of cell cycle arrest biomarkers
in the early detection of acute kidney injury. Is this the new renal
troponin? // Nefrologia. - 2018. — Vol. 38(4). - P. 361-367. https://doi.
0rg/10.1016/j.nefro.2017.11.013

21. Koyner J.L., Shaw A.D., Chawla L.S., Hoste E.A., Bihorac
A., Kashani K., Haase M., Shi J.,, Kellum J.A. Tissue inhibitor
metalloproteinase-2 (TIMP-2)-IGF-binding protein-7 (IGFBP7) levels
are associated with adverse long-term outcomes in patients with
AKl /7 J. Am. Soc. Nephrol. - 2015. — Vol. 26(7). - P. 1747-1754. https.//
doi.org/10.1681/ASN.2014060556

AHJATIIA

METAJIONPOTEMHA3A-2 39P IILIFAPY TIHIHIH MHT MBUTOPBIHBIH, (TIMP-2)
"KOHE MHCYJIUHIE ¥YKCAC ©6CY ®AKTOPbIH BANJIAHBICTBIPATBIH AKYbI3
7 (IGFBP-7) KOHTPACTIIEH TYBIHJAFAH KEJEJ BYWPEK
JKAPAKATBIHJIAFBI BOJIKAM/IBIK MOHI:

OJIEBUETKE HIOJTY

A.B. Canapos', M.M. Myzasoé', A.C. Canaposa', /I.E. Omepmaesa', /I.B. Bacunves'
1«Kaparanabl MeguuuHansik yHuepcuteti» KEAK, Kaparanabl, Kasakcran Pecny6aukacht

Oszexminizi: byilipexmiy konmpacmmol ocepinen xeeden 3akvimoanyvl (bK-OK3)konmpacm azenmmepin Ko10aHamvlH MeOUYUHATBIK
npoyedypanapobiy ayvip adckbinyvl 6016in mabwvliaowsl. bytpexminy sceden 3axvimoanywi (bXK3) ocuiniciniy memenoeyine kapamacman,
(BK-9JK3) acipece memenwe scazoatinapoa Oyipex QyHKYUsCbIHbIH HAUAPAAYbIHbIH JcemeKiui cebenmepiniy 6ipi 601vin Kana bepeoi.
Kan capvicyvinoazvr kpeamunun (SCr) epme ouacnocmuxa ywiin ceHimOi Ouomapkep 601vin mabwvlimaiovl, olumKeHi OHblY OeHeelll
byupex maccacvinviy 50%-0an acmamvli HCO2aIMKAHOA 2aHA HCO2APHLIAUObL. 3amanayu toomanean koumpacmmol sammap bIK3
Kaynin memenoemeoi, OIpax co3vlamManbl OyupeK aypyvl dcoHe Kanm ouabemi 6ap HayKacmap ywin Kayinmi 6onvin Kaia oepeo.

3epmmeyoin maxkcamot — TIMP-2 scone IGFBP-7 epme duomapxepiepi mypansl scapusiianaan 3epmmeyiepoi KOpblmblHObLIAY
601001, 6y KOHMpacmnen MybiHOa2am dcedesl OYUpPex AHcapaKamuliibly OUASHOCMUKACHL MeH DONACAMbBLH JHCAKCAPNY.

Aoicmepi: [lepexkozoepoi izoey Pubmed, Web of Science, Cochrane depexxopnapvinoa acypeizinoi. [lony 2014 scvinoan 2025
Jrcvli2a Oetlin orcapusnanean 21 0epekkesoi Kammuosi.

Homuocenepi: HK3 knunuxanwix npoyedypanrapda keyinen Kordanuiiadvl ocone BK-OXK3 kaynin apmmeipadsl, KapkvlHobl
mepanus Jcanzvl3 Konoay wapacwl 6onvin xana 6epedi. [TIMP-2]-[IGFBP7] 6uomapkepaepi scoeapvl ce3immandvik nen 0on10iKneH
ayeip JKBXK (KDIGO 2/3 camvicbl), onim sxcone KB ayvipaviaviHbly damysin Ooaxcaiiovl. byn buomapkepiepoiy scoesapuvl Oeneelinepi
9 aii iwinde onim nemece ouanusz Kaynimen oaiianvicmeol, 6yn 01apobl nayueHmmepoi MyKusm 0aKuliay yulin namuoansl emeol.

Kopvimuinowi: Kaxvinoa scypeizineen sepmmeynep IGFBP-7 ocone TIMP-2 6uomapkepaepin natioanana omuipwin, CI-AKI epme
OUAZHOCMUKACHIHbIY MAHbI30bLILIZbIH aman Kepcemmi, 6y epme apaiacy dcone emoey HOMuUdICerepin HcaKcapmy yulin Manbl30bl.
Keiiinei sepmmeynep kpeamunun oeneetii, Kanm ouabemi Hcone HeypeK Heemriikeiz0iei cCuskmol Kayin (hakmopiapvli eckepe Omblpoln,
0Cbl ACKLIHYObI MYCIHY MeH bacKapyobl sicakcapmyeaa komekmeceoi. CI-AKI duacnocmuracet men anovin anyovly Kayincis jacone muimoi
aoicmepiniy Kaxcemminiei Kazaxcmanoa oa, wemenoe oe e3ekmi 00avin madwvinaovl. Toyexenoiniei scosapsvl emoenymiiepoi MyKuam
baxwvLiay scone XPIK backapyvin nayuenmmiy diceke Kaxcemminrikmepine Oeuimoey KAUHUKAAbIK MONCIPUOCHT HcaKcapmyea HeoHe
COHabl cambloaabl OYUpeK aypyiapblHblY HCULLIeIH mOMeHOemy2e MyMKIHOIK Oepedi.

