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Abstract

The issue of acute kidney injury in children after cardiac surgery remains topical despite the constant development of modern
technologies and methods. Complications arising from cardiac surgery in children have serious adverse effects, leading to increased length of
stay in the infant intensive care unit and increased mortality.

The aim of study: to analyse modern concepts on the role of perioperative risk factors and prognostic value of leading biomarkers in the
development of acute kidney injury in children after cardiac surgery.

The review was prepared using the method of searching literature on databases Scopus, PubMed, MedLine, Cyberleninka, Google
Scholar, Cochrane library, TripDataBase for the period 2012-2022.

Research in the academic setting has revealed that there are several risk factors associated with the development of acute kidney injury
in children after cardiac surgery. These factors include early patient age, duration of artificial circulation, complexity of surgery, use of artificial
ventilation and inotropic support. Despite the importance of these studies, they have not fully explored many of the issues that have recently
become relevant and related to the search for new biomarkers. These biomarkers play an important role in early diagnosis and treatment of
acute kidney injury.
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Introduction

According to the literature, acute kidney injury
(AKI) is a common complication of cardiac surgery in
children of high-risk groups [1,2]. AKI occurs in about 30-
60% of children who have undergone cardiac surgery and is
associated with increased in-hospital mortality and adverse
short-term outcomes [3-5]. Advances in cardiac surgery
have led to a reduction in the overall mortality associated
with open-heart surgery, but it can still exceed 40% among
those patients who develop postoperative complications of
AKI, and can reach 50% in patients, need renal replacement
therapy [6].

There are many factors influencing the development
of SRBs in children after cardiac surgery, and the underlying
mechanisms include hypoperfusion, ischemia reperfusion
injury, neuro-humoral activation, inflammation and
oxidative stress. All these can occur before, during and after
surgery [7].

In many studies, the exact mechanism for post-
heart surgery development of AKls in children is unclear,
as many factors are involved. The factors involved in
the development of AKI include five major categories:
preoperative, cardia bypass, postoperative, inflammatory
and neuroendocrinal factors. In children undergoing
cardiac surgery for congenital heart disease, the reported
incidences of AKI according to pRIFLE criteria ranged from
20 to 64.6% [8-10]. The reported cases of AKI according
to the KDIGO classification ranged from 29 to 86% [11-
13]. Possible reasons for the difference in frequency are
differences in patient characteristics (age, type of defect,

cardiac distress), Surgeon’s surgical skills, cardia bypass
duration, anaesthesia and postoperative care. There are
many risk factors for Acute Kidney Injury after pediatric
cardiac surgery for congenital heart disease: low body
weight, young age, blue disease, previous cardiac surgery
procedure, risk adjustment for congenital heart defects
(RACHS-1), single ventricular anatomy, preoperative
pulmonary hypertension and congestive heart failure,
preoperative use of inotropic support, preoperative
admission to intensive care, preoperative artificial lung
ventilation [14]. Bettina Ruf at al. reasonably showed that
low blood pressure in the first 24 hours after surgery was
a risk factor, and again emphasized the importance of
hemodynamics for the risk of AKI [10].

Heart surgery in children is one of the most
technically difficult surgical interventions. The severity of the
patient's condition and the complexity of the anatomy of the
malformation, may need the early intervention associated
with decompensation, which may be accompanied by
physiologic equilibration disorders. homeostasis.

The aim of study: to analyse modern concepts on
the role of perioperative risk factors and prognostic value
of leading biomarkers in the development of acute kidney
injury in children after cardiac surgery.

The review was prepared using the method
of searching literature on databases Scopus, PubMed,
MedLine, Cyberleninka, Google Scholar, Cochrane library,
TripDataBase for the period 2012-2022.

Impact of perioperative risk factors on the prognosis of AKI

According to Zappitelli M. et al. postoperative
prognosis in young children with congenital heart defects is
aggravated by low body weight, age, prior to cardiac surgery,
blue bloater of congenital malformation, cardiac bypass
over 180 minutes, circulatory arrest, fluid overload and use
of higher doses of cardiotonins in the early postoperative
period, preoperative artificial lung ventilation, development
of acute kidney injury [14.15].

