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® The aim of the study is to investigate the effectiveness of conservative therapy with the inclusion of cryoprecipi-
tate in its composition and its effect on the angiogenesis of renal blood vessels in patients with purulent pyelonephritis.
Materials and methods. The study included 30 patients aged from 20 to 45 years (6 men, 24 women) with acute puru-
lent pyelonephritis. All patients were assessed for markers of angiogenesis in blood plasma: vascular endothelial growth
factor (VEGF-A), angiopoietin 1 (Angl) and angiopoietin 2 (Ang2). The patients were divided into two groups.
Patients of group 1 (n = 15) received conservative therapy with the inclusion of cryoprecipitate, patients of group
2 (n = 15) received surgical treatment. The control group consisted of 10 healthy donors aged 20-35 years, whose
blood angiogenesis markers were determined to obtain reference values. Results. In the course of preliminary stud-
ies, the blood content of angiogenesis markers was determined in 10 healthy donors. The level of VEGF-A in patients
of both groups and the level of Angl in patients of group 1 at admission to the hospital significantly exceeded the
corresponding values in the control group. In group 2 patients, the level of VEGF-A and Angl remained elevated
during treatment, which indirectly indicated an ongoing inflammatory process. The level of Ang2 in patients of both
groups did not change significantly. Conservative treatment of group 1 patients showed high efficiency, which was
confirmed by positive dynamics of clinical and laboratory indicators, as well as data from instrumental examination.
Conclusions. The results obtained indicate the effectiveness of conservative therapy with the administration of cryo-
precipitate in patients with purulent pyelonephritis, and the effectiveness of such treatment is comparable to the ef-
fectiveness of surgical treatment . The use of cryoprecipitate has an endothelioprotective and anti-inflammatory effect
on blood vessels, stabilizes the processes of angiogenesis, which contributes to limiting the inflammatory process and
its regression.
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® Ienb uccnenosanus. Vsyuenne spheKTMBHOCTI KOHCEPBATUBHOI TEPATIMN C BKTIOUEHIEM B €€ COCTaB KPUO-
IpeLUIINTATA U ee BIUAHIE Ha aHTYOTeHe3 IOYEeYHBIX KDOBEHOCHBIX COCY/IOB Y O0OJIbHBIX THOHBIM HMIETOHEPPUTOM.
Marepuansi u MeTopbl. [Toy HabTIOIeHNeM HaXOAMINCH 30 MAIIEHTOB C OCTPLIM F'HOMHBIM INeTOHepPUTOM B BO3-
pacte ot 20 fo 45 et (6 My>XunH, 24 >KeHIIHbI). BceM omnpenensiu comep>kaHue MapKepoB aHTHMOTeHe3a B IIIa3Me
KpoBu: dakTopa pocta sugotenus cocynos (VEGF-A), anrnonostuna 1 (Angl) u anrunonoatusa 2 (Ang2). [Taun-
eHTBI ObUIN pasfe/ieHbl Ha IBe TPYMILL: B 1-11 rpymiie (1 = 15) mony4Yaay KOHCEPBATUBHYIO TEPAINIO C BKTIOUEHMU-
eM B ee COCTaB KPMOIIPEUNIINTaTa; BO 2-if (1 = 15) — mpoBOAMIN XUpYprudecKoe nedeHne. KoHTponpHylo rpynmy
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cocraBunyu 10 3gopoBBIX JOHOPOB B Bo3pacTe 20-35 j1eT, y KOTOPBIX ONPEJENAIN COlep)KaHye MapKepOB aHIMO-
reHe3a B KPOBM JI/IA IONy4YeHNs pedepeHCHBIX 3HaYeHMil. Pe3ynbraTel. B Xoe mpegBapuTe/IbHBIX MCCIeTOBAHMII
y 10 3m0pOBBIX JOHOPOB OIpefe/ieHO COofiep>)KaHNe B KPOBM MapKepoB aHrmoreHesa. YposeHb VEGF-A y manu-
eHTOB 00euX TPYII M ypoBeHb Angl B 1-if rpynime npyu HOCTYIUIEHMM B CTAIVIOHAp JOCTOBEPHO INpeBbILIANN
COOTBETCTBYIOLIVE 3HAYEHMA B KOHTPOJbHON Ipymnie. Y IalMeHTOB 2-ii TPyNIbl B Ipolecce NeYeHns ypOBeHb
VEGF-A n Angl ocraBajncs NOBBILIEHHBIM, YTO KOCBEHHO yKa3blBaj0 Ha MPOJO/IKAIOIINIICA BOCHATUTENbHDIN
mporecc. YpoBeHb Ang2 y ManiueHTOB 00enx TPYIII CTATUCTUYECKV 3HAYMMO He M3MeHmcsa. KoHcepBaruBHOe
nedeHue 6OIbHBIX 1-if IPYIIIBI TOKA3a/I0 BBICOKYIO 9 PeKTUBHOCTD, YTO MOATBEPIKAANTOCH ITOJIOXKUTEIbHOM M-
HaMVKOJ KJIMHUYECKUX M JIaO0OpaTOPHBIX IIOKa3aTesIeil, a TaK)Ke NaHHBIMY MHCTPYMEHTAJILHOTO 00C/IefOBaHNUA.
BriBoapl. IlomyyeHHble pe3ynbTaTbl CBUETEIbCTBYIOT 00 3P PeKTUBHOCTY KOHCEPBAaTUBHON Tepanuy ¢ Ha3Ha-
YeHMeM KPUOIPELUIINTATa Y HalMieHTOB C THOHBIM NMueIoHeppUTOM, pudeM 3P PpeKTUBHOCTD TAKOTO JTeYeHUA
conocraBuMa ¢ 9pPeKTMBHOCTHIO ONEPATUBHOTO edeHusA. [IpuMeHeHe KPUONMPENNNIUTATa OKa3bIBaeT SHIOTE-
JIMOIIPOTEKTUBHOE 1 IIPOTUBOBOCIIAINTEIbHOE HEICTBIE HA KDOBEHOCHBIE COCYABI, CTAOM/IN3MPYET IPOLIeCChl aH-

