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Aim. To study the characteristics of vascular endothelium system functioning as a marker of the balance between endothelium-de-
pendent vasodilation and endothelium-dependent vasoconstriction in children with acute and chronic pyelonephritis.

Materials and methods. 39 children with acute and 37 with chronic pyelonephritis aged 11-17 years, without exacerbation of
the inflammatory process were examined. The control group consisted of 30 apparently healthy children. Endothelium-dependent
vasodilatation test adapted to children was used.

Results. In children with acute pyelonephritis, the initial index of the brachial artery diameter did not differ significantly from the norm
(3.40 £ 0.19 mm, P > 0.05), while it was significantly less in patients with chronic pyelonephritis (2.20 + 0.12 mm, P < 0.05). In
the phase of maximal vasodilation, the brachial artery diameter index was significantly higher (4.10+ 0.15 mm, P <0.05) in patients
with acute pyelonephritis, and in patients with chronic pyelonephritis — significantly less than the norm (2.60 + 0.17 mm, P < 0.05).
As a result, the brachial artery diameter increase was significantly less in children with chronic pyelonephritis than in healthy
children (8.2 £ 0.2 %, P < 0.05), while it was significantly higher (24.10 + 0.53 %, P < 0.05) in children with acute pyelonephritis.
Linear blood flow velocity at rest was significantly lower than normal (111.80 + 0.17, P < 0.05) in children with acute pyelonephritis
and it was significantly increased (148.70 £ 0.14 cm/s, P < 0.05) in children with chronic pyelonephritis. In the phase of reactive
hyperemia, the linear flow velocity was decreased in both groups of patients.

Conclusions. Endothelial dysfunction is registered in 17.9 % of acute pyelonephritis and in 64.9 % of chronic pyelonephritis
cases in children. Diverging paths are observed: in patients with acute pyelonephritis, activity of vasodilatory agents
predominates, and in chronic pyelonephritis — vasoconstrictor agents. Endothelial dysfunction associated with chronic
pyelonephritis has the risk of unfavorable course of the disease and requires differential management.

EHpoTenianbHa AMCHYHKLIA B AiTeH i3 nienoHeppuTom
0. €. Abartypos, A. |. BakyaeHko, 0. B. KyHak

MeTta po60T1 — B1BYEHHS! 0COONMBOCTEN (hYHKLIOHYBaHHSI CUCTEMM CYAMHHOTO EHAOTENIHD sk Mapkepa 6anaHcy eHpoTeniiaa-
NEXHWX Ba3oamnaTaii Ta Ba3OKOHCTPUKLT B AiTeN i3 FOCTPUM | XPOHIYHUM NiENOHEPUTOM.

Marepianu ta metoau. O6ctexunn 39 piteit i3 roctpum i 37 oci6 i3 XxpoHiYHUM nienoHedpuTom Bikom 11-17 pokiB nosa 3a-
rOCTPEHHSM 3ananbHoro npouecy. KoHtponbHa rpyna — 30 yMOBHO 310poBux Aitelt. BukoHanu npoby 3 eHpoTeninsanexHow
BasogunaTallielo, agantoBaHy Ans AUTSYOTO BiKY.

Pesynkratu. Y fitei i3 roctpum nienoHedpruToM BUXIAHUIA NOKa3HUK AiaMeTpa NnevyoBoi apTepii CTaTUCTUYHO 3HAYYLLO He Bid-
pisHsiBca Big Hopmu (3,40 + 0,19 mm, p > 0,05), a y XxBOpUX Ha XPOHIYHWIA NienoHedpuT GyB BiporigHo MeHwuM (2,20 + 0,12 mm,
p <0,05). ¥ chasy makcumansHoi BazoaunsiTaii JiameTp nnevoBoi apTepii B NaLieHTiB i3 rocTpum nienoHedputom 6yB BiporigHo
6inbLmm (4,10 £ 0,15 mm, p < 0,05), a B nawieHTIB i3 XPOHIYHUM MienoHedPUTOM BiporigHO MeHLIUM 3a Hopmy (2,60 + 0,17 MM,
p < 0,05). Ak pesynsrart, NpupicT AiameTpa NnevoBoi apTepii B AiTeN i3 XpOHiYHUM nienoHedputom OyB BIpOrigHO MEHLUMM
nopiHsHO 3i 3popoBuMK (8,2 + 0,2 %, p < 0,05), a B AiTel i3 rocTpum nienoHedpuTom BiporigHo Ginbiumm (24,10 £ 0,53 %,
p < 0,05). Moka3HwK NiHiHOT LIBMAKOCTI KPOBOTOKY Yy CTaHi CMOKOHO B AiTEN i3 rocTpyM nienoHedputom ByB BiporigHO MEHLLIMM 3a
Hopmy (111,80 £ 0,17 cmic, p < 0,05), a B AiTen, Siki Manu XpoHiYHWUIA 3anarnbHWA NPoLec Y HUpKax, BiporigHo Ginbwum (148,70 +
0,14 cw/c, p<0,05). Y dhasi peakTUBHOI rinepemii NokasHMK NiHiHOT LUBMAKOCTI KDOBOTOKY B 060X rpynax naLlieHTiB 3MeHLLyBaBCS.