The problem of the occurrence of cardiosurgically-
associated acute kidney injury (CS-AKI) in newborns
and infants, it is caused by a number of pathological
mechanisms, such as features of blood circulation in
congenital heart defects (CHD) with the physiology of a
single ventricle; age-related anatomical and functional
features (increased pulmonary vascular resistance, higher
level of metabolism and oxygen consumption, increased
hyperpermeability capillary tube, elevated level of water in
the extracellular sector); anatomical and functional features
of the myocardium (immaturity of cardio myocytes with a
low density of contractile proteins, immaturity of calcium
channels, mitochondria, extracellular matrix, leading to
imperfection of the functions of contraction and relaxation,
as well as limited opportunities to increase cardiac output);
anatomical and functional features of the kidneys (low
glomerular filtration, bicarbonate reabsorption threshold
in the proximal tubules and sensitivity V2 receptors of

Early prognostic biomarker of AKI

Many biomarkers are available for early diagnosis of
AKlIs, and some are widely used in practice. One of the main
advantages of such biomarkers is sensitivity. The authors
of this article focus on the effectiveness of biomarkers for
detecting AKI and diagnosing the severity of the disease
such as lipocalin associated with neutrophilic gelatinase
(NGAL), kidney damage molecule-1 (KIM-1), cystatin C and

basolateral membranes of cells of distal tubules and
collecting tubes to antidiuretic hormone [16].

According to Seliverstova A.A., et al. the most
frequent CHD in newborns and infants with an elevated pre-
operative level of creatinine were defects with obstruction
of the left heart and a reduced fraction of the ejection system
ventricle (critical aortic stenosis, critical aortic coagulation,
left-side hypoplasia syndrome). According to the results of
the study, cardiac surgical associated AKI (CSA-AKI) was
diagnosed according to the AKIN classification in 34 out
of 60 children (56.7%), of which 15 (44.1%) — stage 1, 10
(29.4%) — stage 2,9 (26.4%) — stage 3. An increase in the
preoperative creatinine level was diagnosed in 14 out of 60
(23.3%) children, 12 of them developed CSA-AKI [16].

Acute renal failure (ARF) often occurs in children in
critical condition, with a frequency of up to 26.9% and is
associated with high morbidity and mortality in children's
intensive care units (ICU). Currently, the reduction in the
rate of glomerular filtration is calculated by the level of
creatinine in the blood serum. However, 48 hours can
elapse between kidney damage and a measurable increase
in creatinine levels. Lipocalin associated with neutrophil
gelatinase in urine (uNGAL) has been confirmed for
intravenous circulation in children, as it can detect AKI
prior to functional changes confirmed by an increase in
serum creatine level [17].

albumin. There are many methods for the prevention and
treatment of AKI after cardiac surgery in children, but there
is still no systematic approach [18,19].

Several risk stratification systems exist for cardiac
surgery patients. The most reliable scores predict severe
DFS requiring dialysis and include the Cleveland Clinic
Score by Thakar and the Dialysis Risk After Cardiac Surgery
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(Mehta) score [20,21]. To date, most studies have evaluated
the ability of lesions and functional markers to predict
AKI compared with clinical risk factors, but, they have not
yet been included in prediction rates for AKI after cardiac
surgery [22].

Currently, the diagnosis and severity of PPD are
determined by serum creatinine and diuresis. However,
serum creatinine and diuresis are not timely markers. The
usefulness of neutrophil gelatinase-associated lipocalin
(NGAL), kidney injury molecule-1 (KIM-1), cystatin-C,
hepatic fatty acid binding protein (L-FABP), and interleukin
(IL)-18 as markers has been shown in many studies. NGAL
is the most promising marker for detecting RPL in the early
stage of the disease [18].

There is strong evidence that albumin urine is an
old but promising biomarker in this field. Albumin in urine
can be measured in a general hospital with low cost, and
studying results can be immediately available. Typically,
in normal kidneys, a small amount of serum albumin
passes through the glomerular filter and almost all of the
albumin in the tubules is reabsorbed. The simultaneous
occurrence of increased albumin efflux from the tubules
and decreased reabsorption of albumin in the tubules
results in albuminuria. As an additional mechanism, it has
been reported that the albumin gene is induced in the renal
cortex [23]. AKI can be detected earlier by albumin in urine
than by creatinine in serum, because albumin expression
occurs earlier than NGAL or KIM-1 expression. For early
and accurate detection of AKI, a combination of several AKI
biomarkers should be used.

