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Ðåôåðàò
Ìåòîþ ïðàö³ áóëî âñòàíîâèòè ñîíî´ðàô³÷í³ îñîáëèâîñò³
íèðêîâîãî êðîâîïëèíó ó äîíîøåíèõ íîâîíàðîäæåíèõ ³ç
òÿæêîþ ïåðèíàòàëüíîþ ïàòîëî´³ºþ.
Ìàòåð³àë ³ ìåòîäè. Ï³ä ÷àñ äîñë³äæåííÿ ïðîâåäåíèé àíàë³ç
ðåçóëüòàò³â ñîíî´ðàô³÷íîãî îáñòåæåííÿ 24 êðèòè÷íî
õâîðèõ íîâîíàðîäæåíèõ òà 28 óìîâíî çäîðîâèõ ä³òåé ó
ïåð³îä ïåðøèõ 24-72 ãîäèí æèòòÿ. Êîìïëåêñíå óëüòðà-
çâóêîâå îáñòåæåííÿ ä³òåé ïðîâîäèëè íà àïàðàò³
MyLabÒÌ 25Gold (ESAOTE, Italy) ç âèêîðèñòàííÿì êîí-
âåêñíîãî äàò÷èêà íà ÷àñòîò³ 3,5-5 ÌÃö.
Ðåçóëüòàòè é îáãîâîðåííÿ. Ðåçóëüòàòè äîñë³äæåííÿ ïî-
êàçàëè â³äñóòí³ñòü äîñòîâ³ðíî¿ ð³çíèö³ ùîäî ë³í³éíèõ
ðîçì³ð³â íèðîê ïðè ïðîâåäåí³ ñêàíóâàííÿ ó Â-ðåæèì³ òà
äîñòîâ³ðíî âèùèé â³äñîòîê âèïàäê³â ïàòîëî´³÷íî¿ åõî-
´ðàô³÷íî¿ êàðòèíè ó ä³òåé îñíîâíî¿ ãðóïè ïðè çàñòîñó-
âàíí³ êîëüîðîâîãî äîïïëåð³âñüêîãî ñêàíóâàííÿ. Ïðè ïðî-
âåäåíí³ ³ìïóëüñíî-õâèëüîâî¿ äîïïëåðî´ðàô³¿ âñòàíîâëåíî
çàãàëüí³ òåíäåíö³¿ äî ìåíøîãî ð³âíÿ âñ³õ øâèäê³ñíèõ õà-
ðàêòåðèñòèê íà ð³âí³ ïðàâî¿ òà ë³âî¿ ãîëîâíèõ íèðêîâèõ
àðòåð³é (ìàêñèìàëüíî¿ ñèñòîë³÷íî¿ øâèäêîñò³ êðîâîïëè-
íó, ì³í³ìàëüíî¿ øâèäêîñò³ êðîâîïëèíó ó ä³àñòîëó òà ñå-
ðåäíüî¿ øâèäêîñò³ êðîâîïëèíó) ó ä³òåé îñíîâíî¿ ãðóïè
îáñòåæåííÿ ó ïîð³âíÿí³ ç íîâîíàðîäæåíèìè ãðóïè êîíò-
ðîëþ Ïðè öüîìó, ñïîñòåð³ãàëèñÿ âèðàæåí³ òåíäåíö³¿ äî
á³ëüø âèñîêîãî ïóëüñàö³éíîãî ³íäåêñó òà â³äñóòí³ñòü äî-
ñòîâ³ðíî¿ ð³çíèö³ ³íäåêñó ðåçèñòåíòíîñò³ ì³æ ãðóïàìè
îáñòåæåííÿ.
Âèñíîâêè. Îäíèì ç âàæëèâèõ ìåòîä³â ä³à´íîñòèêè ôóíê-
ö³îíóâàííÿ íèðîê ó íîâîíàðîäæåíèõ º êîìïëåêñíå óëüò-
ðàçâóêîâå äîñë³äæåííÿ ç âèêîðèñòàííÿì êîëüîðîâîãî
äîïïëåð³âñüêîãî ñêàíóâàííÿ òà ³ìïóëüñíî-õâèëüîâî¿ äîï-
ïëåðî´ðàô³¿. Çà óìîâ òÿæêî¿ ïåðèíàòàëüíî¿ ïàòîëî´³¿
äîíîøåí³ ä³òè ìàþòü äîñòîâ³ðíî âèùèé â³äñîòîê âè-
ïàäê³â ïàòîëî´³÷íî¿ åõî´ðàô³÷íî¿ êàðòèíè òà ñõèëüí³ñòü
äî ïðîöåñ³â âàçîêîíñòðèêö³¿ íà ð³âí³ ãîëîâíî¿ íèðêîâî¿
àðòåð³¿. Îö³íêó îñîáëèâîñòåé ðåíàëüíî¿ ãåìîäèíàì³êè
íåîáõ³äíî ïðîâîäèòè ç óðàõóâàííÿì ïîë³îð´àííîãî ïî-
øêîäæåííÿ, ìîðôî-ôóíêö³îíàëüíî¿ íåçð³ëîñò³ òà êîìï-
ëåêñó ìåäèêàìåíòíîãî íàâàíòàæåííÿ.
Êëþ÷îâ³ ñëîâà: äîíîøåíèé íîâîíàðîäæåíèé, ïåðèíà-