ToreHesa, 4To CHOCO6CTByeT OTPAaHMYEHNIO BOCIIAIMTEIBHOIO IIpoLecca 1 €ro perpeccun.

® Knrouesuvie cnosa: ruoiiubit nuenonedput; VEGE-A; Angl; Ang2; KpUOTIPEINITATAT.

INTRODUCTION

Angiogenesis represents a process of formation of
blood vessels due to the migration and proliferation
of endothelial cells and reconstruction of the capillary
network [1]. This is a complex, multi-staged process
that is under the control of inducers and inhibitors of
angiogenesis [2]. Normally, the level of the latter is
such that it prevents the initiation of angiogenesis in
healthy tissues. When the action of angiogenesis in-
ducers exceeds that of the inhibitors, the endothelial
cells pass from their usual dormant state to an active
one, and angiogenesis is initiated [3].

The mechanisms of angiogenesis have been stud-
ied in various diseases, including inflammatory
ones [4]. The important role of vascular growth in
ensuring the healing and scarring of wounds, elimi-
nation of foci of inflammation, resorption of blood
clots, encapsulation of foreign bodies, as well as the
growth and metastasis of tumors has been demon-
strated [5]. The process of angiogenesis itself has
the following stages. First, endothelial cells are ac-
tivated, followed by proteolytic degradation of the
extracellular matrix and dissolution of the basement
membrane using specific proteases, namely plas-
minogen activators and collagenases that increase
the vascular permeability. Endothelial cells migrate
from the vascular walls through the perivascular tis-
sue towards the angiogenic stimulus. Thereafter the
vascular framework is formed through intracellular
vacuoles or extracellular channels. The endothelium
reaches functional maturity, new smooth muscle
cells and pericytes are formed, and the vasculature
is organized [1]. The formation of new vessels is
balanced by stimulants and inhibitors of angioge-

nesis [6]. Additionally, a lack of oxygen (hypoxia or
ischemia) acts as a natural stimulus for angiogenesis
under physiological and pathological conditions [7].
Hypoxia stimulates the release of hypoxia-inducing
factors; namely HIF (HIF la and HIF 1B) [8], and
also stimulates the release of a number of other an-
giogenesis factors; in particular, vascular endothelial
growth factor (VEGF) that is the main regulator of
physiological and pathological angiogenesis. These
factors are able to penetrate into the cell nucleus
and bind to the corresponding sites, changing the
transcription of many genes, including the VEGF
genes [9]. As a result, the expression of angiogenesis
inducers is increased.

