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Summary

Acute kidney injury (AKI) is a common complication with high mortality rates among preterm infants at neonatal intensive
care units. Identification of preterm newborns who are at risk for developing AKI is essential not only for early diagnosis and
treatment, but also for prevention since AKI significantly worsens an outcome of any disease. Studying the information content
of additional non-invasive markers for AKI, in particular, parameters of regional renal oxygen saturation (RrSO,) and Doppler
estimation of blood flow in the main renal vessels is interesting.

The aim of the study was to evaluate the diagnostic performance of additional markers (measurements of RrSO, and
blood flow in the main renal vessels using Doppler ultrasonography) in diagnosing of AKI and its degree of severity in preterm
newborns with patent ductus arteriosus (PDA).

Material and methods. 4 single-center, open, prospective cohort study examined 66 preterm infants born at 29-36 weeks
of gestational age (GA) undergoing treatment at the Department of Anesthesiology and Intensive Care for newborns. Inclusion
criteria: preterm newborns born between 29-36 week's gestation with hemodynamically significant PDA (hsPDA), a written
informed consent to participate in this study provided by parents. Exclusion criteria: congenital malformations, grades III-1V
intracerebral or intraventricular hemorrhages, neonatal sepsis, severe perinatal asphyxia, skin diseases, fetal growth restriction.
Clinical examination and treatment of children was carried out according to current guidelines. The modified neonatal KDIGO
criteria were used to diagnose and characterize the severity of AKI.

Doppler ultrasound measurements were done to reveal the presence, size, and hemodynamic significance of PDA. Color
Doppler ultrasonography was performed to evaluate intrarenal hemodynamics upon hospital admission of children prior to
prescribing ibuprofen, and in the case of hsPDA detection —on the 3" and 10™ days of life. Blood flow in the area from the main
renal artery to the interlobar renal artery of the right kidney was measured including peak systolic velocity (PSV), end diastolic
velocity (EDV), and the resistive index (RI) was calculated. RrSO, values were recorded using near-infrared spectroscopy (NIRS)
and renal fractional tissue oxygen extraction (rFTOE) was estimated within 24 hours on the 1%, 3 and 10" days of life.

The study received a positive conclusion of the Biomedical Ethics Commission of Dnipro State Medical University (minutes
of the Commission meeting No. 8 dated 04.26.2023), which considered the scientific study as being consisted with generally
accepted norms of morality, human rights requirements, interests and personal dignity of the study participants, bioethical
standards of work with pediatric patients. There was no risk for study participants when performing examinations. Legal
guardians of the children enrolled in the study were informed about all aspects related to the purpose, tasks, methods and expected
benefits of the study. Laboratory and instrumental methods of examinations were generally adopted, medicines planned to be
prescribed were licensed for use. Experiments with human subjects were not carried out.

Statistical processing of the results was realized using a software product STATISTICA 6.1® (StatSoft Inc., serial number
AGAR909IE415822FA). A set of statistical analysis methods based on parametric and non-parametric criteria was used for
solving the tasks of testing a hypothesis on differences between mean values, methods of assessing the effect with an alternative
form of a reaction result, correlation analysis (Spearman’s rank correlation), cluster analysis.

The study was conducted within the bounds of complex research activities at the Department of Propaedeutics of Children's
Diseases and Pediatrics No. 2 of Dnipro State Medical University “Development of criteria for early diagnosis and prediction
of comorbid kidney damage in children with somatic and infectious diseases” (state registration number 0119U100836), the
study period 09.2019-12.2023.

Results. Group 1 (with moderate renal impairment) included 43 patients with a GA of 33.27+0.43 weeks. AKI was detected
in 12 patients (27.9%), of those, 10 (23.3%) children developed stage 1 AKI according to the modified neonatal KDIGO criteria,
and stage 2 AKI were classified in 2 (4.7%) patients. Group 2 was composed of 5 patients (infants with severe renal impairment)
with a GA of 31.60+0.75 weeks. All the children in this group had different stages of AKI (stages 1-3), which progressed to acute
renal failure after 7 days. Mortality in this group was 60%. Group 3 consisted of 18 patients (infants with mild renal impairment)
with a GA of 32.86+0.29 weeks. AKI stage 1 was diagnosed in 2 (11.1%) patients, and AKI was not detected in 16 (88.9%) of
them. On the I* day of life, the PSV and EDV values of the interlobar artery in children of the group with mild renal impairment
were higher than those in children with a severe course of the disease (p<0.05). This trend regarding PSV continued on the 3%
day. Doppler parameters of renal blood flow, namely a decrease in EDV of the interlobar artery to 1.96 £ 2.22 cm/s and PSV to
8.14 £ 2.71 cm/s on the I* day of life, as well as a decrease in PSV to 17,60 £3.82 cm/s, EDV to 3.40+0.82 cm/s and increased
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RI up to 0.80+0.04 of the main renal artery were found to be early non-invasive predictors of severe AKI in preterm newborns
on day of life 1 (p<0.05). Non-invasive monitoring of RrSO, and calculation of rFTOE revealed a decrease in renal oxygenation
by NIRS in preterm infants with PDA on the I*' day of life to 53.60 + 1.11%, as well as rFTOE values of 0.45 + 0.01, that was
prognostically unfavorable with regard to the course of AKI (p<0.05). The highest value of RrSO, on day 10 (91.8+0.81%) and
the lowest rFTOE value (0.05 = 0.01) (p<0.05) might indicate irreversible changes associated with reduced oxygen utilization
due to destruction of cells and be used as a screening tool to detect and assess ductal steal phenomenon caused by hsPDA and
the development of AKIL

Conclusions. 4 decrease in the rate of diuresis within the first 5 days of life as well as a two fold increase in the level of
serum creatinine on postnatal days 3 and 10 were the main, but late markers for the development of severe kidney impairment in
preterm newborns. Doppler parameters of renal blood flow, namely decreased EDV and PSV in the interlobar artery on the I
day of life, and decreased PSV, EDV and increased RI in the main renal artery has been found to be early non-invasive predictors
of severe AKI in preterm newborns on the I* day of life. Non-invasive monitoring of RrSO, and calculation of rFTOE can serve
as screening tools for detection and assessment of hsPDA-related ductal steal phenomenon and the development of AKI.

