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doi: 10.31450/ukrjnd.3(71).2021.01  The effect of the experimental chronic hyperglycemia on the
kidney and myocardium

ISumy State University, Sumy, Ukraine
2Comenius University, Bratislava, Slovakia

Citation: Yarmolenko O, Bumeister V, Polak S, Gordienko O, Prykhodko O, Demikhova N,
Shkatula Yu, Demikhov A. The effect of the experimental chronic hyperglycemia
on the kidney and myocardium. Ukr J Nephr Dial. 2021;3(71):3-10. doi: 10.31450/
ukrind.3(71).2021.01

Abstract. The number of patients with diabetes increases annually. Modern forecasts predict
that diabetes will be the seventh leading cause of death in 2030. Despite many significant
advances in the research of diabetes and the use of new modern treatments, the disease is still
progressing, and it is necessary to continue to study the effects of diabetes on human systems and
organs: kidney and myocardium.

Methods. A total of 24 rats of reproductive age (6 months old) were involved in this experimental
study. Experimental rats were injected with alloxan intraperitoneally once at a dose of 20 mg/100
g on an empty stomach. In addition, they received a 10% glucose solution 24 hours after alloxan
injection and a 5% glucose solution during the experiment. We measured glucose level with
Accu-Chek Advantage (Boehringer, Germany) after 2, 12, and 24 hours after alloxan injection,
and then weekly. The subjects of the investigation were kidney and heart of the experimental

Article history: (n=12) and control (n=12) animals for correct comparative analysis.

Received April 26, 2021 Results. The average blood glucose level remained at 11 mmol/L £ 2 mmol/L. During the
Received in revised form experimental period, the rats’weight gain, dilation of both ventricles and relative renal weight gain
May 12, 2021 were determined. By the histological examination of the myocardium, we revealed polymorphic
Accepted May 13, 2021 nuclei, perinuclear cytolysis, fragmentation, wavy-like deformation of cardiomyocytes, stromal
and perivascular edema, uneven filling of blood vessels, and local fibrosis. Thinning of fibrous
capsule and cortical layer, destruction of nephrons, and hemorrhages were detected in the kidney.
Conclusions. Our study confirms the robustness of alloxan-induced hyperglycemia in rats. We
came to this conclusion because the early changes in the kidneys and heart are explained by the
development of microangiopathies, which is a typical feature of the pathogenesis of diabetes.
With prolonged exposure to chronic hyperglycemia, structural disorders of vital organs are
worsened. This experimental model could be used for conducting comprehensive research aimed
to study the mechanisms of diabetes mellitus, the effects of hyperglycemia on organs and tissues,

and correct the complications.

Keywords: hyperglycemia, alloxan, kidney, myocardium, remodeling.
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O. IIpuxonpko!, H. Jemixopa!, 0. IlIkaTtyna!, A. Jlemixos!

BB eKkcnepuMeHTAJIbHOI XPOHIYHOI rinepriikeMii HA HUPKH Ta MiOKap.
'CyMchKUit nep>kaBHUM yHiBepcuTeT, M. Cymu, YkpaiHa

2Vuisepcurer Komencokoro, bparuciasa, CnoBaydnna

Pestome. lllopiuno 36invutyemocs Kinvkicms xeopux Ha yykposuil diabem. Cyuachi npoeHosu nepedbauaroms,
wo yykpoguii diabem cmare cbOMO0 NPOGIOHOW npuduHoto cmepmuocmi y 2030 p. Heseaxcarouu Ha 3naunuil npoepec y
namoeenesi ma AiKy8aHHi yyKposozo diabemy, npoepecy8ants 3axX60PHOBAHHS BUMA2AE BUBHEHHS HACAIOKIB UYKPOBO2O
diabemy Ha HUPKU ma MioKapa.

Memodu. llo excnepumenmy 3anyueni 24 wypu penpodykmuernoeo 6ixy (6 micauis). Iliodocaionum wypam 66o-
ounu anokcan HympiuHbouepeérHo 00Hopaz060 y 003i 20 me/ 100 e namue. Kpim moeo, uwgypu ompumysanu 10% posuun
2AH0K03U npoms2om 24 200un nicas esedenns arokcany ma 5% pozuun 2nioko3u nio wac excnepumenmy. Mu eumiprosanu
pieenb entoko3u 3a donomoeoro Accu-Chek Advantage (Boehringer, Himeuuuna) uepes 2, 12 ma 24 2o0unu nicas eééedenns
anoxcany, a nomim wjomudicHs. 006 °ckmom docaioxiceHHs 6yau HUpKU ma cepye nidodocaionux (n=12) ma KOHMpPOAbHUX
(n=12) meapun.

Pezyavmamu. Cepeoniii pisens eniokosu 6 Kpogi 3asuuiascs Ha pieni 11 mmonv/n = 2 mmonv/n. Busnaueno 36in6-
WeHHS 8a2u uiypie, po3uiupeHHs 000X WAYHOUKIE cepuysi ma 6IOHOCHe 30inbuuenHs saeu Hupok. Ilpu eicmonoeiunomy docai-
Oocenni miokapoa 8u3Ha4eHo NOAIMOPPHI A0pa, NepUHyKAeapHull YUmonis, gpaemenmauiro, Xeuaenodiony degopmayiro
Kapoiomioyumie, cmpomManbHuil ma NepueacKyAsapHull HabpsK, HepiGHOMIPHe 3aN08HEHHS CYOUH Mma A0KAAbHUU (iopo3.
Y nupkax euseneno sumonueHHs 6010KHUCMOI KANCcyau ma KopKoeoeo ulapy, pyuHy8auHs Hegh)porie ma KpogoguausuU.

Bucnosku. Hawe docnidocenus niomeepoicye, wo ubparuii iHOykmop excnepumeHmanvroi einepenikemii an-
JNOKCAaH ma 11020 003a 8UKAUKAE CMIUKY einepenikemito y wiypie. Mu Oitiuiau 0o maxkoeo 8UCHOBKY, OCKIAbKU paHHI 3MIiHU
8 HUPKAX ma cepyi NosiCHIOIOMbCS PO3BUMKOM MIKpoaHeionamill, wo € munogoio 03Hakow namoeenesy diabemy. Ilpu
mpueansomy 6NAUGI Ha XPOHIUHY 2inepeaikemito CmpyKmypHi NOPYULEHHA JCUMMEBO 8ANCAUBUX OP2AHIE NOCUNIOIOMbBCAL.
Taka excnepumenmanbHa Mooens modxce OYmu KOPUCHOI 0451 NPO8edeHHsI KOMNAEKCHUX 00CAIONCeHb, CNPAMOBAHUX HA
BUBYEHHS MEXAHIZMIE PO3GUMKY UYKP0O80o2o diabemy, enaugy einepenikemii Ha opeanu ma MKAHUHU MA NOULYK WASXI6
Koppekuii yckaaoneHs yykposoeo diabemy.

Ki1040Bi ciioBa: zinepenikemis, ainokcan, HUpKu, Miokapo, pemooesioeanHs.

Introduction. Millions of people of all genders
and races have diabetes. The World Health Organiza-
tion informs about to increase the number of such pa-
tients aged 20-79 from 108 million in 1980 to almost
463 million in 2019. Approximately half of them do not
even suspect the presence of their disease [1, 2]. Ac-
cording to the forecasts of the International Diabetes
Federation, given the current trends of urbanization
and population growth, the number of adults with dia-
betes in 2025, 2030 and 2045 will be 438, 578 and 700
million, respectively [3, 4]. The number of deaths due
to diabetes in 2019 is 4.2 million, which is 11.3% of all
deaths in the world. By the end of 2019, the total cost
of treating diabetes has reached $ 760 billion, which is

Nadiia Demikhova

n.demyhova@med.sumdu.edu.ua

about 10% of all health care costs. The countries with
the highest prices for the treatment of diabetes in 2019
were the USA, China, and Brazil. Analysts attribute this
to a large number of overweight residents. Despite the
decline in morbidity in some European countries, the
increase is 3.4% annually [5-11].

In 2013 1.04 million patients with diabetes were
registered in Ukraine, including 438 000 men and
605 000 women (age 20—79 years) [12, 13]. Diabe-
tes prevalence in the European countries is similarly
heterogeneous with an age-standardized comparative
prevalence ranging from 2.4% in Moldova to 14.9% in
Turkey in 2013. Overall, the raw prevalence of diabetes
in Europe in 2013 is estimated to be 8.5%, which cor-
responds to 56 million cases (age 20—79 years) [14].

It is predicted that diabetes will be the seventh
leading cause of death in 2030 [1, 2]. Some trends in
the stabilization of morbidity in developed countries
may not be a reason to suspend preventive work, es-
pecially against the background of the Covid-19 pan-
demic, which is now raging around the world. When
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the virus enters the body, the immune system begins
to produce cytokines that coordinate cells in the fight
against the pathogen. However, some people have an
overproduction of cytokines, which leads to a cytokine
storm, which attacks both affected and healthy cells.
Experiments on mice with induced hyperglycemia and
infected with influenza virus revealed excess cytokine
production [15, 16]. In addition, studies by Chinese
physicians have shown that coronavirus-infected peo-
ple with comorbidities such as diabetes have a more
frequent cytokine storm than patients without comor-
bidities. Therefore, despite many significant advances
in the study of diabetes and the use of modern treat-
ments, the disease is still progressing, and it is nec-
essary to continue to study the effects of diabetes on
human systems and organs.

The present study aimed to investigate the remod-
eling of experimental rats’ kidneys and myocardium
under alloxan-induced hyperglycemia.

Materials and Methods. The experimental ani-
mals, white inbred matured male rats (n=24), were
housed under standard conditions, with proper diet and
water ad libitum at the animal facility of Sumy State
University, Ukraine.

Animal treatment and all experimental procedures
were performed in compliance with the European Con-
vention for the Protection of Vertebrate Animals used
for Experimental and other Scientific Purposes. The
study was approved by the Ethical Committee of Sumy
State University, Ukraine.

Experimental study design comprised 3 groups:
control (group 1; n=12) - intact animals; animals with
alloxan-induced hyperglycemia, 30 days after alloxan
administration (group 2; n=6); animals with alloxan-
induced hyperglycemia, 60 days after alloxan adminis-
tration (group 3; n=6).

Alloxan-induced diabetes is one of the widely
used model to induce TIDM in experimental animals
[17-21]. For this purpose, we used such a chemical
substance as alloxan monohydrate. Alloxan is a urea
derivative that causes selective necrosis of the B-cells
of pancreatic islets [22, 23]. The alloxan was re-dis-
solved in a 0.9% solution of sodium chloride and in-
jected intraperitoneally once at a dose of 20 mg/100 g
on an empty stomach [24]. Taking into account that
the alloxan causes a toxic effect on the nephron tu-
bules cells [25, 26], the experimental animals addi-
tionally received a 10% glucose solution 24 hours after
alloxan injection and 5% glucose solution during the
experiment.

Blood glucose determination. Blood glucose levels
were determined using the glucose oxidase method with
Accu-Chek Advantage glucometer (Boehringer, Ger-
many) after 2, 12 and 24 hours and then weekly after
alloxan administration. Blood samples were taken from
the tail vein. The average blood glucose level remained
at 11£2 mmol/L.

To study the remodeling of the internal organs un-
der the alloxan-induced hyperglycemia, we used the
following methods [27-39].

1. Organometry.

We measured the weight of the organs on analyti-
cal scales VLR-200-M (Ukraine). Rats’ hearts were
dissected by Avtandilov, GG [40], and divided into 4
parts: a free wall of the left ventricle (LV), a free wall
of the right ventricle (RV), interventricular septum and
atria. We weighted the wall of the LV (LVW) and the
RV (RVW) with a proportioned mass part of the inter-
ventricular septum. We measured the endocardial sur-
face area of the LV (LVSA) and the RV (RVSA) by the
method of indirect planimetry and calculated the plani-
metric index (PI) as the ratio of RVSA to LVSA.

In kidneys, we investigated the absolute weight, the
relative weight (g) of organs was calculated by the fol-
lowing formula: Relative weight = absolute lung weight
(g) / rat body weight (g), and we measured the thickness
of the cortex.

2. Histological examination. Histological samples
prepared by the standard method were stained with
hematoxylin and eosin, investigated using the light mi-
croscope “OLIMPUS BH-2” and photographed with
a digital video camera Baumer/optronic Type: CX 05¢
(Switzerland).

Statistical analysis. The experimental data were
processed and analyzed using MS Office 2016 EXCEL
(Microsoft Corp., USA) and STATISTICA 13 (TIBCO
Software Inc., 2018). The results were expressed as a
mean = SEM. The difference between the groups was
determined using the Student’s t-test. A probability
level (p-value) of less than 0.05 was considered to be
statistically significant.

Results. The obtained data shows significant
changes in heart organometric indices during the ex-
periment. Thus, LVW increases by 53.4% (p < 0.0001).
RVWis40.23% (p < 0.0001) more than respective index
of control rats. LVSA increases by 33.53% (p < 0.0001),
RVSA — by 42.25% (p=0.0012). PI does not change,
indicating a uniform dilatation of the heart ventricles.

On visual examination, the kidneys of animals af-
fected by hyperglycemia are visually enlarged, their
capsule is tense, smooth, pale gray. The relative weight
increases by 27,3% (p < 0,05), the absolute weight
changes nonsignificantly.

The histological examination of experimental ani-
mals’ myocardial samples on day 30 of the experiment
reveals the presence of polymorphic nuclei of cardio-
myocytes. There is a local loss of integrity (fragmenta-
tion) and unidirectionality of muscle fibers. The gaps
between the cardiomyocyte fibers are dilated due to the
development of stromal edema. Significant violations
are observed on the part of the vascular component. In
some fields of view, vessels are empty. In others, the ag-
gregation of erythrocytes in vessels, capillary hyperemia
is visualized (Fig.1).
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Fig. 1. The myocardium of the experimental rats on the 30
day of alloxan-induced hyperglycemia x 800. 1 — stromal
edema, 2 — capillary hyperemia.

Continued exposure to chronic hyperglycemia
causes even more significant changes in the myocardial
structure of experimental rats. On day 60 of the investi-
gation, fibers of cardiomyocytes are deformed wavelike.
Some cells are unevenly stained; the perinuclear zone is
enlightened (cytolysis). Stromal edema progresses, cap-
illaries are full of blood. In some fields of view, areas of
the myocardium are replaced by connective tissue with
foci of cellular infiltration There is edema around the
vessels (Fig. 2).

Fig. 2. The myocardium of the experimental rats on day 60 of
alloxan-induced hyperglycemia x 800. 1 — a wavy deformed
fibers of cardiomyocytes, 2 — perivascular edema, 3 — stromal
edema, 4 — cellular infiltration.

On day 30 of the experiment, the fibrous capsule
of the kidney does not have a clear separation from the
cortical substance. The amount of subcapsular neph-
rons increases. Most glomeruli had smooth contours
with a distinct cavity between the glomerulus and the
capsule. In some areas of the nephron’s glomeruli, the
capillaries are partially destroyed, so there is hemor-
rhage within the capsule. No structural changes are de-
tected in the renal medulla (Fig. 3).

Fig. 3. The kidney of the experimental rats on day 30 of
alloxan-induced hyperglycemia x 400. 1 — subcapsular
nephrons, 2 — hemorrhage within the capsule.

On day 60 of the experiment, the fibrous capsule
is almost invisible. The thickness of the cortical layer is
uneven. There is a tendency to thin it. Hemorrhages are
present in the glomeruli of the nephrons. A pyramid of
the renal medulla (in a rat's kidney it is single) loses its
shape and clear contours. Many hemorrhages are visible
in the renal medulla (Fig. 4).

Figure 4. The kidney of the experimental rats on day 60 of
alloxan-induced hyperglycemia x 800. 1 — the renal pyramid
with no clear contours.

Discussion. Diabetes mellitus (DM) is a multi-
factorial metabolic disorder, characterized by chronic
hyperglycemia leading to significant physiological,
biochemical, and histological changes in the internal
organs, including kidneys [40, 41]. Diabetic nephropa-
thy is the leading cause of end-stage renal disease. The
characteristic histologic changes of diabetic nephropa-
thy include thickening of the glomerular and tubular
basement membrane, increase in the mesangial matrix,
Kimmelstiel-Wilson nodules sometimes combined with
microaneurysms, exudative or hyalinosis lesions, cap-
sular drop and afferent and efferent arteriolar hyalinosis
[40]. Several factors related to DN include the effect of
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genetic susceptibility, high glucose, polyol pathway ac-
tivation, renin-angiotensin system activation, reactive
oxygen species, activation of the protein kinase C path-
way, increase of advanced glycation end-product and
glomerular hyperfiltration [42, 43]. There are data that
alloxan-induced diabetic rat is the most widely in used
studying diabetic nephropathy and histological changes
in the rat diabetic nephropathy closely resemble the hu-
man disease [44].

Pathophysiology of diabetic nephropathy is consid-
ered as the result of the interaction between metabolic
and haemodynamic factors [45]. There are data that so-
dium and water retention plays a dominant role in the
initiation and maintenance of systemic hypertension in
patients with diabetic nephropathy, whereas the contri-
bution of the renin-angiotensin-aldosterone system is
smaller [46]. Disorders of urine secretion and urination
complicate disorders of homeostasis, especially water-
electrolyte balance (Fig. 5). Water-electrolyte and meta-
bolic imbalance significantly worsen the morpho-func-
tional state of the cardiovascular system [45]. Therefore,
to study the structural changes in alloxan-induced hyper-
glycemia, we chose kidneys and heart.

DIABETES MELLITUS
| !

Metabolic Hemodynamic
disoders disoders
1 ) ]
diabetic nephropathy

¥

disoders of
water-electrolite balance

1

cardiovascular disoders

Fig. 5. Relationship between renal and cardiovascular
complications of diabetes

On day 30 of the experiment, changes in the stud-
ied organs are associated with microcirculatory disor-
ders. In kidneys, the changes are manifested by partial
destruction of glomeruli. Such changes in the kidneys’
structure develop as a result of microangiopathies with
direct damage to the capillary networks of the nephron,
as well as damage to the afferent and efferent arterioles
which later lead to glomerular hyperfiltration. Damage
to the glomerular membrane causes the appearance of
protein in the urine. It is no coincidence that microal-
buminuria is an early marker of diabetic nephropathy
development. Modern research emphasizes that chron-

ic hyperglycemia leads to activation of the renin-angio-
tensin system. Increasing angiotensin II levels lead to
efferent arteriolar vasoconstriction and are associated
with albuminuria. Another link in the development
of efferent arteriola vasoconstriction is endothelin-1
[47-49].

Activation of the renin-angiotensin system leads
not only to disorders in the kidneys but also to vasocon-
striction of blood vessels in the body as a whole. There-
fore, on the 30th day of the experiment, morphologi-
cal disorders are detected in the myocardium as well.
Their manifestations are polymorphic nuclei of cardio-
myocytes, local loss of integrity and unidirectionality
of muscle fibers, stromal edema, and uneven filling of
blood vessels.

On day 60 of the study, the above-described
changes in kidneys and heart progress. The fibrous cap-
sule and the cortical layer of the kidney become visually
thinner. Damage to the nephrons covers not only the
glomeruli but also the nephron tubules. Changes in the
myocardial structure are worsened by cytolysis, wave-
like deformation of cardiomyocytes and local fibrosis.
During the experiment, there is an increase in the mass
of the heart's ventricles and an expansion of their cavi-
ties. Such changes are explained in our recent study,
which found damage to lung tissue under the influence
of chronic hyperglycemia [25].

Therefore, disorders occur in both systemic and
pulmonary circulation and explain the development of
uniform hypertrophy and dilatation of both ventricles
during our research. Disorders of water-electrolyte bal-
ance due to impaired renal function cause arrhythmias,
which are manifested by contractile damage and wavy
deformation of cardiomyocyte fibers on the histological
preparations of the myocardium.

Conclusions. Our study confirms the robustness
of alloxan-induced hyperglycemia in rats. We came to
this conclusion because the early changes in the kidneys
and heart are explained by the development of micro-
angiopathies, which is a typical feature of the patho-
genesis of diabetes. With prolonged exposure to chronic
hyperglycemia, structural disorders of vital organs are
worsened. This experimental model could be used for
conducting comprehensive research aimed to study the
mechanisms of diabetes mellitus, the effects of hyper-
glycemia on organs and tissues, and correct the com-
plications.
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Abstract. The present study aimed to investigate the dynamics of clinical and laboratory
parameters and serum Klotho protein level in patients with diabetic kidney disease using
nephroprotective therapy combined with an inhibitor of the sodium-glucose cotransporter
2 (SGLT?2) dapagliflozin.

Methods. A total of 76 type 2 diabetic patients with diabetic nephropathy (DN) were
examined in this prospective study. Control group - 20 healthy subjects. 53 patients
received a standard course of treatment, which included metformin, renin-angiotensin-
aldosterone system blockers and statins. In addition to standard therapy, 23 patients
have been prescribed the SGLTZ2 inhibitor dapagliflozin 10 mg per day. The treatment
Jollow-up period was six months. Klotho concentration was determined by an enzyme-
linked immunosorbent assay.

Results. The development of DN in type 2 diabetic patients was accompanied by a
significant decrease in soluble Klotho protein in comparison with controls and patients
without nephropathy. During follow-up, Klotho protein level was changed significantly
in the group of DN patients with albuminuria. Standard therapy resulted in Klotho
concentration increase by 14% compared to pre-treatment values; a more demonstrative
increase in the Klotho level was found in the dapaglifiozin group (almost 23%).

Conclusions. SGLT?2 inhibitor treatment resulted in a significant increase of pleiotropic
serum protein Klotho in patients with type 2 diabetes and diabetic kidney disease.

Keywords: diabetic nephropathy, Klotho, dapagliflozin, sodium-glucose cotransporter
2 inhibitors.
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I.1. Tonuiii, I1.C. CemenoBux, B.IO. I'aapuinceka, K. O. Casiuena

HedponporekTopna edeKTuBHiCTh Janarai)103uHy y XBOPHX
Ha I[YKpPOBHUii Aia0eT 2 THIY: NOTeHNiiHa poJb Oiika Kioto

JepxaBHa yctaHoBa «HauionansHuit iHctutyT Teparii imeHi JI. T.Manoi
HAMH VYkpainu», M. XapkiB, YkpaiHa

Pestome: Mema po6omu: eusuenns ounamiku Kainiko-1a00pamopHux nokasHukie ma emicmy 6iaka Kiomo 6
cuposamuyi Kpogi xeopux Ha diabemuuHy Xeopooy HUPOK nid NAUEOM KOMOIHOBAHOI HehponpomekmopHoi mepanii 3
d00amkosum 3acmocy8anHam ineibimopy HampiiizasrexcHoeo kompancnopmepa earwkosu 2 muny (H3KTI-2) oana-
enighno3uHy.

Memodu: o6cmednceno 76 xeopux Ha yykposuii diabem 2 muny, yckaaduenuii diabemuunoro Hegpponamieio ([IH).
Ipyna konmponto - 20 npakmuuro 300posux ocio. 53 nayicHma ompumysan CmaHoapmHuil Kypc AiKy8aHHs, SKUi 8KAH0-
4ae MemgopMiH, 610KamMopu peHiH-aHeiomeH3UH-AAb00CMEePOH080i cucmemu ma cmamutu. 23 xeopum 000amkoeo 9o
cmanoapmuoi mepanii npusnauanu ineioimop HK3TI-2 danaenigpaosun 6 003i 10 me Ha 0o6y. Cmpok AiKy8aHHs - wicmb
micauie. Konyenmpauiro 6inka Knomo eusznauanu memooom iMyHopepmMeHmHo20 aHanizy.

Pezyaomamu. Bcmanoeéneno, wo pozeumox JAH y xeopux na IIJ[ 2 muny cynpogodxcyemocs 6ipoeiOHuM 3HU-
JICEHHAM Pi6HI8 po3uUHHO20 Oinka Kiomo 6 naasmi Kposi y nopieHsIHHI 3 KOHMPoaeM ma 3 X8opumu Ha diabem be3 03HaK
Heghponamii. I1id enaueom nikyeanHs 6ipoeioni asminu binka Knomo eidznauanuce 6 epyni xeopux nHa [H 3 arvoyminypi-
er0. Cmandapmua mepanis cnpusina niosuuwenio konyenmpauii Knomo na 14 % 6ionocHo nokasHukie 0o AiKy8aHHsl,
a 3acmocy8ants 0anazaigpao3urny cynpogooxncysanocs inbul 0eMOHCMPAMUBHUM 3POCAHHAM 8Micmy 00CAi0HCy8aH020
azenmy — maiince Ha 23 %.

Bucnosku. Y xeopux na yykpoeuii diabem 2 muny 3 diabemu4HUM YpajceHHAM HUPOK HA cmadii arbOyMiHypii
sacmocysants ineioimopy H3KTI-2 danaenighnosuny cnpuse cymmeeomy nideuueHHIO émMicmy naetiomponHozo 0inka

Knomo 6 cuposamuji kpoei.

KaouoBi ciioBa: diabemuuna negpponamis, danaenigpnosurn, Knomo, ineibimop nampiii3aneincrHoeo Kompancnop-

mepa anoko3u 2 muny.

Beryn. Lykposuii nia6et (L1J1) € cepitozHolo nmpo-
0JIEMOIO OXOPOHHM 3IOPOB'S i HeiH(EKIIIHOI emimeMieto
XXI cr. [1]. BaxkyiuBo, 1110 KiJIbKiCTh XBOPUX 30iJbIITY-
€ThCSI TIepeBaxHO 3a paxyHok LIJI 2 Tumy. OgHum 3
HaliHeOe3MeUHIlNX MiKpOCYIUHHMX YCKanHeHb LI
€ miabetmaHa Hedpormarisg (JIH). Ockinbky XpoHidyHA
xBopoba Hupok (XXH) i miaber B3a€EMHO OOTSIKYIOTh
i IPUCKOPIOIOTH MPOTPECYBAHHSI OAMH OJHOTO, BKpait
BaXKJIMNBO paHHE BUSIBJICHHSI YPaK€HHST HUPOK i 3aCTOCY-
BaHHSI MOXXJIMBUX METO/IiB HE(PPOMPOTEKLIil /15 3a1100i-
TaHHS PO3BUTKY BaXKO1 i TepMiHAIBHOI CTaAill 3aXBO-
proBaHHs [2]. B boMy 3B'13Ky 6€3yMOBHO aKTyaJIbHUM
SIK 3 KJIiHIYHOI, TaK i 3 HAyKOBOi TOYKU 30pY € MOUIYK
paHHIX MapKepiB PO3BUTKY HedpomnaTii B HOMYJsLil
xBopux Ha 11 2 Turry. B octaHHi poku ineHTHdiKOBaHI
paHillie HeBinoMi (akTopu, sIKi 6epyTb y4acThb B pery-
Jiauii GyHKUIT eHA0TeNi0 Ta MiHEPAIbBHOTO TOMEOCTA3y,
COpPUSIOTh KajbliMikallii CyIuMH, a TaKOX BILJIMBaIOThb
Ha QYHKUiOHAJIbHUM cTaH HUPOK. Jlo Takux (akTopiB
BiTHOCSITh, 30KpeMa, 6iok Kioto [3, 4].

CemenoBux Ilogina CraniciaBiBHa
polinasemenovykh@ukr.net

ITpotein Knoto crioyaTtky OyB ineHTAhIKOBaHUA
K (pakTOp aHTUCTApPiHHS, ajie MOAaJbIi TOCiIXKEH-
HSI BUSIBUJIM JOCUTh ILIMPOKMIA CIIEKTP Moro 6ioaoriu-
Hoi fii [5]. KitoTo cuHTe3yeTbesl B GibIIOCTI TKAHWH
i opraHiB, MpoTe HaiBUIA €KCIIPECis LIbOTO MpOTe-
iHy Bim3HayaeTbcsi B HHMpKax [6]. BrpomoBx ocraH-
HiX JeKiIbKOX pOKiB cyTTeBa poib KioTo B dyHKIIil
HUPOK i PO3BUTKY HUPKOBOI MATOJIOTIi CTajla LiJKOM
O0YEBUJHOIO, 3aBISIKU YOMY HOTO AOCTiIXEHHS Ha0y-
JIo 6e3yMOBHOI akTyajnbHOCTi B HedpoJorii. [Ilupo-
KW CIIEKTp IieoTponHux edekTiB npoteiny Kioto
BKJIIOYA€ HUTOMPOTEKIIiI0 (AHTUOKCUJAHTHI T4 aHTU-
armoNTUYHI BJIACTUBOCTI), 3aXWCT CYAUHHOI CHUCTEe-
Mu [7], CIpUSIHHA aHTiOTeHe3y Ta BacCKYyJsSIpU3allil,
3MeHIIeHHs GioporeHesy [8] Ta iH. Bei mepepaxoBaHni
BUILE BJAaCTUBOCTI Oijika KJ10TO MOXYTh MOTEHUiHO
OIOCepPeKOBYBAaTU HOTO PEHOTIPOTEKTOPHI e(heKTH,
MPOIEMOHCTPOBAHI Ha MOZENSX TBAPUH Ta AEIKOIO
Miporo i B KJHIYHMX AOcCHimKkeHHsX. OKpiM peHo-
nporekTopHux edekTiB, Kimoro raremye docharHy
abcopoOuito Ta cripusie ¢pocdaTypii, 1O MOXKE CIIPUITH
3anobiraHHIo Kanbludikaii cynuH [9].

OcTaHHIM YacoM aKTUBHO Ta BCeOiUHO BUBUYAIOTh
poab KyoTo mpu cTapiHHi, MOPYLIEHHSX MiHepaib-
HOro OOMiHYy, TOCTPUX Ta XPOHIYHMX 3aXBOPIOBaH-
HSIX HUPOK Ta iX yckjamgHeHHsx [3-9]. Haii6inbma
yBara NpuIiISIETbCS NOCIIXXEHHIO MOTEeHLiIMHOI Aia-
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THOCTUYHOI, MTPOTHOCTUYHOI Ta TepaneBTUYHOI poJi
6inka Kinoto nmpu XXH Ta ceplieBo-CyAMHHUX 3aXBO-
DPIOBAHHSIX.

binox Kiotro 0yB ineHtudikoBanuii B 1997
poli, ToAi XK OyJo mokazaHo 110 HokayT reHa Klotho
(reHa, BIAMOBIJAJbHOrO 3a CUHTE3 Ta KaTAJTIiTUYHY
aKTUBHIiCTh Oinka KioTo) y TBapuH NpU3BOAUB MO
nepeayacHoi JAereHepallii, ska XapakKTepu3yBajacs
CKOPOUYEHHSM TPUBAJIOCTi XUTTS, TiIMOTOHAAU3MOM,
3aTPUMKOIO PO3BUTKY POCTY, aTpOodi€lo IKipu, Kajib-
nudikallielo CyanH, OCTeOoNeHie, eMdizeMowo Je-
TeHiB, MOPYLIEHHSM MOYYTTiB, BTPATOIO CIyXY Ta Ti-
nepdocharemicio [10]. I HaBmaku, TpaHCTeHHI MU
3 Hanekcrnpeciero Knoro mamu Ha 20-30 % nosury
CepeaHIO TPUBAIICTb XUTTS, HiXK MUIIiI IMKOTO TUITY
[10]. LLi nani cnipusian nocnimkernHio Klotho mepi 3a
BCe SIK TeHa-cyIpecopa CTapiHHS, i JUIle OCTaHHIM
YacoM 3HAYHO AKTUBHIillle BUBYAETHCS MOTrO pOJb B
HUPKOBIl Ta cepleBO-CyOAuHHIii matosorii. IIpote,
HE3BaXalouyu Ha iHTEHCUBHICTh LIUX AOCIIAXEHb, B
JIaHU# Yyac He iCHYe €IMHOI AYMKM IpO poJib OijKa
Knoro gk B natorenesi IH, Tak i B dopMyBaHHi cep-
LIEBO-CYAUHHUX YCKJIaJHEHb.

Ha ¢oHi nenani Ginbiioi TpUMBAJIOCTI XUTTS, MO-
IIUPEHHSI META0OMIYHUX MOPYILIEHb, CEPLEBO-CYANH-
HUX 3aXBOPIOBaHb i HUPKOBOI TUC(YHKIIII BCe OLIbIII
aKTyaJbHUM CTa€ YSBJIEHHS MpPO KapaiopeHoMeTabo-
JIIYHUI KOHTUHYYM, KOJU JIiIKyBaHHS MAalliEHTa Mae€
3MiCHIOBATUCS 3 YpaxyBaHHSIM (DaKTOpPiB PU3UKY 3
0OOKY KOXHOI CUCTeMHU OpraHiB. B lboMy acniekTi 3Ha-
YHUI iHTepeC TpeacTaBIsIOTh aHTUAiaOETUYHi Tpe-
napaTv Tpynu iHTiOIiTOpiB HaTpili3aaexkHOro KOTpaH-
cnoptepa rmoko3u 2 tuny (H3KTT-2). B octaHHix
KJIiHIYHUX [JOCHIIKEHHSIX OTPUMaHO OOHamiiIuBi
pe3yabTaT WIOAO0 Kaplio- Ta HeDPONmpPOTEKTOPHUX
BiacTuBocTeii inridiropie H3KTI-2 mpu LI, [11, 12].
ITpoTe MexaHi3MU BIUIMBY IaHOI TPYINU MpenapaTiB Ha
KapIiopeHaibHi yckaaaHeHHs LI 2 Tuny BUBYEHO He-
JIOCTaTHBO.

Meta poOOTH: BMBYEHHS AWHAMIKHA KJIiHIKO-
J1abopaTOpHUX TMOKA3HMKIB Ta BMicTy Oinka KiioTo B
CUPOBATIIi KPOBi XBOPUX Ha NiabeTUUYHY XBOPOOY HU-
POK Tl BILTUBOM KOMOiHOBaHOI HE(POMPOTEKTOPHOI
Teparii 3 1OJAaTKOBUM 3aCTOCYBAHHSIM iHTiOiTOpYy Ha-
Tpili3aJIeXXHOTO KOTPaHCIIOPTEPa TI0OKO3U 2 TUITY Ja-
narjigpa03uHy.

ITanieaTa Ta MeTomu. JocigXeHHS IPOBOAM-
JIUCh y Bimiii mpodilakTUKKU Ta JiKyBaHHS XBOPOO
HUPOK MPU KOMOPOITHUX CTaHAX Ha 0a3i KJIiHiYHO-
ro BifiJIeHHS TiNepTeH3iil Ta 3aXBOPIOBAHb HUPOK
AY «HauioHanbHuii iHCTUTYT Teparmii iM. JI.T. Ma-
moi HAMH Vkpainn». @yHKIIOHAIBHI JOCIiIXKXEeH-
Hs OyJM BUKOHAHi y BigAieHHi (pyHKIIIOHATBbHOI Ta
yAbTPa3BYKOBOI HiarHOCTMKM, iMyHOMEpMEHTHi Ta
MOJIEKYJSIPHO-TEHETUYHi AOCJiIKEHHSI BUKOHYBaIU
y nabopartopii iMyHO-0i0OXiMiYHUX i MOJEKYJISIPHO-
TeHETUYHUX NOCIiAXKEHb, Ta00OPATOPHI AOCTIAKEHHS
MPOBOJWJINCH y KJIiHIKO-AiarHOCTUYHIil J1abopaTopii.
JocnigxeHHs BUKOHAHi 3TiIHO MiXXHapOJHUX CTaH-

JIapTiB 100 MOrOJAXKEeHO1 yJyacTi 00CTeXEHUX, €TUY-
HOI CKJIaJJOBOI BUKOHAHHS TOCIIIXXEHb Ta B3ITTS 0i0-
martepiany.

HiarHo3 XXH BcTaHOBIOBAaBCSl 3TriJHO Kjacu-
¢dikartii, mpuitHaToi Ha VI HauioHanbHOMy 3’1311 He-
dponoriB Ykpainu B 2017 p. Cran komneHncauii LIJI
OLIIHIOBAJIM 32 KOHILIEHTPALI€I0 T1iKO3UIbOBAHOTO Te-
mornobiny HbAlc.

O6¢cTexeHo 76 xpopux Ha LI 2-ro Tuiy, ski me-
pedyBanu Ha JikyBaHHi B KiiHiui Y «HauioHaabHuUit
iHctutyT Tepamii imeHi JI.T.Manoi HAMH VYkpainu».
KonTposbHy rpyny ckianu 20 MpakTUYHO 310POBUX
0ci0 BiIMOBIAHOTO BiKY.

Ilnan obGcTexxeHHsI BKJIIOYAB: BUBUEHHS 3arajb-
HO-KJIIHIYHUX Ta AHTPONOMETPUYHUX MMOKAZHUKIB;
J1abopaTOpHi AOCHIMKEHHS (KJiHIYHI aHalli3u KpPOBi
Ta cedi); BU3HAYeHHS (DYHKIIIOHAIBHOTO CTAHY HUPOK
usixoM podpaxyHky LK ®; nocnimkeHHs anb0yMiHy-
pii; BU3HAUYEHHS MTapaMeTpPiB ByTJIEBOJHOTO OOMiHY Ta
JIIMAHOTO CMEKTPY KPOBi; efneKTpoKapaiorpadis; exo-
Kapaiorpadis.

ITicist mepBMHHOIO OOCTEXEHHS B 3aJIEXKHOCTI Bif
piBHs LK ®, anp0ymMinypii maiieHTH Oyau po3nomiie-
Hi Ha HactynHi rpynu: | rpyna — xBopi Ha LIJI 2 Tumy
6¢3 o3HaK Hedpomarii - 3 HopManpHOO [TIK® Ta 6e3
anpOyMiHypii (n = 33), II rpyna — xBopi Ha LI/ 2 Tumy
3 HopMasbHOO [IIK® Ta anp6yminypieto (n = 26), 111
rpyna — xBopi Ha LI 2 Tumy 3i 3uuxenoto [IIK® ra
anbOyMiHypi€ew (n = 17),

XBopi Ha IJ] 2 Tuny Oyau po3monijieHi Ha ABi
MiATpYNU B 3aJIEXXHOCTI Bil MpoBeneHoi Tepamii. 53
Mali€eHTa OTPUMYBJIM CTAHAAPTHUI KypcC JiKyBaHHS,
SKW# BKJIIoYaB MeTdopmiH B 103i Big 1000 no 2000 mr
Ha 100y, 0JJOKAaTOPU peHiH-aHIiOTeH3UHOBOI CUCTEMU
(PAC) - inribiTopu AIT® abo aHTAaroHICTU PelernTo-
piB aHrioteHuHy II, a Takox iHriditopu I'MI'-KoA-
penykrtasu (ctatuHu). Pemti 23 xBOpUM J01aTKOBO
0 CTaHAApTHOI Teparii OyJ10 MPU3HAYEHO iHTiI0ITOp
HK3TT-2 npanarnidpao3un B 10o3i 10 Mr Ha 100y. CTpok
JIIKyBaHHS - LIiCTb MICSIIiB.

IBuakicTh KIyOOuYKOBOI inbTpaltii
po3paxoByBaiu 3a ¢opmynow CKD-EPI.

Bwmict mirikoBaHoro remoriobiny HbAlc (%) Bu-
3HaYaIu (POTOMETPUYHUM iOHOOOMIHHUM METOIOM
3TiIHO IHCTPYKILii 10 Habopy peakTuBiB pipmu Human
(HimeuunHa).

KonuenTpatito 6iska KioTo BUsHaYaIM METOIOM
iMyHO(EpPMEHTHOIO aHali3y 3 BUKOPUCTAHHSIM TECT-
cucteMu BupoOHuITBa Immuno Biolodic Laboratories
Co. Ltd. (AnoHis). Jliana3oH KOHUEHTpalilt, 110 BU-
MipIOIOThCsST cTaHOBUB Bix 93,8 mr/ma no 6000 rir/mi.
MiniManbHa KoHUeHTpauis Kinoto, 1110 BU3HaYa€eThCs,
He mepeBuIye 6,15 mr/mi.

MarteMaTUYHUI aHali3 METPUYHUX AAHUX MPO-
BOJIWJIM 3 BUKOPUCTAHHSM BapialliliHOI CTaTUCTUKU 3a
CTAaHJAPTHUMU JIIEH3IHHUM KOMITIOTEPHUMU TIPO-
rpaMamu. BigMiHHOCTI MiX rpymamu CepeAaHiX BeJu-
YUH Ta ix noxubxu (M = m) ouiHIOBaIU 32 HOMOMOTOI0
kputepito CtprroneHTa-Dimepa. JlocTtoBipHOIO BBaXa-

(LKD)
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Jacs iMoBipHa moxubka Meniie 5 % (p <0,05). Ilepe-
BipKYy HOPMaJIbHOCTi PO3MOALTY MOKA3HUKIB 3iliCHIO-
Banu 3a gomnomMorow Tecty Koiamoroposa-CmipHoBa.
Kopensuiro KilbKiCHUX O3HAaK OLIHIOBAIM IIJISIXOM
po3paxyHKy koediiieHTa [TipcoHa.

PesyabTaTu. BcraHoBieHo, 1o possutok JH
CYIPOBOJXYETHCS BipOTiAHUM 3MEHUIEHHSM BMICTY
npoteiny Kioto B cupoBartii KpoBi xBopux Ha LIJI 2
tuny (puc. 1).
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Puc. 1. Konnenrparis 6inka Kioto (rir/mi) B cupoBartiii KpoBi xBopux Ha L1/ 2 Turry Ta 310poBUX TOHOPIB

[IpumiTka: - BiporigHO y HOpPiBHSIHHI 3 KOHTPOJIEM.

3okpeMa, aHajli3 OTpMMaHUX JaHUX IT0Ka3aB, 110
B nepiiii rpyni oocrexenux (LI 2 Tuny 6e3 HUpKO-
BUX MOpYIIeHb) piBeHb KIJI0TO OYB Ie110 HUKYUM, HixXK
B KOHTpPOJIi, MpOTe 1Ii 3MiHU HE OYJIMU BipOTiTHUMMU.
B npyriit rpymi xBopux (AH 3 anpbymiHypi€ro) mu
criocTepiraad OUIbII CYyTTEBE 3HUXXEHHSI MOKAa3HUKA,
(p < 0,05). Haitnmxxui 3HayeHHs KiioTo BUSIBIEHO B
tpeTiit rpymi - J1H 3i 3umxkennsm IIK®, (p < 0,01).

Cnig 3a3HAYUTH, 110 3a OCTAHHI AeCATh POKiB 3Ha-
HH$ B 0o6jacTi matodisioorii LI/l 2 Tuimy 3Ha4HO po3-
IIMPUINCS, i, IK HaclimoK, (papMaKoJIOTiuHaA Tepartis
IIbOTO 3aXBOPIOBAaHHS 30araTujiacsi HOBUM KJIaCOM JIi-
KiB - iHri6iTopamu H3KTTI -2, gki moTeH1iliHO MalOTh
He(pONPOTEKTOPHI BJIACTUBOCTI Ta CIIPUSIOTH 30epe-
xkeHHIo IIIK® B 1OBrocTpoKoOBiii IepCIEeKTUBI Y XBO-
pux Ha giaGer [11, 12].

