HauioHanbHWI YHIBEPCUTET OXOPOHU 340POB'A YKpaiHu
imeHi M.J1. Wynuka

YKkpaiHcbKa acouialis Hedponoris
YKpaiHcbKa acouialia auTaunx Hedponoris

HUpKwn

dAarmaH HedpoAorii

Kidneys

The leadership of nephrology

CneuiaAisoBaHMM peLeH30BAOHUN HOYKOBO-NPAKTUYHUN XXYPHOA
30CHOBAHUN Y BepecHi 2012 poky
MNMepioANYHICTb BUXOAY: 4 PA3U HA PIK

Tom 12, N2 3, 2023

BKAOYEHUV B HOYKOMETPWYHI i CcrieliaAizoBaHi 6a3n AaHmx HBY im. B.l. BepHaacbKoro,

«YKpaiHika HaykoBar», «HaykoBa nepioamka YkpaiHu», Ulrichsweb Global Serials Directory,

CrossRef, WorldCat, Google Scholar, ICMJE, SHERPA/ROMEO, NLM-catalog, NLM-Locator
Plus, OpenAIRE, BASE, ROAD, DOAJ, Index Copernicus, EBSCO, OUCI

P\ g
ZASLAVSKY

Publishing house

Open Journal System



HIPKI §

KIDNEYS

CneuianizoBaHuii peueH30BaHUM
HAYKOBO-MPAKTUYHUIA JKYpHaN

Tom 12, N2 3, 2023

ISSN 2307-1257 (print)
ISSN 2307-1265 (online)

NepeannatHum iHpekc 68277

P\ g
ZASLAVSKY

Publishing house

CniiB3aCHOBHHUKH:
HanjionansHuii yHiBepcuTeT
oxoponn 310poB’s Ykpainu imeni I1.J1. [ITynuka

IBanos JI.J1.
3acnascpkmii O.10.
ITed-penakrop 3acaascokuii 0. 1O.
3aBinyoua peaakuiero Kynpinenxo H.B.
Anpecu 17151 3BepTaHb

3 mUTaHb NepeaIIaTH:
info@mif-ua.com
ten. +38 (067) 325-10-26

3 nuTaHb po3milleHHs peKjaaMu Ta iHdopmanii
Npo JKapChbKi 3ac00H:
v_iliyna@ukr.net

Domo na obkaadunyi naoane @mesangiumss

YKkpaiHCbKOI Ta aHMilCbKO MOBaMK

(8idoymBo npo OepxasHy peecmpayito GpyKOBAHO20 3acoby
macosoi iHgopmayii KB Ne 24960-14900I1P.
Budaro MiHicmepcmsom ocmuyii YepaiHu 13.08.2021 p.

XypHan sHeceHo 0o nepeniky HayKosux ¢paxosux sudaHb Ykpaiu,

8 AKUX MOXYmb nybsikysamucs pesynsmamu ducepmayiliHux po-

6im Ha 3006ymms HayKosux cmyneHig dokmopa i KaHAUOAMa HayK.
Kameeopis b. Hakaz MOH Ykpainu 8i0 11.07.2019 p. Ne 975.

PekomeHOyembcs 00 OpyKy ma 00 NOWUPEHHs Yepe3 Mepexy
Inmeprem piweHHaM y4eHoi padu HY03Y imeni [1.J1. Lynuka
810 13.09.2023 p., npomokon Ne 9

®opmar 60x84/8. Ym.-apykK. apk. 6,16.
3am. 2023-kidneys-45. Tupax 10 000 npum.

Agnpeca pegakuii:

a/c 74, m. Kuis, 04107, YkpaiHa
E-mail: medredactor@i.ua
(Tema: [lo pepakuii )ypHany «Hupku»)
http://kidneys.zaslavsky.com.ua

Bupaseub 3acnascbkuii 0.10.
zaslavsky@i.ua
Appeca ans auctyBaHHs: a/c 74, m. Kuis, 04107, YkpaiHa
CeigouTtBo cy6’ekTa BUAABHMYOT CNpaBK
OK Ne 2128 Big 13.05.2005

DOpyk: TOB «Jlangnpecc»

[OAOBHUN PeACKTOP
IBaHoB [imutpo iMmutposuy
(KuiB, YkpaiHa)

PeAdKLiWHO KOAerig
Aapuk 0.0. (Kunis, YkpaiHa)
Kopxk 0.M. (XapkiB, YkpaiHa)
KypaTta 0.B. ([Hinpo, YkpaiHa)
OpuHeusb H0.B. (Xapkis, YkpaiHa)
Naceynikos C.M. (Kuis, YkpaiHa)
Cannata-Andia Jorge B. (IcnaHis)

Kirill Komissarov (International

Society of Nephrology)
Levtchenko E. (benbris)
Rostaing L. (PpaHuin)
Tsakiris D. ([peuis)

Unger C. (HimeuunHa)

Pepakuis He 3aBXAM nofinfe AymKy aBTopa nybGnikauii.
BignoBiganbHicTb 3a BiporigHicTb (akTiB, BNACHUX iMeH Ta
iHwWoi iHhopMmauii, BUKopucTaHoi B nybnikalii, Hece aBTop.
Mepenpyk Ta iHwWwe BiATBOPEHHs B iKiN-HeOyab dopmi B Li-
noMmy abo YacTKOBO cTaTeil, intocTpayiit abo iHWMx marepi-
aniB 403BOJIEHT TifIbKM NpW nonepepHiit NUCbMOBIN 3ropi
peAakuii Ta 3 060B'A3KOBUM NOCUNAHHAM Ha AKepeno. Yci
npaBa 3axulLeHi.

© HYO03Y imeni N.J. Wynuka, 2023

© Isaxos A.0., 2023
© 3acnaecbkuii 0.10., 2023

Pocki, ISSN 2307-1257 (print), ISSN 2307-1265 (online)

Vol. 12, No. 3, 2023



HPKU §

KIDNEYS

Pocki

Specialized reviewed practical scientific journal

Volume 12, N2 3, 2023

ISSN 2307-1257 (print)
ISSN 2307-1265 (online)

Subscription index 68277 (in Ukraine)

P\ g
ZASLAVSKY

Publishing house

Co-founders:
Shupyk National Healthcare University of Ukraine
Ivanov D.D.
Zaslavsky O.Yu.

Editorial Director
Managing Editor

Zaslavsky O.Yu.
Kuprinenko N.V.
Correspondence addresses

Subscription department:
info@mif-ua.com
Tel. +38 (067) 325-10-26

Advertising and Drug Promotion Department:
v_iliyna@ukr.net

Cover: photo provided @mesangium88

In Ukrainian and English

Registration certificate KB N° 24960-14900/1P.
Issued by State Registration Service of Ukraine 13.08.2021.

The journal is entered into the list of specific scientific publishings
of Ukraine and can include doctoral and candidate thesis.
Order of Ministry of Health of Ukraine dated 11.07.2019, Ne 975.

Recommended for publication and circulation via the Internet
on the resolution of Scientific Council of Shupyk National
University of Public Health of Ukraine Education dated
13.09.2023, Protocol N° 9

Folio 60x84/8. Printer’s sheet 6,16.
Order 2023-kidneys-45. Circulation 10 000 copies.

Editorial office address:
P.0.B. 74, Kyiv, 04107, Ukraine
E-mail: medredactor@i.ua
(Subject: Kidneys Journal)
http://kidneys.zaslavsky.com.ua

Publisher Zaslavsky 0.Yu.
zaslavsky@i.ua
Correspondence address: P.0.B. 74, Kyiv, 04107, Ukraine
Publishing entity certificate K N 2128 dated 13.05.2005

Print: Landpress Ltd.

Editor-in-Chief
Dmytro D. Ivanov
(Kyiv, Ukraine)

Editorial Board
Diadyk 0.0. (Kyiv, Ukraine)
Korzh 0.M. (Kharkiv, Ukraine)
Kuryata 0.V. (Dnipro, Ukraine)
Odynets Yu.V. (Kharkiv, Ukraine)
Pasiechnikov S.P. (Kyiv, Ukraine)
Cannata-Andia Jorge B. (Spain)

Kirill Komissarov (International

Society of Nephrology)
Levtchenko E. (Belgium)
Rostaing L. (France)
Tsakiris D. (Greece)

Unger C. (Germany)

The editorial board not always shares the author’s opinion.
The author is responsible for the significance of the facts,
proper names and other information used in the paper. No
part of this publication, pictures or other materials may
be reproduced or transmitted in any form or by any means
without permission in writing form with reference to the
original. All rights reserved.

© Shupyk National Healthcare
University of Ukraine, 2023

© Ivanov D.D., 2023

© Zaslavsky 0.Yu., 2023

Vol. 12, No. 3, 2023

http://kidneys.zaslavsky.com.ua



3mict / Contents

3MICT

CropiHKa peAaKTOpa

3BEPHEHHSI TOAOBHOTO PEACKTOPA ..oevvvvvvvniin, 123

HactaHoBu

XPOHIYHa XBOPO6A HUPOK (XXH). POHHE
BUSIBAEHHS TQ BTPYYAHHS Y NEPBUHHIN
MEANKO-CAHITAPHIN AOTTOMOSI ..vvvvevirieei, 124

Panagiotis | Georgianos, Rajiv Agarwal

ApPTEPIAABHA TiNepTEH3sIs
MPW XPOHIYHIN XBOPOBI HUPOK —
CTAHAQPT AIKYBOHHS 2023 ..o, 126

OpuriHaAbHI cTaTTi

W.K. Yaseen

MicAsonepaLLinHi HOCAIAKM Yepe3LUKIPHOI
HEDPOAITOTOMIT ..o 128

Zitlali Guadalupe Paulin Zepeda, Louis Fernando
Robles Fernandes, Vianey Guadalupe Tellez
Bolarios, José Carlos Ortiz Diaz, Maria Inés Gil
Arredondo

LLIBUAKONpOrpecyoUmn rAOMERYAOHEDPUT

i AHLLA-HeratBH1M pAuCi-iMyHHUIA BOCKYAIT:
HE3BUYAMHI MPOSIBMA.

KAIHIYHUM BUMIOAOK. v 132

Srija Yadav Kadari, Swarna Deepak Kuragayalaq,
Nagender Devulapally, Sivateja Kuruvada
KopeAsiList piBHIB AIMOKAAIHY,
QACOLLMOBAHOTO 3 YKEAQTUHA3O0K HENTPODIAIB,
y Ceui §IK PAHHIN AIQTHOCTUYHUM
MOPKEP FOCTPOrO YPOXKEHHST HUPOK
Y NOLEHTIB i3 CEMCUCOM ..vvvvvvieeeeieiiiiiiirnnnnn, 136

MupoLHnyeHko M.C., MiumH FO.M.,
laciewsini H.M., KanyctHnk H.B., MiwwmHa M.M.,
Moarosa fO.A., MapyeHko I.A.,
MupotuHmnyeHko C.O.

EtionoriyHi ocoBAMBOCTI iHPEKLN
CEYOBOI CUCTEMU Y BATTHMX XKIHOK:
CYHOCHUM CTAH MPOBAEMU .o, 144

Contents

Editor’s Page

Appeal of Editor-in-Chief ..., 123

Guidelines

Chronic kidney disease (CKD).
Early detection and intervention
inprimary health care.............ccoeeiiienn, 124

Panagiotis | Georgianos, Rajiv Agarwal

Hypertension in chronic
kidney disease —
freatment standard 2023............c.cceevviiinnn, 126

Original Articles

W.K. Yaseen

Postoperative sequelae
of percutaneous nephrolithotomy .............. 128

Zitlali Guadalupe Paulin Zepeda, Louis Fernando
Robles Fernandes, Vianey Guadalupe Tellez
Bolanos, José Carlos Ortiz Diaz, Maria Inés Gil
Arredondo

Rapidly progressive glomerulonephritis

and ANCA-negative pauci-immune

vasculitis: an unusual presentation.

A COSE IEPOIM it 132

Srija Yadav Kadari, Swarna Deepak Kuragayala,
Nagender Devulapally, Sivateja Kuruvada

Correlation of urinary neutrophil
gelatinase-associated lipocalin levels

as an early diagnostic marker

for acute kidney injury

in patients With SePSIS ........cccccviin, 136

M.S. Myroshnychenko, Yu.M. Mishyn,

N.M. Pasiyeshvili, N.V. Kapustnyk, M.M. Mishyna,
Yu.A. Mozgova, .A. Marchenko,

S.O. Myroshnychenko

Etiological features of urinary
fract infections in pregnant women:
current state of the problem .............c...c 144

Pocki, ISSN 2307-1257 (print), ISSN 2307-1265 (online)

Vol. 12, No. 3, 2023



3mict / Contents

Oorasga

KpaseLp O.B., €xanos B.B., CeaiHkiH B.A.,
lnuamneHko O.B., MapTtrHeHKo A.A.

HupKoBA ANCOYHKLLSI MK 3AraAbHOMY
neperpiBaHHI (AITEPATYOHUM OTASIA) ...cooeeve. 150

KAiHIYHe cnocTepe)XeHHs

3aBanbHa .M.

Briamg iHriGitopis AMN® Ha nepebir SARS-CoV-2
Y NAUIEHTA 3 YXKE iICHYOYOK XPOHIYHOO
XBOPOBOIO HNPOK: KAIHIYHA BUMTAAOK.......... 157

AeHosa N A.

BrnAMB QHTMOKCUAQHTHOT Tepanii
HQ Nepebir AOAIAAIZHOI XXH y naujeHTa
3 KOMOPOIAHICTIO ..ioeiiiiiiiiiiiiie e ciinrrreaee 161

Review

O.V. Kravets, V.V. Yekhalov, V.A. Sedinkin,
O.V. Pylypenko, D.A. Martynenko

Renal dysfunction in general overheating
(literature review) .......cccccovciiinin, 150

Clinical Observation

.M. Zavalna
Effect of ACE inhibitors on the course
of SARS-CoV-2 in a patient with pre-existing
chronic kidney disease: a clinical case ...... 157

L.D. Denova

The effect of antioxidant therapy
on the course of predialysis chronic kidney
disease in a patient with comorbidity.......... 161

Vol. 12, No. 3, 2023

http://kidneys.zaslavsky.com.ua



CropiHKa peAaKTOpa HMPKI/I ®

DOI: https://doi.org/10.22141/2307-1257.12.3.2023.411

LLIaHOBHI KOAerul

CnoraH uboro Homepa: «He BigBonikartecs
Ha HenoTpibHe». Llboro pasy nputya 6yge aH-
rMINCbKOLO.

A Gnat buzzes around the meadows when he
spots a Bull standing quietly in the long grass.
Observing that the Bull is quite at peace, the Gnat
decides to rest upon his horn. After resting for a
short time, the Gnat decides it was ready to again
take flight. Before leaving, the Gnat suddenly
apologizes to the Bull. “Fm sorry for bothering you
today, you must be glad 'm about to leave,” says
the Gnat. “It didn’t matter,” replies the Bull. “I didn’t
even realize you were there”.

3 noBaroro, jmutpo IBaHos =
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Guidelines

OCHOBHI KniHiuHi pakTopu pusmky po3sutky XXH:

KIDNEYS
DOI: https://doi.org/10.22141/2307-1257.12.3.2023.412

primary care disbetes europe
XXH norato AiarHocTyeTbcA Ta HeAOCTaTHbO NIAZAETHCA NiKYBAHHIO B CYCNiNbCTBI '

PaHHe BUABNEHHS, CTpaTUdiKaLia pU3VKy Ta NikyBaHHA MOXYTb 3MEHLUMTY 3aXBOpI0Ba-
HiCTb i piBeHb cMepTHoCTi Big XXH | M0B'A3aHIX 3 Heto YeknaaHeHb, Takux Ak ((32

BpaxoByiite iHLi dakTopy:

Kpok 1 « ApTepianbHa rinepTen3is « (CTeMHe 3aXBOPIOBAHHA 3 ypaxeHHAM HUpoK (Hanpuknag, CYB)
BuzHaure oci6, + LlykpoBuii piaber « OXUpiHKA
AKi nepe6ygaiotb (3 « leneTuuni dakTopy pusuky (Hanpuksnag, ARMXH)
y rpyni pU3mKy « CimeiiHuit aname3s XXH + Brnve HePOTOKCUHIB HABKONMLIHBOTO CepefioBMLLa
« [lemorpadiuni gaHi — noxvnuii Bik, pacoa/eTHiyHa NpUHANEXHICTb
«['YH B aHamHe3i
KpoK2 Ouitka dyHKuiT HUpok — pLUK®
« plLIK®, po3paxoBaHa Ha 0CHOBI KpeaTuHiky cupoBaTki Ta/abo uuctatuHy C
MpoBepenHa T
o6cTexnenHs OuiHKa ypaxeHHs HUpoK — anbGyminypis
J0pOCNMX NaLieHTiB « CAK 260 TecT-cmyxKa* (Ao nokasHuk CAK HefocTynHmi)
3 rpynu BUCOKOro | o
pr 4 L 4
An euABnentn XXH fAkwo CAK = 30 mr/r (= 3 mr/mmonb) Akwo CAK < 30 mr/r (< 3 Mr/mMmonb)
(He pna Bcboro ABO n
HaceneHns) pLUKO < 60 M/xe/1,73 w2 pLUKO = 60 Mn/xe/1,73 w2
[ToBTOpHMiA aHani3 yepes 3 micAui
Kpok 3 fKw0 Hu3bKmii piBeHb pLLIKO abo Bucokmii nokasHuk CAK cnocrepira- [ToBTOPHMIA aHani3 NpuHaliMHi pa3 Ha pik '
MocraButu piarHo3 XXH  totbca nporarom > 3 micauis, nocrasuty giarsos XXH
Ll Kareropii anbGyminypii HusbKuii pusuk
Crpatudikania
P . $ixan Al A2 A3 (rabinbHe 3axBopioBaHHs ABO HEMAE XXH
LUBIKYEQHES [lianason <30Mmr/r 30-299mr/r =300 M/ 32 BiiCyTHOCTi iHIINMX MapKepiB ypaKeHHA HUPOK.
(Takox auB. Tabn. 1) <3mr/mMMonb  3-29 Mr/MMonb = 30 MI/MMOnb Bumarae BUMiptoBaHb pa3 Ha pik abo pailue
% i Y pasi MoABY HOBUX CUMNTOMIB /
= " i ikyBatHA Ta (aKTOpiB pH3UKy.
61 Monitopunr (1) JlikyBaHHa (1) KoHoyBTaL )
= o8 Monitopurr (1) NikysanHa (1) . "omp?o
M G2 KOHCynbTauis (3) NiABULLEHNI PU3NK
) .
£5 G3a KOHcynbralia (3) NPUHaiiMHi pa Ha pik
% 'g 30-44 JlikyBaHHA T JlikyBaHHA Ta
E E G3b KOHcynbrauia (3) | KoHcynbTauis (3) JlyKe BUCOKMii pusuK
o y
2 15-29 Nikysarwata [ Nikysawwata | Jlikysannata JliKyBaHH#A 32 MOTOAXKEHHAM 3 Hedposiorom
;E G4 KOHcynbTauia (3) |} KoHcynbTauia (3) fkoHcynbraia (4+) :
Bumarae BumipioBaHb Bumarae petenbHoro
< 15 NliKyBaHHs! Ti Tikysana Tz AR TOIHAPIK | mosTopiHy npWHaNK
KOHCynbTaLia (4-+)KoHcynbravia (4-+)JKoHcynbrauia (4-+) 4OTHH pa3i Ha pik
(KoxHi 1-3 micaui)
Adanmoearo Ha ocHosi de Boer 3i cnigasm. 2022°
Kpok 5 HeobxiaHo BX1TY 3aX0/iB Ha OCHOBI Kateropiii pusuky  [lepef mouatkom NikyBaHHA cnewianicTii, AKi HafaloTb NMepPBUHHY MeANKO-CaHiTapHY
Koncynbrauis nporpecyBaHHA XXH, 3aXBOPIOBaHOCTi Ta CMePTHOCTI,  [OMOMOTY, MOBUHHI MPOKOHCYALTYBATUCA 3 Hepponorom; AeAki MaLieHT MOXYTb
aTaKOX YacToTV MOHITOPUHTY (AVB. BULLE). nepebyBatin nip 6e3nocepefHiM HarnAZoM Hedponora 3a HAABHOCTI MoKasaHb
Heponora (nwB. Tabnuuo 3).
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HactaHoBu / Guidelines

Ta6nuug 1. JlikyBaHua ana cnoBinbHeHHA nporpecyBaHHA XXH, 3HIKeHHA pusnKy cMepTi Ta NikyBaHHA CYNyTHIX 3aXBOPIOBaHb:
3miHa cnocoby XuTTA

BinmoBa Big KypiHHA; perynapHi ¢iauuni Bnpasu; 36anaHcoBaHe XapuyBaHHaA
(YHUKaTV HaZMipHOro CNOXMBaHHA Ginka Ta 06pobneHo ixi, 06MeXUTI CNOXKUBAHHA HaTpito A0 < 2 r/n06y)

Mezaunute nikyBaHHA

Tlikyitte wyKkpoBuii Aiaber, 3abe3neueHHa afeKBATHOIO MeANYHOT0 NiKyBaHHA 3TiJHO 3 KepiBHUMI JOKYMeHTaMu ANA ynoBinbHeHHA nporpecyBanHa XXH i 3HukeHHA

aptepianbHy rineprensito TaCC3:  puuky ((3: makcumanbHo nepeHocumi Ao3u IAMIO/BPA, inribitopis H3KTT2, Hectepoiniix AMP 3 oBesieHot0 KOPHCTIO B AOCHIKEHHAX

ONTUMI3yiiTe apTepianbHUiA TACK ~ pe3ynbTaTiB 3 60Ky HUPOK i cepLieBo-CyANHHOT CUcTeMI Ny LyKpoBomy Aiabeti 2-ro Tuny (LJ12); Takox HeobxigHO po3rmayTn

i TNiKeMiYHWI KOHTpONb ninigo3HIKyBaNbHY Tepanilo (cTaTHY) Ta/abo aHTUTpoMOOLMTapHY Tepanito (AnA nauienTis i3 XXH 3 pu3ukom po3suTky atepocknepoTuyHux
ABMLL)

MipkyBaHHs

KopurysanHs go3 npenaparis Ha ocHoi pLUK®; cnig nposBnaTy 06epexxHicTb Npu npU3HaueHHi aHanbreTyKiB, NPoTUMIKPOOHMX, rinornikeMiyHmx,
XiMioTe paneBTUYHYX Npenaparis abo aHTUKOArYNAHTIB; CNij yHUKATX 3aCTOCyBaHHA HepPOTOKCUHIB (Hanpuknag, HM3IM) Ta eAKuX KOHTPACTHIX peyoBUH

Ta6nuug 2. MowitopuHr nporpecyBaHHsa XXH i cynyTHix 3axBoproBaHb

Mporpecysanna XXH i cynyTHi 3axBoptoBaHHs LWo cnin koHTpontoBaTH
MoitopuHr XXH pLUK®, CAK, aHani3 ceui (ocaz ceui)
(G i guaninipemia ApTepianbHuii TUCK, cTpaTUdiKaLis pu3nKy CepLeBo-CyANHHIX 3aXBOPHOBAHD,
NinigHWiA cTaTyc
Llykpowit piabet PieHb Lykpy B kposi, HbATc

BuzHaunTy ycknagHe s XXH: aHemis, MiHepanbHi Ta KicTKOBI NOpYLLEHHs, METaB0TUHIIA aLWA03 TOLO.

Ta6nuug 3. flopatkoBi MipKkyBaHHSA AN KOHCyNbTaLii Hegponora

+ Hesposymine, nporpecytoue 3Hixkenns pisns pLUKO Ha > 5 ma/xe/1,73 m* npotarom 12 micauis a6o panTose 3HukeHHs pista pLUIK npotarom Kinbkox gHis a6o TwxHis

+ 3Haunma anbOymiHypia/nporeikypia abo rematypis He3po3yMinoro NoXoMKeHHs

« (7ilika rinepkaniemis, cTilika Ao nikyaHHA apTepianbHa rineprensia (BU3HaUYaeTbCA AK HEKOHTPONbOBaHA apTepianbHa rinepTeH3ia NPy 3acToCYBaHHi TPHOX [NOTEH3NBHUX
npenaparis, BKAKYHO 3 AiypeTuKoM), peLaNBYyoUe YTBOPEHHA KaMeHiB Y HIPKaX abo CafKoBi 3axBOPOBaHHA HUPOK (Hanpuknag, ALMXH)

« [HWi BUABNEHi ycKknaAHeHHA (aHeMmis, MiHepanbHi Ta KICTKOBI NOpYLUEHHS, MeTaboniuHMi aLiyA03 ToLo)

KoHcynbrauia Hedponora moxe 6yTv npoBeeHa ANA BU3HAYEHHA iHLLIMX NPUYMH, AKi NiAAAIOTLCA NiKYBaHHI0, ab0 A4nA po3pobKy nnaHy NikyBaHHA. Xoua AeAKi naLlieHTn MOXYTb i Hagani
OTpUMYBATY NiKYBaHHA Y Hepposora, bINbLLICTb NOBEPHETHCA A0 NePBUHHOT MeJMKO-CaHiTapHOT 4onomory.

Po3rnaHbTe MOXNMBICTb BUKOPUCTaHHA iHLLMX pekomeaauii nporpamu KDIGO: KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of Chronic
Kidney Disease. https://kdigo.org/wp-content/uploads/2017/02/KDIGO_2012_CKD_GL.pdf; KDIGO 2022 Clinical Practice Guideline for Diabetes Management in Chronic
Kidney Disease https://kdigo.org/wp-content/uploads/2022/10/KDIGO-2022-Clinical-Practice-Guideline-for-Diabetes-Management-in-CKD.pdf; KDIGO 2021 Clinical
Practice Guideline for the Management of Blood Pressure in Chronic Kidney Disease https://kdigo.org/wp-content/uploads/2016/10/KDIGO-2021-BP-GL.pdf; KDIGO
(linical Practice Guideline for Lipid Management in Chronic Kidney Disease https://kdigo.org/wp-content/uploads/2017/02/KDIGO-2013-Lipids-Guideline-English.pdf

BuHockn

*fIKLL10 anbOyMiHypis BUABNEHa 3a AOTIOMOTOI0 TECT-CMY»Kt, BUKOPUCTOBYiATe nokasHik CAK Ans KinbKicHoro BU3HaueHHA BUBeAeHHs anbBymity 3 ceveto. *MOBTOPHMiA aHari3 Ha OCHOBI OLiiHKY KOXHOr0 OKpemoro
naLjeHTa NPUHAMHI pa3 Ha pik. * BigxuneHHs Big HOPMU NOKa3HVKIB 0CAAY ceui, NOPYLUEHHA eNeKTPONITHOTO GanaHcy yepes NopyLueHHA 3 60Ky KaHanbLis, TiCTONOTIUHI NOPYLWEHHS 3 GOKY HUPOK, CTPYKTYpHI
MopyLLEHHS, BUABMEHI 3a I0NOMOT0I0 Bi3yasi3aLliiHoro 06cTexeHHs (Hanpuknag, NonikicTos HUPOK, pednioKkc-Hepponaris), abo TpaHcNNaHTaLA HUPKN B aHAMHE3I.

CkopoyeHHsa

ALNXH — aBToCOMHO-A0MIHaHTHa nonikicTo3Ha xBopoba Hupok; AMP — anTarowict mikepanokoptukoiaux petientopis; BPA — 6nokatop pewentopis anriorensuty II; FYH — roctpe ypaxenns Hupok; 1AM —
iHri6iTop aHrioteH3uHnepetsoptotouoro depmenty; HbATc — rnikosunboeanuit remorno6in; HM3M — Hectepoipnmii npotusananbhuii npenapat; H3KTT2 — Hatpiil-3anexHuit KoTpaHcnopTep [ioko3n-2;
pLUKO — po3paxyHkoBa wwemAKiCcTb Kny6oukosoi dinbtpaui; CC3 — cepueso-cyaunHe 3axsopioBannsa; (4B — cuctemuii yepsouii Bouak; CAK — cniBigHoweHHA anbbymiH/kpeaTuhin y ceui; XXH —
XpOHiuHa xBopo6a Hupok; L2 — uykposuit giabet 2-ro Tuny; G o3Hauae Kateropito LIK®; KDIGO — nporpama «XBopo6u Hupok: noniniuenHa mobanbHux pesynbratis nikysanHa» (Kidney Disease: Improving
Global Outcomes).