òàëüíà ïàòîëî´³ÿ, íèðêîâèé êðîâîïëèí, äîïïëåðî´ðàô³ÿ
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Aim. The objective of the study was to detect sonographic
features of renal blood flow in full-term neonates with severe
perinatal pathology.
Materials and Methods. In the course of the study, the results
of sonographic examination of 24 critically sick newborns
and 28 conditionally healthy infants in the  first 24-72 hours
of life have been analyzed. A comprehensive ultrasonic
examination of infants on the equipment MyLabÒÌ 25Gold
(ESAOTE, Italy)with the use of a convex sensor with the
frequency of 3,5-5 MHz was performed (.
Results and Discussion. The results of the investigation were
indicative of the absence of a reliable difference concerning
linear sizes of the kidneys while performing scanning in B-
regimen and of a reliably higher percentage of cases with
pathologic echographic manifestation in infants from the
study group by means of coloured Doppler scanning. The
pulsed-wave Doppler scanning has revealed general
tendencies to a lower level of all  velocity characteristics on
the level of the right and left major renal arteries (Peak
Velocity, End Diastolic Velocity, and Mean Velocity) in the
study group  compared to the control group. At the same
time, marked tendencies to a higher Pulsed index and a
lack of a reliable difference of Restrictive index between the
groups examined were found.
Conclusions. One of the important methods  of renal function
assessment  in neonates is comprehensive ultrasonic
examination with the use of colored Doppler scanning and
pulsed-wave Doppler examination. Under conditions of
severe perinatal pathology, full-term neonates have a
reliably higher percentage of cases of pathologic
echographic image and susceptibility to vasoconstriction
processes on the level of the major renal artery. The features
of renal hemodynamics should be evaluated considering
multiple organ lesion, morpho-functional immaturity and a
complex of medical treatment .
Key words: full-term neonate, perinatal pathology, renal
blood flow, Doppler scanning