Mexanizm gii inrioiTopiB H3KTI-2 monsrae y
0710KyBaHHi peabcopO11ii ITI0KO3U Y MPOKCUMAaIbHOMY
KaHaiblli He(poHa, 110 HEe TiIbKU TOKpallye MeTa-
0OJIIYHUI KOHTPOJIb MPU IiabeTi, ajle TaKOoX BiJHOB-
JIIOE TYOYJOTJIOMEpYNSIpHUIA 3BOPOTHMI 3B'SI30K 3a
PaxXyHOK 30ibIIeHHS TJI0KO03Ypii i 3poCcTaHHS aiype3sy.
PesynbTaT Takoro BIUIMBY BKJIIOYA€E B ceOe 3HMUKEHHS

BHYTPILIIHOKTYOOUYKOBOI'O TUCKY, 3MEHIIIEHHS 00'eMy
KpoBi i iHTepcTuLianbHOi pimmHu. Ciig 3a3HauyuTH,
1110 B eKCIIepMMEHTaJIbHUX poOOoTaxX Ha TBapuHaxX OyJIo
BUSIBJICHO DS BaXJIMBUX HETNIIKEMIiYHUX e(PEeKTiB iH-
ricitopiB H3KTT-2, a came: 3HMXEHHSI JIOKaJbHOIL
MPOAYKIIii BUIBHUX paauKaliB, 3MEHIICHHS YTBOPEH-
Hs Me3aHTHaJbHOI'O MaTpPUKCY i Kojareny IV turmy, a
TaKOX 3aro0iraHHsg iH@inbTpalii KIyoouKiB 3amalib-
HuMH KiaituHamu [13].

AHaJli3 BIJIMBY JIiKyBaHHSI Ha BMicT Oinka KioTo
B cupoBaTLi KpoBi xBopux Ha LI 2 tTuny 3 pi3HUMU
cramismu IH mokaszas, mo B I rpyni xBopux (LI 2
TUIy 6€3 03HaK Hedporarii) piBHi 0iika KioTo memrio
3pOCTau SIK T BIUIMBOM 0a30BOi Teparii, Tak i mpu
JoAaTKOBOMY 3acTtocyBaHHi iHri6iTopy H3KTT -2 nma-
narmigao3uHy, poTe i 3MiHM He OyaU BipOTiTHUMU
(Ta6mn. 1). iMoBipHO, BiICYTHICTh 3HAYNMOI IMHAMIKH
JIOCJTiIXKYBaHOTO areHTY MOB’sI3aHa C BUCOKUMMU BUXiI-
HuMHU piBHIMU Ki1oTo B gaHiii rpyIi namieHTiB, SIKi Ha
MOYaTKy 0OCTeKeHHsI HaOIMXaIUCh 10 KOHTPOJbHUX
TMOKa3HMKIB.
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Tabauys 1

B jikyBanHs Ha BmicT 6ika Kioro (nr/mu) B cupoBatii Kposi xBopux Ha 11J1 2 Tumy

I'pynu xBopux

Tepanis

0a3oBa Tepamis +

0a3oBa Tepamis iH3KTT

LIJI 2 Tumy 6e3 o3HaK IO TiKyBaHHS

583,85 £ 12,42 600,71 £ 32,55

Hedpormarii . .

(n=33) ITiCJIs JTIKYBaHHS 602,21 + 13,49 624,14 £ 22,49
Z[H 3 aﬂb6yMlHypl€}O a0 J'[iKyBaHHH 493,82 T 23,93 491,21 * 38,29
(n=26) ITiCJISI JTIKYBaHHS 565,53 £ 19,26 * 602,76 27,74 *

JIH 3 anp0yMiHypi€lo Ta J10 TiKyBaHHS

452,66 * 29,31 426,77 + 39,91

sHxeHoo [ITK®D

(n=17) TTicJIst JIiIKyBaHHS

456,50 + 24,40 441,29 £ 31,50

IMpumitka. * - p<0,05 B mopiBHSIHHI 3 TOKa3HUKAMMU JI0 JIIKyBaHHSI

Y xBopux Ha LI 2 tumy 3i 3HmkeHHSIM LIIK®D
(II rpyna) TakoX HE BUSIBJEHO BipOTiAHUX 3MiH BMiC-
Ty KioTo B cupoBaTii KpoBi B Mpolieci JiKyBaHHS,
p>0,05 (Taba. 1). Mu npumyckaemo, 110 Ha Ti3HiX CTa-
NisiX He(pponarii (HUPKOBa HENOCTATHICTh) KOMITeHCa-
TOPHi MOXJIMBOCTI KJIITUH HUPOK BUCHAXEHI, 1110 00Y-
MOBJIIOE€ HEJOCTATHill BIUIMB 3aCTOCOBAHOI Teparii Ha
npoaykitito 6inka KinoTo y 1i€ei kateropii XBopux.

Haioinpnr 3miam 6inka Kitoto mmig BIiimBoM Jti-
KyBaHHS Big3Hadanuch B Il rpyni obctexenux (IH 3
anpOyMmiHypi€ro). B maHiil rpymi XBOpuMX CTaHAapTHA
Tepallisl cripMsijia MiABUIIEHHIO KOHLeHTpalii KioTto

Ha 14 % BiZTHOCHO MOKAa3HUKIB 10 JIIKyBaHHS, a 3aCTO-
CYBaHHS MananmiIO3WHY CYMPOBOMXYBAIOCh OUIBII
JEMOHCTPAaTUBHUM 3POCTAHHSIM BMICTY AOCHiIXyBa-
HOTO areHTy — Maiixe Ha 23 %.

OkpiM BU3HAUYEHHS BIUIMBY JIiKyBaHHS Ha PiBHi
6inka Kioro, Mu mpoaHaii3yBaaiu AWHAMIKy OCHO-
BHUX KJIiHiKO-J1a00paTOpPHUX MapaMeTpiB MPU 3aCTO-
CyBaHHI pi3HUX cxeM Teparii. OcobauBy yBary npu-
JJISUTA TOKa3HUKaM (PyHKIIIOHAJIBHOTO CTaHY HUPOK,
piBHIO apTepiasbHOTO TUCKY (AT) Ta KoMmeHcalil
BYIJIEBOIHOTO 00MiHYy. OTpuUMaHi NaHi MpeacTaBieHo
B Ta0aUL 2.

Tabauys 2
Brums JlikyBaHHSI HA OCHOBHI KJTiHIKO-/1a00paTopHi moKa3nuku y xpopux Ha 11/ 2 Tumy (M £ m)
IToxa3nuk IIpoBenene JikKyBaHHS Mo aikyBaHHs IMicns aikyBaHHS p 3-4
1 2 3 4 5
baszoBa Tepamis 7,89 *+ 3,58 7,32+ 3,19 p<0,01
HbAlc, % .
bazoBa tepamnig + iH3KTIT-2 7,94+2,13 7,43 £2,37 p <0,05
o Bazosa Teparrist 522,72 £ 6,14 432,44 £ 5,67 p <0,05
ambOyMiHYpist, MT/JT - -
Bazosa repamist + iH3KTT -2 547,98 + 7,65 388,51 4,79 p<0,01
IK®D, v/ BbazoBa Teparrist 43,65 *+ 4,57 40,62 + 4,86
xB/1,73m? Basosa tepanist + iH3KTI-2 41,14 £ 3,94 42,02 £5,18
Cucromiunnii AT, BbazoBa Teparis 175,86 £ 23,12 142,31 £ 14,51 p<0,01
MM pT. CT. Basosa Tepamig + iH3KTT'-2 168,24 + 23,12 139,08 £ 12,61 p<0,01
,HiaCTOI[i‘IHI/Iﬁ AT’ bazosa Tepar[iﬂ 97,38 + 8,62 81,36 + 9,55 p < 0,05
MM PT. CT. bazoBa tepanisg + iH3KTT-2 95,61 £9,43 75,33 £ 8,56 p <0,01

AKX BUOHO 3 HaBeJEHMX B TaOmuli 2 JaHUX, 3a-
CTOCYBaHHS, SIK CTAHIApPTHOI IMTaTOT€HETUYHOI Teparlii,
TaK i KOMIUIEKCHOTO JIiIKyBaHHSI 3 ITOJATKOBUM IpPU-
3HaueHHsM iHriditopy H3KTI-2 panarmicbiaosuny,
CIIPUSIIO CYTTEBOMY 3HUXKEHHIO apTepiaJiIbHOTO TUCKY,
3MEHIIEHHIO aJb0yMiHypil Ta MOKpaIleHHIO KOMIIEH-
callii ByrJieBOMIHOTO OOMiHY B yCiX Ipymnax 00CTeXKeHUX
XBOPUX.

Iarioitop H3KTI-2 mamarnicbyio3nH BUSBUBCS
Oinbll e(eKTUBHUM y MOPiBHSIHHI 31 CTaHAAPTHOIO
Tepalli€lo 11010 BIUIMBY Ha albOyMiHypito. Tak B rpy-
mi xBopux Ha IH 3acTtocyBaHHS 6a30BOI0 JiKyBaHHS
CIIpUSIJIO 3MEHIIEHHIO eKCKpellii albOyMiHy 3 ceuelo
Ha 17,61 %. A momaTkoBe IpU3HAYEHHs mamarmid-
JIO3UHY TPU3BOAWIIO A0 3HUKEHHS albOyMiHypii Ha

29,06 %.
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Biporigroi muramiku IIK® ming BmauBoM 000X
cXeM MeIWKaMEeHTO3HOI Tepariii Ha MpoTs3i 6 MicsiiB
He BusBieHo. Crin 3a3HaunTH, mo LIK® moctymoBo
3HUXYETHCS 3 BiKOM HaBiTh Yy 310poBux mwonaeil. [lpu
LI temnu maninHg inpTpauiiiHol GyHKUiiI HUPOK
3pocTaloTh. BusBieHa Ha gaHOMYy eTami ctabimizaiis
[IK® cBiguuTh 1Tpo eHeKTUBHICTH 0OpAaHUX PEXUMIB
JIiKyBaHHSI.

Oorosopenns. OrpruMaHi HaMu JaHi MO0 36i/Ib-
mweHHs BMicTy Kiioto B cupoBatii KpoBi Ha (oHi
3MEHILIEeHHSI aJIbOyMiHYpii Mix BIJIMBOM Hedpompo-
TEKTOPHOTO JIIKyBaHHSI TMiATBEPIXKYIOTbCS PE3YJb-
TaTaMy iHIIKUX HochigHukiB. 3okpema, S. C. Lim Ta
CMiBaBTOPU MoKa3aiu, 1o y xgopux Ha LI 2 tuny 3
anbOyMiHypi€lo Tepamnis aHTaroHiCTOM aHTiOTeH3WHa
II nocapraHoM chpusaa 3pOCTaHHIO KOHLEHTpalil
o-Kioro B kpoBi o6cTexxeHux [14].

Ha pmanwuii yac TOYHi MeXxaHi3MM, 3a HOIOMO-
rol0 SIKWX MAaTOT€HETUYHE JiKyBaHHS 301JbIIY€E MPO-
nykiiio 6ika Knoro HeBimomi. besymMOBHO, OIHUM
3 HaWBaXJIMBIIIMX KOMIIOHEHTiB HE(MPOMPOTEKILii €
onokaga PAC. B HaykoBiil jiTepatypi akKTUBHO 00-
TOBOPIOETHCS B3a€EMO3B’SI30K MOPYIIEHb €KCHOpecil
KioTto 3 BHYTpillHLOHUPKOBOW akTuBalielro PAC.
OcTaHHS BU3HAHA FOJIOBHUM (PAKTOPOM, SIKUIA CIIpU-
sie po3BUTKY i mporpecyBaHHI0 XXH, rimepToHii Ta
ceplLeBO-CyIMHHUX 3axBoploBaHb. PAC 3aBasiku
CBOEMY AaKTUBHOMY KOMITOHEHTY aHrioTeH3uHy II
BUKJIMKA€E TIOLIKOJIXEHHSI HUPOK 3a AOMOMOrOIO Pi3-
HOMaHiTHUX MexaHi3MmiB [15, 16]. [1obpe BimoMumu
€ Taki MaToJIOTiYHi ePeKTH rinepnpoayKilii aHTi0TeH-
3uHy II, 9K cucTeMHa TinepTOHisl, BHYTPIllIHbOKIIY-
00YKOBa TiMepTeH3is, iIHAYKIlig ekcrnpecii ¢pakTopiB
POCTY, CTUMYJISILiS 3anajleHHsI Ta YTBOPEHHS aKTUB-
Hux popM kucHio. Bci 1i daktopu € HeBix’ eMHUMU
ckiaagoBumu natoreHesy XXH. BaxiuBo, mo came
MiclieBa aKTHBallis BHYTpillHbOHUPKOBOi PAC, a He
il CUCTeMHUU piBE€Hb, TUKTYE MOIIKOIXEHHS TKAHUH
y Hupkax [17].

Y 1IbOMy KOHTEKCTi 3HaYHUl iHTEpec MmpeacTaB-
JISIIOTh OCTaHHI NaHi npo Te, mwo Kinoto mpurHiuye
ekcrpecitoo Bcix komnoHeHTiB PAC sk in vivo, TaK i in
vitro. BctanosiieHo, mo medinur Kioro mos's3anuit
3 aktuBaliero PAC y XxBopux HUpKax; a BBEICHHS €K-
30reHHOro KioTo 3MeHIllye eKCIpecilo aHTiOTEH3UHY
Ta peHiHy HUPKaMU i HOpMaJli3y€e apTepiaibHUIA TUCK
[15]. I xouya noTpiGHi MoAaNbIL JOCTIIXEHHS B LIIbOMY
HAMpSMKY, MOXHa MPUIYCTUTH, 110 (papMaKoJIOTiyHA
onokana PAC crnpusie 36inpieHHIo npoaykiii Kioto
Ha (OHi MOKpallleHHS OCHOBHUX KJIiHiKO-J1a00opaTop-
HUX MOKA3HUKIB y XxBopux Ha LIJ] 2 Tumy.

Hamu TakoxX BCTaHOBJEHO, IO 3aCTOCYBaHHS
KOMIUIEKCHOI Tepamnii 3 MTOJATKOBUM MpPU3HAYEHHSIM
inrioitopy H3KTT'-2 panarnigao3uHy cripusiio Oiibin
CYTTEBOMY MiABUILIEHHIO BMicTy 6inka KioTo B cupo-
BaTLi KpoBi xBopux Ha JIH y MopiBHSHHI 3i cTaHAapT-
Holo Tepamnieto. Kpim Toro, JikyBaHHS Aanariidiao3u-
HOM BHUSIBUJIOCH OUTBIN €(peKTUBHUM IIOAO BIUIMBY Ha
anbOyMiHYypilo.

Cnin 3aznHauutu, o npu LI 2 tuny ekcnpecis
HK3TT-2 3pocrtae, BHaAcCliloK 4YOTrO MiABUILYEThCS
HUPKOBUIA MOPIr M8 TAOKO3U, 10 MPU3BOAUTH A0
30iIbLIEHHS TOTpeOU B MPUNAOMI MEPOPATBHUX IIy-
KPO3HUXYBAJIbHUX MpenapariB Ta iHCyaiHy. Yepes BU-
COKY peabcopOliilo TII0KO3U MiABUILYEThCS TIIiKEMis,
a HaJUTUIIOK TJIIOKO3U, SIKUI TPAaHCTIOPTYETHCS B TIPO-
KCUMAaJIbHUX KaHaJIbLSAX, MOIUDIKYE iX OKUCIIOBab-
HO-BiTHOBHUI CTaTyC, CIIPUSIE 301IbIIIEHHIO MTPOAYKIIil
MPOJYKTiB KiHIIEBOTO IJ1iKO3YBaHHS, aKTUBYE MPOLIECU
3amajeHHs Ta npoJidepauii [18, 19].

Llykpo3HrXyBaJIbHUI edeKT aanariaidiao3uHy
HOCUTb iHCYJiHOHE3aJeXHUI XapakTep i 3acHoBa-
Huil Ha iHrioyBanHi HK3TI-2, mio Bene 10 3HUXEH-
Hs1 peabcopOllil II0OKO3M i HATPil0 B MPOKCUMATbHUX
HUPKOBUX KaHAJbISIX. YCYHEHHS MATOJIOTiYHO MiBU-
1IEHO1 Ha TJi rinmepriikeMii peabcop0biii HaTpilo Beae
10 BiIHOBJIEHHSI TIOCTaBKW HaTpil0 B 00JacTh macula
densa, 110, B CBOIO Yepry, HOpMaJli3ye TOHYC CYIMH i
3MEHIIY€E IHTEHCUBHICTh KJTyOOUKOBOI TinepTeH3ii, ri-
nepdinbTpalii i iHIIKMX MexaHi3MiB (POPpMyBaHHS MO-
IIKO/XeHHd HUpok 3 po3BuTtkoM XXH. Li edekrtu
KJIiHI9YHO TIpOSBIAIOTECA crabdinizamieto KD, 3Hm-
XeHHsIM anboyminypii [11, 19]. Iuriéitopu H3KTT-2
(3okpema ganariida03uH) iHAYKYIOTh LUIUA PST BaX-
JIMBUX HENNIiKeMiyHUX edeKTiB, 30Kpema, COpsIoThb
3HUXEHHIO JIOKAJbHOI MPOAYKIil BUIbBHUX paJuKaiB
Ta Mpo3arnajbHUX [IUTOKIHIB, 3MEHIIIEHHIO YTBOPEHHS
Me3aHTriaJbHOro MaTPUKCY, a TaKOX 3amo0iraioTh iH-
dinprpanii kny6oukiB 3amanbHUMU KiaituHamu [19].
He BuximoueHo, mo iHriditopy H3KTT-2, mmsgxom
BIUIMBY Ha BUIL€3a3HAUYEHI MATOre€HETUYHI (pakTopH,
noB’sa3aHi 3 nedinurom Kioto, onocepeaKOBaHO MO-
XYTh CIIPUSITU MiABUIIEHHIO 1[bOTO MPOTEIHY Y XBOPUX
Ha NiabeTuYHy XBOpOOY HUPOK Ta 3a0e3revyBaTu J0-
JTATKOBU HE(POMPOTEKTOPHUI eeKT.

HeionaBHo ony0iKoBaHO psia AOCTiIKEHb, 30-
kpema, DECLARE-TIMI, EMPA-REG OUTCOME,
CANVAS, gki npoaeMOHCTpyBaiM 3HAUYUMMYy Hedppo-
npotekiito Ha GoHi mpuiiomy iHriditopis HK3TT-2.
bepyuu no yBaru ix pesyabTtaT, iHridoitopu HK3TI-2
OyM peKOMEHIIOBaHi 10 MPU3HAYEHHS MalliEHTaM 3
nporpecuBHUM 3HMKeHHsM LLTK® [20, 21].

Jokpema, y gociimHuubkiii mporpami CANVAS
(mocmipxenHss CANVAS i CANVAS-R) y nauieHriB 3
L2 inrioiTop HK3TT -2 kaHarnidio3iH B MOpiBHSIHHI
3 mianedo MoKa3aB 3HUXKEHHS PO3BUTKY CEPLEBO-CY-
JUHHUX TTofii Ha 14 %, 3HUXKEHHSI PU3HMKY TOCIiTai-
3allii 3 IPUBOMY CepLEeBOi HETOCTATHOCTI i 3HUXKEHHS
PY3UKY PO3BUTKY PEHAJIBHUX YCKIIaaIHEeHb [22].

Takum ynHOM, Oepydi 1O yBaru OTpUMaHi HAMU
JlaHi Ta 3 OIJISIAy HA pOOOTHU iHILMX AOCHiTHUKIB, MOX-
Ha 3 BIIEBHEHICTIO CTBEPIXYBaTH, L0 3aCTOCYBAHHS
inrioitopiB H3KTI-2, i , 30kpema, nanariihao3uHy,
y xBopux Ha /] 2 Tumy mo3BoJisiE HE TUIbKU MOJIM-
IIUTU KOHTPOJb IJIiKeMii, aje i YIMOBUIbHUTUA TEMITU
PO3BUTKY NiaOETUYHOrO YPaXeHHSI HUPOK (3HU3UTHU
cTymiHb anpOymiHypii i maginaa [IK®, 3MeHmUTH
MMOBIpHICTh PO3BUTKY T€PMiHAJIbHOT HUPKOBOI HEJIO0-
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CTAaTHOCTI i CMepTi BiJ ypaxXeHHSI HUPOK). MexaHizM
HedponpoTeKTuBHOI aii iHrioiTopiB H3KTTI'-2, iiMo-
BipHO, OOYMOBJIEHU I HE TUIbKW 3HUXEHHSIM TJiKeMii,
a 1 HerlikeMiYHUMU edeKTaMu y BULJISAI KOPEKIIil
BHYTpPIILIHbOHUPKOBOI TeMOJUHAMiKU, 3MEHIIEHHS
anbOyMiHypii Ta 30iMbLIEHHS] BMICTy MJIEHOTPOITHOTO
npoteiny Kjioto B KpoBi.

BucnoBku. Pozsutok JIH y xBopux Ha LIJI 2 Tumy
CYINPOBOJKYETbCSI BipOTiAHUM 3HMXEHHSIM piBHiB
po3unHHOro 6inka KioTo B ma3mi KpoBi y MOPiBHSH-
Hi 3 KOHTpoJieM Ta 3 xBopumu Ha LI 6e3 o3HaK He-
(¢ponartii. HaliHuxui 3HaueHHs1 KioTo BUsIBIeHO Ha
ni3Hix cragisx JH - y xBopux 3 anp0ymiHypi€lo Ta mo-
pyuieHHSIM (inpTpaliiiHo1 GyHKILiT HUPOK.

OTpumaHi JaHi cBigyaTh npo Oe3mocepenHio
ydacTth Oinka Knoto B popMyBaHHI HUPKOBOI Mato-
Jiorii mpu /I 2 TMny i AOUIBHICTh MPAKTUYHOTO BU-
KOpUCTaHHS BU3HauYeHHs KJ0oTO B cupoBatili KpOBi
XBOPHUX B SIKOCTi PAHHBOTO JiaTHOCTUYHOTO MapKepa
HUPKOBUX MOPYIIEHb Ta OLIiIHKU KapAiOBacCKyJSIpHOTO
PU3UKY.

KommekcHa Tepamnis 3i 3aCTOCYBaHHSIM iHTi0iTO-
py H3KTT -2 nanarnicdao3uny y xsopux Ha LIJ[ 2 Tumy
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Abstract. In the present exploratory cross-sectional cohort study, we evaluated whether plasma
and urine oxalate concentrations in patients with primary glomerulonephritis depend not only on
the glomerular filtration rate but also on the proteinuria level and influence the inflammatory
response.
Methods. We enrolled 100 participants, including 76 patients with glomerulonephritis having
chronic kidney disease stage (CKD) 1—3b (69.7% of them with nephrotic syndrome) and 24
healthy volunteers. We excluded patients with diabetes, cardiovascular disease and those with
glomerulonephritis with an estimated GFR (eGFR) < 30 mL/min/1.73 m?. In addition to routine
hematological and biochemical tests, plasma oxalate concentration, urinary oxalate excretion,
and serum interleukin (IL)-6 and monocyte chemoattractant protein-1 (MCP-1) levels were
assessed in all study participants.
Results. We observed that plasma oxalic acid concentration was significantly higher in patients
with glomerulonephritis (19.0 [5.9—45.2] umol/L) than in healthy volunteers (5.5 [3.8—7.3]
umol/L, p < 0.0001). Moreover, nephrotic proteinuria was significantly associated with
plasma oxalic acid elevation independent of the patients’ age, sex, glomerular filtration rate,
and body mass index (odds ratio = 1.42, 95% confidence interval = 1.13—1.77, p = 0.002).
In turn, the increased plasma oxalic acid concentration was associated with high levels of
serum IL-6 and MCP-1, which may be cardiovascular risk factors in patients with primary
glomerulonephritis.
Conclusions. Nephrotic proteinuria was significantly associated with the elevation of plasma
Article history: oxalic acid concentration and hyperoxaluria in glomerulonephritis patients with CKD stages
1-3b. Plasma oxalate at least partly promotes inflammation, which may be a cardiovascular
risk factor in patients with glomerulonephritis in the early stages of CKD. Future studies
should recruit at least 156 participants to confirm our preliminary results, validate nephrotic
proteinuria as a risk factor for oxalate metabolism violation or determine the role of impaired
oxalate homeostasis in clinical outcomes in patients with glomerulonephritis.
Keywords: glomerulonephritis, proteinuria, oxalate, hyperoxaluria, inflammation,
interleukins.
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H. Crenanosa, JI. Cuicap, JI. JIe6iap, B. /IpistacbKa

B3aeMo03B’ 430K MiK IPOTEIHYpPi€l0, OKCAJIOBOIO KHUCJIOTOI0 CHPOBATKM Ta
3anaJjieHHsM Y MALIEHTIB 3 IJIOMepPYJIOHe(DPUTOM: MoNePeIHE TOCTiKEHHS

HepxaBHa ycraHoBa «IHcTUTyT Hedpostorii HalrioHanbpHOI akageMii METUYHUX HayK YKpaiHu»

Pestome. Y yvomy o6cepsauitinomy nonepeuHomy K02opmuHomy 00CaioiceHHi mu nonepeduvo oyinuau (1) uu 3a-
AedCUMb KOHUeHmpauis okcaramy y naasmi ma ce4i NAyieHmie 3 en1omMepyaoHe@pumom He MinbKu 8i0 weuoKkocmi Kay-
b60uK060i Qhinempauii, are makooic 6i0 piens npomeinypii ma (2) uu eniueac nopyuleHHs 0KCaiamHo20 Memaooniamy Ha
CMAH XPOHIYHO20 3aNANEHHSL.

Memodu. Jlo docaidncenns zaayueno 100 yuacnuxie, y momy uucai 76 nAuicHmie 3 XpoHiuHOIO X60poOo0 HUPOK
(XXH) 1-3b cmadii: enomepynronedppum (69,7% 3 nux maru HeppomuuHum cundpom) ma 24 300posux do6poeosbys.
Llyxposuii diabem ma weudkicmo kay6ouko6oi ginempauii (ILIKD) < 30 ma/xe/1.73 m2 6yau kpumepiamu GUKAIOUEHHS
3 docnidxcents. OKpim 36UHAIHUX 2eMaAmMON0IYHUX Ma OIOXIMIUHUX mecmi8, Y 6CiX YUACHUKIE 00CAiONCeHHS oyiH8anu
KOHUeHmpayiio 0Kcano80i Kuciomu Kpogi, eKckpeyiio okcalamy 3 ceveio, a makoxc pieenv inmepaeiikiny (L) -6 ma
MOHOUUMAPHO20 Xemoammpakmanmrozo npomeiny-1 (MXII-1) y cuposamui kpoéi.

Pezynomamu. Busnauyeno, wjo koHyenmpayis uaeneoi Kuciomu y naazmi kposi 6yaa 3HA4HO 8UULOH Y NAYIEH-
mie 3 enomepynonedppumom (19,0 [5,9—45,2] mxmons/n), Hixnc y 300posux dobposoavyis (5,5 [3,8—7,3] mxmonv/a, p
<0,0001). Binvw moeo, Heppomuuna npomeinypis 6yaa 3HAUHOI MIpOI ACOUIlIOBAHA 3 NIOBUUEHHIM Di6HS UWABAe80T
Kucaomu Kpogi Hezanexncro 6id eixy, cmami, IIIK® ma indexcy macu mina (8ionowenns wancie = 1,42; 95% dosipuuii
inmepean = 1,13—1,77, p = 0,002). Y ceoro uepey, niosuujena KoHUeHmpayis wiaeaeeoi KUCA0mu Kposi acouirneanacs
3 gucoxum pignem IJI-6 ma MCP- 1, wo moxce 6ymu 00HuM 3 (paKmopie cepueso-cyoOuHH020 pU3UKy y NayicHmie 3 nep-
BUHHUM 210MEPYN0HEPPUMOM.

Bucnosku. Ilpomeinypis HeghpomuuHoeo pieHs acoyiliosana 3 nidguueHHAM KOHUeHMpayii 0Kcanoeoi Kuciomu
Kkposi ma einepokcanypicto y xeopux na XXH 1—3b. lllaeénresa kucioma Kpogi, npuHAUMHI 4aCMK080, CNPUSIE PO3BUMKY
XPOHIYHO20 3ananentsi, wo moce Oymu paKmopom pusuKy cepyedo-cyOUuHHUX 3aX80PI0BAHb Y NAYIEHMIE 3 e1oMepy10-
Hegpumom Ha pauHix cmadisx XXH. MaiioymHui docaioxcenHs maromo 8xkaroHamu ujoHaiumeHuwe 156 yuacunukie oas nio-
meepoiceHHs Hauux nonepecHix pe3yabmamis, niomeepoiceHHs HehpomuUHO20 PieHs NPOMeiHypii K pakmopa pusuKy
NopyweHHs 0KCaaamHo20 Memaobonizmy abo 6U3Ha4eHHs poai NOPYUEHHs 20Me0Cmasy 0KCalamie y KAHIYHUX Hacaiokax
nauieHmie 3 enomepyaoHe@pPUMoM.

KaouoBi ciioBa: aromepyasoneppum, npomeinypis, okcaram, 2inepokcanypis, 3ananeHHs, iHmepaetiKinu.

Introduction. In the past decade, accumulating
evidence has suggested the role of oxalate in oxidative
stress [1], inflammation [1, 2], atherosclerotic dyslip-
idemia/cardiovascular diseases (CVD) [3, 4], chronic
kidney disease (CKD) progression [5, 6], and renal al-
lograft failure [7]. Elevated plasma oxalic acid (POx)
concentration has been considered as a surrogate mark-
er of systemic oxalosis and kidney function decline in
primary hyperoxaluria and advanced CKD patients [8].
Moreover, 2 recently published studies have demon-
strated that POx could predict end-stage kidney dis-
ease in primary hyperoxaluria patients with CKD stages
2—-3b [9, 10]. However, POx concentration has never
been studied in non-primary hyperoxaluria patients
with earlier stages of CKD, particularly in glomerulo-
nephritis (GN) patients.

Severe proteinuria (>500 mg/24-h) is a proven in-
dicator of glomerular damage and the major risk factor

Natalia Stepanova
nmstep@ukr.net

for rapid CKD progression and cardiovascular mor-
bidity and mortality [11-13]. In addition, proteinuria
is the most common clinical finding in patients with
secondary oxalate nephropathy (up to 69%) [14]. Cur-
rently, it has been demonstrated that similar to glomer-
ular diseases [15, 16], podocyte and tubular injuries
are involved in the oxalate-induced proteinuria path-
way [17]. In this context, we hypothesized that plasma
and urine oxalate concentrations in patients with GN
may depend not only on the glomerular filtration rate
(GFR) but also on the proteinuria level and influence
the inflammatory response. Therefore, this explorato-
ry study assessed whether (i) POx concentration and
urinary oxalate (UQOx) excretion in patients with GN
differ depending on the proteinuria level and (ii) ele-
vated POx influences chronic inflammation in patients
with GN.

Methods. This exploratory cross-sectional co-
hort study was a part of an ongoing Institute project:
“Effect of oxalate and urate metabolism on the evolu-
tion of kidney disease” (ClinicalTrials.gov Identifier:
NCT04399915) conducted at the Institute of Nephrol-
ogy of the National Academy of Medical Science of
Ukraine between January 2020 and January 2021. The
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study protocol was approved by the Ethics Committee
of the Institute. Written informed consent was obtained
from all participants before enrolment.

Sample Size. The sample size was estimated using
MedCalc Statistical Software (Ostend, Belgium) based
on the study by Marangella et al. [18]. A minimum
sample size of 21 participants per group was required to
achieve a power of 0.95, detecting differences in plasma
and urine oxalate concentrations at a significance level
of 0.05 between the groups using the Student’s t-test or
the nonparametric Mann—Whitney test. Similarly, a
minimum sample size of 23 participants was required to
achieve a power of 0.80 and an alpha of 0.05 in the cor-
relation analysis. Considering the recommended sam-
ple size of at least 50 participants for a pilot study [19],
at least 50 patients with PGN and nephrotic syndrome
(NS) were considered necessary.

Participants. We eventually enrolled 100 partici-
pants, including 76 patients with GN with CKD stages
1—-3b (average age: 41 + 1.83 years) and 24 healthy vol-
unteers on a free-choice diet who served as a control
group to evaluate POx concentration. We excluded pa-
tients with diabetes, CVD and those with PGN with an
estimated GFR (eGFR) < 30 mL/min/1.73 m2.

Laboratory measurements. In addition to routine
hematological and biochemical tests, POx concentra-
tion, UOx excretion, and serum interleukin (IL)-6 and
monocyte chemoattractant protein-1 (MCP-1) levels
were assessed in all study participants. POx was mea-
sured spectrophotometrically by using a commercially
available kit (MAK315, Sigma, Barcelona, Spain).
Daily UOx excretion was determined using an oxalate
oxidase/peroxidase reagent (BioSystems, Barcelona,
Spain). IL-6 and MCP-1 concentrations were de-
tected using STAT FAX-303 PLUS and commercially
available ELISA test kits (Diaclon, Besancon, France;
DRG, Marburg, Germany), according to the manufac-

turer’s protocols. Urinary protein excretion (UPE) was
measured using a 24-h urine collection; eGFR was cal-
culated using the CKD-EPI formula. Body mass index
(BMI) was calculated as weight in kg/(height in m?). All
clinical and laboratory data were measured at the time
of renal biopsy (before the start of immunosuppressive
therapy) or the first patient’s admission to the clinic
with a newly clinically confirmed diagnosis of GN.

Statistical analysis. The statistical analysis and
graphs were performed using MedCalc. Data are rep-
resented as mean (M) and standard deviations (SD)
or median (Me) and interquartile range (Q25-Q75),
depending on whether they were normally or nonnor-
mally distributed, respectively, and analyzed using the
Student’s t-test and the nonparametric Mann—Whitney
test, respectively. Categorical variables are expressed as
proportions and were compared using the chi-square
(¢2) test. The Spearman correlation test, partial rank
correlation coefficient, and logistic regression analysis
were used to explore associations between the examined
markers. Given the multicollinearity of POx with pa-
tients’ age, sex, eGFR, and BMI, these variables were
included in the logistic regression analysis as possible
confounders. Because of the exploratory nature of the
study, no other confounders were included in the lo-
gistic regression model. Finally, the effect size in the
post hoc test was computed using G*Power software
(version 3.1.9.4) to determine the probability of a type
I error and calculate the required sample size for future
large-scale research [20].

Cases with missing data on any variable used in the
analyses were excluded.

Results. Among the 76 patients with GN, 53
(69.7%) had NS and biopsy-proven PGN and 23
(30.3%) had a clinical diagnosis of GN. The detailed
patient characteristics are presented in Table 1.
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POx concentration was significantly higher in
patients with GN (19.0 [5.9—45.2] pmol/L) than in
healthy volunteers (5.5 [3.8—7.3] umol/L, p < 0.0001).
Although the eGFR did not differ between the patients
with NS and mild proteinuria, patients with nephrotic
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proteinuria had significantly high POx concentrations
than those with mild proteinuria (Fig. 1a). POx con-
centration was significantly negatively associated with
eGFR (r = -0.27, p = 0.005) and had a direct correla-
tion with UPE level (r=0.29, p = 0.011) (Fig. 1b).
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Fig. 1. Oxalate homeostasis in patients with GN: (a) POx concentration in healthy volunteers and patients
with GN stratified by the presence of NS; (b) Association between UPE and POx concentrations in patients with GN;;
(c) Association between urinary protein and oxalate excretions in patients with GN with NS;
(d) Association between serum IL-6 and POx concentrations in patients with GN.

Abbreviations: I1L-6, interleukin 6; NS, nephrotic syndrome; PGN, primary glomerulonephritis; POx, plasma oxalic
acid; UOx, urinary oxalate; UPE, urinary protein excretion.

Partial correlation analysis reveals a moderate as-
sociation between UPE and POx concentration (r =
0.34, p = 0.01) independent of the patients’ age, sex,
BMI, and eGFR levels. The logistic regression result
suggested a significant association between nephrotic-
ranged UPE and the risk of hyperoxalaemia (Odds ratio
= 1.42, 95% confidence interval = 1.13—1.77, adjusted
p = 0.002). However, the post hoc power analysis dem-
onstrated a low power (1-f error probability) of 0.48 for
detecting nephrotic-range proteinuria as a risk factor
for hyperoxalaemia in patients with PGN, implying a
false-positive result. A minimum sample of 156 patients
was required to observe a statistically significant asso-
ciation in the logistic regression analysis with an alpha
of 0.05 (two-tailed) and a power of 0.95.

No significant differences were found in UOx ex-
cretions between the nephrotic and mild proteinuria
groups (see Table 1). However, the higher the level of
UPE was, the higher the level of UOx observed in pa-
tients with PGN and NS (Fig. 1¢).

Serum IL-6 and MCP-1 levels were nonsignifi-
cantly higher in patients with PGN and NS than in
those with mild proteinuria (see Table 1). Both 1L-6
and MCP-1 serum concentrations were positively as-
sociated with proteinuria level (r = 0.26, p = 0.044 and
r = 0.31, p = 0.014, respectively) and negatively with
eGFR (r =-0.27, p = 0.023 and r = -0.24, p = 0.046,
respectively). Moreover, serum IL-6 and MCP-1 were
significantly correlated with POx (r = 0.44, p < 0.001
and r = 0.48, p < 0.001, respectively). However, in the
partial correlation analysis adjusted for age, sex, UPE,
BMI, and eGFR levels, only the association between
POx concentration and 1L-6 was confirmed (Fig. 1d)
(r=10.55,p<0.001).

The effect size analysis for the association between
POx and serum IL-6 concentrations in patients with
PGN revealed a risk of 15.7% for committing a type I
error and power of 84.3% with an alpha of 0.05 and a
sample size of 76 observations.
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Discussion. This preliminary study was the first to
highlight the association between nephrotic protein-
uria and POx elevation, which, in turn, was reflected
in increased serum IL-6 concentration independent of
the patients’ age, sex, UPE, and eGFR levels. Unfor-
tunately, no clinical study has analysed the relationship
between POx and proteinuria and/or cytokine levels
in patients with GN. Therefore, our results cannot be
compared directly with previous reports. However, our
findings agree with those of Waikar et al., who demon-
strated that hyperoxaluria was associated with adminis-
tration of diuretics, increased UPE, hypoalbuminemia,
and GFR regression in patients with CKD [6]. How-
ever, unlike their study, we observed a direct associa-
tion between UOx and UPE only in patients with GN
having NS but not in patients with PGN in general.
In our opinion, it is logical because the patients with
nephrotic-range proteinuria had a significantly high
POx concentration compared to the mild-proteinuria
patients, while glomerular filtration of oxalate directly
depends on POx concentration. Moreover, our findings
corroborate other recent studies that demonstrated a
statistically significant inverse correlation between POx
and eGFR in primary hyperoxaluria populations with
CKD stages 1-3b [9, 10]. The authors also found that
POx concentration begins to rise before a significant
loss in kidney function occurs.

It is not difficult to explain the possible pathway
of the effect of NS on the POx concentration. In our
opinion, not only GFR decline but the combination of
different factors such as dietary restriction, the use of
diuretics, corticosteroids or antibiotics, and the viola-
tion of intestinal oxalate absorption due to oedema or
medicine taking might be the main cause of oxalate bal-
ance impairment in patients with PGN with NS.

Conversely, oxalate itself can induce both glomer-
ular and tubular injury and contribute to proteinuria
[17]. On the experimental model of crystalline-induced
acute kidney injury, it has been demonstrated that a
single injection of sodium oxalate solution led to a loss
of podocyte viability in addition to strong tubulointer-
stitial injury resulted in albuminuria [17]. Although our
data cannot fully support above mentioned findings, the
observed correlation suggested that POx concentration
may, at least along with proteinuria, serve as a marker
of renal disease progression, and should be an area for
further research.

Atherosclerosis has been described as the pivotal
mechanism of serum IL-6 and MCP-1 elevation in
CKD, which may explain the lack of changes in serum
IL-6 and MCP-1 concentrations in early CKD stages
[21-23]. In turn, the expression of these pro-inflam-
matory markers is induced by oxalate in HK-2 cells,
resulting in hyperoxaluria [24, 25]. Moreover, POx
may trigger inflammation and atherosclerosis in pa-

tients with kidney stones or end-stage kidney disease [3,
26-28]. Consistent with the published data [21, 22],
we observed no differences in serum 1L-6 and MCP-
1 concentrations between healthy volunteers and the
GN group since the average eGFR in our patients con-
sisted of 64.1 (34.7—84.3) mL/min/1.73 m?. However,
the elevation of both pro-inflammatory mediators was
significantly associated with increased POx levels. No-
tably, the interaction between POx and serum MCP-1
lost its significance after adjustment for age, sex, UPE,
and eGFR.

Our study has some limitations. It was a small sam-
ple size study performed in a single centre, which may
not be representative of other populations. The cross-
sectional and correlational study design precluded the
determination of causal interpretations and predictive
conclusions. Finally, the participants’ dietary prefer-
ences or restrictions and medication intake that could
affect intestinal oxalate absorption were not considered.
Nevertheless, this study is the first to provide new in-
sights into the relationship between nephrotic protein-
uria, oxalate homeostasis, and chronic inflammation in
patients with GN.

In conclusion, nephrotic proteinuria was signifi-
cantly associated with the elevation of POx concentra-
tion and hyperoxaluria in GN patients with CKD stages
1-3b. POx at least partly promotes inflammation,
which may be a CVD risk factor in patients with GN in
the early stages of CKD. Future studies should recruit
at least 156 participants to confirm our preliminary re-
sults, validate NS as a risk factor for oxalate metabolism
violation or determine the role of impaired oxalate ho-
meostasis in clinical outcomes in patients with GN.
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Abstract. Active and chronic antibody-mediated rejection (ABMR) is a common cause of
graft failure. Prognostic markers of this complication are not well defined. We aimed to find
out the demographic, histopathological and clinical characteristics of transplant recipients
who developed ABMR and evaluate the impact of these features, and anti-rejection
treatment modalities on graft survival.

Methods. Thirty-two patients who developed ABMR (22 male; mean age 40.59+12.52
years) were included in this study. Data were evaluated retrospectively and graft survival was
analyzed. All transplant biopsies were evaluated according to Banff’s 2013 classification.

Results. Among the 32 cases, 26 were transplanted from living donors. Mean serum
creatinine at the time of biopsy was 1.99 £0.09 mg/dL. Proteinuria was 1566.06+353.92
mg/day at the time of biopsy. The need for hemodialysis was significantly related with
initial creatinine (p = 0.003); creatinine after three months (p < 0.001) and final creatinine
(p < 0.001) as well as initial proteinuria (p = 0.005); proteinuria after three months (p <
0.001) and final proteinuria (p < 0.001). 6 cases showed diffuse C4d positivity, 26 cases
showed focal c4d positivity. Five of 6 patients with diffuse C4d staining in renal biopsy were
hemodialyzed at first and third months despite anti-rejection therapy (p=0.029 and 0.041,
respectively).

Mean survival time was 1654.67+220.40 (95% CI 1222.68-2086.66) days for focal
staining C4d cases and 366.16+£36.44 (95% CI 294.73-437.60) days for diffuse staining
C4d cases. The difference was statistically significant (p=0.012). Two of the patients died,
15 experienced graft loss and 17 survived with functioning grafts. Mean survival time
between anti-rejection treatment modalities showed no statistical significance (p=0.15)

Conclusions. Serum creatinine, proteinuria at the time of biopsy, diffuse peritubular
C4d staining were significantly associated with graft survival. Early diagnosis is
important to improve success in the treatment of ABMR and graft survival

Keywords: renal transplantation, antibody-mediated rejection, graft survival.
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Eprion ITapmakcisz, Mepan Meme, Cepan Snirap, Kioopa Aitnun Baxar

IIpeaMKTOpH BU2KMBAHOCTI HUPKOBOTO TPAHCILIAHTATY Y PENMITICHTIB
3 AaHTHUTiJI0-0NMOCEePeIKOBAHUM BiATOPrHEHHSAM

VHiBepcuteT MeanUYHNX HayK, HaBuanbHa ikapHd iM. JlokTopa Jliotdi Kipmapa, Kapran,
Cramoyn, TypeuunHa

Pestome. Axmuene ma xpouiune iomopenenus, onocepedkosane anmumisamu (AOB) € nowupenor npuuuHoo
8i0M08U HUpK06020 mpaHcnaanmama. [Ipoenocmuyni mapkepu giomopeHenHs € Heuimiko eusHaueHumu. [lomoune do-
CAI0JNCeHHS MAN0 HA Memi 8UBHAYUMU OeMOoepaiuni, eicmonamonoeiuti ma KAiHiYHi XapaKkmepucmuxky peyunicHmie 3
AOB, ma oyinumu 6naue yux 03HAK HA BUNICUBAHHS HUPKOBO2O MPAHCHAAHMAMA.