Nocunanus

1. Sundstrém J 3i cnigasT. Lancet Reg Health Eur 2022; 20: 100438.

2. Shlipak MG 3i cnigagr. Kidney Int 2021; 99 (1): 34-47.

3. Adapted from de Boer IH et al. AADA/KDIGO Consensus Report: Diabetes Management in Chronic Kidney Disease. Diabetes Care 2022; In press by Adapted from de Boer IH et al. Kidney International (2022);
https://kdigo.org/wp-content/uploads/2018/03/ADA-KDIGO-Consensus-Report-Diabetes-CKD-KI-2022. pdf.

PCDE cxBanioe Ta niaTpumye KniHiuHuit oHoctopikkosuit fokymeT (Clinical One Pager) Logo nepBIHHOI MeNKo-CaHiTapHoi onoMoru 3 MeToko paHHbOro BUABIEHHA Ta BTpyyaHs npyu XXH.
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YactmHa 1.
«Koporko»

— BumipioBaHHs apTepialbHOro TUCKY €KCIIEPTHOTO PiBHS
BiATemnep 3aCTOCOBYETHCS HE JIMILE JJIs1 JOCHIIKeHb, aie i I
IIOJIEHHOI ITPAaKTUKMU.

— JlieTuyHe oOMeXKeHHsI HaTpilo Moxe Mojimmutu AT y
Jozieii i 3a06e3neYnTy HeAOPOTi MepeBaru st 310POB’s.

— Iuri6itopy AII® a6o BPA 3anuimaiotbest ripenapaTaMu
nepiIoro BUOOpy y hapmakoTepartii rinepTeH3il B MallieHTIB i3
XXH i nyke BUCOKOIO aTbOYMiHYypi€IO.

— CnipoHOJIaKTOH € CTaHIAPTHUM 3aCO0O0M JIiIKYyBaHHSI pe-
3UCTEHTHOI TillepTeH3ii, ajie OB’ I3aHui i3 LIMM PU3UK Timep-
KaJlieMii 00MexXy€e oro MmMpoKe BUKOPUCTAHHS B MALIEHTIB i3
XXH cepemHboro i mporpecyovoro CTyImeHs.

— TiazugonomioOHMit AiypeTUK XJI0PTaTiI0H € e(heKTUBHUM
y noJimniieHHi koHTpoito AT y mauieHTis i3 IITK® < 30 mu/
xB/1,73 M? i € anbTEPHATUBHUM TEPaNieBTUUHUM BapiaHTOM JUTsI
JIIKyBaHHS Pe3UCTEHTHOI TinepTeH3ii mpu mi3Hix cTtamisx XXH.

— IMpunuxenHst npuitomy iHriditopis AITP a6o BPA y na-
LIEHTIB 3 Mi3HBOIO i Tporpecyrouoto XXH rnepen moyatkom gia-
JIi3y He TMPUBOIUTD IO CTabimi3allii 3HUKEHHST (PYHKIIT HUPOK
MPOTSITOM TPUBAJIOTO Yacy.

— Hosgimi npenaparu nns 3HuxkeHHs1 AT, Taki K Hecre-
poinauii AMP ouenmypeHoH, iHTiOGITOp adbaOCTEPOHCUHTA3U
0aKkcapocTaT i MOABIMHMIT aHTArOHICT PELIENITOPIB CHAOTEIiHY
ampoOLUTEHTaH, Ha ChOTOAHI JOCTIIKYIOThCS B KIiHIYHUX BU-
npoOyBaHHSIX, 110 Ja€ HaAilo Ha MOJIMIIeHHsS KOHTpojo AT 3
MEHIIIOIO KiJIbKiCTIO MOOIYHUX e(EeKTiB i Kpalllolo MepeHOCH -
MICTIO JIiKyBaHHS B HE1aJIEKOMY MaiilOyTHbOMY.

YactuHa 2.
Crparerii iHAUBIAYQAI3ALiT QHTUFiINEePTEeH3UBHOT
Tepanii

IMouarok Ta iHTeHCcHIKalLlisI AHTUTIEPTEeH3UBHOI Tepartil
MOBMHHI I'PYHTYBaTUCS IIOHAaiIMeHIIIle Ha BUMipioBaHHIX AT,
MPOBENIEHNX y CTAaHIAPTU30BAHUX YMOBAX, SIK PEKOMEHIOBAHO
B HacTaHOBaXx.

JlieTnaHe 0OMEXXEeHHS HATPil0 € BaXJIMBUM KOMIIOHEHTOM
JIiKyBaHHS TinepTeH3ii, 0co0IMBO B mauieHTiB i3 XXH.

Box 1.
“In a nutshell”

— Research grade BP measurement is no longer for
research alone but for everyday practice.

— Dietary Na restriction can improve BP in indi-
viduals and provide low-cost public health benefits.

— ACEIs or ARBs remain the first-line choice in
pharmacotherapy of hypertension in patients with
CKD and very high albuminuria.

— Spironolactone is the standard-of-care treatment
of resistant hypertension, but the associated risk of hy-
perkalemia limits its broad utilization in patients with
moderate-to-advanced CKD.

— The thiazide-like diuretic chlorthalidone is effective
in improving BP control in patients with an eGFR < 30 mL/
min/1.73 m?and serves as an alternative therapeutic option
for managing resistant hypertension in advanced CKD.

— Discontinuation of ACEIs or ARBs in patients
with advanced and progressive CKD nearing the ini-
tiation of dialysis does not result in stabilization of the
long-term decline in kidney function.

— Newer BP-lowering medications, such as the
non-steroidal MRA ocedurenone, the aldosterone syn-
thase inhibitor baxdrostat and the dual endothelin re-
ceptor antagonist aprocitentan, are currently under in-
vestigation in clinical trials, offering hope for improved
BP control with fewer adverse events and better treat-
ment tolerability in the near future.

Box 2.

Strategies for the individualization
of antihypertensive treatment

The initiation and intensification of antihyperten-
sive therapy should be guided at least by BP measure-
ments taken under standardized conditions, as recom-
mended by guidelines.

Dietary Na restriction is an important component
of management of hypertension, especially among pa-
tients with CKD.
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IIpu BuOOpi BiANOBIIHOIO AHTUTINEPTEH3UBHOIO 3aCO0Y
CJIiZl BpaXOBYBaTH HAsSIBHICTD i TSKKICTh aJIbOyMiHYypii. ¥ marti-
eHTiB i3 XXH i3 myxe BUCOKOIO anb0yMiHYpi€l0 3a BiICYTHOCTI
npoTtunokas3aHb iHrioiropu AII® adbo BPA pekomeHayOThCS
SIK aHTUTiIIEPTEH3UBHI 3aCO0M MEePIIIOTro BUOOPY.

IMauientam i3 XXH Bim momipHOro 1o mporpecuBHOTO
CTYIIEHSI i pe3UCTeHTHOIO TillepTeH3i€l0, SIKi He IepeHOCSATh
JIOIATKOBY Teparliio CHipOHOJAKTOHOM, YBEACHHS TOJIiMEpY,
IO 3B’sI3y€ KaJliii, MOXe 3HM3UTU PU3UK TillepKajieMii, 1100
3a0€e3IMeYNUTH OiJIBII HAIOJIETIMBE 3aCTOCYBAaHHS CITipOHOJIAK-
ToHy. Ha choromi HeBimoMo, 4M 11 cTpaTerisi MpU3BOAUTH
JI0 OiBIIOrO perpecy MoB’sI3aHOTO 3 TIMEePTEeH3IEI0 ypaxkeHHs
OpraHiB-MillleHel, Y 10 MOJIMIIEeHHS CepLieBO-HUPKOBUX Ha-
CJIIJIKIB.

TiazuaononiOHUI NiypeTUK XJIOPTaillOH € aJlbTepHaTUB-
HUM BUOOPOM JJIS JTIKyBaHHSI PE3UCTEHTHOI TilepTeH3ii B Iarli-
€HTIB i3 Iporpecytouoro XXH, ae itoro 3acrocyBaHHSI BUMarae
pEeTeIbHOTO MOHITOPUHTY AT, eJIeKTPOJIiTIB y CUPOBaTIi KPOBi
Ta YHKIIT HUPOK [J1s1 3aro0iraHHs MOOIiYHUM edeKTam.

INamieHnTaMm, SIKi OMHOYACHO MIPUIMAIOTh TIETILOBUI Iiype-
TUK, XJOPTaJilOH MOXHa TMPU3HAYaTH B HWXKYil MTOYATKOBIl
no3i (TooTo 12,5 Mr uepe3 AeHb) y Hafdil MOJIMIIATY KOHTPOJIb
AT i3 MEHIIIOIO KiJIBKICTIO TTO0IYHUX e(PEeKTiB.

HacraHoBU He peKOMEHIYIOTh [3-0JI0KATOPH SIK Tepartiio
Meploi JiHii, ajie 1 KaTeropis mnpemnaparTiB KOpucHa IJj1s JIi-
KyBaHHs TinepTeH3ii B nmanieHTiB i3 XXH 3a neBHUMU noka-
3aHHSAMU (HAMpUKJIa/, ceplieBa HeAOCTATHICTh 3i 3HUKEHOIO
dpakiliero BUK1ay abo miciist rocTporo iH(apKTy Miokap/a).

YactuHa 3.
KAKOYOBIi pO3p0O6KU TQ MAQUOYTHI MOXXAUBOCTI
papmakoreparnii rinepreH3sii

— Cepen namienTiB i3 XXH crazii 3b/4 i HEKOHTPOJILOBA-
HOIO TinepreH3ielo HecTepoimHuit AMP onenypeHOH 3HU3UB
cucroniunuit AT Ha 84-i1 meHb 3 MiHiMaJbHUM CYITyTHIM pH-
3MKOM TilepKalieMii.

— Cepell IaLIiEHTIB i3 pe3UCTEHTHOIO TiNepTeH3i€l0, MTOPiB-
HSTHO 3 Tu1ale0o, iHri0iTOp aabIOCTEPOHCUHTA3U OaKCcApOCTaT
3HMKYBaB aBToMatn3oBaHuii odicHuil pisenb CAT y nozosza-
JIESKHOMY PeXuMi IpoTsiroM 12 TukHiB J1ikyBaHHSI. [1in yac Bu-
MpoOyBaHHS HE CIIOCTEpiragocsl cMepTeil, cepiio3HUX TMooiu-
HUX SIBUII i 03HAK HEIOCTATHOCTI KOPU HAJHUPKOBUX 3aJ103.

— V¥ naiieHTiB 3 pe3UCTEHTHOIO apTepialbHOIO TilepTeH-
3i€10 MOABIMHMUI aHTAaTOHICT PELEIITOPIiB EHIOTEIiHY aIllpOLIM-
TeHTaH OyB BMIIMM 3a IUIale00 B 3HMKEHHI cucToxiaHoro AT
Ha 4-My TIKHI, i et epexT 3HmkeHHst AT 30epiraBcst Ha 40-My
TrkHi. [lacTo3HicTh a00 He3HAYHiI HAOPsIKM Oy/IM HalvyacTi-
111010 TOOIYHOIO peaKili€lo, MOB’3aHOIO0 3 JIIKyBaHHSIM.

— Turi6itopu H3KTT-2 i HectepoinHuiit AMP ¢iHepeHOH
€ HOBUMHU METOJaMM JiKyBaHHS, SIKi TOJIIIIYIOTh HUPKOBI Ta
CepLEeBO-CYIMHHI pe3yJbTaTu B MalLI€HTIB 3 aIbOyMiHYPUYHOIO
XXH. Henpsimi mopiBHSIHHST TOKA3Y1OTh, 110 (DiHEPEHOH JeMOH-
CTpYE OibIII OTYXXHE 3HKEHHST aMOyiatropHoro AT mopiBHSIHO
3 inriditopamu H3KTT -2, 1110 o3Hauae, 1o 3HmkeHHsT AT Moxe
BiflirpaBaTy pi3HY poJib B OMOCEPEAKYBaHHI CepleBO-HUPKOBOTO
3aXUCTY, IKMI 3a0€3I1eYyIoTh 11i 1Bi Kareropii mpemnaparis. M

Choice of the appropriate antihypertensive agent
should take into consideration the presence and severity of
albuminuria. In CKD patients with very high albuminuria,
in the absence of contraindications, ACEIs or ARBs are
recommended as the antihypertensive agents of first choice.

For patients with moderate-to-advanced CKD and
resistant hypertension who cannot tolerate add-on
therapy with spironolactone, the administration of a
potassium-binding polymer can mitigate the risk of hy-
perkalemia to enable the more persistent use of spirono-
lactone. Whether this strategy results in greater regres-
sion of hypertension-related target-organ damage or in
improved cardiorenal outcomes is currently unknown.

The thiazide-like diuretic chlorthalidone is an al-
ternative choice for managing resistant hypertension in
patients with advanced CKD, but its use requires care-
ful monitoring of BP, serum electrolytes and kidney
function for the prevention of adverse events.

In patients who are concomitantly treated with a
loop diuretic, chlorthalidone can be administered at a
lower starting dose (i.e. 12.5 mg every other day) in the
hope of improving BP control with fewer adverse events.

B-blockers are not recommended by guidelines as
first-line therapies, but this drug category is useful for
the treatment of hypertension is CKD patients with
specific indications (i.e. heart failure with reduced ejec-
tion fraction or after an acute myocardial infarction).

Box 3.
Key developments and future opportunities
in pharmacotherapy of hypertension

— Among patients with stage 3b/4 CKD and un-
controlled hypertension, the non-steroidal MRA oce-
durenone lowered systolic AOBP at Day 84 with a mini-
mal associated risk of hyperkalemia.

— Among patients with resistant hypertension, as
compared with placebo, the aldosterone synthase in-
hibitor baxdrostat lowered unattended automated of-
fice SBP in a dose-dependent manner over 12 weeks of
treatment. No deaths, serious adverse events and signs
of adrenocortical insufficiency were observed over the
course of the trial.

— In patients with resistant hypertension, the dual
endothelin receptor antagonist aprocitentan was supe-
rior to placebo in reducing systolic AOBP at Week 4
and this BP-lowering action was sustained at Week 40.
Mild-to-moderate edema was the most frequent treat-
ment-related adverse event.

— SGLT-2 inhibitors and the non-steroidal MRA
finerenone are novel therapies that improve kidney and
cardiovascular outcomes in patients with albuminuric
CKD. Indirect comparisons show that finerenone pro-
vokes a more potent reduction in ambulatory BP as com-
pared with SGLT-2 inhibitors, implying that BP lowering
might play a differential role in mediating the cardiorenal
protection afforded by these two drug categories. M
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Postoperative sequelae
of percutaneous nephrolithotomy
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Abstract. Background. Risk factors of postoperative complications during percutaneous nephrolithotomy
(PCNL) include stone burden, the preoperative microbiological status of urine, comorbidity, age, operative
time, infraoperative level of sterility, and antibiotic prophylaxis. The study aimed fo assess the sequelae of
these complications. Materials and methods. This retrospective study was conducted on patients freated
by PCNL under fluoroscopic guidance for a one-year duration. The demographic data, body mass
index, stone burden, stone density, number, duration of surgery, and postoperative complications were
recorded. Results. Out of 50 patients, 32 (64 %) developed a fever. White blood cell count was significantly
high among those patients. The age of the patients, gender, body mass index, and hospital stay were
insignificant variables. Stone burden, prolonged surgery duration, prone position during surgery, and the
use of pneumatic lithotripsy were significant variables. Conclusions. Increased stone burden, prolonged
duration of surgery, prone position, and pneumatic lithotripsy during PCNL are significant risk factors for

developing postoperative complications, mainly fever.
Keywords: renal stone; percutaneous nephrolithotomy; fever; pneumatic lithotripsy

Introduction

Percutaneous nephrolithotomy (PCNL) is the recom-
mended management for renal stones > 2 cm. PCNL has
significantly reduced morbidity and mortality, but infec-
tion and bleeding are still the most common complications
[1]. Other postoperative complications include a reduction
in outflow leading to increase intra-renal pelvic pressure
(IRP). Persistent high IRP leads to systemic fluid absorp-
tion, pyelo-tubular backflow, and forniceal rupture leading
to stone and debris formation. In addition, debris and bacte-
ria released from stone lead to bacteremia, postoperative fe-
ver, and septicemia [2]. The incidence of post-PCNL sepsis
is low (1 %), but the death rate is as high as 66 to 80 % [3].
Clinically, maintaining an IRP of < 30 mmHg is acquired
during percutaneous intra-renal techniques [4].

Materials and methods

In a clinical study conducted at the Department of
Urology, among subjects have nephrolithiasis undergoing
PCNL. Preoperatively patients were assessed and demo-
graphic parameters of the patients, history, and physical
examination were documented. CT KUB or CT IVU was
obtained for all. The stone burden was calculated (area).
Investigations were done including urine culture sensitivity.
Individuals who have grown in the culture of urine were

prescribed seven days of oral antibiotics. All the surgeries
were performed by experienced urologists. All the proce-
dures were done under spinal anesthesia. A prophylactic
antibiotic (ceftriaxone 1 g) was given. A Foley catheter was
inserted and the ureteral catheter was secured. The trans-
papillary puncture was done under fluoroscopic guidance.
The stone was fragmented and removed by irrigation flow.
The strategies include totally tubeless, or gold standard.
Postoperatively, individuals were treated with IV fluids,
antibiotics, and analgesics with a proton pump inhibitor.
Patients were discharged after 72 hours or when they were
clinically stable. Postoperative complications are catego-
rized according to the modified Clavien-Dindo classifi-
cation [5—10]. Data analysis was done using the SPSS20
(IBM Corp., NY, USA). For baseline characteristics, we
used the chi-square test or Fisher’s exact test in categories
and the t-test or Mann-Whitney U test for continuous data.
A p-value < 0.05 was considered significant.

Results

A total of 50 patients were treated with PCNL. Male to
female ratio was 2 : 1. IRP elevated more than 35 mmHg was
seen in 40 (80 %) and 10 (20 %) had less than 35 mmHg.
Mean age and mean BMI was found insignificant in the de-
velopment of stone (Table 1).

© 2023.The Authors. This is an open access article under the terms of the Creative Commons Attribution 4.0 International License, CCBY, which allows others to  freely distribute the published
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The majority of the patients underwent mini-PCNL
(n = 45) and hence there was no significant difference.
A total of 44 patients underwent PCNL by using pneu-
matic lithotripsy and the remaining 6 underwent PCNL
using shock pulse. A significantly high number of pa-
tients (n = 37) patients in the prone position had raised
IRP > 35 mmHg. Thirty-two patients developed post-
operative fever (Fig. 1). As depicted in Table 2, GI compli-
cations, according to Clavien-Dindo classification, were
found in 68 %, GII in 24 %, and 8 % had GIII. However,
no grade IV was recorded.

Discussion

With the dramatic raising in stone disease occurrences,
the use of PCNL to manage a large stone has continued to
rise [11]. The success of stone surgery is measured by the

duration of surgery, stone-free rate, hospital stay, complica-
tions, and cost-effective. Infectious after PCNL are most
common and bacteremia is the most of the cases deter-
mined. Although these lead to sepsis are rare, which poten-
tially end with life-threatening outcomes [12].

During PCNL, continuous pressurized irrigation is used
to washout blood clots and debris for active removal of the
stone fragments after lithotripsy [13, 14].

There are different studies documented post-PCNL
high-grade fever, the incidence ranged between 10 to 32 %.
In this work, a postoperative fever was recorded in 32 cases.
The high rate of fever was reported by Gutierrez et al. [3]
and Troxel and Low [15].

In one randomized single-blind trial by Omar et al. [16]
randomized cases that high-pressure irrigation elevated the
risk of complications.

Table 1. Patients’ basic characteristics

Parameters IRP > 35 mmHg (n = 34) IRP < 35 mmHg (n = 16) P-value
Male/female, % 80 20 0.1
Mean age, years 42.15 +12.89 38.67 + 14.39 0.9
Mean BMI, kg/m? 25.32 +4.20 25.45 + 3.30 0.9

Table 2. Postoperative complication according to modified Clavien-Dindo classification

A
Cc

Complications Elevated IRP Normal IRP P-value
Gl 26 8
Gll 10 2
0.001
Glll 2 2
GIV 0 0
Standard PCNL Shock puise

10%I

12 % . B
l |

Figure 1. A — types of PCNL, B — types of lithotripsy, C — patients’ position, D — accompanied fever
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Troxel with Low [15] measured IRP using a ureteral oc-
clusion balloon catheter and a urodynamic system. In con-
trast, they did not record any association of IRP 30 mmHg
or greater with postoperative fevers [15, 16]. Cheng Wu et al.
[17] found a significant association between higher IRP and
increased incidence of postoperative fever where 43.83 %
(100/228) patients had IRP > 30 mmHg and 28 patients de-
veloped a fever. They analyzed that the longer accumulated
period of IRP > 30 mmHg for > 60 sec predicted the fever.

The female sex is recognized to be a risk for post-PCNL
fever development [18]. In this study, male to female ratio
was 2 : 1 among raised IRP group and was not a risk for de-
veloping a fever.

A comparative study of mini-PCNL and standard PCNL
by Zhong Wen et al. [20] and Cheng Wu et al. [17] showed
that mini-PCNL was correlated with higher IRP and signi-
ficantly associated with postoperative fever. In this study the
majority of cases were mini-PCNL and we could not find
statistical significance among them.

Liangren Liu et al. [18] in their systematic review and
meta-analysis including 389 patients found that PCNL in
the supine position spends a shorter time than the prone,
but both situations have insignificant influence. Falahatkar
et al. [21] mentioned in their prospective analytical cross-
sectional study, fever was associated with 7.5 % (25/330)
which was not found significant. The patients with supine,
access sheath remains angled horizontally when compared
with prone, which falls pressure in the collecting system that
facilitates the stone fragments to get out through the sheath.

This study was done in only one center within a short
period and with a relatively small patient number. This study
failed to compare mini PCNL and standard PCNL and dif-
ferent energy sources on postoperative fever due to disparity
in the number of cases.

An elevated stone development and burden correlated
with long surgery time, the position of the patient during
the operation, and lithotripsy types. Postoperative compli-
cations including fever and bleeding most common after
percutaneous nephrolithotomy, however, it has significantly
dropped morbidity and mortality.

Limitations of the study. This study was done in only
one center within a short period and with a relatively small
patient number. This study failed to compare mini PCNL
and standard PCNL and different energy sources on post-
operative fever due to disparity in the number of cases.

Conclusions

An increased stone burden, prolonged duration of sur-
gery, prone position, and pneumatic lithotripsy during
PCNL represent a significant risk for postoperative infective
complications development especially fever.
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MNicAsgonepauifiHi HOCAIAKM Yepe3LWwKipHOT HedpPOAITOTOMIT

Pe3iome. Axkryanbnicts. MakTopy pusMKy mMicnsgonepauiiHux
YCKJIagHEeHb Tim 4ac 4epesmikipHoi Hedposmitoromii (YLITHJIT)
BKJIIOYAIOTh KAMEHEYTBOPEHHSI, IIepeIoIepaliiHuii MiKpo0io1o-
TiYHUM CTaTyC cedi, CYMyTHIO MaTOJIOTil0, BiK, TPUBAJICTb BTPY-
YaHHsI, iHTpaonepauiiiHuii piBeHb CTEPUIILHOCTI Ta aHTUOIOTUKO-
npodinakTuky. JocmimKeHHsT cipsiIMOBaHe Ha OLIHKY HACJiAKiB
LMX ycKiIaaHeHb. Marepiaim ta meromu. lle peTpocrieKTUBHE
JOCTiIKeHHsI OyJI0 MPOBEIEeHO 3a y4acTIo Malli€HTiB, SIKUM ITPO-
BeneHo YLIIHJI min ¢haroopocKomiyHMM KOHTPOJIEM, MPOTSITOM
omHOTrO POKyY. PeecTpyBanm neMmorpacdivuHi gaHi, iHaeKc MacH Tina,
KaMEHEYTBOPEHHsI, IIJIbHICTh i KiJIbKiCTh KaMEHiB, TPMBAJiCThb
orepallii Ta micisonepariiiiHi yckiaaHeHHs. PesyapraTu. 13 50

xBopux y 32 (64 %) posBuHyjacs JuxoMaHka. KiibkicTb Jeit-
KOLIMTIB OyJia BipoTiZHO BMCOKOIO B LIMX Mali€HTiB. Bik XxBopux,
cTaTh, iHAEKC MacH Tija Ta ImepeOyBaHHS B JIiKapHi Oy/JIv He3Ha-
YyIIUMU 3MiHHUMU. KaMeHeyTBOpeHHsI, TpMBaJia oIepallisi, 1o-
JIOXKEHHs Tl Yac BTPYYaHHs Ta BUKOPHUCTAHHS ITHEBMAaTUYHOI
JITOTPHUIICIT BBaXKaJaucsl BaroMuMMK 3MiHHMUMKU. BuCHOBKHM. [lo-
CUJIEHHSI KAaMEHEeYTBOPEHHsI, TpMBaJa OIepallist, MOJOXEHHS Jie-
KauM Ta MHeBMaTU4Ha JitoTpurcis mig yac YIITHJII € cyrreBumMu
(hakTopamMu pU3WKY PO3BUTKY IICISIONIEPAiIMHUX YCKIIAIHEHbD,
TOJIOBHUM YMHOM JIMXOMAHKHU.

Ki1104o0Bi cJ10Ba: HupkoBuii KaMiHb; uepesIiKipHa HehpoIiTo-
TOMisl; TMXOMaHKa; MTHEBMaTUYHA JITOTPHUIICIsI
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Abstract. Rapidly progressive glomerulonephritis corresponds to a clinical scenario of glomerular damage
involving rapid deterioration of renal function with multiple etiologies. Within these, 85 % of cases are
associated with pauci-immune vasculitis with antineutrophil cytoplasmic antibodies (ANCA). However, a
remaining subgroup may present ANCA-negative results. The clinical presentation often involves a decline
in the glomerular filtration rate, sometimes requiring renal replacement therapy, as well as extrarenal
manifestations such as diffuse alveolar hemorrhage. Confirmatory diagnosis is achieved through renal
biopsy, negative serology for ANCA, and exclusion of other etiologies. According fo international clinical
practice guidelines, the recommended freatment for both entities is the same, with the addition of renal
replacement therapy if necessary. However, the prognosis fends fo be unfavorable with little to no recovery
of renal function. This case presents a female patient in the early decades of life with ANCA-negative,

rapidly progressive, pauci-immune glomerulonephritis.

Keywords: rapidly progressive glomerulonephritis; pauci-immune vasculitis, ANCA-negative results

Introduction

Crescentic or rapidly progressive glomerulonephritis
(RPGN) represents a severe form of glomerular damage
characterized by disruption of the glomerular basement
membrane, resulting in extracapillary proliferation that may
or may not be accompanied by fibrinoid necrosis. By af-
fecting the integrity of the glomerular capillaries, it allows
the interaction between inflammatory mediators and leu-
kocytes, leading to the maturation and activation of mac-
rophages, as well as proliferation of parietal epithelial cells
that culminate in the formation of crescents. Clinically, this
results in rapid loss of renal function manifested as oligo-
anuria, non-nephrotic range proteinuria, and dysmorphic
hematuria [1, 2].

The causes of RPGN are divided into three types: type
I attributed to anti-glomerular basement membrane anti-
bodies, type II caused by immune complexes, and finally,
type 111 attributed to pauci-immune etiology. 85 % of ca-
ses have positive ANCA, while the remaining 5—10 % are
ANCA-negative [3]. Thus, ANCA-negative pauci-immune
vasculitis represents an unusual and infrequent presenta-

tion of RPGN with few cases describes in international li-
terature and no cases reported in Mexico. This case presents
a patient with a debut of RPGN, with suggestive clinical
manifestations of vasculitis, with negative ANCA serology,
confirmed by histological findings as pauci-immune glo-
merulonephritis.

