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Summary

Acute kidney injury (AKI) and acute liver failure (ALF) are common and potentially dangerous complications in neonates
admitted to the NICU. This article reviews data on the adverse effects of AKI on liver function and the development of ALF in
preterm neonates. Infants with hemodynamically significant patent ductus arteriosus (hsPDA) are highlighted.

Aim. To analyze risk factors and the incidence of liver damage in preterm newborns who experienced AKI during the early
neonatal period.

Materials and methods. The study retrospectively analyzed the medical history of 74 preterm infants admitted to the
anesthesiology and neonatal intensive care unit. Patients were examined using a complex of general clinical, biochemical,
immunoenzymatic, and instrumental methods, as well as measuring the urinary neutrophil gelatinase-associated lipocalin
(NGAL) biomarker and performing statistical analysis. Scientific research was conducted in accordance with the provisions of
GCP (1996), the Convention of the Council of Europe on Human Rights and Biomedicine (April 4, 1997), the Declaration of
Helsinki of the World Medical Association on the Ethical Principles for Conducting Scientific Research with Human Participation
(1964-2008), and the Order of the Ministry of Health of Ukraine No. 690 dated September 23, 2009 (as amended by the Order
of the Ministry of Health of Ukraine No. 523 dated July 12, 2012).

The distribution of patients was carried out depending on the AKI development, that was diagnosed and stratified by the
severity based on the neonatal modification of the 2012 KDIGO criteria. AKI was diagnosed according to the Pediatric Acute
Liver Failure Study Group recommendations: prothrombin time >20 seconds after vitamin K administration or International
Normalized Ratio values >2 units).

Results. AKI was diagnosed in 36.5% of all preterm infants studied and 77.8% of them had hsPDA. ALF manifestations were
mostly detected on day 5 and accounted for 79.3% of infants with AKI, 3 times more frequent in its severe course (p<0.05) and
4.2 times more frequent than in those without AKI signs (p<0.05). Correlation analysis of blood creatinine levels on days 3 and
10 showed a direct association with the development of AKI (»=0.496, p<0.05 and p=0.456, p<0.05, respectively). At the same
time, AKI was 3.4 times (p<0.05) more severe when combined with ALF. An increase in bilirubin levels to levels indicating the
need for phototherapy was directly correlated with the development of AKI (p=0.544, p<0.05). Episodes of hypoglycemia and the
need for its additional correction were directly correlated with the severity and duration of AKI (p=0.349, p<0.05 and p=0.556,
p<0.05, respectively). In addition, 78% of the children were predisposed to lactic acidosis.

The diagnostic value of urinary NGAL for AKI in preterm infants was 229.7+94.82 (208.5; 176-297.3). An NGAL concentration
of 249.0+£113.27 (210; 185.5-302) tripled the odds of developing AKI (p<0.05). Elevated urine NGAL was an independent
prognostic factor for 28-day mortality. Unfortunately, all 6 infants with urine NGAL levels above 250 ug/L developed severe
AKI with ALF manifestations and died in the neonatal period. Analysis of the perinatal history of the studied preterm infants
showed a statistically significant association between AKI and ALF in those infants whose mothers had a history of renal disease,
chronic infection, or chorioamnionitis.

Conclusions. Understanding the impact of acute kidney injury on liver function in preterm infants can help address the issues
of early diagnosis, management and prevention of acute liver failure and improve outcomes of care for these infants. Identification
of early pathological manifestations using biomarkers and analysis of patient history are needed to prevent complications caused
by the complex and potentially dangerous vicious circle related to kidney-liver crosstalk.

Keywords: Neonates; Preterm Infants; Jaundice; Clinical and Laboratory Diagnostics; Acute Kidney Injury; Acute Liver Failure.

Introduction

Acute kidney injury (AKI) and acute liver failure (ALF)
are common and potentially dangerous complications in
newborns admitted to the anesthesiology and intensive
care unit. Literature reviews and meta-analyses have
shown large discrepancies in data on the occurrence of
these conditions, that could be associated with different
study group compositions and gestational ages as well as
various work streams of departments [1, 2].