Introduction
One of the promising methods of investigation enabling
to objectively estimate the condition of renal functions
is ultrasonic examination, especially application of color
Doppler scanning and pulsed-wave Doppler
examination with determining the blood flow time curve
(BFTC) [1,5,8,9]. Although, application of these
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technologies in neonatology is connected with a number
of technical difficulties: small size of the organs; low
intensity of blood flow; impossibility to fix an infant in
one position and estimate blood flow during several
cardiac cycles, etc. [5,7]. In addition, renal blood flow
in neonates is connected with other hemodynamic
mechanisms, and functioning of the cardio-vascular,
central nervous and endocrine systems in particular. It
also depends on the volume and intensity of a
therapeutic intervention and medicinal load [7].
Investigation of hemodynamic features of the renal blood
flow in infants, kept under conditions of intensive care
units, will help in  timely diagnosing  renal dysfunctions,
performing the correction of pharmacotherapy, and
preventing development of severe irreversible renal
lesions.

The objective of the study was to find
sonographic features of renal blood flow on the level of
the major renal artery in full-term neonates with severe
perinatal pathology during the first days of life.

Materials and Methods
The prospective cohort study was conducted on the
basis of the Municipal Medical Establishment "Clinical
Maternity Home ¹2", the town of Chernivtsi, in the
period from January 2015 to July 2015. The study
involved  a clinical andparaclinical examination of 24
critically sick infants who received therapy in the
intensive care unit of newborns (main group) and 28
conditionally healthy full-term infants who stayed in the
wards together with their mothers. Severity of general
condition and of disorders in sick infants was detected
by means of the Score for Neonatal Acute Physiology
Perinatal Extension - (SNAP-PE) [6]. Exclusion criteria
from the study were: gestational age less than 37 weeks;
body weight less than 2500 g; congenital developmental
defects of the urinary system.

A comprehensive ultrasonic examination of
infants on the equipment with the use of a convex sensor
on the frequency of 3,5-5 MHz was conducted
(MyLabÒÌ 25Gold, ESAOTE, Italy). At the beginning
of the examination, visualization of the kidneys in B-
regimen was performed with detection of the following
linear sizes: L - length (cm), P - width (ñm), D - thickness
(ñm), DM - thickness of the medullar layer (ñm), DC -
thickness of the cortical layer (ñm). After that color
Doppler scanning and pulsed-wave Doppler
examination with determining the blood flow time curve
(BFTC) on the major renal artery visualized from the

flank area were performed. In the course of  BFTC
determining, the following parameters were detected:
FVI (Flow-vascularization index), PI (Pulsatility index),
RI (Restrictive index), PV (Peak Velocity) (ñm/s), EDV
(End Diastolic Velocity) (ñm/s), Vmn (Mean Velocity)
(ñm/s), SV/SD (systolic velocity/diastolic velocity), AI
(Acceleration index), AT (Acceleration Time) (msec).
For statistical analysis of the obtained results of the study,
the program Statistica (StatSoftInc., USA) was applied.
Considering a small sampling with the absence of normal
distribution of the values (Shapiro-Whilck <0,05), non-
parametric statistical methods with detection of median
(Me) and interquartile range were used [Lq - lower
quartile; Uq - upper quartile]. To compare quantitative
indices with abnormal distribution non-parametric
Mann-Whitney U-test (M-W) was applied. Parameter
difference was statistically significant with ð<0,05.

The study was conducted according to the main
ethic principles of conducting scientific medical
examinations approved by the Committee on the Issues
of Biomedical Ethics, the HSEE of Ukraine "Bukovinian
State Medical University".

Results and Discussion
The results of the study were indicative of similarity of
the groups compared concerning gestational age,
anthropometric indices at birth and gender signs. Thus,
an average gestational age of infants from the main
group was 39,0 [37,0; 41,0] weeks, infants from the
control group - 39,0 [39,0; 40,0] weeks, ð>0,05.
Average body weight at birth in the 1st group was
3200,0 [2920,0; 3700,0] g, in the second group -
3300,0 [3080,0; 3600,0] g, ð>0,05; average body
length -53,0 [51,0; 54,0] ñmand53,0 [52,0; 55,0] ñm
respectively, ð>0,05. Distribution of the groups by
gender was also similar. In the main group of the study
there were 16 boys (66,7%) and 8 girls (33,3%); in
the control group - 18 boys (64,3%) and 10 girls
(35,7%), respectively.

An average estimation of severity of general
condition of the disorders in the main group of neonates
according to the Score for Neonatal Acute Physiology
Perinatal Extension - (SNAP-PE) was 51,0 [41,0;
61,0]. At the same time, severity of perinatal pathology
was caused by delivery in the condition of severe
asphyxia in 25,6% of cases (6 infants) and in the
condition of moderate asphyxia with further negative
dynamics in 41,6% of cases (10 infants). The condition
of 8 neonates of this group (33,3%) at birth was
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Main group (n=24) Control group (n=28) Indices Right kidney Left kidney Right kidney Left kidney 

L, ñm 4,22 
[4,14; 4,71] 

4,45 
[4,27; 4,56] 

4,24 
[4,13; 4,35] 

4,31 
[3,92; 4,62] 

P, cm 2,16 
[2,03; 2,45] 

2,26 
[2,12; 2,43] 

2,11 
[2,0; 2,24] 

2,15 
[1,9; 2,5] 

D, ñm 2,27 
[1,95; 2,47] 

2,34 
[2,07; 2,49] 

2,22 
[2,16; 2,28] 

2,19 
[2,12; 2,29] 

DM, ñm 0,56 
[0,52; 0,62] 

0,63 
[0,6; 0,67] 

0,55 
[0,53; 0,85] 

0,59 
[0,56; 0,84] 

DC, ñm 0,26 
[0,23; 0,29] 

0,24 
[0,21; 0,31] 

0,3 
[0,25; 0,33] 

0,29 
[0,18; 0,34] 

Table 1
Indices of linear sizes of the kidneys in neonates of the groups examined

evaluated as satisfactory, but it worsened in dynamics
due to the aggravation of pathological neurological
symptoms with the development of signs of cerebral
edema. The signs of morphologic and functional
immaturity of the body were diagnosed in half of infants
of the main group.