VEGEF is a biologically active homodimeric gly-
coprotein with a molecular weight of about 45 kDa
and is one of the most important growth factors of
the vascular endothelium; ensuring its vital activity.
VEGEF levels are increased in tissues undergoing ac-
tive angiogenesis. Its receptors are expressed on the
endothelial cells in adjacent blood vessels [10], as
well as on cells of the renal tubules and podocytes
of the renal glomeruli, thereby regulating vascular
permeability [11]. VEGF promotes endothelial pro-
liferation and stimulation of trophic functions [12].
Within the renal tissue it mediates many functions;
it stimulates proteinuria, remodels vascular and re-
nal tissue, neoangiogenesis and mesangial collagen
synthesis, and has a chemotactic effect on the mono-
cytes [13]. Obstruction of the urinary tract provokes
an increase in VEGF expression [14]. The degree of
VEGF increase correlates with the severity of the
pathological process. Disorders of urodynamics and
local inflammation are accompanied by increased
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production of pro-inflammatory cytokines. A de-
crease in the inflammation and ischemia in the tissue
due to the resolution of the obstruction is accompa-
nied by a gradual decrease and normalization of pro-
inflammatory cytokines and chemokines. A stable
level of VEGF indicates the maintenance of regenera-
tive capacity [15]. Injury of the vascular wall alters
the vascular tone and enhances renal parenchymal
ischemia by stimulating VEGF secretion.

VEGEF binds to tyrosine kinase receptors (VEGFR)
on the membrane of endothelial cells. Only three
VEGF receptors are known (VEGFRI1, VEGFR2,
VEGFR3) [16]. There are no such receptors on intact
endothelial cells in a healthy person. Activation of
these receptors triggers many intracellular post-re-
ceptor signaling cascades that stimulate angiogenesis
and induce pro-inflammatory responses. The VEGF
level can be used to assess the degree of renal paren-
chymal ischemia [17].

The dynamics of changes in the biomarkers of
neoangiogenesis and inflammation are of great clini-
cal importance. However, their diagnostic and prog-
nostic significance in patients with purulent pyelone-
phritis for determining the timing of the renal tissue
restoration, relief of inflammation, and the feasibility
of further surgical treatment, have not been suffi-
ciently studied.

The study aimed to investigate the effectiveness
of conservative therapy using cryoprecipitate in pa-
tients with purulent pyelonephritis and its effect on
renal vascular angiogenesis.

MATERIALS AND METHODS

A prospective controlled randomized cohort
study was conducted at the Department of Urology
and Andrology, Altai State Medical University. The
study included 30 patients with acute purulent py-
elonephritis aged 20-45 years (6 men, 24 women).
The study was approved by the local ethics committee
of the Altai State Medical University (protocol No. 14
dated 11/18/2016), and all participants signed an in-
formed consent to participate in the study.

Inclusion criteria for the study were patients of
both sexes, aged 20-45 years, absence of extra-renal
pyoinflammatory processes, absence of diseases of
blood or cardiovascular system, signs of a purulent
process in the kidneys (renal carbuncle or apostema-
tous pyelonephritis).

Exclusion criteria for the study were pregnancy,
HIV infection, hepatitis B or C infection, or other

immunodeficiency and viral diseases, secondary py-

elonephritis, renal abscess etc.

In the course of the study, all patients with pu-
rulent pyelonephritis received standard conservative
treatment that included complex antibacterial, de-
toxification, and anti-inflammatory therapy. We used
broad spectrum antibacterial drugs; namely III and
IV generation cephalosporins, fluoroquinolones, and
aminoglycosides, both as monotherapy and combi-
nations depending on the severity of the condition.
Antibacterial therapy was performed for an average
of 3-4 days after the body temperature returned to
normal.

The patients were randomized by means of a ran-
dom number generator using the Random Micro-
soft Excel program. The patients were distributed
into two groups of 15 patients each, and they were
matched for age, gender, and ethnicity.