BucHoBku. EHpoTenianbHa anceyHkuis 3apeectpoeaHa B 17,9 % Bunagkis roctporo nienoHedputy 1a B 64,9 % piten, siki
XBOpI Ha XPOHIYHWIA nienoHedpuT. BusHaumnm pisHOCNPSMOBAHICTb ANCAYHKLT: B NALEHTIB i3 rocTpyUM nienoHedpuTom ne-
peBaXae aKTVBHICTb (HaKTOPIB Ba30AUNATALLT, @ 3 XPOHIYHUM NiENOHedPUTOM — (haKTOPIB BA3OKOHCTPUKLIi. EHgoTeniansHa
AnCcyHKUIS, acowiioBaHa 3 XPOHIYHUM MENOHEPUTOM, Ma€e PU3MK PO3BUTKY HECNIPUATAMBOTO Nepebiry 3aXBOPOBaHHS, L0
noTpebye NpusHa4YeHHs AndepeHLinoBaHOi MeANKAaMEHTO3HOI KOPEKLT.

JHpOTeAMaAbHAA AUCHYHKLMA Y AeTeN C NHeAoHeGPUTOM

A. E. A6artypos, A. U. BakyneHko, E. B. KyHak

Llenb pa6oTbl — n3yyeHne 0c06eHHOCTEN (DYHKLIMOHMPOBAHHS CUCTEMbI COCYAUCTOrO 3HAOTENWS Kak Mapkepa 6anaHca aHaoTe-
NWA3aBUCUMON Ba3oamnaTaumnmy 1 3HIOTENUN3aBMCUMON Ba3OKOHCTPUKLIK Y AETEN C OCTPBIM U XPOHUYECKUM NMUENOHEDPUTOM.

Marepuansi n metoabl. Obcnenosany 39 aeteit ¢ ocTpeIM 1 37 AeTel C XPOHUYECKUM nnenoHedpuTom B Bospacte 11-17 net
BHE 060CTpeHust BocnanuTenbHoro npouecca. KoHTponbHyto rpynny coctasunm 30 yCroBHO 300poBbIx AeTel. Vcnonb3oBanm
npo6y C 3HOOTENMA3aBMCYMON Ba3oamnaTaumeit, ananTMpoBaHHOM Ans AETCKOro Bo3pacTa.
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Pesynkrartbl. Y feTeii ¢ 0CTpbIM MMENOHEdPUTOM UCXOAHBIN NoKasaTenb AuaMeTpa nieyveBol apTepun CTaTUCTUHECKU 3HAUMMO
He otnnyancs ot Hopmbl (3,40 + 0,19 mm, p > 0,05), @ y BombHbIX C XPOHUYECKM MenoHedprUTOM Bbin JOCTOBEPHO MEHbLLE
(2,20 £ 0,12 mm, p < 0,05). B chasy makcmanbHOM BasogunsaTaLmm AMameTp NieveBoii apTepui y NaLunMeHToB ¢ OCTPbIM NUENo-
HedpuTom 6bin JocToBepHO Bonblue (4,10 £ 0,15 MM, p < 0,05), @ y NaLMEHTOB C XPOHUYECKUM NMMENOHEPUTOM JOCTOBEPHO
MeHbLUe HopMbl (2,60 + 0,17 mm, p <0,05). Kak pesynbTart, npupocT anaMeTpa nneveBom apTepun y AETEN C XPOHUYECKIM MUeno-
HedpuTOM Bbin JOCTOBEPHO MEHBLLIE MO CPaBHEHMIO CO 380poBbIMM (8,2 + 0,2 %, p < 0,05), a y AeTelt C 0CTPbIM NMENOHEPPUTOM
noctoBepHo GorbLue (24,10 £ 0,53 %, p < 0,05).

[NokasaTenb NUHENHONM CKOPOCTU KPOBOTOKA B MOKOE Y AeTel C OCTPbIM N1enoHedpuToM Bbin JOCTOBEPHO MEHbLUE HOP-
mbl (111,80 £ 0,17 cmlc, p < 0,05), a y feTen ¢ XpOHUYECKM BOCManWTENbHBIM MPOLECCOM B MOYKax LOCTOBEpHO Gonblue
(148,70 £ 0,14 cwm/c, p < 0,05). B dhase peakTMBHOM runepemmm rnokasarterb NMHEAHON CKOPOCTU KPOBOTOKA B 06eKX rpynnax
NaLMeHTOB YMeHbLUanNCs.

BbiBogbl. QHOTENMansHas AnceyHKLs 3aperncTpupoBaHa B 17,9 % cryyaes ocTporo nuenoHedputa u'y 64,9 % netei
C XpOHWYECKUM NuenoHedpuToM. OTMEYeHa pasHOHaNPaBNEHHOCTb AUCHYHKLMM: Y NALUEHTOB C OCTPbLIM NeNoHePUTOM
npeobnafaer akTMBHOCTb Ba30AUNSATUPYIOLLMX (haKTOPOB, a MY XPOHNYECKOM NenoHedprTe — hakTOPOB Ba3OKOHCTPUKLIWK.
OHpoTenuanbHas AncdyHKLMS, acCOLMMPOBaHHASs C XPOHUYECKVM NENOHEPHUTOM, IMEET PUCK Pa3BUTHSt HEBNAroNPUSTHOTO

TeueHust 3aboresaHus, TpebytoLero NpoBseaeHNst AU depeHUMPOBaHHON MEANKAMEHTO3HOM KOPPEKLIK.