It should be noted that in the first group of infants
the course of the underlying disease was complicated
by the formation of the multiple organ failure syndrome
with the development of respiratory incompatibility and
functional disorders of the central nervous system in
100% of cases (24 infants), cardio-vascular
incompatibility - in 58,3% of cases (14 infants), gastro-
intestinal disorders - in 50,0% of cases (12 infants),
hemostatic disorders - in 25,0% of cases (6 infants).
Classical signs of acute renal failure were diagnosed
only in 3 neonates (12,5% of cases) of this group.

In the course of the study, the intensity of
therapeutic interventions in the main group of infants
was evaluated. All the 24 neonates (100%) were nursed
under conditions of intensive care unit keeping to the
rules of protection regimen; they experienced artificial
lung ventilation with oxygen dotation and complex
infusion therapy including administration of 10% glucose
solution and 0,9% sodium chloride solution in
physiological requirements. 12 infants of this group
(50,0%) received inotropic support with administration
of 0,5% dobutamine solution in the dose of 3-5 mkg/
kg/min., 1 infant (4,2%) - diuretics after preliminary
test with physiological solution load was made.

The neonates from the control group stayed in
the wards together with their mothers and were
breastfed only.

Ultrasonic examination of the kidneys in B-
regimen with detection of angle-dependent linear sizes
was performed for all the infants of the groups; the results
are presented in the Table 1.

The results of the study were indicative of the
absence of a reliable difference between the indices of
linear sizes and the thickness of the medullar and cortical
layers of the left and right kidneys between the groups
examined. According to the literature data, while
measuring linear kidney sizes, especially in neonates, a
high level of error is found, as the reliability of the values
depends on the skills of the examiner, correct
visualization of the kidney and the angle of sensor's fixing
[5]. It stipulates the necessity to conduct deep
ultrasound examination of infants with detection of
qualitative characteristics and parameters not depending
on the angle of sensor's fixing.

During the study, the quality of echographic
image of the kidneys of infants in the groups examined
was evaluated. In this respect, according to the
standards of USD, the image intensity of the right
kidney was compared to the liver echogenicity; the left
kidney - with the spleen echogenicity [5]. Ten infants
(41,6%) of the main group presented with a decreased
echogenicity of the right and left kidneys; in 6 infants
(25,0%) there was no clear differentiation between the
medullar and cortical layers; in 2 infants (8,3%) "white
pyramids" symptom was found. In 8 neonates (28,6%)
from the control group there was an increased
parenchymal echogenicity of both kidneys found with
preservation of clear differentiation between the
medullar and cortical layers, which might be connected
with transitory conditions and accumulation of uric acid
metabolites [3,5]. It should be noted that evaluation of
kidney parenchyma echogenicity is a subjective method
depending on practical skills of the USD specialist.

With the purpose of an objective evaluation of
renal hemodynamic condition, we have performed color
Doppler scanning and pulsed-wave Doppler examination
to detect the indices of BFTC on the level of the major
renal artery. These findings are presented in Table 2.
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Main group (n=14) Control group (n=18) Indices Right kidney Left kidney Right kidney Left kidney 

VP, ñm/s 13,1 
[9,7; 20,9] 

14,55 
[6,2; 27,2] 

13,9 
[12,8; 20,9] 

17,65 
[14,7; 20,3] 

EDV, ñm/s 2,2 
[1,9; 3,1] 

2,35 
[0,9; 4,1] 

2,95 
[1,9; 4,1] 

4,1 
[2,8; 5,3] 

Vmn, ñm/s 5,85 
[4,1; 6,6] 

5,15# 

[3,3; 9,8] 
7,6 

[6,1; 8,75] 
9,65 

[8,6; 10,7] 

PI 1,82 
[1,67; 3,12] 

1,82# 
[1,01; 3,45] 