Key words: Preterm Newborns, Renal Blood Flow, Regional Renal Oxygen Saturation (RrSO2); Renal Fractional Tissue

Oxygen Extraction(rFTOE); Acute Kidney Injury.

Introduction

Acute kidney injury (AKI) is a common complication
with high mortality rates among preterm infants at neonatal
intensive care units. The incidence of AKI detection
has been reported at 70% in this category of patients
with rates of mortality up to 60%. This issue is greatly
exacerbated with the declining birthrate and increasing
percentage of premature births [2, 3, 9]. Identification of
preterm newborns who are at risk for developing AKI is
fundamental not only for early diagnosis and treatment,
but also for prevention since AKI significantly worsens
outcomes of any disease.

According to the KDIGO neonatal modification,
the criteria for AKI are determined by the magnitude
of changes in serum creatinine concentration or urine
output (oliguria) [9, 17, 29]. It is believed that the level of
serum creatinine is not diagnostically sensitive enough to
identify early stages of AKI, considering the occurrence
of increased serum creatinine only with the development
of irreversible morphological changes in the renal tissue.
The functional decrease in glomerular filtration rate (GFR)
does not reflect changes in real-time GFR, and the latter
indicator can be 50% at the time of a noticeable increase in
serum creatinine level [12, 15, 27]. Moreover, the diagnosis
of AKI based on an increase in the serum creatinine level
of more than 26.5 pmol/l within 48 hours is limited, since
AKI can be documented no earlier than the 3™ postnatal
day. Meanwhile, it increases the risk of mortality by 50%
[24, 28].

Hence, there seems to be a constant search for new
early and preferably non-invasive criteria for AKI, as
well as an assessment of the criterion validity degree and
selection of the most sensitive and specific ones. Aside
from needing early diagnosis and appropriate treatment
for kidney function decline in preterm newborns, an
important factor that defines an approach to identifying
additional diagnostic and prognostic markers for AKI is
the necessity to provide potentially nephrotoxic therapy
for such neonates.

In preterm newborns, especially with hemodynamically
significant patent ductus arteriosus (hsPDA), AKI is most
often a consequence of prerenal cause — systemic arterial
steal syndrome [4, 30]. Clinical consequences of PDA
functioning depend on the volume of left-right blood

shunting and the capability of a newborn organism to
compensate for hemodynamic disorders. Compensatory
mechanisms are represented by an ability to increase left
cardiac output due to enhancing myocardial contractility or
increasing heart rate and to redistribute reduced blood flow
by lowering diastolic pressure with consequent vasculature
constriction and reduction of end-organ perfusion [6], which,
in turn, can be a pathogenetic component of kidney damage
and requires instrumental control, in particular ultrasound
(US) examinations and measurements of regional tissue
oxygen saturation using near-infrared spectroscopy (NIRS).

The Doppler ultrasound technique of blood flow
examination allows the velocity of blood flow estimation
in rather large-caliber vessels and indirect measurement of
the oxygen uptake rate in tissues but does not indicate the
degree of its utilization. NIRS measurement of regional
tissue oxygen saturation, in particular, regional renal tissue
oxygen saturation (RrSO,), could be used to complement
conventional monitoring (pulse oximetry, dopplerography)
of end organ perfusion [8, 11, 13, 14, 21, 22]. Assessment
of tissue oxygen supply and consumption is diagnostically
significant, but its interpretation is constrained by changes
in the cardiovascular system during postnatal adaptation,
vasomotor immaturity, as well as anatomical and
physiological features of preterm newborns [2, 16, 33].

All of the aforementioned areas still need to be further
studied on the informativeness of additional non-invasive
markers for AKI, especially parameters of regional renal
tissue oxygen saturation and Doppler examination of blood
flow in the main renal vessels.

The aim of the study was to evaluate the diagnos-
tic performance of additional markers (measurements of
RrSO, and blood flow in the main renal vessels using Dop-
pler ultrasonography) in diagnosing of AKI and its degree
of severity in preterm newborns with PDA.

Material and methods. A total of 66 preterm infants
(gestational age (GA) of 29-36 weeks) undergoing treat-
ment at the Department of Anesthesiology and Intensive
Care for newborns of ME “Regional Medical Center of
Family Health” DRC”, Dnipro, were enrolled in the study.

The study was designed as open, single-center,
prospective, cohort. Inclusion criteria: premature
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newborns with gestational age of 29-36 weeks with PDA
who were in the intensive care unit due to respiratory
distress syndrome (RDS), moderate asphyxia, signs
of intrauterine infection (IUI) (pneumonia), presence
of signed informed consent of parents for research.
Exclusion criteria: congenital malformations, intracerebral
and intraventricular hemorrhages of the III-1V degree,
neonatal sepsis, severe asphyxia during childbirth, skin
diseases, fetal growth retardation. The need to introduce
such exclusion criteria is due to their severe impact on
systemic and renal hemodynamics (the impossibility of
isolating the effect of PDA) and the impossibility of using
additional examination methods. Clinical examination and
treatment of children was carried out according to current
guidelines [25, 26].

To induce hsPDA closure, the following were used:
fluid restriction (for all the children), ibuprofen (prescribed
to 32 children at the end of the 1% day of life in doses of
10-5-5 mg/kg/day intravenously or 20-10-10 mg/kg/day
rectally for a three-day course) [23].

The modified neonatal KDIGO criteria were used to
diagnose and characterize the severity of AKI [29]. Diuresis
was calculated every 6 hours daily, serum creatinine was
measured on days 1, 3 and 10.

