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Abstract

Introduction. The investigation of cardiorenal syndrome holds significant clinical relevance, as both cardiovascular and
renal diseases rank among the leading causes of mortality. Current research efforts are focused on identifying reliable
biomarkers for the early detection of acute kidney injury (AKI), which may serve as a valuable predictor for improving
prognosis and therapeutic strategies in patients with chronic heart failure.

The study aims to identify biomarkers associated with an increased risk of type 2 cardiorenal syndrome in children.

Materials and methods. We performed a retrospective analysis with a case-control design. From the medical records of
the Scientific National Cardiac Surgery Center (NNCC), we identified all pediatric patients with CHF due to DCM who had an
initial hospitalization in 2022 and a subsequent re-hospitalization in 2023. Based on their diagnosis at re-hospitalization,
patients were classified into two groups: the case group (those with confirmed Type 2 CRS, n=18) and the control group
(those with CHF but without CRS, n=21). We then extracted and compared laboratory data from both the 2022 (baseline)
and 2023 (follow-up) hospitalizations for all participants.

Results. Reduced serum iron levels were observed at baseline and during follow-up in both the control and case groups
(9 and 5.9 umollL, respectively). Elevated total bilirubin levels were also detected in both groups (0.41 pumol/L in controls
and 0.55 pmol/L in cases). Notably, galectin-3 concentrations were elevated in the case group, showing a 13% increase
compared to the control group. Markers of renal dysfunction, including the albumin-to-creatinine ratio (ACR) and the blood
urea nitrogen-to-creatinine (BUN/Cr) ratio, were comparable between the two groups (ACR: 31 and 32 mg/g; BUN/Cr: 30 and
32, respectively). Statistically significant correlations were identified between kidney function (as measured by ACR) and
levels of serum iron (p=0.05), hemoglobin (p=0.02), and galectin-3 (p=0.02). Galectin-3 was a significant predictor of renal
dysfunction, with an 81% increase in the likelihood of renal dysfunction (OR = 1.81, 95% ClI). Similarly, the BUN/Cr ratio was
associated with a 70% increase in the likelihood of renal impairment (OR = 1.70, 95% ClI).

Conclusion. The findings indicate that, despite similar baseline values of key renal markers across groups, galectin-3 levels
were significantly elevated in cases and were strongly associated with renal dysfunction. Reduced serum iron and elevated
bilirubin levels were observed in both groups, suggesting potential systemic involvement. However, the small sample size limits
the statistical power and generalizability of these findings, warranting validation in larger, prospective cohorts.
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BBepeHue. VccnegoBaHve KapavopeHamnbHOTO CUMHOPOMa WMEET BaHOe KIMHUYECKOe 3HAYeHME, MOCKOMbKY Kak
CEpOeYHO-COCYaNCTbIE, Tak W MOYeyHble 3aboneBaHMs BXOOAT B YMCHO OCHOBHbIX MPWUYMH CMEPTHOCTU. Tekylime
ucenenoBaTenbekue YCUnus CocpesoTodeHbl Ha BbISBNEHUN HALEXHbIX BMOMApKEPOB N1 PAHHETO BbISBMEHUS OCTPOrO
noepexaeHus nodek (OrM), koTopble MOryT CAYXWTb LEHHbIM NPEAUKTOPOM AMNS YNyYlleHus NporHo3a U TepaneBTUYeckuX
CTpaTeruin y NaLMeHTOB C XPOHUYECKOW CEpAEYHON HEAOCTATOYHOCTLIO.

Llenbio nccrenoBaHus SBNSETCS BbISBNEHWE GMOMapKepoB, CBA3aHHbIX C MOBbILIEHHBIM PUCKOM KapAMOPEHaNbHOro
CuHapoMa 2 Tvna.

Matepuansl n Metoabl. Beino npoBefeHO PETPOCMEKTUBHOE WCCMEAOBAHWE TWMA «CMy4an-KOHTPOMb» C y4acTUeM
NaLMEHTOB C MOATBEPXAEHHBIM AnarHo3oM kapauopeHansHoro cuHgpoma (KPC) 2-ro tuna (n=18) Bo Bpems nepBu4HOM
rocnutanusauun B 2022 r. 1 nocnegyroLein NoBTopHoM rocnutanusauun B 2023 r., KOTOpble COCTaBMIM TPYNny CryYas.
KoHTponbHas rpynna Bkntoyana nauyeHToB C XPOHUYECKOW CepaeYHOi HegocTaTouHOCTbio (XCH), Ho 6e3 KnuHUYecknx unm
nabopaTtopHbix npuaHakoB KPC 2-ro Tuna (n=21).