Oded Volovelsky et al. studied the biomarker
FGF23, which predicts severe acute kidney injury after
cardiac surgery in children. It is suggested that FGF23
can detect subclinical kidney injury and can be used with
demographic risk factors for AKI to improve prediction of
risk of postoperative AKI [24,25].

Another study showed that the usefulness of
urinary biomarkers, tissue inhibitor of metalloproteinase-2
(TIMP-2) and insulin-like growth factor binding protein-7
(IGFBP-7), in detecting acute kidney injury (AKI) in
neonates after surgery for congenital heart defect TIMP-2
and IGFBP-7 are cell cycle arrest proteins detected in urine
during periods of renal stress/damage. TIMP-2 and IGFBP-7
urine levels 24 hours after CPR are good predictors of RPE
[26,27].

Jef Van den Eynde et al. conducted an informative
meta-analysis where aimed at synthesising knowledge

Conclusions

According to the literature analysis, it was found that
the study of the problem of the influence of perioperative
risk factors, as well as the importance of early predictive
biomarkers in the development of AKI in children after
cardiac surgery was considered quite widely. At the same
time, a number of specific issues related to the risk factor
of AKIs in children after cardiac surgery remain poorly
developed. There are only a few works on new biomarkers
to diagnose post-heart surgery AKls in children, but it is
unclear how they relate to each other in terms of diagnostic
accuracy.
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KapauoxupyprusiblK oTaJaH KeliHri 6a1asapaarbl 6YHPEKTiH kKiTi 3aKbIMAaHYbIHbIH aiga
GOJIyBIHJAFbI KETEKIIi 6GMOMapKepJiepAiH nepuonepanusiibIK Kayin ¢pakTopiapbIHbIH, pPeJii MEH
60/KaMABIK, KYH/bLIbIFbI
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Tyninaeme

Kapduoxupypeusinvik omadaH KeliiHel 6aianapdarbl 6ytipekmiH xcimi 3aKbiMOaHy npobemacbiHbly 63eKmiaiel Kasipei 3aMaHFbl

mexHo.102usl1ap MeH adicmepdiy yHemi damyblHa Kapamacmat ai de cakmasayoda. baaaaapdarsl kKapouoxupypausiavlk apaaacyoaH ketiinei
natida 6os1amvelH AcKbIHyAAp ayelp, mepic caadapra akenedi. bya Haykacmuiy 6aaanap peaHuMayuscel 661imMiHOe 604y Y3aKMbIFbIHbIH
Y3apyblHA JHcaHe 64IM-JHCIMIMHIH apmybIHa akeaeol.

3epmmeydiy makcambl: nepuonepayusiiblk Kayin @akmopaapuiHely peJi iaHe Kapouoxupypeusiivlk apaaacy0aH Keuinei

6asnanapdarsl Jcimi Oylipex 3aKbIMOAHYbIHBIH 0aMybIHOGFbL Jicemekwi 6uomapkepaepoiy 604x4camoblk MAaHbI3bI Mypaabl 3aMaHayu
MYHCLIPLIMOAMANAPFA MAAOAY HCYP2i3Y.
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6olibiHwa ade6uemmepdi izdey adici 2012-2022 sxcbladap apanviFrbiHOA KOAJAHbIAObL.

FolrblMu  opmada dcypeisineen 3epmmeyaep 6ollbiHwa kapduoxupypausiablk omadaH keliH 6aaanapda 6ylipekmiy scimi

3aKbIMOAHYbIHbIY 0aMybliHA 6atinaHbicmel 6ipHeule Kayin pakmopaapsl 6ap ekeHiH aHblkmaadel. bBya akmopaapra Haykacmoly scacwl,
HacaHobl KAHAUHANbIMbIHBIY, Y3AKMbIFLL, ONepayusiHbly Kypoeainizi, MexaHuka/awlk dxceademyodi koa0aHy dcaHe uHomponmol Oapisep
Ko/10aHy scamadel. Bya sepmmeynepoiy MaHbl30bLAbIFLIHA KAPAMACMAH, COHFbl YaKbimma e3eKkmi 60/bln Kese HCAMKAH HCoHEe HCaHa
buomapkepepdi mabymeH 6ail1aHbicmbl KONMe2eH Macenenepoi MoablK AWbLAMAFraH. bya 6uomapkepaep 6ylipekmiy xcimi 3aKbIMOAHYbIH
epme duazHocmukaaayoa jxaHe emoeyde Maybl30bl pe1 amkapaosl.