Astudy by J. G. Jetton et al. [3] has reported a frequency
of AKI ranging from 18% in very low-birth-weight
neonates, 38% — with asphyxia, to 71% in those who
required extracorporeal membrane oxygenation. According
to a multicenter study conducted in 2017, the incidence of

AKI in newborns according to the neonatal modification
of the 2012 KDIGO criteria was 29.9% [4], while this
rate was significantly higher (57.5%) in preterm infants
with hemodynamically significant patent ductus arteriosus
(hsPDA). This is due to the fact that preterm infants with
hsPDA are considered the most vulnerable category since
ductal left-to-right blood shunting results in hypoperfusion
of organs, including the kidneys [5].

As for the present situation with regard to ALF, the
following can be mentioned. Although isolated studies have
reported incidence of 17/100,000 across all age groups,
there are no accurate estimates of ALF development in
newborns and children of other ages. The basis for the
diagnosis of ALF, according to the Pediatric Acute Liver
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Failure Study Group, is the presence of a liver-based
coagulopathy not corrected with vitamin K. The mortality
rate from ALF is as high as 55-70% [6, 7]. It should be
taken into account that the neonatal period is characterized
by substantial physiological changes associated with
the fetal hemoglobin replacement, making it difficult
to diagnose ALF. Concomitant kidney-liver diseases
determine survival rates and are tightly correlated with
the need for early intervention and treatment of identified
dysfunctions [8-10]. Several studies have shown AKI-
induced systemic low-grade inflammation. Inflammatory
cytokines released in AKI (IL-6, IL-17Aand tumor necrosis
factor-alpha (TNF-co)) promote oxidative stress, increased
hepatic vascular permeability and endothelial dysfunction,
which in turn causes immune cell migration initiating
inflammatory responses to liver cells and resulting in
apoptosis, fatty degeneration, and hepatocellular necrosis
[9, 11, 12].

The aim of the study. To analyze risk factors and
the incidence of liver damage in preterm newborns who
experienced acute kidney injury during the early neonatal
period.

Materials and methods. The study retrospectively
analyzed medical histories of 74 preterm newborns
who were admitted to the Anesthesiology and Neonatal
Intensive Care Unit with a mobile neonatal team from the
community enterprise «Regional Medical Center of Family
Health, DRC».

In the examinations of patients, a complex of general
clinical, biochemical, immunoenzymatic, instrumental
methods were used, as well as urine neutrophil gelatinase-
associated lipocalin (NGAL) biomarker was measured
(using the ELISA Kit reagent, 96), and a statistical analysis
was performed.

The distribution of patients was carried out depending
on the AKI development, that was diagnosed and stratified
by the severity based on the neonatal modification
of the 2012 KDIGO criteria [4]. AKI was diagnosed
according to the Pediatric Acute Liver Failure Study Group
recommendations: prothrombin time >20 seconds after
vitamin K administration or International Normalized Ratio
values >2 units) [6].
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To attain the stated objectives, a set of statistical
research methods was used, namely, independent samples
were subjected to the Mann-Whitney and Kruskal-Wallis
tests, the Wilcoxon signed-rank test and the McNemar
index were used for dynamics assessment, the y2 test
and the Fisher’s exact test — for contingency tables, the
Spearman (rank) correlation was employed to assess
the degree of associations between variables. The study
results were statistically analyzed using the STATISTICA
6.1® software product (StatSoft Inc., serial number
AGAR909E415822FA).

The study was approved by the Biomedical Ethics
Committee of Dnipro State Medical University (DSMU).
Scientific research was carried out in compliance with
the provisions of GCP (1996), the Council of Europe
Convention on Human Rights and Biomedicine (dated
April 4,1997), the World Medical Association Declaration
of Helsinki on the Ethical Principles for Conducting
Scientific Research with Human Participation (1964-2008),
and the Order of the Ministry of Health of Ukraine No.
690 dated September 23, 2009 (as amended by the Order
of the Ministry of Health of Ukraine No. 523 dated July
12, 2012).