PesynbTatbl. CHWXeHWe YPOBHS CbIBOPOTOYHOMO Xeresa Habriodanocb Ha WCXOOHOM YPOBHE M BO BpeMms
nocneayrowero HabniogeHns kak B rpynne KOHTPons, Tak M B rpynne crydvas (9 v 5,9) MKMONb/N COOTBETCTBEHHO).
[MoBbllweHHbIE YpoBHM 0bLlero BunupybuHa Takke bbinu obHapyxeHbl B 06eunx rpynnax (0,41 MKMOMb/N B KOHTPOMLHON
rpynne v 0,55 mkMonb/n B cryyasix). [MpumeyaTenbHO, YTO KOHLEHTPaUMK ranekTuHa-3 Obinv NoBbIWEHb! B rpynne cryyas,
nokasbiBast 13%-Hoe YBENMWYEHME MO CPABHEHMIO C KOHTPOMbLHOM rpynnoi. Mapkepbl NMOYEYHOA AMCHYHKLMW, BKMHOYas
COOTHoOWEHME anbbymmHa k kpeaTuHuHy (ACR) M COOTHOWeEHMe a3oTa MOYeBMHbl KpoBu K kpeaTuHuHy (BUN/Cr),
NPOLEMOHCTPUPOBANK conocTaBuMble 3HaveHus B obenx rpynnax (ACR: 31 u 32 mr/r; BUN/Cr: 30 1 32 cooTBETCTBEHHO).
CratucTnyeckn 3HaunMMble Koppensumu bbinn BbiSBREHbl Mexay (yHkumein noyek (uamepeHHoi no ACR) u ypoBHsMM
cbiBopoToyHoro xenesa (p=0,05), remornobuHa (p=0,02) n ranektuHa-3 (p=0,02). Beino obHapyxeHo, 4To ranekTuH-3
ABNSETCS 3HAYMMbIM MPELUKTOPOM NOYEYHON AMCYHKUMK, ¢ 81%-HbiM yBenuyeHuem BeposiTHocTn (OR=1,81, 95% CI).
AHanoruyHbim obpasom, cooTHowweHne BUN/Cr npogemoHcTpupoBano 70%-Hylo BEpOSITHOCTb BIMSHWS Ha MOYEYHYIO
HegocTaTouHocTb (OR=1,70, 95% ClI).

3akntoyeHune. PesynbTaTbl NOKa3biBalOT, YTO, HECMOTPS HA CXOXWE MCXOOHble 3HAYEHWS KIOYEBbIX MOYEYHbIX
MapKepoB MeXdy rpynnamu, YpOBHU ranekTuHa-3 OblMu 3HAauYMTENbHO MOBbLIWEHbI B CryyasX M MpOLEMOHCTPUPOBAnM
CUITbHYIO CBSI3b C MOYEYHON AMCHYHKLMEN. CHKEHNE YPOBHS CbIBOPOTOYHOTO Xemne3a W MoBbIleHNe YPOoBHS OunupybuHa
Habnioganuck B 0Benx rpynnax, YTo npegnonaraeT NoTeHUMansHoe cucTeMHoe BoBneyeHne. OgHako HebonbLUoi pa3mep
BbIBOPKM OrpaHNYMBaET CTaTUCTUYECKYHD MOLLUHOCTb M BO3MOXHOCTb ODOOLLEHWNS 3TWX pesynbTatoB, YTO Tpebyer ux
NoATBEPXAEHMS B 60nee KpynHbIX NPOCNEKTUBHBIX KOrOpTaXx.
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Kipicne. KapavopeHanablk CUHOPOMAbI 3epTTey KNWHUKaMbIK TypFbldaH MaHbl3abl, eUTKEHI XyPEK-KaHTaMblp XoHe
Oympek aypynapbl efniMHiH, Heriari cebenTepiHiv, KaTapblHa xatagbl. Kasipri 3epTTeynep GyipekTiH, keaen 3axkpiMaaHybIH
(BXK3) epTe aHbIKTayra MyMKiHZiK GepeTiH ceHimai Guomapkepneppi ailkpiHgayra OarbiTTanFaH; onap co3blnMarbl Xypek
xeTkinikciagiri (CHOK) 6ap HaykacTapaa Oomkamibl XakcapTyFa XoHe eMaik TakTUKaHbl XeTinaipyre KyHabl NpeaukTop
6ona anagbl.

Makcatbl. Kapanopenangbik cuHapomHbir, (KPC) 2-tuni gamy kayniHiv, apTybiMeH GainaHbicTbl Guomapkepnepai
aHbIKTay.