Treatment of group 1 patients (n = 15) includ-
ed transfusion therapy with cryoprecipitate pro-
duced at the Altai Regional Blood Center (Barnaul).
Cryoprecipitate was administered intravenously, in
3-5 doses per day, for 3-5 days. In group 2, surgi-
cal treatment (decapsulation of the affected kidney,
incision and excision of the purulent focus) was
performed (n = 15) 3-4 days after admission to the
hospital.

Upon admission to the hospital and on the
6"-7" day of treatment, the severity of the condition
was assessed according to the following indicators:
1) time of onset and severity of clinical manifestations,

disease duration (taking into account the time in-
terval from an increase in body temperature and
pain in the lumbar region to the day of hospitaliza-
tion), and the presence of episodes of impaired con-
sciousness;

2) pain intensity at rest and on palpation of the kid-
neys (changes in time of patients’ complaints of pain
in the lumbar region were assessed according to a
10-point verbal pain assessment scale — VPAS) [16],
severity of fever, blood pressure, heart rate and re-
spiratory rate, comorbidity, and the presence of an-
tecedent diseases;

3) data of functional examination methods (ultra-
sound examination with Doppler sonography, plain
and intravenous urography, multispiral computed
tomography, and magnetic resonance imaging of the
kidneys);

4) presence of a systemic inflammatory response syn-
drome (SIRS) according to the standard criteria [17];
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5) presence of organ failure in patients with a septic
process, as assessed on the qSOFA scale (by the sim-
plified SOFA system) [18].

6. determination of angiogenesis markers in blood
plasma, namely vascular endothelial growth fac-
tor (VEGF-A), angiopoietin 1 (Angl), and angio-
poietin 2 (Ang2).

To obtain the control values for the levels of an-
giogenesis markers; VEGF-A, Angl, and Ang2 were
evaluated in 10 apparently healthy donors aged
20-35 years.

Venous blood was sampled from the cubital vein
into dry VACUETTE tubes. The blood was cen-
trifuged at 1400 g for 15 min at room temperature.
Prior to the enzyme immunoassay, the plasma was
stored at —40 °C at a freezer storage plant, MDF-192,
for 1 day to 1 month.

Statistical analyses of the data for calculating the
significance of the difference in the values of indi-
cators before and after the treatment was performed
using the Wilcoxon and Fisher tests; the intergroup
comparison was performed using the nonpara-
metric Mann-Whitney U-test. The critical level of
significance of the differences was considered at
p <0.05.

RESULTS

When assessing the patient’s condition severity,
the SIRS syndrome was detected in all patients, and
6-7 days after the treatment, no signs of this syn-
drome were revealed.

Based on the qSOFA organ dysfunction assess-
ment scale, 1 point was determined in two group 1
patients; while, 2 points were detected in two pa-
tients, without signs of impaired consciousness, in
group 2. Overall, one patient had 2 points on this
scale and two patients had 1 point each. Between the
6™ and 7 day after the treatment, the condition of all
patients corresponded to 0 points.

Initially in this study, the levels of angiogenesis
markers were determined in 10 practically healthy
donors. The median levels of VEGF-A, Angl, and
Ang2 were 462.74, 3110.35, and 1729.72.

Table 1 presents the varying blood levels of an-
giogenesis markers of group 1 and 2 patients dur-
ing the treatment. It can be seen that VEGF-A
levels in patients of both groups and the levels of
Angl in patients of group 1, upon admission, ex-
ceeded those of the practically healthy donors.
These data indicate an increase (destabilization) in

the angiogenesis process due to the vascular lesion
caused by an intense inflammatory response. Dur-
ing therapy, stabilization of the angiogenesis pro-
cess in group 1 patients was observed. In group 2,
a continuing increase in the levels of VEGF-A and
Angl was observed that indirectly indicated a pro-
gressing inflammatory response. The Ang?2 levels in
patients of both groups did not show a significant
change.

These data indicate that the use of cryoprecipi-
tate stabilizes the angiogenesis process during active
renal inflammation and does not induce the deve-
lopment of pathological vascular growth; therefore,
it has an endothelioprotective and anti-inflammatory
effect.