Introduction

Currently, there is a common understanding that
the system of vascular endothelium (SVE) is a powerful
autocrine-paracrine organ that provides homeostasis of
the vessel wall and prevents the development of pathology
[2,7,9]. As a multifunctional organ, SVE is simultaneously
the effector and target of many pathological processes
[2,16,20]. Endothelium synthesizes and releases vasoactive
substances in response to constant influence of endovas-
cular factors. [2,5,10,17]. Due to the prolonged exposure
to adverse factors (hemodynamic overload, hypoxia,
intoxication, inflammation), a dysfunction of endothelial
lining develops with vasoconstriction, hypercoagulation,
proliferation of the vascular elements and thrombosis with
intravascular fibrin/fibrinogen deposition as the response to
regular stimuli, resulting in disorders of blood microrheology,
capillary-trophic insufficiency and ischemia [5,8]. That is,
endothelial dysfunction (ED) is formed. ED in the modern
sense is a complex system of disorders that starts on
the molecular-genetic level, imbalance between vasodilator
production, angioprotectors and antiproliferative factors, on
the one hand, and vasoconstrictors, prothrombotic, prolife-
rative factors, on the other hand [5,14,18].

Recent studies have confirmed that ED plays one of
the main roles in renal disease development, it is already
present in early stages of chronic kidney disease (CKD) in
children, being one of the early markers and an important
pathogenetic link in the progression of CKD [6,7,10,14].
Increasing structural changes lead to disturbance of SVE
morphogenetic equilibrium, therewith changed SVE tends
to maintain its pathological functioning [8].

To date, the concept of ED as a key link in CKD patho-
genesis has been formulated, and the role of the endotheli-
um, the impaired function of which has been demonstrated
to be long before the structural changes development in
the kidneys [9,12,15].

However, until now it remains unclear which markers
of ED are the most significant in reducing renal functions
in adults and children, and which their concentrations in
the body can serve as predictors of CKD progression in
childhood [3,15]. The modern concept of CKD which reflects
the nature and rate of renal disease progression to the end
stage of renal failure requires careful study of ED role, as a
possible prognostically significant factor in the development
of nephrosclerosis [1,5,7,10,15].
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Aim
To study the peculiarities of vascular endothelium system
functioning as a marker of the balance between endotheli-

um-dependent vasodilation and endothelium-dependent va-
soconstriction in children with acute and chronic pyelonephritis.

Materials and methods

We examined 76 children aged 11-17 years (31 boys
and 45 girls) with pyelonephritis (PN), 39 of whom were
with acute PN (APN) and 37 — with chronic PN (CPN). All
the children received an inpatient treatment in the Nephro-
logy Department of Cl “Dnipropetrovsk Regional Children’s
Clinical Hospital”, DRC. The control group consisted of
30 relatively healthy children undergoing examination for
functional diseases of the gastrointestinal tract. The criteria
for inclusion in the study were: the presence of a voluntary
informed consent of the child and his/her parents for study
participation; age of patients 11-17 years 11 months 29
days; presence of verified diagnoses of acute and chronic
pyelonephritis; a period of 1 month after the last acute
pyelonephritis; absence of clinical and laboratory signs
of exacerbation of chronic pyelonephritis during the last 3
months. The criteria for exclusion of patients from the study
were: refusal of the child or his/her parents to participate
in the study; the presence of clinical and laboratory signs
of chronic pyelonephritis exacerbation. The children were
grouped according to the nosological principle.

Clinical-laboratory and instrumental examinations
were carried out in the Clinical-Diagnostic Laboratory
and the Department of Ultrasound Diagnostics of the ClI
“Dnipropetrovsk Region Children’s Clinical Hospital” DRC.

To assess the functional state of the endothelium, we
used a reactive hyperemia test adapted to children (Patent
No. 32359 “Method for diagnosing endothelium-dependent
vasodilatation in children”, IPC (8): A61V8/00 of May 12, 2008,
authors O. P. Volosovets, S. P. Kryvopustov, T. S. Moroz).

Measurement of flow-dependent dilatation of the bra-
chial artery according to ultrasound data is currently
considered as the «gold standard» for the endothelial
function of vessels study [4,17,18,20]. The study method
is high-tech and non-invasive, which greatly simplifies and
accelerates the diagnosis of ED in children with various
pathology [2,11,17,19].

KatoueBble croBa:
3HAOTEAMAAbHAA
AMCOYHKUMA,
OCTPbIV MUENOHED-
PUT, XPOHUYECKMIA
NUENOHePHT,
npoba ¢ SHAOTEAWIH-
3aBUCHMON Ba3o-
AVAGTaLMen, AETU.

3anopoXxcKui
MeAULMHCKUA
XypHaa. - 2019. -
T. 21, Ne 4(115). -
C.478-483

ISSN 2306-4145  http://zmj.zsmu.edu.ua 479



ISSN 2306-4145  http://zmj.zsmu.edu.ua

Oleer HaAbHbl€ NCCAEAOBAHNA

Endothelium-dependent vasodilatation (EDVD) test
was performed as follows: patients were examined in
the supine position after a 10-15-minute rest, at least a
10-hour fast and abstention from coffee, tea, bad habits
and exercise. All participants were requested to refrain from
taking any vasoactive medications no less than 48 hours
before the study.