Marepuanpap xoHe agictep. 2022 xbinbl anfawkpl, 2023 Xbiibl KanTanama rocnutanusaumns kesige KPC-2
[VMarHo3bl pactansaH Haykactap (n=18) “xargaii” TobbiHa eHrisinreH, an KPC-2-HiH, KNuHWKanbIk, He 3epTxaHanblk 6enrinepi
xok, CXXK-cbl 6ap Haykactap (n=21) Gakpinay TOOblH KypafaH, peTpocneKkTueTiKargai-0akbinay” TMnTi 3epTTey
XyprisinreH.
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Hatuxenep. Capbicynbik, TeMip OewrediHiv, TemeHgeyi 6acTtankpiga fa, kewiHri Gakbinayga ga opi 6akbinay, api
OKufa TonTapblHaa 6ankangbl (TuiciHwe 9 xaHe 5,9 MkMonb/n). XKannel GunMpybuH aeHrei ge exi Tonta xorapbl 6onabl
(bakpinayga 0,41 MkMonb/n xaHe owura TobBbiHAA 0,55 mkmonw/n). Eneyni xalt - 3epttey ToObiHOA ranekTuH-3
KOHLIEHTpaLmsIChl oFapbinan, 6akbinaymeH canbicToipranaa 13% ecim kepceTTi. byipek AncthyHKUMSCHIHbIH, MapKkepriepi -
anbbymuH/kpeaTuHnH apakatbiHackl (ACR) xaHe KaH HecenHapi a3oTbl/kpeaTuHuH apakatbiHacel (BUN/Cr) - eki TonTa ga
ykcac maHgep Gepgi (ACR: 31 xaHe 32 wmr/r; BUN/Cr: caitkeciHwe 30 xaHe 32). byitpek kpiameTi (ACR BoibiHwa) MeH
capbicynbik Temip (p=0,05), remornobuH (p=0,02) xaHe ranektuH-3 (p=0,02) oexreinepi apacbiHaa CTaTUCTUKANbIK MaHA
e3apa baiinaHbicTap aHbikTangbl. [anekTuH-3 Gyipek AMCEYHKUMACHIHBIH, MaHi NpeauKkTopsl 6onbin Tabbingbl: GipnecTik
bIkTUManblfbiHbIH, 81% apTybl 6aiikanabl (OR=1,81; 95% ceHim apanbifbl). Con cusktbl BUN/Cr katbiHackl fa Gyipek
KETKiniKciagiriHe biknan ety bikTumanablebiH 70% apTTeipgsl (OR=1,70; 95% ceHim apanbifbi).

KopbITbiHAbI. Heriari Oyipek mMapkepnepiHiy, 6actankbl MaHZepi TonTap apacbiHaa ykcac bonfaHbiHa KapamacTaH,
3eTTENreH TONTa ranekTuH-3 geHremi ankbiH Xofapbl 6onabl xeHe Bypek AMCHYHKUMACHIMEH KyWTi 6aiinaHbIC KepceTTi.
Capblcynbik TEMipaiH, TeMeHaeyi MeH OunmMpyOuHHIH, XoFapbinaybl, Xyenik cunattarbl e3repicTi kepceTefi. [lereHMeH,
ipikTeMEHIH, Wamanbl kenemi Gyn HaTWxenepdiH, CTaTUCTUKAmbIK CEHIMAINIM MeH XanmnbinaHFaH KOpbITbIHAbINAP Xacay
MYMKIHAIriH LeKTeiai, COHABIKTaH Onapabl YAKEHipeK, NepCrnekTUBTI KOropTTapaa pactay KaxerT.

Tytiin ce3dep: Il munmi kapduopeHands CUHOPOM; 2alekmMUH; MPONOHUH; nomeHyuandb! buomapkepsep.
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Introduction renal injury. However, the BUN-to-creatinine (BUN/Cr) ratio
Cardiorenal syndrome (CRS) is characterized by acute  is a well-established marker of renal failure, and several
or chronic dysfunction of the kidneys or heart, leading to  studies have demonstrated its association with prognosis in
secondary acute and/or chronic dysfunction of the other  heart failure and its role as an independent predictor of all-
organ (Acute Dialysis Quality Initiative Group, 2008). The  cause mortality [27].
interaction between the heart and kidneys involves several New diagnostic modalities, such as strain
complex cellular, subcellular, and molecular mechanisms.  echocardiography and cardiac MRI, offer distinct
CRS often leads to dysfunction in both organs and is  advantages, particularly for assessing ventricular size,
associated with adverse patient outcomes [18]. According  function, and fibrosis. However, the complexity of these
to available data, in-hospital mortality among children with ~ methods and their limited availability currently favor the use
chronic heart failure (CHF) and comorbidities, particularly ~ of traditional echocardiography and ultrasound. At the same
chronic kidney disease, can exceed 20%. Moreover, the  time, advances in diagnostic techniques offer opportunities
risk of mortality remains high even after discharge from the ~ to optimize the algorithms for the timely diagnosis and
hospital [10,18]. To improve treatment outcomes in CRS, a  treatment of CRS in pediatric patients. These topics,
clear understanding of the pathophysiological interactions ~ however, are insufficiently addressed in the available
between the heart and kidneys, as well as the identification literature, and the existing data are often contradictory, with
of reliable predictors, is essential [10,18]. most studies originating from abroad. Notably, similar
Efforts are currently underway to identify biomarkers for ~ studies have not yet been conducted in Kazakhstan,
the early detection of acute kidney injury (AKI), which could highlighting the relevance and timeliness of the present
potentially serve as predictors to improve clinical outcomes  research.
in CRS [12]. Accordingly, recent research on the diagnosis Aim: to identify predictors of the development of type 2
of CRS has increasingly focused on biomarkers. Among the ~ cardiorenal syndrome in children with chronic heart failure
most commonly used biomarkers in clinical practice are  due to dilated cardiomyopathy (DCM).
cystatin  C, galectin-3, N-acetyl-beta-glucosaminidase Materials and Methods
(NAG), kidney injury molecule-1 (KIM-1), fatty acid-binding A retrospective case-control analysis was conducted at
proteins (FABPs), and neutrophil gelatinase-associated  the Scientific National Cardiac Surgery Center (hereinafter
lipocalin  (NGAL). However, their application remains  referred to as NNCC) during 2022-2023. The study design
restricted mainly to adult practice [7,22,26]. To date, thereis is a longitudinal, observational, case-control study, in which
limited evidence supporting the effectiveness of these  patients with a confirmed diagnosis of type 2 CRS (n=18)
biomarkers in pediatric CRS, and it remains challenging to  were selected. The "control" group included patients (n=21)
classify them by CRS subtypes due to insufficient data [13]. with chronic heart failure without manifestations of type 2
Classical indicators of renal function, such as blood  CRS. Patients with confirmed diagnoses of CRS type 2 for
urea nitrogen (BUN) and serum creatinine, remain widely ~ the first time (2022 year) and repeated (2023 year)
used. However, BUN is an unreliable indicator of renal  hospitalizations taken for the "case" group.
function, as its levels can be influenced by high protein The study results were based on medical record
intake, dehydration, heart failure, increased catabolism, and ~ extracts from pediatric patients who underwent repeated
diuretic use [14,15,24]. Similarly, creatinine is an inpatient treatment at the NCCC in 2022 and 2023.
inadequate early marker of renal dysfunction. Neither BUN The study participants were pediatric patients (0-18
nor creatinine alone is effective for the early detection of  years old) with a confirmed diagnosis of cardiorenal
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syndrome type 2. The inclusion criteria were:

1. Children's age participant (0-18 years);

2. Confirmed diagnosis—cardiorenal syndrome type 2;

3. The presence of cases of hospitalization in the 24-
hour hospital of the NNCC in the period 2022 and 2023;

4. Availability of medical documentation indicators
selected laboratory tests for each hospitalization.

Exclusion criteria were

1. Exceeding the age of children (older than 18 years);

2. Lack of medical records for laboratory tests. A
longitudinal case-control study entails retrospective data
collection; our study did not provide for patient contact.
Coding is used to copy medical documentation data,
thereby preventing loss of confidentiality. Informed
agreement was not required.

Laboratory studies were divided into four groups
according to the mechanisms of secondary kidney injury,
according to international studies:

1. Hematological and biochemical indicators of anemia;

2. Biochemical indicators of kidney function;

3. Biochemical indicators of liver function.

4. Biochemical indicators of damage to cardiac muscles.

Descriptive and inductive statistics were used for
qualitative and quantitative analyses, and diagrams and
tables were used to visualize the results graphically.

Statistical analysis was used to assess the significance
of differences in grouped results, to identify associations
between variables, and to predict diagnostic test use at the
95% confidence level.

To determine the distribution of variables, histograms were
constructed for each series. Parametric and nonparametric
criteria were used to assess the statistical significance of
differences, depending on the distribution's normality. The
statistical significance of differences was determined using the
Student criterion (with a normal distribution of variables) for
dependent and independent samples, the Mann-Whitney
criterion for independent samples, and the Kruskal-Wallis test
for dependent samples (with a non-Gaussian distribution of
variables), as well as multivariate analysis of variance (when
comparing more than two groups of variables).

The presence of associations between variables was
assessed using correlation and regression analyses, and
odds ratios were computed when analyzing historical data.
The coefficient was calculated using Pearson correlations.

To build a model for predicting the development of type 2
cardiorenal syndrome in pediatric patients with CHF in dilated
cardiomyopathy using laboratory tests (serum iron, bilirubin,
galectin-3, the ratio of albumin to creatinine in a single portion
of urine, and the ratio of blood urea nitrogen to creatinine),
ROC analysis (receiver operating characteristic) was used.
ROC - the analysis is expressed graphically, where AUC (area
under the ROC curve) - the area under the ROC curve
characterizes the probability of success. Meanings are
interpreted according to classification, where an AUC of 0.5 is
considered equally likely for both groups; 0.5-0.75 is a sufficient
level of success, and over 0.75 is a significant probability of
success. To interpret the ROC, the analysis identified a cutoff
threshold for each variable equal to its median value for each
test.

Results

Comparative analysis of original and studied levels of
potential biomarkers for the development of cardiorenal
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syndrome type 2 in pediatric patients with CHF in DCM. The
study took place in the Department of Pediatric Cardiology
at the National Scientific Cardiac Surgery Center. Clinical
and laboratory data of 39 pediatric patients with chronic
heart failure due to dilated cardiomyopathy, treated in the
period from 2022 to 2023.

All study participants were diagnosed with chronic heart
failure with dilated cardiomyopathy, with the presence of CRS
confirmed in 18 children (46%), which comprised the group
"case", and not confirmed in 21 (54%) children, which entered
the group "control”. In the case group, the distribution of boys
and girls was 12 (66.7%) and 6 (33.3%), respectively; in the
"control" group, 8 (38.1%) and 13 (61.9%).