Tyitinoi cezoep: Memanonpomeunasa-2 39p wwizapy mininiy uneubumopvinviy (TIMP-2), uncyaunee ykcac ocy @axmopvin
batinanvicmoipamoin akywiz 7 (IGFBP7), konmpacm-0ytipekmin dceden 3akpimoanyst (ki-OPP); 6uomapkepiep.

AHHOTALIUA

IMPOI'HOCTUYECKAS HEHHOCTb TKAHEBOI'O UHI'MBUTOPA
METAJIJIOITPOTEUHA3BI-2 (TIMP-2) MOYH U BEJIKA, CBA3BIBAIOIIEI'O
WHCYJIUHONOJOBHBIN ®AKTOP POCTA 7 (IGFBP—7), B OTHOILIEHUH
KOHTPACT-UHAYLHHUPOBAHHOI'O OCTPOI'O IOBPEXXJIEHUSA IIOYEK:
OB30P JIUTEPATYPbI

2.b. Canapos', M.M. Myzazoé', A.C. Canaposa', /I.E. Omepmaesa’, /I.B. Bacunves!
THAO «KaparaHauHcKuil MeAMUMHCKWI yHUBEpcUTeT», Kaparanza , Pecny6nuka Kazaxcrax

Axmyanvnocmo: Koumpacm-unoyyuposannoe ocmpoe nospedicoenue nouex (KH-OIIIl) — smo cepvesnoe ocnodcHeHue
MEOUYUHCKUX NPOYyedyp ¢ UCHOIb30GAHUEM KOHMPACMHLIX eewecms. Hecmomps na cHudicenue ciyuaes ocmpoil NO4edHOU
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neoocmamounocmu (OITH), KHU-OIIIT ocmaemcs 00HOU U3 6e0yuux npudur yxyouleHus QYHKyuu noiex, 0COOeHHO 6 HeOMIA0HCHBIX
cumyayusx. Coieopomounviil kpeamunut (SCr) ne A614emcs HA0CHCHLIM OUOMAPKEPOM O paHHell OUASHOCTNUKY, MAK KAK e20
YpOGeHb nosvluaemcs moavko npu ympame 6onee 50% noueunoii maccol. Cospemennvie 100UposanHvle KOHMPACHMHbLE GeleCmea
(HUKB) cnuscatom puck OITH, no ocmaiomes. onacuviymu 015 NAYUEHMO8 ¢ XPOHUYECKOT 601e3HbI0 NOYeK U OUdben oM.

Ilensv uccnedosanua — 0b60OweHue onyONUKOBAHHBIX OAHHBIX UCCAE008aHUU panHux Ouomapxepoe TIMP-2 u IGFBP-7 oaa
VIyuuenus OuazHoOCmuKy u npoHO3UPOBAHUS KOHMPACM-UHOYYUPOBAHHO20 OCIPO20 NOBPENCOEHUS NOYEK.

Memoowi: Ilpogeden nouck ucmounuxos 6 basax oannvix Pubmed, Web of Science, Cochrane. B 0630p eéxnrouen 21 ucmounux,
onybauxosannuiil ¢ 2014 no 2025 ee.

Pesynvmamur: HKB wiupoko ucnons3yiomes 6 KIunuueckux npoyedypax u yeenuvusaiom puck KH-OIII, npu smom unmencugnasn
mepanus ocmaemcs eOuHCmMEeHHbIM noodepicugaiowum cpeocmeom. buomapxepuvr [TIMP-2]-[IGFBP7] npeocka3sviéaiom pazsumue
msxcenoi OIH (cmaodus 2/3 no KDIGO), cmepmnocmo u msocecmv OIIH ¢ 6biCOKOU 4y8CMEUMENbHOCIBIO U MOYHOCMbIO.
Iosbluennsiil yposens smux OUOMAPKePO8 C6A3AH C PUCKOM CMEPMU UU OUAIU3A 6 meyenue 9 mecsayes, ymo 0eaaem ux noaesHvlmu
Ol MuamenbHo20 HabI00eHUs 3a NAYUECHMAMU.

3axnarouenue: llocneonue uccredosanus noouepkuyau 3Havumocms pauueu ouacrHocmuxu KHU-OIIIl ¢ ucnonvzosanuem
ouomapkepos IGFBP-7 u TIMP-2, umo 6ajcno 0151 panne20 8Mewamenbcmea u YIyYuleHus ucxooos jeuenus. Janvuetiuue
UCCIe008AHUSL NOMOZY N VIV YU NOHUMAHUE U YNPABIEHUE IMUM OCLONCHEHUEM, YUUMBIBAs. (PAKMOPbL PUCKA, MAKUe KAK YPOBEHb
Kpeamunuua, ouabem u cepoeynas Hedocmamounocms. Heobxooumocmo 6 6e30nachvix u dQh@exmunvix Memooax OuazHoCmuKy u
npogunaxmuxu KHU-OIII1 akmyanvna kak ¢ Kasaxcmane, max u 3a pyoescom. Tuyamenvhoe Hab1100erUe 30 NAYUSHMAMU C 8bICOKUM
puckom u aoanmayusi eedenusi OITH Kk uHOUSUOYANIbHBIM HYHCOAM NAYUEHINOE MOLYIM VIYUUWUMb KIUHUYECKVIO NPAKMUKY U CHUSUMb
yacmomy mepMuHAaIbHOU CMaouu NoYe4Hol HedoCMamoyHOCHU.

Knrwouesvie cnosa: uneubumop memanionpomeunasvi-2 (TIMP-2) mouu, 6enok, c613vl8arowull UHCYIUHONOOOOHbLIL (Darmop
pocma 7 (IGFBP7), konmpacm-unoyyupogannoe ocmpoe nogpesicoenue novex (KHU-OIIII); buomapxepul.
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