Memodu. [lo docnidxncerus éxaroueHo 32 peyunieHmu HUPK08020 Mpancnaanmama, y aKux po3eunysacs AOB,
3 akux 22 yonoesiku; cepeoniii ik 40,59 * 12,52 pokis. Jlani oyinroearu pempocneKmueHo ma aHatizy8an UICUEAH-
Hs mpaHcnaaumama. Yci bioncii npu mpancnaanmauyii oyinroeanu 3a kaacugixayiero Banff 2013 poky.

Pezyaomamu. Ceped 32 exniouenux y docaioncennss eunaokie 0yno 26 mpancnanamauiil 6io icueo2o 0oHopa.
Cepedniii pieenv KpeamuHiny cupogamu Kpogei Ha momenm Oioncii cmanosue 1,99 £ 0,09 me/0a. IIpomeinypis na
momenm Gioncii cmanosuna 1566,06 = 353,92 me/000y. Heobxionicms eemodianizy 6yaa 3HauHoOW0 MIipoio o6 ’13ana 3
nouamxoeum kpeamuninom (p = 0,003); kpeamuHnin nicas mpvox micauie (p <0,001) ma ocmamouHuii KpeamuHin (p
<0,001), a makoxc nowamkosa npomeinypis (p = 0,005); npomeinypis uepez mpu micayi (p <0,001) ma ocmamouna
npomeinypis (p <0,001). 6 eunadkie noxkasaru ougyysnuii nozumue C4d, 26 eunadkis - goxansvruii c4d nosumus.
Il’amepo 3 6 nayicumie 3 dugyznum 3abapesennsim C4d npu oioncii Hupku Oyau niodawi eemodianizy npomsazom nep-
o020 ma mpemvo2o Micayia, He3eaxcarouu Ha anmugiomopeogyiovy mepaniro (p = 0,029 ma 0,041 6ionosiono).

Cepedniii uac suxcueanus cmanosue 1654,67 £ 220,40 (95% J1 1222,68-2086,66) Ouie 015 éunadkis goxans-
Hoeo ghapbysanus C4d ma 366,16 + 36,44 (95% I 294,73-437,60) ouie das eunadkie dugysuoeo papoysanus C4d.
Piznuys 6yna cmamucmuuno 3nauyworo (p = 0,012). Jleoe nauienmie nomepau, 15 3aznaru empamu mpancnianma-
ma, a 17 euxcuau i3 @ynkyionyrouumu mpancniaumamamu. CepeOHiil 4ac UICUBAHHSA MidC Memooamu NiKy8aHHs

npomu 8iomopeHeHHs He NoOKa3ae cmamucmu4noi 3nauyuocmi (p = 0,15)

Bucnosxu. Kpeamunin cuposamku kpoei, npomeinypis Ha Mmomenm 6ioncii, dughyzne nepumyoyasapue gapoy-
eannsa C4d Oyau 3nauHo0 Mipor N0 A3aHI 3 BUNCUBAHHAM mMpaHcnaaumama. Panna diaenocmuka eajxcauea oas no-
AinweHHs ycnixy 8 aikysanni AMP ma euxcuseanus mpancnianmama

KmouoBi cnoBa: mpaucnaanmayis Hupok, anmuminso-onocepedkogane 6i0mopeHeHHs, GUICUBAHHS MPAH-

cnaanmama.

Introduction. Active and chronic antibody-me-
diated rejection (ABMR) is a common cause of graft
failure. In previous reports, the incidence of ABMR has
been defined to vary between 5.6% and 23%. ABMR
frequently occurs as a reaction to donor HLA antigens
and seldom to non-HLA antigens [1, 2].

ABMR’s revised Banff 2017 classification speci-
fies histological evidence of acute and chronic damage,
recent antibody interaction with the vascular endothe-
lium, and conditions associated with donor-specific an-
tibodies (DSA) to human leukocyte (DSA) definitions
as HLA or non-HLA antigens [3]. B cell and plasma
cell activation lead to the production of DSAs that bind
to HLA or non-HLA molecules expressed on endothe-
lial cells in the renal allograft [4].

Ergiin Parmaksiz:
drergnprmksz@hotmail.com

Active ABMR contributes to peritubular capillari-
tis, glomerulitis, and rapid decline in allograft function
[4]. Chronic ABMR manifests histologically as trans-
plant glomerulopathy and results in a progressive de-
cline in kidney function [5].

The diagnosis of ABMR is based on three key
criteria: (1) histological evidence of acute-chronic
tissue damage, (2) evidence of antibody interaction
with vascular endothelium (peritubular capillary C4d
accumulation), and (3) determination of circulating
DSAs [6].

Multiple studies have shown an association be-
tween peritubular c4d staining, DSA and pathological
findings in patients with ABMR [7]. ABMR treatment
after diagnosis is based on 2 basic mechanisms: (1) Sup-
pression of B cells or plasma cells, (2) removal of do-
nor-specific antibodies.

The study aim. In the current study, we aimed to
find out the demographic, histopathological and clini-
cal characteristics of transplant recipients who devel-
oped ABMR and to evaluate the impact of these fea-
tures as well as anti-rejection treatment modalities on
graft survival.
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Subjects and methods. Patients. The data from
306 kidney transplantations performed between January
2012 and June 2018 were retrospectively analysed; 32 re-
cipients have been found to develop ABMR. The data from
files of these patients were evaluated and demographic, his-
topathological and clinical characteristics were recorded.

Demographic data including age and gender, clinical
data including the underlying etiology for chronic kidney
disease, duration of dialysis, renal replacement therapy,
laboratory data including serum creatinine, urinary pro-
tein, immunological characteristics and histopathologi-
cal features of rejected kidney were recorded. The biop-
sies from transplanted organs were evaluated according
to Banft’s 2013 classification. PRA classes 1 and 2 were
studied during diagnosis and in 3 months after treatment;
DSA detection could not be performed due to financial
problems. According to the protocol of our transplant
center, all patients received induction therapy with an-
ti-thymocyte globulin (ATG). As a standard immuno-
suppression regimen, 30 of the 32 patients were taking
tacrolimus+mycofenalic acid derivative+prednisolone,
two patients receiving tacrolimus+mycofenalic acid de-
rivative. Treatments given after diagnosis of ABMR were
analyzed retrospectively.

The local ethics committee approves the study.

Statistical analysis. Statistical analysis was per-
formed by Statistical Package for Social Sciences for
Windows version 17.0 (SPSS Inc, Chicago, IL) soft-
ware. Quantitative data were expressed as mean values
and standard deviations (mean = SD). Graft survival
was evaluated by using Kaplan—Meier method, and
Cox regression analysis was used for finding out inde-
pendent factors. Chi-square and T-tests were used for
the comparison of the 2 groups. A P-value of less than
0.05 was considered statistically significant.

Results. Demographic and clinical features. Among
306 kidney transplantations performed in our centre, 32
recipients have been found to develop ABMR( 10.4 %).
The study population consisted of 22 male and 10 female
patients. The mean duration of renal replacement therapy
(RRT) was 27.22 + 18.62 months. The mean age at the time
of diagnosis was 40.59%12.52 (20-63) years. The majority of
the patients (n = 26, 81.3 %) have been transplanted from
living donors. Five female patients’ past medical history was
characterized by pregnancies, while 12 patients received a
blood transfusion. The patients’ demographic characteris-
tics are shown in Table 1.

Table 1
The patients’ demographic characteristics
Parameter Patients

Mean agexSD (range) (year) | 40.59%£12.52 (20-63)
Male/female 22/10
Underlying disease

Glomerulonephritis 7

DM 6

Hypertension 4

Polycystic kidney disease 3

Systemic lupus erythematosus 2

Undetected 10
Living/deceased donor (n-%) 26/6 (80.6/19.4)
Time on dialysis(month) 27.22+18.62

Laboratory data. Mean serum creatinine level
was 1.99 +0.09 (1.36-3.70) mg/dL. Proteinuria was
1566.06+353.92 mg/day at the time of biopsy. Labora-
tory and immunological parameters of the patients at
the time of biopsy are given in Table 2.

Table 2
Laboratory and immunological parameters of the patients at the time of biopsy
Initial Week 1 Week 2 Month 3 Final
Creatinine (mg/dL) 1.99+0.09 2.01+0.11 2.13£0.15 2.49+0.24 3.58+0.44
Protinuria (g/24 hours) | 1566.06+353.92 | 1402.84+275.58 | 1618.15+300.37 | 2112.03+431.05 | 2190.37+398.30
PRA Class 1(%) 30.41+4.57 26.89+5.13
PRA Class 2(%) 60.0613.63 49.48+6.22
Pre-transplant and at the moment of biopsy immunological characteristics are shown in Table 3.
Table 3
Pre-transplant and at the moment of biopsy immunological characteristics
Parameter Patients

ABO (compatible/incompatible) 32/0

CDC CM (negative/positive) 32/0

T cell FC CM (negative/positive) 32/0

B cell FC CM (negative/positive) 32/0

PRA class 1 (negative/positive) 31/1

PRA class 2 (negative/positive) 30/2

HLA mismatches (mean/minimum-maximum) At time of biopsy 3.56 £1.45 (0-6)

PRA class 1 (negative/positive) 11/21

PRA class 2 (negative/positive) 1/31
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ABMR was diagnosed at a mean of 38.34429.23
(6-120) months post-transplantation. Half of the cases
were diagnosed as active AMR (n=16); 7 of these cases
were started hemodialysis in the first month (43.8 % of
acute AMR cases). Of 16 chronic AMR cases, 6 cases
(37.5 %) underwent hemodialysis at the first month af-
ter treatment. The difference between these two groups

was not statistically significant (p = 0.71). In the third
month, 7 of 16 active AMR (43.8%) and 8 of chronic
AMR cases (50.0 %) underwent hemodialysis. The dif-
ference between these two groups was not statistically
significant (p = 0.72).

Histopathologic data. The histopathology of the al-
lograft biopsy specimens with ABMR is shown in Table 4.

Table 4
The histopathology of the allograft biopsy specimens with AMR
Case v I t G PTC MVI TG Cad IF TA

1 0 2 2 2 2 4 0 Focal 0 0
2 0 0 0 2 1 3 3 Focal 2 2
3 0 2 1 2 1 3 0 Focal 0 0
4 0 2 1 2 1 3 2 Focal 1 1
5 0 0 0 2 2 4 3 Focal 2 1
6 1 1 1 3 3 6 0 Focal 0 0
7 1 0 0 2 2 4 0 Focal 0 0
8 0 0 0 1 3 4 2 Focal 0 0
9 0 1 1 2 1 3 1 Focal 0 0
10 0 2 1 1 3 4 0 Focal 1 0
11 0 3 2 3 3 6 1 Diffuse 0 1
12 0 1 1 3 3 6 0 Focal 0 0
13 0 1 1 2 2 4 3 Focal 0 0
14 0 1 1 2 1 3 1 Focal 0 0
15 0 0 0 2 2 4 3 Focal 0 0
16 1 1 1 2 2 4 2 Focal 1 1
17 0 2 1 1 3 4 0 Focal 1 0
18 0 0 1 2 1 3 1 Focal 0 1
19 0 2 1 2 2 4 2 Focal 3 2
20 1 1 0 2 3 5 0 Diffuse 1 0
21 0 2 1 2 2 4 3 Diffuse 0 0
22 1 2 2 2 2 4 0 Diffuse 0 0
23 1 0 0 3 3 6 3 Focal 0 0
24 3 3 2 3 1 4 0 Focal 1 1
25 0 1 1 2 2 4 2 Focal 1 1
26 1 0 0 2 2 4 0 Diffuse 0 0
27 0 3 2 1 3 4 2 Diffuse 0 0
28 2 0 0 2 3 5 0 Focal 0 0
29 0 2 1 3 3 6 1 Focal 1 1
30 0 1 1 2 2 4 2 Focal 0 1
31 0 1 1 2 1 3 0 Focal 0 0
32 0 0 0 2 2 4 2 Focal 0 0

C4d deposition in PTC was observed in all cases as
either diffuse (6) or focal (26) staining.

No significant difference was determined in
terms of graft survival when we divided our patients
into two groups based on microvascular inflamma-

tion (MVI) score (patients with MVI score <3 and >3)
(p = 0.086).

The frequency of dialysis need despite treatment at the
third month did not differ between the transplant glomeru-
lopathy (TG) group and the non-TG group (p = 0.83).
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Therapeutic and clinical features. Anti-rejection treatment options received by ABMR patients and outcomes

are demonstrated in Table 5.

Table 5
Anti-rejection treatments and outcomes received by AMR patients
Hemodialysis despite | Hemodialysis despite

Therapy after rejection N (%) treatment after treatment after

1 month(N-%) 3 months(N-%)
Corticosteroids+Plasmapheresis+1VIG 8 (25) 4(30.8) 5(33.3)
Corticosteroids +IVIG+ Rituximab 13 (40.6) 3(23.1) 4(26.7)
Corticosteroids+Plasmapheresis+IVIG+Rituximab 11 (34.4) 6(46.2) 6(40.0)

As anti-rejection therapy, the patients have re-
ceived one or more of the following: pulse steroid, in-
travenous immunoglobulin (IVIG), rituximab, plasma-
pheresis. After initiation of anti-rejection therapy, 13
(40.6%) patients were administered hemodialysis in 1
month and 15 (46.9) patients in the 3 months. Two pa-
tients (6.3%) were deceased.

Thirteen patients (61.9%) who were positive for
PRA class 1 at the time of renal biopsy returned to he-
modialysis despite anti-rejection treatment after one
month (p < 0.001). All 15 cases who underwent he-
modialysis in 3 months were positive for PRA class 1
(p<0.001) and PRA class 2. Five of 6 patients with dif-
fuse C4d staining in renal biopsy were hemodialyzed

at first and third months despite rejection therapy (p =
0.029 and 0.041, respectively).

When we compared the groups with and without
TG, the response to anti-rejection treatment was not
significantly different (p = 0.68)

The need for hemodialysis was significantly related
with initial creatinine (p = 0.003) level; creatinine after
three months (p < 0.001) and final creatinine (p < 0.001)
as well as initial proteinuria (p = 0.005); proteinuria af-
ter three months (p < 0.001) and final proteinuria(p <
0.001).

Kaplan—Meier survival analyses based on anti-re-
jection treatment modalities and C4d staining are dem-
onstrated in Fig. 1 and 2, respectively.
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0,4
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Fig. 1. Survival functions according to anti-rejection treatment
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Fig. 2. Survival functions according to C4d staining

Mean survival time and SD values were 1654.67 *
220.40 (95% CI1 1222.68-2086.66) days for focal staining
C4d cases and 366.16 £ 36.44 (95% CI 294.73-437.60)
days for diffuse staining C4d cases. The difference was
statistically significant (p = 0.012). Mean survival time
concerning anti-rejection treatment modalities were as
follows: 827.25 £294.59 (95% CI1 249.84-1404.65) days
for those who received corticosteroids, plasmapheresis,
IVIG; 949.22 + 234.80 (95% CI 489.00-1409.44) days
for those who corticosteroids, plasmapheresis, IVIG
and rituximab and 1883.46 + 280.15 (95% CI 1068.49-
1861.51) days for those who received corticosteroids,
IVIG and rituximab. The difference between these three
groups showed no statistical significance (p = 0.15)

By multivariate analyses, none of the covariates
was found to have an independent impact on graft sur-
vival.

Discussion. Active and chronic antibody-medi-
ated rejections are dangerous entities with significant
effects on patient and graft survival. In our study, a sta-
tistically significant relationship was detected between
creatinine, proteinuria, PRA percentage at the begin-
ning of rejection and diffuse C4d staining in renal bi-
opsy and graft survival. In our patients, the mean serum
creatinine levels at the time of biopsy were 1.99 mg/dl.
In previous studies, there are data on mean serum cre-
atinine levels of 1.6—1.7 mg/dl (8-9).

Akagiin et al studied 52 ABMR patients and found
serum creatinine ratio to be 3.8 mg/dl at the time of bi-
opsy [10]. An important finding in our study is a nega-
tive correlation between mean serum creatinine levels
at the time of biopsy and graft survival. In line with
our findings, Akagiin et al also showed that serum cre-
atinine levels at the time of biopsy were correlated with
graft survival [10]. In our cohort, the mean serum cre-

atinine values were 2.491+0.24 mg/dl in the third month
of treatment. In the study conducted by Yilmaz et al,
the mean blood creatinine value was 3.1%1.4 at the last
follow-up visit and mean proteinuria was 2300 (1300-
3300) mg/day [11]. These results were in line with our
results.

The mean time to diagnosis of rejection was
38.34+29.23 months in our cases. In other words, it can
be considered as late acute rejection. Consistent with
our study, Akag n et al found the posttransplant ABMR
diagnosis time as 34,5 months [10]. Yilmaz et al showed
that the mean duration between transplantation and the
development of ABMR was 31.9 £ 25.9 months [11].
However, any significant difference was not found in
terms of graft survival between cases in which rejection
occurred in the acute period and those in which it oc-
curred in the chronic period (p = 0.72).

We have demonstrated that graft survival was sig-
nificantly shorter in PRA-positive cases at biopsy time.
That finding is consistent with another study which
showed that graft function and high PRA levels dur-
ing biopsy were predictors of graft loss [12]. The mean
creatinine was 1.93 mg/dl in the group with focal C4d
staining, whereas it was 2.23 mg/dl in the group with
diffuse C4d staining.

Several studies on the association between graft
survival and C4d staining have reported different re-
sults. The diffuse positivity of C4d in peritubular capil-
laries is known to be a poor prognostic factor [13]. We
have demonstrated shorter graft survival in C4d positive
cases, consistent with previous studies [13, 14].

When we divided our patients into two groups
based on MVI (glomerulitis+peritubular capillaritis)
score (MVI score <3 and >3), one recent mode of as-
sessment in biopsies of renal transplant patients (15),
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we have found no significant difference in terms of graft
survival. Our results may not have reached statistical
significance due to our low case numbers.

In a study involving 8 patients, Faguer et al have
reported a 75% of graft survival rate over a 10-month
follow-up period following plasmapheresis and ritux-
imab treatment [8]. In another study, the graft survival
rate in 569 days following administration of plasma-
pheresis and IVIG has been reported to be 81% [15]. In
our study, there was no relationship between treatment
modalities and graft survival.

In previous researches, IVIG therapy has generally
been administered in combination with plasmapheresis
and rituximab [8, 9].

Plasmapheresis was administered to 19 of 32 pa-
tients in our research, and IVIG to 32. However, in
our study, there was no statistical significance among
IVIG-containing treatment groups. Consistent with
these results, treatment modalities specific ABMR must
be administered.

The loss of graft due to AMR was found to be 15.3%
in a study conducted by Yal¢intas et al [16]. In another
study, seven (50%) patients lost their grafts [11]. This
ratio was 46.9% in our study. This may be due to the
patient’s late referral to the transplant unit for allograft
biopsy, and may also be a feature of the destructive pro-
cess of ABMR.

In a study published in 2007, the estimated pa-
tient survival was 99% and the graft survival was 80%

References:

over an average follow-up period of 18 months [17]. In
our study, despite the treatment, the loss of grafts was
46.9% in the mean follow-up period of 31 months. In
our study, two patients (6.3%) died. The patient sur-
vival rate was 100% in the study conducted by Yilmaz
et al [11]. In our study, the patient survival rate was
93.75 %.

There are several limitations of our study. First,
our study was retrospective. Second, our study did not
contain as many cases as to make clearer statistical
comments. Third, the DSA cannot be studied due to
financial problems.

Conclusions. ABMR had a significant and neg-
ative effect on graft survival. In our study, serum
creatinine level, proteinuria at the time of biopsy,
C4d staining adversely affected graft survival. Early
diagnosis is important to improve success in the treat-
ment of ABMR and graft survival. As a result, regu-
lar creatinine, proteinuria, PRA follow-up and rapid
renal biopsy are recommended in case of possible
rejection.
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Abstract. The present study aimed to evaluate the efficacy and safety of EMAVAIL (epoetin
alfa) in the correction of anemia in hemodialysis patients.

Methods. A total of 36 patients undergoing regular hemodialysis were enrolled in this
prospective study. Among the patients were 19 (53%) men and 17 (47%) women with severe
anemia (hemoglobin (Hb) level < 90 g/L). The mean patients’ age was 48.41x1.82 years, an
average dialysis vintage consisted of 42.38+10.41 months. All the patients had thrice-weekly
hemodialysis sessions, with a mean duration of 12.6 = 0.51 hours per week and Kt/V 1.27 +
0.08. All the patients were treated with biosimilar of epoetin alfa EMAVAIL intravenously three
times a week in adjustable doses. The follow-up period was 56 days.

Results. At the study entry, the mean Hb level in hemodialysis patients was 81.7+0,93 g/L. In 56
days of anemia treatment, the concentration of Hb increased to 109.17+1.75 g/L. Eventually,
32 (89%) patients achieved the target Hb level (110g/L); 6 (17%) patients had adverse events
(mild hypertension). There were no serious adverse events.

Conclusions. EMAVAIL is an effective and safe epoetin alfa biosimilar for anemia management
in hemodialysis patients.

Key words: chronic kidney disease, anemia, hemodialysis, epoetin alfa, hemoglobin.
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3acTocyBanHs 0ioaHajory enoeTuHy ajbda 119 KopeKilii anemii
y NANi€HTIB 3 XpPOHiYHOIO XBOP00OoI0 HUPOK V]I crazii,
Ki JIKYIOTbCSA METOAOM IreMOIiati3y

'Y «IactutyT Hedpoorii HAMH Ykpainn», M. Kuis
2KHIT «KuiBcbKuit MicbKUit LIEHTp Hedpostorii Ta aiaisy»

Pesiome. Memoro pobomu 6yna oyinka egpexmusnocmi ma beznexu npenapamy EMAVAIL (enoemun anvgha) y
Kopekuii anemii y nauienmie 3 xpoHiuHor xeopoboro Hupox VI cmadii, ki aikyromscs memodom eemodianizy.

Mamepiasu ma memodu. Y nomourne npocnekmuene 0ocaioxncenHs exaoveHo 36 nauienmie, sKi AiKyrOmMocs ee-
Mmodianizom ma auemicro 3 pignem eemoenobiny <90 ¢/a. Ceped exawouenux nayienmis 6yao 19 (53%) wonosikie ma 17
(47%) ncinok 3 cepednim éixom 48,41 + 1,82 pokis, cepedns mpusanicms aikysanus eemoodianizom ckaanra 42,38 + 10,41
Micaus. Yci nayienmu ompumyeanu eemooianiz 3 pasu Ha muicoeHs; cepedHs mpuganicmo dianizHoi mepanii cmanoguaa
12,6 = 0,51 200un na muxcoens, cepedne Kt/V 1,27 = 0,08. Yci nayicumu ompumyearu EMAVAIL enympiwnboeenHo
mpu pasu Ha mudicoeHs 8ionosiono do incmpyxyii eupooruka. Tpusanricme rikyeanHs ckaara 56 dHie.

Pezyrvmamu. CepeoHiii pigens 2eemo2100iHy nayicumié na MomeHm 6KA04eHHs y docaioxcerns cmanosus 81,70
+ 0,93 2/n, uepes 56 ouig nixysanus 30invuuecs do 109,17 = 1,75 e/a. 32 (89%) nauicumis docsenu yinbo8oeo pieHs
eemoenobiny (110 e/1); 6 (17%) xeopux maau nobiuni egpekmu 'y euensdi nomipHoi einepmensii. CepiiozHux Hebadcanux

a8uw, He Oyno.

Bucnosok. EMAVAIL € echexmusrum i 6eaneunum 6ioananocom enoemuny arbga y Kopekyii anemii y nayienmie
3 XpoHiuHot x60poboro Hupok VI cmadii, saki aikyromuscs memodom eemodianisy.
Kir040Bi ciioBa: xponiuna xeopoba Hupok, anemis, eemodianiz, enoemut anbgha, 2emo2a00it, Yinbouil pieHs

Beryn. AneMis € 3BMYAllHMM HACJIiIKOM XpO-
HiYyHOiI XBopoOu HUpoK (XXH), ii po3noBCIOIKeHICThb
3pocTtae BianosinHo ctaxii XXH Ta cknamae mpu XXH
VI mnonan 90%. 3a BuzHaueHHSIM BcecBiTHBOI op-
raHizauii oxoponu 3mopos’st (WHO) miarHo3 aHewmii
BCTaHOBJIIOETHCS 3a KOHIIEHTpallii remorno6iny (Hb)
y KpoBi <12 1 / 11 1Sl HEBariTHUX HOPOCIMX KiHOK i
<13 r / an nns gopocnux 4ososikis [1]. Baxka dopma
aHeMii (remoryio0iH <90 r / J1) y MaIli€HTiB, SKi JiKy-
IOThCS Jialli30M, aCOLIOETHCS 31 301IbIIEHHSAM PU3U-
Ky CMEpPTHOCTI, PO3BMTKOM Kaplio-BacCKYJSIDHUX Ta
iH(eKiiTHNUX MOoAil, KOTHITUBHUMHU po3jagaMu, I0-
TipIIeHHAM SKOCTi XWUTTS, TMOpPYLIEHHAM (Pi3udHOTO
dyHkuionyBaHH, genpecieo [2].

PosBuTok aHemii y mauienTiB 3 XXH B3arani ta y
Jiali3HUX MalieHTiB 30KpeMa 3yMOBJIOEThCS OaraTbMa
dakTopaMu, omfHAK OCHOBHUM € 3MEHILIEHHS ITPOAYK-
1ii HUPKaAMU €HAOTe€HHOro epUTPOTNOETUHY, BiAIOBIi-
JaJIbHOTO 3a CTUMYJISLII0 mpomidpepanii Ta gudepeH-
Lialii epUTPOIAHUX KIIITUH B 3PiJli pUTPOLIUTH.

PeBomtontiiinuM Hampukinii 1980-x pokiB cra-
JIO 3ampoBa/XeHHSI y JIiIKyBaHHi aHeMil eMmoeTUuHY
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anbda, po3pobiieHoro KommaHiero “Amgen”. lleit
Ta TIOB’S13aHi 3 HUM E€PUTPOIIOE3 CTUMYJIIOI0Yi 3aco-
ou (EC3), mo Oynu po3pobieHi 3romom, MPUHECIU
BEJIMKY KOPMCTbh MAalliEHTaM, YCYHYBIIM BMCHaXJIMBi
CUMIITOMU TSKKOi aHeMil Ta 3BIIbHUBIIH iX Bill HEO0-
XiTHOCTI mepeIMBaHHSI KPOBi Ta MOB’SI3aHUMU 3 HUM
YCKJIaAHEHHSIMU (BTOPUHHE TepeBaHTaXKeHHS 3ai3a,
iH(eKii Ta ceHCHOini3allis, 1o NepelmKomKae TpaH-
crnanTanii). EdexTuBHa Kopekilis aHemii Gesrmoce-
PeIHBO 3HUXKYE 3aXBOPIOBAHICTh i CMEPTHICTb XBOPHX,
TOJIOBHMM YMHOM 3a PaxXyHOK CepIIeBO-CYIMHHUX Ta
iH(pEeKUiIHUX yCKIagHEHb, TMOJIMIIYE SKiCThb KUTTS,
MiIBUILYE Mpale3qaTHICTb, 30iIbIIYyE MEPEHOCUMOC-
Ti (pi3UUHUX HaBaHTaXXEeHb, TOJIIIIYE KOTHITUBHY Ta
crateBy QyHKuii [3, 4].

Bucoka edexruBnicte EC3 npu nikyBaHHi aHe-
Mii 3aMOBMIa CTpPiMKE 3pOCTaHHS iX BUKOPUCTAHHS
MMPOTSITOM MMHYJUX POKIB i ISl TEHASHLIisI, HA TIYMKY
crieuiaicTiB, HaMOMMXYi poku 30epexeTbcsa. Heob-
XigHicTh 3acTocyBaHHs1 EC3 Ha 1eii yac € Ge33arme-
pEYHOI0, a eNoeTUH anbda, Xxo4ya OyB MepIIUM 3 1iel
IpyNHU TperapariB, 3aJIMIIAETHCS HAWOIAbII TTOIIUPE-
HuMm [5].

3a ganumu «HalioHanbHOTrO peecTpy XBOPUX Ha
XPOHIUHY XBOPOOY HMPOK Ta Malli€HTIB 3 TOCTPUM I10-
KomKeHHAM HUpok: 2019 pik» B Ykpaini EC3 orpu-
MyBaii 70,6% nali€HTIB, fAKi JIIKyBaJIMCh IPOrpaM-
HUM TeMoliani3oM Ta remoniadinsrpanieto. KinbkicTh
KX XBopux 3pocia 3 3405 B 2013 p. mo 7869 B 2019 p.,
To06TO Ha 61% [6, 7].
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OcTaHHI pOKM y 3B’S13KY i3 3aKiHUEHHSM TepMi-
HY TMATeHTHOTO 3aXUCTy OPUTIHAJIBHUX MpernapaTiB
301JIBLIYETHCS KiJIbKiCTh Oi0aHanoriB enoeTuHy. JaHi
paay AOCHiIXEHb OeMOHCTPYIOTb, 1O OionmomiOHi
EC3 € TakuMu x e(peKTUBHUMU Ta O€3MEUYHUMU, SIK i
opuriHanbHi EC3. TTopsia 3 uuM, BpaxoBYIOUM HU3BKY
L[iHy Ta AOCTYITHICTh, BOHM MalOThb Baromi nepesaru
Ta 3aCJAYroBYIOTh Ha OiJbIl LIUPOKE 3aCTOCYBAHHS B
MpakTUlli, 10 A03BOJSE 3a0ILIAMXYBaTU 3HAYHI KO-
Ty [8].

Merto10 nociimkeHHs Oyia oLiHKa e(eKTUBHOC-
Ti Ta MEepeHOCUMOCTi OioaHajiora ernoeTUHy ajbda
EMAVAIL y kopexilii aHeMii y maii€eHTiB 3 XpOHiYHOIO
xBopoboto HUpoK V]I cranii, sIKi JIiKYIOTbCSI METOJOM
reMojianisy.

ITanienTu T2 MeToau. PoGoTa BUKOHaHA 3 J0-
TPUMaHHSIM MpaBuUi 0e3MeKu Mali€eHTiB, 30epexXeHi
npaBa Ta KAHOHU JIIOACHKOI TiAHOCTi, a TAKOX MO-
palbHO-€TUYHI HOPMU Y BilIOBiIAHOCTi OO OCHO-
BHuX nonoxeHb GSP (1996 p.), xkouBeHuii Pamu
€Bponu MNpo npaBa JOAUHU Ta OioMeaULIUHY (Bif
04.04.1997 p.), TenbcuHcbkoi aexknapauii Bcec-
BITHBOI MEAWYHOI acoluiallii mpo €TUYHi MPUHLMU-
MU TPOBENEHHS HAYKOBUX MEIUYHUX OOCHiAXEHb
3a yuacTio JoguHu (1964-2000 pp.) i Hakazsy MO3
Ykpaiau Ne281 Big 01.11.2000 p., eTUIHOTO KOAEKCY
yuyeHoro Ykpainu (2009 p.).

BxiitoueHHs maii€eHTiB 10 AOCTiIKeHHs BigOyBa-
Jioch micnas nmignucanHs [HdbopMoBaHOi 3roau Ha Mmin-
CTaBi KPUTEPIIB BKITIOUECHSI/BUKITIOUCHHSI.

Kpumepii exarouenns nauicnmie:

e TqauienTy 3 XXH V]I cT. 060X cTaTeit Bikom Bif 18
0 65 pokiB, sIKi JIKYIOTBCS T€MOIiaIi30M ITOHAL

e piseHb Hb <90 r/m,;

e migmnucaHa IHdopMoBaHa 3rojga maiieHTa Ha
Y4acTh Y JOCHTiIKEHHI;

e I XIHOK PENpOAYKTUBHOTO BiKY - HEraTMBHUM
TECT Ha BariTHiCTb.

Kpumepii euxarouenns:

e BiJloMa TiMepyyTAUBICTh 10 AOCTIIXYBAHOTO Mpe-
napary;

e HEKOHTPOJbOBAaHA apTepiaibHA TiMePTEeH3is;

e [IJIJaHOBAaHI XipypriuyHi BTpy4aHHSI;

e TpPOMOOLIMTO3,
TpOoMOO3Yy;

MiIBUIICHUN PU3UK PO3BUTKY

® BaXKa MaTOJIOTisI CYAWH (B T.4. KOPOHAPHUX, Lie-
pedpaabHUX, NeEpUPEPUIHUX);

e iHdapKT Miokapay abo roctpe MopyleHHs MO3-
KOBOTO KPOBOOOITry, MepeHeceHi MeHII, HiX 3a 6
MiCS1IiB 0 CKPUHIHTOBOTO Bi3UTY;

® BariTHIiCTb, JIAKTALLis;

e [IpUIiOM IIpenapaTiB epUTPONOECTUHY MEHII, HIX
3a 4 TU3KHI 1O CKPUHIHTOBOTO Bi3UTY.

JlabopatopHe, KJliHiYHe 00CTeKEHHS Ta CIOCTEPEe-
KEHHSI MTPOBOAUIOCH 3TiAHO YHi(hiKOBAaHUX KIiHIYHUX
MPOTOKOJIiB «JIiKyBaHHSI MAaLiEHTIB 3 XPOHIYHOIO XBO-
poboto HUPOK V cTanii: mpoBedeHHSI iHTEPMIiTYI0UOIO
remMonianisy», «JIikyBaHHS MalliEHTIB 3 XPOHIYHOIO XBO-
pob6oro HUpOK V cTafii 3 aHEMi€IO».

ITpocneKTUBHUIA TU3aiTH JOCITIIXKESHHS IIPEICTaB-
JIEHO Ha puc. 1; yacToTy Ta 06’€M MOHITOPUHTY Mojaa-
Hoy Tabu. 1.

3 micai;
EMABEIT 50 OJI/kr 3 pa3u Ha TIXKIEHb 260 1032 Mic/1s1 KOpeKuii
Biznur 1 Bizur 2 Biznur 3 Bizur 4 Bizur 5
(lenb 1) (denn 14) (denn 28) (ennb 42) (enb 56)
CKpuHiHT (B Mexkax 21 gHs IToyaTok
o Bisur 1, 3a HeoOXigHOCTI - JIIKyBaHHS Ouinka no3u | Owinka xo3u | Owninka no3u | OmiHka 1o3m
CYDEP®) EMABENJI
TMepion nikyBanus EMABEWMJI
Puc. 1. Ju3zaith gocmiakeHHs
Tabauys 1
Yacrora T2 00°€M 00CTEKEHHS BKIIOYEHUX Y IOCTI/ZKEHHS MALIEHTIB
CKpHHiHT Bisur 1, 2, 3, 4 Bizur 5
OTpuMaHHS MUCHbMOBOI iH(pOpMOBaHOL C
3roan
AHaMHe3 C
O06’eKTHUBHE OOCTEKEHHS C X X
EKT C X
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IIpodosxcenns mabauyi 1

CKpuHiHT Bisur 1,2, 3,4 Bizur 5

JlaGopaTopHi AOCTiIKEeHHS:
TeMOTJI00iH KpOBi X
3arajbHUI aHaJli3 KpoBi C

. . C
0 / X aHaJi3 KpOoBi

. . X

MOKa3HUKU OOMiHY 3ai3a X
KOHIUEeHTpalis BiT.B12, (ponieBoi kuciaotu X
J7s XiHOK penpoayKTUBHOTIO BiKY - TECT Ha C
BariTHiCTh
PeecTpartis mobiyHuX SIBUIN / peakiriit X X
O1iHka e()eKTMBHOCTI Ta ITIepeHOCUMOCTI X

Ilepen mpu3HAYEHHSIM €PUTPOIIOCTUHY XBOPUM 3
nokasHukamMu HCT (HacmueHHsSI TpaHChEepwHY CHpO-
Batku) < 30% Ta/a6o peputu < 500 Hr/mi Gyja Mmpo-
BeJleHa Tepalrist HaBaHTaxeHHs: 600 MT eJleMeHTapHOTo
3aj1iza B/B IPOTITOM 2-X TWXHiB. IlamieHTn orpumy-
Baymm 1iperrapatr CY®OEP® (3amiza (I1I)-rimpokcun ca-
XapO3HMI KOMILIEKC), PO3YMH WIS iH’ ettt 20 Mr/Mi 5
w1, BupooHuirea TOB “IOpist-Dapm” (Ykpaina).

CymapHa KOpHUTyloua 103a IIperapaTy BH3Ha-
yajiacsl BiATIOBIIHO OO0 peKOMeHaalliili BUpoOHUKA 3a
dopmyIoio:

3aragpHuii gedimuT 3amiza (Mr) = Maca Tina (KT)
* (HopmanbHUii piBeHb Hb (r/11) - piBens Hb mamienta
(r/m)) + 0,24 + memoHOBaHe 3aj1i30 (MT).

Hopmanpauit piBenp Hb - 150 r / o,
KUIBKIiCTh ~ OeroHOBaHOro 3amiza - 500  wr.
Koepinient 0,24 = 0,0034 « 0,07 + 1000 (BmicT 3ami3za
B Hb = 0,34%, 06’eM KpoBi = 7% Macu Tiia, Koedili-
eHT 1000 = mepexyIam «I» B «MI»).

INepen nepioo KpaneabHOIO iHDY3i€lo MpoBOaAM-
JIN TecT-A03y: BBomwau 20 Mr 3ajiza mpotdarom 15 xB.
IIpu BigcyrHOcTi mpotsarom 60 XBWIMH HeOaXKaHUX
SIBUII BBOAWJIN 3 PEKOMEHIOBAHOO IITBUIKICTIO YACTH-
HY pO3UMHY, IIIO 3aJIMIIIIACS.

[IpemapaTt BBomMBCSI KpamneabHO 3 pa3W Ha THXK-
JeHb B no3i 200 Mr 3 gOTpUMaHHSIM peKOMEHIAIii
pupobHuka (npenapar CY®EP® pospoauiu B 0,9%
po3unHi NaCl y cniBBimHomeHHi 1:20 Ta BBOOMIN Y
BEHO3HY JiaJli3HY MaricTpajb IMPOTITOM IIOHAWMEHIIE
30 xB.).

Jikapcekuii 3aci6 EMABEWJI (emoetun-anbda),
po3unH mis iH’exuiii BupooHunTsa Illenpanr CaH-
maitH @apmaceiotikan Ko, JIto. / Shanyang Sunshine
Pharmaceutical Co. Ltd., mpu3HauaBcst BHYTPillIHbO-
BEHHO ITicJIs cecii remomianizy y mo3i 50 OJI/xr 3 pa3u
Ha TiXneHb. Kypc mikyBaHHS — 8 THIKHIB.

Kopexisi 1031 epuTponoeTuHy 3ailiCHIOBalach
3a HACTYITHUM aJITOPUTMOM:

I'emorno6in migBuiyerscs Bix 10 mo 20 r/m 3a 4
TUKHI - 1032 HEe 3MIiHIOETHCS 10 JOCATHEHHS 1IIJIbOBO-
ro 3HAYCHHS;

3HM:KeHa BIOIOBiAbL Ha mperapar (IIBUIKICTh
MPUPOCTy TeMoraobiny menie 10 r/m 3a 4 TkHI) -
MigBUILEHHS THXKHEBOI 1031 Ha 50%.

IMigBumeHa BimmoBigb Ha mpenapar (IIBUAKICTb
MIPUPOCTY TeMoraob6iHy Oinbmre 10 r/m 3a 2 THXHI) -
3MEHILIEHHS TUXHEBO1 1031 Ha 50%.

EdexTuBHICTD TiKyBaHHS OLliHIOBaJIach 3a:

e JOCATHEHHSM 1LinboBoro piBHd Hb B mpoieci
8-TUXKHEBOI Tepartii,

e piBHeM Hb micns §-TuxxHeBoi Teparii,

e TPUBAJICTIO Tepamii J0 MOCSITHEHHS I[iJIbOBOTO
3HayeHHs Hb,

e CEPEIHBOIO J03010 EPUTPONOETUHY 1O JOCATHEH-
H4 LUIbOBOTO 3HaYeHHsa Hb.

Ck1afioBi OILIIHKM €(hEKTUBHOCTI Ta TMEPEHOCU-
mocti EMABEWIJI nogaHo y TabJ. 2, 3.

Tabauys 2
Ouijnka eekTuBHOCTi JikyBanuss EMABEIT
IIpenapat IIpu 8-TrkHEeBOMY JIiKyBaHHSI TOCSTHYTO IiJiboBe 3HaueHHsT Hb >100 r/n1 Ta piBeHb
3(EKTUBHUI Hb minTpumyeThes B Mmexkax 100-120 r/n
IIpemnapat ITpu 8-T>kKHEeBOMY JIiIKyBaHHS He JOCATHYTO 1iJiboBe 3HaueHHS Hb
Hed(EeKTUBHUIA
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Tabauysa 3
Ouinka nepenocumocti EMABENJI
Jlobpa IIpu 06’ekTMBHOMY Ta/a00 JTJa00paTOPHOMY OOCTEXKEeHHI He BUSIBJICHI IIATOJIOTiUHi
3MiHM 200 KJIIHIYHO 3HAYUMI BiIXUIIEHHS
Ta/abo
Mali€EHT He BKa3y€e Ha MPOSBU MOOIYHMUX peaKIIiii.
3amoBinbHA IMpu 06’ekTBHOMY Ta/ab0 TaGOPAaTOPHOMY OOCTEXKEHHI B AMHAMIIII BUSIBJICHI

3MiHUM 200 KIIIHIYHO 3HAYMMI BiIXWIEHHS, KOTPi MalOTh TUMYACOBUIA XapaKTep Ta He
MOTPEOYIOTh 3MiHU CXeMU JIIKyBaHHS AOCTIIXKYBAHUM ITPENapaToM

Ta/abo

MAI[iEHT HEe BKA3y€E Ha MPOSIBY HE3HAYHUX MTOOIYHMX peakKiliil, 1110 He MPU3BOASTH 10
CEepbO3HUX MPOOJIEM Ta HE TOTPEOYIOTh BiIMiHU Mpemnapara.

He3zanosinbHa [Ipu 06’ekTMBHOMY Ta/ab0 J1JaGOPAaTOPHOMY OOCTEXKEHHI B IMHAMIIII BUSIBJICHI
3MiHUM 200 KJIiHIYHO 3HAYHi BiIXWJIEHHS, KOTOTPi MOTPEOYIOTh BiIMiHU MTpenapary Ta
MPOBENECHHST T0AaTKOBUX 3aXOIiB

Ta/abo

MaIiEHT BKa3ye Ha MPOSIBU MOOIYHUX peaKlliid, 0 MaloTh 3HAYHUI HETaTUBHUI
BIUIMB Ha MOTO CTaH, NOTPEOYIOTh BiIMiHU Mperapara Ta 3aCTOCYBaHHS JOTATKOBUX
3aXO/IiB.