A scan of the right brachial artery was performed on a
Toshiba Xario (Japan) device, in areas 2 to 15 cm above
the bend of elbow using a linear 7.5 MHz sensor, which
allowed to estimate the diameter of the brachial artery (DBA)
to within 0.1 mm to 0, 2 mm. After obtaining the initial data
of arterial pressure (AP), diameter of the brachial artery
(DBA,) and linear blood flow rate (LBFR,), the cuff was
inflated for 1.5-2.0 min to 50 mm Hg plus systolic blood
pressure of the patient. The time of occlusion depended on
the appearance of pain, tingling, numbness of fingers. The
diameter of the brachial artery (DBA,) was measured again
30 seconds before deflation. 15 seconds following release
of the occlusion cuff (in the phase of reactive hyperemia),
the linear blood flow (LBFR,) was recorded, and in 60 sec-
onds, in the phase of maximal vasodilation — the diameter
of the brachial artery (DBA,).

EDVD was calculated as percentage change in brachial
artery diameter from baseline by the formula:

Ad, % =100 x (DPA, - DBA,) / DBA..

Depending on DBA dynamics during the test, four types
of reaction were identified: normoergic type — with the in-
crease in DBA from 10 % to 20 %; hyperergic type — with
the increase in DBA by 2040 %; hypoergic type — with
the increase in DBA less than 10 % or absence of reaction;
paradoxical type — with the decrease in DBAin comparison
with the baseline. ED was diagnosed in case of hypoergic
or paradoxical types of reaction.

In addition, the quantitative angle-dependent indices
were determined: the maximum blood flow rate in systole
(Vmax, m/s), the minimum blood flow rate in diastole (Vmin,
m/s). Parameters of the peripheral vascular resistance were
estimated — resistance index, or Pourcelot index (RI). The
Rl was determined by the formula: Rl = (Vps — Ved) / Vps,
where RI - peripheral resistance index, Vps — peak systolic
blood flow velocity, Ved — end-diastolic blood flow velocity.

The statistical processing of the obtained data was
performed using the Microsoft Office 2010 applications
integrated in Windows 7. The significant differences
between average values were determined by Student’s
parametric criterion, chi-squared distribution and Fisher’s
criterion. Differences were considered significant in a P
value < 0.05.

Results

In children with APN, DBA, index had a tendency to in-
crease, statistically insignificantly differing from the norm —
3.40 £0.19 mm, P > 0.05 (Table 1).

By contrast, DBA, index was significantly lower
(2.20 £0.12 mm, P < 0.001) in CPN patients as compared
to both APN and the control group patients. The most pro-
nounced changes were recorded in children with chronic
renal inflammatory process due to congenital anomalies of
the urinary tract system. Patients had AP level exceeding
95 percentile.

The dynamics of DBA by the DBA, index recorded
during EDVD test 30 seconds before deflation significantly
differed in APN children from the values in the control group:
2.30 £ 0.13 mm, P < 0.001. But herein analyzing the dy-
namics of this index within the group, one can say that DBA
narrowing in CPN children was significant and DBA, index
did not differ statistically from DBA, index.

In CPN patients, the dynamics of DBA, index was
similar: there was a tendency to decrease as compared to
baseline data in patients within the group, the value was sig-
nificantly lower in comparison with both groups (P <0.001).

During the test, after deflation, in the phase of maximal
vasodilation, DPA, index was statistically significantly higher
in APN patients than the norm (4.10 £ 0.15 mm, P < 0.05).
That is, vasodilation prevailed.

As a result, the increase in DBA by Ad value was 2.2
times less in children with CPN than in healthy subjects
(8.2+ 0.2 %; P <0.001). At the same time, in children with
APN, the increase in DBA testified to the predominance of
vasodilation (24.10 + 0.53 %; P < 0.001) as compared to
those with CPN. Distribution of the DBA response variants to
EDVD in children with pyelonephritis was as follows (Table 2).

The overwhelming majority of children with APN had
favorable (normal and hyperergic) types of response to
test—a total of 82.1 %, which did not differ significantly from
the control group. However, in APN children, in contrast to
the control group, hyperergic variant dominated (53.9 %,
P < 0.05), and normal one was registered less frequently
(28.2 %, P < 0.05). Pathological types of reaction — hypo-
ergic and paradoxical were recorded as a whole in 17.9 %,
without a significant difference from those in the control
group (12.8 and 5.1 %, respectively, P > 0.05).

In the group of children with CPN, only 37.8 % of pa-
tients had norm- and hyperergic types of reaction to the test.
Thus, normoergic type was registered only in 13.5% of pa-
tients (P <0.001), hyperergic type —in 24.3 % (P < 0.05). The
majority of patients had pathological variants of the reaction:
hypoergic type was registered in the overwhelming major-
ity —in 40.6 % of cases, which was significantly greater as
compared to healthy children and patients with APN, para-
doxical type — in 21.6 %, which was statistically significant
in comparison with the same two groups. This confirmed
serious disturbances of the SVE balancing vasoregulatory
mechanisms in these patients, which had been detected
earlier in the DBA findings registration.

LBFR, index was significantly lower in APN children in
comparison with those of both the control and CPN groups
(Table 3).

In children with CPN, the value of this index was statis-
tically higher as compared to those of the other two groups
(148.70+0.14 cm/sec). LBFR, index in group of CPN patients
was reduced remaining statistically increased in comparison
with those of both the control and APN groups (142.60 +
1.18 cm/sec, P < 0.001). At the same time, in children with
APN, LBFR, index did not differ significantly from the norm
but it was significantly lower than that in CPN patients.