Case description

Female of 18 years of age, with a history of diffuse
sclerosing papillary thyroid cancer diagnosed 2 years ago,
treated with total thyroidectomy 2 years ago + 200 mCi ra-
dioiodine, currently in remission and on hormonal replace-
ment therapy with levothyroxine 100 pug every 24 hours. She
presents with non-productive cough, dyspnea, paresthe-
sia, weight loss of approximately 5 kilograms, and muscle
spasms beginning 2 weeks before her admission. A week la-
ter, she develops a fever of 38 °C, somnolence, lethargy, de-
creased urine volume, and gross hematuria. She goes to the
emergency room where she is neurologically assessed with
a Glasgow Coma Scale score of 12 points (02, M6, V4),
high blood pressure 155/95 mmHg, heart rate of 110 bpm,
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bilateral crepitant rales, oxygen saturation of 91 % by pulse
oximetry, respiratory rate of 22 rpm, non-specific abdomen,
and intact extremities, with decreased strength of 3/5 on
the Daniels scale. A urinary catheter is inserted, and a urine
output of 10 ml with dark color is obtained within 2 hours.
The following urgent laboratory tests and imaging studies
are requested:

— complete blood count: Hb 8.1 g/dl,
17,140 cells/mm?3, platelets 172,000/l

— renal function tests: creatinine 13.98 mg/dl (estimated
glomerular filtration rate by CKD-EPI 2021 at 4 ml/min/
1.73 m?), urea 323 mg/dl, BUN 110 mg/dl, sodium
147 mEq/1, potassium 6.2 mEq/l, chloride 105 mEq/1, bi-
carbonate 15 mmol/I;

— urinalysis: specific gravity 1.015, pH 9, leukocyte es-
terase 100 Leu/uL, negative nitrites, protein 75 mg/dl, leuko-
cyte sediment 10—12 per field, > 100 red blood cells per field;

— rapid antigen test for SARS-CoV-2: negative;

— chest CT scan shows multiple bilateral bronchiectasis
with apical predominance and areas of ground-glass opaci-
ties compatible with community-acquired pneumonia;

— C-ANCA PR3 negative, P~ ANCA MPO negative;

— ANA 1 : 160 granular pattern, negative anti-dsDNA,
negative anti-Ro and anti-La, negative anti-Sm, negative
anticardiolipin IgG and IgM;

— normal levels of C3 and C4, negative cryoglobulins,
C-reactive protein 2.8 mg/dl;

— normal levels of IgA, IgE, and IgM, decreased IgG.
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Figure 1. Bilateral renal ultrasound. A — right
kidney, B — left kidney. Both kidneys have a normal
morphology, position, and echogenicity. The cortex-

medulla relationship is preserved. The dimensions
of the left kidney are 10.6 x 9.5 x 4 cm, and the
dimensions of the right kidney are 10.4 x 5.3 x 4 cm.
There is no dilation in the renal pelvis or calyces, and
no renal calculi are observed

Due to anuria and biochemical findings indicating the
need for urgent dialysis, a vascular access is established,
and 3 hemodialysis sessions are performed. A baseline se-
rum creatinine of 0.63 mg/dl prior to the current illness is
documented. Renal ultrasound shows preserved size and
morphology (Fig. 1). After resolving the need for dialysis,
a renal biopsy is performed considering RPGN with diffe-
rential diagnoses of IgA nephropathy versus pulmonary —
renal syndrome. Initial immunosuppressive management
is initiated with boluses of methylprednisolone 500 mg for
3 days.

The final histopathological diagnosis reveals segmental
necrotizing vasculitis with extracapillary proliferative glo-
merulonephritis (Fig. 2). Immunofluorescence testing is
performed with negative results for IgG, IgM, IgA, Clq, C3,
albumin, kappa, and lambda. Only fibrinogen shows a weak
positive result (+1) in the crescents.

Given the histopathological findings consistent with
ANCA-negative pauci-immune vasculitis, further studies
are conducted to intentionally rule out a paraneoplastic ori-
gin due to the history of papillary thyroid cancer, confirming
complete remission of the oncological disease. Additionally,
an infectious origin is ruled out through urine culture, pe-
ripheral and central blood cultures, and chest tomography
showing resolution of pneumonia but suggestive findings of
incipient alveolar hemorrhage.

Due to the severity of the clinical condition, progres-
sive deterioration of renal function with serum creatinine
at onset > 4 mg/dl, and the development of incipient al-
veolar hemorrhage as evidenced in imaging studies, it is
decided to initiate dual therapy with cyclophosphamide
and rituximab reaching an accumulative dosage of 3 and
2 g, respectively. Close monitoring of renal function and
scheduled hemodialysis sessions are implemented. In the
subsequent months after hospital discharge, a serum cre-
atinine curve showed a decreasing trend, allowing for a
gradual reduction in the dose of renal replacement therapy
(Fig. 3). After 4 months of initiation of immunosuppressive
treatment, the serum creatinine level reaches 2.52 mg/dl,
corresponding to an estimated glomerular filtration rate by
CKD-EPI 2021 of 27 ml/min/1.73 m?, classified as stage
KDIGO G4. As a result, it is decided to discontinue renal
replacement therapy and continue with medical surveil-
lance only.

Discussion

RPGN is a glomerular syndrome characterized by rapid
and persistent deterioration of renal function, subnephrotic
range proteinuria, hematuria, and hypertension [11]. This
syndrome is considered a hallmark of pauci-immune vascu-
litis, of which those with positive ANCA have an incidence
of 20 cases per million. However, there is a subgroup where
ANCA negativity is present in 10 % of cases, representing an
incidence of 2 cases per 1 million [4, 5].

ANCA-negative vasculitis is primarily limited to the kid-
neys, with fewer systemic implications such as fever, arthral-
gia, or weight loss [13]. It usually occurs in younger patients,
and histopathologically, glomerular lesions are particularly
more severe compared to those with positive ANCA [2].

Vol. 12, No. 3, 2023

http://kidneys.zaslavsky.com.ua

133



OpuwuriHaabHi ctatTi / Original Articles

In a large cohort of 213 patients with RPGN studied by  10—30 % of patients with pauci-immune RPGN do not
the Chapel Hill group in the United States, the probability = have ANCA [2, 6].
of ANCA negativity was approximately 10—20 and 20—30 % Renal biopsy is necessary for the differential diagnosis
when the intensity of immunoglobulin staining was 0 and  of pathologies presenting as a rapidly progressive syndrome.
1+, respectively, on a scale of 0 to 4+. Therefore, around In our case, a young female patient presented with systemic

Figure 2. Renal cortex biopsy with a total of 61 glomeruli.

A — hematoxylin and eosin staining showing arteries and arteri-
oles without significant histological alterations, tubular atrophy/
interstitial fibrosis in 50 %, 40 % interstitial inflammation, focal in-
terstitial hemorrhage, 21 % of glomeruli with focal sclerosis, 79 %
with crescent formation, 26 % with fibrinoid necrosis, and 45 % with
neutrophil infiltration. B — Jones staining revealing evidence of fi-
brous crescents in 14 %, fibrocellular crescents in 45 %, and cel-
lular crescents in 39 %

60
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Figure 3. Follow-up of serum creatinine and erythrocyte
sedimentation rate as an inflammation marker from diagnosis
until the end of treatment, which concluded with successful
withdrawal of renal replacement therapy

manifestations and gradual deterioration of renal
function requiring renal replacement therapy. In
addition to negative antineutrophil cytoplasmic
antibodies, other causes of RPGN, such as sys-
temic lupus erythematosus and IgA nephropathy,
were ruled out based on the clinical context, age
group, and gender of the patient. IgA nephropa-
thy can present as a rapidly progressive syndrome
in 5—10 % of cases [5, 6].

The pathological anatomy of ANCA-negative
pauci-immune vasculitis often shows segmental
fibrinoid necrosis with leukocytic and leukocy-
toclastic infiltration on light microscopy [12].
Fibrinoid necrosis leads to sclerosing lesions that
can be associated with thrombosis, and the pre-
sence of crescents is a pathognomonic feature.
Depending on the evolving stage, crescents can
be classified as cellular, fibrocellular, or fibrous
[1]. Immunofluorescence typically shows weak
or absent deposits of immunoglobulins and/or
C3 [7], leading to the term pauci-immune when
staining is < 2+ for any immunoreactant [8].

Although no specific studies have focused
on the treatment of ANCA-negative vasculitis,
current international clinical practice guide-
lines recommend similar treatment to patients
with ANCA-positive vasculitis, with comparable
outcomes in both cases. The treatment depends
on the severity of the clinical presentation and
ranges from mild cases treated with mycophe-
nolate mofetil to a combination of renal replace-
ment therapy and immunosuppressive therapies
in cases of greater severity [9, 14]. Currently, the
first-line treatment remains the therapy with cy-
clophosphamide as well as corticosteroid therapy
for inducing remission, although in select cases,
the use of biological therapy with rituximab can
also be considered [10, 14]. In this case, it was
decided to initiate an immunosuppressive regi-
men with steroid pulses, rituximab, and cyclo-
phosphamide. The patient received 3 pulses of
methylprednisolone, a cumulative dose of 3 g
of cyclophosphamide, and 2 g of rituximab, re-
spectively. The decision for induction therapy
should not be solely based on biopsy findings; re-
nal function recovery can be achieved even with
unfavorable histopathology [9]. In our patient’s
case, she had 50% interstitial fibrosis and 79%
crescent formation in the biopsy sample. Renal
function was closely monitored, and significant
improvement was observed after 4 months of
treatment, allowing the discontinuation of renal
replacement therapy as the estimated glomerular
filtration rate remained at 27 ml/min/1.73 m?.
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Currently, the patient maintains stable renal function, strict
management of factors contributing to renal progression,
and no clinical or biochemical signs of disease relapse.

References

1. Ramos JM, Medina AB, Ferndndez MP. Glomerulonefri-
tis agudas y rapidamente progresivas. Medicine 2019;12(80):4717-
4724. doi: 10.1016/j.med.2019.05.029.

2. Chen M, Kallenberg CG, Zhao MH. ANCA-negative
pauci-immune crescentic glomerulonephritis. Nat Rev Nephrol. 2009
Jun;5(6):313-8. doi: 10.1038/nrneph.2009.67.

3. Jennette JC, Nachman PH. ANCA Glomerulonephritis and
Vasculitis. Clin J Am Soc Nephrol. 2017 Oct 6,12(10):1680-1691.
doi: 10.2215/CJN.02500317.

4. Chen M, Yu F, Wang SX, Zou WZ, Zhao MH, Wang HY.
Antineutrophil cytoplasmic autoantibody-negative Pauci-immune
crescentic glomerulonephritis. J Am Soc Nephrol. 2007 Feb; 18(2):599-
605. doi: 10.1681/ASN.2006091021.

5. Kim M, Kim YU, Boo SJ, Kim SM, Kim HW. Antineu-
trophil cytoplasmic antibody-negative pauci-immune glomerulone-
phritis with massive intestinal bleeding. Kidney Res Clin Pract. 2015
Sep;34(3):180-4. doi: 10.1016/).krcp.2014.11.005.

6.  Eisenberger U, Fakhouri F, Vanhille P, et al. ANCA-neg-
ative pauci-immune renal vasculitis: histology and outcome. Nephrol
Dial Transplant. 2005 Jul;20(7):1392-9. doi: 10.1093/ndt/gfh830.

7. Moroni G, Ponticelli C. Rapidly progressive crescentic
glomerulonephritis: Early treatment is a must. Autoimmun Rev. 2014
Jul; 13(7):723-9. doi: 10.1016/].autrev.2014.02.007.

8. Sethi S, Zand L, De Vriese AS, et al. Complement activa-
tion in pauci-immune necrotizing and crescentic glomerulonephritis:

Information about authors

results of a proteomic analysis. Nephrol Dial Transplant. 2017 Jan
1;32(suppl_1):i139-i145. doi: 10.1093/ndt/gfw299.

9. Kidney Disease: Improving Global Outcomes (KDIGO)
Glomerular Diseases Work Group. KDIGO 2021 Clinical Practice
Guideline for the Management of Glomerular Diseases. Kidney Int.
2021 Oct; 100(4S):S1-5276. doi: 10.1016/].kint.2021.05.021.

10. Parmar MS, Bashir K. Crescentic Glomerulonephritis.
2023 Feb 20. In: StatPearls. Treasure Island (FL): StatPearls Pub-
lishing; 2023 Jan.

11. Jennette JC, Thomas DB. Pauci-immune and antineutro-
phil cytoplasmic autoantibody glomerulonephritis and vasculitis. In:
Jennette JC, Olson JL, Schwartz MM, Silva FG, editors. Heptinstall’s
Pathology of the Kidney. 6th Ed. Philadelphia: Lippincott Williams &
Wilkins; 2007. pp 643-674.

12. Syed R, Rehman A, Valecha G, El-Sayegh S. Pauci-Im-
mune Crescentic Glomerulonephritis: An ANCA-Associated Vasculitis.
Biomed Res Int. 2015;2015:402826. doi: 10.1155/2015/402826.

13. Shah S, Havill J, Rahman MH, Geetha D. A historical
study of American patients with anti-neutrophil cytoplasmic antibody
negative pauci-immune glomerulonephritis. Clin Rheumatol. 2016
Apr;35(4):953-60. doi: 10.1007/s10067-015-3086-8.

14. Shu KH, Chiang WC, Chiu YL. Anti-CD20 therapy and
pauci-immune crescentic glomerulonephritis. J Formos Med Assoc.
2017 Apr; 116(4):215-216. doi: 10.1016/).jfma.2015.12.003.

Received 24.06.2023
Revised 05.07.2023
Accepted 12.07.2023 W

Zitlali Guadalupe Paulin Zepeda, Nephrology Resident Physician at Centro Médico Nacional Siglo XXI, Mexican Institute of Social Security, Mexico City, Mexico; e-mail: zitlali.paulin@gmail.com;

https://orcid.org/0009-0001-3833-9187

Louis Fernando Robles Fernandes, Internal Medicine Resident Physician at Centro Médico Nacional Siglo XXI, Mexican Institute of Social Security, Mexico City, Mexico; e-mail: louis.roblesmi@gmail.

com; https://orcid.org/0000-0002-0387-8797

Vianey Guadalupe Tellez Bolafios, Internal Medicine Resident Physician at Centro Médico Nacional Siglo XXI, Mexican Institute of Social Security, Mexico City, Mexico; e-mail: vianey__tellez@hotmail.com;

https://orcid.org/0000-0003-4613-3805

José Carlos Ortiz Diaz, Nephrology Resident Physician at Centro Médico Nacional Siglo XXI, Mexican Institute of Social Security, Mexico City, Mexico; e-mail: ortizdiaz.josecarlos@gmail.com;

https://orcid.org/0009-0002-8655-9392

Maria Inés Gil Arredondo, Nephrologist Physician Affiliated with the Nephrology Department at Centro Medico Nacional Siglo XXI, Mexican Institute of Social Security, Mexico City, Mexico; e-mail:

drainesgil@gmail.com

Conflicts of interests. Authors declare the absence of any conflicts of interests and own financial interest that might be construed to influence the results or interpretation of the manuscript.

Zitlali Guadalupe Paulin Zepeda, Louis Fernando Robles Fernandes, Vianey Guadalupe Tellez Bolaros, José Carlos Ortiz Diaz,

Maria Inés Gil Arredondo

Centro Médico Nacional Siglo XXI, Mexican Institute of Social Security, Mexico City, Mexico

LLiBmakonporpecytouumn rnomepyroHedpput i AHLLA-HeratMeHum pauci-iMyHHUN BACKYAIT: HE3BUYCWHI NPOSBU.
KAiHiYHM BUNOAOK

Pe3tome. 1lIsunxonporpecyrounii TIoMepyIoHePUT BifIOBiIaE
KJIiHIYHOMY CLIeHapilo ypaxkeHHs KJIIyOOUKiB, 110 BKIIIOYAE IIIBUIKE
noripieHHst GhYHKIIT HUPOK pizHOMaHiTHOI eTiosorii. Cepen LKX
BUTIAZIKIB 85 % TOB’s13aHi 3 pauci-iMyHHUM BacKyJTiTOM 3 aHTUHE-
TpodibHUMY TMTOTUTA3MaTHUYHUMU aHTUTIaMu (AHLIA). OmHak
pelITa miarpynu Moxe Matu HeratuBHi 3a AHILIA pesynsratu. K-
HiYHi MPOSIBM YacTO BKJIIOYAIOTh 3HMKEHHS IIBUAKOCTI KIyOOu-
KOBOI ¢hinbTpaliii, 110 iHO/I BUMarae 3aMiCHOi HUPKOBOI Tepartii, a
TaKOX €KCTpapeHaTbHi CUMIITOMU, TaKi sIK qudy3Ha aJbBeossipHa
KpoBoTeya. /liarHo3 miaTBepIKyIOTh 3a JOITOMOTO0I0 OiOIICii HUPKH,

HEraTUBHOTO cepoJiorigHoro Tecty Ha AHLIA Ta BUKITIOUeHHS iH-
1101 eTioJIorii. 3rigHO 3 MiXKHAPOIHUMU PEKOMEHAAIIISIMU 3 KJTiHiU-
HOI IMpaKTUKU, PeKOMEHI0BaHe JIiIKyBaHHsI 1151 000X 3aXBOPIOBaHb €
OIHAKOBUM i3 IOaBaHHSIM 3aMiCHOI HUPKOBOI Teparlii, SIKIIo He00-
ximHo. [1poTe MPOrHO3, SIK MPaBUIIO, HECTIPUSTIUBUI i3 HE3HAUHUM
BiTHOBJIEHHSM (bYHKIIi HUPOK abo 6e3 Hboro. OmicaHo BUIAIOK
AHIIA-HeraTMBHOIo HIBUAKOIIPOTPeCy0UOro pauci-iMyHHOT0 IJ10-
MepYJIOHe(MPUTY B MALIIEHTKY TIEPITUX ACCATUITIT XKUTTS.

KiouoBi cji0oBa: msuakonporpecyounii rmomepysnoHedpuT;
pauci-imyHHauii Backynit; AHLIA-HeraTuBHi pe3yabsratu
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Abstract. Background. The exact association between urinary neutrophil gelatinase-associated
lipocalin (uNGAL) and acute kidney injury (AKD is unknown in a critical care setting, in which the
population is heterogeneous and the aetiology of AKl is unclear. Aim of this study is to clarify if UNGAL
level is an early diagnostic marker for AKl in patients with sepsis. Materials and methods. The current
study was conducted on 86 sepsis patients. The prevalence of AKI was identified among them. The role
of uNGAL in predicting AKI development, mortality rate and length of the intensive care unit (ICU) stay
were analyzed. Sensitivity and specificity were calculated, and the area under the receiver operating
characteristic curve was considered as the optimal uNGAL cut-off level for detecting all classifications
of AKI. Results. Most patients belonged fo the age group of 51-60 years and their mean age was 54.6
years. Most patients (65.11 %) were males. 26.75 % had both type 2 diabetes mellitus and hypertension.
AKl was detected in 89 % of subjects in the current study, as per KDIGO definition. 156.12 % of patients
hadstage 1 CKD, 15.12 % had stage 2 CKD, and stage 3 CKD was diagnosed in 4.65 % of cases. Mortality
rate was 11 %, and 89 % of patients were discharged. The mean ICU length of stay among patients with
AKl is 8.9 days. There is significant association between the mean ICU length of stay and AKI presence
(p =0.03). 17.4 % (n = 15) of patients required renal replacement therapy. There is a very significant
difference in mean baseline uNGAL in patients with and without AKl: 149.9 and 73.2 ng/ml, respectively
(p = 0.0006). This indicated that baseline uUNGAL levels predict AKl. The mean uNGAL in people with
AKI was 356 ng/ml and in those without AKI, it was 95 ng/ml. There is a very significant difference in
mean uNGAL 48 hours after in patients with and without AKI (p < 0.0001). At a cut-off value of 120, there
were 69 frue positive cases, 9 frue negative cases, 0 false positive cases, and 8 false negative cases.
Based on these, the sensitivity of uNGAL at baseline in detecting AKl is 82.61 %, specificity is 100 %, and
accuracy is 90.70 %. At a cut-off point of 120, there were 77 frue positive cases, 8 frue negative cases, 1
false positive case, and 0O false negative cases. Based on these, the sensitivity of uUNGAL 48 hours after
was 100 %, specificity 88.89 %, and accuracy was 98.84 %. There is a significant association between
UNGAL levels and the ICU length of stay (p = 0.00). Conclusions. Sensitivity analysis was done in cut-off
value of 120 for urinary NGAL in predicting AKI. From these results we conclude that urinary NGAL at
the time of ICU admission is a reliable marker of renal function in sepsis patients. There is a significant
correlation between AKI presence and urinary NGAL, and the ICU length of stay. We recommend not
to use uNGAL alone in predicting AKI. It should be combined with glomerular filtration rate to reliably
detect AKI development. Study findings indicate that sepsis patients with elevated uNGAL require
proper management with close monitoring of blood pressure, urine output and appropriate doses of
diuretics to avoid the development of AKI.

Keywords: acute kidney injury; urinary neutrophil gelatinase-associated lipocalin; specificity; renal re-
placement therapy
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Introduction

Severe acute kidney injury (AKI) raises the mortality
and morbidity of hospitalized patients. Recent studies sug-
gest that a small decrease in renal function, as indicated by
serum creatinine, is a predictor of mortality and duration
of hospital stay. Laboratory literature showed that early in-
tervention is required and essential in preventing various
pathophysiologic events that cause AKI. But serum creati-
nine, the vital AKI biomarker that is used in various clinical
settings, is often a late marker of reduced glomerular filtra-
tion rate. This limits the ability to identify AKI at an early
stage and initiate appropriate clinical action. So, currently,
the research was focused on detecting earlier markers of AKI
[1, 2]. Neutrophil gelatinase-associated lipocalin (NGAL) is
a 25 kDa protein that was isolated as a significant biomarker
of AKI through genomic microarray technology [3]. It is ex-
pressed in low quantities usually, but it raises significantly in
the presence of epithelial injury and inflammation [4]. The
study done by Mishra et al. [5] found a great rise in urinary
neutrophil gelatinase-associated lipocalin (uUNGAL) two
days before the rise of serum creatinine in patients with AKI
after cardiopulmonary bypass. These findings were also con-
firmed in a study done on AKI adults after cardiac surgery,
which identified that uUNGAL was significantly increased
1—3 hours after surgery. Some other studies found a strong
relationship between uNGAL and AKI in transplantation of
kidney, diarrhoea-associated haemolytic-uremic syndrome,
and lupus nephritis [6, 7].

AKI is a very common entity in admitted patients. In
the United States, around 1 % of hospital-admitted pa-
tients have AKI. AKI affects patient management to a sig-
nificant extent in terms of treatment options. Most of the
medications or procedures that use contrast media may
have to be delayed due to the presence of AKI. As most of
the drugs are excreted through the kidney, doses should be
modified due to decreased renal function. It may be even
necessary to frequently monitor drug levels. Around 95 %
of nephrologist consultations are due to AKI. Hence, AKI
is an important contributor to extended hospital stays and
morbidity [8].

It is unknown exactly the link between uNGAL and AKI
in a critical care setting, in which the population is hetero-
geneous, and the aetiology of AKI is unclear. Also, the pre-
valence of sepsis in the intensive care unit (ICU) may reduce
the usage of uNGAL as a biomarker of renal injury. Hence,
in the current research, we studied uNGAL concentrations
in critically ill patients with sepsis to determine, if there is an
association between uNGAL and AKI.

The current study was carried out at Apollo Health City,
Jubilees Hills, Hyderabad, Telangana. It is a tertiary care
centre attached to a general hospital with 550 beds. All facili-
ties were available in the Department of General Medicine to
assess the parameters mentioned in this study. The investiga-
tor of this study was well qualified to conduct the study. Medi-
cal and surgical ICUs were available at our tertiary care centre
to deal with any emergencies arising during the study tenure.

The purpose of this study is to know if uNGAL levels as
an early diagnostic marker for acute kidney injury in patients
with sepsis and to predict acute kidney injury in critically ill

patients earlier and to evaluate the outcomes in the form of
length of the hospital stay, requirement of renal transplanta-
tion and mortality rate in patients with AKI.

Materials and methods

The current study was conducted in the Department of
General Medicine, Apollo Health City, Jubilee Hills, Hy-
derabad, India.

Study period: 18 months, January 2021 to July 2022.

Data collection: 17 months, August 2021 to November 2022.

Type of study: prospective, observational study. The
study is prospective as the assessments were done two
times, at baseline and again 48 hours after ICU admission.
The study is observational, as intervention is in the form of
therapy was not given to all study patients, as a part of the
study. The study participant’s clinical environment was not
changed, so the study is an observational study.

Source of data: after getting approval from the Institu-
tional Ethics Committee, patients admitted into ICU of our
tertiary care institution was taken as study sample.

Sampling procedure: convenience sampling. It is a kind
of non-probability sampling procedure, in which the sample
is taken from a group of people who are easy to reach. It is
also known as grab or availability sampling.

Sample size calculation. As per the study of Alobaidi
[9], the prevalence of AKI in sepsis is 4.2 %.

N = Z2PQ/ E?,

where Nis sample size; Pis prevalence; Q=1 — P; Eiserror
(5 %); Zis confidence levels (98 %). N = 88.

The minimum sample size is 88. We included 88 patients
but the data was incomplete for 2 subjects, so we did the data
analysis for 86 patients.

All 86 patients provided informed consent to participate
in the study.

Inclusion criteria: patients aged above 18 years admitted
into AIMSR with sepsis, males and females.

Exclusion criteria: patients who underwent kidney
transplantation; pregnant and lactating women; patients
who had cardiorespiratory arrest 72 hours before biomarker
assessment; patients in stage 4 and stage 5 of chronic kid-
ney disease; patients with confirmed or suspected acute
glomerulonephritis, acute interstitial nephritis, post re-
nal CKD, renal vasculitis; patients who stayed in ICU for
AKI for less than 24 hours. Exclusion criteria were assessed
mainly through oral history, medical records and lab tests to
rule out the above-mentioned conditions.

Methodology

After getting informed consent from all patients,
uNGAL assessment was done for all patients included in
the study, done within 72 hours of ICU admission. Base-
line uNGAL is the estimated value of uNGAL at the time
of admission. Peak value of uNGAL is the maximum value
during hospital stay.

All subjects were daily monitored for serum creatinine,
urine output, length of stay, need for renal replacement the-
rapy was assessed.
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A clean midstream urine sample (10 mL) was collected in
a sterile test tube and centrifuged at 5,000 rpm for 15 minutes.

The supernatant was transferred to an Eppendorf tube
and stored at —80 °C until assayed for urine NGAL. Test was
performed on the same equipment by the same operator in
the Hospital of Apollo Institute of Medical Sciences and
Research.

Urine is analyzed for NGAL at the time of admission (clas-
sified uNGAL-1) and at 48 hours after admission (uUNGAL-2)
using the BioVendor Human Lipocalin-2/NGAL ELISA,
which is a sandwich enzyme immunoassay for the quantitative
measurement of human NGAL as per producer protocol.

Primary outcome was levels of uNGAL and its correla-
tion with AKI, secondary outcome — to know hospital mor-
tality, length of stay.

Parameters assessed:

— age;

— gender;

— incidence of AKI,;

— presence of co-morbidities, if yes — what are they;

— CKD if present, stage of CKD;

— uNGAL at baseline;

— uNGAL 48 hours after admission;

— serum creatinine at baseline and daily assessment;

— urine output at baseline and at 48 hours;

— cut-off uNGAL with sensitivity, specificity, positive
(PPV) and negative predictive value (NPV).

AKI is defined and classified as per KDIGO criteria.
Worsening AKI is defined as an increase in the RIFLE ca-
tegory (from Risk to Injury, Risk to Failure, or Injury to
Failure) within 48 hours after enrollment.

Baseline serum creatinine is defined as the lowest cre-
atinine value in the last 6 months before AKI or for those
without this measurement, the lowest value achieved during
hospitalization in the absence of dialysis.

Day 0 is defined as the calendar day of admission and
thus its length varies depending on the time of presentation.

We did complete clinical workup for all the cases which
includes detailed history from relatives, physical examina-
tion, vitals, and systemic examination.

Statistical analysis

The following assumption on the data was made:

1. Dependent variables are normally distributed.

2. Skewed variables were converted into log values to at-
tain normal distribution.

The data collected was processed in MS Excel 2019 and
analysis was carried out using Microsoft Excel and statistical
software called Epi Info free version 7.2.5.0. P-value < 0.05

was considered statistically significant. Frequencies and
percentages were also used. Mean and SD were used. Ca-
tegorical findings were assessed with chi-square test. Quan-
titative measures were assessed using an unpaired t-test.