Tytlin ce3dep: scimi 6ylipek scemicneywiiel, kapduoxupypausiiblk oma, 6uomapkep, Kayin ggakmop.

PoJib nepuonepanMoHHbIX paKTOPOB PUCKA U MPOTrHOCTUYECKAs IeHHOCTh BeAYLIUX GUOMapKepoB
B BOBHUKHOBEHUH OCTPOro NOBpPeXJeHUs NoYeK y AeTel nocje KapAuOXUpPypruyecKux BMellaTe/IbCTB
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Pe3ome

AkmyasnbHocmb npobaembl 0cmpozo nospescdeHust novek y demell nocjae KapOUOXUpypau4eckux 8MewamenbCme CoXpaHsiemcsi

HecMompsi Ha NOCMOSIHHOE pasgumue CO8PeMeHHbIX mexHoa02ull u Memodos. Oc/0HCHeHUS, 803HUKAWUE Nocae Kapouoxupypauveckux
onepayutl y demetl, umerom cepbe3Hble He2amugHble N0C1edCcmausl, Ymo npusodum K ygeauyeHuio 01umeabHocmu npebbl8aHusl nayueHma e
omadeseHuu demckoll UHMEeHCUBHOIl mepanuu U y8eau4eHur CMepmHocmu.

ue./lb uccsaedosauusi: nposecmu aHa.au3 cCOBPEeMeHHbIX KOHl{enl{Lllj 0 posau nepuonepayuUoHHbIX gﬁakmopoe pucka u npo2Hocmu4eckozo

3HaYeHUs1 8edywux 6UOMApPKepos 8 pa3suUMuU 0CmMpo20 NO4eYHO20 nospescderus y demell noc/e KapoUoOXupypau4ecKux eMeulamenbcms.

Ilpu nodzomogke 0630pa 6bL1 UCN0Ab308AH Memod NOUCKA Aumepamypul no 6azam daHHulx Scopus, PubMed, MedLine, Cyberleninka,

Google Scholar, Cochrane library, TripDataBase 3a nepuod 2012-2022 ze.

HCC./IE()USGHH}L npoee&eHHble 8 Hay‘lHOlj cpeae, 8bliaeuU/IU, YMO cywecmaeyrom HeCKO/1bKOo qiaKmopos PUCKQ, C8A30HHBIX C pazsumuem

ocmpozo nospescdeHusi nodex y demetll nocae kapouoxupypau4eckux emewameasbcms. JlaHHvle hakmopel 8KA0UAIOM pAHHUL 803pacm
nayueHma, NpodoaXuUmMeabHOCMsb UCKYCCMBEeHH020 Kp0800OPAWeHUsl, C/I0%#CHOCMb 0Nepayul, UCnob308aHUe UCKYCCMBeHHOU 8eHMUAAYUU
J1e2KUX U UHOMpONHy'to noddepacky. Hecmomps Ha 3Ha4umMocme 3mux ucc1e008aHull, HeOCMAMOYHO U3yYeHbl MHO2UEe NPO6AeMbl, KOopble
cMaau aKkmya/asHuIMU 8 nocedHee 8pems U C8SI3AHbI C NOUCKOM HO8bIX 6uoMapkepos. 06cyxcoaeMble GUOMAPKEPLI U2pA0M 8ANCHYHO POIb 8
paxHell duazHOCMuKe U IeHeHUU 0CMpPOo20 N08PeHcOeHUs! NOYEK.

Knatouesvle caosa: ocmpoe no4e4Hoe nospeofcdel-lue, aemu, Kapduoxupypzuwecmﬂ emewamesibcmea, 6UOMapK€pbl, ¢0Km0pbl pucka.
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