Doppler ultrasound measurements were done to reveal
the presence, diameter, and hemodynamic significance of
PDA [4, 30]. Color Doppler ultrasound scanning of the
renal vascular bed was performed using a microconvex
sensor with a frequency of 5-8 MHz (“TOSHIBA” Nemso
XG model SSA-580A (Japan) from the main renal artery
to the interlobar renal artery of the right kidney, which was
visualized from the flank region in the child’s position on
the back immediately upon admission of the child to the
department before prescribing ibuprofen, and in case of
detection of GZVAP — on the third and tenth days of life.
Blood flow in the area from the main renal artery to the
interlobar renal artery of the right kidney was measured
including peak systolic velocity (PSV), end diastolic
velocity (EDV), and the resistive index (RI) was calculated.

RrSO, values were recorded using near-infrared
spectroscopy (NIRS), and renal fractional tissue oxygen
extraction (rFTOE) was estimated within 24 hours on the
1%, 31 and 10" day of life using the “Somanetics INVOS
5100 C” device (USA). After localization of the kidney
with the help of ultrasound examination and measurement
of dopplerometric indicators, daily assessment of renal
oxygenation (RrSO2) was carried out.

The study received a positive conclusion of the
Biomedical Ethics Commission of Dnipro State Medical
University (minutes of the Commission meeting No. 8§
dated 04.26.2023), which considered the scientific study as
being consisted with generally accepted norms of morality,
human rights requirements, interests and personal dignity of
the study participants, bioethical standards of dealing with
pediatric patients. There was no risk for study participants
when performing examinations. Legal guardians of the
infants enrolled in the study were informed about all
aspects related to the purpose, tasks, methods and expected
benefits of the study. Laboratory and instrumental methods
of examinations were generally adopted, medicines planned
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to be prescribed were licensed for use. Experiments with
human subjects were not carried out.

A set of statistical analysis methods based on parametric
and non-parametric criteria was used for solving the tasks
of testing a hypothesis on differences between mean values,
methods of assessing the effect with an alternative form
of a reaction result, correlation analysis (Spearman’s rank
correlation), cluster analysis. Statistical processing of the
results was realized using a software product STATISTICA
6.1® (StatSoft Inc., serial number AGAR909E415822FA).

The study was conducted within the bounds of complex
research activities at the Department of Propaedeutics of
Children’s Diseases and Pediatrics No. 2 of Dnipro State
Medical University “Development of criteria for early
diagnosis and prediction of comorbid kidney damage
in children with somatic and infectious diseases” (state
registration number 0119U100836), the study period
09.2019-12.2023.

Results and discussion

In total, 66 children with a GA of 27-35 weeks were
included in the examination: 11 infants (16.6%) with GA
of 27-31 weeks, 44 (66.8%) infants with GA of 32-34
weeks and 11 (16.6%) infants with GA of 35 weeks. The
group had a predominance of boys (60.6%). A mean body
weight of the examined infants was 1888.97+335.0 g: 11
infants (16.6%) weighing up to 1500 g, 55 infants (83.3%)
weighing 1501-2700 g. A median 1-minute Apgar score
was 6.03 (5-7) points in neonates, 5-minute — 6.85 (6-8)
points. The main diagnoses were: RDS in 49 children
(74.2%), moderate birth asphyxia in 7 (10.6%), IUI in 10
(15.2%).

On postnatal day 1, PDA without signs of hemodynamic
significance was detected in 32 infants (48.5%), hsPDA
was diagnosed in 34 (51.5%) infants. A PDA diameter
(Me; Q1-Q3) was of 2.28 (1.6-2.5) mm on the 1* day.
On postnatal day 3, PDA without signs of hemodynamic
significance was identified in 5 infants (7.6%), hsPDA —in
3 (4.6%). APDA diameter (Me; Q1-Q3) was 0of 0.29 (0-1.0)
mm on the 3" day.

Clinical and paraclinical parameters of kidney functions
in the examined neonates are presented in Table 1.

The characteristics of renal blood flow were closely
dependent on the size of PDA on the first day of life. Thus,
peak systolic velocity (PSV) of blood flow had an inverse
relationship between the size of PDA and this indicator on
the first day of life in the main renal artery (r, =-0.483,
p<0.01) and interlobar renal artery (r, =—0.410, p< 0.000).

Considering that the GA of the examined infants was
different, at the first stage, the work was focused on analysis
of associations (correlation analysis, Spearman’s method)
between the GA and the presented clinical and paraclinical
parameters of kidney functions. Only significant (p<0.05)
weak correlations were found between GA and indicators
of diuresis on the 3" day of life (r =0.299), RrSO, on the 1*
day of life (r=0.253), Rl in the interlobar artery on the 10"
day of life (r, =—0.248). Regarding the principal marker
for the diagnosis of AKI in newborns, namely the level of
serum creatinine, no significant correlations were found
between this indicator and GA.
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Table 1

Parameters of kidney functions in the examined newborns

Parameters, (M+m) | Values
Diuresis, (ml/kg/h)
Day 1, 1-6 hours 1,08+0,05
Day 1, 6-12 hours 1,78+0,09
Day 3, 1-6 hours 2,34+0,14
Day 3, 6-12 hours 2,78+0,18
Day 10, 6-12 hours 3,47+0,18
Serum creatinine level, (umol/L)
Day 1 66,04+4,55
Day 2 80,66+6,68
Day 10 65,89+5,87
Regional renal oxygen saturation, RrSO,, %
Day 1 72,98+1,94
Day 2 80,26+0,92
Day 10 86,70+0,88
Renal fractional tissue oxygen extraction, rFTOE
Day 1 0,24+0,02
Day 2 0,17+0,01
Day 10 0,11+0,01
Blood flow in the interlobar renal artery, (cm/s)
PSV on day 1 15,3310,51
EDV on day 1 4,66+0,30
IR on day 1 0,71+£0,01
PSV on day 3 18,26+0,58
EDV on day 3 5,61+0,29
IR on day 3 0,69+0,02
PSV on day 10 22,39+0,60
EDV on day 10 6,89+0,38
IR on day 10 0,70+0,01
Blood flow in the main renal artery, (cm/s)
PSV on day 1 24,03+0,69
EDV on day 1 7,82+0,50
IR on day 1 0,67+0,02
PSV on day 3 27,4040,70
EDV on day 3 8,59+0,44
IR on day 3 0,68+0,01
PSV on day 10 30,67+0,61
EDV on day 10 9,84+0,43
IR on day 10 0,68+0,01

Given the clinical and paraclinical heterogeneity of
the groups, a lack of clear correlations between GA and
other AKI parameters, statistical processing of these data
was carried out using cluster analysis (tree clustering
to determine the number of clusters and a ball model
to represent characteristics of clusters). Groups were
allocated based on the same combination of clinical and
paraclinical parameters of kidney functions, which differed
significantly between groups (p<0.05) (table 2).