The work was supported by the research project of the
Department of Propaedeutics of Children’s Diseases and
Pediatrics No. 2 of DSMU: «Diagnosis and Treatment of
Kidney Injury in Children with Somatic Diseases». State
registration number: 0124U000052, project timeline:
2024-2027.

Results and discussion. All the children were admitted
to the department on the 1st day after birth. Gestational
age of the examinees was 32.6+1.93, the mean weight
was 2037.8+552.60 g. The sex ratio: males — 43 (58.1%),
females—31 (41.9%). It is interesting to note the significant
predominance of males in hsPDA group, as there were 28
males (70.0%) and 12 (30%) females, while in the group
with PDA or closed ductus arteriosus —8 (47.1%) and 7
(41.2%), respectively. No differences were found in Apgar
Scores assessed at the 1st and 5th minutes of life. None of
the infants was diagnosed with congenital liver diseases.

The nosological structure of the studied groups is
presented in Figure 1.

M respiratory distress
syndrome

M birth asphyxia

intrauterine infection

Fig. 1. Nosological structure of the studied groups, %.

HsPDA was detected in 40 infants, non-hsPDA —in
17, and 17 infants had closed their ductus by the time of
the examinations. Patent ductus arteriosus was considered
hemodynamically significant according to the following
criteria: large diameter of ductus arteriosus (>1.5 mm in
newborns weighing <1500 g, >1.4 mm/kg in newborns
weighing >1500 g); ductal left-to-right shunting and
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increasing, pulsatile flow pattern; left atrium-to-aortic root
ratio >1.4; high diastolic flow velocity in the pulmonary
artery >0.2 m/s; retrograde diastolic blood flow in
descending aorta in the post-ductal descending aorta;
regional circulatory disturbances[13].

AKI was diagnosed in 27 (36.5%) of 74 examined
infants on the 3 day of life, predominantly in those with
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hsPDA. Among these children, AKI occurred in 52.5%
of cases, which was 2.2 times more often than that in
children with non-hsPDA (p<0.05) and 4.4 times more
frequently as compared to infants with a closed ductus
arteriosus (p<0.007). So, according to the study, the
presence of hsPDA was a predictor of AKI development.
An association between the PDA diameter and the serum
creatinine level has been found. AKI stage II-111 has been
shown to prevail in the case of a PDA diameter of more
than 2 mm [5].
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Additional analyses have revealed ALF manifestations
in most infants with AKI, more commonly seen on day
5. The clinical features of ALF have been identified in
79.3% of children with AKI, 3 times more often (p<0.05)
in its severe course and 4.2 times more often than in those
without AKI signs (p<0.05) (Figure 2).

The dynamics of symptom onset has testified that
kidney injury was primary. This makes total sense, since
patients with manifestations of congenital hepatitis were
excluded from the study.

84,6 n*

73,1

m AKI-
m AKI+

19,7

AKI+
AKI-

10 day

Fig. 2. The occurrence of ALF in the examined infants regarding the presence of AKI, %.

Note: * — statistically significant differences compared to the presence of AKI. Differences between independent samples
were tested using the Kruskal-Wallis and Mann-Whitney criteria. * — significant differences from the values on
the 1st day; (p<0.05) values from the Wilcoxon signed-rank test.

What we have found to be interesting were the results
obtained from the correlation analysis. Serum creatinine
levels on the 3" and 10" days were directly corelated with
the ALF development (p=0.496, p<0.05 and p=0.456,
p<0.05, respectively), and worsening severity of AKI by
3.4 times (p<0.05) was associated with the ALF presence.

An increase in serum bilirubin levels to concentrations
requiring phototherapy was directly correlated with the
AKI development (p=0.544, p<0.05). Since preterm infants
with comorbidities develop complications at lower serum
bilirubin levels, there is no hyperbilirubinemia value that
would be deemed non-toxic. A liver damage, irrespective of
etiology, reduces the number of hepatocytes and can impair
the uptake of indirect bilirubin from blood plasma and
decrease transport and clearance of direct bilirubin through
the bile ducts, as well as causes a decrease in albumin
synthesis [14-16]. Therefore, these infants experienced
a prolongation of neonatal jaundice for an average of 1.3+0.2
weeks. This condition required additional control of serum
bilirubin levels to prevent bilirubin encephalopathy, that is
characterized by a delayed development of physiological
reflexes (more than 3 weeks by postconceptual age).