Sensitivity and specificity were calculated, and the area
under a receiver operating characteristic curve was consi-
dered as the optimal uNGAL cut-off level for detecting all
classifications of AKI.

Ethical statement. Permission from the Institutional
ethical committee attached to AIMSR, Jubilee Hills, Hy-
derabad, Telangana was taken before conducting the study.
Every patient was explained the whole process and advan-
tages of availing their data for the study. Patients were also
told that their information will be kept confidential. After
she/he accepts, an informed consent form was given in the
local language or understandable language and the person
was asked to sign it or put a thumb impression. They were
assured that their doubts, if any to be clarified at any time.

Results

The current study was conducted on 86 patients admit-
ted with sepsis in ICU at our tertiary care centre. AKI pre-
sence was predicted using uNGAL levels.

Demographics. Most patients (27.9 %) were in the age
group of 51 and 60 years, followed by 23.26 % of patients
were in 61 to 70 years, 17.4 % were in 41 to 50 years, 10.47 %
were in 31 to 40 years, 9.3 % were in 71 to 80 years, 5.81 %
were in 21 to 30 years, 2.33 % of patients were in 18 to
20 years age group. The mean age of study population was
54.6 years. Most of the patients (65.11 %) were males in the
current study.

Co-morbidities. Totally 32.55 % of patients had no co-
morbidities in this study. 8.14 % had type 2 diabetes mel-
litus and hypothyroidism. 26.75 % had both type 2 diabetes
mellitus and hypertension. 11.63 % had hypertension alone.
20.93 % had type 2 diabetes mellitus alone.

AKI was observed in 89.53 % (n = 77) of subjects as per
KDIGO definition. 88.37 % of patients were discharged in
stable condition, and the mortality rate was 11.63 %. Among
77 patients with AKI, 10 patients were expired.

The mean ICU length of stay in patients with AKI is 8.9
days. This was more compared to ICU length of stay among
patients with no AKI. There is significant association be-
tween ICU length of stay and AKI presence (Table 1).

Relation between age and AKI presence. There is signifi-
cant association between the mean age of patients with AKI
and without AKI, as per t-test (P = 0.02). The mean age in
patients with AKI is 55.9 years and the mean age in patients
without AKI is 43.8 years (Table 2).

Table 1. Association between hospital stay and AKI presence (t-test, p = 0.03)

AKI Observation Total Mean Variance Std Dev.
No 9.0000 52.0000 5.7778 6.9444 2.6352
Yes 77.0000 691.0000 8.9740 18.2362 4.2704
AKI Minimum 25 % Median 75 % Maximum Mode
No 3.0000 4.0000 5.0000 7.0000 10.0000 4.0000
Yes 1.0000 6.0000 8.0000 12.0000 18.0000 7.0000
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Renal replacement therapy. Totally 17.4 % (n = 15) of pa-
tients required renal replacement therapy. Whereas among
77 patients with AKI, 15 patients needed renal replace-
ment therapy. According to KDIGO, 15.12 % (n = 13) of
patients had stage 1 CKD, 15.12 % (n = 13) of patients had
stage 2 CKD, 4.65 % (n = 4) had stage 3 CKD, and 65.12 %
(n = 56) of subjects had no CKD.

Association between uNGAL-1 and AKI presence. There
is significant difference in mean uNGAL-1 in patients with
AKI and in patients without AKI, as per t-test (p = 0.0006).
The mean uNGAL in patients with AKI is 149.9 ng/ml. The
mean uNGAL in patients without AKI is 73.2 ng/ml. This
indicated that baseline uUNGAL levels predict AKI (Table 3).

UNGAL at 48 hours and AKI presence. There is a very sig-
nificant difference in mean uNGAL at 48 hours in patients
with AKI and in patients without AKI, as per t-test (p =0.00).
The mean uNGAL in patients with AKI is 356 ng/ml. The
mean uNGAL in patients without AKI is 95 ng/ml (Table 4).

Serum creatinine at baseline, after 24 and 48 hours. Mean
serum creatinine was normal during the time of admission.

But the mean serum creatinine was elevated by 24 and 48
hours of admission. The mean serum creatinine at 24 hours
is 2.30 = 0.88 mg/dl. The mean serum creatinine at baseline
is 0.85 + 0.24 mg/dl. The mean serum creatinine at 48 hours
is 2.46 + 1.26 mg/dl.

Role of serum creatinine at baseline in detecting AKI.
There is no significant difference in baseline mean serum
creatinine in patients with and without AKI, as per t-test
(p = 0.21). The mean serum creatinine in patients with AKI
at baseline is 0.87 mg/dl. The mean serum creatinine in pa-
tients without AKI is 0.75 mg/dl. This indicates that base-
line serum creatinine didn’t detect AKI.

Sensitivity, specificity, and accuracy of uNGAL at baseline
in detecting AKI. At a cut-off value of 120, there were 69 true
positive cases, 9 true negative cases, 0 false positive cases,
and 8 false negative cases. Based on these, the sensitivity of
uNGAL at baseline in detecting AKI is 89.61 %, specificity
is 100 %, and accuracy is 90.70 % (Table 6).

Sensitivity, specificity, and accuracy of uNGAL at 48 hours
in detecting AKI. At a cut-off value of 120, there were 77 true

Table 2. Association between age and AKI presence (t-test, p = 0.04)

AKI Observation Total Mean Variance Std Dev.
No 9.0000 395.0000 43.8889 319.1111 17.8637
Yes 77.0000 4309.0000 55.9610 202.4064 14.2270

AKI Minimum 25 % Median 75 % Maximum Mode
No 18.0000 34.0000 47.0000 52.0000 72.0000 18.0000
Yes 24.0000 47.0000 59.0000 65.0000 91.0000 60.0000

Table 3. Mean uNGAL levels at baseline in AKI and non-AKI patients (t-test, p = 0.0006)

AKI Observation Total Mean Variance Std Dev.
No 9.0000 659.0000 73.2222 1236.1944 35.1596
Yes 77.0000 11544.0000 149.9221 3952.2570 62.8670

AKI Minimum 25 % Median 75 % Maximum Mode
No 15.0000 61.0000 80.0000 98.0000 118.0000 15.0000
Yes 28.0000 122.0000 128.0000 172.0000 390.0000 128.0000

Table 4. Mean uNGAL levels at 48 hours in AKI and non-AKI patients (t-test, p < 0.0001)

AKI Observation Total Mean Variance Std Dev.
No 9.0000 863.0000 95.8889 867.8611 29.4595
Yes 77.0000 27470.0000 356.7532 2370.5830 48.6886

AKI Minimum 25 % Median 75 % Maximum Mode
No 26.0000 95.0000 100.0000 116.0000 124.0000 116.0000
Yes 269.0000 313.0000 352.0000 395.0000 461.0000 312.0000

Table 5. Role of serum creatinine at baseline in predicting AKI (t-test, p = 0.1873)

AKI Observation Total Mean Variance Std Dev.
No 9.0000 6.8200 0.7578 0.1065 0.3264
Yes 77.0000 64.4400 0.8708 0.0527 0.2295

AKI Minimum 25 % Median 75 % Maximum Mode
No 0.4600 0.5200 0.6700 0.7500 1.4000 0.4600
Yes 0.3500 0.6800 0.8300 1.0800 1.3200 0.9000
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positive cases, 8 true negative cases, 1 false positive case, and 0
false negative cases. Based on these, the sensitivity was 100 %,
specificity is 88.89 %, and accuracy is 98.84 % (Table 7).

Relation between uNGAL at baseline and mortality rate.
Baseline uNGAL levels predicted mortality rate. Baseline
uNGAL levels were significantly higher in patients who ex-
pired, compared to patients who were discharged in stable
condition, as per t-test (p = 0.03).

Relation between uNGAL at baseline and ICU length of
stay. UNGAL levels at baseline predicted ICU stay, patients
with more uNGAL levels at baseline had prolonged hospital
stay, as per ANOVA (p = 0.00).

Urine output was reduced in 49 (56.98 %) patients during
day 1. Urine output was reduced in 49 patients during day 2.

Mean TLC count. The mean TLC count was
12,013 cells/cc.

Table 6. Sensitivity, specificity, accuracy of uNGAL
at baseline in detecting AKI, %

Statistics Value 95% CI
Sensitivity 89.61 80.55 t0 95.41
Specificity 100.00 66.37 to 100.00
Disease prevalence 89.53 81.06 to 95.10
PPV 100.00
NPV 52.94 36.86 to 68.43
Accuracy 90.70 82.49 to0 95.90

Table 7. Sensitivity, specificity, accuracy of uNGAL
at 48 hours in detecting AKI

Discussion

We included 86 patients in the current study based on
sample size calculation and eligibility criteria. The clinical,
demographic and renal profile was assessed for all patients.
Association between categorical findings were done using a
chi-square test. Percentages and frequencies were also used
for every parameter. Association between numerical findings
were done using t-test. ANOVA test is used wherever neces-
sary. Sensitivity analysis was done for cut-off value of 120 for
uNGAL in predicting AKI.

Acute kidney injury was seen in 89 % of subjects in the
current study, as per KDIGO definition. There is significant
association between the mean age of patients with AKI and
without AKI, as per t-test. The mean age in patients with
AKI is 55.9 years and the mean age in patients without AKI
is 43.2 years in the current study.

In a study done by Rocha et al. [10], among 75 patients,
47 patients had AKI, 28 patients without AKI. The preva-
lence of AKI was 60 %.

The mean age in patients with AKI was 71.3 years. The
mean age in patients without AKI was 71.7 years. There is
no significant association between the mean age of patients
with AKI and without AKI, as per t-test (P = 0.82), in con-
trast to our study. AKI presence was defined as per KDIGO
criteria based on raise in serum creatinine or a decrease of
urine output, similar to the current study.

Co-morbidities. 32.55 % of patients had no co-morbi-
dities in the current study. 8.14 % had type 2 diabetes mel-
litus and hypothyroidism. 26.75 % had both type 2 diabetes
mellitus and hypertension. 11.63 % had hypertension alone.
20.93 % had type 2 diabetes mellitus alone.

15.12 % of patients had stage 1 CKD. 15.12 % of patients

had stage 2 CKD. 4.65 % had stage 3 CKD. 65.12 % of sub-
Statistics Value 95% ClI jects had no CKD in our study.
10000_| 83210 10000 | ., fnhstuderRocha 0 amons 5w s
Specificity 88.89 51.7510 99.72 pertension followed by type 2 diabetes mellitus. Diabetes
Disease prevalence 89.53 81.06 t0 95.10 was seen in 33.3 % patients. Chronic kidney disease was
PPV 08.72 92.39 10 99.80 ;Ze;?e:;s49.3 % of patients. COPD was seen in 22.7 % of
NPV 100.00 Prevalence of AKI. Acute kidney injury was seen in 89.5 %
Accuracy 98.84 93.69 to 99.97 of subjects in the current study, as per KDIGO definition.
Table 8. Relation between uNGAL at baseline and mortality rates (t-test, p = 0.0366)
AKI Observation Total Mean Variance Std Dev.
No 76.0000 9453.0000 124.3816 4410.5058 66.4116
Yes 10.0000 1734.0000 173.4000 7173.3778 84.6958
AKI Minimum 25 % Median 75 % Maximum Mode
No 12.0000 102.0000 115.0000 119.0000 390.0000 118.0000
Yes 61.0000 112.0000 149.5000 251.0000 320.0000 118.0000
Table 9. TLC levels
Obs. Total Mean Std Dev.
86.0000 1033185.0000 12013.7791 4890
Minimum 25 % Median 75 % Maximum Mode
1110.0000 8500.0000 12000.0000 15600.0000 26410.0000 10000.0000
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In a study by Radhey Shyam et al. [11] among 150 pa-
tients with septicaemia, 25.33 % had AKI. They come under
group 1 and 74.67 % had no AKI. They come under group 2.
Among 25.33 % of patients with AKI, 28.95 % had stage
1 AKI, 34.25 % had stage 2 AKI and 36.8 % had stage 3 AKI.

Mortality and morbidity in patients with sepsis and
AKI. The mortality rate is 11.63 %. 89 % of patients got dis-
charged in stable condition in the current study.

There is no significant association between mortality and
AKI presence in our study, as per the chi-square analysis.

Among 77 patients with AKI, 10 patients expired. The
mean ICU length of stay in patients with AKI is 8.9 days.
This was more compared to ICU length of stay among pa-
tients with no AKI. There is significant association between
ICU length of stay and AKI presence.

In the study of Radhey Shyam et al., 60.0 % of patients
were discharged from the hospital. 40 % were expired. The
mortality rate is more in group 1 compared to group 2 pa-
tients who don’t have AKI. There is a significant difference
in mortality rates in patients with AKI and without AKI, in
contrast to our study.

The mean ICU length of stay was more in group Il
(21.29 £ 1.89 days) compared to group I (13.67 days). There
is no statistically significant difference between two groups
in contrast to the current study.

In the study of Rocha, the in-ICU mortality was 53.3 %.
The reason for this could be due to inclusion of only elderly
patients. The mortality rate is more compared to other stu-
dies [12, 13].

We believe there were differences because these studies
also included elderly patients in general wards of the hospi-
tal and not only in ICUs.

The mortality rate of AKI sepsis patients was 63.8 %
which was significantly higher than patients without AKI.

In a prospective [14] study done on elderly AKI patients,
who were aged more than 60 years, performed in Brazil,
mortality rate of the elderly AKI patients was 54 %.

Kohli et al. [15] reported in 2007, in a prospective study
that there is high mortality rate of 61 % in the elderly patients
with AKI aged above 60 years in a tertiary care center of India.

Due to old age, elderly septic AKI patients are more
prone to develop multi organ dysfunction syndrome,
which will raise the mortality rate. So, it is vital to pay
more attention to treatment of sepsis and co-morbidities
of elderly AKI patients. Also, the diagnosis in elderly pa-
tients can be delayed or difficult, due to loss of muscle
mass, and low baseline creatinine level, hiding an in-
crease of its values, justifying the search for biomarkers
like NGAL.

Urinary NGAL levels. There is significant difference in
mean uNGAL-1 in patients with AKI and in patients with-
out AKI, as per t-test (p = 0.0006). The mean uNGAL in
patients without AKI is 73.2. The mean uNGAL in patients
withs AKI is 149.9. This indicated that baseline uNGAL le-
vels predict AKI.

There is a very significant difference in mean uUNGAL at
48 hours in patients with AKI and in patients without AKI,
as per t-test (p = 0.00). The mean uNGAL in patients with
AKI is 356. The mean uNGAL in patients without AKI is

95. This indicated that uNGAL levels at 48 hours also pre-
dict AKI in our study.

In sepsis, kidney is one of the most commonly affected
organs. Around 47.0 % AKI cases are associated with sepsis,
as per Singbartl et al. [16].

It is difficult to use NGAL to detect AKI associated with
sepsis, as NGAL levels raises in sepsis irrespective of AKI
presence.

Rocha et al. showed that there is no significant difference
in the mean urinary NGAL levels at baseline and after 48 hours
between survivors and non-survivor AKI patients with sepsis,
which is in contrast to the current study (p = 0.08 and p = 0.13).

Kim et al. study demonstrated that NGAL to be one use-
ful predictor of AKI in patients with sepsis, but there is no
significant difference in uUNGAL concentration in patients
with and without AKI [17].

Accuracy of NGAL in detecting AKI. At a cut-off value
of 120, there were 69 true positive cases, 9 true negative ca-
ses, 0 false positive cases, and 8 false negative cases. Based on
these, the sensitivity of uNGAL at baseline in detecting AKI
is 89.61 %, specificity is 100 %, accuracy is 90.70 % at day 1.

At a cut-off value of 120, there were 77 true positive
cases, 8 true negative cases, 1 false positive case, and 0 false
negative cases. Based on these, the sensitivity was 100 %,
specificity is 88.89 %, accuracy is 98.84 % at day 2.

Park H.S. et al. [18] reported a higher urinary NGAL
in AKI with sepsis patients compared to sepsis without AKI
and they also found good predictive power of NGAL in
identifying AKI with sepsis. The AUC for predicting AKI
was more for urinary NGAL of 0.820 compared to serum
procalcitonin concentration of 0.76.

In the study of Rocha et al., it was found that mean
uNGAL as an excellent predictor of AKI. The sensitivity
and specificity were more than 89 % at baseline, similar to
the current study. The accuracy of NGAL on days 1 and 2
as predictors of mortality was intermediate, with sensitivity
between 65 and 77 % and specificity less than 60 %, which
was less compared to our study. The study finally found that
uNGAL was an excellent predictor of AKI in septic patients
and anticipate the diagnosis of AKI in 2 days. At a cut-off
value of uUNGAL of 12.21, the sensitivity to predict AKI is
71.5 %, specificity is 54 %. At a cut-off value of uNGAL of
13.29, the sensitivity to predict AKI is 65 %, specificity is
51 %. Specificity was less compared to sensitivity.

In the study of Munna Lal Patel et al. [19], urinary
NGAL levels were measured at 12, 24 and 48 hours of ICU
admission of sepsis patients. The mean uNGAL levels at 12
hours were 80.00 = 7.00 ng/mL and 128.13 + 22.46 ng/mL
at 24 hours. They were significantly higher compared to
non-AKI sepsis patients, similar to the current study.

At baseline or 12 hours, at uNGAL cut-off value of
34.32 ng/mL, it had a sensitivity and specificity of 86.36 %
and 80.60 % in predicting AKI. At the cut-off value of
199.99 ng/mL, the sensitivity and specificity were 90.0 and
64.66 % in predicting AKI. Specificity was less compared to
sensitivity.

Previous studies reported that the incidence of AKI
among elderly patients ranged from 22 to 40 %, with most of
the patients in stage 1 disease [20, 21].
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Stage of AKI. In our current study, 15 % of patients be-
longed to stage 1 of CKD. Whereas in a study of Rocha et
al., 62.7 % of patients had AKI and most of them had AKI
stage 3, which is in disagreement with the previous studies.

Strengths of this study

This study assessed the renal profile of patients with
sepsis. Urinary NGAL levels at time of admission alerted to
take early steps to prevent significant morbidity and morta-
lity and need for renal replacement therapy.

The study helped to identify various risk factors of AKI.
It helps to improve clinical outcomes and prevent various
complications.

The information of study findings helps clinicians to
manage sepsis patients effectively.

Co-morbidities were identified all subjects due to vari-
ous lab tests done.

Economic benefit to patients

A part of travel expenses was reimbursed to all subjects
for travelling to our institution regularly.

ICU treatment medications were provided free of cost
to all patients.

All the lab investigations were done free of cost to all
subjects.

Recommendations for future studies

1. Studies comparing the efficacy and safety of various
treatment regimens can be done.

2. Multicenter studies including various tertiary care
hospitals and certain specialized clinics could be done as
more patient populations from different backgrounds could
be involved.

3. Meta-analysis of existing research could be done.

4. Studies can be done on the comparison of AKI pattern
in patients from rural and urban areas and among patients
with various socioeconomic status can be done

5. Studies on assessing cardiac profile in AKI patients
with sepsis can be done.

6. Studies on comparing cases and controls like case-
control study on patients with and without AKI can be done.

Limitations of the current study

In this study, the sample size was 86, indicating that the
study sample was small, and the primary limitation was the
interpretation of results. Results for small studies were less
reliable compared to larger studies. Larger studies with more
subjects produce narrow confidence intervals (95 to 99 %)
and more accurate results.

Conclusions

From these results, we conclude that urinary NGAL at
the time of ICU admission is a reliable marker of renal func-
tion in sepsis patients. There is significant correlation be-
tween AKI presence and urinary NGAL, and ICU length of
stay. We recommend not to use uNGAL alone in predicting
AKI. It should be combined with glomerular filtration rate to
reliably detect AKI development. These study findings indi-
cate that sepsis patients with elevated uNGAL require proper

management with close monitoring of blood pressure and
urine output and appropriate doses of diuretics to avoid the
development of AKI. Future studies should be done in vari-
ous clinical settings on larger numbers of patients and healthy
individuals to confirm the effectiveness of urinary NGAL in
determining renal function and disease progression.
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Kopeasiuisa piBHiB AiNOKAAiIHY, ACOLIMOBAHOIO 3 )XEAATUHA30KO HENTPOQIAIB, Y Ceui K PAHHIN AiGrHOCTUYHUN
MOpPKep rocTporo ypaeHHs HUPOK Y NALIEHTIB i3 cencnucom

PesiomMe. AxryanbHicts. HeBimomuii TOUHMIT 3B’I30K MiX Ji-
MOKaJIiHOM, acOLiiiOBaHUM i3 XeJJaTUHA3010 HelTpodiriB, y ceui
(uNGAL) 1a roctpuM mnomkomkeHHsIM HUpoK (I'TIH) y peaHi-
MaliliHUX YMOBaX, KOJIU MOMYJISLIisl € TeTePOreHHOI0, a eTioJIorist
I'TIH nesicha. Meta: 3’sacyBaru, uu € piBHi uUNGAL paHHiM nia-
rHoctuyHuM MapkepoM I'TIH y mauienris i3 cerncucom. Marepi-
aau Ta MeToau. [ToTouHe KOCIiIXKEeHHS TIPOBEIEHO 3a y4acTio 86
XBOpUX Ha Cercuc, cepei sSIKMX OyJ0 BU3HAYEHO MOLIMPEHICTb
I'TIH. MpoanainizoBaHo posib UNGAL y nporHo3yBaHHi pO3BUTKY
['TTH, piBHSI cMepTHOCTI Ta TPUBAJIOCTI NIepeOyBaHHS Y BilIIeHH]
iHTeHCcUBHOI Teparii. Bynn po3paxoBaHi 4yTIMBICTb i crienudiv-
HiCTb, a TUIOILIA i/l KPUBOIO POOOUOT XapaKTepUCTUKU TTpUitMada
BBaxkayacst moporosuM piBHeM UNGAL, onTuMaaIbHUM IIOI0 BU-
sieieHHst Beix tuniB [TTH. Pe3yabraTu. Binbiuictb nauieHTiB Ha-
Jiexanu 10 BikoBoi rpymu 51—60 pokiB, cepelHiil Bik CTAHOBUB
54,6 poky. binbimicts xBopux (65,11 %) Gyau yosnoBikamu, 26,75 %
MaJIM LIyKpoBMit fiabeT 2-ro Tuny Ta rineprensito. [ TIH cnocTepi-
raiocst B 89 % cy6’€KTiB MOTOYHOTO AOC/IIKEHHSI 3TiTHO 3 BU3HA-
yeHHssM KDIGO. XXH 1-icraaii giarHoctoBano B 15,12 % natiieH-
TiB, 2-1 —y 15,12 %, 3-i cranii — y 4,65 %. PiBeHb cMepTHOCTI CcTa-
HoBuB 11 %, 89 % nauienTiB Oynu Bunucani. CepeiHs TpUBaIICTh
nepedyBaHHs xBopux i3 ['TIH y peanimanii craHoButh 8,9 mHsI.
IcHye 3HaUHMIT 3B’SI30K MiX CEpeIHBOIO TPUBAJIICTIO MepedyBaH-
HS 'y BinmiieHHi iHTeHcuBHOI Tepartii i HasgBHicTio [TIH (p = 0,03).
3amicHOI HUPKOBOI Teparii nmotpedysanu 17,4 % (n = 15) nami-
eHTiB. IcHye BiporimHa pi3HHULISI B cepeaIHbOMY 0a30BOMY piBHi
uNGAL B oci6 i3 I'TTH ta 6e3 Hporo: 149,91 73,2 Hr/mJ1 BilloBigHO
(p = 0,0006). Lle Bkasye Ha Te, 1110 6a308i piBHi UNGAL n03Bossi-
10Thb criporHo3yBatu ['TIH. Cepenne 3HaueHHss uNGAL y xBopux
i3 ['TTH cranoButb 356 Hr/mi, B ocid 6e3 I'TIH — 95 ur/mu. Ye-

pe3 48 TOOWH CITOCTEPIraeThes Ay>Ke 3HAUHA Pi3HULS B CEPeIHBO-
My piBHi uUNGAL y mamienriB i3 I'TIH Ta 6e3 Hporo (p < 0,0001).
Tpu rpaHnyHomy 3HayeHHi 120 Gyn0 69 iCTHHHO MO3UTUBHUX, 9
iCTUHHO HeraTUBHUX, (0 XMOHOMO3UTUBHUX i 8§ XMOHOHETaTUBHUX
BUNaAKiB. Buxonsuu 3 uporo, yyrausictb UNGAL Ha moyaTKkoBO-
My piBHi y BusiBnieHHi ['TIH cranoButh 89,61 %, cnietmdivHicTs —
100 %, a tounictb — 90,70 %. Ilpu rpaHuyHOMY 3HaueHHi 120
Oysio 77 iCTUHHO MO3UTMBHUX BUMAIKiB, 8 iCTHHHO HEraTMBHUX
BUMANKiB, | XMOHOMO3UTUBHUIT BUMAIOK i 0 XMOHOHEraTMBHUX
BUMAKIB. 3 orysiny Ha 1e uymiuBictb UNGAL vepes 48 roauH cra-
noswia 100 %, cneundiunicts — 88,89 %, a Tounictb — 98,84 %.
Icnye BiporimHuii 3B’430K MixX piBHeM UNGAL i TpuBaicTio TIe-
peOyBaHHs y BimniieHHi iHTeHcuBHOI Teparii (p = 0,00). BucHo-
BKHM. AHaJli3 YyTJIMBOCTI ITPOBOIMUBCS MPU MOPOrOBOMY 3HAUEHHI
120 past uNGAL mono nipornodyBanHs ['TIH. Takum ynHOM, MU
po6uMO BUCHOBOK, 1110 UNGAL Ha MOMEHT HaIXOI>KEHHS Y BiTi-
JIEHHsI iIHTEHCUBHOI Teparlii € HaailiHUM MapKepoM (yHKIii HUPOK
y MaLi€HTIB i3 cercucoM. ICHye cyTTeBa KOpeJIsiilisi MixK HasIBHICTIO
I'TIH, piBHeM uNGAL Ta TpuBaiicTio niepeOyBaHHS y BilIiIeHHI
iHTeHCHUBHOI Tepamii. MU peKoOMeHIyeEMO HE BUKOPUCTOBYBATU
tinbk UNGAL st npornosysanst ['TIH — iioro ciin moenHysa-
TH 3i LIBKKICTIO KITyOOUKOBOI (inbTpallii, o0 HamiliHo giarHoc-
tyBatu ['TIH. Pesynbratu nociimkeHHs BKa3yloTh Ha Te, 110 Ia-
LIEHTH i3 cercucoM i migBuiieHuM piBHeM UNGAL motpe0yoTh
HaJIe)XHOTO JIIKYBaHHSI 3 PETeIbHUM KOHTPOJIEM apTepialibHOTO
TUCKY Ta BUIIJIEHHS Cedi, Y)KMBAaHHS BiAITOBiTHUX 103 AiypPEeTHUKIB,
11100 YHUKHYTH po3BuTKy ['TIH.