The RI dynamics in patients with pyelonephritis in
response to DBA and LBFR changes is shown in Table 4.

Thus, in APN patients, the value of RI at rest was ev-
idently less than the physiologic values (0.70 + 0.02 c.u.),
while in CPN group — statistically higher in comparison with
that of both the control and APN groups (0.92 + 0.03 c.u.).

3anopoxckuii MeguumMHekni xxypHan. Tom 21, Ne 4(115), nonb — aBryct 2019 .
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Table 1. Dynamics of brachial artery diameter during endothelium-dependent vasodilation test in children with pyelonephritis

oo L comalgrounn=1 | grounn=3s CPN goup, =37

Diameter of brachial artery, mm Atrest, DBA, 3.10+0.16 3.40+0.19 220£0.12
P,>0.05 P, <0.001
P,<0.001
30 sec. before deflation, DBA, ~ 2.30+0.13 310+ 0.1 1.80+0.14
P, <0.001 P, <0.001
P,<0.001
60 sec. after deflation, DBA, 3.70+0.11 4.10+0.15 2.60£0.17
P, <0.05 P,<0.001
P,<0.001
Increase in DBA, Ad,% 18.40+0.46 24.10£0.53 8.20+0.20
P, <0.001 P, <0.001
P,<0.001

P,: significant difference in comparison with the control group; P, significant difference in comparison with APN group.

Table 2. Distribution of response variants to endothelium-dependent vasodilatation test in children with pyelonephritis

Variant of reaction Control group, n = 30 Children with APN, n = 39 Children with CPN, n =37

Normoergic 76.7 % 282 % 24.3 %
P, <0,05 P, <0.05
P,>0.05
Hyperergic 23.3% 7 53.9 % 21 13.5% 5
P, <0.05 P,>0.05
P,<0.001
Hypoergic - = 128 % 5 40.6 % 15
P, <0.05 P, <0.05
P,<0.001
Paradoxical - - 51% 2 21.6 % 8
P,>0.05 P, <0.05
P,<0.05

P,: significant difference in comparison with the control group; P, significant difference in comparison with APN group.

Table 3. Dynamics of linear blood flow rate during endothelium-dependent vasodilatation test in children with pyelonephritis

e | cowoigroumnn-n APN group, =39 PN goup, =37

Linear blood flow rate cm/sec Atrest, LBFR, 13740 £2.12 111.80 £ 0.17 148.70 £+ 0.14
P, <0.001 P, <0.001
P, <0.001
In 15 sec after deflation, LBFR, ~ 105.20 £ 1.19 107.10 £ 0.26 142.60 + 1.18
P,>0.05 P, <0.001
P, <0.001

P,: significant difference in comparison with the control group; P,: significant difference in comparison with APN group.

Table 4. Dynamics of the resistance index during endothelium-dependent vasodilatation test in children with pyelonephritis

e |cowolgroumn-n APN group, =39 CPN goup,n =37

Resistance index(c.u.) Atrest, RI, 0.83£0.03 0.70 £ 0.02 0.92+0.03
P, <0.001 P,<0.05
P2 <0.001
After deflation, RI, 0.78 £ 0.01 0.64 +0.04 0.88 +0.04
P, <0.05 P, <0.05
P,<0.05

P,: significant difference in comparison with the control group; P,: significant difference in comparison with APN group.

Atfter deflation, the value of Rl was reduced and statistically
differed between the all groups (0.64 + 0.04 c.u. for APN
patients and 0.88 + 0.04 c.u. for CPN patients). Both groups
of patients with PN in the process of EDVD test had a di-
verging LBFR dynamics compared with the control group,
which confirmed the presence of vasomotor manifestations
of ED in this category of patients.

Discussion

In APN patients, the dynamics of EDVD test, especially after
deflation, in the phase of maximal vasodilation, demonstrat-
ed the vasodilation prevalence.

Zaporozhye medical journal. Volume 21. No. 4, July — August 2019

This may be due to the increase in the synthesis of nitric
oxide in this group of patients. Such animbalance in the SVE
can be considered as a result of the compensatory reaction —
the maximum level of nitric oxide contributes to the inhibition
of endothelial dysfunction caused by endothelin-1 hyper-
production, being a favorable factor in these conditions [7].

In contrast, in CPN patients, as compared to APN and
the control group patients, the dynamics of the EDVD test,
beginning with DBA, index, was significantly lower. This
shows an imbalance in the SVE towards predominance of
factors resulting in endothelium-dependent vasoconstriction
in CPN patients, and vice versa, — they suppress endothe-
lium-dependent vasodilatation.
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Such disorders can be explained by a combination
of several mechanisms: in particular, sympathetic hyper-
activity development from an early CKD stage directly or
indirectly via stimulation of renin-angiotensin-aldosterone
system (RAAS) leads to activation of endothelin-1 synthe-
sis, a powerful vasoconstrictor. This, in turn, causes re-
duced vascular wall relaxation in response to vasodilating
stimuli and accounts for systemic changes in microcircula-
tion and perfusion violation as one of the key non-immune
mechanisms of CKD progression [7]. In addition, the vas-
cular endothelium has its own renin-angiotensin system,
which supports vasoconstriction [8]. Another factor that
may contribute to ED with vasoconstriction predominance
is the reduction of nitric oxide (NO) production, which is
closely associated with a decreased number of functioning
nephrons due to kidney damage as one of the patho-
genetic links of ED in CKD patients [7,8,10]. According
to M. Carlstrom and M. F. Montenegro [12], a decrease
in the bioavailability of NO is considered to be the main
adverse consequence of free radical reactions in oxidative
stress in CKD patients. All these factors could contribute to
the vasomotor form of ED development in CPN patients.