PesyabraTi. XapakrepucTrika BKIIOUEHUX Y JOCTIIKEHHS MalieHTiB nogaHa y Ta6muii 4.

Tabauysa 4

3arajibHa XapaKTePHCTHKA BKJIIOYEHHX Y TOCiIKEHHS NAECHTIB

Bik (poKiB) | 4841182
Ipuunau XXH

XpoHiuHu# ropMepyaoHedpur (n, %) 23 (64)
IMonikicTo3 HUPOK 7(19)
XpoHiuHW TIiETOHEDPUT 3(8)
LlykpoBuii giadet 3(8)
Tpusanicts nikyBaHHs I (mic.) 42,38+10,41
TonuH reMopiani3y Ha THXKIEHb 12,6£0,51
Kt/V 1,27+0,08
Innexc macu Tina (kr/m?2) 2,41+4,35
Cucroniunuii AT (MM pT. CT.) 136,89+2,83
Hiactoniunuii AT (MM pT. CT.) 82,97+1,22
YacroTa cepiieBUX CKOPOUEHbD 32 XBUIIMHY 81,41x0,92
Iemorno6in (r/m) 81,70+0,93
Tpom6Gorutu ( 109/71) 216,59+5,37
AbOyMiH (T/7) 40,73%1,02
DepuTuH (Hr/MI) 395,85+132,46
% HaCUYEeHHS TpaHCHEPUHY 36,25+5,17

Yci 36 manieHTiB npoiinuin noBHuUi 56-meHHsAi 4 (11%) mauieHTiB piBeHb reMOrjo0iHY He AOCHT 1li-
Kypc jnikyBaHHsl. CepenHs TikHeBa 103a EMABEMJI  nboBoro 3HaueHHs1. JInHaMmiKa BiZCOTKY MALL€HTIB, SKi
Ha ToYaTKy JiKyBaHHs ckiaana 150,48+1,73 MO/xr. JIOCSITIIA LiNbOBUI piBeHb Hb mpoTsrom nepiony cro-

IIpoTsiroM Kypcy JiKyBaHHSI I1IiIbOBE 3HAUE€H- CTEpeXeHHs IoJaHa Ha puc. 2.

Hs piBHst Hb 6yno pocaruyro y 32 (89%) xBopux. ¥
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Puc. 2. lunaMika JOCATHEHHS LIIbOBOro piBHs Hb mpoTsrom 56 meHHOro mepiony CIioCTEPEXXEHHS Ta JIIKYBaHHSI.

Ha puc. 3 npeacraBieHa nuHaMiKa piBHSI TeMOTJI00iHY KPOBi XBOPUX MTPOTSITOM IEPioay JiKyBaHHS.

Femorno6in
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Puc. 3 lunamika piBHSI reMOTI00iHY KPOBi XBOPUX IMIPOTSITOM TEPiOAy JTiKyBaHHS

Ipumirtka: * - mocToBipHa Pi3HUIISA y TTIOPIBHIHHI 3 TaHUMMU TTOTIepeAHBOTO BizuTy (p<0,05)

IIporsiroM 56-meHHOrO Kyp-
cy JikyBaHHs piBeHb Hb kpoBi
30inpmmBes 3 81,70+0,93 r/n no
109,17£1,75 r/a (p<0,001), ToGTO
Ha 27,47 r/n, wo ckianae 33,62 %
BiJl BUXiZIHOT'O piBHSI.

CepenHsi TpMBalicTh Tepamii
JI0 JOCSITHEHHS I1iJIbOBOTO DiB-
Ha Hb cxiama 28,44%+2,63 guis.
CepenHs TuxHeBa pgo03a EMA-
BEWMJI y nepiox Kopekuil ckiajia
132,18+4,81 MO/xr.

JlvHamika THUXXHEBOI  J03U
EMABEWJI y nauieHrTis, siKi 1o-
carny uinboBoro piBHs Hb kposi
MPOTATOM KypCy JIIKyBaHHSI ITolaHa
Ha puc. 4.

160,00

140,00

120,00

100,00

OA/xr/TvxpeHb

80,00

60,00 -

40,00

1 2 3 4

Bisutn

Puc. 4. Tnnamika TiokHeBoi 1031 EMABEWI y martieHTiB, SIKi JOCATIIN HiTbOBOTO
piBHs1 Hb mpoTsrom Kypcy JlikyBaHHSI.

ITpumitka: * - mocToBipHa pi3HUIIS B OPIBHSAHHI 3 JTaHUMH TOTNEPETHBOTO Bi3UTY
(p<0,05)
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AHaJliz mepeHOCUMOCTi mpenapary MpOJAeMOH-
cTpyBaB HactymnHe. [{obpe nepeHocuau mpemnapat 30
xBopux (83%). 3amoBisibHA TIEPEHOCUMICTh KOHCTATO-
BaHay 6 nauieHTiB (17%). BigmidyeHO NOTIMOIEHHS Ii-
nepTeH3ii, KoTpe He MoTpedyBalo BiIMiHU MpernapaTy
EMABEMJI Ta KoperyBanoch 30iIbIIEHHSIM 031 aH-
TUTINEPTEH3UBHUX JiKapChbKUX 3ac00iB. PiBeHb TpOM-
OOLUTIB KPOBiI MPOTATOM KypcCy JIiKyBaHHSI TOCTOBip-
HO He 3MiHuBcs (214,171£6,29 npotu 221,36+2,99, p
> 0,05). IHwi 1abopaTopHi MOKa3HUKU Ta MOKA3HUKU
BiTalbHUX QYHKILINA, 110 MiISIrajJu KOHTPOJIO, TAKOX
JIOCTOBIPHO HE 3MiHIOBAJIKC.

OoroBopenns. HesBaxaioun Ha BEIUKi HOCST-
HEHHS B JIIKyBaHHi XPOHIYHOI XBOPOOM HUPOK 3a
OCTaHHi AeCATUPIYYS, AaHEMISI TPOMOBXKYE 3ATUIIATUCS
aKTyaJbHOIO MPOOJIEMOI0 B JIiKyBaHHI MialiZHUX Ta-
1ieHTIB. 3acTOCyBaHHS OioaHAJIOriB €pUTPOTNIOETUHIB
JI03BOJIsIE €(PEKTUBHO KOpEryBaTU aHEMilo, pa3oM 3
TUM € AEUIEBIIMM MOPiBHSIHO 3 BUKOPUCTAHHSIM OpU-
TiHAJIbHUX MTpenapariB.

B HamroMy mocitiakeHHi 3acTOCyBaHHS OioaHao-
ry enoetuny anbhpa EMABEWMII 103BonniIo qocsSruy-
TU LiJIbOBOro 3HaueHHs piBHg Hb y 89% xBopux. Lle
BiAINIOBiga€ TaHUM, OTPUMAHUM B MOMYJISILIHHOMY J10-
caimkenHi B Itamii [8] mpo BUCOKY, OPiBHSIHY 3 OpU-
FHAJIBHUMU €M0eTUHAMU, €(EKTUBHICTh 0i0AHAIOTIB.

CepelnHsl TpUBAJICTb Tepallii 10 AOCATHEHHS Lli-
nboBoro piBus Hb ckimana 28,44+2,63 nHiB. A cepen-
Hs TikHeBa 103a EMABEMJI Ha moyarky JiKyBaHHS
cknana 150,48+1,73 MO/kr, a B y mepiof KOpeKIIii
cknana 132,18+4,81 MO/xr. OTpumMaHni maHi cmiBma-
JTal0Th 3 OMyOJiKOBAHMMU JAHUMMU MOMNEPEAHIX TOCITi-
JKEHb, KOTPi IEMOHCTPYIOTh, IO CEPEeNHs MOoYaTKoBa
TUXXHEBA /1034 €MoeTUHy ajibda Oyna MpubOIAM3HO Ha
40% Buille, HiX KiHLEBa THXHeBa 103a [9].

V npencraBieHOMY AOCHiIKE€HHI HeOaXkaHi SIBU-
1Ia, MOB’s3aHi Oe3mocepeaHbO 3 IMpernapaToM, pee-
CcTpyBasiucs BKpaii piagko. Haii6inbl yacto BigMiyeHO
MOrMOJIEHHS TiMepTeH3ii, KOTpe He MOTpeOyBasIo Bif-
MiHu niperapaty EMABEMII Ta KoperyBasnoch 30ib-
IIEHHSIM 1031 AaHTUTINEPTEH3UBHUX JIIKAPCHKUX 3aCO-
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Abstract. The present study aimed to assess the effectiveness and safety of mini-percutaneous
nephrolithotomy (mPNL) in comparison with standard percutaneous nephrolithotomy (sPNL) for the
treatment of complex nephrolithiasis.

Methods. During the period from 2012 to 2020, 1021 patients with solitary (10.0-30.0 mm), staghorn
and multiple renal calculi were retrospectively divided into two groups: sSPNL (500 patients) and
mPNL (521 patients). The groups were compared by the stone-free rate (%, SFR), the duration of the
surgery, complications and hospital stay.

Results. SPNL and mPNL were highly effective procedures for the treatment of nephrolithiasis.
The mPNL group had longer operative times (81.0x£15.5 vs 69.1%113.9 min, p<0.001) and higher
[frequency tubeless/totally tubeless procedures (41.1vs 6.8%, p<0.001). mPNL showed a higher SFR
(96.4 vs 91.8%, p=0.002 in patients with complete staghorn (90.1 vs 77.3%, p<0.05) and multiple
kidney stones (89.5 vs 70.8%, p=0.03). Postoperative decrease in hemoglobin was lower in mPNL
group 1.1+0.34 vs 2.1£0.26 g/dl (p<0.001). The incidence rate of urinary tract infections and
postoperative hospital stay was lower in the mPNL group: 7.3 vs 13.2%, p=0.03 and 1.9%0.6 vs
4.3+2.4 days, p<0.001.

Conclusions. MPNL is a safe and effective treatment for patients with complex renal stones with an
improved stone-free rate and lower complication rate and shorter hospital stay. Smaller diameter tract
in mPNL procedures was associated with a longer duration of surgery.

Key words: nephrolithiasis, standard percutaneous nephrolithotomy, mini-percutaneous
nephrolithotomy..
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A. 1. Caranesuy, P. B. Cepriiiuyk, B. B. Oxorin, O. C. Bo3siaHos,
A. 10. Xpamuyk, f. O. dy6osuii, O. C. ®poios

Mini-nepkyTaHHa He(poITOTPHUIICiA B Xipyprii Hedpo.iTiazy
HauioHanbHuUit yHiBepcUTET 0XOpOHU 300poB’sl YKkpainu iMeHi. [1.JI. llynuka, Kuis, YkpaiHa.

Pestome. Memoro pobomu 6ya0 oyinumu egpexmuenicmo ma Oe3neKy UKOHAHHA MIHI-NePKYManHoi Hepponi-
mompuncii (mini-ILHJI) y nopienauni 3i cmandapmuoro yepe3ukipuor negposimompunciero (ILHJ) npu nikysanni ve-
dpoaimiasy.

Mamepiasu ma memoou. Y npedcmagneromy pempocneKmuHomy 00caiodiceri nPOaHANi308aHO pe3yabmamu Ai-
kysauna 1021 nayicuma 3 KoparonodioHumu ma mMHONCUHHUMU KameHamu Hupok (10-30mm) 3a nepiod 3 2012 no 2020
poku. Xeopi 6yau po3zdineni na 2 epynu: ITHJI (500) ma mini-ITHJI (521). Pe3yasmamu nikyeaHHs 8 000X epynax nopie-
HI08AAUCH MIXC 0000 3a MAKUMU NOKA3HUKAMU: cmaH einbHuill 6i0 kaminna (SFR), mpueanicmo onepauii, HaseHicmo
YVCKAQOHeHb Ma KiAbKicmb NicAS0nepayiiHo2o AincKo-0Hs.

Pesyaomamu. Qoudsi memoduku € ucokoeghekxmugHuUMU 8 XipypeiuHomy AiKyeanHi Hegposimiazy. Ilpu yvomy
mpueanicmo onepayii mini-IIHJI 6yaa 6invworo (81,0 x 15,5 npomu 69,1 = 13,9 xe, p <0,001) ma wacmiwe 3aKin-
yyganace 3a bezopenaxchumu memoouxamu (41,1 npomu 6,8%, p <0,001). [Ipu mini-ITHJI noxasnux SFR 6ye euwum
(96,4 npomu 91,8%, p = 0,002 npu aikyeanni Kopaionodionoeo negposimiasy (90,1 npomu 77,3%, p <0,05) ma muo-
HcuHHOMY Hegppoaimiasi (89,5 npomu 70,8%, p = 0,03). Ilicasonepayiiite nadinus pieHs 2emoenobiny 6ya0 MeHwum y
epyni mini-ITHJI 1,1 £ 0,34 npomu 2,1 + 0,26 ¢/0a (p <0,001). Yacmoma inexuyitinux yckraonenb ma mpueanicmo
nicasonepauiiinoeo nepebysanus 6 aikapwi 6yaa Huxcuoro y epyni mini-IIHJI (7,3 npomu 13,2%, p = 0,03 ma 1,9 £ 0,6
npomu 4,3 = 2,4 0us, p <0,001).

Bucnosku. Mini-ITHJI — 6e3neunuii ma egpekmueruii memoo AiKye8aHHs NPU MHOICUHHOMY Ma KOPaaonooioHo-
My Hegpoaimiasi, npu Kompomy éiominaemocs suwuii nokasnux SFR, menuia uacmoma nicasonepauitinux yckaadHeHb
ma nicasonepayiiine nepebdysanus 6 AikapHi. 30invuenHs mpueanrocmi onepauii npu euxonanti mini-ITHJI noé’s3ana 3i

3MeHueHHAM diamempa mybyca.

KniouoBi ciioBa: wegponimias, uepezwkipna He@hpoaimomompuncis, MiHi-nepKkymanua Hegpoaimompuncis.

Introduction. According to the clinical guide-
lines of the European and American Associations of
Urology, PNL is a first-line procedure in the treat-
ment of large (>1,5-2,0cm) renal stones [1]. Techni-
cal advancements and increasing experience have led
to improvements in the safety and effectiveness of this
procedure [2]. However, due to the invasive nature of
this surgical approach, known complications of PNL
include urinary tract infection, hemorrhage, damage to
adjacent organs, and perforation of the renal collecting
system [3, 4].

One of the methods to decrease the trauma to the
renal unit has been adoption of miniaturized instru-
ments [5-7] with increasing use of with mini-percuta-
neous nephrolithotomy (mPNL), with tracts less than
22 Ch, instead of the standard percutaneous nephroli-
thotomy (sPNL) with tract size between 24-30 Ch [8-
10]. Despite the higher safety profile mPNL a number
of authors have reported differences in stone-free rate

Andriy Sahalevych
sagalevich260570@gmail.com

(SFR) in favor of sPNL. These differences are most no-
table when comparing the results of treatment of stag-
horn and multiple renal calculi [11-13].

With increasing literature and experience in the
adoption mPNL the question arises regarding the com-
parative success of these approaches.

Thus, our study aimed to assess the effectiveness
and safety of mini-percutaneous nephrolithotomy in
comparison with standard percutaneous nephrolithot-
omy, across various types of renal calculi.

Patient and methods. We performed a retrospec-
tive review of patients undergoing surgical treatment of
nephrolithiasis between January 2012 to January 2020
in the Kyiv regional hospital. The Department of Urol-
ogy Inspection Commission, Shupyk National Medical
Academy of Postgraduate Education, has approved this
study. All procedures performed in our study involving
human participants were in accordance with the ethical
standards of the institutional and/ or national research
committee and Declaration of Helsinki (1964) and its
later amendments or comparable ethical standards. For
this type of study, formal consent is not required.

We identified 1021 patients with solitary (10.0-
30.0 mm), staghorn stones and multiple renal calculi.
The patients were divided into two groups based on the
treatment approach. Patients with uncontrolled coagu-
lopathy, acute urinary tract infection, severe chronic
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kidney disease, pregnant and patients <18 years old
were excluded from the study.

Patients underwent preoperative investigations in-
cluding complete hemogram, serum urea, creatinine,
urine culture, sonography, and cross-sectional comput-
ed tomography (CT). Patients with urinary tract infec-
tions were treated with culture-specific antibiotics and
a repeat urine culture was obtained. All of the proce-
dures were performed by a single surgeon with 20-year
experience of performing PNL.

Procedures were performed under regional com-
bined spinal-epidural (men) and epidural anesthesia
(women) (Bupivacaine, 20ml/50mg), with intravenous
sedation (Propofol, 10mMr/1mi). A 6F ureteric catheter
was initially placed up to the renal pelvis in lithotomy
position, and then the patient was turned to a prone
position. Percutaneous access to the pelvic-calyceal
system of the kidney was obtained under combined ul-
trasound and fluoroscopic controlled caliceal puncture
through the papilla of the Calix in line with the axis of
the infundibulum, most appropriate for calculus re-
moval.

In the mPNL group, the tract was expanded by se-
rial dilatation up to mini-nephroscope tube diameters
a 16/17.5/22Ch (Karl Storz, Germany). In the sPNL
group, the percutaneous tract was dilated using tele-
scoping Alken’s metal dilators up to nephroscope tube
diameters of 24-26 Ch (Karl Storz, Germany) or Am-
platz sheath up to 28-30Ch. The choice of the size of
the nephroscope was based on its presence, until 2016
we did not have a mPNL, and since 2016 we have used
exclusively a mPNL. In the future the choice of a neph-
roscope depended both on the size of the involved caly-
ces and on the size of the calculus: for single (10.0-30.0
mm) and multiple stones used tubes 16-17,5Ch, and for
staghorn stones — 17,5-22Ch.

Lithotripsy for sSPNL was performed using ultra-
sonic Calcuson (Karl Storz), pneumatic Calcusplit
(Karl Storz) and Ho: YAG laser Medilas H (Dornier)
lithotriptors. When performing mPNL, lithotripsy was
performed solely with laser or in combination with
a pneumatic lithotripter. The decision for the type of
lithotripsy was at the discretion of the operating surgeon

taking into consideration the clinical scenario (the size
of the nephroscope; the size of the stone, its density).
After stone fragments were removed, the renal cavity
system was inspected by visual inspection and fluoros-
copy, and in select cases sonography was performed.
Flexible renoscopy was not performed due to econom-
ic limitations. The surgery concluded: with drainage
of the kidney with Foley silicone catheter (open end)
14/16Ch during sPNL or 12Ch during mPNL; tubeless
(antegrade ureteral stent placement) or total tubeless.

The stone-free rate (SFR) status was assessed on
the first postoperative day with sonographic monitor-
ing, in rare cases - CTU. Successful treatment was con-
sidered a 100% SFR or the presence of clinically insig-
nificant residual fragments (<3-4 mm).

A comparative analysis of both groups was per-
formed with regard to SFR, operative time, the number
and type of intra- and postoperative complications, and
the duration of postoperative hospital stay.

Statistical analysis. The data was performed using
the Statistica 10 for Windows software package (manu-
facturer - StatSoft.Inc, USA). Quantitative parameters
are represented by average levels of indicators - (M)
* standard deviation (SD), qualitative parameters by
frequency characteristics. The reliability of differences
between groups was determined based on the Student’s
t-test or Mann-Whitney U-test. A comparative analy-
sis of the statistical significance of the differences be-
tween the groups was performed with the help of the
Chi-square (y¢2) or Chi-square with Yates’s correction.
In some cases (a small number of observations) used
Fisher’s exact test. For all statistical estimates, the sta-
tistical significance was checked at a level not lower
than 95.0%.

Results. We identified 1,021 patients of which 500
patients were treated with sSPNL and 521patients that
underwent mPNL. The average age of the patients in
both groups was 44.5+15 years. There were no differ-
ences between groups concerning age, sex, body mass
index, preoperative hemoglobin level, presence of hy-
dronephrosis, kidney stones (stones size, density, loca-
tion and their number) (Table 1).

Table 1
Patient demographics and stone characteristics (n=1021)
Group A (sPNL) Group B (mPNL) P value*

Number of patients (n) 500 521
Age (years) 46.7 £ 16.4 433+ 14.1 0.305
Body mass index (kg/m2) 29457 29.0 £ 5.1 0.194
Sex

Male (n, %) 226 (45.2) 287 (55.1) 0.002

Female (n, %) 274 (54.8) 234 (44.9)
Pre-operative Hb (g/dl) 13.51£1.25 13.42+1.25 0.195
The average size of the stone, mm 27.5+73 257t 6.4 0.479
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Continuation of Table 1

GroupA(SPNL) |  GroupB(mPNL) | Pvalue*
Side of the stone location, n (%)
Right kidney 236 (47.2) 262 (48.4) 0.304
Left kidney 264 (52.8) 259 (51.6)
Number of stones, n (%)
Single stones (10.0-30.0 mm) 305 (61.0) 325 (62.4) 0.651
Partial staghorn stones 81 (16.2) 76 (14.6) 0.476
Complete staghorn stones 66 (13.2) 63 (12.1) 0.595
Multiple 48 (9.6) 57 (10.9) 0.481
Stone density, HU 1195+174 1216+185 0.091
Hydronephrosis, n (%)
None 121 (24.2) 145 (27.8) 0.187
Mild 197 (39.4) 178 (34.2) 0.083
Moderate 142 (28.4) 145 (27.8) 0.840
Severe 40 (8.0) 53(10.2) 0.228

* Statistically significant, if p< 0.05

Single parenchymal tract was performed in 395
(79.0%) cases sSPNL group, and 365 (70.1%) in mPNL
group (p<0.001), where access through the lower poles
was performed more often in the sPNL group - 345
(87.3%) vs mPNL - 275 (76.0%), p<0.001, with the
frequency of access through the middle and upper pole

was higher with mPNL: 51 (12.9%) and 90 (7.5%) vs
32 (6.4%) and 18 (3.6%), respectively. Multiple tracts
were utilized more commonly in the mPNL group: two
access - 83 (15.9%) vs 67 (13.4%), p<0.254; three - 51
(9.8%) vs 29 (5.8%), p<0.018; four - 22 (4.2%) vs 9
(1.8%), p<0.039 (Table 2).

Table 2
Intraoperative results of surgeries
Group A (sPNL), Group B (mPNL), P value*
n=500 n=521
Renal tract location, n (%)
One access tracts: 395 (79.0) 365 (70.1) <0,001
Lower pole 344 (87.1) 275 (76.0) <0,001
Middle pole 33 (8.4) 51 (13.6) 0,014
Upper pole 18 (4.6) 39 (10.4) 0,002
Two access tracts: 67 (13.4) 83 (15.9) 0.254
Lower + Middle pole 35(52.2) 30 (36.1) 0.048
Lower + Upper pole 25 (37.4) 19 (22.9) 0.05
Middle + Upper pole 7(10.4) 34 (41.0) 0.001
Three access tracts: 29 (5.8) 51(9.8) 0.018
Lower + Middle + Upper pole 19 (65.5) 45 (88.2) 0.032
Lower + Middle + Middle pole 10 (34.5) 6 (11.8) 0.032
Four access tracts: 9 (1.8) 22 (4.2) 0.039
Lower + Lower + Middle + Upper pole 3(33.3) 16 (72.7) 0.041
Lower + Middle + Middle + Upper pole 6 (66.7) 6 (27.3) 0.041
Tube size (Ch), with one access, n (%) 395 365
30 6 (1.5) -
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Continuation of Table 2
Group A (sPNL), Group B (mPNL), P value*
n=500 n=521
28 17 (4.3) -
26 159 (40.3) -
24 213 (53.9) -
22 - 114 (31.2)
17,5 - 163 (44,7)
16 - 88 (24.1)

Operative Time (min)

Total 69.1 £13.9 81.0+15.5 <0,001
Single stones 10.0 — 30.0 mm 35.3+10.2 46.3+12.4 <0.001
Partial staghorn stones 41.1+ 114 57.4+10.3 <0.001
Complete staghorn stones 78.4 +15.2 91.5+19.1 <0.001
Multiple stones 91.2+11.8 106.5 £ 19.3 <0.001

SFR, n (%)

Total 459 (91.8) 502 (96.4) 0.002
Single stones 10.0 — 30.0 mm 297 (97.4) 320 (98.5) >0.05
Partial staghorn stones 77 (95.1) 73 (96.1) >0.05
Complete staghorn stones 51 (77.3) 58 (90.1) <0.05
Multiple stones 34 (70.8) 51(89.5) 0.03

Surgeries completion
Nephrostomy 391 (78.2) 210 (40.3) <0.001
Nephrostomy + uretr. stent 75 (15.0) 97 (18.6) 0.123
Tubeless 23 (4.6) 129 (24.8) <0.001
Total tubeless 11 (2.2) 85 (16.3) <0.001

Second-look operations, n (%) 29 (5.8) 5(0.9) <0.001

Postoperativ stay, days 43+2.4 1,9+ 0.6 <0.001

* Statistically significant, if p< 0.05

When performing single access among 395 sPNL,
nephroscope tube size 24/26,/28/30Ch were used in 213
(53.9%), 159 (40.3%), 17 (4.3%) and 6 (1.5%) cases,
respectively. And when performing single access among
365 mPNL, tubes 16/17.5/22Ch were used in 114
(31.2%), 163 (44.7%) and 88 (24.1%) cases, respective-
ly. In the sSPNL group additional access was performed
with a 24Ch nephroscope tube, and in the mPNL group
-16 or 17.5Ch.

The average operative time was 81.0+15.5 minutes
in the mPNL group and 69.1%+13.9 minutes in the sSPNL
group (p<0.001). The surgical duration was longer in
patients with complete staghorn and multiple calculi in
both groups: group mPNL (91.5+19.1 and 106.5+19.3
min) and group sPNL (78.4%x15.2 and 91.2+11.8 min),
p<0.001, respectively.

Stone-free status was achieved in 459 (91.8%) pa-
tients of the SPNL group and the mPNL group - 502
(96.4%), p=0.002. The highest SFR rates were seen
among patients with solitary renal calculus: 97.4%

in the sPNL group versus 98.5% in the mPNL group
(p>0.05). A lower SFR was observed in patients with
staghorn stones in both groups: with similar SFR in pa-
tients with partial staghorn stones across both groups:
sPNL and mPNL (95.1 vs 96.1%, p>0.05), however,
in patients with complete staghorn stones SFR was sig-
nificantly higher in the mPNL group (90.1 vs 77.3%,
p<0.05). In patients with multiple kidney stones, SFR
also was significantly higher in the mPNL group — 89.5
vs 70.8% (p=0.03). Second-look procedures in pa-
tients with complex staghorn and multiple stones was
required in 29 (5.8%) patients in the sPNL group and
only 5 (0.9%) in the mPNL group (p<0.001). Median
length of postoperative stay was 4.3+2.4 days (range:
2-10) in group sPNL and 1.9 + 0.6 days (range: 1-7) in
group mPNL (p<0.001).

Tubeless procedure was performed in 214/521
(41.1%) patients in mPNL group compared to 34/500
(6.8%) in the sSPNL (p<0.001): tubeless - in 129 (24.8%)
mPNL group vs 23 (4.6%) sPNL group (p<0.001), and
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total tubeless - 85 (16.3%) vs 11 (2.2%), p<0.001, re-
spectively.

Complication-free stay was seen in 465 (89.3%)
mPNL and 394 (78.8%) sPNL, p<0.001. Intraoperative
bleeding (more 500 ml) was observed in 28 (5.6%) pa-
tients SPNL vs 9 (1.7%) mPNL group (p=0.002) and uri-
nary tract infection in 66 (13.2%) vs 38 (7.3%), respec-
tively (p<0.001). The average postoperative hemoglobin

Related Disciplines

decrease level in mPNL patients was lower than after
sPNL: 1.1£0.34 vs 2.1£0.26g/dl, p<0.001. In the mPNL
group complications more than Clavien IIla were not
observed, in contrast to patients in sSPNL group, where
hemotransfusion was performed in 3 (0.6%) patients.
Postoperative selective embolization of pseudoaneurysm
was needed in one (0.2%) patient. There were no visceral
injuries in either group (Table 3).

Table 3
Complications of surgeries

Group A (sPNL), Group B (mPNL), P value

n=500 n=521
Complications, Clavien, n (%)
0 394 (78.8) 465 (89.3) <0.001
| 59 (11.8) 37(7.1) 0.011
II 26 (5.2) 11(2.1) 0.009
I1a 19 (3.8) 8 (1.5) 0.04
I1Tb 1(0.2) ** 0 ** >0.05
IVa 1(0.2) 0 >0.05
Specification of complications, n (%)
Intraoperative bleeding 28 (5.6) 9(.7) 0.002
Decrease in hemoglobin level (g/dl) 2.1 £0.26 1.1+£0.34 <0.001
Urinary tract infection 66 (13.2) 38 (7.3) 0.003
Pseudoaneurysm 1(0.2) 0
Treatment of complications, n (%)
Hemotransfusion 3(0.6) 0 >0.05
Selective embolization 1(0.2) 0 >0.05
Ureteral stenting 19 (3.8) 8 (1.5) 0.04

* Statistically significant, if p< 0.05

** Excluding repeated operations in the treatment of complex staghorn stones.

Discussion. To date, the main surgical methods
for treatment of renal stones with sizes up to 1.5-2.0
cm are shock wave lithotripsy and retrograde intrarenal
surgery (RIRS), with PNL reserved for larger calculi or
branched staghorn calculi or in cases where anatomic
abnormalities preclude successful treatment with SWL
or RIRS. The most important advantage of RIRS over
PNL is its lower invasiveness and, accordingly, lower
complication rate [13, 14]. However, the higher cost
of operating the equipment, need for frequent multiple
procedures and lower stone-free rates are an important
drawback which maintains a role for various PNL tech-
niques [15, 16].

SPNL has a number of specific complications, in-
cluding hemorrhagic, 29-83% of them are caused by
dilation of the parenchymal tract of the kidney and in-
traoperative manipulations of the tract. The desire to
reduce surgical morbidity of PNL has led to miniatur-
ization with the implementation of smaller diameter
tubes: mini-, ultra-mini-, micro-, super-mini-PNL
[9, 17]. There is supporting evidence of a negative ef-

fect on the functional state of the kidney when the pa-
renchymal tract is formed with a nephroscope tube of
more than 26 Ch, which may lead to the development
of local scars in the parenchyma involving up to 2-5%
of the total renal cortex. Various studies have shown re-
ductions in blood loss, postoperative hospital stay, and
complications with reduced percutaneous tract diame-
ters with comparable efficacy ranging from 75% to 98%
[18]. However, as the diameter of the nephroscope tube
decreases, a number of disadvantages arise, including
increased pressure in the renal collecting system and the
need to create smaller fragments for removal, which in-
creases the duration of the operation, especially in pa-
tients with large stone burden [18-20].

The positive aspects of mPNL include the pres-
ence of space between the nephroscope and the sheath,
which allows better visualization and evacuation of
small stone fragments outside the surgeon’s field of
view due to the vacuum cleaner effect (Bernoulli’s prin-
ciple). This may facilitate improvements in stone-free
rates as smaller fragments are formed which can irrigate
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out through the tract. Similar to our study, improved ef-
fectiveness of mPNL was seen in a study by Zhong W.,
et al. [21] where the mPNL was associated with signifi-
cantly better SFR (89.7 vs 68.0%, p=0.049) compared
to sSPNL and lower need for a secondary procedure(13.8
vs 28.0%, p=0.048); and in the meta-analysis by Deng
J, et al. [22], where the stone-free rate was 87.6% with
sPNL and 87.8% with mPNL (p=0.57). In our expe-
rience, higher SFR of mPNL among all types of renal
calculi were, compared with SPNL (96.4 versus 91.8%,
p=0.002). The most significant differences were noticed
in the treatment of complete staghorn stones, where
the SFR results among mPNL and sPNL were 90.1 vs
77.3%, p<0.05; and in the treatment of multiple kidney
stones - 89.5 vs 70.8%, p=0.03. This feature is associ-
ated with the possibility of more active use of additional
(from 1 to 4 or) percutaneous tracts, due to their less
traumatic qualities. In our study, multiple renal access
in the sPNL group was performed in 105 (21,0%) cases,
and with mPNL 156 (29.9%), (p<0.05) which may in-
fluence the higher SFR in mPNL group.

In order to reduce the risks of intraoperative
bleeding, we tried not to perform additional accesses
with sPNL (24-26 Ch), when the size of the renal ca-
lyx with the calculus was smaller than the size of the
nephroscope (<24Ch). Similarly, to minimize the risk
of bleeding, we did not perform dilatation of the narrow
necks of the calyx (<20-22Ch), followed by the intro-
duction of a standard nephroscope. Since the larger size
and number of tracts increases the incidence of hemor-
rhagic complications [23].

It is commonly known, the access via the upper
pole of the kidney most often corresponds to access in
the intercostal space, where the risk of pleural injuries in-
creases compared to subcostal access. A number of stud-
ies note a significant reduction of pleural injuries during
puncture and dilatation of the kidney to a smaller diam-
eter tract [24, 25]. In our study, in neither of the groups
studied, pleural injuries or injuries of abdominal organs
were noted. When performing percutaneous access, we
always adhered to the technique of the combined use
of sonography and fluoroscopy, that according to some
studies and as confirmed from our findings, confirms
the safety of access due to this technique and not only by
minimizing the diameter of the used nephoscopes [26].

During the mPNL, we preferred laser lithotripsy.
This combination requires the form of smaller frag-
ments and longer operative times. Pneumatic litho-
tripsy was performed much less frequently with mPNL,
due to the large diameter of the pneumatic probe, which
impaired the flow of irrigation fluid. In the sSPNL group,
calculi fragmentation was performed using an ultrason-
ic and pneumatic lithotriptor. A study by Zeng G., et al.
[21] comparing different lithotripters in the sSPNL and
mPNL groups in terms of the surgical technique, and
in the difference in the internal space of the working
channel of the nephroscope, after insertion of the probe
lithotripter found that the type of lithotripsy devices did
not affect the difference in SFR.

In our opinion, mPNL is the optimum alternative
for percutaneous nephrolithotomy, where the known
drawbacks of using miniature nephroscope (mini, ul-
tra-mini-, micro-, super-mini-PNL) are not so pro-
nounced, and the size of the access tract (14-21Ch)
is sufficient for independent evacuation of stone frag-
ments, without requiring the use of grasping devices
(forceps and baskets). This feature allowed us to note
that the evacuation of stone fragments during mPNL is
more comfortable and faster than in SPNL, which still
often rely on grasping forceps or baskets for fragment
extraction. We hypothesize that gaining experience
and proper fragmentation techniques, may also help to
shorten the operation time.

In our study, the duration of mPNL was longer
in comparison with sPNL: 81.0+15.5 vs 69.1+13.9
min, p<0.001. The longest operation was in patients in
mPNL group with complete staghorn stones (91.5+19.1
vs 78.4%15.2, p<0.001) and multiple stones (106.5+19.3
vs 91.2+11.8, p<0.001). This feature may not only be
the function of the diameter of the nephroscope, the
method and technique of fragmentation of calculi,
but also on the number of additional percutaneous ac-
cesses that were necessary for the mPNL group (29.9 vs
21.0%, p<0.05).

The main advantages of mPNL manifested them-
selves when we analyzed operative complications. Ac-
cording to the Clavien—Dindo classification, only one
(0.2%) important complication was noted in the SPNL
group (Clavien IIIb), pseudoaneurysm bleeding, re-
quiring selective embolization. In the mPNL group,
we did not encounter any complications above the
Clavien IIla category, moreover, the number of com-
plications of the Clavien I-IIIa category was half as
many as after SPNL: 10.7 vs 20.8. In the mPNL group
there was a statistically smaller decrease in hemoglobin
level (1.1+0.34 vs 2.1+0.26g/dl, p<0.001), whereas in
the sPNL group, blood transfusion was necessary in 3
(0.6%) patients. This is logical because of the larger dif-
ference in the surface area of renal parenchyma trauma
between 15-21 Ch and 24-26 Ch nephroscope tubes.

In examining infectious complications, we noted
a marked reduction in these complications less in the
mPNL group (7.3 vs 13.2, p=0.003). Considering the
preoperative homogeneity of the studied groups, it is
possible to explain this by the lower intraoperative pres-
sure in the renal cavity system when using mPNL. So
Tokas T., at al, [27] notes that the design of the mini
nephroscope is designed to maintain a reduced intrare-
nal pressure, at any irrigation pressure. And the stron-
gest effect can be observed when using a nephroscope of
15Ch. This circumstance favorably distinguishes mini-
nephroscope from nephroscope of smaller diameter
(ultra-, mini- and micro-PCNL), where the intracavi-
tary pressure remains uncontrolled.

In some cases, postoperative clamping the neph-
rostomy, there was a violation of urodynamics, due to
the presence of residual blood clots or edema of the mu-
cous membrane of the upper urinary tract, thus requir-
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ing insertion of ureteral stent, which was seen higher in
the sSPNL group (3.8 vs 1.5%, p=0.04).

In our study population we observed a shorter
postoperative period for patients that underwent mPNL
with an average length of stay just short of 2 days. We
believe that decreased trauma associated with smaller
tract may in part account for the difference, though
we did not measure analgesia requirement in the post-
operative setting. Of course, the duration of postop-
erative hospital stay is affected not only by the quan-
titative and qualitative complications composition, but
also the possibility of using tubeless techniques [28-30].
We successfully completed mPNL without nephros-
tomy drainage placement in 214 (41.1%) patients: 129
(24.8%) tubeless mPNL with antegrade ureteral stent-
ing and 85 (16.3%) total tubeless mPNL. These options
for completing the surgery were lower (p<0.001) in
SPNL group — 34 (6.8%) cases: 23 (4.6%) tubeless and
11 (2.2%) total tubeless techniques.

One of the main limitations of our study is a retro-
spective review and the lack of comparative character-
istics on the methods and technique of fragmentation
of calculi. Despite all these limitations, our findings are
informative in accumulating experience of using mini
PNL and require additional study.

Conclusions. mPNL is a safe and effective treat-
ment for patients with solitary, multiple and staghorn
renal calculi. Compared to sPNL, mPNL is associated
with increased operative times, a significantly lower
incidence of intra- and postoperative complications,
an increased rate of tubeless techniques and decreased
hospitalization period. Hence, the mPNL should be
considered a sensible alternative to SPNL.
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Abstract. Novel coronavirus 2019 (COVID-19) is a highly infectious disease that causes multiorgan
failure and a high mortality rate. The present study aimed to investigate the association between
COVID-19 infection and kidney dysfunction.

Methods. In this meta-analysis study, 68 patients with kidney dysfunction and COVID- 19 infection
were analysed. Clinical features, laboratory data at initial presentation, management and, outcomes
were collected. Risk of acute kidney injury (AKI), acute kidney disease (AKD) and chronic kidney
disease (CKD) progression to kidney replacement therapy and graft loss were primary outcomes in
this study.

Results. The average age of patients at the time of diagnosis in COVID-19 nephropathy was 52.04
+ 14.42 years. There were ICU admission in 10/68 (14.7%) patients with COVID- 19 nephropathy.
There were a need for mechanical ventilation in 13/68 (19.1%) patients; 15/68 (22%) patients died
during hospital course or post-discharge. There were AKI in 4/68 (5.8%) patients with COVID-19
nephropathy and AKD found in 14/68 (20.5%) patients with COVID-19 nephropathy during the
follow-up. The median and interquartile range of SCr during the follow-up period was assessed
at 1.74 mg/dl and 1.18 (Q3-Q1=2.73-1.55), respectively. The effect size of COVID-19 on AKI
and AKD was assessed 0 and 0.003 using Cohen’s-d test. Eventually, 10 of 68 (14.7%) patients
with COVID- 19 nephropathy stayed on hemodialysis during the follow-up period and one of them
remained on RRT but its type was not characterized. There were a total of 36/68 (52.9%) kidney
transplant recipients and 10/36 (27.7%) of them developed AKI due to acute rejection. The effect
size of elevated IL-6 on decreased estimated glomerular filtration rate (eGFR) in COVID-19
nephropathy was assessed 0.656 (medium effect size).

Conclusion. The COVID-19 had a trivial (small) effect on eGFR declining. Future clinical research
is required for investigating novel unknown findings in COVID- 19 nephropathy.

Keywords: COVID-19 nephropathy, acute kidney injury, acute kidney disease, chronic
kidney disease.
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COVID-19 ta xBopoOu Hupok: MeTa-aHami3 KJIiHIYHUX pe3yJIbTATIB
TocnitanbHuii kommieke Imama XomeiiHi, HamtioHanbHuii TerepaHCbKMiT MEAUUYHUIN KOJIEIK,

HauionanwHauii Terepancbkuii MegUUHMI yHiBepcuTeT, TerepaH, Ipan

Pestome. Memoro docaioxncenns 6yn0 docaioumu 63a€M036 930K Mixc IHQIKYBAHHAM KOPOHABIDYCHOK X80P0O0I0
COVID- 19 ma oucghyukyiero HUpoOK.

Memodu. Y yvomy mema-ananizi 6yno npoananizoeano 68 nayieHmis 3 20CMpor0 ma XpoHIHHOK X80p060I0 HUPOK,
inghixosarnux COVID-19. Byau 3ibpani kainiuni 03HaKu, 1abopamopHi 0ani ma pe3yabmamu Aikyeanus. Pusuk npoepe-
cysanHs eocmpoeo nouwkodxcernns Hupok (T'TIH), eocmpoi xeopoou nupok (I'XH) ma xpouiunoi xeopoou nupox (XXH) do
HeobOXiOHOCMi HUPK080I 3amicHOi mepanii abo empamu mpancnianmama 6yau KiHuesuMu moyKamu 00CAi0HCeHHS.

Pesyarvmamu. Cepedniii 6ik nayienmie Ha momenm ecmanognenns diaenozy COVID-19 3 ypasxcenHam HUpok
cmanosue 52,04 + 14,42 pokie. Y eiddinenns inmencusnoi mepanii eocnimanizoeano 10/68 (14,7%) nauyicumie, y
13/68 (19,1%) nauicumis sunuxaa nompeba y IIBJI; 15/68 (22%) nauicumie nomepau nio yac 20cnimanbhoeo Kypcy
abo nicasn eunucku. Y 4/68 (5,8%) nayienmie 3 COVID-19 6ya0 diaenocmosano I'lTH, a 'y 14/68 (20,5%) xeopux 3
COVID-19 I'lIH 6yno diacnocmoearo nid yac cnocmepedicertsi. Cepedniil diana3oH KpemuHiHy cuposamiu npomseom
nepiody cnocmepexcenns cmanosug 1,74 me/on (Q3-01 = 2,73-1,55). Po3mip enaugy COVID-19 na I'llH ma I'XH,
oyinenuil 3a donomoeoro mecmy Koxena ckaadae 6id 0 do 0,003. 3pewmoio, 103 68 (14,7%) nauienmis 3 Heghpponamicio
COVID-19 nepebysaau na eemodianizi npomseom nepiody cnocmepedsicernts. Ycooeo 6yn0 36/68 (52,9%) peyunicnmie
3 mpaucnaianmayieto nupku iy 10/36 (27,7%) 3 nux pozeunysoce I'IlIH uepes eocmpe iomopeHeHHs: MpaHcnianma-
my. Posmip enauey nidsuuwernoeo IL-6 na weudkicmo kayboukogoi ghinbmpauii y nayicumie 3 negpponamicio COVID-19

cknaeg 0,656 (cepeoniii po3mip egpexmy).

