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Aim. With the aim to detect the condition of glomerular function in term neonates 53 newborns (infants) with clinical signs of pathological
course of early neonatal period of severe and moderate degree, and 34 conditionally healthy babies were examined.

Methods and results. The results of the studies were indicative of the fact that in case of combined somatic and neurologic pathology term
neonates develop clinical-paraclinical signs of renal dysfunction including disorders of glomerular filtration.

Conclusion. Reliable changes of serum creatinine and cystatine C levels as well as glomerular filtration rate calculated by the given markers
are evidence of it. At the same time, certain literary data give evidence of higher information value of cystatine C as a marker of glomerular
filtration in newborns as compared to the «gold» standard.

I'nomepysisipa pyHKIist B JOHOLIEHNX HOBOHAPOXKEHHX
A. I babinyesa, 0. JI. ooosaneys, A. . 3anomiuna

3 MeTOI0 BU3HAUCHHS CTAaHY INIOMEPYIISIPHUX (YHKIIH y JOHOMIEHHX HOBOHAPOIKEHUX OOCTEXXHMIM 53 AUTHHHM i3 KIIHIYHHUMH IIPOSBaMHU
MaTOJIOTIYHOTO Iepediry paHHbO1 IMOCTHATAIBHOI aIaNTallii TSHKKOTO Ta IIOMIPHOTO CTYTIEHIB TSHKKOCTI Ta 34 YMOBHO 310pOBHX MaITIOKH. Pe3yib-
TaTH JIOCJIKEHHS TOKA3aJIH, 1110 32 YMOB MO€JHAHOT COMAaTUYHOT Ta HEBPOJIOTTYHOT NATOJIOTI] B JOHOIIEHHX HOBOHAPO/PKEHHUX CIIOCTEPIraroThest
KJIHIKO-NIApaKITiHIYHI IPOSIBY peHaIbHOI AUC(YHKIIIT, 30KpeMa NopyIIeHHs IoMepyisipHoi dinbrparii. [Ipo e cBiguars BiporiaHi 3MiHH PiBHIB
CHUPOBATKOBHX KPEaTHHIHY Ta nucTaTHHy C, a TAaKOX MIBUAKOCTI ITIOMEPYISpHOI PiIbTpallii, o po3paxoBaHi 3a UMK Mapkepamu. [Ipu mpomy
MiATBEpIKEHO JaHi (haxoBoi JiTeparypH oo 6inbIoi iHpopmaruBHOCTI nuctatiHy C sk Mapkepa rioMepyssipHoi (iTbTpaliii B HOBOHapOIKe-
HUX JiTeH, ITOPIBHIOIOUH i3 «30JI0THM CTaHIAPTOM».

Knrouogi cnosa: enomepynapua ginempayia, yucmamun C, Kpeamumin, HOBOHAPOOIHCEHUL, NAMONORIA PAHHLO20 HEOHAMATLHO20 NEPiOOy.
3anopizekuit meouunuit acypnan. — 2015. — Ne3 (90). — C. 34-38

I'nomepynsipHasi pyHKIHUS Y JOHOUIEHHBIX HOBOPOKIEHHBIX
A. I babunyesa, FO. /I. I'odosaney, A. @. 3anomuunas