In fact, glucose metabolism is maintained by the
state of the liver and kidneys, since gluconeogenesis
occurs mainly in the liver and partially in the renal
cortex. The gluconeogenic principal regulatory enzymes
of renal gluconeogenesis are expressed in the proximal
tubular epithelial cells, while the enzymes responsible for
glycolysis are mainly functioning in the distal tubular cells
[10]. Hence, blood glucose levels and the need for correction
have been evaluated. It has been shown that episodes of
hypoglycemia and the need for additional correction were
directly correlated with the AKI severity and duration
(p=0.349, p<0.05 and p=0.556, p<0.05, respectively).
This has confirmed the data obtained by N. K. Rad et
al. regarding potentially abnormal glucose metabolism
in children with AKI. Researchers have also found that
thiamine (vitamin B1) reduced the rate of glycolysis and
increased lactate clearance and glucose production [10].
Thus, thiamine regulates cellular metabolism in proximal
renal tubular cells and reduces mortality in patients with
acute renal failure, which might be a subject of further
examinations in newborns. The findings obtained in this
study have revealed 78% of children with underlying risk
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for lactic acidosis. Such being the case, it is challenging to
differentiate lactic acidosis due to its multifactorial origin
and potential links to hypoxia or other causes. Therefore, in
patients with an unstable glucose profile and severe lactic
acidosis, a suspicion of the possible ALF occurrence and
appropriate diagnostics are deemed to be reasonable.

In relation to early diagnosis of AKI as well as the
crosstalk between the liver and kidney, papers focused
on specific biomarkers have been reviewed to identify
relevant critical indicators that facilitate early detection
and assessment of pathological conditions involving both
the kidneys and the liver [11, 17]. The diagnostic value of
urinary NGAL for the detection of AKI in preterm infants
has been found to be 229.7+94.82 (208.5; 176-297.3). At
a value of 249.0+113.27 (210; 185.5-302), infants had
threefold increased chances of developing AKI (p<0.05).
An increase in the urine NGAL level was an independent
prognostic factor for 28-day mortality.

The liver and kidneys are central organs to numerous
homeostatic functions and have close pathophysiological
interrelationships. The presence of liver injury significantly
increases the mortality and disability rate in patients with
any other conditions [8, 10], that has been confirmed by our
study. All 6 children with urinary NGAL levels above 250
pg/L who developed severe AKI and ALF manifestations
(marked coagulopathy, impaired synthetic and metabolic
liver functions) and hsPDA, unfortunately, died in the
neonatal period.

A vicious circle is triggered by interrelations between
kidney-induced liver injury and liver-induced kidney
disease. The following factors are conducive to crosstalk
between the liver and kidneys: ischemia, reperfusion,
release of pro-inflammatory cytokines, metabolic acidosis,
oxidative stress and altered enzyme activity [16, 18, 19].

The analysis of the perinatal history of the examined
preterm neonates has shown a statistically significant
association between AKI and ALF in those children whose
mothers had a history of kidney disease (p<0.009), foci of
chronic infection (p<0.005), chorioamnionitis (p<0.009),
early gestosis (p<0.03), and threatened miscarriage
(p<0.04). Similar data have been obtained from the analysis
of infants with ALF, but the greatest associations have
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been shown with chorioamnionitis (p<0.007) and early
gestosis (p<0.04).

Furthermore, these children were at high risk of
developing necrotizing enterocolitis (p<0.007) and
intraventricular hemorrhage (p<0.005) in later life.
Perhaps this is due to the molecular mechanisms of
interactions between remote organs in AKI, including
leukocyte activation and infiltration, inflammatory cytokine
influences and endothelial damage, accompanied by
oxidative stress and production of reactive oxygen species
[20, 21].