Group 1 included 43 patients with a GA of 33.27+0.43
weeks. Average weight 1826.33 £0.346. RDS was present
in 33 (76.7%) patients, asphyxia in 3 patients (7%), IUIl in 7
(16.3%).AKI was detected in 12 patients (27.9%), of those,
10 (23.3%) infants developed stage 1 AKI according to the
modified neonatal KDIGO criteria, and stage 2 AKI were
classified in 2 (4.7%) patients. Loss of renal functions or
mortalities were not documented in this group (moderate
renal impairment group).

Group 2 was composed of 5 patients with a GA of
31.60+0.75 weeks. Average weight 1726.33 £0.259. RDS
was present in 4 (80%) patients, asphyxia in 1 patient
(20%). All the infants in this group had different stages of
AKI (stages 1-3), which progressed to acute renal failure
after 7 days. Mortality in this group was 60% (3 infants
with severe AKI died), that gave grounds to define this
group as having severe renal impairment.

Group 3 consisted of 18 infants with a GA of 32.86+0.29
weeks. Average weight 1811.27 £0.359. RDS was present
in 12 patients (66.6%), asphyxia in 3 patients (16.7%),
intrauterine infection in 3 (16.7%). AKI stage 1 was
diagnosed only in 2 (11.1%) of them, and AKI was not
detected in the other 16 (88.9%) infants. There were no
mortalities in this group, the disease course was the most
favorable, and all renal alterations were reversible (mild
renal impairment group).
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Table 2
Groups of preterm newborns with the same combination of clinical and paraclinical parameters of kidney
functions
Parameters Cz‘rrg:‘%; G(r::g)Z C(ir:c::%)i%
Regional renal oxygen saturation, RrSO,, (%)
Day 1 69,80 + 2,41 53,60 + 1,11 85,94 + 1,42
Day 3 78,32+ 1,11* 73,40 + 1,83* 86,38 + 1,12*
Day 10 87,67 + 6,82 *A 91,80 + 0,81*7 82,88 + 1,62*/
Renal fractional tissue oxygen extraction, rFTOE
Day 1 0,27 £ 0,02 0,45 £+ 0,01 0,11 £ 0,02
Day 3 0,19 £0,01* 0,24 + 0,02* 0,10 £ 0,01*
Day 10 0,10 £0,01* 0,05 +0,01** 0,14 £ 0,01*
Blood flow in the interlobar renal artery, (cm/s)
PSV on day 1 15,30 £ 0,62 8,14+ 2,71 17,39 £ 0,63
EDV on day 1 4,50 £ 0,41 1,96 + 2,22 5,77 0,41
PSV on day 3 18,66 + 0,63* 9,60 +1,21* 19,72 £ 1,11*
PSV on day 10 22,20 £ 0,64** 15,20 £1,62** 24,83 £1,12*»
EDV on day 10 6,41+ 0,42* 3,00 +0,82* 9,11+0,73*
Blood flow in the main renal artery, (cm/s)
PSV on day 1 23,57 £ 0,73 17,60 £3,82 26,88 £ 1,31
EDV on day 1 7,06 £ 0,63 3,40 £0,82 10,833 +0,83
Rl on day 1 0,70 £ 0,02 0,80 + 0,04 0,58 £ 0,03
EDV on day 3 8,00 + 0,53* 6,60 + 1,53* 10,55 £ 0,91*
Diuresis, (ml/kg/h)
Day 1, 1-6 hours 1,11 £ 0,07 0,66 +£0,12 1,10 £ 0,07
Day 1, 6-12 hours 1,81+£0,12 1,06 £ 0,33 1,90 £ 0,15
Day 3, 1-6 hours 2,17 £ 0,16* 1,04 £ 0,41* 3,10 £ 0,21*
Day 3, 6-12 hours 2,59 +0,21* 1,3+£0,72¢ 3,63 £0,21*
Day 10, 6-12 hours 3,79 £0,21*A 1,4 £ 0,60 3,28 + 0,327
Serum creatinine level, (umol/L)
Day 1 73,00 £ 6,74 72,60+ 9,73 54,55+ 6,64
Day 3 83,57 £7,43* 151,80 £ 35,42* 54,7248,81
Day 10 62,88+5,82*" 147,20+ 9,83 49,1543,51
Notes:

*— significant differences from the corresponding parameters on the 1%t day, p<0.05;
A — significant differences from the corresponding parameters on the 3 day, p<0.05.

A mean PDA diameter was 1.54+0.2 mm in the group
with moderate renal impairment on the 1% day of life, and
it was the largest (3.30+1.2 mm, p<0.05) in the group with
severe renal impairment compared to other groups (a large
diameter as a manifestation of hemodynamic significance).
In the group with mild renal impairment, the diameter of
PDA was the smallest —0.75 £ 0.20 mm. By the 3" day
of life, the ductal diameter did not exceed 1.54+0.1 mm,
and PDA was not hemodynamically significant (p<0.05)
in all the infants. That is, the maximum impact of hsPDA
on hemodynamics in the form of ductal steal phenomenon
affecting renal blood flow with the subsequent development
of AKI was documented in Group 2 (with severe renal
impairment). With hsPDA, the development of AKI
directly depended on the size of PDA on the first day and
its hemodynamic significance (r, =0.593, p<0.001 and r,
=0.532, p<0.002, respectively).Currently, the literature
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contains evidence concerning hsPDA effects on the
development of AKI due to a decrease in renal perfusion
[31,32].