The most pronounced changes were recorded in
children with chronic renal inflammatory process due to
congenital anomalies of the urinary tract system. Patients
had AP values exceeding 95 percentile. From literary re-
views published by N. D. Inozemtseva et al. [9], it is known
that structural changes that disturb normal renal blood flow
lead to similar ischemic damage that may occur in vaso-
constriction of the vessels in the parenchyma caused by
increased content of angiotensin I, endothelin-1 or reduced
concentration of nitric oxide.

In the phase of maximal vasodilation in patients with
CPN, DPA, index was insignificantly increased in compar-
ison with the control group. This indicated a reduction in
arterial compliance and viscoelastic properties of vessel
walls deterioration due to activation of endothelial vaso-
constrictors synthesis on the one hand and the violation of
endothelium dependent vasodilation, on the other.

Inozemtseva N. D. et al. [5] also reported that a shift
in balance between vasodilators and vasoconstrictors to-
wards the latter results in vasospasm and makes a weighty
contribution to CKD progression.

The obtained results can be explained by the ele-
vated level of vascular endothelial growth factor, which
increases with CPN progression in children earlier than
decrease in glomerular filtration rate (GFR), which makes
it possible to consider it as a prognostic indicator. It is
known that this growth factor regulates the vascular wall
tone supporting spastic processes, and with the increase
in its concentration pathological vasospasm develops,
promoting sclerotic process development and kidney dis-
ease progression [1]. In general, this can be considered
as one of the mechanisms of kidney pathological process
progression and chronization.

From literary reviews published by T. P. Makarova
and others [7] it is known that in children with CKD, ED is
observed from the first stage of the disease development,
as the increase in endothelin-1content, a powerful vaso-
constrictor, was registered in patients, which was accom-
panied by the decrease in concentration of vasodilator NO
as well as the decrease in NO / endothelin-1 ratio. The

association between biomarkers and multiple ED indicates
the presence of several endothelial function disorders in
CKD patients [13].

So, the dynamics of indices in the course of EDVD test
in APN patients we considered as a compensatory reaction
and in CKD children — as a variant of the SVE functioning
decompensation.

Conclusions

1. Endothelial dysfunction is an important pathogenetic
link in the development of acute and chronic pyelonephritis
in children. The convalescence period in 17.9 % of acute
pyelonephritis cases and remission period in 64.9 % of
chronic pyelonephritis cases are accompanied by signs of
endothelial dysfunction.

2. The risk factors for developing endothelial dysfunc-
tion are the presence of congenital anomalies of the urinary
tract system and arterial hypertension.

3. Acute and chronic pyelonephritis in children differs
by diverging paths of endothelial dysfunction: in case of
acute pyelonephritis, endothelial dysfunction during conva-
lescence period is characterized by predominant activity of
vasodilatory agents and remission of chronic pyelonephri-
tis — vasoconstrictor agents.

4. Endothelial dysfunction associated with chronic
pyelonephritis has a risk of developing an unfavorable
course of the disease, probably due to violations of renal
tissue perfusion, which requires differential medicamen-
tous therapy.

Prospects for further research. It is advisable to
study further ED in CPN children with various management
regimens.

Funding

The work was carried out within the framework of research study
of the Department of Pediatrics 2, SI “Dnipropetrovsk Medical
Academy of Health Ministry of Ukraine” “Development of methods
for diagnosis and correction of disorders of hemodynamics of
target organs in somatic diseases accompanied by cardiovascular
complications in children” (State registration number
0116U004963).

Conflicts of interest: authors have no conflict of interest to declare.
KoH®niKT iHTepeciB: BiACyTHIl.

Haaifwaa po pepakuii / Received: 03.09.2018
Micas poonpautoBaHHs / Revised: 17.12.2018
MpuiHaTo A0 Apyky / Accepted: 20.12.2018

Information about authors:

Abaturov O. Ye., MD, PhD, DSc, Professor,

Head of the Department of Pediatrics 1 and Medical Genetics,
SE “Dnipropetrovsk Medical Academy of Health Ministry

of Ukraine”, Dnipro.

ORCID ID: 0000-0001-6291-5386

Vakulenko L. I., MD, PhD, Associated Professor of the Department
of Pediatrics 2, SE “Dnipropetrovsk Medical Academy of Health
Ministry of Ukraine”, Dnipro.

ORCID ID: 0000-0003-3823-6134

Kunak 0. V., MD, Physician of the Functional Diagnostics
Department, ME “Dnipropetrovsk Regional Children’s Clinical
Hospital” DRC”, Dnipro, Ukraine.

3anopoxckuii MeguumMHekni xxypHan. Tom 21, Ne 4(115), nonb — aBryct 2019 .



Biaomocrti npo aBTopiB:

Abatypos 0. €., A-p MeA. HayK, npodecop, 3aB. kad. neaiatpii 1

Ta MEAWNYHOI reHeTHKK, A3 «AHINPONETPOBCbKa MEAMYHA aKaAeMist
MO3 YkpaiHu», M. AHInpo.