Thus, our data have confirmed the direct association
between renal hypoperfusion resulting from hsPDA
functioning and the AKI development with the vicious
circle induction generated by renal-induced liver damage
that significantly increased the mortality rate [8, 9, 20, 21].

Conclusions. Acute kidney injury has been detected
in 36.5% of all the examined preterm infants, 77.8% of
whom had hemodynamically significant patent ductus
arteriosus. Clinical manifestations of acute liver failure
have mostly been identified in 79.3% of infants with acute
kidney injury on the 5th day, that was 3 times more often
in its severe course and 4.2 times more often compared to
those without signs of acute kidney injury.

Understanding the impact of acute kidney injury on liver
functions in preterm infants may help address the issues
of early diagnosis, management, and prevention of acute
liver failure, as well as improve the outcomes of nursing
care for them. Appropriate follow-up by a nephrologist
and hepatologist along with the identification of early
pathological manifestations using biomarkers and medical
history analysis are essential to prevent complications
caused by the complex and potentially dangerous vicious
cycle related to the kidney-liver crosstalk.

The results obtained have presented the feasibility of
further studies.
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B3AEMO3B’'A30K 'OCTPOI'O YPAJKEHHSA HUPOK I IEUIHKHW B PAHHBOMY HEOHATAJIBHOMY
HNEPIOAI Y HEJOHOWEHUX HOBOHAPO/’)KEHUX

Obononcvka 0. 10., Bakynenko JI. 1.

JIHinpoBcbKUii 1epkaBHUI MeIMYHUI YHIBepCUTeT
(m. Tuinpo. Ykpaina)

Pesome.

TocTpe ypa:keHHSI HHPOK Ta rocTPa Me4iHKOBA HEOCTATHICTH € MOMIMPEHUMH i MOTeHUiIHO He0e3NeYHUMH YCKIATHEHHAMHU
Y HOBOHAPOIKEHHUX, Ki 3HAXOAATHCSA HA JiKyBaHHI y BinginenHi anecre3iosorii Ta inTtencuBHoi Tepamii. [TloTpedyroTs anamizy
JIaHi 11010 MIKiJJIMBOTO BIUIMBY TOCTPOIO ypa)KEHHsI HUPOK Ha (YHKIIIO MEYiHKU Ta PO3BUTOK IOCTPOI MEYiHKOBOT HEJOCTATHOCTI
y HE/IOHOIICHUX HOBOHAPOKEHUX, OCOOIMBO 3 TEMOIMHAMIYHO 3HAYYIOF0 BiIKPHTOIO apTepiaibHO0 IIPOTOKOIO.

Mera. AHani3 (pakTopiB pU3UKY Ta YAaCTOTH YPa)KCHHS MCYiHKH Yy HEJOHOLICHUX HOBOHAPO/DKCHHUX, SKI MaJId FOCTPE YPaKCHHS
HHUPOK Y PaHHbOMY HEOHATAJILHOMY MEPiofi.