C LesbIo ONPENEeNCHUs COCTOSHUS IIIOMEPYIAPHOH (QYHKIUM y JOHOIIEHHBIX HOBOPOXXAEHHBIX HCCIEN0BAHO 53 peOEHKa ¢ KIMHUYECKHU-
MU TIPOSBJICHUSMU I1aTOJIOTHUECKOTO TEUEHUS PAHHEr0 HEOHATaJbHOIO IepHoza TXKEIOH M yMEpPEHHOH creneHell TskecTd U 34 yClIOBHO
37I0pOBBIX MaJTbIIa. Pe3ynbTarTs! HccneoBaHIH MOKa3aiH, 9TO P COUYSTAaHHON COMAaTHYECKON 1 HEBPOJIOTHIECKOH AaTOIOTHH Y JOHOIIEHHBIX
HOBOPOXKIEHHBIX HAOIIONAOTCS KIIMHUKO-APAKIMHHYECKHE MIPOSBICHNS PEHAIBHON AMC(YHKIMHU, B TOM YHCIIE HAPYIICHHUS [TIOMEPYIIAPHON
¢mnsTpanun. O6 3TOM CBHIETENBCTBYIOT JOCTOBEPHBIE U3MEHEHHS YPOBHEH CHIBOPOTOYHBIX KpeaTHHMHA U nuctatuHa C, a TakKe CKOpOCTeH
IIIOMEpPYISIPHOH (DHIBTPAINH, KOTOPIE PACCUMTAHBI 110 JAHHBIM MapKepaMm. [Ipy 3ToM MOATBepsKACHBI TNTEPaTypHBIE CBEACHHUS O OoJiee BRICOKOI
nHpopMaTuBHOCTH 1ucrariHa C Kak MapKepa NIOMEepY/IpHOH QUIBTPALMU Y HOBOPOXKISHHBIX N€Teil B CPABHECHUHU C «30JI0THIMY CTAaHIAPTOM.

Knrouesvie cnoga: cnomepynspnasn punempayus, yucmamun C, KpeamuHuH, HOBOPOXUCOEHHDLI, NAMON02US PAHHE20 HEOHAMALHO20 Nepuood.
3anoposcckuii meduyunckuii ycypuan. —2015. — Ne3 (90). — C. 34-38

Glomerular filtration is one of the main functions of the kidney Various methods have been used to measure GFR in neonates.
which provides the output of water and low molecular weight One of these methods is the clearance measurement. In most
components of plasma through glomerular filter. Glomerular neonatal intensive care units, GFR is measured by means of
filtration rate (GFR) defines the state of glomerular function.  Schwartz formula, which is based on serum creatinine (SCr)
Placenta maintains the fluid and electrolyte balance, clearance [evel. But using creatinine as a GFR marker in neonates has
of metabolic wastes in fetus; the circulation in fetal kidney is  gome problems [1]. Several authors found that serum cystatin C
low and accordingly GFR is low too. GFR increases progres-  (gCysC) is a better marker of GFR than creatinine, even in cases
sively during last mor}ths of Intrauterine develrlopment. until ¢ Sub-clinical renal dysfunction. Since the classic Schwartz
the 36" week ,Of gestation, which is ’due' to the inerease n the formula for estimating GFR from SCr concentration shows con-
number and size of nephrons. GFR is still relatively low after . L .

. . . . . . siderable bias in children and GFR values derived from SCysC
birth. In term infants, there is a large increase in GFR during the . .

are only slightly overestimated, some authors have suggested

first 2 weeks after birth. Increases in systemic blood pressure . .
and consequently hydrostatic pressure of the glomeruli, pore replacing the Schwartz GFR formula with GFR calculated from
serum SCysC [4].

size of glomerular capillary wall, glomerular capillary surface R ) . .

area, ultrafiltration coefficient, and plasma flow rate secondary The objective Of'fhls re.s<?arch is to study glomemlar ﬁJnctlon
to increase in caliber of the afferent/efferent arterioles and the 1N term neonates with clinical symptoms of disorders in early
decrease in these arterioles resistance all play a certain role in ~neonatal period on the basis of measuring levels of serum creati-

maturation increase in early postnatal GFR [1-3]. nine and cystatin C with calculation of glomerular filtration rate.
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Materials and Methods

It is a hospital based, prospective case control study conducted
during the period from January 2013 to July 2014. 84 term
neonates were selected, 53 infants among them from whom
received treatment in neonatal intensive care unit. The first
group of observation included 30 ill term neonates who had
clinical symptoms of severe disorders on their first week of life
(I group). The second group of observation included 24 ill term
newborn with clinical symptoms of moderate disorders of early
neonatal period (II group). The control group included 34 ap-
parently healthy term neonates (III group). All the infants were
in physiological term of gestation, the groups under observation
did not differ reliably in the body weight and length as well as
gender signs. The exclusion criteria of the study were evidence-
based early neonatal sepsis and major congenital anomalies of
the kidney and urinary tract.