The highest level of serum creatinine was detected in
the group with severe renal impairment as compared to
that in other groups (p<0.05) on the 3" and 10" days of
life. And at the same time, there was a significant increase
in these values in groups with moderate and severe renal
impairment as compared to the 1* day of life, but it was
the group with severe renal impairment that the highest
increase in creatinine level (151.80+£35.42 pmol/l versus
72.60+9.73 umol/l) was revealed on the 3™ day that
demonstrated the progression of AKI into acute renal
failure. The diagnosis of AKI has been proven to be based
on an increase in serum creatinine level of more than
26.5 pmol/l within 48 hours thereby increasing the risk of
death by 50% [28]. Thus, the increase in serum creatinine
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on postnatal days 3 and 10 was directly correlated with
the development of severe renal impairment in the group.

On the 1* day of life, the PSV and EDV values in the
interlobar artery were greater in infants of the group with
mild renal impairment than those in infants with a severe
course of the disease (p<0.05). This trend regarding PSV
continued on the 3" day. However, the EDV values in the
interlobar artery did not differ statistically on the 3™ day
in the presented groups. But in the meantime, the systolic
and diastolic blood flow parameters in the interlobar artery
were increased in all the groups on the 10" day, as well
as significant differences in PSV and EDV were found in
the groups with the maximum values in Group 3 being
maintained.

The lowest PSV values in the interlobar artery were
noted in the group with severe renal impairment on the
15 (9.60£1.2 cm/s) and 3™ day (1.96+2.2 cm/s) of life
(p<0.05). So, that could be considered to be a predictor of
the AKI development (ischemic changes in arterial blood
flow). Moreover, in the group with severe renal impairment
on postnatal day 10, there were arecas where absolutely no
blood flow signal was detected in the interlobar artery,
which had been reported in the literature as a symptom
characteristic of nephrosclerosis [18].

In the group with moderate renal impairment, the blood
flow parameters in the interlobar artery on the 1% day
were higher compared to those in the group with severe
renal impairment, but lower than in the group with mild
impairment (p<0.05). Similar dynamics continued up to
the 3 day of life, and PSV did not differ significantly
between groups with mild and moderate renal impairment
on postnatal day 10.

The Doppler-derived renal RI assessing renal perfusion
did not differ statistically between the groups when
examining the interlobar artery, so it could not serve as
a marker for AKI.

A similar trend occurred in the analysis of blood flow
parameters of the main renal artery, namely, the highest
values of systolic and diastolic blood flow on the 1* day
of life were noted in the group with mild renal impairment
(26.88+1.31 cm/s and 10.83+ 0.83 cm/s, respectively)
(p<0.05), the lowest blood flow parameters —in the group
with severe manifestations of AKI (17.604+3.82 cm/s and
3.40+0.82 cm/s, respectively). In the group with moderate
renal impairment, blood flow indicators were intermediate
(23.57+0.68 cm/s and 7.06+0.63 cm/s, respectively). The
blood flow in the renal artery did not differ statistically
between groups on other days of life.

The most indicative was a change in Doppler RI in
the main renal artery on the 1* day of life depending on
the degree of renal impairment. The most severe renal
impairment was revealed on postnatal day 1 (lethal
outcomes were also registered) at RI 0.80+£0.04 in the
main renal artery, while moderate renal impairment was
considered at RI 0.704+0.02. In the group with mild renal
impairment on the 1 day, a RI value was of 0.58+0.03
(significantly less than in the other groups, p<0.05). Thus,
increased RI values in the main renal artery on the 1* day
were associated with the development of severe renal
impairment.

RrSO, values were the highest (85.94+1.36%) in the
group with mild renal impairment on the 1% day of life,
while in Group 1 with moderate impairment, RrSO2 was
19% (69.80+2.36%) less, and the lowest values of RrSO,
(53.60+1.11%) were observed in the group with severe
impairment on the 1% day, which was 38% less than in the
group with mild impairment. It is particularly noteworthy
that all patients with daily mean RrSO, below 53.60 +
1.12% later developed severe stages of renal impairment.
By the 3 day of life, RrSO, was on average 15% higher
in Group 3 than that in Group 2 and 9% higher than that in
Group 1. On postnatal day 10 (when PDA had been already
functionally or medically closed in infants), the ratio of
RrSO, values was radically changed since the indicator
was the highest in the group with severe renal impairment,
which was prognostically unfavorable (Table 2).

This may suggest that RrSO, values were decreased on
postnatal day 1 in groups with severe and moderate renal
impairment due to ischemic environment and reduced
oxygen delivery to tissues due to PDA, and especially
hsPDA. On the 10™ day, after ductal closure, the ratio of
RrSO, values was shifted completely, and this was probably
driven by reduced oxygen utilization in tissues injured by
reperfusion in infants with severe renal impairment.

RrSO, values and their prognostic significance have
been much debated issues recently. The findings of the
group with mild renal impairment are consistent with study
results of RrSO, evaluations in healthy stable preterm
infants during the first weeks of life [ 7]. Hypoxic conditions
cause both inadequate tissue perfusion and oxygenation
which, as a rule, are worsened by subsequently occurring
reperfusion. Later, with sufficient blood flow, oxygen
utilization by tissues improves, which brings a somewhat
lower indicators of peripheral oxygenation (10-15%), that
has also been proven by researchers in their studies [10,
19]. However, there are situations when a sufficient level of
oxygen supply is unable to restore tissues, post-reperfusion
alterations are occurred, manifesting in signs of impaired
kidney functions (increased serum creatinine level),
persistent blood flow disorders (areas with lack of blood
flow in the interlobar artery), reduced utilization of oxygen
by tissues with reactive oxygen species accumulation. The
latter is a prognostically unfavorable sign.