BakyaeHKo A. ., KaHA. MeA. HayK, AOLIEHT Kad. neaiarpii 2,

A3 «AHINponeTpoBCcbka MeanyHa akaaemia MO3 Ykpaiu»,

M. AHINpo.

KyHak O. B., Aikap BipAINEHHS GYHKLLIOHAABHOI AlarHOCTUKM,

K3 «ObnacHa anTAYa KAiHIuHa AikapHs» AOP, M. AHINPO, YkpaiHa.

CBeaeHus 06 aBTopax:

AbatypoB A. E., A-p MeA. Hayk, npodeccop, 3aB. kad. neanaTpumn 1
1 MEAULIMHCKOM reHeTuku, Y «AHenponeTpoBckas MeAnuUMHCKas

akapemua M3 YkpauHbli», 1. AHUNPO.

BakyaeHko . W., KaHA. MeA. HayK, AOLIEHT kad. neanatpum 2,

Y «AHENponeTpoBCKas MeANLMHCKan akapeMus M3 YkpanHbl»,

r. AH1npo.

KyHak E. B., Bpay oTAeAeHUS yABTPa3BYKOBOW AUATHOCTUKM,

KY «0bnacTHas aeTckan KavHudeckas 6oabHUU@» AOC, . AHMNpO,

YkpauHa.

References

[11 Bazarny, V. V., & Averchenko, M. V. (2013). Diagnosticheskaya
tsennost’ opredeleniya koncentracii faktora rosta e’ndoteliya sosudov
pri khronicheskom pielonefrite u detej [Diagnostic value of vascular
endothelial growth factor determination in chronic pyelonephritis in
children]. Kazanskij medicinskij zhurnal, 94(5), 656-658. [in Russian].

[2] Berezhniy, V., & Romankevych, I. (2016). Vyvchennia funktsionalnoho
stanu endoteliiu za dopomohoiu kompleksu pokaznykiv proby z reaktyv-
noiu hiperemiieiu [The study of the functional state of the endothelium
via a complex of markers with reactive hyperemia). Sovremennaya
pediatriya, 2(74), 112-116. doi: 10.15574/SP.2016.74.112 [in Ukrainian].

[3] Zorin,I. V., Vyalkova,A.A., Gun’kova, E. V., & Plotnikova, S. V. (2017).
Endotelial'naya disfunkciya — osnova progressirovaniya reflyuks-ne-
fropatii u detej [Endothelial dysfunction as a basis of progression of
reflux nephropathy in children]. Lechaschij vrach, 1, 36. [in Russian].

[4] Ignatova, T. B. (2015). Stan endotelialnoi funktsii u zdorovykh ditei
molodshoho shkilnoho viku za danymy trypleksnoho ultrazvukovoho
doslidzhennia [State of endothelial function within the healthy children
of the younger school age according to data of triplex ultrasonic
research]. Sovremennaya pediatriya, 8(72), 54-56. doi: 10.15574/
SP.2015.72.54 [in Ukrainian].

[5] Inozemceva, N. D., Zakharova, N. B., & Rossolovskij, A. N. (2015).
Znachenie molekulyarnykh markerov v izuchenii e’ndotelial’noj
disfunkcii u bol'nykh MKB (obzor literatury) [The importance of mo-
lecular markers in the study of endothelial dysfunction in ICD patients
(literature review)]. Byulleten’ medicinskikh internet-konferencij, 5(6),
902-905. [in Russian].

[6] Korenevy, N. M., & Bessonova, . N. (2014). Sostoyanie pochechnogo
krovotoka i €’ndotelial'naya funkciya pochek u podrostkov s arterial'noj
gipertenziej i giperurikemiej [Status of renal blood flow and renal endo-
thelial function in adolescents with hypertension and hyperuricemia].
Perinatologiya i pediatriya, 2(58), 80-84. [in Russian].

[71 Makarova, T. P,, & Melnikova, Yu. S. (2014). Mekhanizmy razvitiya
e’'ndotelial'noj disfunkcii pri khronicheskoj bolezni pochek u detej
[Mechanisms for the development of endothelial dysfunction in chronic
kidney disease in children]. Prakticheskaya medicina, 9(85), 19-23.
[in Russian].

[8] Melnikova, Yu. S., & Makarova, T. P. (2015). E’'ndotelial'naya dis-
funkciya kak central’noe zveno patogeneza khronicheskikh boleznej
[Endothelial dysfunction as the key link of chronic diseases patho-
genesis). Kazanskij medicinskij zhurnal, 96(4), 659-665. [in Russian].
doi: 10.17750/KMJ2015-659

[9] Oksenyuk, O. S., Kalmykova, Yu. A., Smirnova, O. B., & Pasech-
nik, D. G. (2016). Rol’ okisliteI'nogo stressa v razuvitii khronicheskoj
bolezni pochek i sposoby ego ocenki [The role of oxidative stress in the
development of chronic kidney disease and methods of its evaluation].
Zhurnal fundamental’noj mediciny i biologii, 1, 15-24. [in Russian].

[10] Smirov, I. E., Kucherenko, A. G., & Komarova, O. V. (2014). Biomarkery
formirovaniya nefroskleroza pri khronicheskoj bolezni pochek u detej
[Biomarkers of the formation of nephrosclerosis in chronic kidney
disease in children]. Rossijskij pediatricheskij zhurnal, 17(6), 10-15.
[in Russian].