A predesigned and pretested proforma was used to collect
the data such as gestational age, birth weight and relevant
perinatal history. The ill neonates were grouped on the basis
of Score for Neonatal Acute Physiology Perinatal Extension
(SNAP-PE) and Neonatal Therapeutic Intervention Scoring
System (NTISS) [5]. Immediate clinical assessment was made
by recording respiratory rate, heart rate, capillary filling time,
blood pressure, temperature, urine output, and body weight.
Renal function parameters included SCr and SCysC which
were monitored on 48 hours of life. SCr level was measured
by photometric methods with picric acid. SCysC level was
measured by immunonephelometric methods. Classically
glomerular filtration rate (GFR) was calculated on the basis of
G.J.Schwartz’s formula: GFR (ml/min/1.73 m?) =k - d (cm)
/ SCr (umol/1) 0,0113, where k = 0,45 for term neonates [6].
Alternative method of calculation of glomerular filtration rate
was based on A.Grubb’s formula: GFR (ml/min) = 84,69 x
cystatin C'%% x 1,384 [7]. The analyses were conducted on the
basis of the laboratory Gemeinschaftslabor Cottbus (Germany).

Informed written consent was obtained from parents prior
to enrollment of their babies in the study. All studies were
conducted in compliance with the basic provisions of the GCP
(1996), Council of Europe Convention on Human Rights and
Biomedicine (1997), Declaration of Helsinki of the World Medi-
cal Association about Ethical Principles for Medical Research
Involving Human Subjects (1964)—(2008).

Statistical processing of mathematical data was performed
by means of the program Statistica 7.0 (StatSoft Inc., USA)
with the detection of median (Me) and interquartile range [Lq
— lower quartile; Uq — upper quartile] for the selections with
abnormal distribution. Non-parametric Mann-Whitney (MW)
U-criterion was used for the comparison of two selections. The
difference of the parameters was considered to be statistically
significant with p<0,05.

Results and Discussion

The cause of renal function disorders in neonates is multifac-
torial and usually there are one or more associated contributing
factors. Perinatal asphyxia, sepsis and surgical intervention
are the most common associated conditions. Other causes as-
sociated with the development of renal dysfunction in early
neonatal period are respiratory distress syndrome, dehydration,
congestive heart failure and potentially nephrotoxic drugs [8-9].
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The results of our studies showed that all infants from the first
and second group of observation had more than 1 associated
contributing condition which could lead to the development
of renal function disorders. The frequency of each associated
contributing condition is presented in Table 1.

Table 1
Associated Contributing Conditions to Renal Dysfunction
in Newborns from I and II Groups of Observation

| group, Il group,
Factors N (%) N (%)
Sever asphyxia (score Apgar o/ vk _
on fifth minute of life loss than 3 points) | '0(33:3%)
Moderate asphyxia (score Apgar 5(16,7%) | 10(41,1%)

on fifth minute of life 4-6 points)
Respiratory distress syndrome 12(39,9%) | 4(16,7%)
Hemolytic disease of the newborn - 4(16,7%)
Hypoxic-ischemic encephalopathy: 30(100%) | 24(100%)

- depression syndrome 18(59,9%) | 19(79,2%)

- excitation syndrome 5(16,7%) | 5(20,8%)

- convulsive syndrome 7(23,3%)* -

- syndrome of vegetative-visceral disorders | 20(66,6%) [ 10(41,7%)
Score SNAP-PE 54,0+2,11*| 26,0+0,61

Mechanical ventilation 26(86.6%)* -
Furosemide 10(33,3)* | 2(8,3%)
Dobutamine 20(66,6%)*| 2(8,3%)

Dopamine 5(16,7%)* -

Ampicillin + amikacin
Cefotaxime+ amikacin
Score NTISS

20(66,6%)*| 24(100%)
10(33,3%)" -
24,0+0,55*| 11,1x0,64

Note: * — significant difference between I and II groups of observa-
tion, p<0,05.