Ki1104oBi c€JI0Ba: roctpe ypaxkeHHsS HUPOK; JIMOKaiH, acoli-
oBaHMI i3 XKeJaTMHA3010 HEUTPODiNiB, y cedi; crenudiyHicTh;
3aMicHa HUPKOBA Tepartist
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ETioAOriyHi oco6AuBOCTI iHPeKLUin
CeYyoBOI CUCTEMMU Y BATITHMUX XKIHOK:
CY4YQCHUN CTOH NpobAaemu
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PestoMme. AKTyaAbHICTb. IHPEKLiT CEYOBOT CUCTEMM Y BATITHUX XKIHOK MOCIAQIOTH MPOBIAHE MICLIE B CTPYKTY-
Pi eKCTPAreHITaAbHOI MAToAorii, MeTa AOCAIAXKEHHS: BU3HQYUNTY €TIOAOMYHI OCOBAMBOCTI iIHeKLii ce4oBOT
CcUCTEMU y BATITHWX KIHOK, Marepiaau Ta MeToAN. O AOCAIAKEHHST YBIMLLAO 89 BAriTHMX XKIHOK 3 IHEKLisIMM
ceyoBoi cuctemm. Marepiarom AAST MIKPOBIOAOTIYHOO AOCAIAKEHHST BYAQ Ceyq, 3PA3KM SIKOI 3a6MPAAICS
B AE€Hb rocniTaAizauii BarirtHoi nepes noYaTKoM ii AikyBAHHSI. IAEHTUGIKALLST MiIKPOOPraHI3MIB MpoOBOAMAQ-
¢4 3a aonomororo Tect-cuctem «MIKPO-AA-TECT®» (Erbalachema, Yecbka Pecriybaika). [purotyBaHHS
CYCreH3iv MIKPOOPIrQHI3MIB 3 BU3HQYEHOK KOHLIEHTPALJIED MIKPOBHUX KAITVH 3AIMCHIOBAAOCS 3Q AOMOMO-
ror enekTpoHHOro npuaaay Densi-La-Meter (PLIVA-Lachema a.s., Yexis) 3a wkarowo McFarland. Onmy-
HY LLIABHICTb BUMIDIOBAAM 30 AOIMTOMOIOK MIKPOMNAQHLLIETHOro piaepa Multiskan EX (tvn 355). Pe3yasrarti.
lMpoBiaHUMY 36YAHUKAMY HOEKLVI CeHYOBOI cucTemm y BAriTHUX XKiHOK XQpKiBCbKOI oéaacTi € Escherichia
coli, Proteus mirabilis, Proteus vulgaris, Streptococcus pyogenes, Enterococcus faecalis, Klebsiella
pneumoniae, Pseudomonas aeruginosa, cepea sikux rnpeBantoroTb Escherichia coli, Proteus mirabilis,
Streptococcus pyogenes. BuaineHui crnektp eTioAOriYHUX YHHUKIB iHeKLUivi cedoBol cructemm He 3ane-
JKUTb Big BiKY BArITHOI XKIHKM. B €TIOAOFiYHIVI CTPYKTYPI iIHpEeKUivI Ce40BOI CUCTEMM BArITHUX KIHOK 1-LUue | 2-re
paHrosimicus y I-lll ipumecToax BariTHOCTI nociaaroTe Escherichia colii Proteus mirabilis; 3-t€ paHrose micLe
y | ToumecTpi nociaae Enterococcus faecalis, y Il tpoumectpi — Proteus vulgaris i Streptococcus pyogenes,
y Il ToumecTpi — Streptococcus pyogenes. ETIONOrYHO CTRYKTYPQ iHpEKLM Ce4OBOI CUCTEMM Y BAMITHUX
XKIHOK BU3HQYQAETHCSI TONOrpPAgIiero 3arnaAbHOro rnpoLecy. Tak, y XKiHOK 3 6e3CUMITOMHOK 6aKTeEPIypieto
1-Lwe paHroee micue rnociaae Proteus mirabilis, 2-re micLie — Escherichia coli, 3-te micue — Proteus vulgaris
1a Enterococcus faecalis; npuv xpoHiYHOMY rieAoHeppuTi 1-Lue paHrose micLe — Proteus mirabilis, 2-re mic-
ue — Strepfococcus pyogenes, 3-te micLe — Escherichia coli ta Proteus vulgaris; rpv roCToomMy rieAOHe -
purti 1-we paHrose Micue — Escherichia coli, 2-re micuye — Strepfococcus pyogenes, 3-Te micLe — Proteus
mirabilis, Enterococcus faecalis, Klebsiella pneumoniae; rpu ypetpuTi 1-lue paHrose micLe — Escherichia
coli, 2-re micue — Enterococcus faecalis, Klebsiella pneumoniae, 3-t€ mice — Proteus mirabilis, Proteus
vulgaris; npu umctuti 1-we paHrose micue — Escherichia coli, 2-re micue — Proteus mirabilis, Proteus
vulgaris, Enterococcus faecalis, Klebsiella pneumoniae, Pseudomonas aeruginosa. BUCHOBKH. BusHaqe-
Hi QBTOPAMUK eTIONOTHHI OCOBAMBOCTI IHpeKUivi ceqoBOi cucTemim pi3HOI Tonorpadii 3arnanbHOro rnpouecy
6aKTEPIANBHOI ETIOAOTIT HEOBXIAHO BPOXOBYBATU Mo AIKYBAHHI AQHOT KQTEropii BQriTHX XKIHOK.
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Bctyn

IHdekI1ii ceyoBoOi cCTEMHU y BariTHUX XKiHOK IOCiTal0Th
MPOBiJHE MICLIe B CTPYKTYpi €KCTpareHiTaJIbHOI MaToJIOril
Ta XapaKTepU3YIOThCs PO3BUTKOM 3aIaIbHOTO MPOLIECY iH-
dekiitHOro reHe3y B OyIb-sIKOMY BiIiJli JTaHOI CUCTEMU,
MOYMHAIOYY Bijl ypeTpH i 3aKiHUyr0uM HUpKamu. [Hhekil
CEYOBOI CHMCTEMM, 32 TaHUMM Pi3HUX YUEHUX, IiarHOCTY-
1oThb y 14—60 % BaritHux XiHOK [1, 2]. [laHa maToJoris y
BaTiTHUX XiHOK Tpe/ICTaB/IeHa IIMPOKUM CTIEKTPOM 3aXBO-
pIoBaHb — OE3CHMIITOMHOIO OaKTepiypi€lo, ypeTpUTOM,
LIUCTUTOM, ITie1oHedpuToM |[3].

CumnToMu iH(eKIIii ceuoBOi CUCTEMU y BariTHUX XKi-
HOK 4acTO MEHIN cheuurdiuyHi MOpiBHSIHO 3 HEBAaTiTHUMU
KiHKaMM, Y SIKUX THUMOBUX KJIiHIYHMX CUMIITOMIB JaHOIL
naroJiorii [octaTHbO sl ii miarHocTuku [4]. THdexiist
YacTo TMOYMHAETHCS K OE3CMMIITOMHA OakTepiypisi, sika
nporpecye 1o iHheKIil HIKHIX msaxiB (uctut) y 30 %
MAaliEHTIB i MOXe MPU3BECTH 10 iHMEKIIi BEepXHiX LLISIXiB
(miemonedpuTt) y moHan 50 % BUITAAKIB BariTHUX XiHOK [5].

Haii6inpm yactumMu pakTopaMu pU3UKy PO3BUTKY iH-
dex1iii ceuoBOi CUCTEMU B XKiHOK ITifl 4ac BariTHOCTI € 0a-
TraTOIUTiIAHICTh, aKTUBHE CTaTeBE XKUTTS 1 0€3J1iU CTaTeBUX
napTHepiB, LYKPOBUU Aia0OeT, aHeMis, iH(eKIlii cedoBoi
CUCTEMU B aHaMHe3i, iMyHoaeDIilUTHI CTaHU, aHOMaJTii ce-
4oBOi cucteMu [6].

IHdexI1il ceyoBOi cUCTEeMHU BariTHOI XKiHKW YMHSITh He-
CHPUSITJMBUI BILUTUB Ha Nepedir BariTHOCTI, MOJIOTiB, CTaH
3]I0pOB’sI MaTePi il HAaIAAKIB [7], 1110 aKTyalli3ye MpOBEACH-
HST KOMIUIEKCHUX JOCJTiKeHb, CITPSIMOBAHUX Ha BUBUCHHSI
€TioNaTOTeHETUYHUX 0COOJIMBOCTEM JAHOI ITaTOJIOTil, PO3-
IIUPEHHSI CMeKTpa MiarHOCTUYHUX KPUTEPiiB, yIOCKOHA-
JICHHS JTiKyBaJIbHO-TIPO(ITaKTUYHUX 3aXOMiB.

Ilutanna eriojorii iH(eKIiif ce4oBOi CUCTEMM Yy Ba-
TITHUX XiHOK Yy JIiTepaTypi BUCBITJICHI IIUPOKO, IIPOTE Bi-
JOMOCTi € JOCUTh CYIEepEeWIMBUMMU i JIEIO 3acTapiiuMu.
IHexI1ii ceyoBoi cucTeMu BariTHUX YacTillle CIIPUYMHEH1
rpaMHeraTUBHUMU MiKpoopraHi3aMaMu ITOPiBHSIHO 3 rpaM-
no3utuBHUMU [8]. Bimomo, 1110 CrieKTp 30yIHUKIB pi3HUX
iHbeKIIif, a TaKoX X BJIACTUBOCTI MOXYTb 3MiHIOBATHUCS
3 4YaCcOM, iCTOTHO BiIpi3HATHUCSI B Pi3HUX peTioHaX, TOOTO
MaTH MeBHi TepUTOpiaabHi 0COOIMBOCTI.

Meta #0CTHiIKEHHA — BU3HAYUTU €TIOJIOTIYHI 0CO-
01MBOCTI iH(DEKIIii CeuoBOi CUCTEMM y BariTHUX XKiHOK.

Marepiaam Ta meToamn

Ho nocnimkeHHs yBiitiuio 89 BariTHUX KiHOK 3 iH(beK-
LiSIMU CEYOBOI CUCTeMU, SIKi Oy rocmiTanizoBaHi 1o Ko-
MYHaJIbHOTO HEKOMEPIIiHHOTO MiAPUEMCTBA XapKiBChKO1
obsiacHoi pamu «O0JaCHUM KIIHIYHUI TepUHATATbHUM
LIEHTp». XapaKTepUCTUKAa NOCiI>)KyBaHUX BUITA[IKiB HaBe-
neHa B TabJ. 1. [Moganbiunii aHaniz BUNaakiB 3 iHdeKI1isiMu

CEUYOBOI CMCTeMH Y BariTHUX >KiHOK 3aJIeXKHO Bill Tomorpa-
¢ii 3amagbHOroO mpolecy 6akTepiaibHOI €TioNoTii MoJaHO
Ha puc. 1. [lepeBaxkHa OUIbIIICTh BUIIAJKIB, SIK 3a3HAYEHO
Ha puc. 1, nmpunagaiga Ha 6€3CMMITOMHY OakTepiypito Ta
XPOHIYHWI ITi€TOHEePUT.

Martepiasiom mIsg MiKpoOiOJIOTIYHOTO ITOCIiIKEHHS
Oysa ceua, 3pa3Ku sIKOi 3a0Mpajiucs B JeHb TOCIiTazi3aiii
BaTiTHOI IIepe/l IMOYaTKOM ii JIIKYBaHHS i JOCTaBJISUIMCS IO
Jaboparopii 3 TOTpUMaHHSIM 3araIbHOIIPUMHSITHAX BUMOT i
npasui [9]. Pe3ynbsraTi MiKpoO6ioJIOTiYHOTO AOCTiIKEHHS
3pasKiB ceui iIHTepIpeTyBaIM Ha OCHOBI MiApaxXyHKY KOJIO-
Hiii OGakTepiit. IHdeKIii ceyoBOi CUCTEMM MiarHOCTYyBaaud
Mpy BUsIBIIEHH] > 5 x 10* KYO/mi y 3pa3kax ceui, oTpuma-
HMX TIPU KaTeTepusallii, a6o > 1 x 10° KYO/ma — y 3pa3kax
cepeaHbO1 MOoPIIii pAHKOBOI Ceyi.

[meHTndikaris MiKpOOpraHi3miB IpOBOAMIIA-
ca 3a pomomoroio TecT-cucteM «MIKPO-JIA-TECT®»
(ErbalLachema, Yecbka PecniyGiika), siki mpu3HayeHO 1St
MPOBEICHHSI CTaHAAPTHOI imeHTUdiKallii 3 BUKOPUCTAH-
HSIM MiKPOMETO/IB.

[IpuroryBaHHS CycIieH3iii MiKpOOPraHi3MiB 3 BU3HaUC-
HOIO KOHILIEHTpALi€l0 MiKpOOHUX KJITUH 3MiliCHIOBAIOCS
3a JIONMOMOrol0 ejekTpoHHoro mpuiaany Densi-La-Meter
(PLIVA-Lachema a.s., Yecpka Pecmy0Jjika) 3a IIKajoo

O Unctut B Ypetput O Moctpuii nienoHedput
O XpoHiyHwit nienoHegpuT
H BeacumnTomHa 6akTepiypis

PucyHok 1. AHani3 iHghekyivi ce4oBoi cuctemu
y BariTHUX XIiHOK 3asieXHo Big Tonorpadii 3anasbHoOro
npouyecy 6aKktepianbHOro reHesy

Tabnuys 1. Xapaktepuctuka BOCNiAXyBaHUX BUNaaKis

| TpuMecTp BariTHOCTI | Il TpumecTp BariTHOCTI | Il TpumecTp BariTHOCTI
KinbkicTtb . .. .
BUNaKIB Bik BariTHOI XiHKU, pOKiB
<30 > 30 <30 > 30 <30 > 30
A6contotHa (n) 16 14 15 17 13
BigHocHa (%) 18,0 15,7 15,7 16,9 19,1 14,6
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McFarland 3rigHo 3 iHcTpykuieo no npwiany. OnTuyHy
ILIJIbHICTh BUMIPIOBAJIU 32 JOMTOMOTO0 MiKPOTUTAHILIETHO-
ro pizepa Multiskan EX (Tum 355), 1o siBisie coboro ¢o-
TOMETp 3i 3MiHHUMU (DiTbTpaMu, SIKUI1 30aTEH MPOBOAUTH
CTaHIapTHI (POTOMETPUYHI BUMipIOBaHHS.

CTraTUCTUYHY OOpOOKY OTpUMaHUX HUMPOBUX TaHUX
MPOBOAMIM 3a Aornomoroto mporpamu Statistica 10.0. Ce-
penHi 3HaYeHHs MTOKa3HUKIB TTOPiBHIOBAIN 3a JOTIOMOTOIO
HemapametrpuuHoro U-kpurepiro Manna — YitHi. Bimmin-
HOCTI BBaxXKanu 3Hauymumu mnpu p < 0,05.

PesyAbTaTH
MikpobiosoriuyHe AOCiIXKEHHS Cedi y BariTHUX KiHOK
3 iH(EKIIiSIMM CEYOBOI CUCTEMU BUSBUJIO TaKi iH(PeKIiliHi
areHTu: Escherichia coli, Proteus mirabilis, Proteus vulgaris,
Streptococcus pyogenes, Enterococcus faecalis, Klebsiella
pneumoniae, Pseudomonas aeruginosa (puc. 2). Cepen eTi-
0JIOTIYHOI PiI3HOMaHITHOCTI 30YJIHUKIB iH(eKIiil cedoBoi
CHCTEMM Yy BariTHMX XiHOK 1-Ille paHToBe MicIle ITocimae
Escherichia coli (26 Bunankis, 29,2 %), 2-Te paHTroBe Mic-
ue — Proteus mirabilis (25 Bunankis, 28,1 %), 3-Te paHrose
Micue — Streptococcus pyogenes
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PucyHok 2. AHani3 etionorivHux YAHHUKIB iHQheKLiVi ce4oBOi cucTeMu B XiHOK
3aexHo Big TpumMecTpy BariTHOCTi (no oci X — Ha3Ba iHgheKLiviHoro areHrta, rno
oci Y — BigHOCHa KinbKicTb Bunaakis (%))
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PucyHok 3. AHani3 etionoriyHux YMHHUKIB iHGheKLii ce4oBoi cuctemm
Y BariTHUX XIHOK 3asieXxHo Bif ix BiKy (no oci X — Ha3Ba iH¢heKUiliHoro areHra,
no oci Y — BigHOCHa KinbKicTb BUNagkis (%))

Mmicine nocigae Proteus mirabilis
(11 Bumankis, 37,9 %), 2-te
micue — Escherichia coli (8 Bu-
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nmaaxis, 27,6 %), 3-te micue — Proteus vulgaris (3 BUnaaku,
10,3 %) i Enterococcus faecalis (3 Burtanku, 10,3 %).

Y BUMajgKax XpOHiYHOTo MiejoHedpuTy l-111e paHro-
Be Micuie mocinae Proteus mirabilis (10 Bumaznxis, 38,5 %),
2-te Mmicue — Streptococcus pyogenes (7 Bunajkis, 26,9 %),
3-te micue — Escherichia coli (4 Butianku, 15,4 %) i Proteus
vulgaris (4 Bunanku, 15,4 %).

V XKiHOK 3 TOCTpUM ITi€IOHEPPUTOM 1-111e paHTOBE MiC-
e nocigae Escherichia coli (5 Bunazxis, 35,7 %), 2-re Mic-
e — Streptococcus pyogenes (3 Burnagku, 21,4 %), 3-te Mic-
e — Proteus mirabilis (2 sunianku, 14,3 %), Enterococcus
Jaecalis (2 Bunaaxu, 14,3 %), Klebsiella pneumoniae (2 Bu-
nanku, 14,3 %).

V BariTHUX XiHOK 3 YpPeTpUTOM l-Ille paHroBe Mic-
e nocinae Escherichia coli (4 Bunanaku, 40 %), 2-re Mic-
ue — Enterococcus faecalis (2 Bunanku, 20 %), Klebsiella
pneumoniae (2 Bumnanku, 20 %), 3-te micue — Proteus
mirabilis (1 Bunianok, 10 %), Proteus vulgaris (1 BUTIamoK,
10 %).

YV XiHOK 3 mUCTHUTOM l-IIIleé paHTOBe MicIle ITOCimae
Escherichia coli (5 BunankiB, 50 %), 2-Te paHroBe Miclie —
Proteus mirabilis (1 Bunanok, 10 %), Proteus vulgaris (1
Bunaaok, 10 %), Enterococcus faecalis (1 Bumnanok, 10 %),
Klebsiella pneumoniae (1 Bunamok, 10 %), Pseudomonas
aeruginosa (1 Bunanox, 10 %).

O6roBopeHHs

[lim yac Mikpo6iOJOriYHOrO MOCTIMIXEHHS Ccedi Ba-
TITHUX XiHOK 3 iH(EKIIiSIMM CeYOBOI CUCTEeMU aBTOpaMM
Oy/u BU3HAYEHi TaKi TPOBiAHI 30YAHWKMU JaHOI MaTo-
norii: Escherichia coli, Proteus mirabilis, Proteus vulgaris,
Streptococcus pyogenes, Enterococcus faecalis, Klebsiella
pneumoniae Ta Pseudomonas aeruginosa, 110 y3roxXy€e€TbCs
3 naHumu Jiteparypu [10]. IlpoBeneHe aBropaMu paHXKu-
PYBaHHS €TiOJIOTIYHUX 30yTHU-

PYJIGHTHICTIO OaKTepil i iX CHpUMHSATIMBICTIO OpraHi3MOM
monunu [13]. Iin yac ¢izionoriyHoro nepebiry BarirTHoc-
Ti, K BiJOMO, Yy >XKiHOYOMY OpraHi3Mi BUHUKAIOTh TEBHI
(izuuHi, ropMoHaNbHI 1 (QyHKILIOHANIBHI 3MiHU, SIKi Ha
TJIi 3HMXKEHOTO IMYHITETy CIpUsIIOTh BAHMKHEHHIO, 3aro-
CTPEHHIO a0 IpOorpecyBaHHIO iH(EKIIill CeYOBOI CUCTEMU
[10, 14].

Pusuk po3BuTKy iH(peKIIiil ce40BOI CUCTEMU Y BariT-
HO1 XXKiHKY MiIBUIEHW I TTOUMHAIOUM 3 6-TO THKHS recTa-
11ii, BiH JOCsIra€ MiKOBOTO PiBHS 3 22-T0 110 24-1i TUXXKIEeHb
[8]. V BariTHuX XXiHOK iMOBIpHICTb PO3BUTKY iH(MeEKIIiil
CEYOBOI CUCTeMU 30ibIIYETHCS Y BUMAAKaX HasBHOCTI B
HUX iH(eKIiiiHO-3amaJlbHUX MPOLECiB Y CTaTeBili cuCTe-
Mi [14].

[Hbek1ii ceuoBoi cucTeMu, 3rilHO 3 TAaHUMU JliTepaTy-
pH, YacTille AiarHOCTYIOTh Y BariTHUX XKiHOK Bikom 10 30
pokiB [13]. ¥ mpoBeneHOMY aBTOpaMU ITOCITiIKEHHI BHIi-
JIGHUI CMEKTP €TiONOTIYHUX YMHHMKIB iH(EeKIiii ceuoBOi
CHUCTEeMU Y BariTHUX XiHOK BikoM 10 30 pokiB i micias 30
POKiB He MaB 3HAUMMMX BiIMiHHOCTEI.

ABTOpamu OyJI0 IIPOBEICHO aHaJIi3 €TiOIOTIYHOI CTPYK-
Typu iH(EKIIii Ce40oBOI CUCTEMM 3 ypaXyBaHHSIM TpUMe-
cTpy BaritHocTi. Ilinm yac ocTaHHBOro OyJO BHU3HAYEHO,
mo B I, 11 i Il TpumecTpax BariTHOCTI 1-111€ i 2-re paHToBi
Miclisl B GiblIOCTi BUIAAKiB nocinanu Escherichia coli i
Proteus mirabilis BinmoBinHo. 3-Te paHrose Micie y I Tpu-
MecTpi rnocinae FEnterococcus faecalis, y 11 tpumectpi —
Proteus vulgaris i Streptococcus pyogenes, y 111 TpumecTtpi —
Streptococcus pyogenes.

Eriosoriuna ctpykrypa iHbekl1iii ce4oBOi cucTeMu y
BariTHUX XiHOK 3 ypaxyBaHHSIM Tororpadii 3araibHOro
Iporiecy 0aKTepialbHOrO TeHe3y MaJia IeBHi 0COOIMBOC-
Ti. ABTOpaMm OyJIO 3a3HA4YeHO, IO B XKiHOK 3 O€3CHUMII-
TOMHOIO OakTepiypi€o 1-IIe paHroBe Micle MocCimanau

KiB iH(eKIlili ceyoBOi CUCTEMU

i i BescumnTomHa
paHTOBI MicCllsl, $IKi TIOCUIH,
BinnoBinHo, Escherichia coli, XDOHIYHMIA
Proteus mirabilis, Streptococcus I'IieﬂgHerleT R BB At '3 %
pyogenes. INpeBanoBaHHSs
Escherichia coli cepen etiojno- FocTpuit
FUHMX  OMHHUKIB  DO3BUTKY ienoHecpuT 357 % 14,3 % 21,4 % 14,3% | 14,3 %
iH(peKIit ce4yoBOi CcUCTEMU Y
BariTHUX iHOK Jesiki BueHi
MOSICHIOIOTh THUM, IO KHUCJIOT- Ypetput 40 % 10 % 20 % 20 %
HICThb Ceui Mpu BariTHOCTi O-
CsIra€ BiICOTKa, SIKUI CIpPUSIE
POCTY KMIIKOBOI Mayimyku [11]. Lnetut 50 % 10% [10% | 10 % -

[TaToreHu, BiANOBimaJIbHI
3a PO3BUTOK iHGeEKIiil cedo-

BOI CUCTEMM IIifl Yac BariTHOC- O Escherichia coli
Ti, 3TiIHO 3 JTAaHUMU OaraTboX
Y4eHMX, IIOHiOHi OO THX, IO

3yCTPIYalOThCS B 3araJIbHIi IT0-

W Streptococcus pyogenes B Enterococcus faecalis

@ Pseudomonas aeruginosa

B Proteus mirabilis O Proteus vulgaris

OKlebsiella pneumoniae

myssii [12].
PosBurox iHdekuiit cevo-
BOI CUCTEMM BU3HAYAETHCS Bi-

PucyHok 4. AHani3 etionoriyHUx YNHHUKIB 6€3cCUMMNTOMHOI 6aKTepiypii, rocTporo
i XpOHi4YHOro niennoHeghpUTy, ypeTPUTY, LUCTUTY Y BariTHUX XKiHOK
(no oci X — BigHOCHa KinbkKicTb Bunagkie (%), no oci Y — Ha3Ba naronorii)
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Proteus mirabilis, 2-re micue — Escherichia coli, 3-1e Mic-
e — Proteus vulgaris i Enterococcus faecalis. TIpu XpoHiu-
HoMy TiesioHedpuTi 1-11e paHroBe Miclie nocinae Proteus
mirabilis, 2-re micue — Streptococcus pyogenes, 3-Te Mic-
e — Escherichia colii Proteus vulgaris. Tlpu rocTpoMy T1i-
eyloHedpuTi 1-11e paHrose Mmiclie nocigae Escherichia coli,
2-re micue — Streptococcus pyogenes, 3-Te micue — Proteus
mirabilis, Enterococcus faecalis, Klebsiella pneumoniae. I1pu
ypeTpuTi 1-111e panrose Miciie mocimae Escherichia coli, 2-te
micue — Enterococcus faecalis, Klebsiella pneumoniae, 3-1€
micue — Proteus mirabilis, Proteus vulgaris. T1Tpyu uMcTUTI
1-11e paHrose micue mnocigae Escherichia coli, 2-re miclie
— Proteus mirabilis, Proteus vulgaris, Enterococcus faecalis,
Kilebsiella pneumoniae, Pseudomonas aeruginosa. BuznaueHi
aBTOPaMMU €TiOJIOTiYHi 0COOIMBOCTI iH(EKIIil CeuoBOi CHC-
TeMU pi3HOI Tororpadii 3anajibHOro Mpoliecy 0akTepiaib-
HoI eTioJorii He0OXiTHO BpaXoBYBaTH MPH JIiIKyBaHHi TaHOT
Karteropii BariTHUX >KiHOK.

BuCHOBKM

1. IlpoBimHmMuM 30ymHHMKaMHU iHGEKI cedo-
BOi CHUCTEMHM Y BariTHMX XiHOK XapKiBChbKOi oOJac-
Ti € Escherichia coli, Proteus mirabilis, Proteus vulgaris,
Streptococcus pyogenes, Enterococcus faecalis, Klebsiella
pneumoniae, Pseudomonas aeruginosa, cepen SIKUX Tpe-
BaowTh Escherichia coli, Proteus mirabilis, Streptococcus
pyogenes. BUnijieHUit CrieKTp eTioJOriYHUX YNHHUKIB iH-
dexiliii ceyoBOT CUCTEMU He 3aJIeXXUTh Bijl BiKy BariTHOI
KIHKU.

2. B eriosioriuHiil cTpyKTypi iH(]eKIiii ceyoBoi cuc-
TeMHU BariTHUX XXiHOK 1-11e i 2-re panrosi micusa B [—I111
TpUMeCTpax BaTiTHOCTI mocimaioTs Escherichia colii Proteus
mirabilis; 3-1e panroBe Micue y I TpumecTpi mocimae
Enterococcus faecalis, y 11 Tpumectpi — Proteus vulgaris i
Streptococcus pyogenes, y 111 tpumectpi — Streptococcus
pyogenes.