Marepianu i MeTomu 10CHiIKeHH. Y X0/ JOCTIHDKEHHS POBEICHO PETPOCHICKTUBHUIN aHai3 icTOpiii XBOpoO 74 HETOHOMICHUX
HOBOHAPOKEHUX JIITeH, AKi mepeOyBasii Ha JIKYBaHHI Y BIUIIICHHI aHECTE310JI0TiT Ta iIHTEHCUBHOI Teparii /Ui HOBOHapOomKeHuX. /1o
00CTeKyBaHUX MAII€HTIB 3aCTOCOBAHO KOMILICKC 3aralbHOKIIIHIYHIX, 010XIMIYHUX, IMyHO(PEPMEHTHHX, IHCTPYMEHTAJILHIX METO/IIB,
a TaKOXK BH3HAYEHHS PiBHs GioMapkepy — Jiinokaiin-2, acouiiioBanoro 3 xenarnuasoro ueiirpodinis (Neutrophil gelatinase—associated
lipocalin—NGAL) B ceui, crarnunuii anaini3. [IpoBeieHuii pO3IMOIT XBOPUX 3AJICIKHO BiJl PO3BUTKY TOCTPOTO YPaKEHHS HUPOK, AiarHO-
CTHKA Ta CTpaTuQiKallis CTYNeHs TSHKKOCTI SIKOTO BUKOHYBAJIACh 3a KpuTepismu HeoHatanbHoI Monudikanii KDIGO. ['octpy nediHkoBy
HEIOCTATHICTh IarHOCTYBAIH 3riqHO 3 pekomenarieio Pediatric Acute Liver Failure Study Group: nporpom6inoBuii yac >20 cexyH[
micyst BBenenns Bitaminy K abo 3HaueHHst moka3unka MiKHApOIHOTO HOPMAaITi30BaHOTO criBBiqHomeH s >2 O1). HaykoBi 1ocimimKkeHHs
BUKOHaHI 3 orpuManusiM monokenb GCP (1996 pik), Konsenuii Pagu €Bpornu mpo npasa mroauau ta 6iomeauiuny (Bix 4 xsitast 1997
p.), Tenbeincepkoi aexnaparii BeecBiTHROT MeanuHOT acouianii Mpo eTUYHI NPUHIUIIN TPOBEICHHS HayKOBHX JOCII/DKCHb 32 Y4acTHO
monuan (1964-2008 pp.), Hakazy MO3 Yipairu Ne 690 Bix 23.09.2009 p. (i3 sminamu, Hakaz MO3 Vipainu Ne 523 Bix 12.07.2012 p.).
Craructryna 00poOKa pe3yibTaTiB MpoBeAeHa 3 BUKOPUCTaHHSIM mporpamuoro 3adesnedenust « STATISTICA» (StatSoft Inc., USA,
Version 10). ITopiBHSHHS KiTbKICHIX TOKA3HUKIB 3 HOPMAJILHUM PO3IMOILIOM [IPOBEICHO 3 BUKOPUCTAHHSM t-kpuTepito CThIONEHTa,
BIpOTiTHICTH BiIMIHHOCTEH BBaXkKasiacs CTaTHCTUYHO 3HavyIoro mpu p<0,05.

PesyabTarn. [octpe ypakeHHS HUPOK BUsBICHO Y 36,5% oOcTe)eHNX HEOHOUICHUX JiTel 3araiom i B 61,9% niteii 3 remonu-
HAaMIYHO 3HAYYIIOK BIJIKPUTOIO apTepiaibHOI HPOTOKOK. O3HAKU TOCTPOT MEYiHKOBOI HEAOCTATHOCTI HaifyacTille BUSBISUINCH Ha
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5 100y i ckiananu 79,3% niTeit 3 TOCTPUM ypakeHHsSIM HUPOK, BTpuyi 4acrime (p<0,05) npu ioro Tsbkkomy mepebiry i B 4,2 paszu
yacrile, HiX 3a AiTeil 6e3 03Hak roctporo ypaxeHts HUpok (p<0,05). I[Ipu kopessiiiiHoMy aHaii3i piBeHb KpeaTHHiHy KPOBi Ha 3-10
ta 10-y 100y npsiMo 3ajexaB BiZl pO3BUTKY rocTpoi nedinkoBoi HegocrarHocti (p=0,496, p<0,05 i p=0,456, p<0,05, BinnosiaHo). A po-
3BUTOK FOCTPOI MEYiHKOBOI HEJOCTATHOCTI ITi/ICHITFOBAB TSHKKICTh TOCTPOro ypaxkeHHst HUpoK B 3,4 pasu (p<0,05). ITixBuiieHHs piBHS
6inipy6iny 10 udp, sKi cBiquuIn npo notpedy $hoToTeparii, IPSIMO KOPEIFOBAIIO 3 PO3BUTKOM TOCTPOro ypaxeHHs HUpoK (p=0,544,
p<0,05). Enizonu rinoriikemii Ta morpeda B J01aTKOBIH ii KOPEKIii MPsIMO KOPEITIOBAJIHN 3 TSXKKICTIO TOCTPOT0 YpaKCHHsI HUPOK Ta Horo
tpuaictio (p=0,349, p<0,05 i p=0,556, p<0,05, BianosiaHO). Kpim TOro, IiTH Maiu TakoX CXHIBHICTH JI0 JIAKTAaTalua03y y 78%.
Jiarnoctryna 3natHicts NGAL ceui 1110710 TOCTPOro ypakeHHs] HUPOK y HEJOHOLICHUX AiTell ckiana 229,7+94,82 (208,5; 176-297,3).
ITpu konuentpauii NGAL B ceui, 110 nopisaioBana 249,0+113,27 (210; 185,5-302) mancH 1100 PO3BUTKY IOCTPOI MEYiHKOBOI HEJI0-
CTaTHOCTI y JiTelt 30imbiryBanuch y Tpu pasu (p<0,05). Iinsumenns pisast NGAL y ceui Oyiio He3alieKHHM IIPOrHOCTUYHUM (HaKTOpOM
28-nennoi cmeptHocTi. Bei 6 aiteit 3 piBaem NGAL ceui Bumie 250 MKr/i, Ha sajib, Ml TSDKKE TOCTPE YPaXKSHHS! HUPOK Ta O3HAKU
rOCTpOi IIe4iHKOBOT HEZIOCTAaTHOCTI 1 3arMHYIIN B HEOHATAIEHOMY TIepiofi. AHAI3 IIepUHATAIBHOTO aHaMHe3y 00CTEeKEHHIX HeJOHOIIIe-
HUX JiTell BUSIBUB CTaTUCTHYHO 3HATYIIHH 3B’S30K IIOJ0 TOCTPUM ypaXKEHHSIM HUPOK Ta TOCTPOIO TTIEUiHKOBOIO HEAOCTATHICTIO Y THX
JiTeH, MaTepi SIKUX MaJIM 3aXBOPIOBAHHS HUPOK B aHAMHE31, XpOHIYHI BOTHHINA 1H(PEKIii, XOpi0aMHIOHIT.