Bucnosok. MaiioymHi kainiuni docnioxncents HeobxioHi 05 eusnauenns enaugy COVID- 19 na kainiuni pe3yavma-

MU X80pux 3 X60pobamu HUPoK.

Kirouosi cioBa: COVID- 19, 2cocmpe nouko0iceHHs HUPOK, 20Cmpa X60poda HUPOK, XPOHIUHA X60pOOA HUPOK.

Introduction. Viral pneumonia by novel corona-
virus-19 [severe acute respiratory syndrome-coronavi-
rus-2 (SARS-CoV-2)] emerged in December 2019 in
Wuhan, Hubei province, China for the first time [1].
This new disease has been named novel coronavirus dis-
ease-2019 (COVID-19) by the World Health Organiza-
tion (WHO). Coronavirus belongs to the coronaviridae
family, Nidovirales order, and reveals with crown-like
projections on its surface. In the late 1960s, it has been
isolated from patients with the common cold and iden-
tified this virus as B814 by electron microscopy. The vi-
rus comprises alpha (o), beta (), gamma (y), and delta
(8) subgroups. The main reservoirs of the virus include
bats, palm civets, and livestock and animals. These vi-
ruses were assumed to transmit among animals till the
outbreak of SARS in the 2002 year in Guangdong,
China. Thereafter, an outbreak of Middle East respira-
tory syndrome coronavirus (MERS) emerged in Middle
Eastern countries. In the recent outbreak in China, it
was thought to have originated from the Hunan seafood
market at Wuhan in China. Some have a belief that
this virus has evolved from an unknown species of bat
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at a Wuhan wet animal market in southern China. The
patients were diagnosed with pneumonia of unknown
etiology and were related to the seafood market. Gradu-
ally, the disease was increased in that region and it was
detected in those who had not gone on a journey to the
seafood market and at that time purposed possible of
person-to-person transmission. Coronavirus is a single-
stranded (positive sense) ribonucleic acid (RNA) Beta-
coronavirus, enveloped (E-protein) with club-shaped/
pear-shaped/petal-shaped glycoprotein projections
(S-protein) [1].

This virus is spherical or pleomorphic in shape with
80-120 nanometer (nm) size and includes spikes that
are made hemagglutinin esterase. The S-protein medi-
ates the viral attachment and entry to the endoplasmic
reticulum. SARS-CoV-2 maintains the classic corona-
virus structure like the presence of spike protein and
expression of other nucleoproteins, polyproteins, and
membrane proteins such as RNA polymerase, 3-chy-
motrypsin-like protease, papain-like protease, helicase,
glycoprotein, and accessory proteins. The pandemic flu
phase includes phases 1-3 that predominantly are ani-
mal infections and few human infections. Phase 4 com-
prises sustained human-to-human transmission and
phase 3-6/pandemic with widespread human infection.
In post-peak, there is the possibility of recurrent events
and in post-pandemic, there is disease activity at sea-
sonal levels [2].
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Objectives.

How does this study might work? SARS-CoV-2
(COVID-19) in persons with chronic comorbidities
can lead to critical illness easily or cause death. Patients
with underlying diseases e.g. cardiac, lung, liver, and
kidney damage are at higher risk of COVID-19 infec-
tion rather than healthy patients. End-stage kidney
disease patients are not exceptional in this rule due to
immune system suppression and poor outcomes from
this viral infection. Hence, close identification of the
association between this viral infection and kidney dys-
function leads to new mechanisms in pathogenesis and
novel therapeutic agents. This work aimed to find as-
sociations between COVID-19 and impaired kidney
function, eventually to create less spread and limitation
of viral infection.

Why does this research need? SARS-CoV-2 has
been spread out in Dec 2019. It has been isolated in sa-
liva, nasopharynx and lower respiratory tract samples.
Viral RNA has been found in the plasma of 15% of the
most severely affected patients and viral detection in
stool raises the possibility of fecal transmission. Because
of the rapid spread, asymptomatic nature and high mor-
tality of the COVID-19 viral infection, this research has
been motivated us to obtain explore specific and more
knowledgeable scientific pathways to prevent this viral
infection.

Materials and Methods. The present systematic
review follows the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA) guide-
lines.

Eligibility criteria. Type of studies. The search
identified 1391 full-text articles via electronic search in
google scholar and PubMed central databases. There-
fore total records of 1391 full-text articles were screened
and seven articles were deduplicated (1384). Then 202
full-text articles were eligible and 1182 articles were ex-
cluded due to not being related subjects. Therefore, 68
records in 43 published articles were included, and 159
articles were discarded due to non-case reports. These
43 articles included 68 case reports that were examined
68 patients with kidney disease with COVID-19 infec-
tion. These participants were enrolled for systematic
review and meta-analysis synthesis.

Type of participants. Patients with kidney dysfunc-
tion including acute kidney injury (AKI), acute kidney
disease (AKD), chronic kidney disease (CKD), and
kidney replacement therapy (KRT) that were infected
with SARS-CoV-2 were enrolled in this research. Pa-
tients were excluded from the study if they had no kid-
ney involvement at an initial time or during the follow-
up period.

Primary outcomes. Risk of AKI, AKD, CKD,
kidney failure (KF) progression to kidney replacement
therapy and graft loss, intensive care unit (ICU) admis-
sion, mechanical ventilation, and death were primary
outcomes in this study.

Secondary outcomes. Urinary tract infection
(UTI), decreased an estimated glomerular filtration

rate (¢GFR), and elevated urinary albumin to creati-
nine ratio (UACR) for detecting proteinuria were sec-
ondary outcomes in this study.

Information sources. The paper has been writ-
ten based on advanced searching via PubMed Central
(PMC) and Google Scholar databases to identify ar-
ticles published from inception to May 2020. The men-
tioned search was performed with search terms of kid-
ney and COVID-19 and COVID-19 nephropathy. The
author reviewed references of all included articles and
performed hand-searching of related journals to iden-
tify the additional relevant studies.

Study selection. The search strategy was used to
obtain titles and abstracts of studies that might be rele-
vant to this review. The 401 plus 990 titles and abstracts
were screened via electronic search in PMC and Google
Scholar by author, respectively. Total records of 1391
case-reports articles were screened and after deduplica-
tion 1384 articles were identified. Among them, 1182
articles were excluded due to non-related subjects, re-
view articles, others and 202 full-text articles were con-
sidered for eligibility. However, studies and reviews that
might include relevant data or information on studies
were retained initially. The 159 articles were excluded
and then 43 published articles that were examined 68
patients with COVID-19 infection and renal dysfunc-
tion were included for qualitative and quantitative syn-
thesis.

Data collection and analysis. Data extraction was
carried out by the author and studies reported in jour-
nals as non-English language were translated before as-
sessment. Where more than one publication of a study
existed, reports were grouped and the publication with
the most complete data was included.

All patients with clinical, laboratory and radiologic
presentations of COVID-19 infection and decreased
eGFR with or without a positive test for COVID-19 in
sputum, stool, urine, peritoneal dialysis fluid, and tis-
sue biopsy-proven specimens were considered in this
research. Demographic and clinical features such as
age, sex, different symptoms and physical signs were ex-
tracted from this study. Furthermore, biochemical vari-
ables of serum creatinine (SCr), eGFR, urine protein,
nucleic acid testing as quantitative real-time reverse
transcriptase-polymerase chain reaction (QRT-PCR) at
initial presentation and following days, imaging, man-
agement, and outcomes were collected.

Definition of kidney dysfunction. AK1, AKD and
CKD can form a continuum whereby initial kidney in-
jury can lead to persistent injury eventually leading to
CKD. AKI was defined as an abrupt decrease in kidney
function occurring over 7 days or less whereas CKD is
defined by the persistence of kidney disease for a pe-
riod of > 90 days. AKD is defined as acute or subacute
damage and/or loss of kidney function for a duration
of between seven and 90 days after exposure to an AKI
initiating event. Recovery from AKI within 48 h of the
initiating event typically heralds rapid reversal of AKI
(16th ADQI consensus report of 2017). CKD is classi-
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fied zero to five stages (stages of 1, 2, 3a, 3b, 4 and 5)
according to eGFR and kidney damage such as pro-
teinuria (>200 mg/day or protein to creatinine ratio >
200 mg/g creatinine) or albuminuria (urinary albumin
excretion > 30 mg/day or albumin to creatinine ratio >
30 mg/g creatinine).

eGFR was measured according to creatinine clear-
ance (CrCl), Cockcroft-Gault equation, modification
of diet in renal disease (MDRD) and chronic kidney
disease-epidemiology collaboration (CKD-EPI). CrCl
in 24-hr urine collection is expressed using urine cre-
atinine (mg per deciliter or micromole per liter) multi-
plication by urine volume (milliliter or liter) divided on
plasma creatinine (milligram per deciliter or micromole
per liter) multiplied in 1440 and it’s unit is expressed
with milliliter per minutes (ml/min).

Definition of infection transmission to others.
Person-to-person spread is thought to occur mainly via
respiratory droplets. COVID-19 virus RNA has been
detected in blood and stool specimens. Through respi-
ratory droplets generated by sneezing and coughing by
the infected person, generally when present nearby. By
manual touching of infected surface (having the SARS-
CoV-2 virus from the symptomatic or asymptomatic
person) and then hand touching the mouth, nose or
eyes. Transmission does not occur through simple air
(viruses remain contained in sneezing droplets). No
vertical mother-to-child transfer in the case of pregnant
women was seen [3].

Definition of hyperpyrexia. A morning reading
> 37.2°C (98.9 oF) or an afternoon temperature of
> 37.7°C (99.9°C) was considered a fever. Rectal tem-
peratures are generally 0.6°C (1°F) higher than oral
readings. Oral readings are lower probably because of
mouth breathing, which is particularly important in
patients with respiratory infections and rapid breath-
ing. Tympanic membrane temperature readings are
close to core temperature. The normal early morning to
late afternoon daily increase is typically 0.5°C (0.9°C).
However, in some individuals recovering from a febrile
illness, this daily variation can be as high as 1.0 °C. Dur-
ing a febrile illness, the daily low early morning and the
high evening temperature difference is maintained but
shifted upwards to higher levels. In menstruating wom-
en, the morning temperature is generally lower during
the two weeks before ovulation, rising by about 0.6°C
(1.0°F) with ovulation and remaining at that level until
menses occur. Seasonal variation in body temperature
has been described, but this may reflect a metabolic
change and is not a common observation. Elevation in
body temperature occurs during the postprandial state,
but this is not fever. Pregnancy and endocrinologic
dysfunction also affect body temperature. The daily
temperature variation appears to be fixed in early child-
hood. On the other hand, it is well established that the
ability to develop a fever in older adults is impaired and
that baseline temperature in older adults is lower than
in younger adults. Thus, older adult patients with severe
infections may only display a modest fever [4].

Definition of tachycardia and tachypnea. An
equal or elevated heart rate of 100 beats per minute is
defined as tachycardia and increased respiratory rate >
20 breaths per minute is defined as tachypnea.

Definition of Hypertension. Based on the most
recent American Heart Association/American Col-
lege of Cardiology (AHA/ACC) guidelines, an office
blood pressure (BP) of less than 120/80 is considered as
normal and office BPs in the range of 120 to < 130/80
mmHg are considered to be elevated. An office BP
of 140/90 mmHg is thought to correlate with an am-
bulatory blood pressure monitoring (ABPM) in 24-hr
with an average BP of 130/80 mmHg (135/85 mmHg
daytime and 120/70 mmHg nighttime mean BPs) and
home BP of 135/85 mmHg. Hypertension is defined as
SBP > 130 and /or DBP > 85 mmHg or under medical
treatment for hypertension.

Clinical suspicion or criteria for COVID-19
diagnosis. Up to now, the possibility of COVID-19 in-
fection should be considered primarily in patients with
fever and/or lower respiratory tract symptoms who re-
side in or have recently (within the prior 14 days) trav-
eled to areas where community transmission has been
reported (e.g. China, South Korea, Italy, Iran, Japan)
or have had recent (within the prior 14 days) close con-
tact with a confirmed or suspected cases of COVID-19.
The possibility of COVID-19 should also be considered
in patients with severe lower respiratory tract illness
when an alternative etiology cannot be identified or ex-
ists no clear been no clear contact or exposure with the
infected patient [4].

Definition of cell lineages in peripheral blood. 1.eu-
kocytosis was defined as a total white blood cell (WBC)
more than two standard deviations above the mean, or
a value greater than 11000 cells/microliter in adults.
Leukopenia was defined as a total WBC less than 4400/
microliter in peripheral blood. Neutrophilic leukocytosis
is defined as a total WBC above 11000 cells/microliter
along with an absolute neutrophil count (ANC) more
than two standard deviations above the mean (greater
than 7700 cells/microliter in adults)., moderate be-
tween 500 and 1000 cells/microliter and severe with less
than 500/microL. Lymphocytosis is defined as an ALC >
4000 cells /microliter (also expressed as more than 4.00
multiplied in 10°/mm? or >4.0x10°/L). Lymphocyto-
penia has been variously defined in older children and
adults as an ALC <1000 or <1500 cells/microL. Alanine
aminotransferase (ALT) > 29 to 33 IU/L in males and
> 19 to 25 TU/L in females) were defined as abnormal
serum aminotransferase levels. An aspartate aminotrans-
ferase (AST) cut-off of 10 to 40 IU/L in men and 9 to
32 TU/L in women was considered an abnormal value.
The normal range of lactate dehydrogenase (LDH) is be-
tween 140 to 280 U/l. Normal serum albumin is defined
as 3.5-5.5 g/dl.

Procalcitonin (PCT) is a biological marker that
is used for distinguishing between bacterial and non-
bacterial causes of pneumonia. The normal value for
procalcitonin in males is <19 pg/mL or <19 ng/L [in-
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ternational system of units (SI units)] and < 0.5 ng/ml.
Amounts of less than 0.1 micrograms per liter (mcg/1)
levels indicate nonantibiotic need and plasma levels
above 0.25 mcg/l need antibiotic therapy. The refer-
ence range for C-reactive protein (CRP) is < 0.3 mg/
dl or < 3mg/I and for high-sensitivity CRP (hs-CRP) is
< 3 mg/l. Normal value for cytokine interleukin-2 re-
ceptor antagonist (IL-2Ra) level [cluster of differentia-
tion (CD-25)] is 175.3 — 858.2 pg/mL and for IL-1p is
0.16-10 pg/ml. Cytokine IL- 10 level in ages of 1 to 6
years is assessed 11.4 (9.5—12.8), age groups of 7 to 17
years are assessed 11.3 (8.9—13.7) and age groups of >
18 years is assessed 12.6 (8.5—16.7) pg/ml. IL- 8 level
in ages of 1 to 6 years is assessed 30.9 (23.7—32), age
groups of 7-17 years is assessed 32.6 (28.2—39) and age
groups of > 18 years is assessed 29.3 (24.4—35.9) pg/ml.
Normal value for tumor necrosis factor-alpha (TNF-a)
is 23-1500 pg/ml. The reference range of cytokine of
IL-6 for a healthy population is less than 17.4 pg/ml (0-
5.9). Normal value for d-dimer is < 500 ng/ml or mcg/1
(pg/1), <0.49 mg/1 in healthy persons. The normal val-
ue for fibrinogen level in adults is 200-400 mg/dL or 2-4
g/L (SI units). Normal serum creatine phosphokinase
(CPK) is defined in amounts of 55-177 units/l. In other
references normal CPK is considered 21-232 1U/I in
male adults and in female adults this amount is 21-215
IU/1. Normal erythrocyte sedimentation rate (ESR)
in males and females was defined based on the follow-
ing formula: age/2 in males and age +10/2 in females.
Elevated ESR was seen in eight of sixty-eight patients
(8/68, 11.7%) with a mean average of in COVID-19
nephropathy. The normal ferritin concentration ranges
from 40 to 200 ng/ml (mcg/l). Normal serum sodium
is 135-145 mEq/l. Resting arterial oxygen saturation
(Sa0,) <95 percent or exercise desaturation > of 5 per-
cent is considered abnormal.

Definition of the positive test for COVID-19 in-
fection. Patients who meet the clinical criteria undergo
testing for SARS-CoV-2 infection. Specimens can be
collected from the upper respiratory tract (nasopha-
ryngeal and oropharyngeal swab) and the lower respi-
ratory tract (sputum, tracheal aspirate, or bronchoal-
veolar lavage) if possible. Induction of sputum is not
indicated. Additional specimens (e.g. stool, urine) can
be collected. SARS-CoV-2 is detected by polymerase
chain reaction (PCR). A positive test for SARS-CoV-2
confirms the diagnosis of COVID-19. If initial testing is
negative but the suspicion for COVID-19 infection re-
mains, WHO recommends resampling and testing from
multiple respiratory tract sites. Negative RT-PCR tests
on oropharyngeal swabs despite computed tomography
(CT) findings of viral pneumonia have been reported in
some patients who ultimately tested positive for SARS-
CoV-2. One important point that should be considered
herein is the continuation of the shaded infected virus
after improvement as such positive RT-PCR tests for
SARS-CoV-2 were reported in four laboratory-con-
firmed COVID-19 patients after they had clinically
improved and had the negative test on two consecutive

tests. Serum immunoglobulin G (IgG) and immuno-
globulin M (IgM) antibodies against SARS-CoV-2 are
detected by colloidal gold immunochromatography as-
say (CGIC). This assay is against nucleocapsid (N) pro-
tein) and with some reactivity to the spike (S) protein.
The sensitivity and specificity of this assay were 87.3
and 100%, respectively. Serology may have an impor-
tant role in diagnosing acute and past SARS infections
[5].

Assessment of risk of bias and quality in included
articles. Case reports were analyzed using criteria de-
veloped by the Joanna Briggs Institute Critical Apprais-
al tool for case reports that have different assessment
tools for each study design in question. The evaluation
tool has 8 items for case reports.

Statistical analysis. Categorical variables are re-
corded as frequency (N) and percentage (%). The
continuous variables were determined as to whether
they were normally distributed using the Kolmogorov-
Smirnov or Shapiro-Wilk test. Continuous variables
with normal distribution were reported as mean * stan-
dard deviation (SD). Nonparametric variables were ex-
pressed as the median and interquartile range (Q1, Q3
and IQR). Comparisons between continuous variables
with normal distribution wasm done used the two-tailed
t-test analysis. Relative risk (RR) and Odds (Ods) ratio
were used for assessing effect measures of the risk factor
on outcomes of disease. Furthermore, the chi-square
test for association between risk factors of COVID-19
and outcomes was used. The effect size of interven-
tion was assessed using Cohens’ d test. Correlation be-
tween two variables was assessed using Pearson’s and
Spearman’s tests. Significance was assessed with
a p-value < 0.05.

Results. Study description. After searching elec-
tronic databases the author identified 1391 records. Af-
ter duplicated articles were removed (N=7) and 1384
titles and abstracts screened, the author discarded 1182
full-text articles due to non-related subjects. Then 202
articles were eligible and 159 articles were discarded
due to not case reports. Of these, 43 published articles
(68 case reports) were included and enrolled to partici-
pate in the present study.

Risk of bias and quality in the included studies.
Assessment of risk of bias and quality of included arti-
cles performed using Joanna Briggs Institute critical ap-
praisal tools for case reports (Supplementary Table 1).
Based on these criteria, 16/68 (23.5%) case reports ob-
tained 8 scores, 31/68 (45.5%) had 7 scores and 21/68
(30.8%) case reports achieved 6 scores.

Patients Characteristics. Among screened 1391
full-text articles obtained in this research paper, 1182
articles were excluded due to unrelated subjects, review
articles and other studies. Then 202 full-text articles were
eligible and 159 articles were excluded due to not case re-
port (n=159). Eventually, 43 published articles were in-
cluded in this study [6-48]. These 43 articles included 68
case reports that were examined 68 patients with clinical,
laboratory and radiologic presentations of COVID-19
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infection and decreased eGFR with or without a positive
test for COVID-19 in sputum, stool, urine, peritoneal di-

quantitative synthesis in this research (Fig. 1).

alysis fluid and tissue biopsy-proven specimens who had
renal dysfunction were considered for qualitative and

Fig.1. The workflow of included studies.

Fifty of sixty-eight patients were male (50/68,
73.5%) and 18 female (18/68, 26.4%) sex. Twenty-
three of sixty-eight patients (23/68, 33.8%) were from
Wuhan province of China country, seven of sixty-eight
patients from London of UK (7/68, 10.2%), five of
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sixty-eight patients (5/68, 7.3%) from USA and Italy,
three of sixty-eight patients from Iran, African Ameri-
can, South Korea and France (3/68, 4.4%), two of
sixty-eight patients from Turkey and Netherland (2/68,
2.9%), one of sixty-eight patients from Zhengzhou
province of China, Spain, Switzerland, America from
Hendourasian ethnicity, Switzerland from African an-
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cestry, Australia, West Africa, Brazil, Germany, Den-
mark, Sweden country and Shenzhen of China (1/68,
1.4%). The causes of COVID-19 nephropathy in this
research were different that has been described in Sup-
plementary Table 2. The Mean average age of patients
at the time of diagnosis in COVID-19 nephropathy was
52.04 £ 14.42 years (ranging from 24 years to 88 years).
Of these, fifty patients (50/68, 73.5%) were male and
eighteen patients (18/68, 26.4%) were female. Mean *
SD age of patients in male and female levels at the time
of diagnosis in COVID-19 nephropathy were 53.06 *
14.2 old years (ranging from 24 to 88 years old) and 49.
2 + 15 (ranging from 27 years to 69 years), respectively.
There was no statistical significance for age between
two sex levels in COVID-19 nephropathy (p-value:
0.36) (Supplementary Table 3).

Patients Complaints. The symptoms in this study
were different and fifty-five patients (55/68, 80.8%)
presented with a history of fever. Thirty-four patients
(34/68, 50%) presented with cough, twenty-one of
sixty-eight patients with shortness of breath and fatigue
(21/68, 30.8%), fifteen of sixty-eight patients with diar-
rhea (15/68, 22.05%), fourteen of sixty-eight patients

eight patients with vomiting (9/68, 13.2%), seven of
sixty-eight patients with abdominal pain and runny
nose (7/68, 10.2%), five of sixty-eight patients with
anorexia (5/68, 7.3%), four of sixty-eight patients with
malaise and productive cough (4/68, 5.8%). There was
a history of hypertension in twenty-five of sixty-eight
patients (25/68, 36.7%) with COVID-19 nephropathy
(Supplementary Table 4).

The main clinical sign was fever in 47/68 (69.1%)
patients. In 11/68 (16.1%) patients high blood
pressure and tachycardia were observed. Tachy-
pnea was present in 12/68 (17.6%) of patients with
COVID-19 nephropathy. There were pulmonary ede-
ma, dehydration, abdominal tenderness and respira-
tory distress in 2/68 (2.9%) of the patients; abnormal
lung sounds were detected in six 6/68 (8.8%) of them.
In signs of COVID-19 nephropathy, there including
ground glass opacities in the left lower lobe, mildly in-
creased work of breathing and diffuse rhonchi, crack-
les in the right lower lung, a small infiltrate in the right
upper lobe, mild crackles in both lung fields and small
pleural effusion and finally fine bilateral crackles.
Elevated body mass index (BMI) was seen in 3.68

with dyspnea (14/68, 20.5%), thirteen of sixty-eight (4.4%) patients with COVID-19 nephropathy
patients with dry cough (13/68, 19.1%), nine of sixty- (Supplementary Table 5).
Laboratory data. Laboratory findings of the enrolled patients are presented in Table 1.
Table 1
Laboratory findings and statistical analysis of acute-phase reactants and cytokines
in patients with COVID-19 nephropathy
APRs/ Positive APRs Negative APRs | Positive or Negative | Proinflammatory Anti-
Cytokines | (Hp, SA, fibrinogen, Cp, (Albumin, Growth factor cytokines inflammatory
AAT, AGP, CRP, Lf, C2, transferrin, cytokines (IL-2, (INF-a,/B, (IL-1RA,
C3, C4, C5, C9, Factor B, | transthyretin) | IL-3, IL-4,IL-7, | IL-1a/B, IL-6, |sIL-1Rs,IL1-
C1 inhibitor, C4 binding IL-10, IL-11, IFN-o/y, IL-8, | BP, TNF-a
Status protein), ESR, ferritin IL-12, GMCSF) MIP-1) BP) cytokines
Normal NICRP: 2/68 (2.9%) N1 Albumin: NIIL-10:2/ NIIL-1B: 2/ NITNF-a
(Percent) 5/68 (7.3%) 68 (2.9%) 68 (2.9%) 1/68 (1.4%)
NI1C3:2/68 (2.9%)
N1 hs-CRP: 1/68 (1.4%) NIIL-8: 1/
68 (1.4%)
NI1C4:3/68 (4.4%)
Elevated TCRP: 42/68 (61.7%) Hypoalbumi- TL-2R: 2/ TIL-6: 14/
(Percent) hs-CRP: 4/68 (5.88%) nemia: 6/68 68 (2.9%) 68 (20.5%)
TFibrinogen: 8/68 (11.7%) (8.8%)
Merritin: 13/68 (19.11%)
TESR:6/68 (8.8%)
TC3: 1/68(1.4%)
Abbreviation: APRs, acute phase reactants; AAT, a1 -antitrypsin; AGP, a.1-acid glycoprotein; Cp, ceruloplasmin; CRP, C-reactive

protein; ESR, erythrocyte sedimentation rate; GM-CSF, granulocyte-macrophage colony stimulating factor;
Hp, haptoglobin; hs-CRP, high sensitive C-reactive protein; Lf, lactoferrin; IL-1RAs, interleukin-1 receptor
antagonists; IL-1 BP, interleukin-1 binding protein; IL-1Rs, interleukin-1 receptors; IL-1BP, interleukin-1
binding protein; IL-2Rs, interleukin-2 receptors; IFN-a., interferon-alpha; MIF-1, macrophage inflammatory
protein-1; NI, normal; SA, serum amyloid A; TNF-a, tumor necrosis factor-o; TNF-a BP, tumor necrosis
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factor-a binding factor.

D-dimer was measured in
17/68 (25%) with COVID-19 ne-
phropathy and it was elevated in
13/68 (20.5%) patients with an av-
erage mean of 5357.31£7563.3 ng/
ml. Serum creatinine was mea-
sured in 51/68 (75%) patients
with COVID-19 nephropathy.
The elevated SCr in these pa-
tients was assessed 2.44+ 1.28 mg/
dl. eGFR was measured in 27/68
(39.7%) patients, 2 of them had
anuria; the average eGFR level
was 45.97+15.12 ml/min/1.73m2.
Proteinuria (2.34%+2.92 gr/24 hr)
was found in 4/68 (5.8%) patients,
urinary protein to creatinine ratio
consisted of 4.89+3.87g/g. Ane-
mia was observed in 10/68 (14.7%)
patients with an average mean of
9.48%t1.8 g/dl; thrombocytopenia
(102400+40636.2/ul) and elevated
fibrinogen (682.3+168 mg/dl) were
diagnosed in 7/68 (10.2%) patients
with COVID-19 nephropathy. Hy-
pernatremia was found in the only
patient, hypocalcemia was revealed
in 3/68 (4.4%) patients with an aver-
age mean of 6.76+1.69 mg/dl. Pro-
longed prothrombin time (PT) and
partial thromboplastin time (PTT)
were seen in 2/68 (2.9%) patients.
Hypoxemia was presented in 20/68
(29.41%) patients but it quantitative
amount (88.56+12.56%) was men-
tioned in 14/68 (20.6%) patients
with  COVID-19 nephropathy.
There was no statistically significant
correlation between lymphocytope-
nia and SCr (R2=0.063; p = 0.33)
(Fig. 2).

The effect size of standardized
mean difference of elevated IL-6 on
the standardized mean difference of
decreased eGFR in COVID-19 ne-
phropathy was assessed 0.656 (me-
dium effect size).

Viral testing in this research.
Positive COVID-19 testing of nasal,
oropharyngeal, sputum, bronchoal-
veolar lavage fluid (BALF), blood,
dialysate, peritoneal fluid and tissue
samples of patients infected with
SARS-CoV-2 in baseline time in-
clude 33/68 (48.5%) samples. The
exact distribution of the tested sites
is presented in Fig. 3.
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Fig. 2. Distributional diagram of the correlation between lymphocytopenia and
serum creatinine in patients with COVID-19 nephropathy.
Abbreviation: SCr, serum creatinine.
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Fig. 3. Distributional diagram of patients with positive COVID-19 tests from
different sites. Abbreviation: NP, nasopharyngeal swab, OP, oropharyngeal swab, PF,
peritoneal fluid, UD location, undetermined location.
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Pathology. A kidney biopsy with characteristics in favor of collapsing
glomerulopathy was performed in 3/68 (4.4%) patients with COVID-19
nephropathy. Apolipoprotein L1 (APOLI1) genotyping on the biopsy mate-
rial in one patient was found to be homozygous for the G1 risk allele. Other
patients had APOL1 G0G?2 in histologic kidney specimens (Supplementary
Table 6).

Imaging. There were an abnormal chest x-ray (CXR) in 28/68 (41.1%)
patients with COVID-19 nephropathy. Bilateral lung infiltration was seen
in 19/68 (27.9%) patients and the only patients had unilateral lung infil-
tration. Unilateral pleural effusion was observed in 3/68 (4.4%) patients
and bilateral pleural effusion in 2/68 (2.9%)patients. Chest CT scan was
performed in 19/68 (27.9%) cases. These lesions in the lung include mul-
tiple or patchy opacities. Bilateral lung opacities, ground-glass opacities,
air bronchogram, nodular opacities as focal, diffuse or multiple were seen
in the chest CT scan. Abnormal transthoracic echocardiography (TTE) was
seen in 4/68 (5.8%) patients with COVID-19 nephropathy. Renal ultra-
sound was performed in 2/68 (2.9%) patients (Supplementary Table 7).

60 LLIkona Hedponora

YKPAIHCBKUIN XXYPHOA HEPPOAOTIT T Alanidy N23 (71) 2021


https://doi.org/10.6084/m9.figshare.12863882
https://doi.org/10.6084/m9.figshare.12863882
https://doi.org/10.6084/m9.figshare.12863882

Ukrainian Journal of Nephrology and Dialysis, 3 (71)’2021

Nephrology School

Treatment. Therapeutic options included ACE in-
hibitors, replication inhibitors (Remdesivir), protease
inhibitors (lopinavir/ritonavir), heterocyclic antivirals

Daru/Cob
Ribavirin
Favipiravir
Remdesivir
Chloroquine
Umifenavir
Oseltamivir
UD-Antiviral
Lop/Rit

HCQ

o
oyl
-
o
[
un

(chloroquine), nanodelivery drug systems, biological
therapeutics and herbal medications (Fig. 4).

W Percent

L]
o
]
v
w
o

35

Fig. 4. Diagrammal distribution of different antiviral therapy in patients of COVID-19 nephropathy.
Abbreviations: Daru/Cob, darunavir-cobicistat; HCQ, hydroxychloroquine; Lob/Rit, lopinavir/ritonavir; UD, undetermined.

Oxygen therapy was used in 32/68 (47%) patients
with COVID-19 nephropathy. Antibacterial therapies
included moxifloxacin, amoxiclav, ciprofloxacin, line-
zolid, ceftaroline, meropenem, ceftriaxone, vancomy-
cin, azithromycin, ceftazidime, cefepime, cefuroxime,
amoxicillin, piperacillin-tazobactam, anti-tuberculous
agents, antimalarial agents in this research.

Antihypertensive  agents included losartan,
ramipril, atenolol, nifedipine, olmesartan, hydralazine,
clonidine, amlodipine, valsartan, lisinopril. Diuretics
included furosemide, amiloride, spironolactone, hy-
drochlorothiazide and other drugs such as immunosup-
pressive agents, corticosteroids and antiviral drugs in-
cluded ribavirin (5/68, 7.3%), favipiravir (2/68, 2.9%),
remdesivir (2/68, 2.9%), lopinavir-ritonavir (15/68,
22.05%), darunavir-cobicistat, arbidol or umifenavir
(5/68, 7.3%), oseltamivir (8/68, 11.7%). Moreover,
statins, anticoagulative agents, intravenous immuno-
globulins, interferons (5/68, 7.3%), proton-pump in-
hibitors hypoglycemic agents, and vasopressors were
used. Anti-cytokines included tocilizumab (9/68,
13.2%), alemtuzumab, rituximab, belatacept and ecu-
lizumab.

Other therapeutic modalities included plasma ex-
change, mechanical ventilation, personal protective
equipment (PPE) and non-invasive ventilation such as
continuous positive airway pressure (CPAP) and posi-
tive end-expiratory pressure (PEEP) were also used.
The full list of treatment options is presented in (Sup-
plementary Table 8).

Follow-up and outcomes in patients with COV-
ID-19 nephropathy. There were negative COVID-19

testing in 15/68 (22%) patients with COVID-19 ne-
phropathy during the follow-up period. Positive
COVID-19 testing was found in 2/68 (2.9%) included
patients. Ten of 68 patients with COVID-19 nephropa-
thy stayed on HD during follow up and one of them re-
mained on RRT but its type was not characterized. One
of 68 patients stayed on dialysis treatment at the time
of writing this report. ECMO continued in 1/68 (2.9%)
patients with COVID-19 nephropathy during the fol-
low-up period. There were a total of 36/68 (52.9%) kid-
ney transplant recipients (KTRs) and 10/68 (14.7%) of
them developed AKI due to acute rejection. Fourteen
patients (20.5%) underwent different modalities of dial-
ysis in-hospital course and stayed on dialysis during the
follow-up. One patient underwent one session of HD
during the follow-up period (Supplementary Table 9).

Primary end-points. There were ICU admission in
10/68 (14.7%) patients with COVID-19 nephropathy.
There were a need for mechanical ventilation in 13/68
(19.1%) patients; 15/68 (22%) patients died during
hospital course or post-discharge. There were AKI in
4/68 (5.8%) patients with COVID-19 nephropathy and
AKD found in 14/68 (20.5%) patients with COVID-19
nephropathy during the follow-up. The median and
interquartile range of SCr during the follow-up period
was assessed at 1.74 mg/dl (Q3-Q1=2.73-1.55). The ef-
fect size of COVID-19 on AKI and AKD was assessed 0
and 0.003 using Cohen’s-d test.

The mean difference of AKI at baseline and fol-
low-up time was assessed -1.34 with a 95% confidence
interval (CI) of -6.1089 to 6.108. Comparison of two
effect sizes using the mean difference was calculated
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0.464 with 95% CI of -5.47 to -0.232. The mean av-
erage of SCr in AKD at baseline time was assessed
3.22+3.81 mg/dl with 95% CI of 1.0202-5.4198 and the
mean average of SCr in AKD at follow-up was assessed
3.155%3.33 mg/dl with 95% CI of -2.7099; 2.8499.

The mean difference of AKD at baseline and
follow-up time was assessed at 1.48 with a 95% CI of
-457t0 3.016. Comparison of two effect sizes (mean dif-
ference of Scr changes vs. mean difference of time) us-
ing the mean difference was calculated at 0.019 with a

8

95% CI of 1.23 to 5.07. Relative risk and odds ratio of
AKD in COVID-19 nephropathy were assessed at 0.57
and 0.4, respectively (p = 0.422). Upper and lower CI
included 0.04 and 3.9 in this research. By following per
under with Cohen’s “Rules of Thumb”, the effect size
of AKD was assessed 0.4 (not effect). Correlation be-
tween SCr changes and time of emergent AKI, AKD
and CKD was assessed with R2 of 0.0003 and p = 0.94
(Fig. 5).

40

SCr change (mg/dl)

-10
Time (days)

0 100 120 + SCrchange

—— Linear (SCr change)

Fig. 5. Correlation between serum creatinine change and time of emergent acute kidney injury,
acute kidney disease in COVID-19 nephropathy. Abbreviation: SCr, serum creatinine.

Secondary end-points. Decreased eGFR was
found in 8/68 (11.7%) patients with an average mean of
42.22+17.27 ml/min/1.73m? in COVID-19 nephropa-
thy during follow-up; 37.5% of the patients were in CKD
category G3b, 25% in CKD G 2 and G 1V, 12.5% in
CKD G3a in this research. The effect size of COVID-19
on declined eGFR using Cohen’s-d test was assessed
0.157 (trivial) and comparison between decreased eGFR
of baseline time and follow-up time using paired t-test
was assessed 0.36 (not significant). Proteinuria in differ-
ent tests was observed in 5/68 (7.35%) patients and only
one patient had UTI during follow-up.

Discussion. Coronavirus belongs to a big family of
viruses that cause a wide range of diseases mainly related
to the respiratory system and infection may vary from the
common cold to more severe respiratory diseases. This
virus may cause infection in other systems such as the
kidney, heart, brain, and even cause multiorgan failure
and culminate in death. Several factors can differentiate
between viral and bacterial infections. In patients with
lower respiratory tract infections, PCT can serve as a
helpful adjunct for guiding antibiotic therapy and resolv-
ing diagnostic uncertainty [4]. PCT is a marker for bac-
terial infections induced by bacteriotoxin but suppressed
by interferon. In this research, it was measured in 9/68
(13.2%) patients and it was elevated in 7.3% cases.

The pathogenesis of SARS is unknown but some
reports believe that cytokine storm syndrome or cyto-
kine release syndrome involves its pathogenesis. These
proinflammatory cytokines and chemokines include
IL-6, TNF-a, 1L-1, IL-12, IL-8, interferon-gamma.
In COVID-19 nephropathy, cytokines such as IL-2,
IL-7, 1L-6, IL-10, interferon-gamma inducible protein
10 (IP10), monocyte chemoattractant protein (MCP1),
macrophage inflammatory protein 1A and TNF-a are
increased highly in peripheral blood. Some are in the
belief that proinflammatory cytokines increase in pro-
portion to disease severity and IL-6 is an important key
cytokine in this disease. Acute phase reactants in CO-
VID-19 nephropathy need specific consideration. Clas-
sification of acute-phase reactants is dependent on the
change in acute phase proteins (APPs) concentration.
A 10-100-fold elevation is considered major; a 2-10 fold
elevation is considered moderate, and; a less than 2 fold
elevation is considered minor. The APPs that elevate in
major APRs include CRP and serum amyloid (SA); the
APPsthat elevate ina moderate APR include a.1acid gly-
coprotein (AGP); and the APPs that elevate in a minor
APR include fibrinogen, haptoglobin (Hp), and cerulo-
plasmin (Cp). Eight proteins are overexpressed in APRs
denoted as ‘positive’ APPs, including Hp, SA, fibrino-
gen, Cp, AGP, al antitrypsin (AAT), lactoferrin (Lf)
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and CRP. Similarly, there are several ‘negative’ APPs
the expression levels of which are reduced, including
albumin, transferrin and transthyretin. The APP is elic-
ited by cytokines, including those functioning as posi-
tive and negative growth factors and cytokines with pro-
inflammatory or anti-inflammatory activity. Positive or
negative growth factor cytokines involved include In-
terleukin (IL) 2; IL3; IL4; IL7; IL10; IL11; IL12; and
granulocyte-macrophage colony-stimulating factor.
Proinflammatory cytokines involved include TNFo/f;
IL1o/B; IL6; IFN-a/y; IL8; and macrophage inhibito-
ry proteinl. Cytokines involved in the anti-inflamma-
tory response include: IL1 receptor antagonists; soluble
IL1 receptors; IL1 binding protein; and TNFao binding
protein. Moreover, ESR and ferritin increase in these
patients. Covid-19 with hyperinflammatory pulmonary
symptoms is associated with a cytokine storm involving
interleukins and chemokine dysregulation. Of impor-
tant cytokine is interleukin-6 [49]. One of the achieve-
ments of this research is the effect of elevated 1L-6 on
decreased eGFR and this effect on kidney failure can
be substantial. About to with concerning relation to this
result, tocilizumab is recommended in severely infected
cases with elevated IL-6 in serum. In our research, to-
cilizumab has been used in 13.2% (9/68) of patients and
two of sixty-eight patients (2/68, 2.9%) were expired.
As such we know ceruloplasmin is one of the positive
APRs, and associated cytokines include TNF-a, IL-1B
and IFN-1. Other points in this research are the usage
of interferons that were used in six of sixty-eight patients
(6/68, 8.8%) and response to it in 7.3% cases (5/68).
Angiotensin-converting enzyme-2 (ACE?2) is the acel-
lular receptor for SARS-CoV and SARS-CoV-2. ACE2
shares some homology with ACE but is not inhibited
by angiotensin-converting enzyme inhibitors (ACEIs).
ACE?2 is expressed in the lung, heart, kidney, and in-
testine as SARS-CoV-1, it may be hypothesized that
chloroquine also interferes with ACE2 receptor glyco-
sylation thus preventing SARS-CoV-2 binding to target
cells. Different therapeutic modalities have been used
in COVID-19 nephropathy so far. A recent case report
described the beneficial effect of thalidomide (100 mg
daily) plus low-dose glucocorticoids [50]. Previously,
Amirshahrokhi in an experimental study in mice dem-
onstrated the effect of thalidomide in ameliorating the
histological and biochemical lung alterations induced
by paraquat (PQ). Thalidomide decreased the produc-
tion of inflammatory, and fibrogenic cytokine TNF-a,
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IL-1B, IL-6, and transforming growth factor-betal
(TGF-B1). Moreover, myeloperoxidase (MPO) activ-
ity, nitric oxide (NO) and hydroxyproline content in
lung tissue was declined [51].

Our study revealed the most common symptoms
include the history of fever (80.8%) and cough (50%)
and the most common laboratory findings include el-
evated CRP (50%) and lymphocytopenia (45.5%) that
were in agreement with the previously published studies
[52, 53]. In our study there was male predominance to
female gender (73.5% vs. 26.4%) that is in disagreement
with the study by Shang et al with female predominance
versus (vs) male group (53% vs. 47%) [5].

Conclusion. In our research, COVID-19 had a
trivial (small) effect on eGFR declining. Future studies
are needed to evaluate the clinical findings and impact
of COVID-19 on kidney outcomes.
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Abstract: Chronic kidney disease (CKD) is described as a complex and progressive
condition that arises from both non-communicable diseases (NCD) and communicable
diseases (CD). Approximately a tenth of adults are affected worldwide, but the global
prevalence of paediatric CKD remains unknown. Unfortunately, advanced diagnostic
techniques and interventions are not readily available in most developing countries. This
review seeks to create more awareness about paediatric CKD in a developing country like
Nigeria and the need to intensify efforts to make new technologies for its diagnosis available
and more affordable.
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IlepenoBi MeToaM AiarHOCTHKM XPOHIYHOI XBOPOOM HUPOK Y JliTeil B KpaiHax,
10 PO3BUBAIOTBCA: OLJISI JIITEPATYPH

'TocmiTans Jlep:xaBHoro rexHosoriayHoro yHisepcurery Enyry, Enyry, Hirepis

2VHiBepcuTeTChKa JikapHs YHiBepcutety Hirepii, Enyry, Hirepis

Pestome: Xponiuna xeopoba nupox (XXH) € maxckum npoepecyrouum 3axe0pro8anHaM, Ke Modice YCKAAOHI8A-
mu nepebie K HeiHgheKyilHUX 3aX60Peanb, Mak i ingexyitinux 3axeoproéars. Ilpubausno decama yacmuna 0opocao2o
Hacenenus ceimy cmpaxcoae na XXH, ane nowupernicmo XXH y dimeii 3arumaemocs negidomoro. Ha ycanv, nepedosi
Memoou diaeHocmuKu ma AiKy8anHs Hedocmynui y binbuiocmi Kpain, wjo pozeusaiomocs. Lleii oensd mae na memi niogu-
wumu o6iznanicme uwodo XXH y Hizepii ma akmugizyeamu 3ycunis, CnpsamoeaHi Ha NOKPaueHHs: O0OCMYRHOCMI HOBUX

diazHoCMUMHUX Ma AIKY8AAbHUX NIOX00i6.