In our opinion, increased values of rFTOE may
indicate either a decrease in oxygen delivery to the renal
tissue with constant oxygen uptake, or an increase in
tissue oxygen uptake with a lack of its delivery, since
rFTOE is the ratio of the two variables (arterial oxygen
saturation and RrSO, values), so that is consistent with the
data obtained in a study by Harer M. W. and Chock V. Y.
[11]. The significant decrease in rTFTOE may indicate an
increase in renal blood flow and oxygen delivery to the
renal tissue under condition of blood flow restoration in
combination with a reduced oxygen utilization following
cell destruction. While assessing oxygen delivery
using RrSO,, it can be expected that such dynamics of
rFTOE represents an increase in oxygen supply with
a simultaneous decrease in utilization during reperfusion,
and reduced blood flow in some renal areas provides
information on the minimal oxygen utilization in infants
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with severe renal tissue injury accompanied by reactive
oxygen species accumulation [5].

In the group with mild renal impairment, rFTOE
fluctuated narrowly, increasing from 0.1140.02 to 0.14+0.01
(p<0.05), which indicated an increase in tissue oxygen
uptake during the first 10 days of life. In the group with
moderate impairment, tFTOE values were more than half
decreased over that period, indicating the normalization
of blood flow with adequate oxygen consumption. And in
the group with maximum renal impairment, rFTOE values
were significantly decreased from 0.45+0.01 to 0.05+0.01,
(p<0.05), and all the infants in this group had the maximum
diameter of hsPDA. On postnatal day 10, RrSO, values
were increased and rFTOE values were decreased in
preterm infants who had the largest diameter of hsPDA on
the 1% day of life. Our findings match the data of a study
by M. W. Harer et al. [10, 11], where renal parameters
measured with NIRS were shown to be predictors of the
AKI development. Therefore, non-invasive monitoring of
RrSO, and calculation of tTFTOE could be used as screening
tools to detect and assess ductal steal phenomenon caused
by hsPDA and predict the development of AKI, that is
consistent with the data obtained by Navikiené J. [22].

Conclusions.

1. A decrease in the rate of diuresis within the first 5
days of life as well as a twofold increase in the level of
serum creatinine on postnatal days 3 and 10 were the main,
but late markers for the development of severe kidney
impairment in preterm newborns.
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Pe3ome

Beryn. T'octpe momkomkersst Hupok (['TIH) — mommpene yckinagHeHHs y epeyacHO HApODKEHUX AIiTeH, sKi mepeOyBaroTh
y BiZ[IIiIIeHH}IX iHTeHCI/IBHO.f Tepar{i'i HOBOHapOI[)KeHI/IX 3 BUCOKOIO HeTaJ’ILHiCTIO. BI/ISIBJICHHSI HCAOHOUIICHUX HOBOHapOI()KeHI/IX, SIKi
CXWIBHI 710 pu3uKy po3BuTKy ['TIH, BakiMBe He TUTBKH JUTsl paHHBOT IIaTHOCTUKY Ta JTIKYBaHHS, ajie i s MPO(DITaKTHKH, OCKUTBKU

33



HEOHATONOTIA, XIPYPrISl TA NEPUHATANIbHA MEAULUVHA T. X111, Ne 3(49), 2023
NEONATOLOGY, SURGERY AND PERINATAL MEDICINE VOL. X1, Ne 3(49), 2023 KEY TITLE: NEONATOLOGIA, HIRURGIA TA PERINATAL'NA MEDICINA (ONLINE)

ABBREVIATED KEY TITLE: NEONATOL. HiR. PERINAT. MED. (ONLINE)
ISSN 2226-1230 (PRINT) ISSN 2413-4260 (ONLINE)

I'TTH 3ra4HO noripIrye MporHo3 Oyab-saKoro 3aXBOpIoBaHHs. BrBueHHs iHQOpMaTHBHOCTI JOAATKOBHX HEIHBA3NBHUX MapKepiB rOCTPOro
YPXKEHHS! HUPOK, 30KPEMa MOKa3HUKIB PEriOHAPHOTO HACHYCHHS TKAHWH HUPKH KucHeM (RrSO,) Ta nonmiepiBcbKoro A0CHiIKEHHs
KPOBOTOKY B MariCTpaabHUX CyIHHAX HUPKHU MPECTABISE iHTEPEC.

Merta nociiKeHHs — BUBIEHHS NiarHOCTUYHOT 3HAYYIIOCTI JOMaTKOBUX MapkepiB (BuMiproBanHs RrSO, Ta jonmiepiBchkoro
JIOCIIIJPKeHHS KPOBOTOKY B MaricTpalbHHUX CyAMHaX HUpKHU) y miarHocturi ['TIH Ta #oro cTymeHs TSHKKOCTI y HETOHONICHUX
HOBOHAPOJUKEHUX 3 BIJKPUTOIO apTepialbHOIO IPOTOKOIO.

Marepian i MeToau 0CTHiKEeHHS. Y BiIKPUTOMY, OJJHOLICHTPOBOMY, IPOCIIEKTUBHOMY, KOTOPTHOMY JOCIIDKEHHI 00CTEKEeHO 66
HEIOHOIIIEHUX HOBOHAPODKEHHX AiTeil (recramiiianii Bik 29-36 THxkHIB), sKi nepeOyBaiy Ha JIKyBaHHI y BiUIIICHHI aHECTE310JI0Ti1
Ta IHTEHCHBHOI Teparlii /sl HOBOHAPOPKeHHUX. KpuTepii BKIIIOUEHHS: ITepeaJacHo Hapo/KeHI HOBOHAPOKEeHI Y TepPMiHI recrarii
29-36 THKHIB 3 TeMO TUHAMIYHO 3HAYMMOIO BiJIKPUTOIO apTepiansHoro nporokoro (I'3BAIT), HasBHicTh minnucanoi noingopmoBaHol
3roxu 0aThKiB Ha gocuimkenHs. Kputepil BUKIIOUEHHS: BPO/PKeHI BaJd PO3BUTKY, BHYTPIIIHHOMO3KOBI Ta BHYTPILIHbOULTYHOUKOBI
kposoBmimBH I1I-1V crymnens, cerncuc HOBOHAPOIKEHUX, BakKa ac(iKcis i yac MOJOTiB, 3aXBOPIOBAHHS IIKipH, 3aTPUMKa
BHYTPIIIHBOYyTPOOHOTO po3BUTKY. KitiHiuHe 00CTeXeHHS Ta JTiKyBaHHS JITEH MPOBOAMIOCS 3TiHO YHHHUX ITPOTOKOIIIB.