[11] Shabrov, A., Apresyan, A., Dobkes, A., Ermoloy, S., Ermolova, T.,
Manasyan, S., & Serdyukov, S. (2016). Sovremennye metody ocenki
e’'ndotelial’noj disfunkcii i vozmozhnosti ikh primeneniya v prakticheskoj
medicine [Current Methods of Endothelial Dysfunction Assessment and
their Possible Use in the Practical Medicine]. Racional’naya farmakote-
rapiya v kardiologii, 12(6), 733-742. [in Russian].

Zaporozhye medical journal. Volume 21. No. 4, July — August 2019

Original research

[12] Carlstrom, M., & Montenegro, M. F. (2019) Therapeutic value of sti-
mulating the nitrate-nitrite-nitric oxide pathway to attenuate oxidative
stress and restore nitric oxide bioavailability in cardiorenal disease. J.
Intern. Med., 285(1), 2-18. doi: 10.1111/joim.12818

[13] Chen, J., Hamm, L. L., Mohler, E. R., Hudaihed, A., Arora, R.,
Chen, C. S., et al. (2015). Interrelationship of Multiple Endothelial
Dysfunction Biomarkers with Chronic Kidney Disease. PLoS ONE,
10(7), e0132047. doi: 10.1371/journal.pone.0132047

[14] Drozdz, D., tatka, M., Drozdz, T., Sztefko, K., & Kwinta, P. (2018).
Thrombomodulin as a New Marker of Endothelial Dysfunction in Chronic
Kidney Disease in Children. Oxid. Med. Cell. Longev, 2018, 1619293.
doi: 10.1155/2018/1619293

[15] Goligorsky, M. S. (2015). Pathogenesis of endothelial cell dysfunction in
chronic kidney disease: a retrospective and what the future may hold.
Kidney Res. Clin. Pract., 34(2), 76-82. doi: 10.1016/j.krcp.2015.05.003

[16] Guan, Z., Van Beusecum, J. P, & Inscho, E. W. (2015). Endothelin
and the renal microcirculation. Semin. Nephrol., 35(2), 145-55.
doi: 10.1016/j.semnephrol.2015.02.004

[17] Higashi, Y. (2015). Assessment of endothelial function. History,
methodological aspects, and clinical perspectives. Int. Heart J., 56(2),
125-134. doi: 10.1536/ihj.14-385

[18] Matsuzawa, Y., Kwon, T. G., Lennon, R. J., Lerman, L. O., & Ler-
man, A. (2015). Prognostic Value of Flow-Mediated Vasodilation in
Brachial Artery and Fingertip Artery for Cardiovascular Events: A
Systematic Review and Meta-Analysis. J. Am. Heart Assoc., 4(11), pii:
€002270. doi: 10.1161/JAHA.115.002270

[19] Si, D., Ni, L., Wang, Y., Liu, J., Yang, J., & Yang, P. (2018). A new
method for the assessment of endothelial function with peripheral
arterial volume. BMC Cardiovasc Disord, 18(1), 81. doi: 10.1186/
512872-018-0821-5

[20] Xu, Y., Arora, R. C., Hiebert, B. M., Lerner, B., Szwaijcer, A.,
McDonald, K., et al. (2014). Non-invasive endothelial function testing
and the risk of adverse outcomes: a systematic review and meta-ana-
lysis. Eur Heart J Cardiovasc Imaging, 5(7), 736-746. doi: 10.1093/
ehjci/jet256

ISSN 2306-4145  http://zmj.zsmu.edu.ua 483



	Original research
	Abaturov O. Ye., Vakulenko L. I., Kunak О. V. [Endothelial dysfunction in children with pyelonephritis]
	Article info
	UDC: 616.61-002-053.2:616.13:611.018.74-008.6
	Key words: endothelial dysfunction, pyelonephritis, vascular endothelium, vasodilatation, children.
	Zaporozhye medical journal 2019; 21 (4), 478–483
	DOI: 10.14739/2310-1210.2019.4.173343
	*E-mail: vakulenkol@ukr.net

	Abstract
	Ендотеліальна дисфункція в дітей із пієлонефритом
	Ключові слова: ендотеліальна дисфункція, гострий пієлонефрит, хронічний пієлонефрит, проба з ендотелійзалежною вазодилятацією, діти.
	Эндотелиальная дисфункция у детей с пиелонефритом
	Ключевые слова: эндотелиальная дисфункция, острый пиелонефрит, хронический пиелонефрит, проба с эндотелийзависимой вазодилатацией, дети.
	Запорожский медицинский журнал. – 2019. – Т. 21, № 4(115). – С. 478–483

	Запорізький медичний журнал. – 2019. – Т. 21, № 4(115). – С. 478–483


	Introduction
	Aim
	Materials and methods
	Results
	Table 1. Dynamics of brachial artery diameter during endothelium-dependent vasodilation test in children with pyelonephritis
	Table 2. Distribution of response variants to endothelium-dependent vasodilatation test in children with pyelonephritis 
	Table 3. Dynamics of linear blood flow rate during endothelium-dependent vasodilatation test in children with pyelonephritis
	Table 4. Dynamics of the resistance index during endothelium-dependent vasodilatation test in children with pyelonephritis

	Discussion
	Conclusions
	Funding
	Conflicts of interest
	Information about authors
	Відомості про авторів
	Сведения об авторах

	References