1,41 
[1,29; 1,96] 

1,33 

[1,12; 1,45] 

RI 0,80 
[0,76; 0,88] 

0,82 
[0,6; 0,96] 

0,78 
[0,74; 0,88] 

0,75 
[0,65; 0,8] 

SV/SD 5,0 
[4,1; 8,2] 

5,57 
[2,5; 5,86] 

6,44 
[4,16; 10,89] 

4,26 
[3,25; 9,16] 

A 3,03 
[1,53; 4,83] 

2,45 
[1,81; 3,5] 

3,51 
[0,98; 7,58] 

4,51 
[1,69; 7,16] 

AT, msec 38,0 
[32; 51,0] 

45,0 
[57,0; 31,5] 

41,5 
[25,5; 79,5] 

38,0 
[22,0; 76,5] 

FVI 2,05* 
[1,95; 2,3] 

2,4# 
[1,7; 4,2] 

3,35 
[2,5; 4,05] 

4,05 

[3,4; 4,6] 

Table 2
Indices of renal blood flow on the level of the major renal artery in neonates of the groups examined

* - difference significance level of the right kidney hemodynamics between the groups examined, ð<0,05
# - difference significance level of the left kidney hemodynamics between the groups examined, ð<0,05

It should be noted that in the main group of the
study as compared to the controls, there were general
tendencies to a lower level of all velocity characteristics
on the level of the right and left major renal arteries
(Peak Velocity, End Diastolic Velocity, and Mean
Velocity). At the same time, marked tendencies to a
higher pulsed index and a lack of a  reliable difference
of the Restrictive index between the examined groups
were found.

According to the literature data, neonates under
unfavorable conditions present with a compensatory
increase of maximal blood flow with simultaneous
increase of the Restrictive index, which ensures
preservation of renal perfusion on a sufficient level. A
considerable decrease of blood flow with a
simultaneous increase of the Restrictive index is always
indicative of deep structural lesions of the kidneys; it is
a prognostically unfavourable situation requiring careful
dynamic echographic control [2, 3, 4, 7].

The lack  of a considerable difference between
the levels of the Restrictive index in the sick and the
healthy full-term neonates might be connected with
activation of mechanisms of arterial-venous blood
shunting (AVBS). This phenomenon consists of a
massive blood shunt along Truet's shunts from the
afferent to the efferent arterioles on the level of
juxtamedullar nephrons avoiding the glomerular
apparatus proper. Accordingly, in infants of the main
group the resistant characteristics of renal blood flow
are relatively preserved, but they do not reflect a real

condition of renal hemodynamics. Involvement of
AVBS mechanisms can be also suspected with
combination of relatively normal resistant characteristics
of arterial blood flow with a sharp decrease of Peak
Velocity and a marked depletion of the intrarenal
vascular image [3].

In the course of our study, we have evaluated
FVI (Flow vascularization index), reflecting correlation
of an average weighed amount of color voxels to general
number of voxels, and enabling to evaluate the amount
of blood passing through the given volume of the
substance [8]. Under the conditions of severe perinatal
pathology, a reliably lower level of this index is found in
the right and left kidneys of full-term neonates, which is
indicative of a considerable deterioration of renal
hemodynamic intensity in infants of this group.

Conclusions
1. Critically sick full-term neonates constitute a high
risk group in terms of formation of renal dysfunctions;
its clinical diagnosis is complicated by the accompanying
multiple organ lesions and intensive therapeutic
intervention.
2. One of the important methods of diagnosing renal
functions in neonates is a comprehensive ultrasonic
examination with the use of the color Doppler scanning
and pulsed-wave Doppler examination.
3. Under the conditions of severe perinatal pathology,
full-term neonates have a reliably higher percentage of
cases of a pathologic echographic image and



47

4 2015  XXI  AML

susceptibility to vasoconstriction processes on the level
of the major renal artery.
4. The features of renal hemodynamics should be
evaluated considering multiple organ lesions, morpho-
functional immaturity and a complex of medicinal load.

The  future studies must be directed to continue
investigation of renal hemodynamic features in infants
with perinatal pathology on the levels of the central and
peripheral renal arteries together with biochemical and
immunologic markers with the purpose of elaborating
a mathematical model to foresee and diagnose the
degree of severity of renal dysfunction in neonates during
the first week of life.
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