3. ETtiosioriuHa cTpykTypa iH(eKIlili ce4oBOi CUCTEMU
y BariTHUX XiHOK BM3HA4a€Thcs Tororpadieio 3anaib-
HOTO Tpouecy OakTepiaJiIbHOTO TreHe3y. Y XiHOK i3 06e3-
CHUMIITOMHOIO OakTepiypi€to 1-11e paHroBe Micle Moci-
nae Proteus mirabilis, 2-te micuie — Escherichia coli, 3-Te
micue — Proteus vulgaris i Enterococcus faecalis; npu Xpo-
HiuHOMY miesioHedpuri 1-11e paHroBe Mmicuie — Proteus
mirabilis, 2-te micue — Streptococcus pyogenes, 3-Te Mic-
e — Escherichia coli i Proteus vulgaris; mpu rocTpoMy Tli-
enoHedpuri 1-me panrose Mmicue — Escherichia coli, 2-re
micue — Streptococcus pyogenes, 3-1€ Micue — Proteus
mirabilis, Enterococcus faecalis, Klebsiella pneumoniae; ripu
ypeTpuTi 1-111e paHroBe micuie — Escherichia coli, 2-re mic-
e — Enterococcus faecalis, Klebsiella pneumoniae, 3-1€ Mic-
e — Proteus mirabilis, Proteus vulgaris; ipy LIUCTUTI 1-111e
paHrose micue — Escherichia coli, 2-re micue — Proteus
mirabilis, Proteus vulgaris, Enterococcus faecalis, Klebsiella
pneumoniae, Pseudomonas aeruginosa.
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Etiological features of urinary tract infections in pregnant women:
current state of the problem

Abstract. Background. Urinary tract infections in pregnant
women occupy a leading place in the structure of extragenital
pathology. The purpose of the study is to determine the etiologi-
cal features of urinary tract infections in pregnant women. Ma-
terials and methods. The study included 89 pregnant women
with urinary tract infections. The material for microbiological
research was urine, the samples of which were collected on the
day of hospitalization of a pregnant woman before treatment.
Identification of microorganisms was carried out with the use of
MIKROLATEST® test systems (Erba Lachema, Czech Republic).
Preparation of bacterial suspensions with a certain concentration
of microbial cells was carried out using Densi-La-Meter electron-
ic device (PLIVA-Lachema a.s., Czech Republic) according to
the McFarland scale. Optical density was measured using a Mul-
tiskan EX microplate reader (type 355). Results. Escherichia coli,
Proteus mirabilis, Proteus vulgaris, Streptococcus pyogenes, Entero-
coccus faecalis, Klebsiella pneumoniae, Pseudomonas aeruginosa
are the leading pathogens of urinary tract infections in pregnant
women of the Kharkiv region; Escherichia coli, Proteus mirabilis,
Streptococcus pyogenes are predominant ones. The selected spec-
trum of etiological factors of urinary tract infections does not de-
pend on the age of a pregnant woman. In the etiological structure
of the urinary tract infections in pregnant women, Escherichia coli

and Proteus mirabilis take the first and the second place during
the first three trimesters of pregnancy. The third place in the first
trimester belongs to Enterococcus faecalis, in the second trimes-
ter — to Proteus vulgaris and Streptococcus pyogenes, in the third
trimester — to Streptococcus pyogenes. The etiological structure
of urinary tract infections in pregnant women is determined by
the topography of the inflammatory process. Thus, in women with
asymptomatic bacteriuria, Proteus mirabilis takes the first place,
Escherichia coli — the second place, Proteus vulgaris and Entero-
coccus faecalis — the third place; in acute pyelonephritis, the first
place belongs to Escherichia coli, the second place to Streptococ-
cus pyogenes, the third place to Proteus mirabilis, Enterococcus
faecalis, Klebsiella pneumoniae; in urethritis, Escherichia colitakes
the first place, Enterococcus faecalis, Klebsiella pneumoniae — the
second place, Proteus mirabilis, Proteus vulgaris — the third place;
in cystitis, the first place belongs to Escherichia coli, the second
place to Proteus mirabilis, Proteus vulgaris, Enterococcus faecalis,
Klebsiella pneumoniae, Pseudomonas aeruginosa. Conclusions.
The etiological features of urinary tract infections with different
topography of the inflammatory process of bacterial etiology de-
termined by the authors must be taken into account in the treat-
ment of this category of pregnant women.

Keywords: etiology; urinary tract infections; pregnant woman
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Abstract. Over the past 30 years, climate change has taken one of the leading places among the ten
main causes of death due to natural disasters. Rising temperatures have been shown to increase emer-
gency department admissions for a wide range of kidney diseases, including acute kidney injury (AKD,
chronic kidney disease, kidney stones, and urinary fract infections. The occupational effect of heat stress
is also associated with AKI, which can quickly progress to acute kidney failure with high mortality. The basis
of the pathogenetic mechanisms of heat-induced AKl is a decrease in the circulating blood volume and
electrolyte disturbances due fo increased perspiration. Water evaporation from the surface of the skin con-
tributes to dehydration with an increase in serum osmolarity. In response fo this, vasopressin is activated,
the specific gravity of urine increases, and the amount of urine decreases. The glomerular filtration rate
progressively decreases. Hypokalemia develops, which changes to hyperkalemia within 12 hours. Tubular
endothelium is damaged, which leads fo microthrombosis of afferent and efferent renal arteries, the de-
velopment of an inflammatory response, and exhaustion of the renal interstitium. Possible rhabdomyolysis
and myoglobinemia with subsequent tubular obstruction worsen existing kidney damage. According fo
the leading mechanism of damage, there are two types of acute heat damage to the kidneys: classical
rhabdomyolysis and acute interstitial nephritis. Although modern medical advances have confributed fo
the development of effective treatment and management strategies (rapid cooling, exfracorporeal de-
toxification methods, efc.), mortality in kidney damage due fo general overheating has decreased slightly
over the past decades. For health care and industry researchers, it is necessary to identify the harmful oc-
cupational conditions that lead to heat stress nephropathy and fo develop cerfain occupational safety
strategies.

Keywords: cliimate change, general overheating of the body; heat damage to the kidneys, nephropa-
thy, nephrolithiasis

Global warming is an extremely important problem to-
day. In European countries, including Ukraine, this process
progresses almost twice as fast as in other countries, that is,
today we are on the edge of a climate crisis. According to
the results of numerous modern studies, it has been proven
that the average temperature increase throughout the world
during the last 50 years is approximately 0.8 °C, while it is
expected that it will increase by another 3—4 °C by the end of
this century [1—3]. There is an assumption that over the next
decades in Ukraine, the temperature term “winter” will lose
its previous meaning. Over the past 30 years, climate change
has taken one of the leading places among the ten main glo-
bal causes of death due to natural disasters [4, 5]. In the sum-

mer of 2022, the UNIAN news agency reported on abnormal
heat in European countries, a state of emergency was intro-
duced in some places, and more than a thousand deaths were
registered [6]. Thermal damage is becoming an increasingly
common phenomenon in the world and represents a certain
problem of military medicine [7, 8], limiting the safety of
people who live and work in hot climates [5], workers of hot
workshops, stokers, glassblowers, cooks, etc. [9].

Classic heat stress occurs without physical exertion when
heat production and gain exceed output, and exertional
heatstroke in healthy young and physically active people is
usually caused by significant mechanical work [10, 11]. Mil-
itary, athletes and agricultural workers mostly experience
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heat stress due to physical exertion. However, temperature
damage can occur even in a state of rest due to the indirect
infrared radiation from the massive metal surfaces of the
vehicle [12]. The threat of excessive professional overhea-
ting also exists in developing countries and in formal labor
sectors. Occupational hazards reach a high level in tropical
countries with low- or middle-income levels, where infor-
mal sectors of the population are common, often working
with high physical load in hot, densely populated regions
with a disregard for safety rules [5, 9, 13]. Elderly people,
people who use alcohol, non-steroidal anti-inflammatory
drugs, psychodysleptics, etc. are most vulnerable to heat in-
jury and its most frequent complication, acute kidney injury
(AKI). In neuroleptic malignant syndrome, AKI occurred
in 30 % of patients, of which 8 % required renal replacement
therapy. Women are more prone to functional oligoanuria
than men due to dehydration [9, 14].

In heat injury, AKI can rapidly progress to acute renal
failure with high mortality. Although modern medical ad-
vances have contributed to the development of effective
treatment and management strategies (rapid cooling, extra-
corporeal detoxification methods, etc.), mortality in AKI
due to general overheating has decreased slightly over the
past decades [15—17].

The kidneys play a unique role in protecting the body
from dehydration in the heat, but as a result they themselves
most often suffer in case of heat injury. The kidneys perform
the most important function of stabilizing blood volume to
maintain blood pressure, as well as extracellular and intra-
cellular osmolality (“internal environment”), which ensures
normal metabolism. One of the most important functions
is the concentration of urine, when the kidneys minimize
fluid loss, ensuring the excretion of nitrogenous waste. Un-
fortunately, the high metabolic rate, as well as the concen-
trated excretion of waste, make the kidneys very susceptible
to damage due to climate change. Rising temperatures have
been shown to increase emergency department admissions
for a wide range of kidney diseases, including AKI, chronic
kidney disease (CKD), kidney stones, and urinary tract in-
fections [18]. The occupational effect of heat stress is also
associated with a higher incidence of kidney failure and a
decrease in the workplace productivity of people with im-
paired kidney function [19]. Thus, the potential influence of
global warming and extreme temperatures on the frequency
of AKI is a certain problem of our time [2, 3]. Renal dys-
function of various severity is a documented symptom that
occurs in approximately 25—35 % of cases of general over-
heating [10, 11, 20—23]. During the abnormal heat in the
city of Chicago in 1995, 53 % of patients with heatstroke
were diagnosed with acute renal failure [2, 14, 24].

An analysis of the results of a multicenter study indicates
a 30% increase in the incidence of AKI at high temperatures
[25]. The existing situation became the basis for the forma-
tion of a hypothesis according to which kidney damage can
proceed as a “heat stress” nephropathy [5, 13].

Thermal injury-induced AKI can be related to many
factors, such as direct heat stress, prerenal injury (caused by
hypovolemia), renal failure, rhabdomyolysis, and inflam-
matory responses. Disseminated intravascular coagulation

(DIC) due to the heat stress can lead to multiple organ dys-
function, including AKI and electrolyte imbalance [26].
The combination of AKI with DIC is accompanied by an
increase in mortality by 50—70 % and requires dialysis treat-
ment and a long stay in a hospital [10, 11, 17, 26, 27].

The main pathogenetic mechanisms of AKI include a
decrease in blood volume, microthrombosis of afferent and
efferent renal arteries, obturation of renal tubules, direct
nephrotoxic effect, and renal interstitial exhaustion [28].
Evaporation of water from the surface of the skin contri-
butes to dehydration with an increase in serum osmolarity.
Due to the activation of vasopressin, the specific gravity of
urine increases (> 1.020 g/1). At the beginning of the pro-
cess, the glomerular filtration rate remains at an acceptable
level, but with the progression of dehydration, it decreases.
Until recently, it was believed that such kidney dysfunction
is completely reversible, but if ischemia has not already led
to acute renal failure. Hyperthermia causes a temporary
change in kidney function and, accordingly, in the scinti-
graphic picture during radionuclide renography. Radionu-
clide renography is recommended at normothermia, as the
analysis at a higher body temperature can lead to false results
[29]. Electrolyte abnormalities and renal dysfunction often
develop in severe cases of hyperthermia. Upon admission
to the hospital, hypokalemia (which after 12 hours was re-
placed by normo- or hyperkalemia in 56.4 % of patients),
hypophosphatemia, hyponatremia, hypocalcemia, and hy-
pomagnesemia were observed in most victims [26]. In the
future, the development of the following electrolyte and
biochemical disorders is possible: hypernatremia, hyper-/
hypocalcemia, hyperphosphatemia, coagulopathy, oliguria,
myoglobinuria with the development of acute renal failure.
Heatstroke usually leads to stupor and multiple organ fai-
lure, and the degree of kidney damage directly depends on
the central body temperature [5]. A drop in blood pressure
and hypokalemia lead to a sharp decrease in glomerular fil-
tration rate and damage to the endothelium of the renal tu-
bules. Tubular dysfunction can also be associated with myo-
globinuria (tubular obstruction) and DIC [23, 27].

High metabolic work, as well as concentrated removal
of waste products make the kidneys very sensitive to damage
due to climatic anomalies [2, 3]. Glomerular filtration rate
decreases by 15—25 % after a temperature increase of 2 °C
and changes even more as the central temperature increases.
Concentrations of serum creatinine and urea increase, and
the albumin/creatinine ratio decreases [29]. Stimulation of
the renin-angiotensin system during hyperthermia inhibits
renal blood flow [30].

Heat stress causes destabilization of the intestinal barrier
that leads to the release of endotoxins from the intestinal lu-
men into the interstitium and blood flow, which triggers a
cytokine cascade and ultimately leads to a systemic inflam-
matory response syndrome [16, 31]. In addition, the results
of several studies also proved that the course of AKI is asso-
ciated with an increase in myeloperoxidase level, the effect
of tumor necrosis factor o against the background of early
expression of interleukin-6 [16, 26, 32].

AKI is closely related to the morpho-functional state
of macrophages [33, 34] and remodeling of the renal inter-
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stitium [35]. Multivariate analysis indicated that increased
levels of laboratory markers of inflammation such as lym-
phocytes and neutrophils and coagulation dysfunction
(D-dimers) correlated with the degree of overheating. An
increase in hematocrit by 15—20 % was mostly observed in
women (69.4 %) [9, 36]. With overheating, induced micro-
thrombosis, aggregation and the process of consumption/
use of platelets lead to thrombocytopenia. The exact mecha-
nism of thrombocytopenia development in hyperthermia
with AKI has not been fully elucidated [16]. The results of
separate studies prove that the platelet count < 90 - 10°/1 is
recognized as an independent predictor of AKI in patients
with heatstroke. The immune response in victims was most-
ly strong, and excessive activation of inflammatory cells and
damage to the endothelium led to the development of AKI
[37, 38]. Serum creatinine levels were significantly higher 24
hours after admission to the intensive care unit, and 18 % of
patients required renal replacement therapy. Renal failure
was more severe in those who died than in those who sur-
vived [14].

Rhabdomyolysis is a syndrome characterized by leakage
of muscle cell contents into the bloodstream. Repeated heat
stress and analgesia combined with muscle overexertion can
lead to mild or overt rhabdomyolysis, hyperosmolarity, hy-
perthermia, and extracellular fluid depletion. Rhabdomyo-
lysis due to general overheating and physical overload is ac-
companied by a sharp increase in blood and urine of uric
acid with crystalluria, extracellular fluid volume deficit and,
as a result, renal hypoperfusion, hypokalemia and hyperos-
molarity-mediated mechanisms that trigger the activation of
the intrarenal polyol-fructokinase pathway and affect vaso-
pressin [2, 9, 23].

As a complication of rhabdomyolysis, AKI occurs quite
often and accounts for about 8—15 % of all cases of kidney
damage in the United States, and the frequency of AKI in
rhabdomyolysis can reach 55 %. The highest frequency of
rhabdomyolysis is determined in patients with classic heat-
stroke. Classic manifestations of rhabdomyolysis include
myalgias, limb weakness, and pigmenturia due to myoglo-
binuria without hematuria. Mortality in these cases can
reach 70 %, especially in cases of delayed treatment and
the presence of multiple organ failure [39—41]. Massive
rhabdomyolysis can follow physical exertion, especially in
combination with other risk factors, such as extremely hot
and humid conditions, poor physical condition, and hypoka-
lemia. In addition to severe dehydration and fluid sequestra-
tion in damaged muscles, AKI in case of rhabdomyolysis is
the result of direct tubular toxicity caused by circulating va-
soconstrictor ischemia, activation of the renin-angiotensin
and sympathetic nervous systems, and hyperproduction of
antidiuretic hormone. By itself, myoglobin practically does
not have a noticeable nephrotoxic effect on the tubules, but
until the moment when the urine acquires an acidic reac-
tion. In the pathogenesis of AKI during rhabdomyolysis
against the background of an acidic reaction of urine, myo-
globin is deposited in the lumen of the tubules in the form of
granules and lumps, causing obstruction of the convoluted
tubules that leads to a direct nephrotoxic effect, resulting
in vasoconstriction and impaired renal microcirculation.

Pigment myoglobinuric nephrosis develops, hemodynamic
disorders by the “shock kidney” type and filtration of myo-
globin through the walls of the nephron are observed [42,
43]. When the serum myoglobin level reaches 100 mg/dL,
the color of the urine becomes reddish brown. When ma-
king a differential diagnosis of myoglobinuria, other causes
of pigmenturia (prolonged compression syndrome, poiso-
ning, etc.) should also be taken into account [10, 44]. In this
case, it is advisable to consider urine alkalinization as a the-
rapeutic and preventive measure, especially in patients with
metabolic acidosis [40, 45].

The muscle cell is affected by direct damage to the mem-
brane or as a result of depletion of energy substrates, then
calcium enters the intracellular space, activating proteases
and stimulating apoptosis. Hyperproduction of reactive
oxygen species causes mitochondrial dysfunction. Edema,
ischemia, and cell necrosis aggravate metabolic acidosis,
with electrolyte disturbances perpetuating an intracellular
vicious cycle that in the end leads to cytolysis [26, 41, 46].

The main regulators of internal body temperature are
mitochondrial function and metabolism, and almost 50 %
of energy expenditure is directed to maintain internal body
temperature. When mitochondria make adenosine triphos-
phate, they also make heat; these processes occur in opposi-
tion as follows: the more efficient the oxidative phospho-
rylation, the more adenosine triphosphate is formed and the
less heat is produced. However, if the proton gradient cre-
ated by the mitochondrial electron transport chain is leaky,
the distributive gradient leads to a decrease in adenosine
triphosphate production and an increase in heat production
(“uncoupling” phenomenon) [29].

There are 2 types of acute heat damage to the kidneys.
One form is classical rhabdomyolysis (usually with a creatine
phosphokinase (CPK) level > 1,000 pug/L), often associated
with hyperuricemia and signs of dehydration. This form
may be most common in heatstroke with physical exertion.
Another form is associated with a normal or slightly elevated
level of CPK and is more common in epidemic heatstroke.
Indeed, in contrast to rhabdomyolysis, in which the injury
is more similar to an acute tubular injury, the second form
of AKI presents clinically as acute interstitial nephritis with
leukocytosis in the urine and hematuria, and renal biopsy
reveals acute tubulopathy. This condition is believed to re-
sult from temperature-induced ischemia, oxidative stress,
and depletion of intracellular energy stores [2].

The risk of AKI in rhabdomyolysis is usually low when
the level of CPK at the time of admission to the medical
institution is less than 20,000 units/1. Nevertheless, AKI, as
before, remains in the risk group even with such low values
of CPK as 5,000 units/1 in the presence of other accompa-
nying conditions (sepsis, severe dehydration, acidosis). In
addition to rhabdomyolysis, all three risk factors can coexist
with severe heat injury. Usually, the cause of rhabdomyoly-
sis is obvious from the patient’s history or from the circum-
stances immediately preceding the disease, the provoking
factor is not determined only in isolated cases [41].

The results of many studies have also shown that plasma
methemoglobin > 1,000 ng/ml, CK > 1,000 TU/L (which
is 5 times the upper limit of normal) and serum creatinine
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above 1.5 mg/dL should be considered independent risk fac-
tors of AKI in heat injury. In some cases, at the beginning
of the process development, the creatinine clearance may
be elevated that leads to a false assessment of the course of
AKI; in this case, the study of glomerular filtration rate will
be more informative [17, 26, 41, 47, 48].

The following can also be used as metabolic markers of
AKI in thermal injury: increased biosynthesis of unsaturated
fatty acids (may contribute to the progression of AKI), in-
creased activity of calsequestrin-1, a new marker of malig-
nant hyperthermia [16, 49].

An increase in serum creatinine and oliguria combined
with rhabdomyolysis and coagulopathy increase the fre-
quency of AKI and mortality [10, 41, 50]. The results of re-
search by military medics suggest that one in six victims of
heat damage (> 40 °C) will develop an AKI [12].

The KDIGO criteria and classification of the AKI seve-
rity have an important role in predicting mortality and risk
of CKD. Numerous studies have shown that AKI is associ-
ated with an increase in the short- and long-term risks of
the end-stage CKD and the fatal outcome [47]. Some stu-
dies reported that the level of CPK > 10,000 IU/L (50 times
higher than the norm) is valuable in predicting renal failure
in patients with heat injury [19, 48], but in our opinion, this
characterizes the patient’s condition, which a priori requires
the use of extracorporeal detoxification methods [42, 43, 51].

Persistent oliguria that persists after a patient is brought
out of shock should warn about the risk of developing acute
renal failure. When the latter occurs, hypokalemia always
changes to hyperkalemia [27].

Complications of heat injury can also be acute tubular
necrosis, chronic progressive interstitial nephritis with im-
paired kidney function [5], nephrolithiasis, renal colic, kid-
ney tumors, etc. [25].

The morphological manifestation of AKI is often acute
tubular necrosis, which develops as a result of dehydration,
pigment load, and urate nephropathy. Morphological stu-
dies demonstrate dilatation of glomerular capillaries, he-
morrhages into the interstitium, and vascular stasis in small
and large vessels [52]. Histologically, glomerular edema, in-
flammatory cell infiltration, vacuolar dystrophy of endothe-
lial cells and the presence of erythrocytes in the tubular
lumen are visualized, which is a characteristic sign of hype-
remic inflammation and indicates a high risk of hemorrhage
[16]. The morphologic state in cases of heat injury is not
mediated by common causes such as glomerulonephritis,
hypertension, or diabetes, but is histologically characterized
by a predominant pattern of chronic interstitial damage and
inflammation, often with some shrinkage of glomerular
basement membranes and glomerulosclerosis [53].

Acute renal failure due to acute tubular necrosis develops
in 5—25 % of cases. Laboratory changes include low plasma
osmolarity, hyperkalemia, hypocalcemia, hyponatremia,
high CPK levels (over 10,000 IU/L), moderate proteinuria,
presence of sediment and fat droplets in urine [22, 23].

It is assumed that bleeding, and not apoptosis, may be
the characteristic trigger for hyperthermic-associated AKI.
Moreover, the induced systemic inflammatory response
syndrome and secondary hyperfibrinolysis can become

other causes of kidney hyperemia and edema, which is mor-
phologically somewhat different from the picture of usual
acute tubular necrosis [16].

It should be noted that the forecast until 2050, based on
the climate model of warming, predicts an increase in the
incidence of urolithiasis by 30 % during life in some climatic
zones [9].

Heatstroke is also usually associated with electrolyte
imbalance. One study of 66 patients with heatstroke during
exercise reported AKI in 91 %, hyponatremia in 53 %, hy-
pokalemia in 71 %, hypophosphatemia in 59 %, hypocal-
cemia in 51 %, and hypomagnesemia in 35 % of cases [26].
In particular, low serum potassium, phosphate, and mag-
nesium levels were associated with increased urinary excre-
tion of these electrolytes, suggesting a tubular defect. Other
possible causes include the loss of sodium and potassium
through sweat.

Some subjects also have respiratory alkalosis, which is
known to lower serum phosphate levels, although metabolic
acidosis appears to be more common [2]. Heat stress and de-
hydration also play a role in the formation of kidney stones,
and inadequate drinking can increase the risk of recurrent
urinary tract infections. The resulting social and economic
consequences include disability or loss of productivity and
employment.

Given an increase in global temperatures, it is necessary
to better understand how heat stress can cause kidney di-
sease, how to best ensure optimal rehydration, and find ways
to prevent the negative consequences of chronic exposure to
high temperatures [2, 3]. In people who suffered from the
effects of high temperatures for a short time, nephrolithiasis
was observed more often than other damage to the urinary
system, but had a faster course. General overheating statis-
tically significantly increased the risk of nephrolithiasis by
32 % [25, 54]. In addition, clinical studies show that heat
exposure and dehydration cause concentrated and acidic
urine, which can lead to urate crystallization in the urine
with tubular damage. Nephrolithiasis is becoming wide-
spread; it is assumed that one of its causes is an increase in
temperature associated with climate change. In the United
States, for example, the “stone belt” that characterizes the
hotter regions of the southern United States is projected
to shift northward as the climate continues to warm. Ex-
perimental studies show that the main substance of kidney
stones associated with heat stress is uric acid due to its in-
creased formation after muscle damage caused by physical
exercises and acidification of urine, which occurs during
an increase in its density [2]. Chronic or repeated episodes
of heat stress with dehydration ultimately lead to abnormal
repair mechanisms, renal fibrosis, vascular refinement, and
glomerulosclerosis [9]. Recently, epidemics of CKD have
been observed worldwide, which have been documented
in agricultural communities in Central America, southern
Mexico (Veracruz), India (Andhra Pradesh), Sri Lanka
(North Central Province), central Florida and the Central
Valley of California [2, 55—57]. The frequency of CKD in
these regions is almost 9 times higher than in other popula-
tions. High incidence rates are observed among sugarcane
pickers in the hottest lowlands of the Pacific in Nicaragua
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and El Salvador, where the prevalence of CKD is 18 % com-
pared with 1 % in cooler conditions. The suspicion of the
toxic effect of pesticides was refuted [9].

The underrepresentation of these workers in social se-
curity systems, as well as the inability to create organized
public health systems in these countries make community-
level incidence studies extremely necessary [10, 41, 50].
Since the risk of AKI increases with high temperatures, it
would be appropriate to inform the public and study kidney
diseases, primarily nephrolithiasis, in hot conditions [25].
For researchers in the field of health care and industry, it is
necessary to identify harmful occupational conditions that
contribute to nephropathy during heat stress, and to develop
certain strategies for occupational health issues [9].
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Kpaseup O.B., €xanos B.B., CeaiHkiH B.A., lMuavnerHko O.B., MapTiHeHko A.A.
AHIMPOBCHKN ASOIKABHU MEANYHWU YHIBEPCUTET, M. AHIMPO, YkpaiHa

Hupkosa AMCPYHKLiS NPU 3aradAbHOMY NeperpiBaHHiI (AITepaTypHUM OrAsA)

Pesiome. 3a ocranni 30 pokiB rmo6anbHe MOTEIUHHSA MOCITO
OJIHE 3 TIPOBIIHMX MICIb Cepel AECATU OCHOBHUX NMPUUYUH Jie-
TaJILHOCTI BHACJIIOK CTUXiiHUX JuX. Bimomo, 1110 migBUIeHHS
TEeMIIEpaTyp 30i/IbLIyE KiIbKICTh HEBiOKJIAIHUX TOCTiTanizaliii 3
MPUBOIY IIMPOKOTO CIEKTpa 3aXBOPIOBAHb HUPOK, BKIIOUAIOUU
roctpe noiukomkeHHs1 HUpoK (I'TIH), xpoHiuHy XBOpoOy HUPOK,
ceyokaM’sTHY XBOpoOy Ta iH(eKIIii ceuoBUBITHUX LISAXiB. BUpo06-
HUYA JiSUTBHICTh y CIIEKOTHUX YMOBaX TaKOX 4aCcTO CYIIPOBOIXY-
etbest [TITH, 1110 Moxke IBUAKO MEePEeTH 10 TOCTPOi HUPKOBOI He-
JIOCTaTHOCTI 3 BUCOKOIO JIETAIbHICTIO. B OCHOBI maToreHeTMYHUX
MexaHi3MiB iHmykoBaHoro neperpiBaHHsM ['TIH nexatb 3meH-
LIEHHs 00’ €My LMPKYJIIOI0UOi KPOBi i €eKTPOTiTHI MOPYyLIEHHS
BHACJIIIOK 30iMbIIeHHS Mepcmipalii. BurmapoByBaHHS BOIM 3 ITO-
BEPXHi Tijla MPU3BOAMUTH IO AeriapaTalii Ta MiABUILEHHS OCMO-
JISIPHOCTI TJ1a3MU. Y BiIMOBiAb Ha 11€ aKTUBYETHCSI Ba30IPECUH,
301IBIIYETHCST TTUTOMA Bara cedi, 3MEHIIYEThCS KiJTbKICTh Cedi.
[IporpecuBHO 3HMXKYETHCS IIBUAKICTh KIyOOUKOBOI (hiabTpalrii.
Po3BuBa€eThCs rimokamieMisi, 110 NPOTIroM 12 romuH 3MiHIOETh-
csl Ha rinepkaiieMiio. BinOyBaeTbcsl YIIKOIKEHHSI €HIOTENit0

KaHaJIbIIiB, SIKe TPU3BOAUTDL OO0 MiKpOTPOMOO3iB a)epeHTHUX Ta
eepeHTHUX HUPKOBUX apTepiil, pO3BUTKY 3aIajJbHOI BilMOBIii Ta
BUCHaXXEHHSI HUPKOBOTO iHTepcTULio. MoxinBuii padbaomiosnis
Ta MiorJo0iHeMist 3 HaCTYITHOIO OOCTPYKLIEI KaHaJbLIB MOTip-
LIYIOTh iCHYIOYE ITOIIKOMKEHHSI HUPOK. BimmoBimHo mo mpoBin-
HOTO MeXaHi3My IMOIIKO/DKEHHS BUALISIOTH IBA TUIU TETUIOBOTO
I'TIH: knacuuHuii pabmoMiofli3 Ta TOCTPUM iHTEPCTULIIATIbHUMA
Hedput. Xoua cyyacHi MEIUUHI TOCSTHEHHS CIPUSUIM PO3p0O0-
i e(eKTUBHUX CTPATETiii JIIKyBaHHS 1 MEHEIXMEHTY (IIBUIKE
OXOJIOIKEHHSI, €eKCTPAaKOPIOpaIbHi METOIM AETOKCHUKALIi TOIIIO),
32 OCTAaHHI ACCATUIITTS JIETaIbHICTb MPU YpakeHHi HUPOK yHa-
CJTIIOK 3araJIbHOTO TIeperpiBaHHs 3HU3WIACS He3HayHo. Jlocmin-
HUKaM Yy chepi OXOPOHH 3IOPOB’Sl Ta IIPOMHUCIIOBOCTI HEOOXiTHO
BU3HAYUTHU LWIKIIIUBI TpodeciiiHi yMOBHU, 1110 TPU3BOISTH 10 He-
(porarii Ipu TETIOBOMY CTpeci, Ta pO3pOOUTH TIEBHi cTpaTerii 3
MMMUTaHb OXOPOHM TIpalli.