According to the data obtained the newborns from I group of
observation had significantly more frequent pathological factors
which had potentially negative influence on renal function. So,
they had more lower Apgar score on the fifth minute of life,
high frequency of severe hypoxic-ischemic encephalopathy,
respiratory distress syndrome and also potentially nephrotoxic
drugs. Renal involvement is frequent in neonates with perinatal
asphyxia, which correlates with the severity of neurological
damage. The newborn from III group of observation did not
have pathological symptoms during early neonatal period.

We also examined classical clinical and paraclinical
parameters of kidney injury in children from the groups of
observation. The results are presented in Table 2.

Table 2

Clinical and Paraclinical Parameters to Renal
Dysfunction in Newborns from I and II Groups

of Observation
| group Il group
Parameters N (%) N(%)
Oedema 24(79,9%) [10(41,7%)
Oliguria (urinary output less than 1 ml/kg/h) |12(39,6%)* -

Pathological increase body weight 21(69,9%) |10(41,7%)

Proteinuria 13(43,3%) | 7(29,2%)

Hematuria 7(23,3%) | 2(8,3%)
Leukocyturia 3(9,9%) | 2(8,3%)

Bacteriuria 1(3,3)* -

Note: * —significant difference between I and II groups of observa-
tion, p<0,05.
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The results of our studies showed that newborns from I group
of observation had significant tendencies of more frequent
oedema, pathological increase of body weight, proteinuria, he-
maturia, leukocyturia and bacteriuria than those in the II group.
Also 12 babies from I group had one of the criteria of acute
kidney injury —abnormal urinary output less than 1 ml/kg/h. The
newborns from III group of observation did not have pathologi-
cal symptoms of renal disorders during early neonatal period.

Classical laboratory criteria for the study of glomerular func-
tion in newborn are SCr and GFR on the basis of G.J.Schwartz’s
formula. We measured these parameters in term neonates who
had clinical symptoms of different disorders during the first
week of life and healthy newborns. The results are presented
on Figure I and Figure 2.

In the infants of the first group of observation SCr was 50,0
pumol/1 [43,0; 71,0], in the second group — 60,0 pmol/l [47,0;
78,0], in the control group —43,0 umol/1 [41,0; 44,0], p, ,,<0,05,
P, <0,05. GFR accordingly to groups of observation was 42,22
ml/min/1,73m? [29,7; 51,87], 34,51 ml/min/1,73m? [29,59;
47,46] and 49,09 ml/min/1,73m?* [47,07; 49,54], p,,,<0,05, p,,.
1<0,05. The results of the examinations conducted have shown
considerable disorders of glomerular function in infants with
pathological neonatal period as compared to healthy infants.
But neonates from I and II groups did not have significantly
difference between these parameters. It is indicative of low
specificity and sensitivity of SCr and GFR on the basis of G.J.
Schwartz’s formula to indicate the degree of severity of renal
dysfunction during the first week of life.

According to scientific literature the use of SCr as GFR marker
in neonates has some problems. The clearance of creatinine
underestimates the true GFR in neonates because of passive re-
absorption of filtrated creatinine across immature non-hermetic
renal tubules in neonates, and is more prominent in premature
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Fig. 1. SCR levels in groups of observation.
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Fig. 2. GFR (G.J.Schwartz’s formula) in groups of observation.

kidney. Also tubular secretion of creatinine (especially in the
presence of low GFR) and secretion of creatinine into the in-
testine result in GFR overestimation. Jaffe method measuring
SCr interfere with conditions such as hyperbilirubinemia, hy-
pertryglyceridemia, hemolysis and ketone bodies in the blood.
SCr creatinine is not sensitive to small changes of GFR. Growth
and changes in muscle mass influence serum creatinine levels
t0o. SCr at birth reflects maternal serum creatinine. As a result,
SCr concentrations are influenced by some variables such as
maternal kidney function, hydration, catabolic status and muscle
mass. Thus, isolated SCr measurement cannot reveal the glo-
merular filtration status. It is better to measure serum creatinine
periodically for GFR assessment [1,10].