JliarHocTrka Ta Bu3HadeHHs TspkkocTi ['TIH mpoBonunock 3rinHo HeoHatanbHOl Moaudikanii KDIGO. 3a nonomoroo
JonrepiBebkoi Y3/ BUBYAIN HasIBHICTH Ta PO3MIpH BiIKPUTOT apTepianbHOI MTPOTOKH, BU3HAYANH 11 TeMOANHAMIUHY 3HAYYIIICTh.
KonbopoBe ynpTpa3ByKoBe HOMIIIEPiBChKE CKAHYBAHHS CYAUHHOTO pycia HUPOK MPOBOAMIOCH IPU HAIXOMKECHHI JUTHHHI
y BiAiNeHHs 10 npu3HaueHHs i0ynpodeny, a y pasi BusBinenHs [ 3BAIl —nHa TpeTio Ta necsarty no0y kuTTs. BuBuamu xpoBoTOK
Ha JUISHIN BiJ MaricTpajibHOI peHaJbHOI apTepil 10 iHTepI00apHoi peHanbHOI apTepii npaBoi HUPKHU, BUMIPIOBAIHN TTOKA3HUKH
mikoBoi cucronivnoi mBuakocti (PSV), kinuesoi aiactomiunoi meuakocti (EDV) ta po3paxoByBanu inaekc pesuctentrocti (RI).
Hocaiaxenns HacuueHns Tkanui Hupok kucueM NIRS (RrSO,) Ta pospaxyHnok ¢pakuifinoi ekcrpakuii kucuro nupkamu (tFTOE)
MPOBOJIMIIOCH POTATOM 7001 Ha 1, 3 Ta 10 1oOy ®uTTs. [JoCimimKeHHS Mae MO3UTHBHII BHCHOBOK KOMIcii 3 MUTaHb OiOMETUYHOT
eTUKHU J[HIMPOBCHKOTO ASPKABHOTO MEJIMYHOTO yHIBEpCHTETY (IpOoTOKOI 3acifnanus komicii Ne 8 Bix 26.04.2023 poky), sika
MOCTaHOBMJIA, 1110 HAYKOBE OCIIPKEHHS BBXKATH TAKUM, 1110 BiJINOBI1a€ 3arajbHONPUIHATHM HOPMaM MOpaJli, BAMOTraM I0TPUMAHHS
paB, iIHTEpeCiB Ta 0COONUCTOT JOCTOMHOCTI YYaCHHUKIB JOCITIIKEHHS, 0106 THIHUM HOpMaM POOOTH 3 XBOPUMH JUTSIUOTO BiKY. Pr3uk
JUTS CyO’€KTIB JOCIIKEHHS 1111 YaC BUKOHAHHS POOOTH BiJICY THIN. 3aKOHHUX MPEJCTABHUKIB JTITEH, SKHX 3aJTyUSHO JI0 TOCITI JDKCHHS,
iHOPMYIOTB IIPO BCi aCHEKTH, IIOB’sI3aHi 3 METOI0, 3a]Ja4aM1, METOJUKaMU Ta O4iKyBaHOIO KOPUCTIO TociikeHH . JlabopaTopHi Ta
IHCTPYMEHTAJIbHI METO/IM JAOCII/PKEHHS € 3aralbHONPUIHHATHMH; IIpenaparH, 1o Oy1yTh BUKOPUCTaHI, 103BOJICH] IO 3aCTOCY BAaHHS.
ExcriepnMenTH Ha TIOUHI HE TPOBOAMITHCS.

CrarucTnaHy 00p0o0OKy pe3ynbTaTiB IPOBOAMIIH 33 JoroMororo rmporpamuoro npoxykry STATISTICA 6.1® (StatSoft Inc., cepiitanii
Ne AGAR909E415822FA). Jlnst BupileHHsI OCTaBICHUX 3aBIaHb BUKOPUCTOBYBABCS KOMILUICKC CTATUCTHYHUX METOIB JOCITIPKCHHS
3 BUKOPUCTAHHSIM IapaMETPUYHHUX Ta HEMAapaMeTPUYHUX KPUTEPIiB MEPeBipKHU TiNOTE3H NPO PI3HUIIO MK CEpeJHIMH 3HAUYCHHIMH,
METOJIB OLIHKK e()eKTy MpH aNbTepHATUBHIN (HOpMi pe3yabTaTy peakiiii, KopesmiifHoro anami3y (panroBoi kopemsmii CriipmeHa),
KJIACTEPHOTO aHaIIi3y.

PoGota BUKOHAaHA B MeKaX KOMIIJIEKCHUX HAyKOBO-IOCTIAHUX poOiT Kadeapu mponeeBTHKN AUTSIUX XBOPOO Ta mexiaTpii
2 JIHINPOBCHKOTO AEP)KAaBHOTO MEANYHOTO YHiBepcHTeTY «P0o3po0Kka KpuTepiiB paHHBOT AiarHOCTHKH Ta IIPOTHO3YBaHHS KOMOPOiHOTO
YpaskeHHSI HAUPOK y AITeH 3 COMAaTHYHUMH Ta iH()EKIIHIME 3aXBOPIOBaHHAMMNY (AepxkaBHUM peectpamiitamit Ne 0119U100836)
BukoHanHs 09.2019-12.2023 pp.