We assessed laboratory indicators in both groups at the
time of the first and subsequent hospitalizations to
determine the initial and current levels of CRS type 2
markers. To conduct the analysis, we constructed
histograms to assess the distribution of variables.

It was established that the distribution is non-Gaussian.
To determine the presence of statistical significance of
differences, we used a non-parametric criterion, the Mann-
Whitney test, for comparisons between indicator groups
"case” and ‘"control", and the Kruskal-Wallis test for
comparing indicators within each group according to the
age and sex characteristics of the participants.

We examined indicators by participant gender in laboratory
test groups that characterize the main pathogenetic
mechanisms underlying the development of cardiorenal
syndrome. It was found that the serum iron level in the "case"
group was at the lower limit of the norm for both boys and girls.
Comparison of indicators within the group was determined
using the Kruskal-Wallis criterion. At the 95% confidence level,
the indicators hemoglobin, platelets, and serum iron were not
statistically significant (p > 0.05).

Next, we reviewed the laboratory test results for
participants in the control group who were diagnosed with
chronic heart failure in DCM but who did not have
confirmation of the development of CRS 2nd type. The
statistical significance of differences at the 95% confidence
level has also not been established. It should be noted that
the value of hematological parameters corresponds to the
accepted normal values, and the level of serum iron is at
the lower limit of the accepted norm.

Table 1 shows that overall hemoglobin levels in the control
and case groups were comparable. Minor fluctuations were
observed across individual age subgroups; however, no
statistically significant differences between the Control and
Case groups were identified.

Platelet counts varied across age groups but remained
within physiological limits. In contrast, serum iron levels in
the Case group were consistently lower than in the Control
group. The median serum iron concentration in the Case
group was approximately 5.9 pmol/L, compared with 9.0
pmol/lL in the Control group, reflecting a nearly 40%
reduction. This finding indicates a tendency toward iron-
deficiency states in patients in the Case group, warranting
further investigation and therapeutic correction.

Comparison of indicators by age groups was not
conducted due to the small sample sizes for each age
group. Itis noteworthy that the serum iron level in the “case”
group is 40% lower than that in the “control” group, based
on the median value.
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Next, we analyzed the liver function indicator, total
bilirubin, in participants in the “control” and “case” groups.

High total bilirubin levels were observed in both boys
and girls. Despite a three-fold increase in bilirubin levels in

girls, by comparison with values in the boys group “case’,
and on the contrary, in the “control” group, the statistical
significance of differences was not established at a
confidence level of 95% (p=0.38, p=0.6, respectively).

Table 1.

Iron metabolism parameters by age group at first hospitalization.

Age (years) Hb (g/L) Hb (g/L) Case | Platelets (*10°/L) Platelets Serum iron Serum iron

Control Control (*10°/L) Case | (umol/L) Control | (umol/L) Case

0-1 101.6 115.25 382 496 8.82 4.66

1-2 110 113 486 348 9.3 8.6

2-4 17 104 391 404 8.6 5.3

4-6 114 119 340 356 7.64 5.3

8-10 121 — — — 20.5 35
12-14 126 124 369 281 13.1 10
14-16 110 122 479 308 8.23 6.51
16-18 135 — — — 226 9.49

Bilirubin levels across different age groups demonstrate
variable fluctuations in both study groups (Table 2). However,
of particular note are the elevated bilirubin levels in the Case
group with already established persistent renal pathology.
Based on the median, bilirubin in the Case group was ~33%
higher than in Controls (0.55 vs 0.41 pmol/L; unweighted
medians across age groups, missing cells ignored).

Table 2.
Bilirubin levels by age group at first hospitalization.
Age group (years) | Control (umollL) Case (umollL)
0-1 0.39 0.55
1-2 0.28 0.60
2-4 0.32 0.65
4-6 0.45 0.50
8-10 — 0.52
12-14 1.01 1.05
14-16 0.43 0.49
16-18 — 0.54

The next group of laboratory tests of interest in the
study of type 2 CRS comprises troponin, a particular marker
of myocardial injury, and galectin-3, a potential marker of
fibrosis in parenchymatous organs [19]. Gal-3 was
assessed clinically as a renal disease biomarker to monitor
and guide therapeutic strategies [3].

In participants in the "control" group, the level of
galectin-3 exceeded the normal value by 110.7% in boys
and 47.3% in girls. It was found that troponin levels were

within the reference range in participants in the "case"
group, whereas galectin-3 levels exceeded reference
values by 87.7% and 60.3% in boys and girls, respectively.
In both groups, the statistical significance of gender
differences was not established (p = 0.7 and p = 0.77 in the
"control" and "case " groups, respectively).

The fourth group of laboratory parameters characterizing
kidney function in the “control” group comprises urea and blood
urea nitrogen levels. It has been established that urea and
blood urea nitrogen levels exceed accepted reference values in
both boys and girls. The albumin-to-creatinine ratio in a single
urine sample is within the upper limits of the reference range.
At the same time, the ratio of blood urea nitrogen to creatinine
is high compared to normal. There are no statistically significant
differences in kidney function indicators at the 95% confidence
level across gender groups (p > 0.05).