Ki11040Bi €JI0Ba: r106anbHe NOTEIUTiHHA; 3arajibHE TeperpiBaH-
HSI OpraHi3My; TEeIUIOBE YIIKOMXKEHHSI HUPOK; HedpomarTis; He-
dpomitia3
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BnAus iHriGitopis AN® Ha nepebir SARS-CoV-2
Y NALIEHTA 3 Y)Ke iCHYIOYOIO XPOHIYHOIO
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Pestome. HasBHICTb XPOHIYHOI XBOPO6GU HUPOK Y MOEAHQHHI 3 QPTEPIAABHOIO rifepTeHsieto 1-2-ro cryne-
HS1 TQ i MEAMKQMEHTO3HQ KOPEKLs! iHMBITOpAMM PEHIH-QHMOTEH3MH-OABAOCTEPLOHOBOI cuctemm (PAAC)
3HQYHO BIMAMBQIOTL HQ CTAH 3A0PO0B S1 MALUIEHTIB, siKi iHpikoBaHi SARS-CoV-2. SARS-CoV-2 sk IHCTOYMEHT AASI
MPOHUKHEHHST B KAITUHY BuKopucToBye PAAC, a caMe peLentop QHMOTeH3UHNepEeTBOPIOIOYOro GepMeH-
Ty (AMN®) 2. MeTa po60Tu: OLIHKA AMHOMIKA KAIHIKO-AQGOPATOPHMX MOKA3HMKIB y naujeHTa 3 SARS-CoV-2-
QCOLUOBAHOKO HEGPONATIEID HA TAI MPUoMYy iHriGiTopis AlN®. Y uivi CTATTI OMUCAHWI KAIHIYHWK BANQAOK
3 BAQCHOI MpaKTyKy QBTOPQ. BUCHOBKN. CBOEYQCHE npusHA4YeHHs eTtiotpornHoi tepanii COVID-19 cytreso
3BMEHLLYE YCKAQAHEHHST nepebiry XpOHIHHOI XBOPOOM HUPOK i3 APTEePIAABHOHO rinepTeHsIEO.

KAIOYOBI CAOBQ: SARS-CoV-2-QCOLiioBaHQ HEGPONQTisl, PeHiH-QHMNOTEH3UH-AALAOCTEPOHOBA CUCTEMAQ;
iHriGiTopu AM®; KAIHIYHA BUNQAOK, XPOHIYHQ XBOPO6Q HUPOK

Bctyn

CeplieBO-CYyIMHHI 3aXBOPIOBAHHS, SIK i XpOHIYHA XBO-
pob6a Hupok (XXH), BXomsTh 10 YeTBipKM OCHOBHUX (haK-
TOpiB pU3UKY Tsikkoro rnepediry COVID-19 [1]. Hepinko
JIIOOM 3 apTepianbHOIO rineprensielo (Al') He 3HAIOTH TIpo
HasIBHICTb Y HMX 3HIKEHOI (DYHKIIii HUPOK, SIKa CTA€ BU-
MaJKoOBOIO 3HAXiAKOl Ha Tai BipycHoi iHdekuii [1—10].
3MEHIICHHSI PO3PaxXyHKOBOI IIBUIKOCTI KJIyOOYKOBOI
dinbrpauii (pLLIK®) y Takiii cutyariii Moxxe MaT TpaH3M-
TOPHMII XapakTep ab0 cTaBaTH MOTipLIYIOYUM (PaKTOpoM
BXe€ iCHYI0UOi, MOXXJIMBO, paHillle He AiarHOCTOBAHOI XpO-
HiYHO1 XBopoOU HUpOK [1, 7, 8, 11—17]. AHaIi3 HUPKOBUX
noxniit Ha Tiai COVID-19 nmoka3zaB BeJIUKy CKJIaIHICTb IIPO-
0J1eMU KOpOHaBipycHOI iH(eKILii, 1110 Ha3BaIu CUHIEMIEO.
«CunHpeMis» — TepMiH, 3amporroHoBaHuil y 1990-x pokax
anTpornojoroM Meppin 3iHrep: «/IBi a00 OinbIe XBOpoOU
B3aEMOJIIOTh TAKMM YMHOM, IIIO 3aBAAIOTh OiJIBIIOI KO-
IU, HiX IIpOCcTa cyma IBOX 3axBoproBaHb» [1]. IHdexis
SARS-CoV-2 Bukinukae reHepaiizoBaHe 3anajeHHs eHI0-
TeJliI0 Ta Ba3zoaujaTallilo, 110 MiATBEPIXKYE MPUUMHHICTD
COVID-19 sk cynuHHOTO 3aXBOpioBaHHs. OTXe, PO3BUTOK
CYIMHHMX peaKklliii BU3HaYa€ TKAHWHU-MillIeHi TTPU KOPO-
HaBipycHiii iHdekii. BuBueHHs1 ocobamBocTeli QyHKIIiO-

HaJIbHOTO CTaHY HUPOK Y JIIO/Iei 3 apTepiaIbHOIO TiNepTeH-
3ieto 1—2-ro crynens, siki 3axBopinv Ha COVID-19, crano
MeTolo 1Ii€i crarti [1-7, 11-15, 18].

MeTta: Ha MpuKIaai KJIiHIYHOrO BUITAAKY 3 BIIACHOL
MPaKTUKU OLIHUTU AUHAMIKY KJIiHiKO-JIaDOpaTOpHUX I10-
Ka3HukiB y nauieHta 3 SARS-CoV-2-na tni XXH, saxuii
npuiiMae iHridiTOp aHTiOTEeH3UHIIEPETBOPIOIOYOro ¢ep-
MeHTy (IATTD) eHananpui.

Ha mnpoBeneHHs KIIiHiIKO-1a00paTOPHO-iHCTPYMEH-
TaJbHOTO JOCJIIKEHHSI OTpUMaHO iH(GOPMOBaHY 3rojay
naiieHTa.

KAiHiYHMIM BUNOAOK

[MamienT B., 61 pik, 3 giarHozom: XXH 3-i ct. (pILIK®
48 mi/xB/1,73 M%) MeMOpaHoTIpoTihepaTUBHUI TIIOMEPY-
snonedpur (tun I/11T — Hedpobioncia 16.06.2022). Crmis-
BimHoIIeHHs anboyminy/kpeatuHiny (CAK) 36 Mr/MMob.
AptepianbHa rineprensida 11 cT., 2-ro ct., pusuk 4. AHeMis
JIETKOTO CTYTIEHSI.

HiarHo3 XXH BCTaHOBIIOBAJIM 3riIHO 3 PEKOMEH-
nauismu HanionanbHoi Hedposoriynoi crinku (NKF-
K/DOQI) CIIA, kputepismu KDIGO 2012 poky i Bia-
noBigHo 10 Hakazy MO3 Ykpainu Ne 593 Bix 02.12.2004
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(i3 3MiHamMu, BHECEHUMM 3rinHoO 3 HakazoM MO3 Ykpainu
No 384 Bin 24.05.2012).

3 aHamMHe3y XBOpoOu Bimomo, 110 B KBiTHi 2021 poky
3’ABWJIMCSI HAOPSIKM Ha HMDKHIX KiHIliBKax. Y jrotomy 2022
POKY CTaH MOTipUIMBCS: 3’ IBUJIACS 33/IUIIIKA, 3arajibHa cJ1ad-
KiCTb, 30UTBIIMIUCH TIepudepruuHi HAOPSKU, 30LTBIINIUCH
umndpu aprepianbHoro Tucky (AT) mo 160/100 MM pr.cT. ¥V
gepBHi 2022 poKy Yy 3B’SI3KY 3 pPO3BUTKOM HE(GPOTUIHOTO
CUHIPOMY JIJIsT BUBHAYSHHST TIOAJTBIIIOT TAKTUKY JTIKYBaHHSI
Ta IIPOrHO3Yy XBOpOoOU Oyiia IpoBeaeHa HeGpoOioIcis.

V Giorcii 1o 8 K1y0ouKiB.

Kiry6ouky HopMaIbHUX po3MipiB, 3 O3HAKaMU MOMip-
HoI mpoutidepallii Me3aHri10, MOTOBILIEHHSIM [JIOMEPYJISIp-
HUX Oa3aJibHUX MeMOpaH, OiISTHKaMU 1X po3lIapyBaHHS
i riajiHoO3y KamiIsipHUX MeTesb. BiablIiCTh KaHAJIBLIB 3
O3HaKaMM TToMipHoi aTpodii. JlesiKi MicTSTh TiajiHOBI 11-
ninapu. CyauHU cepeIHbOTO Kainiopy 3 TOMipHUMHU O3Ha-
kamu Gibposy. CynuHu ApiOHOro Kajaiopy 3 03HaKaMHu Tia-
JIiHO3Y. [HTepCcTUlLili Y cTaHi moMipHOI aTpodii.

O3HaK akKTMBHOTO 3araJleHHST HEMaE.

Congo Red (aminoim) — peaxuis HeratusHa (0).

1gG — BupaxeHe mo3uTUBHE 3a0apBiaeHHS (+++).

IgA — mo3uTHBHA peakilisi MOMIpHOTO CTYIIeHs BUpa-
KeHocTi (++).

IgM — cnabka rnmo3uTuBHA peakilis IIOMipHOTO CTYIIeHS
BUPaXeHOCTi (+).

IgG4 — HeraTuBHe 3a0apBiieHHs (0).

CD3 — BupaxeHe Mo3uTuBHe 3a0apBieHHS (+++).

Clq — HerarusHe 3a0apsneHHs (0).

PLA2R — peaxkariist HeratusHa (0).

Kappa light chains — HeratuBHe 3a0apsieHHs (0).

Lambda light chains — HeratuBHe 3a6apBieHH (0).

Fibrinogen — HeratuBHe 3a6apBiaeHHs (0).

3 ypaxyBaHHSIM aHaMHe3y, HaHMX KIiHiYHUX o0cTe-
KEeHb, JTaHUX MOP(MOJIOriYHOro, riCTOXiMiYHOTO i iMyHO-
TiCTOXIMiYHOIO MOOCJiIXEeHb KapTMHaA BimmoBimzae mMeMO-
paHomnpoJipeparuBHOMy riomepyaoHedputy (tumn 1/111),
3MiHM TYOYJOiHTepCTMLIMfHOro amapaTy BimoOpaxkaloTb
XPOHiUHUI HecneludiuHU ileMiyHuit poliec 6e3 03HaK
aKTUBHOTO 3anajeHHs. He3Baxxarouu Ha 3a10BUJIbHI pO3Mi-
pu Giorcii, MaJyia KiJIbKiCTh KJTyOOUKiB MOXe CBiTYUTH TTPO
oJliroHepoHilo (BpomKeHa MaJla KiJIbKiCTh KIIyOOUKiB)
a00 XpOHIiYHI illeMivHi 3MiHU.

Ha doni HepoTHIHOrO CHHAPOMY PO3BUHYIACH aHA-
capka (IJIEBpUT, acuut, nepukapauT). OTpUMyBaB JIiKy-
BaHHsI C€aHCaMM i30JIbOBaHOI yabTpadiabTpalii 3 iHhpy3i-
€10 20% anbOyMiHy.

3axBopiB Ha COVID-19 y rpyani 2022 poky (monime-
pa3Ha JaHIIOTOBa peaklilis ABiYi MO3WTUBHA) ITiC/aS IMim-
tBepmkeHoro COVID-19 y uieHiB poauHM, 10 LIbOTO OyB
BaKIIMHOBaHM 1BOKpaTHO Pfizer.

JIo MOMEHTY 3axBOPIOBaHHSI OTPUMYBAaB €HaJaIpui
10 wmr, posyBactaTuH 5 Mr, Topaceminm 10 Mr, Kcumamin
20 wmr, amikcabaH 5 MI. ApTepiaJibHUII TUCK OYyB y MexXax
125—135/75—85 MM pT.CT.

IIpu kniniuHOMY 00CTEXXeHHI ITarieHTa B. Oyi1o BusiBiie-
HO TTAaCTO3HICTh HIDKHIX KiHIIiBOK, iHaekc Ketme 29,4 kr/m>2.
Innexc Yapncona — 6 6anis. Ingexc Kepno — —18. JIabo-
paTopHe 00CTEXKEHHSI: 3araJIbHUI aHaJIi3 KPOBi: €pUTPOLIM-

™ — 4,1 T/n, remorno6in — 120 v/, neiikouutu — 9,4 /1,
TpoMbo1uTu — 181 /1, MWBUIKICTH OCiAaHHS €pPOTPOLIU-
TiB — 25 MM/roj; GioxiMiuHe JOC/iIKEHHST KPOBi: KpeaTu-
HiH — 225 MKMOJIb/JT, ce4oBMHA — 16,8 MMOJIB/JT, ceuoBa
kuciora — 344 MkMmonb/n, HaTpiit — 142 MMoJb/J, Ka-
Nk — 5,65 MMonb/n, xiaop — 105,2 MMoJIb/JT, 3araibHUI
oioxk — 50 r/n, ansbymin — 30 1/, 3arajbHuUii OiTipy-
6iH — 6,3 MKMOJIb/JI, TTI0KO3a — 5,7 MMOJIb/J1, 3aTaIbHUI
xosecTepuH — 8,3 MMOJIb/JI, TTApaTUPEOITHUIT TOPMOH —
36,12 nr/mut; 3arajJbHUN aHAi3 Cedi: MyTHICTh — HE BU-
sBjeHo, muToma Bara — 1,020; ypoOiniHoreH, OinipyOiH,
KETOHU, HITPUTH i LiyKOp — He BusiBiaeHo, pH — 5,0; 6inok
(xinpkicHO) — 2,8 1/1, epurpouutu — 0—2 B 11/3, HE3Mi-
HeHi eputpouut — 0—2 B 1/3, JedKOLUTH — 2—4 B 11/3,
emiTeNiil TIocKuii — 4—6 y 1/3, HWJIHIAPYW TiaTiHOBI —
2—4 B 11/3. Y3]1 Hupok: npaBa HUpKa — 124 X 58 MM, He
30iabieHa. PosramoBana TurnoBo. KoHtypu piBHi, 9iTKi.
®opma HesaMmiHeHa. [lapeHXiMa cepelHBOI €XOT€HHOCTI,
Mictuth Kictu 4—11 mm. Koptuko-menynsipHa audepeH-
Iiaiis 30epeskeHa. Backymsipusanist He 3MiHeHa. ToBIImHa
MMapeHXiMM BiIMOBigZa€e HOPMAaTUBHUM 3HAYCHHSIM. 30U-
pasibHa crucTeMa He posiupeHa. JliBa Hupka: 119 x 60 MM,
He 30i1bIeHa. Po3ramoBana TunoBo. KoHTypu piBHi, 4iT-
ki. ®opma He3MmiHeHa. [TapeHximMa cepeaHbOT eXOreHHOCTI,
Mictuth Kictu 8—13 mMm. Koptuko-meaynspHa audepeH-
Liaiist 30epexeHa. Backynspusauis He 3MiHeHa. ToBIIMHA
rapeHxiMy BilIOBiZa€ HOPMATUBHWUM 3HAYEHHSIM. 30u-
pajibHa cucTeMa He po3iiupeHa. BUCHOBOK: yJIbTpa3ByKOBi
03HaKM KiCT HUPOK.

Byno nmpuzHayeHO KOMOIHOBaHY Tepariito: ocebraMi-
Bip 75 mr nBivi Ha 100y Ta ymideHoBip 200 MT YoTHpU pa3u
Ha 100Y.

Ha ¢oHi cBo€eyacHOTO MpU3HAYECHHS €TiIOTPOITHOI Te-
pamnii COVID-19 nepe6iras y Jjierkiit opMi. Ajie HeraTuB-
HU BIUITMB Ha (DYHKILi10 HUPOK yCe XK TaK/ OyB BUSIBJICHUIA.
Tak, y mauieHTa 30iJbIIMBCS piBeHb KpeaTUHiHY KpOBi
(225 mxmonb/a) i CAK (85 Mr/mMmoiib), IpoTeiHypist 3poc-
na g0 6 . Ha ¢oHi npuitoMy eHamanpuiay Big3Hadanoch
cyrreBe 3HMxKeHHsT AT (90/60), y 3B’I3Ky 3 UMM MaLliEHT
OyB 3MyIlIEHUIA TIporycKaTu npuitom npenapary. [1pote
naHuii epexr 6yB MuHyiuii, i AT oBepHYBCsI 10 BUXiI-
HOTO PiBHS Yepe3 2 THKHi.

Taxkox criocrepiranocst BiTHOBJIEHHsI (DYHKIIIi HUPOK
MIPOTSITOM HACTyMHUX 6—8 TukHiB. KpeaTuHiH 3HM3UBCS
1o 175 mxmonb/n, CAK — mo 66 Mr/MMOJIb.

Leii xrIiHIYHMI BUIIAZOK IEMOHCTPYE YCKJIATHEHHS,
ki BUHMKaloTh y nauieHTis i3 XXH npu COVID-19. Ilo-
JlaHi HaMM paHillle pe3yabTaTu CHOCTepeXeHb 3a TaKUMU
Mali€eHTaMy CBigyaThb IIPO 3HMWXKEHHS (PYHKIiI HUPOK,
MiIBUILIEHHST MPOTEIHYpil, a B MALli€EHTIB, SIKi OTPUMYIOTh
iATI®D, — 3HauHe 3HMKeHHs AT [2]. Tlpore wi yckianu-
HEHHs 6arato B YOMY 3aJiexkaTh BiJl e()eKTUBHOCTI Tepartii
COVID-19 i, BinnoBinHO, nepebiry xBopoou. Y Hasene-
HOMY KJIiHIYHOMY criocTepexkeHHi Bin’emHuit [1JIP-Tect
Ha COVID-19 0yB 3amokymeHTOBaHUWIA 4epe3 7 mid Bing
IOYaTKy KOMOIHOBaHOI aHTUBIpYCHOI Tepalrii, a OdiKyBa-
He TIOTipIIeHHSs KJIiHIKO-J1a00paTOPHUX MOKA3HUKIB MaJio
OLTBII IIBUAKINM OOOPOTHUI Mepedir, HixK B aHaJIi30BaHil
HaMM KoropTi [17].
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BMCHOBKMU

1.V manoro nauieHTa 3 SARS-CoV-2 Ha TJ1i BXe iCHY-
touoi XXH 3-i cT. BingHaueHo 1IBUIKY 0OOPOTHY MO3UTUB-
HY IMHAMIiKy KJIiHiKO-71a00paTOpHUX MTOKA3HUKIB i MO~
IIEHHS SIKOCTI XUTTS Ha TJ1i ipuiiomy iATTD (enamampun).

2. Tepedir COVID-19 y namienris 3 XXH Ta aprepi-
aJTbHOIO TillepTeH3i€lo, sKi nmpuitMaioTh iAIID, cympoBo-
JKYETHCS CYTTEBUM 3HMKEHHSIM AT, 3HmkeHHsaM pLIIK D,
nigumeHHaM CAK, ane mi edpekTr MOXKYTh MaTH TpaH3M-
TOPHUI XapakKTep, 10 3a0KyMEHTOBAHO B MOAHOMY KJli-
HiYHOMY BuIanky (BimHoBieHHs Ludp AT m0 BUXiZHOTO
PiBHSI CITOCTEpIrajoch MPOTIrOM 2 TUXKHIB, BiIHOBIEHHS
pIIK® — mporsirom 6—8 THUKHIB).

3. CBoeyacHe NpU3HAYEHHSI €TiIOTPOITHOI Tepallii CYyTTEBO
BIUIMBA€E Ha 3MEHIIICHHS TSKKOCTI Mepe0iry 3aXBOprOBaHHSI.

KonduaikT inTepeciB. ABTop 3asiBIISIE MPO BiICYTHICTD
KOH(IIKTY iHTepeciB i (iHAHCOBOI 3alliKaBJIEHOCTI IIpU
HaITMCaHHi CTaTTi.

Indopmania npo dinancyBannda. Poborty BuKOHaHO
3a BJIACHI KOIITH aBTOpa, 3M00yBaya HayKOBOTO CTYIIEHSI
(moxTopa dinocodii 3 MeAULIMHNI) 11032 aCIIiPaHTyPOIO.

ABTOp BUCJIOBJIIOE TIOASIKY 3aBimyBauy Kadeapu He-
¢posorii Ta exKcTpakopmnopaJbHMX TexHojorii HMY
iM. O.0. boromounblist, mpodecopy, a.M.H. J1.J1. IBaHOBY 3a
JIOMTOMOTY B HalTMCAaHHI CTATTi.
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Effect of ACE inhibitors on the course of SARS-CoV-2 in a patient with pre-existing chronic kidney disease:
a clinical case

Abstract. The presence of in combination with hypertension stage
1-2 and its medical correction using renin-angiotensin-aldoste-
rone system (RAAS) inhibitors significantly affects the health of
patients who are infected with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). SARS-CoV-2 uses RAAS as a tool
to penetrate the cell, namely the receptor of angiotensin-converting
enzyme (ACE) 2. The purpose of the work: to assess the dynamics
of clinical and laboratory indicators in a patient with SARS-CoV-

2-associated nephropathy against the background of taking ACE
inhibitors. This article describes a clinical case from the author’s
own practice. Timely prescription of etiotropic therapy for coro-
navirus disease 19 significantly reduces complications of chronic
kidney disease course with hypertension.

Keywords: SARS-CoV-2-associated nephropathy; renin-angio-
tensin-aldosterone system; angiotensin-converting enzyme inhibi-
tors; clinical case; chronic kidney disease
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VIIK 616.61-008.331.1 DOI: https://doi.org/10.22141/2307-1257.12.3.2023.420
AeHoBa N A.

HALUIOHAABHI YHIBEPCUTET OXOPOHM 3A0POB S YikpaiHu imeHi T.A. LLyrnvka, m. Knis, YkpaiHa

BNAMB OHTUOKCUACQHTHOI Tepanii Ha nepeo6ir
AOAIAAI3HOT XXH y nauieHTa 3 KOMOPOIAHICTIO
For citation: PocCki. 2023;12(3):161-167. doi: 10.22141/2307-1257.12.3.2023.420

Pestome. XpoHivHa xBopo6a HUPOoK (XXH) Marike 3aBXKAM OB’ I3QHA 3 TAKMMU CYITyTHIMIM 3QXBOPKOBAHHSI-
My, sK Lykposum aiQbet (LA), rinepypukemis/noAarpqQ, Ce4OKaM siHa XBopobQa, YOCTO 3 iHpeKLieo cedyo-
BUBIAHUX LUASIXIB, QPTEPIAALHA TiNepTEeH3is, MOAIKICTO3 HUPOK TOLLO. ABTOCOMHO-AOMIHQHTHA MOAIKICTO3HO
XBOPO6Q HUPOK — L& CrNaAKOBE 3QXBOPHOBAHHST HUPOK (1/1000-1/400 y BCbOMY CBITi), SIKE BPQXKQE rnepe-
BQAXKHO AOPOCAE HACEAEHHSI, BUKAVKAHE MEepeBakHO MyTaismu B reHax PKD, (85-90 % suraakis) i PKD,
(10-15 % BUMQAKIB), $IKi BIATTOBIAHO KOAYKOTb MPOTEIHM: MOoAILMCTIH, (PC ) 1a noAiumctnH, (PC,). Y AOpOCAMX
3i 36epeXXKeHO QYHKLIEKD HUPOK MOLLUMPEHICTb MoAQrpu 3p0CTaE 3 1 A0 2 % (rinepypukemis — A0 11 %),
y nauieHrTis i3 XXH 4-i ctaaii — a0 32 % (rinepypukemis — A0 80 %). Y 70 % nauieHTiB 3 noaarporo 1a 'y 50 %
nauieHTis i3 rinepypukemieto € XXH > 2-i ctaaii. XXH cripusie sHmKeHHIO ekckpeLii ceqooi kucaotn (UA) i3
ceyero. Y nauieHtiB 3 XXH 3Q rinepypukemito BBAYKQKOT piBeHb UA B CUPOBATL KPOBI Y XKIHOK > & MI/AA |y
YOAOBIKIB > 7 Mr/AA. TinepypuKemisl Ay>ke HOCTO CrioCTepiraeTbCsl Mnpu rinepToHii 1a LA iy 2. 'Y nauieHTiB
i3 3QXBOPOBAHHSIMU HUPOK LIA nociaae OCHOBHe MicLe cepes YYHHUKIB CMepTHOCTI T 3aXBOPIOBAHOCTI.
3aniao3putn aiabetyHy Hepponarito (AH) y nauieHTa 3 LIA Tury 2 MOXXHQ 3Q HQSIBHOCTI QAbOYMIHYPIl i/a60
AiabetnyHoi petmHonarii. O3HaKu AH: MOTOBLUEHHS 6Q3AABHOI MEMOPQHY, PO3LLUMPEHHS ME3QHTIAAY TA MiA-
BULLIEHHST MOOHUKHOCTI CYAMH AAST QALOYMIHY, LLO iHAYKYKOTbCSI HEPEPMEHTATUBHOK INIKALED KOAQreHy Ta
AQMIHIHY. KOMOPOIAHICTb MOraHO BrVBAE HA CTAH 3A0PQOB S NMALIEHTIB Yepe3 rMiABULLIEHHST 3QXBOPIOBAHOCTI
TQ CMEPTHOCTI. TaKi NALIEHTV B rpyrii PUMKY LUBUAKOIO MporpecyBaHHsT XXH 3 nepexoAoM Yy TEPMIHAAbHY
cTaaito XXH, sika notpebye HUpKOBO-3aMICHOI Tepartii. ToMy PAHHST AIQrHOCTUKA, AiKYBAHHSI TQ MPOQIACK-
TMKQ YCKAQAHEHb XXH AAST TQKMX MNQALIEHTIB € BAXKAVBUMM. Y Livi CTQTTI BUCBITAEHO BIAWB QHTUOKCUAQHTHOT
repanii Ha nepe6ir XXH y nauieHTiB 3 KOMOPOIAHICTHO.

KAIOHOBI CAOBQ: XPOHIHHQO XBOPOOQ HUPOK; MOAIKICTO3 HUPOK; MOAQPQ; rifnepypukemis, Ald6etnyHa He-
Gponarisi;, QGHTMOKCUAQHTHQ TePArlisl, I\YTATIOH, yOIXiHOH

Bctyn

XXH — wme rmmobajabHUA TATAp IS TPOMAACHKOTO
3I0POB’sl, BUTPATU Ha OTHOTO MalliEeHTa Ha PiK CTAaHOBJISATh
20 000—100 000 momnapiB CIIIA, a mporpecyBanus XXH mo
5-1 cranmii 36inp1rye Butpatu y 1,3—4,2 pasza [1, 2]. XXH
€ IpUYMHOIO 1,2 MJIH cMepTeil Ha pik Ta HasiBHA y 13,4 %
nopocioro HaceneHHs (12 % nacenenHst Ykpainum). s
nopiBHsHHS, y CrioayyeHux Ilrarax Ha XXH cTpaxnae
61m3bKo 1 i3 7 ocib, crapmux Big 30 pokiB [1, 3], a B Ko-
pei — 13 % nopocnoro Hacenenus [4]. Bim XXH vy cBiti
crpaxaaotb noHaa 800 maH ocid. [TommpeHicte XXH y
cBiTi craHoBUTH 10—16 % Bin 3araabHOI YMCETBHOCTI Hace-
neHHs [1], i mo 2040 poxy XXH Mozke ctaTi 11’ ITOI0 OCHO-

BHOIO MPUYMHOI CMepTHOCTI [2]. B ocib moxunoro Biky
XXH csirae 30 %. XXH BuU3HaHO ITPUXOBAHOIO EITiAEMIEI0
[1]. OcHoBHMMU TipuunHamMu eminemii XXH BBaxaroTbcs
IobajabHa MOIIMpPeHicTh mykpoBoro miadery (L) Ta crta-
piHHS HacelxeHHH [5].