Kimouosi ciioBa: diacnocmuuni memoou, nediampuuna XpoHiuna Xeopooa HUpox.

Introduction. Chronic kidney disease (CKD) is
described as a complex and progressive condition that
arises from both non-communicable diseases (NCD)
and communicable diseases (CD) [1, 2]. Ultimately,
it culminates in end-stage renal disease (ESRD) after
passing through five distinct phases at a pace determined
by the presence of comorbidities [2-4]. Approximately
a tenth of adults are affected worldwide, but the global
prevalence of paediatric CKD remains unknown [5,
6]. However, it is relatively low among the paediatric
age group compared to adults as suggested by available
population-based data [5, 7-10]. It is particularly
challenging to assess the impact of pediatric kidney
disease in Nigeria because of the time gaps between
the few available studies, which are primarily hospital-
based [11].

The rising number of non-communicable diseases
worldwide has been linked to the global surge in CKD
prevalence [2, 5, 12, 13]. Most children with CKD
have congenital or inherited kidney disorders, with
obstructive uropathy reported as the commonest in
US children [7, 12, 14]. Similarly, Ladapo et al. in
Nigeria reported congenital anomalies of the kidney
and urinary tract (CAKUT) as the leading cause of
CKD [11]. More often than not, as countries become
more advanced, diseases tend to move from infectious
to chronic conditions [15]. A similar pattern has
become more noticeable among a lot of impoverished
countries [2]. Although infectious causes of CKD in

Ndu Ikenna Kingsley
Ikennandu@gmail.com

low to medium-income countries (LMICs) are still
less common than the non-communicable causes, they
remain a major cause of public health concern and
contribute significantly to CKD [5, 13, 16, 17].

Although CKD occurs more commonly in adults
and aged individuals [5, 6, 18], it is now evident that
its aetiology can be traced back to prenatal events [12,
19, 20]. For instance, uteroplacental insufficiency or
maternal malnutrition may result in small for gestational
age infants who may have a paucity of nephrons and
develop increased blood pressure with the potential
risk of progressive renal injury [21]. Knowledge of
these possible risk factors may facilitate measures that
can reduce the rate of development of chronic kidney
disease [12].

As research to understand the role of these risk
factors continues, genetics is being explored for
associations with CKD, which may provide possible
interventional and prognostic tools for determining
genetic risk factors for CKD progression in children [7].

Accurately calculating the glomerular filtration
rate (GFR) is key to staging CKD [7, 22]. There is
agreement about the inaccuracy of measurement of
GFR by a timed urine collection because of variable
creatinine clearance [7, 22]. While GFR measurement
by inulin clearance is accepted as the gold standard, and
itis an arduous assay to perform, particularly in children
[7, 23]. Thus, innovative methods of GFR estimation,
such as the iohexol plasma disappearance method,
validated by the Chronic Kidney Disease in Children
(CKiD) study in North American pediatric nephrology
centers, are now used to help clinicians assess those at
risk for progressive kidney injury [12, 23-26].

Due to the correlative nature of renal pathology
diagnosis, other investigation modalities such as
electron microscopy (EM) and antibodies to localize
antigens in tissue sections from percutaneous needle
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biopsies are essential [3, 27, 28]. Unfortunately,
because of multiple challenges in developing nations,
most renal biopsies are reported with light microscopic
examination alone [27-29].

Paediatric cases of chronic kidney disease
(CKD), especially those from LMICs who often have
unrecognized and untreated CKD, progress to ESRD
[27, 29]. This requires life-saving renal replacement
therapy (RRT), which unfortunately is very expensive
and therefore unaffordable in most of these developing
countries [3, 5, 30-32].

Unfortunately, these advanced diagnostic
techniques and interventions are not readily available in
most developing countries. Therefore, this review was
done by the authors to create more awareness about the
need for early identification and prevention of known
risk factors of CKD while intensifying efforts to make
new technologies for its diagnosis available and more
affordable.

Description of the literature search. The literature
search was conducted through PubMed and Google
web search for articles on pediatric chronic kidney
disease. The following search terms were employed:
“chronic renal disease definition,” “chronic renal
disease diagnosis,” “chronic renal disease in Nigeria,”
“chronic renal disease challenges.” Studies relevant to
the objectives of this narrative review were subsequently
selected and reviewed.

Pathophysiology of paediatric chronic kidney
disease. The pathological features accompanying
paediatric chronic kidney diseases are complex and
interrelated by their pathophysiologic mechanisms. As
such, this clinical syndrome of paediatric CKD is seen
as a definite class of illness [33]. By nature, PCKD is
associated with long-term complications with resulting
in higher mortality and lower life expectancy than in the
general population [34]. Certain general physiologic
principles of renal function underlie the various injuries
associated with CKD, namely: i) high perfusion rate
of the kidney, which exposes the kidney to a higher
amount of circulating harmful substances ii) high intra-
and transglomerular pressure necessary for effective
glomerular filtration expose glomerular capillaries to
haemodynamic injuries. iii) interconnection between
the glomerular and peritubular capillaries facilitates the
transfer of glomerular injuries to the tubulointerstitial
space. iv) nephron as an integrated complex that
damages one part likely to affect other components [34].
Ultimately, the derangement in renal function progress
to ESRD whilst also leading to various pathophysiologic
problems in different organ systems of the body, which
includes the following.

Poor growth/Growth failure. Typically, children
with CKD have growth derangement [35, 36]. A 2006
North American Paediatric Transplant Cooperative
Study (NAPTCS) showed that over 35% of children
with PCKD attained only a final height below the
third percentile or exhibited -1.88 median standard
deviation score (HtSDS) and that glomerular filtration

rate correlated positively with HtSDS [37, 38]. Growth
retardation is also positively correlated with the age of
onset of Paediatric CKD/age of enrolment with average
HtSDS for respective age groups with scores in infancy,
young childhood and adolescence as -2.33, -1.65 and
-0.93, respectively [38].

In general, growth retardation in CKD is due
to the following conditions: CKD mineral and bone
diseases (CKD-MBD) through poor bone growth
etc., metabolic acidosis by degradation of proteins,
endogenous production or corticosteroids, and
suppression of appetite leading to malnutrition;
chronic anaemia which causes poor appetite and
cardiac dysfunction and fluid and electrolyte
disturbances [35, 39-41]. Other associated factors
include cardiac complications, end-organ resistance
to GH and abnormalities of the GH-IGF-1 pathway,
and the malnutrition-inflammation complex [41, 42].
According to Rees [35], in infancy and early childhood,
nutrition affects growth much more than the GH-
IGF-I axis, suggesting that malnutrition may be the
most critical factor contributing to growth impairment
at that age. In children who develop CKD at infancy,
boosting calorie intake during early childhood leads to
improved growth [35]. As summarized by Silverstein
[43], in addition to impairment of general development
in PCKD, dysregulation of the hypothalamic-pituitary
axis with resultant hypergonadotrophic hypogonadism
leads to delayed puberty for up to 2 years [36]. This
affects children requiring renal transplants before age
13 the most [44, 45].

Bone disease [chronic kidney disease-mineral
and bone disease (CKD-MBD)]. Bone disease is
one of the earliest pathophysiologic problems to
occur in paediatric CKD [42]. It occurs as part of
a complex called chronic kidney disease-mineral
and bone disease (CKD-MBD) characterized by
one or more abnormalities of calcium, phosphate,
parathyroid hormone and vitamin D metabolism, renal
osteodystrophy (ROD), plus calcification of vascular or
other soft tissue. ROD consists of abnormalities in bone
histology, linear growth, strength, and pathological
fractures [36, 42, 45].

Renal osteodystrophy of paediatric CKD follows a
complex interaction between several factors, including
derangement in the production of active vitamin D
with resultant poor intestinal absorption of calcium and
then secondary hyperparathyroidism with consequent
mobilization of calcium from bones [36, 42, 43]. Also,
renal function derangement leads to metabolic acidosis,
which in turn blunts trophic effects of growth hormone
on bones [36, 43]. Also, it reduces the renal generation
of active vitamin D with resultant mobilization of
Calcium from bones, thereby worsening bone disease
[36, 43].

Other mechanisms of bone disease include
the increase in circulating FGF23 following
hyperphosphataemia from decreasing excretion of
phosphate as a result of falling GFR. FGF23 causes bone
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cysts, marrow fibrosis, and reduced or no production
of bone marrow, known as osteitis fibrosa cystica [36,
42]. Prolonged stimulation of the parathyroid gland
by prolonged hyperphosphataemia and hypocalcemia
will make the gland autonomous. This tertiary
hyperthyroidism further worsens the mobilization of
calcium from bones [36, 42].

Reduced Haemoglogin concentration/anaemia.
Anaemia is quite common in paediatric CKD patients,
with prevalence increasing with the advancement
of the disease [33, 42]. As summarized by Kaspar
[36] and Bechrucci [33], it occurs in 45% of cases
and negatively affects outcomes, quality of life, and
neurocognitive development and functions [46]. Unlike
in adults, diagnosis of anaemia in paediatric CKD is not
straightforward since diagnostic parameters depend on
age range and sex [47].

The pathophysiologic mechanisms that lead
to anaemia in paediatric CKD include decreased
production and secretion of erythropoietin [36, 42,
48], reduced or no RBC production in osteitis fibrosa
cystica [42] and red blood cell (RBC) fragility and high
turnover of immature RBC associated with uremia
[42, 49]. Other causes of anaemia include intestinal
loss of RBC, which is highest in patients undergoing
hemodialysis, blood loss to hemodialysis equipment
and tubing, and loss of RBC-iron homeostastis [36].

Hypertension. Hypertension has been reported to
occur very early in paediatric CKD, with an increasing
prevalence as GFR worsens [50]. It is caused by salt
retention that results from derangement of GFR and
also by continuing renin secretion by the kidney in some
diseases [42]. According to Becherucci’s review [33],
54% of children with CKD had high blood pressure
(HBP) when they enrolled in a CKiD study group study.
In comparison, BP in 48% remained elevated despite
antihypertensive treatment. In addition, the BP in these
patients has characteristics associated the increased
cardiac morbidity in adulthood. HBP further damages
the kidney, thus expediting a decline in renal function.

Cardiovascular disease is an important cause of
mortality in paediatric CKD, conferring a 1000 times
higher risk of death in ESRD than in age-matched
non-ESRD children [36, 50, 51]. Cardiovascular
complications begin early in PCKD and progress
rapidly following the onset of dialysis [51]. A
combination of hypertension causes PCKD-related
cardiovascular disease, elevated circulating PTH,
FGF 23, 25-OHVitD, and deposition of calcium
phosphate in the heart and coronary artery [42, 50,
52]. The pathophysiologic mechanisms underlying
PCKD CVD include left ventricular hypertrophy,
endothelial dysfunction, and arterial thickening from
uremia-induced medial calcification [42, 50, 53]. The
leading cause of cardiovascular disease-related death
in PCKD includes arrhythmias, valvular diseases,
cardiomyopathy, and cardiac arrest [54].

Poor neurocognitive development and quality
of life. As summarized by Becherucci et al. [33],

and Kaspar et al. [36], childhood-onset CKD leads
to poor neurocognitive development and quality of
life in adulthood. These patients have low physical,
social, and health-related quality of life (HRQOL)
parameters and exhibit low energy, weakness, daytime
sleepiness, anxiety, and depression. GFR varies in
direct proportion to HRQOL, while treatment with GH
improves associated parameters also [55]. According to
the CKiD study, a significant proportion of children
with CKD has a risk for dysfunction in I1Q, educational
performance, and executive functioning of up to 1
standard deviation below the mean [46].

Comorbidities & other factors that affect CKD
progression in children. Researchers have identified
that certain factors are associated with the rapid
progression of CKD to ESRD. As summarized by
Kaspar et al. [36], these include severe proteinuria,
glomerular aetiology, older age, non-Caucasian race,
and presentation with stage 4 CKD, while for non-
glomerular PCKD, the factors include dyslipidaemia,
male gender, hypoalbuminaemia, urinary protein —
creatinine ratio of >2mg/mg, and anaemia. Based on
these identified factors, the risk for progression has
been classified into low, medium, and high-risk groups
with renal survival times of 135, 80, and 16.3 months.
Other conditions which hasten the progression of
CKD include hypertension [36, 56], concomitant
cardiovascular disease, and puberty [57, 58].

Diagnosis of chronic kidney disease. Traditionally,
blood and serum-based biochemical measurements
of substances secreted through the kidney are used to
diagnose renal diseases, including paediatric CKD.
These tests have, over time, proven not to be sufficiently
sensitive and specific for this purpose.

Nigeria, being a developing country, has several
challenges, of which the availability of modern diag-
nostic equipment in our hospitals is not excluded. Most
diagnoses of renal diseases in the healthcare facilities
are clinical, with the support of the baseline investiga-
tions such as urinalysis, full blood count, serum and
urinary electrolytes, urea and creatinine estimations,
and the few available radiological imaging diagnostic
equipment. Routine radiological imaging is only help-
ful for diagnosing gross anatomical abnormalities e.g.,
renal stones and other causes of obstruction, tumours,
etc [59]. These limitations arise because of the nature of
renal diseases. A variety of renal morphologic patterns
can result in the same clinical syndrome e.g., nephritic
syndrome from hereditary nephropathy, MPGN, IgA
nephropathy etc.; nephrotic syndrome from mini-
mal change disease, FSGS, membranous glomerulo-
nephropathy while one disease may cause more than
one distinct pattern of renal injury e.g., SLE can cause
glomerular &/or parenchymal injuries. Also, different
conditions can cause or be associated with one specific
pathologic process e.g., SLE, HCV infection & prolif-
erative GN [59, 60].

The implication of using such limited methods in
the diagnosis of chronic kidney disease is the inability
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to correctly identify the cause of the problem or the

true nature and extent of the pathology. As such novel

methods of diagnosis that can detect anatomical,
molecular, and functional changes in the kidney are
being developed and deployed in developed countries.

Improved investigative techniques will afford the

opportunity of early diagnosis, in which case reversible

diseases can be treated; progression of CKD may be
halted or slowed; comorbid conditions can be treated;
renal replacement therapy can be arranged ahead of

deterioration to end-stage kidney disease [61].

Novel diagnostic methods for chronic kidney
disease:

Laboratory investigation/Biochemical testing.
Cystatin-C is progressively replacing creatinine as an
endogenous marker for glomerular filtration function,
having been found to have more reliability than
creatinine [62].

Imaging. Imaging studies of the kidneys are
used to study both anatomical, renal perfusion, and
glomerular filtration abnormalities. As summarized
by Thuman and Gueler [59], like USS used to study
structural abnormalities, the more sophisticated
imaging methods, namely Doppler imaging, CT scan,
and MRI used to assess renal blood flow, also have
their limitations. The contrast media for the first two
are known to be nephrotoxic, while that for MRI causes
nephrogenic systemic fibrosis in patients with CKD [59].
However, newer contrasts for MRI, namely gadobenate
dimeglumine or gadobutrol, proven to be safe in CKD,
have been developed [63, 64]. Additionally, arterial spin
labeling (ASL), which uses magnetically tagged intrinsic
water as a contrast for MRI, has also been designed for
the evaluation of renal perfusion [65]. Also, Thuman
and Gueler [59] summarized new modalities being used
as follows:

1. Use of imaging probes: agents that can detect
specific molecules or biologic processes as
indicators of distinct kidney structural and
functional abnormalities

2. Blood oxygen level-dependent (BOLD) MRI:
determines tissue oxygenation and, therefore
disease. Tissue relaxation rate, R2* is inversely
proportional to tissue oxygen concentration. BOLD
MRI has shown that R2* is higher in paediatric
CKD patients than in the healthy population.

3. Dynamiccontrast-enhanced (DCE) MRI: usesrenal
perfusion and glomerular filtration of gadolinium-
based contrast agents (GBCAs) to assess CKD.

4. Sodium (23Na) MRI: quantifies and localizes
sodium in the kidney and other tissues. This
technique has shown that there is high sodium
concentration in tissues in people with end-stage
renal diseases than in others.

5. Hyperpolarized MRI: uses specific hyperpolarized
molecules to assess the transport and metabolic
functions of the kidney. By using hyperpolarized
13C pyruvate, the metabolism of pyruvate to lactate
is altered in models of diabetic nephropathy.

6. Elastography (Acoustic radiation force impulse
imaging): studies the stiffness of the kidney and,
therefore degree of fibrosis by measuring the shear
wave velocity (SWV) when an impulse is applied to
a tissue. Elastography performed in CKD patients
has shown that SWV correlated with the degree
of kidney disease. MR elastography has been
developed and is being standardized.

7. Diffusion-weighted Imaging (DWI) and Diffusion
Tensor Imaging (DTI): both MRI-based imaging
methods use the direction of movement of water
molecules in tissues to determine the degree of
renal fibrosis.

Imaging facilities such as CT scans and MRI for
diagnosis of renal and other diseases are available in
the country but sparsely distributed and unaffordable
to the average Nigerian. This has led to the limited use
of these diagnostic facilities to diagnose chronic renal
diseases in children.

Renal biopsy. Renal biopsy for CKD is usually a
percutaneous procedure consisting of using specialized
needles to obtain biopsies from the kidney. It is
generally performed under ultrasound guidance where
facilities are available. Indications for renal biopsy
include nephrotic range renal impairment without
a precise diagnosis by other methods, as a guide for
management and prognostication of certain diagnosed
conditions e.g., lupus nephritis, vasculitis etc. and
in established diagnosis e.g., diabetic nephropathy
but with unexplained deterioration in renal function
[59, 61]. Examination of renal biopsy specimens by
routine haematoxylin and eosin method has a minimal
diagnostic value. Specialized techniques have therefore
been developed, namely immunofluorescence staining
and electron microscopy.

The situation in Nigeria. Despite the availability
of these newer methods of diagnosis, most Nigerian
researchers still diagnose chronic kidney disease based
on the glomerular filtration rate of <60 ml/min/1.73 m2
for > 3 months, Kidney Disease Outcomes Qualitative
Initiative (KDOQI) diagnostic and staging criteria, and
the International Study of Kidney Disease in Children
guidelines. Imaging techniques such as computerized
tomography scan (CT scan), ultrasonography,
micturating cystourethrogram, intravenous urogram,
and magnetic resonance imaging (MRI) are also
employed in some cases. Pathologic abnormalities on
percutaneous biopsy, presence of markers of damage
in urine, blood, or congenital anomalies of the kidneys
and urinary tract (CAKUT) are sometimes employed
in diagnoses [11, 31, 66, 67]. The implication of the
use of such limited methods in the diagnosis of chronic
kidney disease is the inability to correctly identify the
cause of the problem or the true nature and extent of
the pathology.

It’s also important to note that most Nigerians
fund healthcare from out-of-pocket expenses despite
the minimal income and over 70% living below the
poverty line. This becomes a limiting factor to the use of
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modern diagnostic facilities even in centres where they
are available.

Despite these drawbacks, physicians managing
children suspected to have chronic renal diseases should
try and maximize the available basic investigative
techniques in the country. Percutaneous biopsies
should be done whenever indicated. This will enable
researchers and paediatricians to know the prevalent
causes of chronic renal diseases among children in
our environment and thus help in finding preventive
measures. The few available radiological imaging studies
should be utilized whenever possible. This will help to
properly define the scope and the cause of the CKD in
some cases. The use of c-cystine should be encouraged
in all facilities where children with CKD are managed
to replace creatinine estimation. Finally, efforts to
make these newer diagnostic facilities and methods
available in all our tertiary healthcare centres should be
vigorously pursued by all policymakers and authorities.
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Abstract. COVID-19 is an infection induced by the SARS-CoV-2 virus, that has resulted in a
worldwide sanitary crisis. COVID- 19 has a wide variety of clinical features, ranging from asymptomatic
infection to minor to severe pneumonia. Different laboratory markers get altered in these patients,
according to recent studies, and are therefore valuable as biomarkers to detect disease development
and identify patients who may present a severe and/or deadly clinical condition. This article reviews
biochemistry and immunology biomarkers that are changed in COVID-19 positive individuals, as
well as inflammatory markers, and their influence on liver, heart, kidney and pancreatic functions
markers’ levels, as well as their significance in the disease’s progression.

Key words: biochemical markers, COVID-9, coronavirus infection, laboratory diagnosis, severe
acute respiratory syndrome (SARS-CoV-2), acute kidney injury, cytokines

Conflict of interest statement. The authors declare no competing interest.

© JankarJ. S., Harley K. N., Waghmode A. H., 2021. All rights reserved.

Correspondence should be addressed to Jayshri Sadashiv Jankar: jayshrijankar@gmail.com

e R

76 LLIkona Hedponora

YKPAIHCBKUIN XXYPHOA HEPPOAOTIT T Alanidy N23 (71) 2021


mailto:jayshrijankar@gmail.com
mailto:synyachenko%40ukr.net%20?subject=
https://creativecommons.org/licenses/by-sa/4.0/deed.uk
https://ukrjnd.com.ua/index.php/journal
https://ukrjnd.com.ua/index.php/journal
http://inephrology.kiev.ua/
https://ukrjnd.com.ua/
https://orcid.org/0000-0002-0135-069X
doi:%2010.31450/ukrjnd.3(71).2021.09
https://jnmc.edu/
https://www.dmimsu.edu.in/about
https://www.dmimsu.edu.in/about
https://www.gmcakola.in/
http://ukma.edu.ua/

Ukrainian Journal of Nephrology and Dialysis, 3 (71)’2021

Nephrology School

© Oxanxkap J. C., Xapmi K. H., Barmon A. X., 2021
VIK: 616.98:578.834]:577.1

Jxaimmpi Cagamms /Ixxankap', Kymyn Hamneoopao Xapai?, Asinam Xapimuanapa Barmon!

3HaueHHs1 0ioXiMIYHMX MOKA3HUKIB JJ1 OI[IHKM CTAHY
xBopux Ha COVID-19: Ornsa aitepatypu

'"Mengnunnii konemx JIxasaxapnan Hepy, Inctutyr mennunmx Hayk larra Mere,
Casanri Mere, Bapaxa, Inmisa

2YpsimoBUi MEIUYHUIA KonemK, Akona, IHmis

Pestome. Koponasipycna xeéopooa (COVID-19) mae wiupokuii cnekmp KAIHIYHUX 03HAK 610 0e3CUMNMOMHO20
iHhikysanus do eaixckoi nHeemorii. 32i0n0 3 ocmarnuimu docaioncenuamu, nayicumu 3 COVID-19 maroms wupokuti
CHneKmp Aa60pamoOpHUX 3MIH, WO Modce OYMuU KOPUCHUM 045 USGACHHS PO3BUMKY 304X680PHOGAHHSI ma ioeHmupikauii
nauieHmie eucoKoi epynu pusuxy. Y ubomy 02450i aimepamypu po3easioaomocs NOMeHYIUHI 6i010214HI ma IMYHOA02IYHI
mapkepu COVID-19, ix 3nauenHs y npoepecy8aHHi 3axX60pH08AHHS MA 6NAUS HA NOKA3HUKU (DYHKUYIH NeYiHKU, cepysl,

HUPOK ma niOWAYHKOBOI 3aA03U.

Kmouosi cioBa: Gioximiuni mapxepu, COVID- 19, rabopamopra diachocmuxa, ax3cKuil 20cmpuii pecnipamop-
Huil cundpom (SARS-CoV-2), eocmpe nouiko0scents HUPOK, YUMOKIHU.

Introduction. In December 2019, the Chinese
city of Wuhan was the site of uncommon pneumonia
cases, which were later identified as a new coronavi-
rus in January 2020. This has suddenly escalated into a
major worldwide health security threat [1]. This virus is
made up of the same components as a beta coronavirus,
single chains of positive RNA from the huge group. It
is a member of the Coronaviridae family and can in-
fect humans as well as other animals such as mammals.
The coronavirus disease of 2019 (COVID-19) is caused
by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), which quickly spread over the world
and on March 11, 2020, was proclaimed a pandemic by
the World Health Organization (WHO) [2].

The virus’s entry mechanism into host cells has
been related to the angiotensin II-converting enzyme
(ACE2), which can act as a receptor for certain proteins
released by the SARS coronavirus when positioned in
the cell membrane. The distribution of ACE2 in the
body is linked to whether the disease affects cells and
tissues. This protein is expressed by epithelium, lung
epithelium, intestinal tract epithelial cells, circulatory
endothelium, and smooth muscle cells, among oth-
ers [3]. ACE2, which decreases the functioning of the
angiotensin-converting enzyme (ACE) and protects
against acute respiratory distress syndrome (ARDS),
regulates the angiotensin-renin system. The ACE2 en-
coding genes is a class 1 transmembrane glycoprotein
with 805 amino acids as well as a single catalytic do-
main with a molecular mass 120 kDa that is found on
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chromosome X. Similar to ACE, ACE2 comprises two
domain names: an amino-terminal catalytic subunit as
well as a carboxy-terminal subunit. The catalytic sub-
unit and the ACE amino subunit share 41.8 % of their
sequence [4].

SARS-CoV-2, HCoVOC43, HCoV-NL63,
HCoV-HKU1, MERS-CoV, SARS-CoV, and HCoV-
229E are seven viruses of the coronavirus family that
can cause serious illnesses in humans. These are mam-
malian viruses with singular contained RNA, a round
form, conspicuous appendages of spiked glycoproteins
called protein S on the membrane surface, and struc-
tural proteins such nucleocapsid (protein N), the enve-
lope (protein E), nucleocapsid (protein N) and matrix
(protein M) on the envelope surface [5]. The spikes (S)
glycoproteins of the virus function as attaching proteins
and are therefore incredibly important because they al-
low the virus to enter the host cells. S1 and S2 are the
two subunits of protein S, which is a trimeric protein.
The receptor-binding domain (RBD) of S1 attaches to
the target cell and connects to an ACE2 domain [6]. It
increases higher levels of angiotensin II when it inter-
acts, which might cause local vasoconstriction. It also
attaches to receptors on pulmonary and blood vessel
cells, producing pulmonary impairment and scattered
alveolar injury, putting a film over them but also de-
veloping fibrosis and respiratory discomfort in extreme
cases [7].

In persons with a demographic clinical history
symptom, COVID-19 is confirmed through laboratory
tests and radiographic investigations. COVID-19 dis-
ease can present itself in a variety of ways, ranging from
asymptomatic to mild, moderate, or severe symptoms,
including pneumonia [8]. Flu and sneezing, coughing
are the most common symptoms on a worldwide scale.

The research has been done to prove that several
metabolic parameters change as a result of COVID-19
infection, and this has been linked to the disease’s se-
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verity and, in rare situations, its association with regard
to the patients’ prognosis. The research facility char-
acteristics, as well as other demographic and socioeco-
nomic factors patients’ clinical data may allow them to
be classified in the early stages of the process, therefore
identifying those who is likely to develop a life-threat-
ening illness and allowing them to be treated enhance
their clinical treatment and explore appropriate thera-
peutic options strategies. The impact of biochemical
biomarkers (liver, heart, kidney, pancreatic as well as
inflammatory) in COVID-19 patients, as well as their
consequences for disease progression, are investigated
in this study.

Impact of the clinical laboratory in the evaluation
of biochemical markers in COVID-19 positive people.
Clinical laboratories play an important role in virus di-
agnosis, patient follow-up (monitoring their progress),
and pandemic monitoring by analysing serological
markers in their blood. Verified SARS-CoV-2 labora-
tory tests are essential for timely COVID-19 treatment
because they aid in the clinical decision-making process
for decreasing infections and identifying asymptomatic

individuals. As a result, timely separation and effective
treatment are facilitated, as well as the risk of contagion
is reduced [9].

A number of laboratory markers can be used to
determine the symptoms of the condition and predict
whether it will develop toward more serious disorders
such as multiple organ failure (MOF), disseminated in-
travascular coagulation (DIC) as well as acute respirato-
ry distress syndrome (ARDS) [10]. Hypoalbuminemia,
creatinine, absolute neutrophilia, thrombocytopenia,
increased liver enzymes, and nonspecific inflammatory
markers including C-reactive protein (CRP) as well as
Interleukin 6 (IL-6) have all been related to a poor prog-
nosis. Despite the aforementioned, critical progression
predictors such as lymphopenia, elevated D-dimer, and
ferritin levels should be included in the marker profile, as
should LDH, troponin and CPK [11].

Inflammatory Response Markers. Table 1 pres-
ents the laboratory findings of parameters associ-
ated with inflammation in individuals diagnosed with
COVID-19, based on the intensity of the clinical con-
dition.

Table 1
Inflammatory markers according to the seriousness of the COVID19 infection on admission
. . Severity of the Infection
Parameter Number of Biological - - P Reference
patients Range Total Mild Serious value
cases Cases cases
138 120-240 261 212 435 S 21
99 120-250 336 - - - 28
s 41 <245 286 281 400 S 14
dehydrogenase 40 - 304 221 462 NS 13
(U/L) 12 114-240 605 - - - 29
174 135-225 267 246 336 23
73 0-5 514 28
_ _ 12 <10 41.1 29
C-Reactive Protein
(mg/dl) 156 0-5 54.2 28.7 46.6 S 30
452 0-1 441 33.2 57.9 S 15
138 <0.05 49 22 27 S 21
Procalcitonin 99 0-5 0.5 28
(ng/mL) 12 0-0.5 0.81 29
118 0-5 0.07 0.05 0.1 30
Interleukin-Ij 452 0-5 50 | 5.0 5.0 NS 15
(pg/mL)
99 0-7 7.9 28
Interleukin-6
(pg/mL) 452 0-7 21.0 13.3 25.2 S 15
Interleukin 10 452 0-9.1 54 | 50 6.6 s 5
(pg/mL)
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An increased immune response in COVID-19 pa-
tients causes an inflammatory response described as a
‘cytokine storm,’ which destroys multiple tissues and
contributes to the patient’s deteriorating health [12].
Lymphopenia and increased proinflammatory cytokines
have been found to be more common in severe COV-
ID-19 individuals than in milder cases, with higher se-
rum concentrations of 1L10, IL2, 1L6, and IFN- pres-
ent in extreme cases. In this respect, the neutrophil-to-
CDS8+ T cell ratio (N8R), as well as a neutrophil-to-
lymphocyte ratio (NLR), have been proven to be useful
diagnostic factors in critically ill patients [13]. Moreover,
it was revealed that cytokines (IL-10, IL-2, IL-4, IFN-,
as well as TNF-a) attain their maximum levels in serum
3 to 6 days after the onset of the disease, excluding 1L-6.
When compared to the milder cases, significant increases
in serum levels of I1L-6 and IL-10 were only found 4 to
6 days after the initiation of the disease in the critically
ill group. Around 4 to 6 days after the initiation of the
sickness were huge increases in serum levels of IL-2 and
IFN- detected in the critically ill group [13].

According to Huang et al., plasma concentrations
of IL2, IL7, IL10, GCSF, IP10, Monocyte Chemoat-
tractant Protein-1 (MCP1), Tumor Necrosis Factor
(TNF o) as well as macrophage Inflammatory Pro-
tein-1 alpha (MIP1A) were higher in ICU patients
than in non-ICU patients [14]. The bulk of extreme
cases had higher levels of infection-related biomark-
ers (procalcitonin, CRP and serum ferritin) as well as
inflammatory cytokines (IL-6, IL-2R, 1L-10, IL-8 and
TNF-a), according to Qin et al. [15]. The plasma C-
reactive protein (CRP) is generated by the liver and
triggered by an inflammatory response such as IL-6.
Regardless of the lack of accuracy, it is used as a bio-
marker in clinical settings for a range of inflammatory
problems, and a rise in its levels is connected to ill-
ness intensity. This protein has the potential to affect
phagocytic cell activity and can activate complement
via the conventional route, implying that it could be
involved in the opsonisation of pathogenic pathogens
and damaged cells [16]. C-reactive serum concentra-
tions in COVID-19 patients were measured and divided
into four categories in a survey. Initial (3 days), pro-
gression (7 days), peak findings (12 days), and healing
are the stages of computed tomography (CT) (16 days).
The very ill group (n=6) had greater levels of CRP in
the development phase than the milder group. (n=21),
but the difference was not statistically significant. dif-
ferences between peak and recovery stages [17]. In ad-
dition, Liu et al. [18] reported that the C-reactive pro-
tein levels in the progression were substantially higher.
(10.6 mg/L vs. 10.6 mg/L in the recovery/stabilization
group (38.9% vs. 38.9% in the recovery/stabilization
group)). The progression group’s albumin levels (41.27
g/L) were significantly lower than the recovery group’s
(36.62 g/L) [18]. In the multivariate analysis, both al-
bumin (OR, 7.353; CI 95%: 1.098—50.000; P = 0.003)
and CRP (OR, 10.530; CI 95%: 1.224-34.701, P =
0.028) were revealed to be risk factors for illness pro-

gression. The plasma concentrations of these proteins
(albumin, CRP) fluctuate by at least 25% in the acute
phase in response to certain cytokines generated during
various types of inflammatory processes including some
degree of tissue damage [19].

Furthermore, an elevation of the lactate dehydro-
genase enzyme (LDH), which is used as a marker of
lung tissue death, is one of the most common biochemi-
cal abnormalities in COVID-19 patients on admission
to the hospital. Unlike patients in critical condition
[13, 20, 21], where there is a significant difference in
the amount of the modification in very ill patients [14,
22-24], patients with moderate infection have LDH
values that are within the reference limits, according to
multiple studies.

According to Yuan et al. [25] findings, patients
with severe clinical problems had considerably greater
serum concentrations of LDH and 1L-6 in the first six
days of hospitalisation in comparison to the moderate
group, which thereafter dropped dramatically in both
groups of patients, about day 6 to 9 days. The elimi-
nation of viral mRNA was linked with a drop in serum
concentrations of CK or LDH, suggesting that a con-
stant reduction in LDH or CK levels is likely to suggest
a good reaction to the journey of illness in COVID-19
positive patients [25]. In patients with severe pneumo-
nia, the early viral condition precedes (between 5 and 9
days) a phase of systemic immunological hyperrespon-
siveness, which is likely exacerbated by the cytokine
storm or macrophage activation syndrome (MAS). This
is especially frequent in patients having ARDS, where
increased CRP and higher ferritin levels are critical for
detecting MAS and are elevated in many severe pneu-
monia cases due to COVID-19. The poor life expec-
tancy of ARDS is connected to a long-term increase in
IL-6 and IL-1 levels. Higher acute phase reactants are
linked to a higher rise in pro-inflammatory cytokines
like IL-6, which are evidently higher in deceased than
in one still living throughout the clinical course, and
which rise with the severity of the disease [26]. In the
univariate analysis (38), it was easy to combine it to
a higher risk of in-hospital death in patients with in-
creased IL-6, procalcitonin as well as LDH, where it
was noted that LDH concentrations gets elevated in
both groups (deceased and one still living) in the initial
stages of the disease, but reduced by day 13 among the
one still living [26].

Increased amounts of cytokines cause a cytokine
storm. Interleukins such as IL-6, 1L-2, 1L-10, IL-7
and TNF o as well as cytokines, together with several
additional indicators, such as granulocyte colony-
stimulating factor (G-CSF), is an interferon-inducible
protein (IIP). This condition, on the other hand, is
likewise characterised by a drop in CD8+ and CD4+
T cells, as well as a decrease in the number of CD8+
and CD4+ T cells expression of the interferon-induc-
ible protein (IFN)by CD4+ T cells [27]. Furthermore,
larger amounts of G-CSF have been discovered in ICU
patients, which is linked to a more severe condition.
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Cardiac biomarkers. Advanced age, previous car-
diovascular disease, and a more severe presentation of
pneumonia are all risk factors for cardiac disease dur-
ing the COVID-19 infection. 1) Pro-inflammatory re-
sponses of atherosclerosis-mediating cytokines (IL-7,
IL-22, IL-6, CXCL10), which consequently lead to
endothelial dysfunction via inflammatory cytokines,
are examples of systemic processes.; 2) activation of
pro-coagulation elements; and 3) tissue damage attrib-
uting to thrombosis and ischemia are among the ele-
ments that cause these events [26, 28-30]. As a result,
complications, as well as direct and indirect heart in-
jury, contribute to minor elevations in high-sensitivity
troponin I indicators (hsTn) or pro B type natriuretic
hormone N-terminal peptide (NT-proBNP) in patients
in hospitals [31].

Table II shows the laboratory findings of param-
eters related to cardiovascular, liver, and kidney func-
tion on the admission of COVID-19 infected people,
grouped by the severity of the clinical condition. In
endothelial cells, vascular smooth muscle cells, car-
diac tissue, ACE2 expression has been discovered [32],
implying that SARS-CoV-2 can infect cardiomyocytes
through the binding of ACE2 with spike protein. ACE2
causes a protein surge, which has a negative impact on
cardiovascular health thus affecting the renin-angio-
tensin-aldosterone system (RAAS) and producing a
myocardial infarction injury [33].

A meta-analytic review of 28 studies with 4,189 pa-
tients COVID-19 individuals who were extremely un-
well presented with Troponin and creatinine levels are
much elevated. Myoglobin, NT-proBNP, and kinase-
MB (CK-MB), sudden cardiac damage (troponin in-
crease) was shown to be extra prevalent. In comparison,
As compared to their weaker versions, it is more com-
mon in those with serious conditions. Predominantly,
during the study, the levels of hsTnl and NT-proBNP
rose, only in non-one still living during the hospitalisa-
tion [34].

Churchill et al. [35] investigated the occurrence
as well as the attenuation of left ventricular dysfunc-
tion utilizing 2 D echo, in 93 subjects with hypertension
(60%), obesity (50%) and diabetes (41%). 88% of the
patients got admitted to the ICU required life support
and 71% needed vasopressors The average values of
highly sensitive troponin (hsTn) and natriuretic peptide
were 51 ng/L and 1.643 pg/mL, respectively, in these
93 patients. A total of 48 % of the 50 patients with a tro-
ponin level of 50 ng/L had left ventricular dysfunction.

On the other hand, Huang et al. [14] reported that
hsTnl concentrations risen dramatically in five cases
(12.2 %) who had been diagnosed with virus-related
cardiac damage. It also was shown that the aspartate
aminotransferase (AST) enzyme levels rose in 62% of
ICU patients compared to only 25% of those who were
not in the ICU. Furthermore, in an analysis of uni-
variate data, Zhou et al. [26] found that subjects with
increased ALT, creatine kinase and high-sensitivity
cardiac troponin I had a higher risk of death, whereas

hsTnl increased rapidly in the group of deceased as of
day 16 after the onset of the disease. In the same man-
ner, Deng et al. [36] that most individuals were hav-
ing standard troponin concentrations on admission, but
that these levels increased in 37.5 % of cases throughout
hospitalisation, notably in deceased. In fact, the tropo-
nin levels rose dramatically in the week leading up to
death.

According to Chen et al. [28], 76 % of patients
(n=99) had an abnormal myocardial zymogram, with
CK elevation in 13 patients and LDH elevation in 75
cases, with one case having both abnormal CK (6280
U/L) and LDH (740 U/L).

Liver biomarkers. Elevated levels of alanine ami-
notransferase (ALT), total bilirubin, and aspartate ami-
notransferase (AST) are frequent in critically serious
individuals, indicating the involvement of liver impair-
ment in these patients than with less severe forms of
illness. In one of the studies, Chen et al. reported 43
patients with COVID-19 who had a liver impairment,
with AST or ALT levels over the normal levels, and one
illustration had substantial hepatic function damage,
with ALT of 7590 U/L and AST of 1445 U/L values,
respectively (18). Cai et al. studied that on admission,
approximately 90% of individuals with abnormal liver
tests were mild and while during their hospitalization,
around 24% had ALT and GGT levels that were more
than three times the upper limit [37]. There was a slight
increase in AST and total serum bilirubin (TBIL) to
more than 3 times the upper limit of normal (12 % and
15%, respectively), but ALP levers were not increased.
Gong et al. [38] looked at 12 subjects who had labo-
ratory abnormalities like lymphopenia, hypoalbumin-
emia, and neutrophilia. The researchers concluded that
a combination of hypoalbuminemia, lymphopenia, and
elevated LDH, as well as CRP and concentrations, in-
dicated significant severe pulmonary damage on being
admitted to the hospital.

Post-mortem hepatic histopathological analy-
sis of 51 years old COVIDpositive man revealed that
there was a mild portal and lobular activity and mi-
crovascular steatosis which indicated that liver inju-
ry could either have been caused by medication and
SARS-CoV-2 infection [26]. Furthermore, immune-
mediated inflammatory reactions contributed to he-
patic damage, finally leading to liver damage in criti-
cally serious subjects. Because problems can produce
hypoxia and shock, hepatic ischemia and hypoxiare-
perfusion dysfunction can develop. This discovery is
consistent with prior findings of autopsy performed on
SARS-CoV-2 patients [39].

Kidney Biomarkers. ACE-2 is significantly ob-
served on the brush border of proximal tubular cells in
the kidneys, according to findings. Its activity in renal
endothelium and mesangial cells, on the other hand,
has yet to be defined [32]. Kidney disease in COVID-19
individuals might appear as Acute kidney injury (AKI),
proteinuria or hematuria, all of which increase the risk
of death. It’s uncertain if ARL is caused mostly by he-
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modynamic abnormalities and release of cytokine, or as
a result of the virus’s toxic effects [40].

Renal histopathology studies of six COVID-19 pa-
tients who died in Wuhan, China, revealed impairment
of renal function, as well as varying degrees of acute tu-
bular necrosis, luminal brush boundary separation, and
vacuole degeneration in different locations of the six
samples. Overall, findings revealed that the infection is
primarily responsible for lymphocyte infiltration as well
as severe acute tubular necrosis. Immunohistochemical
examination was used to examine the antigen of the vi-
ral nucleocapsid protein (NP), which was found in the
renal tubular tissue samples [41]. Although acute kidney
disease was documented in subjects who are serious, it
was found that both seriously ill and moderate cases of
acute renal failure had normal serum creatinine and cys-
tatin C levels (n =178). Despite the fact that 23.6% of pa-
tients had a lower eGFR (estimated glomerular filtration
rate), 2.8 % of patients were having elevated BUN levels
and no one had a higher serum creatinine level. Regard-
less of whether they were admitted to the ICU or not,
no patients acquired acute kidney damage, according to
these findings. Surprisingly, 45 (54.2%) of the 83 patients
without a history of kidney illness who were exposed to
a regular urine test while hospitalised showed an abnor-
mality. Proteinuria, hematuria, and leukocyturia were all
found to be abnormal, although no one had acute renal
insufficiency (ARI) during the trial. These renal changes
were most likely caused by the nephrotoxicity of medica-
tions taken prior to admission to the hospital, but the po-
tential that they were caused by the viral infection cannot
be discounted [42].

In conversely, a research of 59 cases hospitalised in
a Wuhan COVIDhospital (having 28 seriously ill cases
and three deaths) revealed that 63 % had proteinuria,
with 64 % had urine protein on admission, implying
that renal impairment was already present before or at
the time of admission. Patients with high blood urea ni-
trogen (BUN) levels experienced an increase in 43 %
of cases within 2 to 10 days, and two-thirds of deceased
patients had obviously high levels before their death. An
elevated level of creatinine was found in 19% of the pa-
tients (11 of 59). Finally, all patients’ computed tomog-
raphy scans (100%) revealed a radiological abnormality
in the kidneys [23].