Given the results indicating an excess of specific
laboratory indicators, we conducted a comparative analysis
of these indicators between the two groups. We assessed
the statistical significance of differences using the
nonparametric Mann-Whitney test (Table 3).

It was established that the parameters serum iron
(p=0.02), total bilirubin (p=0.03), and galectin-3 (p=0.05)
were statistically significant.

Given that galectin-3 levels exceeded normal values in
both groups, we conducted correlation and regression analyses
to assess associations with other laboratory parameters.

Table 3.
Laboratory test parameters (mean, median) “control” and “case” groups at the time of first hospitalization.
Control Case p-value
Mean Median Mean Median
Hemoglobin 1121 114.0 110.5 111.8 0.41
Platelets 398.2 406.0 415.5 406.9 0.16
Creatinine 0.45 0.3 1.25 1.2 0.53
Urea 29.8 23.4 3141 30.3 0.8
BUN 13.9 10.9 14.4 14.1 0.9
ACR 30.5 3N 32.5 32.0 0.61
Serum iron 9.8 9.0 6.2 5.9 0.02
Total bilirubin 0.39 0.41 0.57 0.55 0.03
Troponin | 1.22 1 1.35 1.3 0.34
Galectin 3 34.0 19.8 38.5 224 0.05
BUN/creatinine 30.5 30.0 32.2 32 0.34
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It was found that the studied laboratory parameters have
very weak and weak associations with the level of galectin-3;
the reverse association is with the bilirubin index (r =- 0.3). A
linear regression corroborates the correlation analysis results.
Regression analysis showed that the effects of the laboratory
tests studied were not statistically significant (p > 0.05).

Next, we conducted correlational and regression analyses
to assess the influence of the studied parameters on kidney
function: the albumin-to-creatinine ratio in a single urine sample
and the urea nitrogen-to-creatinine ratio in serum.

It was established that the inverse average correlation
links for the increase in the blood serum ratio of urea
nitrogen to creatinine in the “control” group are with
hematological indicators (hemoglobin: 0.24; platelets: 0.35).

Regression analysis showed that hematological
parameters and serum iron levels had a statistically
significant effect on ACR and the urea nitrogen-to-creatinine
ratio in the serum of the studied “control” group.

During rehospitalization after a 1-year interval, the
participants in the case group were confirmed to have type
2 CRS. No statistically significant differences between the
case and control groups were observed for any variable at
the 95% confidence level (p> 0.05), confirming the
diagnosis of type 2 CRS in the studied “case” group.

Our study has established that the development of
persistent renal dysfunction in pediatric patients with
chronic heart failure is influenced by iron metabolism
indices, namely serum iron and hemoglobin (40% higher in
the case group) and bilirubin (33% higher in the case
group). This indicates more pronounced catabolic
processes in the liver and greater iron consumption in the
developed form of type 2 CRF. Regression analysis also
showed the influence of these indices on renal function.
Thus, a decrease in serum iron and elevated total bilirubin
indices can be considered prognostic indicators of the
development of persistent renal dysfunction.

Evaluation of probabilities for the development of cardiorenal
syndrome Type 2, depending on potential biomarkers

To further elucidate the predictive relevance of these
biomarkers, logistic regression modeling and receiver operating
characteristic (ROC) curve analysis were performed, using the
BUN(/Cr ratio as the dependent variable. To clarify the effects of
serum iron, total bilirubin, and galectin-3 levels on renal

impairment, we constructed a logistic regression model and
performed ROC analysis. The cutoff threshold was the
parameter selected to calculate the odds ratio. The final
parameter to which potential biomarkers were assigned was
the blood urea nitrogen-to-creatinine ratio. STATA 16E
software was used to construct the model.

The area under the curve of the serum iron model was
0.46, indicating insufficient sensitivity for predicting
deterioration in the blood urea nitrogen-to-creatinine ratio
and, consequently, deterioration in renal function.

For the total bilirubin parameter, the area under the
curve was 0.41, indicating low sensitivity of this test as a
prognostic indicator for renal dysfunction.

The area under the curve of the galectin-3 model was
0.9, indicating high accuracy in forecasting the increase in
the blood urea nitrogen-to-creatinine ratio and supporting
the diagnosis of type 2 CRS progression.

1.ROC Analysis of Biomarkers. The AUC for serum iron
was 0.46, reflective of poor discriminative capability. The
AUC for total bilirubin was 0.41, indicating low sensitivity
and specificity. The galectin-3 model exhibited an AUC of
0.9, indicating high diagnostic accuracy and substantial
predictive value for CRS2 development.

2. Supplementary ROC Analysis Using ACR as an
Endpoint. The serum iron model demonstrated an AUC of 0.6,
denoting moderate sensitivity. The total bilirubin  model
produced an AUC of 0.4, underscoring low sensitivity and
specificity. The galectin-3 model achieved an AUC of 0.733,
indicating moderate predictive utility for identifying CRS type 2.