Pe3yabraTn nocaimkenns. Y nepury rpymy (rpyra 3 IOMIpHEM YpaKeHHSIM HHPOK) BBIHIIIH 43 MaimieHTH 3 recTauiifHIM BikKOM
(T'B) 33,27+0,43 Twxnis. ['TIH Bigznaganocs y 12 narientis (27,9%), 3 nux y 10 (23,3%) aiteii 6yna I cragis ['TTH 3rigHo HeoHaTtanbHOT
momudikarii KDIGO, y 2 (4,7%) — 11 cranis.

V npyry rpyiy BKIIOYEHi 5 manieHTiB (Ipyma 3 TSOKKUM ypaxkeHHsM HupokK) 3 I'B 31,60+0,75 tvokuiB. Yei aitn rpyny Manm pi3Hi crajii
I'TIH (no 111 cranii), sixi micnst 7 1o6u TpaHchOpMyBaInCs y TOCTPY HUPKOBY HEOCTaTHICTh. CMEpTHICTB y Wil rpyri ctaHoBuIa 60%.

V tpeTio rpyny Briourian 18 marienTis (rpyma 3 serkum ypaxenusm) 3 ['B 32,86+0,29 tmwxuis. I cragis I'TIH giarnocroBana y 2
(11,1%) mamienTis, y 16 (88,9%) manientis I'TIH He BH3Ha9aI0Ch.

Ha nepury 100y *unTTs NoKa3HUKY HikoBoro cuctoiignoro (PSV) ra kinmesoro miacromignoro (EDV) xpoBoTOKy B iHTeprodapHii
apTepii y IiTel Tpynu 3 JISTKUM ypa)KeHHSIM HUPOK OyJIM BHIIMMM, HIXK Y AiTel 3 BaKKuM nepedirom 3axsoproBanHs (p<0,05). Taka
TeHJCHIis cTocoBHO PSV 36epirmacs i Ha 3 106y. Jomieporpadidni MOKa3HUKH HUPKOBOTO KPOBOTOKY, a came 3HmKeHHss EDV
KpOBOTOKY 110 1,96+2,22 cm/cek. Ta PSV mo 8,14+ 2,71 cm/cek. B iHTepnoOapHiil apTepii y mepury 100y >KuUTTs, Ta 3HWKeHHS PSV 10
17,60 +3,82 cm/cex., EDV no 3,40+0,82 cm/cexk. Ta migsumenHs RI 1o 0,80+0,04 y maricTpanbHi peHaNbHIH apTepii BUSBIINCH paHHIMI
HEiHBa3MBHUMHU IperukTopamu Tsokkoro I'TTH y HeoHOIIeHHX HOBOHAPOKEHUX MEPIOi T0OH JKUTTSL.

HeinBa3uBHUI MOHITOPUHT HACHUYCHHS TKAHWH HUPOK KHCHEM Ta po3paxyHOK rFTOE BUSIBHB 3HMKEHHsI peHALHOT OKCHUTeHALIiT
npu ipoeneHHi NIRS y HemoHomeHnx AiTeil 3 BIAKPHUTOIO apTepiaTbHOIO MPOTOKOIO y Mepiry Ao0y »kutTa 1o 53,60 + 1,11%, ta rF-
TOE 0,45 £ 0,01 € mporrocTH4HO HecTpuATIMBAM cTocoBHO Tiepebiry I'TIH. Hansucokuii pisens RrSO, na 10 106y (91,8+0,81%)
ta Haguu3bkuit rFTOE (0,05 + 0,01) MOXyTh CBITYNTH PO HE3BOPOTHICTB 3MiH, OB’ SI3aHUX 31 3HIKSHHSIM yTHIIi3allil KMCHIO MTpH
py#HHYBaHHI KJIITHH Ta MOXYTb BUKOPHCTOBYBATUCS SIK IHCTPYMEHT CKPUHIHTY IS BUSIBJICHHS Ta OLIHKH «IIPOTOKOBOTO OOKpalaHHD)
mpu ['3BAII ta po3sutky ['TIH.

BucroBku. 3HIKEHHS TeMITy iype3y B repiii 5 1i0 KUTTS, SK 1 MABAIISHHS piBHS KpeaTnHiHy KpoBi BABidi Ha 3 Ta 10 100y KUTTS
OCHOBHI, aJie Mi3Hi, MapKepH PO3BUTKY TSHKKUX MOLIKO/PKEHb HUPOK Y HEIOHOIICHUX HOBOHAPO/DKEHUX JiTed. Jlommieporpadiyuni
MOKa3HUKH HUPKOBOTO KPOBOTOKY, a came 3HIkeHHss EDV kpoBoToKy B iHTepioOapHiit aprepii y mepiny 100y KHUTTS, Ta 3HUKSHHS
PSV, EDV ta ninsumenss Rl y maricTpanbHi peHanbHINi apTepii BUSBIINCH PAaHHIME HEIHBa3UBHUMH MpeAUKTOpaMu Tsokkoro ['TIH
y HEIOHOIIEHHX HOBOHAPOKEHHX IIepIIol T00M xUTTs. HelHBa3UBHMIT MOHITOPHHT HACHYEHHS TKAHHH HUPOK KHCHEM Ta PO3PaxyHOK
rFTOE MOXyTh BUKOPHCTOBYBATUCS SIK IHCTPYMEHT CKPUHIHTY JUISI BUSIBIICHHSI Ta OLIHKH «IIPOTOKOBOTO 00KpananHs» npu [ 3BAIL
Ta po3Butky I'TIH.

Ki11040Bi cj10Ba: HenoHomIe i AiTH; HUPKOBHIT KPOBOTOK; HACHYEHHS TKAHWH HUPOK KucHeM (RrSO2); dpakmiiina excTpakiis
xucHio Hupkamu (rFTOE); rocTpe momko/pkeHHsT HUPOK.
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