The assessment of the severity of pain in the
lumbar region on a ten-point scale provided the fol-
lowing data. The intensity of pain in group 1 pa-
tients decreased significantly from 8 points upon
admission to 2 points between the 6™ and 7" day of
therapy (p = 0.007). Group 2 patients also showed
a decrease in pain intensity from 8 points upon
admission to 4 points between the 6™ and 7" day
(p =0.012). Dysuric phenomena were noted in
93.3% of group 1 patients upon admission and only
in 13.3% of patients between the 6™ and 7" day
(p < 0.001). In group 2 patients, urination disorders
were detected between the 6™ and 7™ day in 60% of
patients when compared with 100% patients upon
admission (p = 0.017). Table 2 presents the varying
levels of blood and urine parameters in both groups
of patients.

The positive effect seen in group 1 patients, who
received the cryoprecipitate, compared with those
in group 2, manifested as a greater decrease in the
severity of pain, degree of dysuria, leukocytosis,
leukocyte count in urine, and ESR that indicated,
among other signs, the severity of the inflammatory
response.

Additionally, in group 1 patients, between the
6™ and 7™ day of treatment, the ultrasonography re-
vealed a positive trend in that only diffusely hetero-
geneous changes in the renal parenchyma were iden-
tified. This confirmed the regression of the purulent
process in the kidneys. In group 2, ultrasound exami-
nation was not performed between the 6" and 7" day
due to the presence of a surgical wound. The periods
of hospital stay also differed between the groups; they
averaged 10.8 + 1.6 and 12.3 £ 1.2 days in group 1
and group 2, respectively.
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Table 1/ Tabnuya 1

Dynamics of angiogenesis markers in blood during treatment in patients of groups 1 and 2 (n = 30)
JuHamMyKa cofep)KaHusI MapKepoB aHTHOTeHe3a B KPOBM B IIPoIiecce TeYeH s Y ManyeHToB 1-i u 2-1 rpynn (n = 30)

Examination terms Group 1 (n=15) Group 2 (n =15) p
VEGF-A
Upon admission (a) 456.65* 420.91* Pp12=0.32
After 6-7 days (b) 559.99* 1045.19* Pr2=0.75
Significance of differences Pav =0.07 Pab =0.043 -
Angl
Upon admission (a) 18606.1 20128.3 Pi12=0.71
After 6-7 days (b) 30481.7 38990.1 pro=012
Significance of differences Pab=0.16 Pab =0.043 -
Ang?2
Upon admission (a) 3858.59* 3862.81 Pra=0.27
After 6-7 days (b) 2169.84 2379.25 p12=0.83
Significance of differences Pab=0.16 Pab =0.22 -

Note. * Significance of differences in the indicator (p < 0.05) compared with the data obtained in practically healthy patients
from the control group; p,, — comparison of indicators between groups; p,, - comparison of indicators at admission and on

the day 6-7 therapy within the group.

Table 2 / Tabnuya 2

Dynamics of laboratory parameters of blood and urine during treatment in patients of groups 1 and 2 (n = 30)

Junamuka 1abopaToOpHbIX MOKa3aTereil KPOBU M MOYY B IIPOIecce TeYeHNs Y MauyeHToB 1-it u 2-it rpymnm (n = 30)

Examination terms Group 1 (n =15) Group 2 (n =15) p
Blood leukocyte count, x10°/1
Upon admission (a) 15.8 14.3 Pi1a=0.122
After 6-7 days (b) 9.7 12.5 P12 =10.002
Significance of differences Pav = 0.007 Pav = 0.038 -
ESR, mm/hour
Upon admission (a) 29.0 24.2 pi.=0.171
After 6-7 days (b) 15.9 19.6 Pio=10.030
Significance of differences Pav = 0.007 Pab = 0.007 -
Leukocytes in urine, count in the field of view

Upon admission (a) 134.9 138.9 Ppi12=0.723
After 6-7 days (b) 80.4 135.0 P12 <0.001
Significance of differences Pav = 0.007 Pab =0.192 -
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DISCUSSION

The damaging effect of the inflammatory pro-
cess on the renal blood vessels and on the vascular
endothelium induces the development of sepsis and
organ dysfunction. In the present study, in the treat-
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