Cheng et al. discovered that 44 % of 701 hospi-
talised patients had proteinuria and hematuria, with
at least 26.7 % having both, came with hematuria on
admission, with a 15.5 % and 14.1 % frequency of el-
evated creatininemia and uremia, respectively. 3.2 %
of participants had ARI during the study period [22].
3.2 % of participants had ARI during the study period
[22]. Furthermore, the Cox regression revealed that in-
creased concentrations of BUN, base serum creatinine
(>133 umol/L) and, as well as AKI stage 2 or higher,
proteinuria of any level, and hematuria of any levels,
are all unrelated predisposing factors for in-hospital
mortality [22]. Wang et al. [21] also found that when
the illness progressed and the patient outcome wors-

ened, the blood concentrations of creatinine and urea
elevated. Increased gradually before death, reaching
significant levels (p < 0.05) on days 13 and 17 after the
illness began. The findings bear the notion that renal
impairment exists widespread in COVID-19 positive
people and is one of the reasons for disease seriousness,
leading to multiple organ collapse as well as death [43,
44]. As a result, tracking the functioning of the kidney
would be critical in the early treatment of renal failure
with continuous therapy, as well as clinical manage-
ment of infected patients.

Pancreatic Biomarkers. In certain COVID-19
patients, minor pancreatic damage has been identified
[45], which may be described in part with a variety of
processes, including SARS-direct CoV-2’s cytotoxic
effects, as well as secondary and general immunologic
inflammatory cell reactions. Furthermore, in cells with-
in the pancreas and exocrine glands, the SARS CoV-2
ligand of ACE 2 is widely expressed, this can trigger in-
flammation and destruction to the islets, culminating in
rapid diabetes, making pancreatic enzymes like amylase
or lipase beneficial for follow-up [45].

In the study involving 212 patients, the post-infec-
tion pancreatic damage was investigated [45]. In light
cases, 1.85 percent (1 of 54) had elevated amylase and
lipase levels, whereas in severe cases, 17.91 percent (12
of 64) and 16.41 percent (11 of 64) had elevated amylase
and lipase levels, respectively. Five critically ill patients
(7.46%) had alterations on computed tomography, pri-
marily localized pancreas enlargement or pancreatic
duct dilatation, but no acute necrosis [46]. In this con-
text, the research found that members of a family had
acute pancreatitis linked to SARS-CoV-2, ruling out
alternative causes of pancreatitis. On admission, one
patient had 173 U/L of Pancreatic amylase levels (a
47-year-old woman), but it quickly rose to > 1500 U/L
after 11 hours. The amylase level went from 85 U/L on
admission day to 934 U/L on day six in a second in-
stance (68-year-old woman), and a 5-point modified
Glasgow acute pancreatitis severity score indicated se-
vere acute pancreatitis [47].

Wang et al. found that 17 % of COVID-19-related
pneumonia patients (n=52) were having high lipase or
amylase levels, with 5 patients with pre-existing dis-
eases such, diabetes, hypertension or heart disease [45].
Other gastrointestinal disorders can cause an increase
in pancreatic enzymes, as found in COVID-19 positive
patients by the researchers [48], leading De-Madaria et
al. [50] to suggest that pancreatic injury in COVID-19
patients be determined using imaging basis such as
magnetic resonance imaging (MRI) or computed to-
mography (CT).

Discussion. COVID-19 is a serious public health
concerns issue on a worldwide scale that has been
linked to a number of issues that affect the health of the
patient as well as hospital expenses. As a result, clinical
laboratories can contribute to the development of bio-
markers that can be used to distinguish the likelihood of
serious patients, speeding up medical judgment-making
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[12, 35]. With the known risk factors like (sex of the pa-
tient, ages, and connections to the pathologies such as
hypertension, diabetes and obesity) [16], it’s crucial to
use biomarkers that enable the differentiation of disease
progression and the prediction of which patients may
need sophisticated medical procedures, allowing for a
more focused utilization of medical resources. Patients
suffering from critical conditions, per the research, have
a variety of changes in their biochemical markers and,
in some cases, septic shock and ARDS develop quick-
ly, followed by multiple organ damage [28]. Increased
levels of high-sensitivity troponin I and 1L-6 have been
reported in critical COVID-19 patients in this scenario
[51, 52].

Serum creatinine and other kidney function indi-
cators were found to be within the reference range in
most cases [13, 14, 24, 28, 29, 42], it was reported
that there was no statistically significant difference
among the mean values of patients who had mild and
severe symptoms on getting admitted (Table II). The
non-surviving patients, on the other hand, exhibited a
gradual rise (on day 10 after getting admitted) over the
reference range during their hospitalisation, peaking
prior a few days they died. In critically unwell people,
BUN levels grew in a similar way during their hospi-
talisation. As a result, these parameters could be used
to determine a patient’s prognosis during their hospi-
talisation. In mild COVID-19 positive patients, renal
impairment remained mild, and the patient was not

identified as having ARI. However, in severe cases, 43
out of 65 patients were diagnosed with ARI [34]. Be-
cause of their increasing age and increased occurrence
of associated conditions such as hypertension and di-
abetes, End-stage renal disease (ESRD) individuals
are particularly prone to severe COVID-19 infections
[40]. While respiratory complaints seem to be the most
common in COVID-19, heart dysfunction is particu-
larly important since it increases the risk of infection
with SARS-CoV-2 and the progression of the disorder.
Cardiac insufficiency is one of the most common and
serious SARS-CoV-2 consequences, as it elevates the
possibility of death thus causing quickly increasing se-
vere myocarditis [24]. Regardless of any previous con-
ditions, the intensity of the acute sickness and its over-
all course, cardiac issues can persist even after recovery
[53]. Biomarkers like CK-MB, troponin I, myoglobin
and BNP are elevated in the case of a severe form of the
disease, indicating the extent of the damage. Although
the values of these parameters in moderate and critical
cases of patients are normal during admission [24, 36],
patients who die later have an exacerbated increase in
these cardiac indicators. This is the situation with tro-
ponin I increasing in some critically serious individuals
throughout hospitalisation and just before death [35].
Certain markers, on the other hand, are shown to el-
evate in severe instances in comparison with moderate
ones, but they rarely reach the reference values as seen
in Table 2.

Table 2
Biochemical markers related to heart, liver and kidney functions according
to the seriousness of the COVID-19 infection on admission
Severity of the infection
Parameter Number of | Biological - - P Reference
patients Range Total Mild Serious value
cases Cases cases

138 <26.2 6.4 5.1 1.1 21
Troponin I

150 2-28 - S 24
(pg/mL)

41 <28 3.4 3.5 3.3 14
Troponin I (g/mL) 12 0-0.1 0.95 29
Creatinine kinase-MB

138 <25 14 13 18 S 21
(U/L)
Creatine kinase-MB (ng/ 1 0-2.37 20 ) ) ) 29
mL)

99 0-146.9 67.9 - - - 28
Myoglobin (ng/mL) 12 0-110 439 - - - 29

oglobin (ng/m
voe . 65 0-106 86 | 216 | 634 ] 23

150 0-146.9 - - - - 24
Natriuretic peptide
(pmol/L) 4 0-23.1 439 - - - 29
Alanin 138 9-50 24 23 35 S 21
aminotransferase (U/L) 99 9-50 39 - - - 28

82 LLIkona Hedponora

YKPAIHCBKUIN XXYPHOA HEPPOAOTIT T Alanidy N23 (71) 2021



Ukrainian Journal of Nephrology and Dialysis, 3 (71)’2021

Nephrology School

Continuation of Table 2

Severity of the infection
Parameter Num.ber of | Biological Total Mild Serious P Reference
patients Range cases Cases ases value
138 15-40 31 29 52 S 21
99 15-40 34 - - 28
?rﬁ?li)t?rtansferase (U/L) 4 <40 34 44 NS 14
12 0-45 40 29
50 0-40 24.2 22 46.3 S 44
Gamma-
glutamyltranspeptidase 417 <49 34.1 - - S 37
(U/L)
138 5-21 9.8 9.3 11.5 S 21
Total bilirubin (mmol/L) 701 12 NS 22
41 11.7 10.7 14 NS 14
50 0-18.8 10.2 10 10.6 NS 44
Total bilirubin (pumol/L) 12 3-22 8.2 29
40 10.3 8.8 13.2 13
ﬁljk/?i)ne phosphatase 417 <135 61 S 37
99 40-55 31.6 28
Albumin (g/L) 41 314 34.7 27.9 S 14
12 40-50 37.7 29
138 2.8-7.6 4.4 4.0 59 S 21
Eilt(;ggeff(:?nmol L 99 3.6-9.5 5.9 28
12 3.2-7.1 5.4 29
138 64—104 72 71 80 S 21
(Ssgff/ir)eaﬁ“me 99 57-111 75.6 28
41 <133 74 73 79 NS 14
Proteinuria (+) 83 Negative 35% 28% 58% 42
128 Negative 59% 55% 66% 23
442 Negative 44% 22
Hematuria (+) 83 Negative 29% 22% 53% 42
128 Negative 44% 44% 45% 23
442 Negative 27% 22

An elevation of concentrations of inflammatory
markers in serum is proportional to the strength of the
infection, exceeding the standard value by up to 12
times in some cases, perhaps due to liver tissue damage
or as a side effect of pharmacological treatment given to
patients who develop liver injury during their hospitali-
sation [38]. As a result, it is suggested that patients using
hepatotoxic medications or those with preexisting he-
patic problems have their ALT, bilirubin, and albumin
levels measured at least once during their therapy [53].

In addition, Individuals with COVID-19 can be
distinguished from those with pneumonia or a respi-
ratory ailment that is similar to COVID-19 by having
eosinopenia and an increased high-sensitivity C-re-
active protein (hs-CRP). (helping with the diagnosis)
[54]. Furthermore, raised LDH, is amongst the most
commonly changed biochemical biomarkers on ad-
mission, and a rise in specific cytokines (IL-2, TNF
o, IL-6) [55] throughout the advancement stage may
keep you informed for illness follow-up (see Table 1).
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In SARS-CoV, infected patients, serum levels of pro-
inflammatory cytokines (IFN-, IL-6, 1L-61, 1L-12 as
well as TGF-dv) but also chemokines (IL-8, CXCLI10,
CXCL9, and CCL-2) were greater than in healthy in-
dividuals. in previous cases of pneumonia caused by
SARS-CoV infection (2003) [56]. Several differences
between groups of more severe cases were discovered
in a COVID-19 meta-analysis. In compared to the one
still living, non-one still living exhibited significantly
higher leukocyte, total bilirubin, creatine kinase, serum
ferritin, and interleukin 6 (IL-6) levels and significantly
lower lymphocyte and platelet counts [57].

In terms of pancreatic function, elevated lipase and
amylase levels are linked to serious instances, sugges-
tive of pancreatic damage pancreatic injury revealed by
computed tomography in critically ill individuals [46].

A review of the literature finds several flaws, in-
cluding the fact that the evidence is currently limited to
a single group of people, which may leave out important
factors such as epidemiological characteristics, strain
virulence, viral genome mutations, social and cultural
norms, and other countries’ socioeconomic and hy-
gienic conditions, all of which can affect the virus [58].
We expect that more scientific information reflecting
these distinctions and sources of variability will be ac-
cessible soon. Other downsides observed were that few
of the research [13, 14, 20] were examined, didn’t in-
clude the population’s standard ranges [18], biomarker
follow-up was not always done during the hospitalisa-
tion period, or there was no information available.

Other analytical technologies like proteomic stud-
ies have aided in the search for possible biomarkers for
the different expressions depending on the seriousness
of COVID-19 patients’ medical condition, including
complement factors, pro-inflammatory factors modu-
lators of inflammation, and coagulation factors. Such
observations, together with discrepancies in conven-
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Abstract. Despite rapid progress in improving dialysis technology in recent years, the mortality of
patients treated with renal replacement therapy remains quite high. Mineral and bone disease is
omnipresent in patients with chronic kidney disease (CKD) and leads to a diverse range of clinical
manifestations, including bone pain and fractures. Mineral bone disorders (MBD), as well as changes
in bone structure, develop at the beginning of CKD. Osteoporosis can progress according to declining
of the glomerular filtration rate and contribute to the deterioration of bone strength resulted in a high
risk of fracture. In CKD patients, the most common are hip fractures, femur, humerus, compression
fractures of the vertebrae and pelvic fractures. CKD-MBD is characterized by disorders of calcium,
phosphate, parathyroid hormone and/or vitamin D metabolism, as well as, bone regeneration,
mineralization, volume, linear growth and strength violation, calcification of blood vessels, or other soft
tissues. Medications that correct systemic mineral metabolism can improve bone histology in patients
with CKD. However, clinical and biochemical targets used in clinical practice remain controversial,
resulting in an undermanagement of bone fragility. The clarifying of the appropriateness of medicines
that act directly on the bone or affect the mineral and hormonal metabolism could be a promising
strategy to prevent pathological fractures due to fragility among CKD patients.

Key words: fractures, chronic kidney disease, mineral and bone disorders (CKD-MBD), treatment,
prevention.
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C. JI. Dynap

IlepenoMu KicTOK y XBOPHX HA XPOHIYHY XBOPOOY HUPOK

HauionanbHuil yHiBepcUTET 0XOpOHU 310poB’s Ykpainu iM. I1.JI. llynuka,
Kadenpa oprorrenii i TpaBMarosorii Ne2, Kuis, Ykpaina

Pestome. Hezeasxncarouu Ha weuokuii npoepec NOKpawerHs 0iani3Hux MeXHOA02ii NpomsaeoM OCMAHHIX po-
Kie, cmepmuicmb xeopux, AKIi AlKyromocs Hupkoso-zamichoro mepanicio (H3T) 3arumaemocs docums 6uUCOKO.
Minepanvui ma kicmkogi poznadu (MKP) dyxce po3nogcrodiceni y nayicumis i3 XpoHiunow xeopobor Hupox (XXH)
i npu3600sme 00 Pi3HOMAHIMHUX KAIHIMHUX NPOsi6ie, éKAro4aio4u Oinb y KicmKax ma nepeiomu. SMiHU MIHEpaIbHO20
ma 2yMopanbHo20 00MIHY, @ MaKoic 3mina cmpykmypu Kicmok pozsugaromocs Ha nowamky XXH. Hadani, ocmeonopos
MOodice npoepecygsamu ma CRpUsmi NOipUerHI0 MiYHOCMI Kicmok, wo niosuwye pusuk nepeaomy. B npoueci npoepe-
cysanHs X60pobu ocmeonopos noeonyemocs 3 MKP, noeé’szanumu 3 XXH. Haituvacmimuumu y X60pux Ha XPOHIYHY
X60poby HUPOK € nepenomu CMecHO80I KICMKU, N1e40680i KiCMKU, KOMApeCiiiHi nepeaomu min Xpebuie ma nepesomu
kicmok mazy. XXH-MKP xapaxmepusyemscs nopyuwieHHAmMu ooMiny Kaavyito, gocgpopy, IITI ma/abo éimaminy D;
PO3BUMKOM NOPYUIeHb PeceHepauii KictmKo8oi mKaHuHu, MiHepanizauii, 06°emy, AiHiliHOMY 3pocmanHi i miynocmi; ma/
abo kanvyupikauiero cyouHr abo iHwux m’axux mxarut. Hezeaxcarouu Ha 3Ha4Huil npoepec y po3yMiHHI X0pob Kicmok
npu XXH, Ginvuicms KAiHiYHUX ma OIOXIMIMHUX MilUeHell, W0 6UKOPUCIOBYIOMbCA 8 KAIHIMHIN NpaKmuyi, 3a1Uularoms-
cA cynepeuausuUMU, wo npu3eodums 0o Hedocmamusoeo ynpagrinia MKP. Medukamenmo3sni 3acobu, wjo Kopeeyoms
cucmemHuUll 0OMIH MIHEPAAbHUX PEHOBUH, MOICYMb NPU38ecmu 00 NOKpAueHHs Mopgonoeii Kicmok y xeopux Ha XXH.
Icuyrouuii Ha cb0eo0ri aneopumm nikysanns MKP nompebye iloeo dompumarnts, aHaiizy egexmusHocmi ma poseu-
mky. Ilionseae ymouneHH0O nUmMaHHA OOYINbHOCMI NPUSHAYEHHS npenapamis, sKi 6e3nocepednvo Oitoms HA KICMKY 3
00H020 00Ky, ma 6 Komnaekci 3 npenapamamu, sKi GNAUSAIOMb HA MIHEPANbHO-2YMOPAAbHUIL CeKmop, 3 0py20e0
00Ky, wo Modxce Oymu nepcneKmugHo cmpamezicio npogiraxmukyu namonoeitHux nepeaomie y navienmie iz XXH, a

maxoxc aikysanua XXH-MKP.

Knrouosi cnosa: nepenomu, XxpoHiuna xeopoba HUPOK, MiHepanbHO- KicmKogi po3nadu, AiKyeaHHs, npogiraxkmuka.

Beryn. TpakTuuHO y BCiX XBOpPHMX Ha XpOHIYHY
xBopoby HUpoK (XXH) po3BuBawOTbCI MiHEpalbHO-
KicTkoBi posznagu (MKP), ki moripuyioTs SKiCTbh
XKWUTTS, BIUIMBAIOTh HA MOKA3HWKMU BUXXMBAHOCTI Ta
cMepTHOCTI xBopux Ha XXH. PisHUMU Ta CKIIaIHUMU
€ TakoX MaTodi3iojoriyHi MexaHi3Mu, 11O JIEXKUTh B
OCHOBI LIUX ypaxeHb. PO3yMiHHSI CKJIaAHOTO matore-
He3y XXH-MKP mae BupilanbHe 3HaYEHHS IS MO-
JIUMIIEHHS KOPOTKOCTPOKOBUX Ta JOBFOCTPOKOBUX
pe3yJbTaTiB JiKyBaHHsI Ta peadiniTallii XBOpUX 3 MaTo-
JIOTIYHUMU TMepeioMaMU KiCTOK. 3pO0JIeHO OrJisin ic-
HYIOUMX JIKEepesa Ta AOCTiIKeHb MPOo MaTOJOriYHi 3Mi-
HU KiCTKOBOI TKAHWH, MTepeIOMU KiCTOK Ta MiAXOAU A0
ix JikyBaHH4 y maiieHTiB 3 XXH.

Octeonopo3 i XXH-MKP. Ocreonopo3 Bu3Haua-
eTbcsl BcecBiTHBOIO OpraHi3alli€elo OXOPOHU 310POB’S
SIK «KICTKOBUU PO3JIa[, O XapaKTEePU3YETbCI 3MEH-
IIEHOI0 KiCTKOBOIO MIITHICTIO Ta CXWJIbHICTIO OO MiI-
BUILIEHOrO pU3UKYy mepeiaomy» [1]. Lle Bu3HaueHHS
BKJTIOYAE: «HU3bKY KiCTKOBY MaCy» i «[TOTipIIEHHS Mi-
KPOApXiTeKTOHIKM KiCTKOBOI TKaHUHU» [2]. [HIIMMU
cll0BaMU, OyAb-SIKMIA CTaH KiCTOK, IO BUKJIMKAE Ma-

Hynap Cepriii JIeonizoBuy
serg_dudar@ukr.net

TOJIOTiYHI MEePesIOMU B MaHUM 4Yac PO3MISAAETHCS SIK
ocreornopo3. Poboua rpyna KDIGO pekomeHayBaja
BUKOPHCTOBYBAaTU TaKe X BU3HAYEHHSI OCTEOMOPO3Y
s mauieHTiB 3 XXH, gk i te, mo BOO3 pekomeH-
Jy€e ISl HaceJleHHs B Liyiomy. OmHaK 1€ BU3HAYEH-
HSI MOXHa PEKOMEHIYBaTH AJISl iarHOCTUKM Ta JIiKYy-
BaHH XXH I-ITIA. OmHak 3axBOprOBaHHSI KiCTOK,
nop’s13aHe 3 XXH IIIb -V, Mae BeluKuil CHEeKTp
KJiHIYHUX (DEHOTUIIB, 110 € HACAiAKOM IOETHAHHS
3MiH BHacainok XXH y KicTKOBOMY Ta MiHEpaJIbHOMY
OOMiHi Ta KJacUYHUX (DaKTOPiB PU3UKY IEPETOMiB,
IO crocTepiraloThes y nomnyasuii 6e3 XXH, Bkiroya-
04 BiK, CTaTh, iCTOpil0 MepeaoMiB XBOpoOHU, miaber
Ta BXUBaHHS [NIIOKOKOPTUKOIniB [3, 4]. Xoua ocreo-
MOPO3 BBAXKAETHCS 3aXBOPIOBAHHSIM, 1110 XapaKTepU3y-
€TbCSI CKOMITPOMETOBAHOIO MilIHICTIO KiCTOK, HEMa€
MPAaKTUYHOTO iHCTPYMEHTY MJIsI MOHITOPUHIY Mexa-
HiYHOI MIIIHOCTI KiCTKM Ha chorogHi. KictkoBa maca,
JIICHO, € CWJIbHOIO NE€TEPMiHAHTOI MEXaHiYHOI Mill-
HOCTi KicTKU [5] i BUKOPUCTOBYEThCS SIK iHCTPYMEHT
JIaTHOCTUKU ocTeonopo3y. OmHak HU3bKa KiCTKOBa
Maca He € JOCTaTHIM MOKa3HUKOM CKOMIIPOMETOBA-
HO1 MIiIITHOCTi KiCTOK, TOTOYHUH IiarHO3 OCTEONOpO3y
JIOCUTb HETOYHWIA, MOXE MPU3BECTU K A0 TOMMUI-
KOBO-HEraTUBHUX, TaK i 10 MOMWIKOBO-TIO3UTUBHUX
Bunazakis [6]. TumM He MeHIle, HEAABHI pPe3yabTaTU
YOTHUPBOX MPOCHEKTUBHUX KOTOPTHUX JOCTiIXEHb MO-
Ka3ajayd XOpOoUly MPOTHOCTUYHY LIHHICTh MiHEPaJIbHOL
IiBbHOCTI KicTkoBoi TKaHWHU (MIIKT) mis pusuky
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nepenomy y xBopux Ha XXH IIIb —V/V]I craniit, mo
J03BoJIsIE pekoMeHayBaTu BuMiptoBaHHsa MIIKT. On-
Hak, yuM Baxde ctamigs XXH, TuM MeHIlle MU MO-
KeMo opieHTyBatucs Ha mnokazHuku MIIKT. Puc.
1 neMoHCTpye, K Pi3Hi MATOJOriYHI CTaHU (OCTEeO-

HopmanbHa miHepani3auisa KicTku

nopo3, ocTeoMaJslisi, anMHaMiuHa XBopoba KiCTOK Ta
BTOPUHHUN TineprnapaTtupeo3) MOXYTh CBIIUUTU MpPO
oaHakoBo HU3bKy MIIIKT, xoua B iX OCHOBi JI€XKUTb
a0COJIIOTHO Pi3HUI CKJIaf KiCTOK, SIKWIl BUMAarae pis-
HUX cTpaTeriit JikyBaHHS [6].

B [lemiHepani3oBaHi KicTKu

1.250 r/cm2 0.75 r/cm2 0.75 r/cm2 0.75 r/cm2 0.75 r/cm2
HopmanbHa KicTka Octeonopos OcTtomansuin AauHamiyHa xBopoba BTOpUHHMIA
KiCTKMn rinepnapartupeos

Puc. 1. PemonenioBaHHsT KiCTOK IpY pi3HUX BUAAX ypaxkeHHs y xBopux Ha XXH (amanToBaHo 3 [6]).

KictkoBa Maca He € €IMHMM BH3HaYaJbHUM
(pakTopoM MexaHiuHOi MinHOCTI KicTku. Heabusike
3HayeHHsd HaOyBae i acmekT «JIKOCTi KicTku» [7, 8].
SKicTh KicTOK iHOAI MOXe OyTH OiNbll BaXXJIMBOIO Xa-
PaKTEepUCTUKOIO, HiXX KiCTKOBa Maca, JJisl 3a1o0iraHHs
nepesioMiB BHACHiJTOK MiABUILEHOI KPUXKOCTi, IpU-
HallMHI y JesiKUX rpyn naii€eHTiB. B gaHuii yac cmis-
BiIHOIIIEHHS 3HAYeHHsI KiCTKOBOI MacH Ta SIKOCTi Kic-
TOK HE JIOCTaTHhO BUBUYEHE. B TOI ke 4Yac pU3UK
MepesioMiB 3aJIeXXUTh HE TiJAbKU BiJ SIKOCTi KiCTOK,
MEXaHiYHOi MIIIHOCTI KiCTOK aje i Biil CUId yaapy
Ta pU3MKYy NaniHHs. PU3uk mnagiHHA YacTo KOHCTa-
TyeTbcsd y xBopux Ha XXH. Binbi Toro, KictkoBa
TBEPAiCTb Ta MPYXHi BJACTUBOCTI KiCTKU - 1I¢ pi3Hi
XapaKTEePUCTUKMU, SIKi He3aJeXXKHO BIUIMBAlOTh Ha pPU-
3uK mnepesoMy [9]. TakuM 4MHOM, OCTEOIIOPO3 € Ie-
TEePOTeHHUM CTaHOM, YOMY CIIpusie 6arato ¢pakTopiB
JIAMKOCTI KiCTOK 3 pi3HUMU MPOMNOPLISIMU B KOKHOMY
Bunanky. Heabusike 3HaueHHsS Ma€e i (DOH 3aXBOPIO-
BaHHS, SIKMil BIUIMBA€E Ha CTaH KiCTOK.

XpoHiuHa XBOpoOa HUPOK Ta IIOB’SI3aHi 3 HEIO
MiHepaJibHO-KicTKOBi posnaau (XXH-MKP) Busna-
yaeTbest KDIGO sk “cucreMHuit pos3nan MiHepaabHO-
ro Ta KiCTKOBOro MeTaboJismy BHaclimok XXH, akuit
MPOSIBJISIETHCS BiIXUJIEHHS B KICTKOBOMY Ta MiHepasib-
HOMY OOMiHi Ta / a00 I03a CKeJeTHO KalblMdikalli-
€10”’. XXH-MKP - 11e 3axBop1oBaHHSI, 1110 CKJIaAA€ThCS
3 TPbOX B3a€EMOIIOB’I3aHMUX KOMITOHEHTIB: aHOMaJIbHi
pe3yabTaTu JIabopaTOPHOIo OOCTEXEHHS, BKJIIOYalo-
Yy (YHKIIT MapamuTonoAiOHOl 3a1031, MOPYILIEHHS
MeTaboJIi3My KiCTKOBOI TKaHMHM Ta KaJbLM@ikalli-

€10 M’SIKMX TKaHWH, BKJIIOYalo4u KaablM@iKallilo cy-
nuH. TpuBanuii yac TepMiH “HUPKOBA OCTEOAUCTPO-
¢ig (HO/)’ BkasyBaB Ha 3aXBOPIOBaHHS, MOAiOHE
1o XXH-MKP, ane nHa crorogni HOJ posriasigaers-
¢ 9K matomopdoJjioriyHa xapaKTepUCTHUKa KiCTOK,
noB’sg3aHa 3 XXH-MKP [4]. 3rizHo 3 BU3HaYeHHAM
XXH-MKP, ypaxkeHHSsI KiCTOK BUKJIMKAaHi BiZXUICHHS
B CUCTEMHOMY MiHepaabHOMY OOMiHi MOB’SI3aHOMY 3
XXH € yactkoBumu nposiBaMu XXH-MKP.

3axBOpIOBaHHSI KiCTOK TIpM TOTipIIeHi Mexa-
HiYHii MiIIHOCTI KicTOK € ocTeornopo3, i XXH-MKP €
OIHUM 3 MOXJIMBUX MPUUYUHHUX (POHIB OCTEOMOPO3Y.
TooTo XXH-MKP MaloTh neBHY poJib y IOTiplIeHHI
MILIHOCTi KiCTKOBOI TKAHMHU 3a PaxyHOK iHIIMX (pak-
TopiB (cneuudivnux maa XXH), ki MOXyTb TaKox
CIIPMSATU PO3BUTKY OCTEOIIOPO3Y, TaK SIK OCTEOIIOPO3
Ma€e JOCUTb HEOTHOPiAHE MOXoMKeHHs [9]. Pakropu,
1110 BU3HAYAIOTh KiJIbKICTh i IKiCTh KiCTOK PO3TJISHYTI
MMPOJAEMOHCTPOBAHO Ha puC. 2.

HIBuaKicTh peMoaeNIOBaHHS KiCTKM BU3HAYAETh-
cs KinbkoMma pakTopamu, SIKi BIJIMBAIOTh Ha SIKiCThb
KiCTKOBOTO TO3aKJIiITUHHOI'O MAaTPUKCY, 110 € YacTU-
HOI0O MeXaHIYHOI MilIHOCTi KiCTKU. ApXiTeKTypa KiCT-
KU Ta KiCTKOBa Maca € J0JaTKOBUMM BU3HAYAIbHUMU
¢akTopamu. [TopylieHHs MexaHiuHOI MIilITHOCTI Ta ma-
JiHHS B MO€IHAHHI 3 HECTa0UIbHUMU YMOBAMMU CIIpU-
YUHSIOTh BAHUKHEHHSI IIePEIOMIB.
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XXH »  Vpewmis
OcreomneHist XXH-MKP Horipmens crany . KorniTupHi
KiCTKOBOi TKAHUHH Capxorneris ey
Ocreonopo3 IManinas

Ilepenomu kicTok y xpopux Ha XXH

Puc. 2. TNarodizionoriunmii MexaHi3Mm niepesoMy y xopux Ha XXH (amarmroBano 3 [2]).

Ilepenomu Kictok y nauieHTiB 3 XXH. baratbma
poboTaMM MiATBEPAXEHO, 110 PU3UK MEpPeIOMYy CTer-
HOBOI KiCTKM 3HAYHO BUIIWI Yy XBOPUX Ha Hiajisi [2,
10, 11], a came y 4-13 pasiB BUIIMI1 Y TOPiBHAHHI i3
3araJibHOIO TIOMYJISALi€lo. Xo4ya 0arato HOCIiTHUKIB
BBaXXalOTh, 1110 PU3UK MIEPEIOMY CTETHOBOI KiCTKM BU-
LW i y maLieHTiB Ha nomiamisHoMy erami XXH [12,
13], onHaxk medki JOCHIIKEHHS BUCJIOBWIM i IPOTHU-
nexHy nymky [14]. Jesski poGOTH CTBEPIXKYIOTH, IO
PU3UK KOMIIPECIHHOTO TIepesioMy Til XpeOIliB TaKOX
BHCOKHUI y xBopux Ha mianizi [15, 16]. Ilauientn 3
XXH 3apa3 XuByTh AOBIE, HiXX HAINPUKIiHLI MWHY-
Joro croiittsa. OCKiNbKM BTpaTa KiCTKOBOI TKAaHUHU
30UIBLIYETHCS 31 CTapiHHSIM, MOLIMPEHICTh MEpeIoMiB
cKeJieTa 3pocja 3a OCTaHHiI poKU. binbiiicTs 3 poOiT
MMOKa3aJiM, 110 YacTOTa MePeIOMiB ITOCTYIIOBO 3POCTaE
3 mporpecyBanHaM XXH: Ha 15,0, 20,5, 24,2, 31,2 ta
46,3 na 1000 moguHo-pokiB st XXH 111, IT1A,I11b
ta IV cragiit BigmosigHo [3]. Pusuk nepeomy ckele-
Ta y 5 pasiB BuIlle y 0Ci0 3 MPUOIM3HOIO IIBUIKICTIO
Ki1y60ukoBoi ¢pinprpauii (ILHK®) <15 npotu > 60 mi/
xB Ha 1,73 m2. Iauientn 3 XXH crapuii 3a 65 pokiB
MaloThb OCOOJIMBO BUCOKHUI piBeHb IepeaoMiB: 1 3 10
XiHok Ta 1 3 20 4oyI0BiKiB 3a3HAIOTh LIIOHaMeHIIe |
IepeJIOM TIPOTSATOM HACTYITHUX 3 POKIB CIIOCTEpeKeH-
Ha [16-19]. B ocrannix pesyiabrarax 3sity DOPPS
(Dialysis Outcomes and Practice Patterns Study) mo-
Ka3aHo, 1110 YacToTa IepeioMiB OyJia 3HAYHO BUILOIO Y
Mali€HTIB, IKi OTPUMYBAJIM TeMOiali3, HiX y 3araib-
Hill TIONyJNISLii, Tpy LbOMY Y 3,7 pa3u 301JILIIUBCS He-
KOPUTOBAaHUI BiMHOCHUI pM3UK cMepTi. st XBopux
Ha XXH ocob1mBo cTapiioro Biky XxapakTepHi magiHHS
[17], wro, mwBMALLIE 3a BCE, € OAHIEIO 3 OCHOBHUX IIPH-
YUH IiABUIIEHOTr0 pU3MKY IlepesioMiB cTerHa. Bupa-
KeHa M’s30Ba cIabKicThb, 3arajibHa CJIa0KIiCTh Ta IMO-
TiplIEeHHS KOTHITUBHUX (YHKIIH MOTEHUIAHO CIIpu-
SIIOTH TiABUILEHHIO pPU3UKY MaJiHHS cepell XBOPUX Ha
XXH [18-20]. Ciig 3a3HauMTH, LIO KOMOPOIIHICTD Y

XBOPHUX, SIKi JIIKYIOTbCSI TeMoJiali3oM € AyXe BMCO-
Ko1o [21, 22]. I1porHo3 BMKUBaHHS, SIK [IPABUJIO, CTAE
TipIIXM y MaLi€EHTIB, SIKi IEpEeHECIU TIepeJioM CTerHa, i
LI TEHOEHIIiSI € OUeBUIHOIO Y XBOPUX, SIKI JIIKYIOThCS
remomniaiizoMm [23]. Baxko 3po3yMiTH, 4 € BUCOKMI
pU3UK TIaAiHHS TOJIOBHOIO INMPUYMHOIO IMiABUIIEHOTO
pusuky mnepesomy crterHa y [IJl-mauientiB. Jdyma-
€TBCS, IO MM MOXEMO TOBOPUTH IIPO CYKYITHY Iil0
dakTopiB. AmxKe, OUIBIIICTh KJIIHIIIUCTIB Ta KIIHIYHUX
JIOCJIIHUKIB IIPUITYCKAIOTh, 1110 MEXaHiYHI BJIaCTUBOC-
Ti KICTOK TaKOX ITOTiplIyI0ThCs cepen XBopux Ha XXH,
B TOMY YMCJi i IpuW JiKyBaHHI diajli3oM.

3MmiHn y KicTtkax y xBopux Ha XXH 3 MKP.
Hwupka € BaXXJIMBUM OpraHOM I CHCTEMHOTO OOMiHY
MiHepanbHuX pedoBuH. [Ipu po3Butrky XXH BigOy-
BA€ETHCS BIJIMB Ha CUCTEMHUI MiHEpaJlbHUIL OOMiH, a
(yHKIIig KiCTKM, KA € 1lIe OJHUM KJIIOUOBUM OpPTaHOM
CUCTEMHOTI'0 MiHepaJbHOTO OOMIHY, 3MiHIOEThCS Yepe3
3pyMHOBaHY CHCTEMY 3BOPOTHOTO 3B’s13Ky. Lle 3arain-
Ha imest o0 PO3BUTKY YpaxKeHb KiCTOK Oyjla OCHO-
BHoo Tipu Bu3HadeHHI XXH-MKP. Cepen 6e3miui ry-
MOpaJIbHUX (haKTOpiB, 110 BIUIMBAIOTh Ha METa00JIi3M
KicTKOBO1 TKaHWHM npu XXH, HaftGinbIINii BIUIMB Ma€
(yHKIIiS MapalllMTONOAIOHUX 3aJI03, B IEepIIy Yepry-
mapatupeoigauii ropmon (ITTT). IITI cekpetryeThes
MMapaIiTOBUIHOKI 3aJI03010, sSIKa TilepaKTUBYETHCS B
yMmoBax XXH. I1TI cripusie akTMBHOCTi KiCTKOBUX KJIi-
THH, a caMe 0CTe00JIACTiB, OCTEOIIUTIB Ta OCTECOKJIACTIB
Ha MiKpocKoITiyHuX piBHAX [24]. Ha MakpocKoITiYHUX
piBHsX [ITI cripuuuHsie BUTOHYEHHSI KOPTUKAJIbHOTO
1Iapy KiCTKM i OCTEONOopo3y 110 MOXE IMPU3BECTU OO
30UIbILIEHHSI KPpUXKOCTi KicTok. IlimBullleHUit piBeHb
JIyXkHO1 ocdarazu B CUpPOBATIi KPOBi, IO € MMOBIp-
HUM MapKepoM IMPUCKOPEHOI MeTabOiUHOI aKTUBHOC-
Ti B KiCTKaX, aCOLIiIOEThCS 3 OibII BUCOKHUM PU3UKOM
IepeoMy CTeErHoBOI KicTku [25]. OnHak, Bce X icHye
cyrepeyka 11040 B3a€EMO3B 3Ky (QYHKIIIi MmapammTo-
MOAiOHO]I 3aJI03U 3 MiLHiCTIO KicToK [26, 27]. OnHe 3
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MOXJIMBUX MTOSICHEHb 1IbOTO MUTAHHS TOJISITa€ B TOMY,
11O TiJIbKU Haa3BUYaiiHO BUcokuii piBeHb I1TT y mnasz-
Mi KpOBi MOXE€ BUKJIMUKATU OYEBUAHE KOPTUKAIbHE
CTOHIIIEHHS y XBOPUX, fAKi JIKYIOThcs diamizom [28],
OCKiNIbKM cTiliKicTh ckenetra ao IITI minBuinyerbes
npu ypemii [29]. YV xBopux Ha XXH, B Tomy uwmcii
i Ha pmiamizi, MoXe pPO3BMBATUCS CTaH KiCTOK, SIKWM
JNIEMOHCTPY€E HAI3BUYAHO HU3bKUI MOKA3HUK PEMO-
JEJTIOBAHHS KiCTKOBOI TKAHWHU, KW Ha3UBAETHCS
«aaruHamiyHoIo KicTkoio» [30]. JlocnigHuKY 10BOAATD,
110 B aIMHAMIYHOMY CTaHi MeXaHi4YHa Mil[HiCTbh KiCTKH!
MOXe€ MOTiPIIUTHUCS Yepe3 HAKOMUYEHI MiKpOMOUIKO-
mkeHHs [31]. OgHak B3a€MO3B’S30K MiX KPUXKIiCTIO
KiCTOK Ta KOXHOIO KaTeropi€ro Kjaacu4yHoi Kjaacudi-
kauii HOJl 3anumaetbcad HeBinomMuM. HaamipHuii
cunte3 IITT 30inbllye MBUAKICTh pe30poOIlii KiCTOK i
MPU3BOAUTH A0 TiCTOJOTIYHUX O3HAK BTOPUHHOIO Ti-
nepnapatupeo3y. OqHAaK B iHIIUX CUTYyallisIX TOYaTKO-
Be 301IbLIIEHHS] TOPMOHY MapallMTONOAIOHOT 3aJI03U
Ta PEMOJENIOBaHHSI KiCTOK MoOXe OyTu HaATO YIo-
BUIbHEHO OaraTbMa (pakTOpaMu, BKIIOUAIOUM BiK, €T-
HiYHE MOXOAXEHHS, CTaTh Ta JiKyBaHHS BiTaMiHOM
I, consiMu Kajbllilo, KaJbliiMiMeTUKaMU, CTepoina-
MM, TOLIO, IO MPU3BOAUTH A0 HU3BKOI pereHepa-
1ii KicTok abo anuMHaMidyHOi XBOpoOM KicTok. OmHax,
yci Buau HO/[ moB’s3aHi 3 MiABUILEHUM PU3UKOM
MepesioMiB CKeJleTa, 3HUXEHHSIM SKOCTi XWUTTS Ta
MOraHMMU KIiHIYHUMU pesyabTatamu [32]. I xoua
BBaXKAEThCS, 10 OiONCisg KicTKM Oyjia i 3aMUIIaEThCs
30710TUM cTaHaapToM ouliHku HOJI, icHye nymKa, 110
JUTSI OLIIHKU KiCTKOBOI TKAHWHM € TTOoTpeba baraTorpaH-
Hoi iHdopMmarii. ['icTonoriyHi BUCHOBKM, OTPUMAaHI 3
KiCTKOBUX 3pi3iB, HacIpaB/i He 1al0Th iHpOopMallii Tpo
0iOXiMiUHi Ta MeXaHiuHi BJIaCTUBOCTI KiCTOK, a JIMIIIE
MPO CTPYKTYPHi BaAacTUBOCTi. TakuM UMHOM, Oiomcis
KICTKM HE € BUUEPIYIOUOIO i PO3IJIAn ii K “30JI0TOrO
CTAaHAAPTY” € 3aBUILEHOIO OLIIHKOIO [2].

JlixyBanHg rinepnapatupeo3dy (I'TIT) y xsopux Ha
XXH 3a ocTaHHE HOeCATUJITTS OyJ0 3HAYHO BIOCKO-
HaneHo [3, 33]. HenaBHi KJiHiYHI OOCHiIXEHHS MO-
Ka3ajay CyMepewInBi pe3yJbTaTH 100 B3aEMO3B’I3KY
Mix I'TIT Ta pu3uKoM mepesoMy CTErHOBOI Ta IJIeY0-
BOI KiCTOK, KOMIIPECIAHOrO TepesioMy Tijia XpeOiliB
Ta KiCTOK Ta3y. 3HUXEHHS YaCTOTU BaXKOTO BTOPUH-
HOTO TileprapaTupeo3dy BHACTiAOK HOBUX MEIUYHUX
CTpaTeriii Ta XipypriyHoro JiKyBaHHSI MapauidTONoO-
NIOHUX 3a7103, MaOyTh, CIIPUSIIO LIUM HEOAHO3HAYHUM
pesyabTataM. bijiblie Toro, octeoMalsiisi, CipudnHe-
Ha eN03UTaMU aJTIOMiHil0 a0o 3aji3a Ha KanblUUDiKo-
BaHOMY CKeJIeTi, Maiixke JlikBimoBaHa. TaKuM YMHOM,
MOXHa o4ikyBatu, 10 BHecOK XXH-MKP y po3sutok
KPUXKOCTi KiCTOK ChOTOJHi 3MEHIINBCS MOPIBHSIHO 3
TUM, 1o 6yysoy 1980-x-2000 pokax. OTxe, MU ITOBU-
HHi BpaxOBYBaTH BIUIMB iHIIKUX (DAKTOPiB, SIKi MOXYTh
CIIPUATU KPUXKOCTI KicToK y manieHTiB i3 XXH. Kict-
KOBa Maca MPOAOBXYE pPO3MISAATUCS SIK HaBaXJH-
BillMil Ta BUpIIAIBHUN (haKTOp MPOTHO3YBAHHS Me-
XaHIYHUX BJIACTUBOCTEN KiCTOK y 0Ci0 i3 MepBUHHUM
OCTEOIMOPO30M.