BucnoBku. ['ocTpe ypakeHHS HUPOK BHABIEHO y 36,5% 00cTe)eHIX HeOHOIICHHX JIiTel 3araioM 1y 61,9% aiteii 3 reMoqiHaMI4-
HO 3HAYYIIOI0 BiIKPUTOIO apTepiajbHOIO MPOTOKOI0. O3HAKU TOCTPOi MEUiHKOBOI HEOCTAaTHOCTI HalJacTille BUSBISUINCS HA 5 100y
i cxramanm 79,3% niteil 3 TOCTPUM ypa)keHHSIM HUPOK, 0 OyJI0 BTpHYI HacTime mpu Horo TshKKoMy nepe0iry i B 4,2 pasu gacrimie
B MOPIBHSHHI 3 JITEMHU 0€3 03HAK TOCTPOTO YPaKEHHSI HUPOK.

Po3ymiHHS BIUIMBY HHPKOBOI HEZOCTATHOCTI Ha (DYHKIIIIO METiHKK MOXeE JOTOMOTTH BUPIIIUTH TIPOOIEMH PaHHBOT TiarHOCTHKH,
YIIPaBIIiHHS Ta MPOQIIaKTHKH FOCTPOT IIediHKOBOT HerocTarHOCTi. HaexHe crioctepexeHHs: Hedpoiora Ta reMaTosiora, a TakoxX 1/1eH-
TH(IKAIS paHHIX IPOSIBIB ITATOJIOTTYHHUX CTAHIB 3a JOMOMOTOI0 OioMapKepiB € HEOOXITHUMH IS 3aII001raHHs YCKIIaHeHb, CIIPUIHHEHUX

CKJIaJTHUM 1 MOTCHIIHHO HeOE3MeYHNM OPOYHIM KOJIOM HHUPKOBO-TICUiHKOBOI B3aEMO/I1.
KurouoBi cj1oBa: noponaposikeni; HeIOHONIEHT HOBOHAPOIKEH; KOBTSHHILS; KIiHiKO-71a60paTopHa JiarHOCTHKA; TOCTPe ypa-

JKCHHSI HUPOK; rOCTpa Me4iHKOBa HeZ[OCTaTHiCTL.
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