The modern marker of kidney function in neonates is cystatin
C. It is a proteinase inhibitor involved in intracellular catabo-
lism of proteins, produced by all nucleated cells, freely filtrated
across glomeruli, and completely catabolized and reabsorbed
in the proximal tubule. Studies have shown that SCysC is a
more specific and sensitive marker of GFR in both adults and
children. The benefits of the use of SCysC in neonates as a
kidney function marker are the following. There is no interfer-
ence between SCysC and bilirubin, hemoglobin and ketone in
laboratory findings. SCysC does not pass through the placenta,
as a result, the values of SCysC reflect only neonatal GFR.
SCysC level reflects maturation of the kidney better than other
markers such as SCr. But there are limited studies available on
reference values of SCysC in healthy and ill neonates [2,10].

In our study the level of SCysC and GFR on the basis of
A.Grubb’s formula in newborn with pathological neonatal pe-
riod as compared to healthy infants have been examined. The
results are presented on Figure 3 and Figure 4.
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Fig. 3. SCysC levels in groups of observation.
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Fig. 4. GFR (A.Grubb’s formula) in groups of observation.

In the newborns of the first group of observation SCysC
1,84 mg/1[1,73; 1,93], in the second group — 1,46 mg/1 [1,34;
1,67], in the control group — 1,57 mg/1 [1,5; 1,79], p,,,<0,05,

P <0,05, p,,,;<0,05. GFR accordingly to groups of observa-
tion was 42,07 ml/min [38,83; 45,78], 62,08 ml/min [50,31;
72,15] and 52,3 ml/min [44,07; 55,0], p, ,<0,05, p, ,<0,05, p,_
1=0,05. The levels of SCysC and GFR in infants with clinical
symptoms of moderate disorders of early neonatal period are
significantly higher than in healthy newborns. This is a result
of the purpose sufficient volume of the infusion therapy, enteral
nutrition, systemic blood pressure and consequently hydrostatic
pressure of glomeruli. In neonates with clinical symptoms of
severe disorders during the first week of life a significant de-
crease of SCysC and GFR as compared to the infants of II and
control groups was diagnosed. This is due to the development
of significant functional and anatomical renal disorders and
multiorgan injuries in these babies.

Thus, our study have shown that serum Cys-C levels are
superior, or at least equivalent, to SCr levels as an index of
renal function of term neonates with disorders of early neona-
tal period and has been introduced as an alternative to SCr to
monitor GFR.

Conclusions

1. The term newborns who were treated in neonatal intensive
care unit had more than 1 associated contributing condition
(severe asphyxia and hypoxic-ischemic encephalopathy, respi-
ratory distress syndrome, mechanical ventilation, antibiotics,
inotropic drugs) which could lead to the development of renal
function disorders.

2. The term neonates with clinical symptoms of critical con-
dition had classical paraclinical parameters of renal dysfunc-
tions (oedema, pathological increase body weight, proteinuria,
hematuria, leukocyturia and bacteriuria).

3. The measurement of SCr and GFR on the basis
G.J.Schwartz’s formula have shown a considerable disorders
of glomerular function in infants with pathological neonatal
period as compared with healthy infants, but they appeared to
be low informative to indicate the degree of severity of renal
dysfunction during the first week of life.

4. The measurement of SCysC and GFR on the basis of
A.Grubb’s formula has shown the increase in the intensity of
glomerular filtration in neonates with moderate disorders of
early neonatal period and, further, deterioration of this function
in critically ill newborns. It is confirmed by recent evidence
from clinical trials generally supporting the use of SCysC as-
says as a renal function test in neonatal patients.

The perspectives for future studies. Further studies with
larger number of cases using concurrent gold standard tests are
required to allow clarification of whether cystatin C and other
modern biochemical markers can help diagnose early changes
in kidney function among term neonates.
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