ITpodinakTuka maToJOTiYHUX MEPESOMiB y Malli-
eHTiB 3 XXH. IlepBUHHOIO MPUYUHOIO BUKOPUCTAH-
HSI aHTUOCTEOMOPOTUYHUX 3aC00iB OyJIO MOCUJICHHS
MeXaHiYHMX BJIACTUBOCTEH KiCTOK, 110 MPU3BEIO 10
3MEHILIEeHHSI pU3UKy nepenomiB. OmMHaK OUTBIIICT ic-
HYIOUMX aHTUOCTEONOPOTUYHMX 3ac00iB He3nocepen-
HbO JIiI0Th Ha KiCTKY, 1100 301/IbIIUTH KiCTKOBY Macy,
i, OTXe, 1Ii MpenapaTd Ha3UBAIOTHCS MPSIMUMU MONY-
JISTOpaMu MeTaboJi3My KicTKoBOi TkKaHMHU. KicTkoBa
Maca, K MnpaBuJjio, Hu3bka y xBopux Ha XXH, a Hu3b-
Ka KiCTKOBa Maca 30iblIye pu3uK nepeaomMiB. Takum
YUHOM, BUKOPUCTAHHS MPSIMUX MOJYJISATOPiB KiCTKO-
BOro MeTaboJiizmy, 110 30i/blLIYIOTh KiCTKOBY Macy,
marjio 6 MaTu MeBHY KOPUCTH s mauieHTiB i3 XXH.
Xoya HHU3bKa KiCTKOBa Maca He € TOCTaTHbOIO YMOBOIO
MOPYIIEHOT MillHOCTi KiCTKU, MEBHO, 110 30iJbllIeH-
HSI KiCTKOBOI MacH MOCWJIIOE MEXaHiuHi BJIACTUBOCTI
KiCTKHU, MPpUHAMHI NeBHOIO Mipoto. IcHye 3HauHe 00-
MEXEHHS 1010 BUKOPUCTAHHS MPSIMUX MOAYISITOPIB
MeTaboJ1i3My KiCTKOBO1 TKAHWHU Y MalieHTiB i3 XXH.
bicdhocdonatu, sgki HailyacTillle 3aCTOCOBYETHCS IS
JIKYyBaHHSI TEPBUHHOTO OCTEOINOPO3Y, BUBOISTHCS
HUpKaMU 3 Cevelo, i iCHye pU3UK HAKOTMMYEHHS Oic-
docdoHaTy B KiCTLi, KOJIU MOr0o BUKOPUCTOBYIOTD JJIsI
niamisHux mnanieHTiB [33]. Hakonuuenuit 6icdocho-
HAT Yy KiCTLIi MOX€e 3MEHIIUTHA B’SI3KOTPYXHi BIACTU-
BocTi [34], 3GiNBIIUTU PU3MK ATUIIOBUX TEpesiOMiB
crerna [35, 36]. Ockinbku GichochoHar nyxe BU-
0ipKOBO pO3MOAINSETHCS B KiCTKOBili TKAHUHIi, BaXKO
KJIiHIYHO KOHTPOJTIOBaTU Oro HaKonuyeHHs. Ha Bia-
MiHy Bin OicdocdoHaTy, MOHOKJIOHAJIbHE AHTUTIIO
JIIOAVWHU eHOCyMal He HaKOMUYYEThCS HaBiTh y XBO-
pux Ha XXH. OpHak ioro rimokajabliieMiuyHa Iisl, SIK
MpaBUJI0, MOCKUIOEThes Y xBopux Ha XXH [37]. Crin
MaTH Ha yBa3i, 1110 TiMOKaJIbIiEMisd Y XBOPUX Ha Aianisi
OesnocepeaHbo crpuse 3arocrpendio I'TIT [38, 39].
BinHOCHO KJiHiYHOTO €(eKTy CEeIeKTUBHUX MOIYJIsI-
TOpIB PELIENTOPIB ecTporeHy y xsopux Ha XXH, viTko-
ro KOHceHcycy He BcraHoBjieHo [40].

XXH-MKP € HacnigkoM HEHOPMaJIbHOTO CHUC-
TEMHOro MeTabonizMy MiHepasiB. Tomy mpenapatu,
SIKi BTPYYalOTbCS B CUCTEMHUIA MiHepalbHUI OOMiH,
4acTO BUKOPUCTOBYIOThCA 181 JikyBaHHSI XXH-MKP.
AxkTuBaTop peuenrtopiB BitamiHy D (VDRA) Ta kanb-
LIUMIMETUKU MOXYTbh 3a0€3MeYUTU 3HUXKEHHS PUSUKY
MepesioMiB KiCTOK IUISIXOM MPUTHIYEHHS Tinep@yHK-
1ii mapamuTonoaioHux 3ano3. Li cucteMHi MoaynsiTo-
pU MiHepaqbHOTrO OOMiHYy, 0€3CYyMHiBHO, MPU3BOJSThH
JIO0 TIEBHOTO MOJIiMIIEeHHS TiCTOJOTil KiCTOK; iHIIUMU
CJIOBaMHM, BOHM 3MiHIOIOTh KICTKOBUII MeTabOJIi3M.
OpnHak TOYHUI BIJIMB LIMX 3ac00iB HAa MeXaHi4Hi Bjac-
TUBOCTI KiCTOK Ile He mepeBipeHuil. VDRA Takox
JIEMOHCTPY€E MiclieBy Aito Ha KicTky. VDRA TpuBanoi
Ilii, HampuKiaa, anbdakaablUA0g a00 eabAeKaablIv-
TOJI, UMOBIPHO, MOXYTb 3aMo0irTU MepesoMy KiCTOK
3aBISIKW BJIACHUM Oe3MocepeIHiM AisiM Ha KicTKy. Jlo-
ciaimxeHHs, nposeaeHe B CIIA, noka3saio, 1110 BUKO-
PUCTaHHS KaJblLIMMIMETUKIB 3HUXYE PU3UK MEpPeso-
MiB y XBopux Ha niani3 [41], omHaK MexaHi3M Takoi
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Jlii 116 3aJMBAETHCSI HE BCTAHOBJIEHUM. AKTUBATOPU
peuenTtopiB BiTaMiHy D Ta KaJlbUMMiMETUKU MOXYTh
3anobiratv mepeaoMy, BTpydyarouuch y MeTaboii3M Bi-
taminy K [42]. [ToTpiGHi moganbii ZOCTiIKeHHS, 1100
3’dCyBaTH, Y4 LUMHAKAIbLET BILIMBAE TiITbKUA CUCTEM-
HO Ha MiHepaJbHUI 00MiH, a00 TaKOX iCHYe Oe3moce-
penHst oro nis Ha KicTKU, 110 3a0e3Meuye 3HUKEHHS
PU3UKY MEepeIOMiB.

IITT - rymopanbHUll hakTOp, SIKUI BILUIMBAE HA
CUCTEeMHUI OOMiH MiHEpaJbHUX peyoBUH. Pekombi-
HAHTHUU JIOACHKUI MapaTUPEOIAHUN TOPMOH -TE€PU-
napatua OyB po3poOJeHMId AJs MEPIOAUUYHOrIO  BU-
KOPDUCTaHHS Y XBOPUX 3 METOI CTUMYJIIOBAHHS
(opmyBaHHS KicToK. TuUM He MeHIle, HaA CbOTOAHI
BiICYTHIll €AMHUI TOTJSA LIOA0 MPU3HAYEHHS 3a-
CTOCYBaHHS Tepumnapatuay y xsopux Ha XXH. [leqki
pOOOTU HATOJIOUIYIOTh, 0 MTOKAa3aHHS 0 MpU3Ha-
YEeHHSI TepuIapaTUay He OOMEXYIOTbCSI  HU3BKUM
piBHeM IITT, 110 3a3Ha4YeHO y AesIKUX peKOMEHaalli-
SIX KJAiHIYHOT MPaKTUKU, OCKiJbKY LIMPKYII00Ui MO-
gexkyau I[ITI He CcHpoMOXHI MOBHOWLIHHO (YHKIIi-
onyBaTu y xBopux Ha XXH [43]. LlikaBi gaHi Oymu
oTpuMaHi y xBopux Ha XXH, dki JjikyBanucs
Jliai3oM: pU3UK roCHiTai3allii yepe3 Oyab-IKUi me-
pejoM OyB mpubau3Ho Ha 30% HUXYMM y HaLi€H-
TiB, $IKi OTPUMYBAJIU iHTiOITOPU AHTiIOTEH3UH-TIEpe-
TBOpIOIOYOro (pepMeHTy abo OJ0KATOpU PELENTOpiB
AT-I1 [44]. OrpumaHi epekTu 1ie He MiATBEPIXKEHI

y momyJsiii 310poBux Jwonaeil. BuciosieHa aymka,
110 iHTiGITOPU aHTiIOTeH3UH-TIEPETBOPIOIOYOro (ep-
MeHTY abo Oisokatopu peuentopiB AT-1 BIuMBalOTh
Ha KiCTKM 4Yepe3 MEeXaHi3MM rajbMyBaHHSI OKHCHO-
ro crpecy. OnuMcaHo TakKoX, 110 KOHLIEHTpalis ioHa
OikapOoHaTy B cMpOBATLi KpOBi Ma€ 3HaUHe 3HAYEH-
HS, AK PU3UK Tepenomis [45]. BiaburicTs nmpemnapa-
TiB MalOTh 00MJBa MexaHi3Ma fii: 6e3mocepeIHbOro
MOAYJISATOPA KiCTKOBOTO METa00J1i3My Ta CUCTEMHOTO
MoayJsiTopa MeTaboJsi3My MiHepaJlbHOro  OOMiHY.
HesBaxaroun Ha Te, 1110 CUCTEMHI MOILYJISITOPU MiHE-
PaJIbHOTO OOMiHY B OCHOBHOMY MPU3HAYAIOTHCS IS
kopekuii BropuHHoro I'TIT, ix nis Ha MeTabosizM
KiCTKOBOI TKAaHWHHU IIl€ 10 KiHISI HE BUBYEHA, XOU
i BcTaHOBJIeHa OaraTbMma JociifHWKaMu. B Toit xe
yac BaxXJIMBUM € i 3aCTOCYBaHHS MPSIMUX MOAYJIS-
TOpiB MeTabOoJi3My KiCTKOBOi TKAHUHU Mis1 Mpodi-
JIJAKTUKU TIePeIOMiB BHACHIAOK KPUXKOCTiy XBOPHUX
Ha XXH. be3ayMOBHO 3HMXEHHSI KOMOpPOiZHOCTI y
JMiaTi3HUX TAalUi€HTIB, MOKPAUIEHHSI HYTPUTUBHOTO
cratyca, npodijakTuka TMaAiHb i “arpecuBHE JIiKy-
BaHHs” XXH-MKP € ocHOBHOIO CTpaTeri€elo 3MeH-
LIEHHS pU3UKY MepenoMiB y xBopux Ha XXH. YneHa-
mu EBponeiicbkoro ToBapucTBa Kanbludikailii TKa-
HuH Ta EBpornelicbKkoi acouialii HedpoJoris, gianizy
Ta TPaHCIJIAHTALlii HUPKU 3alIPOMIOHOBaHi HACTAHOBU
o0 npodiIakTUKKU mepenoMiB y xBopux Ha XXH

(puc. 3).

Pebpa, cTerHOoBa Ta NIe4OBa KiCTKM, KicTKku Tasy, AXK.

i, 25 OH Ta KicT i i Ny

docharazm KoxKHi 3 micaui
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Puc. 3. HactaHoBM 11010 NPOGiJIaKTUKU MIEPETOMIB.

Ipumitku:

AXK - aguHamiuHa xBopo6a Kictku, KCJI® - kicTkoBo-crnienndivHa yxkHa pocdaraza; I[TTT -

napaTtupeoigHuit ropMmoH; BMH - BepxHst Mmexxa HopMmu; APBJI - akTuBaTOpU pelienTopiB BitamiHy D

(amanroBaHo 3 [3]).

YKPATHCBKUI XKYPHOA HEDPOAOTIT Ta Alaidy N23 (71) 2021

LLIkona Hedponora 93



Nephrology School

Ukrainian Journal of Nephrology and Dialysis, 3 (71)’2021

IlepenoMu y 1Mx HaCTaHOBAX BUMAararThb IIU00-
KOro aHaji3y 6ionrtaty Kictku (MopdosoriyHoro J0-
CJIiIXKEHHSI) Ta MapKepiB MiHepajibHOro ooMiHy. Ilo
- meplie, aHaldi3 COpPSMOBAHUN Ha YCYHEHHS OCTEO-
MaJjsuii abo agHaMiyHOI XBOpOOM KiCTOK 3a JOIO-
Moroto oOiorcii kictku. Takox pekoMeHAallil mpomno-
Hy10Tbh BU3HauuTH piBeHb [1TI. 3menwenns IITT crig
JIOCSITAaTU 10 BBEIEHHS OyIb-SIKUX aHTUPE30POLIHUX
3aco0iB. Ciil 3a3HAYUTU, 1O MUTAHHS TPO MOLiIb-
HicTb Oioncii KicTOK, He 3BaXalouuM Ha peKoMeHaa-
1[ii, 3a IyMKOIO 0OaraTboX HOCJiIHUKIB 3aJUIIAETHCS
BiIKpUTUM.

Takum yuMHOM, TUTaHHA TpodiNakTUKU Ta
JIiIKyBaHHS mepenoMiB y xBopux Ha XXH ycix crapiit,
BKJIIOYAIOYU TPODiNaKTUKY Ta TiIKYBaHHS OCTEOTIOPO3Y

Jlitepatypa (References):

Ha paHHIX CTafisiX XBOPOOU 3aJUIIAIOThCS OCTATOUYHO
He BU3HaueHUMU. BuacHa Kopekilis ycix CKJIagoBUX
MiHepaJIbHOr0O OOMiHY Ta KOHTPOJb 32 MOKa3HUKa-
mu MIIKT 103BoisATh MOKpPAIIUTH 3arajbHUNl CTaH
nauieHTtiB 3 XXH, y ToMy 4ucii i HEWpOMYCKYJISIp-
HY MIil[HICTh Ta KOTHITUBHiI (YHKIIii, 110 TO3BOJUTH
3MEHIINUTHU YaCTOTY MaJiHb Ta MepesoMiB KicTok. Kpim
TOrO, MOJAJBIIOTO BUBYEHHS MOTPEOYIOTh MUTAHHS
0COOJIMBOCTEN OMEPAaTUBHUX BTPYYaHb Ta BEACHHS
nicasionepalifHoro nepiogy, nNpodiaKTUKU MicJIsI0-
nepauiiHuX yCKJIaJHEHb, TOKPAIEHHSI SKOCTi XXUT-
TS Ta BUXUBaHOCTI xBopux Ha XXH 3 MKP.
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3 85-piunum rogireem!

JOKTOPY MEJINUYHUX HAYK,
ITPOPECOPY,

JIAYPEATY NTEPXKABHOI ITPEMII
YKPATHU B TAJIY31 HAYKH I TEXHIKHA
BATJIACAPOBII IHT'PETTI BAPTAHIBHI —
85 POKIB

2 eepecrns baedacaposa Inepemma Bapmaniena 8id3znauae
ceill rosinelinuil deHb HapoOxcenHs. Mydpa, wupa, aoosna,
yeaxcHa — makor 3Haoms npoghecopa 1. B. baedacapogy
ii yuni, nauichmu ma ix 6amvku, Koaeeu. YapisHa,
HesmoMHa, eHepeilina 3aexcou!

Inrperra BapraHiBHa, JOKTOp MEIWYHMX HAYK, IIPO-
decop, maypeat JlepxxaBHOI IIpeMii YKpaiHU B rajaysi Ha-
VKM 1 TEXHIKM, Kepy€e BiaaijioM AuTsdoi HedpoJorii 1Y
«IHctutyr Hedpoaorii HAMH YkpaiHn» 3 MOMEHTY
CTBOpeHHS Bimminy — 3 1993 poky (Ha Toi yac y ckia-
ni Incturyry yposorii i Hedposorii AMH Ykpainm).
Inrperra BaptaHiBHa mOBri poku Oyja TOJOBHUM IO-
3amITaTHUM creniagicrom MO3 3 nuTsg4yoi HedpoJIorii,
cToslIa OUTS BUTOKIB 1€l CIELiaJIbHOCTI B YKpaiHi Ta
BUXOBAaJIa LTy TUIES Ay MOCHiAOBHUKIB, IKUM Iepenasia
He TUIbKM IpodecioHani3M, a i J11000B Ta 3aXOILJIEHHS
CBOEIO CIIPaBoOIo!

KoaekTus /lepkaBHoi ycTaHoBU «IHCTHUTYT Hedpo-
Jgorii HamionaibHOI akajzemii MeIMYHMX HAYK YKpa-
ian», Ilpe3umisa YkKpaincbkoi acounianii HedpoJoris i
(axiBuiB 3 TpaHCIIaHTaNii HUPKH, pelaKlia YKpaiH-
CbKOro XypHaJy HedpoJorii Ta miajidy mMpo BiTalOTh
Inrperty BapraHiBHy 3 I0BijleeEM Ta 0aXaroTb MIIIHOTO
3/10POB’sl, IOBTUX POKiB XKUTTA y paaocti! TBopyoi Ha-
CHAIM i ycmixiB y nmpami, 31iiiCHeHHI 3alyMaHUX IJIAHIB,
J00po0yTy Ta J1000Bi B KoJii pinHux Ta 0au3bkux! bo-
2Koi OJaronari!
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BUMOIUN AO POBIT, LLIO NOAAIOTLCA AO NMYBAIKALIT
B “YKPAIHCbKWU XXYPHAA HEOPOAOTII TA AIAAIZY”

VY 3B’I3Ky 3 iHASKCYBaHHSIM >XypHally MiXXHapOIHU-
MU TMOIIYKOBUMM CUCTEMaMH Ta MiABUILEHHSIM BMMOTI 10O
o¢hopMIJIEHHSI HAyKOBOIO MaTepiajy, peakoserist popmaiiszye
BUMOTH 110 BHIAHHS UISI €(PEKTHUBHOIO PO3ITOBCIOIKEHHS
MarepialliB y CBiTOBili Mepexi I[HTEpHeT Ta NMpUeTHaAHHS 10
MiXXHapOIHUX HAYKOBUX 0a3 NaHUX.

[IpaBuna nns aBTOpPiB CKJaAeHi BiAMOBIAHO 10 «Eau-
HUX BUMOT JI0 PYKOIKCiB, 110 MOJAIOTHCS Y OiOMEANYHI Xyp-
Hamm» (Uniform Requirements for Manuscripts Submitted to
Biomedical Journals), siki chopmysnboBaHi MixHaponHUM
KOMITETOM peakTopiB MeAWYHUX XypHaliB (International
Committee of Medical Journal Editors) ta MicTaTbCs Ha pe-
cypci ICMJE.org.

XKYPHAJI CTPYKTYPOBAHO
3A 5 OCHOBHUMMU PO3AVIAMMU:

1. Touxka 30py

2. IlpobiaemMm opranizauii Ta €KOHOMiIKM He(pPOJOTiuHOT
JIOTIOMOTH

3. OpuriHaJabHi HayKOBi poboTH
IlIxona Hedposora

5. Pepmaxuiitna indopmauis, iHdopmatis nmpo HaykoBi ¢o-
pyMHU, KOMEHTapi, peleH3sii, 3HaMeHHi JaTu.

IMepiuwnii po3ain. B ubomy po3aisli ApyKyOTbCS CTATTi,
SIKi BimoOpaxkaloTh TOUKY 30py Ha KOHKPETHY MpolJieMy aB-
TOpa YU aBTOPIB.

Jpyruii po3ais BUCBITIIOE MOXIIMBI IIJISIXU TTOKpaIlleH-
HSI OpTaHi3alliifHOl CKJIagoBOi MisUTbHOCTI He(pPOJIOTidHOI
CJIyX0u B YKpaiHi Ha BCiX eTamax HalaHHs CIelializoBaHi
MEIMYHOI JOMTOMOTH Ta il EKOHOMIYHUWIA aHali3.

Y TpeTboMy pO31IiJli pO3MIILYIOThCS CTATTi, SIKi 3HAOM-
JIATH 3 Pe3yIbTaTaMy OPUTIHAIBHUX JOCIiIKEHb.

Poznin “Illkona Hedpomora” apykye pobOTH, METOIO
SIKUX € MMIBUIIEHHS] HedPOJIOTiYHOI TpaMOTHOCTI YUTAaYiB.

OcraHHiil po3min iHGOpMye MpPO OCHOBHI HAyKOBO-
MpaKTUYHI Mofii, my6ikye peleHsii, penakiiitHy iHdhopMma-
uiro i T.0.

Pykomnuc pa3om 3 103B0JI0M HA i{OT0 BUKOPUCTAHHS HA-
MPaBJISAETHCS A0 PelaKkiii TIbKM B €JIEKTPOHHOMY BapiaHTi
Yyepe3 OH-JIAlH CUCTEMY, SIKA MICTUTbCS HA CaiTi XKypHaTy.
Y penakuii 31iliCHIOETbCSA ABOCTOPOHHE cJine (AHOHIMHICTD
PelleH3€eHTa Ta AaBTOPa) HAYKOBE pPelleH3YBAHHH i JlirepaTyp-
He peJaryBaHHs CTaTeu.

Jl03BiJ1 HA BUKOPHCTAHHS PYKONHCY MOXKHA 3aBAHTA-
2KUTH 32 NOCWJIAHHSM

CratTi, opopMJieHi 0e3 JoAaepKaHHS MpaBUJl HE MPU-
IMalOThCs, aBTOPAaM He MTOBEPTAIOTHCS.

VY pasi HeraTUBHOI HAYKOBOI pelieH3ii, cTaTTi He Iy-
OJIiKYIOTbCSI, aBTOpaM €Jl. TOLUTOK HAaJCUJIAEThCS BiATyK 3
MOXJIMBICTIO JTOOMNpALIOBAHHS CTATTi YM 3aMiHU i1 iHIIUM
MaTepiaJoMm.

Jlo nyO6hikauii mpuiiMalOThCsl OpUTiHANbHI pOOOTH,
OIJISIAM JIiTepaTypu, JeKIlii, KOPOTKi MOBiIOMJIEHHS, PEeKO-
MeHAaLii MpaKTUYHUM JIiKapsiM, OMUMC BUMAAKiB 3 MPAKTUKMU,
iHdopMallis Mpo HayKoBi (hopyMH.

Penakuisi He npuiimMae paHiule omyOGJikoBaHi poOOTHU
a0o0 CcTaTTi, MPUIHATI 10 APYKY B iHIIKMX BUAAHHSIX.

CtaTTi my01iKyl0ThCsl yKPaiHChKOIO, POCifiChKOIO Ta aH-
riiicbkoto MmoBaMu. MDaiin 3i cTaTTero MPEACTABISATH Y pop-
maTti Microsoft Word (po3mupenns *.doc, *.docx, *.rtf).

HHOCJIIAOBHICTD POSMIIIIEHHA
MATEPIAJTY HACTVYIIHA:

1. Iniuianu Ta npi3Builla aBTOPiB aHIJiIICbKOIO MOBOIO;

2. Ha3ssa craTTi aHIJIiiIChKOIO MOBOIO;
3. Ha3zsa ycraHOBU Ta opraHi3ailii, B sIKiil TpalfOlOTh aBTO-
PM aHIIiICbKOIO MOBOIO;

4. Pe3iome cTarTi aHITiICHKOIO MOBOIO;

5. Koouosi cioBa (8-10 ciiB 4M CJIOBOCIIONYYEHb, IO
PO3KpMBAIOTh 3MIiCT CTaTTi) aHIJIIICHKOIO MOBOIO;

6. YIK;

7. IHiuianu Ta mpi3BuIlAa aBTOPiB MOBOIO, SIKOIO HaIlMCa-
Ha CTaTTs;

8. Ha3zsa craTTi (MOBOIO OpHUTiHANY);

9. HasBa yctaHOBM Ta opraHi3zailii, B IKiii TpallOIOTh aB-

TOpH, MiCcTO (MOBOIO CTaTTi);

Kirouosi croBa (8-10 citiB 4M CIOBOCIIONYYEHB, IO

PO3KPMBAIOTh 3MIiCT CTaTTi) MOBOIO CTaTTi;

Pe3tome MoBOIO CTaTTI;

Texkcr crarrTi;

13. Po3kpuTTS TOTEHIIHUX KOH(IIKTIB iHTEepeciB;

14. InpopMalrist Ipo BHECOK KOKHOI'O YUaCHUKA;

15.Crmmcok  BUKOPMCTAaHMX JKepea Mig  Ha3BOIO

«Jliteparypa (References)», ohopMiIeHUI1 BiAMOBIAHO

[0 cTaHIapTy Vancouver style;

BinoMocTi mpo BigmoBigaapHoro aprtopa: II1Ib, Ha-

YKOBE 3BaHHS, Mocaja Ta Miclie poboTu; e-mail

(000B’s13K0B0O) Ta pobounii TenedoH.

10.

11.
12.

16.

@opMaT TEKCTy PYKOmHCY. TeKCT CTaTTi APyKyeThCS
mpudroMm Times New Roman, po3mip 14 pt, 3 moayTopHUM
MiXpSIIKOBUM iHTepBajioM. BincTynu 3 KOXXHOTO OOKY CTO-
piaku 2 cMm. Ha Bci imocTpaitii, rpadiku i Tabauimi MaioTh
OyTU TTOCUJIAaHHS B TEKCTi.

BunineHHst B TeKCTi MOXXHa poOUTH KypcUBOM abo Ha-
niBxupHuM mpudtoMm, HE minkpecneHHaMm. 3 TeKcTy CItin
BUIAJIUTHU BCi IEpeHECeHHSI, TTOBTOPIOBAaHI MPOIYCKU, 3aiiBi
pO3pUBU PAAKIB (B aBTOMAaTUYHOMY pPEXUMi uepe3 cepBic
Microsoft Word “3Haiiti i 3aMiHUTH ).

®Daiin 3 TEKCTOM CTaTTi MiCTUTh BCIO iH(OpMallito 1st
ny0JtiKallii, y TOMy YMCJIi pPUCYHKHM 1 TaOIULI Micid iX MepIio-
O 3raayBaHHSI.

CTpyKTypa pPYKONHCY Ma€ BiAMOBIiZaTH HABEICHOMY
ma6I0Hy (3aJIeXKHO Bill TUITY pOOOTH).

08 IHPOPMALLS AAS YMTAYIB

YKPAIHCBKUIN XXYPHOA HEPPOAOTIT T Alanidy N23 (71) 2021



Ukrainian Journal of Nephrology and Dialysis, 3 (71)’2021

Editorial information

VK po3mililyeTbcst y BEPXHBOMY JIiBOMY KYTi.

Astopu. IIpisBuiie aBTOpiB BKa3yBaTH IIicls iHiLialiB
(0. C. Ipanos, C. I. IlerpoB), xupHuM mIpudTOM, MO-
BOIO OpUTiHAy Ta aHMIiACbKOIO MOBOIO, BUPIBHIOBAHHS 3a
ueHtpoMm. I1Ib aBTOpiB aHIiICbKOIO HEOOXiZHO BKa3yBaTu
BIIMOBIHO 3 3aKOPIOHHUM TAcMOpPTOM, a00 SIK B paHillie
OITy0JIIKOBaHUX 3apyOixKHMX XYypHAJIbHUX CTAaTTSIX. ABTOpH,
SIKi MyOJIIKYIOThCSI BIIEpIe i HE MalOTh 3aKOPAOHHOTO Iac-
nopra, MalTb CKOPUCTATHCS CTAHIApTOM TpaHCIiTepallii
KMY—-2010.

BaxaHo nomatu mocujaHHS Ha BiacHi odiuiiHi iH-
TepHeT cTopiHku aBTopa(iB) (https://....... ), Scopus ID,
Researcher ID a6o0 ORCID ID pjis po3MileHHs rirneprnocu-
JIaHHSI Ha caiiTi XXypHaiy Ta pdf-Bepcii crarri.

Ha3sga cTaTTi aH1iiicbKOI0 MOBOIO Ta MOBOIO OpUTiHA-
JIy PO3MIIIYEThCS 3a LIEHTPOM ITiCJIsI MPi3BUIL aBTOPIB KUP-
HuMm mpudToM («OniHKa pe3uayaibHoi QYHKHii HHPOK y
xpopux Ha XXH V]I CT. Ta nminxoau no ii 30epexkeHHs»).
AHTJIOMOBHA Ha3Ba Ma€ OYTH rPaMOTHOIO 3 TOUKM 30py aH-
IJificbkOi MOBM Ta TOBHICTIO BiAMoBiZaTH yKpaiHO/pociii-
CbKOMOBHIi#1 Ha3Bi 32 3MiCTOM.

YcranoBa. HeoOxinHo HaBoauTu odilliiiHy MOBHY Ha-
3BY ycTaHOBHU (0e3 ckopoueHb). [Ticsist Ha3BU yCTaHOBM Yepe3
KOMY 3a3HaYMTHU HA3BY MicTa Ta KpaiHM. AKILO y H1OCTiIKeH-
Hi OpaJiv y4yacTbh aBTOPU 3 Pi3HUX YCTAHOB, CJIiJl CITiBBiIHECTU
Ha3BM YCTAHOB i Mpi3BHIlla aBTOPiB 3a AOIOMOIol0 Ludpo-
BUX iHAEKCIiB y BepXHboMy perictpi. [1ig Ha3Bo1o HeOOXiTHO
noaatu iHTepHeT aapecy (https://....... ) odiliiHOI CTOPiHKHU
YCTaHOBM.

Pedepar (six1o po6oTa opuriHaabHa) Ma€ GYTH CTPYK-
TypOBaHUM: M€Ta, MaTepiaau i METOIU, Pe3yJIbTaTh, BUCHO-
BKU. Pedepar mMae mMOBHICTIO BiAIoOBigaTU 3MicTy poOOTH,
oo0csar Tekery He menme 1 800 3HakiB (3 mpomyckamu). Pe-
3l0Me 10 MyOJliKalliif, 1110 MOMalThCs B iHI PO3AUIH Xyp-
Hany (1,2,4,5) opopMIsSIETbCS JOBIILHO, ajie 3 TAKUM CaMUM
00CcsroM.

AHTJIOMOBHA BEPCisl pe3loMe CTaTTi 32 3MiCTOM i CTPYK-
Typoto (Aim, Methods, Results, Conclusions) nmoBHicTIo Biz-
MOBia€e yKpaiHo/poCiiicChKOMOBHI.

Kmouogi ciioBa. HeoGxinHo BKa3aTu KJIIOYOBi CJIOBa —
Big 3 po 10 pis iHOeKCyBaHHS CTATTi B MOLIYKOBUX CUCTE-
max. Ki11o4oBi cjioBa MOBHICTIO BifllIOBiIal0Th yKpaiHCbKOIO/
POCiICBKOIO Ta aHIJiICbKOI0 MOBOIO. /111 BUOOPY KITIOUOBUX
CJIiB aHIIiiChKOI0 BUKOPUCTOBYIOTh Te3aypyc HallioHanbHO1
MmenuyHoi 6i6mioreku CILA (Medical Subject Headings —
MeSH).

TekcT cTaTTi (yKpaiHCHKOIO 260 POCiiiChKOI MOBOIO)
CTPYKTYPOBaHUIA 3a pO3[iJlaMU: BCTYM (aKTyaJIbHICTh), META,
Martepiajv i MeToiu, pe3yJbTaTh, OOrOBOPEHHSI, BUCHOBKH.
Po3nin «O0roBopeHns» € 000B’I3KOBMM Ta MAa€ BKIIOYATH
3000-3500 3naKiB 0e3 npooOiiB.

Po3kpurta norenniiiiux KOHQIIKTIB iHTepecin

ABTOpU TMOBUHHI PO3KPUBATU BCi BiAHOCUHU a00 iH-
TepecH, siKi MOXYTb MaTH MPsIMUI a00 MOTEHUINHUI BIIUB
YU HAaTU yIepeIkXeHicTb B poOoTi. Xoua aBTOp, MOXJIUBO,
He BiluyBae, 1110 iCHYE SIKUI-HeOyab KOHQIIKT, PO3KPUTTS
BiIHOCHH i iHTepeciB 3a0e3meuye OiIblI MOBHUIM i Tpo3opuit
TpoIiec, M0 MPU3BOAUTH JO TOYHOI i 00’€KTUBHOI OLIHKYU
poboTu.

YcBinomieHHs1 peaibHOro abo nepeadayyBaHOro KOH-
GbIikTy iHTepeciB - 1€ MepcreKTUBa, Ha SIKYy MalTh MPaBo
yutayi. Lle He o3Hauae, 110 iHAHCOBI BITHOCUHMU 3 OpTraHi-
3alli€lo, sIKa CIIOHCOpYBaJja J0CIiIXKeHHsT a00 KOMIIEHcallilo,
OTpUMaHY 3a KOHCYJIbTAIliliHY pOOOTY € HETOPEYHUMH.

[Mpuknanu NOTeHUiMHUX KOHMIIKTIB iHTepeciB, sKi
npsiMo ab0 TOGIYHO TIOB’sI3aHi 3 JOCIIIKEHHSIM, MOXYTh
BKJTIOUATH, ajie He 0OMEXYIOThCSI HACTYITHUM:

e HaykoBi rpaHTu Big piHaHCOBUX areHTCTB (IIpOXaH-
HS HaJaTu JaHi Mpo CIIOHCOpa MOCTiIXKEHHS Ta HO-
Mep TPaHTY)

e ToHopapu 3a BUCTYIM Ha CUMIIO3iyMax

e  (dDiHaHcoOBa MiATPMMKA y4acTi B CUMITO3iymMax

e dinancoBa miATpMMKa OCBITHIX IMporpam

e 3aifHATICTb a00 KOHCYJIbTaIlii

¢ TliaTpuMka 3 60Ky CIIOHCOpa MPOEKTY

e [locana B KOHCYJIbTaTUBHI pani a00 pali TMPEeKTOPiB
a00 B iHIINMX BiTHOCWMHAX YIIPaBIiHHSI

e Kinbka diniii

e  @DiHaHCOBi BiZTHOCWHM, HANPUKIal, MailoOBY y4acTb
a0o iHBeCTULIiIHUI iHTEpec

e [lpaBa iHTeNeKTyaJllbHOI BJIAaCHOCTi (HampuKiIaid, ma-
TEHTHU, aBTOPCHKIi MTpaBa i pOsIITI BiJl TAKUX MPaB)

*  VrpumaHHS 4oJIOBiKa i / a0 miTel, IKi MOXYTb MaTh
diHaHcoBUI iHTEpeC A0 podboTH

Kpim Toro, ciig po3KpuBaTH iHTEPECH, 1110 BUXOASTH 3a
paMKu (piHaHCOBHMX iHTEepeciB i KoMmIeHcalii (HehiHaHCOBI
iHTepecu), sIKi MOXYTb OyTH BaxJIUBI 17151 yMTadiB. BoHu Mo-
KYTb BKJIIOYATH, ajie He 0OMEXYIOTbCS, 0COOUCTI BiTHOCUHU
ab0 KOHKYpYIoUi iHTepecu, psiMo abo oOiYHO OB’ A3aHi 3
LM JOCIIKEHHIM, a0o rnmpodeciitHi iHTepecu abo 0coOuCTi
TIepeKOHAHHS, SIKi MOXYTb BIUIMHYTHU Ha BaIlle TOCTiIKEHHS.

BinmoBimanbHuii aBTOp 30Mpae GopMu pO3KPUTTSI KOH-
¢maikTy iHTepeciB Bin ycix aBTopiB. B aBTOpCHKIil criBIparii,
JIe IOIyCKaloThes HOopMaTbHi YTOAW MPO MPEeaCTaBHUIITBO,
IIJISI BiAIIOBiMHOTO yYaCHUKA JOCUTD MiAnmucaT Gopmy po3-
KPUTTS Bil iMEHi BCiX aBTOPiB.

IIpuknaam po3kpurts indopmanii

Hocnimxenns pinancyBamocs X (rpaHt Ne X).

KoHuikT iHTepeciB: aBTOp A OTpUMaB IOCHiAHI rpaH-
TH Bin koMmnaHii A. ABTop B orpumaB roHopap morosigaya
Big koMmnanii X i Bojoxie akuissMu B komnaHii Y. Asrop C €
YJIEHOM KOMITeTY Z.

KoHbaikT iHTepeciB: aBTOpU 3asIBJISIIOTD, 1110 Y HUX HE-
Ma€ KOH()IIIKTY iHTepeciB.

Ilonsika. ABTOpY MOXYTh BUCJIOBUTHU IMOMASKY 0COOaM
Ta OopraHizauisiM, 110 CIIPUsIM IyOJiKalii cTaTTi, ajie He €
il aBTOpamu.

IndopMaliss mpo BHECOK KOXHOTO ydyacHuka (i oci0,
3a3HAaYEHUX Y po3aiJi “romsika™).

Ilpuxaaod: O.C. IBaHOB - KOHIEIIis Ta TU3aiH TOCITi-
mxeHHs1, .I1. TleTpoB - aHani3 oTpuMaHuX JaHUX, 0(OpM-
JICHH$I TEKCTY pOoOOTH.

ABtopu BucioboioTh noasky (IlpizBumie 1. B.) 3a
o¢hOpMIIEHHS iTIoCTpalliii.

Cmucok gitepatypu. Y 6ibiiorpadii (mpucrareiiHoMy
CIUCKY JliTepaTypu) KOXHE Kepeso 3a3HavyaloTbh 3 HOBO-
ro psiaka mia nmopsjakoBUM HomepoM. Bumoru no odopm-
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JIEHHsI JiTepaTypHUX IXepesa 3a Vancouver style meTaibHO
MpeAcTaBleHO Ha caiTi XypHainy. Ilicasa KoxHOro mKepeaa
OBOB A3KOBHUM € nonaBanHsi i0Oro iHTepHeT aapecu
(https://ukrjnd.com.ua/index.php/journal/article/view/22).

Ilepen BiaxnmpaBKOO aBTOPU MalOTh 3IiHCHUTU camMone-

PeBipKy TEKCTY HAYKOBOI CTaTi Ha:

1. IlnariaTt. YkpaiHo Ta pocCiliChKOMOBHiI TEKCTH CTaT-
Ti epeBipsI0ThH HA TIJIariaT 3a TOMOMOTO0 TIpOrpamMu
eTXT Antumnnaruar https://www.etxt.ru/antiplagiat,
III0 € HEOOXiTHOIO YMOBOIO IJIs Ilepenadi CTaTTi IS
MOJAJBIIOr0 pelieH3yBaHHsA. PiBeHb iHAMBiTyab-
HOCTi TOCTiIKeHHST Ma€ OyTH He Huxkuuit 80%.
HaykoBuii cTub BUKJIaAeHHS MaTepiany.

3. TaBrtoJOrito — MOBTOPIOBAaHHS Y TEKCTi.
VYHiBepcallbHiCTh BUKJIaJIeHHS MaTepiany (uutabdesib-
HicTb). TekcT cTaTTi Ma€ Jerko Ta MpPOCTO CIPUIi-
MaTHCs, He OyTU MepeoOTsKeHUM abpeBiaTypaMiu,
CIIeLiaJIbHOI0 BY3bKOIPOMIIbHOIO TEPMiHOJOTIEI0
abo Takolo, 110 He HaOyja MiXKHapOIHOI aJarlTallii.
PeyeHHs1 MalOTh OYTU IPOCTUMMU, JIJAKOHIYHUMM i HE-
CTH 3aBEPIICHUI 3MICT.

5. KinbKicTh mocuaaHb Ha CTaTTi Ta HAyKOBi MaTepiaiu
3 imeHTudikaropom DOI (He meHn1ie 80 %).

6. BimnosigHicTh BUMOTaM BUAAHHS.

TMMOMWJIKM, 1110 HAMYACTIIIE BUHUKIOTh
Y IHOJAHUX PYKOIINCAX:

1. BuKOpHCTOBYIOTH y pEUEHHSIX «3aliBi» CJIOBa i BUpa-
31. Ycbhoro 3aiiBoro Tpeda ynukatu. Kepyiitecs mpa-
BUJIOM: «SIKIIIO CJIOBO 3 pEYEHHSI MOXHA BUKUHYTHU
i IpU LIbOMY 3MiCT He BTpPa4eHO — CJIOBO Tpeba BH-
KuHYyTU». Lle caMe cTocyeThes i OinbIIMX 32 00CsTOM
¢parMeHTiB TEeKCTYy.

2. He BipHO BKa3yoTb onuHU1li BUMipy. CUCTeMHi o~
Huii BuMipy cuctemu Cl HaBomsTh 6€3 Kpanku (M, T,
ra, Mojb), a HeCTaHAapPTU30BaHi OMMHUIII — 3a CKO-
POYEHHSIMU.

3. Tpeba po3pi3HATU CUMBOJIU «—», «—» Ta «-». [lepiuit
i3 HUX Y pyKOMnucax He BUKOPUCTOBYIOTb.

4. DBinblIicTh PEIaKTOPCHKUX MPABOK OOYMOBJICHI HEBi-
PHUM BXUBAHHSIM CJIiB «B», «y», «i», «Ta», «3», «i3», «3i».

5. VY crarrsgx He BUKOPUCTOBYIOTh BUPAa3U «Ha MPOTSI-
3i» — 3aMIiHSIEMO <«IIPOTSTOM», «HAWOUIBII MOTYX-
HU» — «HAUTIOTYXHIIINN» , «IIpU» — «y pas3i» i T. II.

6. 3aiiBe BUKOpPUCTAHHS CclIoBa «O0yn0». Tpeba yHUKATH
clioBa «Oyyo»: 6e3 HbOro, 3a3BUYail, 3MiCT peyeHHSs
He 3MiHUTbCS.

7. CKOpOYEHHSI HayKOBUX TEPMiHiB Y CTaTTi Tpeba 3Bec-
TH 10 MiHIMyMy.

8. HasBu Tabnuib i pUCYHKIB (Ta MPUMITKM [0 HHUX)
MMOBUHHI OyTH «BUWYePIHUMU». YUTauy He MOBUHEH
IIOJATKOBO MepeunTyBaTH «Marepiaj i MeToIu qOCi-
IIXXeHb» 200 Ha3By po0OOTH, 1100 po3idpaTHUCs y 3MiCTi
TaOJIMIIi Y1 PUCYHKA.

9. CratrTi HalyacTille BiIXWUJSIOThCSl PEAKOJIETIE0 ye-
pe3 BilCYTHICTh CTAaTUCTUYHOTO OMpAallOBaHHS Tep-
BUHHUX JaHUX (3arajibHi BAMOTH 10 (axoBUX ITyOJTi-
Kallii1).

10. He pexoMeHI0BaHO BXXMBAaTX B TEKCTi MaCUBHMI 3a-

JIOT: «IIpO0H BilOMpaTUCs», 3aMiCTh IIbOTO — «IIPOOK

BigOMpanu»; «I0CHiIXKEHHS 30iCHIOBAIUCS» — «J10-

CITiIXEeHHS 3IiACHIIN.

11. fxio BUHMKAOTh MUTAHHS II0A0 OGOPMICHHS 4K
MpeacTaBJIeHHs NEBHUX JaHUX Y CTATTi — MOXHa Opa-
TH 3pa30K OCTAaHHLOTO HOMEPY XypHay.

12. BincyTHS MOXIUMBICTHD pemaryBaHHS PUCYHKiB, Ta-
Oomuni, dopmyis, HaBeAeHUX y poboti. HeoOximHo
HaJgaTv pemakliiili 3MOry iX pemaryBaTu, TOOTO HE BU-
KOPUCTOBYBAaTU HECTAHAAPTHI MPOrpaMu.

Crartri, opopmiieni 0e3 momepKaHHA NMPABUJI He MPH-
iiMaOTbCS, aBTOPAM He MOBEPTAIOTHCA.

Y pasi HeraTUBHOI HAyYKOBOI peneH3ii, CTaTTi He my-
OJIIKYIOTbCS, ABTOPAM €J1. MOUITOI) HAJCUJIAETHCS BilryK 3
MOXKJIMBICTIO JOONPALMIOBAHHA CTATTI 4M 3aMiHM ii iHIIAM
Marepiajaom.

100  IHdoOpPMALa AAST YMTOUIB
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