3. ROC Analysis of the BUN/Cr Ratio. Subsequent ROC
analysis for BUN/Cr produced an AUC of 0.65, indicative of
moderate model performance in forecasting CRS type 2
development.

Our analysis establishes that, at the 95% confidence
level, elevated galectin-3 levels precede the onset of CRS
type 2 in 81% of cases (OR 1.81). While serum iron and
total bilirubin showed potential associations with CRS type
2 risk (21% and 50%, respectively), their predictive values
were not statistically significant (p > 0.05). The ROC
analysis indicates that galectin-3 and the BUN/Cr ratio are
promising biomarkers for early identification of declining
renal function, with AUC values of 0.9 and 0.733,
respectively (Figure 1).
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Figure 1. ROC curves for the blood urea nitrogen/creatinine (BUN/Cr) ratio stratified by galectin-3.
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Discussion

In the statistical analysis of the data, accounting for the
number of children examined, the distributions of the
indicators were non-Gaussian. Therefore, to assess the
statistical ~ significance of differences, non-parametric
methods were used: the Mann-Whitney U test was applied
for comparisons between the case and control groups,
while the Kruskal-Wallis test was used to analyze
differences within each group according to age and gender.

We analyzed laboratory indicators that characterize the
main  pathogenetic  mechanisms  underlying  the
development of cardiorenal syndrome, while accounting for
participants' gender.

Laboratory test results were analyzed for participants in
the control group with an established diagnosis of chronic
heart failure on the background of dilated cardiomyopathy
but without confirmed type 2 cardiorenal syndrome.
Notably, the serum iron level in the case group was 40%
lower than that in the control group, as indicated by the
median value.

It was found that the serum iron level in the case group
was at the lower limit of normal in both boys and girls. Using
the Kruskal-Wallis test for intragroup comparisons, no
statistically ~significant differences were observed in
hemoglobin, platelet count, and serum iron levels (p > 0.05).

We further analyzed liver function by assessing total
bilirubin levels in the control and case groups. Elevated
bilirubin levels were observed in both boys and girls.
Despite a threefold increase in bilirubin levels in girls
compared with boys in the case group, and, conversely, no
differences in the case group, these differences were not
statistically significant at the 95% confidence level (p = 0.38
and p = 0.6, respectively).

Of note was also the increased bilirubin level in the
case group, in which persistent renal pathology had already
developed. The median bilirubin level was 33% higher than
in the control group.

The next group of laboratory tests relevant to the study
of type 2 CRS included markers of myocardial injury:
troponin, a particular marker of myocardial damage, and
galectin-3, a potential marker of parenchymal organ fibrosis.
It was found that troponin levels were within normal limits in
the case group, while galectin-3 levels in both boys and
girls exceeded normal values by 87.7% and 60.3%,
respectively. In the control group, galectin-3 levels were
also elevated above normal by 110.7% in boys and 47.3%
in girls. No statistically significant differences by gender
were observed within the case and control groups (p = 0.7
and p = 0.77, respectively).

In the fourth group of laboratory indicators reflecting
kidney function in the case group, blood urea and blood
urea nitrogen levels exceeded normal values in both boys
and girls. The albumin/creatinine ratio in spot urine samples
was at the upper limit of normal, while the blood urea
nitrogen to creatinine ratio was significantly elevated. There
were no statistically significant gender differences in these
indicators within the group at the 95% confidence level (p >
0.05).

Given the identified excesses of specific laboratory
parameters, a comparative analysis of the two groups was
conducted, and the statistical significance of differences
was assessed using the Mann-Whitney U test. The study
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revealed statistically significant differences in serum iron (p
=0.02), total bilirubin (p = 0.03), and galectin-3 (p = 0.05).

Upon rehospitalization after a one-year interval,
participants in the case group were confirmed to have
developed type 2 CRS.

Our study revealed that with the development of
persistent renal dysfunction against the background of
chronic heart failure in children with dilated cardiomyopathy,
iron metabolism indicators such as serum iron and
hemoglobin (40% higher in the case group) and bilirubin
(33% higher in the case group) play a role. This suggests
more pronounced catabolic processes in the liver and
higher iron consumption in established type 2 CRS.
Regression analysis also demonstrated the influence of
these indicators on kidney function.

Thus, decreases in serum iron and an increase in total
bilirubin levels may be considered prognostic markers for
the development of persistent renal dysfunction. Although
ACR is a recognized marker of current kidney function, our
study did not establish its predictive value for the
development of renal dysfunction, as ACR levels varied
from normal to elevated in the case group during both initial
and repeated hospitalizations.

Mechanisms of serum iron reduction in chronic heart
failure and developed cardiorenal syndrome;

Chronic systemic inflammation increases the level of
hepcidin, which suppresses the function of ferroprotein,
resulting in decreased iron absorption in the intestine and
impaired iron release from macrophage stores [8]; impaired
iron absorption due to intestinal edema and hypoperfusion
[16]; uremia causes disturbance of erythropoiesis and iron
metabolism; activation of neurohormonal systems (renin-
angiotensin-aldosterone and sympathetic nervous system)
leads to a decrease in iron perfusion and activation of
oxidative stress, which negatively affects iron hemostasis
[25].

Increased bilirubin levels in patients with chronic heart
failure in cardiorenal syndrome are associated with
congestion in the inferior vena cava system (impaired liver
drainage function, decreased hepatocyte function) [6]. Also,
the development of cardiogenic hepatopathy leads to
impaired bilirubin excretion [9]. Liver tissue ischemia
increases oxidative stress, damages hepatocytes, and
contributes to increased bilirubin [11]. Activation of
neurohumoral systems exacerbates bilirubin synthesis and
utilization [5].

Reduced cardiac output and venous congestion lead to
decreased renal perfusion in patients with type 2 CRS and
chronic heart failure. BUN/Cr increases as a result of
neurohormonal system activation (RAAS, sympathetic
nervous system), enhancing urea reabsorption without
affecting creatinine. An elevated BUN/Cr ratio may serve as
an early indicator of worsening renal function. Previous
studies have shown that an elevated BUN/Cr ratio can
identify a high-risk, potentially reversible form of renal
dysfunction in patients with decompensated heart failure [4].
Another study demonstrated that the BUN/Cr ratio at
admission predicts acute kidney injury in acute
decompensated heart failure and aids risk stratification [23].
Furthermore, in patients with congestive heart failure, a high
BUN/Cr ratio was associated with poor prognosis and
predicted all-cause mortality [27]. Additionally, a higher and
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more variable BUN/Cr ratio over time was independently
associated with an increased risk of hospitalization for heart
failure and all-cause mortality in patients with chronic heart
failure with preserved ejection fraction [15].

ROC analysis confirmed galectin-3 as a potential
biomarker of renal impairment, based on the blood urea
nitrogen-to-creatinine ratio and ACR (AUCs of 0.9 and
0.733, respectively). Our results are consistent with
previous studies indicating that galectin-3 may be a
prognostic marker for the development of cardiorenal
syndrome in patients with acute heart failure and reduced
left ventricular ejection fraction. Galectin-3 levels were
higher in patients who developed CRS compared to those
who did not [25].

A meta-analysis of five studies involving 5,226 patients
with chronic kidney disease found that elevated galectin-3
levels were associated with an increased risk of all-cause
mortality and cardiovascular events. However, the
association between galectin-3 and kidney disease
progression was inconsistent [28]. Another systematic
review failed to confirm a definitive role for serum galectin-3
in predicting the progression of cardiovascular or renal
disease.

We acknowledge the small sample size as a limitation
of our study, which is due to the severity of the pathology
and the challenges associated with patient hospitalization in
a single medical institution. Another limitation was the
inability to examine other potential biomarkers of
cardiorenal syndrome, such as cystatin C, KIM-1, and
NGAL, owing to various factors. Nevertheless, our findings
provide a foundation for further research and for improving
early diagnostic approaches for CRS in children.

Conclusions

1. The laboratory studies conducted in our research,
aimed at examining the pathogenetic mechanisms of
chronic heart failure (CHF) and the development of type 2
cardiorenal syndrome (CRS), included four groups of
indicators  reflecting iron metabolism, liver function,
myocardial injury, and kidney function.

2. Low serum iron levels were observed both initially
and during follow-up in the control and case groups (9 and
5.9 umol/L, respectively). Elevated bilirubin levels were also
noted in both the control and case groups (0.41 and 0.54
pmol/L, respectively), along with increased galectin-3 levels
in the case group (13% higher compared to controls).
Additionally, markers of reduced kidney function were
similar between the groups (ACR: 31 and 32 mg/g; blood
urea nitrogen-to-creatinine ratio: 30 and 32, respectively).
Statistically significant associations were established
between serum iron (p = 0.05), hemoglobin (p = 0.02), and
galectin-3 (p = 0.02) levels with markers of kidney function
(ACR).

3.1t was determined that galectin-3 has an 81%
likelihood (OR 1.81, 95% CI) of influencing the
development of renal dysfunction, while the blood urea
nitrogen to creatinine ratio has a 70% likelihood (OR = 1.70,
95% ClI).

4. The use of the blood urea nitrogen to creatinine ratio
and galectin-3 levels can serve as prognostic markers for
the development of renal dysfunction in pediatric patients
with CHF and dilated cardiomyopathy.
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Practical Recommendation

1. Monitoring biomarkers of myocardial injury,
particularly troponin and galectin-3, is recommended for the
early detection and management of type 2 CRS in children.

2. Regular assessment of serum iron and bilirubin levels
is advised to provide insight into systemic processes
affecting multiple organs, including the kidneys. Tracking
these parameters may also help evaluate the body’s overall
compensatory capacity during disease progression.

3. Given the limitations of the current study, particularly
the inability to assess several potential biomarkers of
cardiorenal syndrome (including cystatin C, NGAL, and
KIM-1), further research is needed. Future studies should
focus on a multimarker approach for the early diagnosis and
stratification of CRS in pediatric patients.
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