Tepmin «XXH» (32002 poky) 00’eaHye pi3Hi HO30JIOTiYHI
dopmu, I SIKUX XapaKTepHO IIPOrpecyBaHHS XPOHIYHOTO
aTOJIOTIYHOTO MPOLIECy B HUPKaX Yy MOEIHAHHI 3 XPOHIYHOIO
HUPKOBOIO HEJAOCTATHICTIO, SIKa MOTPedye HUPKOBO-3aMicC-
Hoi Tepamnii (H3T) (remomiani3, neputoHeanbHUIt Iiai3 abo
TpaHcrutaHTauis Hupku) [1, 3]. ¥V 2002 poui HauionaibHum
HupkoBuM (onmom CIIIA (National Kidney Foundation —
NKF) 3a yyacTio BeJIMKOI €KCIepTHOI Tpymnu (KOMiITeT
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KDOQI — Kidney Disease Outcomes Quality Initiative) Gyna
3arporoHoBaHa KoHuemiist XXH [6].

XXH — 1e nmarosioriyHuii cTaH, Npu SKOMY BiIOyBa€Th-
¢Sl BHMKEHHSI (DYHKILIT HUPOK, 1110 KOPEJIIOE 3 PO3paXyHKO-
BOIO IIBUIKICTIO KiTy6oukoBoi (inbrpatii (pLLIK®D) meHe
3a 60 mu1/xB/1,73 M2, i/a60 CcMiBBiTHOIIEHHSIM aJbOYMiH/
kpeatuHiH cedi (CAK) nonan 30 mr/r, i/abo mapkepaMu
ypaXkeHHsI HUPOK, TPUBAJIICTIO He MEHIIIe 3a 3 MicsIIIi, 110
XapaKTepU3YEThCS CTPYKTYPHUMMU /200 (PyHKIIIOHATBHU-
MU HUPKOBUMM 3MiHAMM 3a JaHUMMU KIiHIYHHUX, Jabopa-
TOPHUX, IHCTPYMEHTAJbHUX, MOP(HOJOTiUHUX TOCIiIKEHb,
SIKi 1al0Th MiACTaBY AJIs1 BUKJIIOUEHHSI TOCTPOIO MaToJI0riu-
HOTO npolecy B HUpKax [1, 6]. Po3pi3HsI0Th T’ ITh CTamiit
(1-5) XXH, sixi Bu3HauaroTh Ha migcrasi plIIK®. Ha 1-it
cranii XXH dyHKIisi HUpoK 30epekeHa, aje MminTBepaKe-
HO JIabOpaTOpPHO-iHCTPYMEHTAIbHI 3MiHM B HUPKaX, a Ha
5-1i cramii (TepMiHaIbHa CTajlisi XBOPOOM HUPOK) HasiBHA
TsiKKa HUpKoBa HenoctaTHicTh. Crazist 3 (3a i 3b) Binmo-
Bimae «J1erkiit abo moMipHO 3HIKeHii» (3a) i «ImoMipHO a6o
CWJIBHO 3HIKEHil» GyHKIiT HUpoK (30) (Tada. 1) [6].

XXH wmaibke 3aBXIM MOB’S3aHa 3 TaKUMU CYIYTHi-
MU 3axBoproBaHHsIMHU, K LIJI, rimepypukemis/monarpa,
cedyokaMm’ssHa XBOpoOa, 4acTo 3 iH(QEeKIli€l0 CeYOBUBIiI-
HUX IUISIXiB, apTepiajbHa TilmepTeH3is, MOJIiKiCTO3 HUPOK
Toio. KoMopOigHiCTh moraHo BILUIMBA€ Ha CTaH 340POB’S
MNAalli€HTIB Yepe3 MiABUILEHHS 3aXBOPIOBAHOCTI Ta CMepPT-
HOCTi [6]. 3ayleXXHO BiZl OCHOBHOT'O 3aXBOPIOBaHHsI i/a00
JIoKastizallil rmaToyioriyHuX aHoMautiit mapamerpu XXH ic-
TOTHO BiJIPi3HSIOTHCS 32 CBOEIO TMaTo(i3iosorieto, KiliHiu-
HUMU XapaKTepUCTUKAMU Ta Haciigkamu [4, 7].

MOAIKICTO3 HUPOK

ABTOCOMHO-IOMIHAHTHA IIOJIIKiCTO3Ha XBOpoOa HU-
POK — IIe CITaKOBe 3axBoproBaHHs HUPOK (1/1000—1/400
Y BCbOMY CBiTi), sIKe BpaXka€e MepeBakHO JOPOCIE HaCeIeH-
H#, BUKJIMKAHE NepeBaXHO MyTalissMu B reHax PKD, (85—
90 % sunankis) i PKD, (10—15 % Bunaxis), siKi Binmosiz-

HO KoayioTh nporeinu PC, ta PC,. ITepebir 3axBoproBaHHs
BU3HAYa€ MHOXMHHE YTBOPEHHSI KicT B 000X HUpKax. Kic-
TU MOXOJSITh, SIK MIPABUJIO, 3 TYOYJISIPHOTO ypoeriTelito [8§,
9]. Ipu 36epexeniit pLLIKD (3a paxyHOK KOMITIEHCATOPHOT
rinepdiabrpaliii) cepeaHiii 3araibHUI 00’€M HUPOK 3a pik
30iTBIYETHCS, K TIPaBUIIO, Ha 5 % Ta 'y 3 pa3u TiepeBUIILYE
HOpMaJIbHU I 00’€M HUPOK (paHHii1 aBTOCOMHO-IOMiHAHT-
HUI noJtikicTo3 HUPOK) [9, 10]. 36inbIeHHS KicT y po3mipi
YUHUTH KOMIIPECiIO Ha iHTaKTHY HUPKOBY MapeHXimy, yHa-
CJIiIOK YOT0 IMOPYIIYIOThCS (YHKIIII Ta HOpMajJbHa CTPYK-
Typa HUPKU [8], BKIIOUYHO i3 CyIMHAMM Ta KaHaJIbISIMU,
110 BUKJIMKAE 3aMajJeHHs 3 MePexXoJ0M B iHTEPCTHUIlialb-
Huit $iopos [9]. [Ipu PKD, MyTauii nanieHT 10csAraioTh
TEPMiHAJIBHOI CTa/lil HUPKOBOI HEJIOCTATHOCTI B OUIBILIOCTI
BUINAJIKiB Y Billi 54 poku, a npu PKD, — 74 poku [9].

Y nonsgpu3oBaHMX eIiTeJioluTax Ha aare3iiHomy
KOMILJIEKCi, TMIEpBUHHUX Biiikax Ta rjia3MaTU4yHiii MeMO-
pani 3Haxomuthea PC,. PC, (6-TpancMeMOpaHHuii 1po-
TeiH) TposiBisie cebe sik Ca’*-uyTauBUIL KaTiOHHUI KaHa
(CiMEMICTBO TPaH3UTOPHMX PEUENTOPHUX TIOTEHIIiaiB)
i posmiltyerbes pasom 3 PC, y miasmaTunuHiii MmemOpaHi
Ta BiliKax. Y BIOIIOBiIb Ha 3rMHAHHS BillOK aKTMBYETHCS
kommuieke PC -PC,, 1o cripusie BUBUIbHEHHIO i3 BHYTpIllI-
HBOKJIITUHHOTO pe3epBy Ca’*, iHAYyKYIOYM TPaHCIIALI0
curnany. I[Ipu nopymenni komriekcy PC -PC, knitunna
nepemada curHaiiB Ca’*t IpUIMHSIEThCS, YHACTIIOK YOTO
301JIbLIYETHCS BHYTPILIHBOKJIITUHHUIN TUKJIIYHUN aieHo-
3uHMoHo(pochaT (LAM®D) i akTUBY€ETbCS LUISIX Mepeaadi
curHajiB nipoteinkiHasu A (PKA). Taki curHaibHi 1IIIXU,
gk mTOR (mammalian target of rapamycin), JAK (Janus-
KiHaza), Wnt (00’emHaHHSI IBOX TE€HiB-OPTOJIOTIB: TeHa
wingless (Wg) IUTOHOBUX MYIIOK APo30@dil i IMPOTOOHKO-
reHa muiieir — int-1) i MAPK (mitogen-activated protein
kinase), aKTUBYIOTbCSI, a iHIII IIISIXA IIPUTHIYYIOThCS, Ha-
npukian uusx AMPK (aneHo3uHMoHOMoChaTaKTUBOBA-
Ha MPOTEiHKiHAa3a), 1110 BiAIOBiIa€ 32 BHYTPIllIHbOKJTITHH -
HUIi CUHTE3 eHeprii [§].

Tabnuys 1
KaTeropii nepcuctyto4oi anb6ymMiHypii
A1 A2 A3
I;g:(zio (Kidney)l())i(s;fase:_lmproyinlgl;] I?cll??al Ogtcc_)mes___) aggﬂ:::;::o MomipHo Pizko
: NPOrHo3 Ha nigcTasi i anb6yMmiHypii i i
p A p YMIHYP nigBMLLeHa niaBuLlieHa nigsuLlieHa
< 30 mr/r; 30-300 mr/r; > 300 mr/r;
< 3 mr/mmonb | 3-30 mr/mmonb | > 30 mr/mmonb
C1 HopmarnbHa a6o B1coka >90 HW3bkunin puank* | MomMipH1in pusmK | Bucoknii pnaunk
Cc2 HesHayHOo 3HMXeHa 60-89 Hu3bkuii puamk | MomMipHUin pru3nk | Bucoknii pnaunk
S~ =
X's C3a MomipHO 3HMXeHa 45-59 MomipHWn pn3nK | Bucokmm pmamnk Hyxe sucokui
= pU3nK
[SH
= _ . Lyxe Bucoknii | [y>ke BUCOKMNN
§ 3 C3b CyTTeBO 3HMXEHA 30-44 Bucokuin pusmnk UMK DU3MK
o= - o _
[
5 s . » Oyxe Bucoknii | Oyxe Bucoknii | [y>xke BUCOKMN
g C4 Pisko 3HMxeHa 15-29 DU3NK PMaUK DUaNK
. Oyxe Bucokmii | Olyxe Bucokuii | [y>ke BUCOKMN
C5 HuvpkoBa HefoCTaTHICTb <15 UMK PM3UK UMK

lpumitka: * — 3a BigCyTHOCTI iHLUNX MapKepiB NOLLUKOAXKEHHS HUPOK a6o XXH.
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Moaarpa Ta rinepypukemis

Ilonarpa € HalimoIIMpPEHIIIOIO 3aMaJlbHOIO apTPOIAaTi-
€to. B ychomy cBiTi Ha ogarpy crpaxknae 10 6 % HaceJeH-
Hs; 1,4 % nacenennst Kutaio, 2,4 % — BenukobpuTaHii Ta
3,9% — CHIA[11, 12].

V nmopocaux 3i 30epexkeHo10 (PYHKIIIEI0 HUPOK ITOIIH-
peHicTh mogarpu 3poctae 3 1 1o 2 % (rinepypukemMiss — 10
11 %), y nauienriB i3 XXH 4-i cramii — mo 32 % (rinep-
ypukeMis — 1o 80 %). Y 70 % nanieHTiB 3 mogarpoio ta y
50 % mnarieHTiB i3 rinepypukemieto € XXH > 2 crazii. XXH
crpusie 3HKeHHIo ekckpeltii UA i3 ceuero. Y mali€eHTiB 3
XXH 3a rinepypukemiio BBaxkaoTb piBeHb UA B cupoBaTiii
KpPOBi Yy XiHOK > 6 Mr/mi i y 4ojoBikiB > 7 mr/mn. T'inep-
YPUKEMisl qyKe 4acTO CITIOCTEPIira€Thcs MpU TiMepTOHii Ta
LI tuny 2. Mix piBuem UA B cupoBarTili KpoBi Ta MOIIK-
penictio LI/, rinepronii Ta XXH icHye npsimuii 3B’130K
[13]. IMigBuimenHss UA y cupoBariii Ha 1 mMr/mj 36iblinye
CcMepTHICTh (Ha 8—9 %) i 3arajbHUI pU3UK iIIEMIYHOI XBO-
pobu cepud (Ha 20 %) [11].

Kcantunokcunopenykrasa perymoe merabomizm UA
LIJISIXOM KOHBepTallii TiMOKCAaHTUHY B KCAaHTUH, a TOTiM
y UA, ska po3kiamaeTbes (3a HOMOMOIOI0 ypUKa3u) 10
aJlaHTOIHY, SIKUIi, Y CBOIO Uepry, pO3KJIadaeThes (3a J0I0-
Morolo ypeasu) no amiaky [11]. Ha nporpecyBanns XXH
UA Mae BILUIMB yepe3 aKTHBallil0 peHiH-aHTi0TeH3UH-alb-
JIOCTEPOHOBOI CUCTEMU, €HAOTEeNiabHOI AUCGhYHKIIT Ta
OKCHUJIAHTHOTO CTPECY, 1110 MOPYIIYE CeKpelilo Ta GaiaHc
MiX Ba3oKOHCTpukTOopamu (aHrioTeH3uH II, eHmoremiH-1
Ta TPOMOOKCaH A,) Ta Ba30AMIaTaTOpaMu (ITpOCTarJaHInH
I, (npocrauukiin), okeun asory) [11]. YIBopeHH: akTUB-
Hux dpopM KucHio (ADK) (epoKCUHITPUT) MOIIKOIKYE
JHK, BuKimKae nepeKrcHe OKMCHEHHS JIITiIiB i 3arn0esb
KkitituH [11].

AiabeTtnyHa HedpponarTis

463 MiTbHOHU JIONEN Y BCbOMY CBITi CTpaXmaroTh Ha
1IJ1 (omHe i3 OCHOBHMX HeiH(EeKIIiiiH1UX 3aXBOpIOBaHb). Y
2045 polli, MOXJIUBO, KiJIbKiCTb 3aXBOPIIUX 30iTbIIUTHCS
10 700 MinibiioHIB. Y MallieHTiB i3 3aXBOPIOBAHHSIMU HUPOK
LI/I mocinae oCHOBHE Miclle cepeJi YNHHUKIB CMEPTHOCTI
Ta 3axBoproBaHoOCTi [14, 15]. 3anigo3putu niabeTMuHy He-
dponarito (JIH) y manienra 3 L] Tumny 2 MoxHa 3a HasiB-
HoCTi anbOyMiHypii i/abo giabeTnuHoi peTrHoMNAaTii [4].

JAH Ba mi3HilA cramii yCKIagHIOETHCSI HiaOCTUYHUM
HUPKOBUM (HiOpO30M, KM XapaKTepU3yEThCSI MAaCUBHUM
BimkilamaHHSIM KoJjareHy (3 HakornumyeHHsSM ECM) ta 3a-
MillIleHHSIM CITOJIYYHOIO TKAaHMHOIO IMapeHXiMu HUPKU (3
YTBOPEHHSM pyous) [15—22].

Osznaku IH: motoBiieHHs 6a3abHOI MEMOpaHU, PO3-
LIMPEHHS Me3aHTialy Ta MiIBUIIEHHS MTPOHUKHOCTI CyAUH
IUTs1 aTbOyMiHY, 1110 iHAYKYIOTbCS He(DepMEHTATUBHOIO IJTi-
Kalliefo KoyiareHy Ta JiamiHiny [14]. [llomepynockiepo3s ta
HUPKOBA HEIOCTATHICTh TeX TOB’sI3aHi 3 HAJAMIpHUM Ha-
KOTMWYEHHSIM KiHIIEBUX TPOJYKTIB TPOrpecyrovoro TIJli-
kyBaHHS (RAGE). Ilpurnivenns excnpecii RAGE moxe
3MEHIINUTHU CTPYKTYPHi 3MiHM B HUPKOBHUX KIyOOYKax 3
paHHboOIO TuchyHKIIEo |14, 23].

AHTUOKCUACGHTHQO Tepanis

IAyTarioH

Iyration (GSH) e tpunentumom: y-Glu-Cys-Gly
(rmyraMaT-uMCTeiH-TinrH). Ma€ TioabHY Tpymy 3aIUIIKy
LIMCTETHY, 32 paXyHOK 4oro (pyHKIIIOHYE SIK BiTHOBHHUK, a
TaKoX HyKJIeoimbHUI HeHTp. € a8i popmu GSH: okuc-
HeHa (GSSG) mucynbdinHa Ta BimHOBiIeHa (GSH) Tio-
soBa ¢opmu (puc. 1, 2). Konuentpaiiss GSH i GSSG y
KiiThHax ccaBiiB 1—10 MM (BimHOBJIeHa hopma — 98 %).
CraHmapTHU YIBHMI OKMCHO-BIIHOBHUII ITOTEHIIiaIX
(E°) GSH -288 mV. 3HaxomuTbcsl MiXK HaWOUTBII TO-
sutuBHUM O,/H,O (+849 MB) Ta Hail0inbLI HEraTMBHUM
H*/H, (=423 MB) penoxc-napu [24, 25].

GSH i rayrapenoKCMHU Mil0Thb Ha BiTHOBJEHHS -
cyab(hinHuX 3B’3KiB, BHACHi 10K yoro GSH oKUCHIOETHCS
no GSSG, skuii, y CBOIO 4epry, BiTHOBIIOEThCS HiKOTH-
HaminageHiHanHykaeotuadocdar-zanexHoro (HAIDPH,
BimHOBJIeHa hopMa) IIyTaTiOHpEeayKTa3o1o [24].

VY mna3mi KpoBi Ta TO3aKJITUHHUX PiAWHAX piBEeHb
GSH — kinbka uM; ogHaK y AeSIKMX MO3aKJIITUHHUX Pinn-
Hax (piguHa cM30BOI OOOJIOHKM JIETeHb) OYJI0 BUSIBICHO
piBHi 100—400 uM [24].

AMigHU# 3B’5130K (MiX Y-KapOOKCWJIOM TJIyTaMiHy Ta
aMiHOJIaHLIOraMHU IKUCTEiHY) 3aBaxkae posuierieHHio GSH
LUPKYJITIOIOUMMH CUPOBATKOBUMU Ta KJTITUHHUMM TIETITH -
naszamu. [amma-rinyraminrpancnenTtuaasa (GGT) riopoi-
3ye 1eil amigHuii 38°430K 10 Cys-Gly ta y-Glu. Cys-Gly,
y CBOIO Yepry, PO3IIEIIIOEThCSI BHYTPIIHLOKIITUHHU-
mu Cys-Gly nentumazamu i/abo MeMOpaHO3B’sSI3aHUMU
nunentuaazamu. Cys-Gly i/abo iioro okpemi omuHMIL
(Cys, Gly i y-Glu) BUKOPUCTOBYIOTbCSI KJITUHAMU JJIsI
BHYTpillIHbOKJIiITUHHOTO cMHTe3y GSH. ¥ nporokax Hu-
pok i mianutyHkoBoi 3am03u GGT mae HaliBUIIUI piBeHb
1 eKCIIPECYEThCS Ha MOBEPXHI MPOCBITY a0COPOLIIHUX Ta
eKCKpeTUBHUX KJIiTUH. OgHAaK BiH Mailke BiICYTHIil y re-
MMaTOILUTAX i CepLEeBUX MiOLUTAX. YHACTIIOK T€HETUIHOTO
nopyiieHHs (BiacyTHicTh akTuBHOCTI GGT Ha amikajabHil
MOBEPXHi MPOKCHMMAaJIbHUX KaHaJIbLiB HUPKU) BUHUKAE
LIIyTaTionypis [24].

0 o
|

| I
COOH H CH:2

|
SH

No2N—CH— CH2— CH2—C — N — CH—C — N — CH2—COOH

Y6ixiHOH

Koensum Q,, (CoQ,,) € roino-
BHUM >KUPOPO3UMHHUM aHTUOK-
‘ CUJIAaHTOM, SIKMH CUHTE3YETHCS
H B OpraHi3Mi JIIOAUHU Ta 3aXUIIAE
BCi KJITMHHI MeMOpaHHM BiI IT0-
INKO/DKEHHST BUTBHUMM  paauKa-
Jgamu. CoQ,; B MiToXOHIpisAx Oepe

PucyHok 1. GSH, BigHoBneHa tionosa ¢hopma

y4acTh Y CTBOPEHHi aeHO3UHTPU -
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panukanu (ADPK) Ta Moxke Big-
HOBJIIOBATH iHIIIi aHTUOKCUIAHTH,
HanpukJiaza BitamiH E abo BiTamin
C, 3amo0birajoum ITOLIKOIKEHHIO
JHK i MiToxoHIpiaJbHUX TIpO-
teinip [27]. CoQ,, mae aHTu-
OKCUIAHTHi Ta TPOOKCHUIAHTHI
BJIACTUBOCTi. B 0oCHOBiI aHTHOK-
cuaanTHOi aii CoQ ; (BinHOB/IEHOT
GopMM) JIEKUTH IeTTPOTOHYBAHHS
i JOHOPCTBO E€JIEKTPOHIB, sIKe, Y
CBOIO Yepry, Bele 10 YTBOPEHHS
ceMiyOiXiHOHOBUX paguKaliB i
okucHenoi dopmu CoQ,, AKuit
MOTIM TIOBHICTIO BiHOBJIFOETHCS

PucyHok 2. GSH, okucHeHa aucynboinHa chopma

dochaty (ATD) y npolieci OKUCHOTO (HoCchHOPUITIOBAaHHS
LIJISIXOM TIEPEHECEHHs eJIEKTPOHIB (Y MITOXOH/IpiaTbHOMY
JIAHIIIO31 TPAaHCIIOPTYBaHHS eJIeKTPOHIB) 3 KoMruteKcy I i 11
no komruiekcy I11. BrmmBae Ha MeTa0o1i3M aMiHOKHUCIIOT,
nipuMinuHiB Ta cynbdiniB, mintpumye pH y mizocomax, a
TaKOX OMNOCEPEIKOBAHO 30LIbIIYE €KCIPECil0 MeSIKUX Te-
HiB, y TOMY YKCJIi i Tpo3anajbHux [26].

biogoctynnHicte CoQ,, HusbKa (6;1m3bKo 5 %) uepes
0COBMMBOCTI XiMiuHOT CTPYKTYpH, a came CoQ,  Mae onHy
3 Haii6inbL rixpododbHux Moneky. (puc. 3). CoQ,, 3acBo-
IOEThCS, K i BCi iHIII XUPOPO3YMHHI pedoBUHU [26]. V
asaHagugTunanii ki CoQ,, Mitenisyerbes. € npuny-
LIEHHsI, WO HOCIM 114 moJermeHns HaaxomkenHsa CoQ
B EHTEPOLUTH — 1€ TpaHcnoprep xonectepuny NCPC L,
(Niemann-Pick C, Like ). B enrepounti monekynmu CoQ
MOMIIIIeHi B XUJIOMiKPOHM, SIKi IOTPAIUISIOTh B JiMdaTiu-
HY CUCTEMY, a 3BiITU — Yy KPOBOOOIIL, I¢ TpaHCHOPTYIOTh
CoQ,, B nevinky. B nevinui CoQ, , SIK npaBuiio, moTpa-
TJISI€ B JIMOMPOTEiAM HU3BKOI IIUIBHOCTI i Jlimonporeinu
Iy>K€ HU3bKOI IIUJIBHOCTI TSI MOJAAJBIIOT0 TPAHCIIOPTY-
BaHHS [26].

CoQ,, y kiituHi posmityerbes (mpubausto 80 %) y
MITOXOHJPIisIX, 1€ BiIOYBA€ThCSI MOTO CUHTE3 (HAa BHYTPIII-
Hill MiTOXOHIpiaJIbHiT MEMOpaHi), ajie TAKOX 3HAXOIUThCSI
B MeMOpaHax eHIOIUIa3MaTUYHOTO PETUKYIyMY, Ila3Ma-
TUYHI MeMOpaHi, TepoKcucomax, Jiizocomax Ta arapari
Tonpaxi [26].

CoQ,, (moBHicTIO BinHOBIEHA (POpMaA) MOXE MPOAB-
JISITA cebe K HeOUIKOBUI JiMmoibHUN aHTMOKCHUIAHT.
IMosHicTio BinHoBIeHa hopma CoQ, HeiTpaisye BilbHi

o)

o) CH,

H,C

"Co N H

O CH, 610

PucyHok 3. XimidHa cTpykTypa y6ixiHOHYy

MITOXOHIpiaJbHUM  JTUXaJbHUM
JaHuworom [27].

Poab ditoTtepanii B AikyBaHHi XXH

3maBHA BimoMi JIiKyBaJbHi BJIACTUBOCTI POCIMH MPU
pi3HUX 3aXBOPIOBAHHSX, 30KpeMa IIPU 3aXBOPIOBAHHSX
HUpPOK. Y jiTepaTypi 3ycTpiuaroTbCs MOBIHOMJIEHHS, IO
IeKiJbKa (iTorpenapaTiB IMO3UTUBHO BIUIMBAIOTh Ha
(YHKIIi10 HUPOK (Ha MOJEJISIX MOMiKiCTO3y HUPOK TBapUH)
i CTpUMYIOTB PiCT KiCT HUPOK [8].

Mera: Ha npuKiIagi KIiHIYHOTO BUIAAKY 3 BIaCHOI
MPaKTUKA OLIHUTU JUHAMIKy KJIiHiKO-1a00paTopHO-iH-
CTPYMEHTAJIbHUX MOKAa3HUKIB Ta BIIMB aHTUOKCUIAHTHOT
Tepartii Ha 11i TTOKa3HUKM Yy MalieHTa 3 noaianizHoro XXH
Ta KoMopbigHoto natosorieto (LI Tumy 2, nmosikicTo3s i ro-
narpa).

Ha mpoBemeHHS KIIiHiIKO-1a00paTOPHO-iHCTPYMEH-
TaJIbHOTO MOCJHIIKEHHS OTpUMaHO iH(MOPMOBaHY 3TOAY
mauieHTa. Ilpu poBeneHHi DOCTIIKEHHS TOTPUMYBAINCh
MpaBUJI Oe3IeKu Il 30epeXXeHHS XKUTTSI, 3M0POB’S i IIpaB
Mali€eHTa, MOpaJIbHO-€TUYHMX HOPM Ta KaHOHIB JIIOJCHKO1
rimHoCTi 3rigHo 3 [enbciHehKOM0 nekiapaliielo BececBiTHBOT
MEIMYHOI acolialii (eTMYHI MPUHIIUMIIM MTPOBEACHHS Ha-
YKOBUX MEIUYHUX JOCTIIKEHb 3a y4acTio Joanuu (1964—
2008 pp.)), OCHOBHUX TOJIOKEHb KOHBEHI1i1 Pagu €Bpornu
Mpo TipaBa JoauHu Ta 6iomenununy (Bix 04.04.1997 p.),
€TUYHOTO KoaeKcy BYeHoro Ykpainu (2009 p.) Ta Hakazy
MinicrepctBa oxoponu 310poB’st (MO3) Ykpainu Ne 690
Bix 23.09.2009 p. (3i 3MiHamu, BHeceHUMM 3rinHo 3 Haka-
30M MO3 VYkpainu Ne 523 Bin 12.07.2012 p.) [2].

KAiHiYHMIM BUNOAOK

Mamient K., 1962 poky HapomIXKEeHHS, 3BEPHYBCS
24.05.2021 poky 3a KOHcCyJjbraliero Hedposiora B bpo-
Bapchkuit KIL, saxuit € kiiHiuHOW0O 6a3010 Kadenpu He-
dposnorii Ta H3T HYO3 VYkpainu im. I1.JI. Llynuka, 3
JiarHO30M: MmoJjikicTo3Ha xBopoba Hupok. LIJI. ITomarpa.
XXH 3-i cranii (pILIK® 31 mi/x8/1,73 M? 3a CKD-EPI):
3MmilaHa (miabeTuuHO-MojaarpuyHa) Hedporaris, IMoJi-
KiCTO3 HUPOK, CeYOBUIl cuHApOM. [inepkaiemis ierkoro
cryneHs. AprepianbHa rieprensis 11 cramii, 2-ro crymens,
pusuk 4. CH 0—1-i cranii. liarno3 XXH BcTaHOBmMIOBam
3rimHo 3 pekomeHmanismMu HalrioHaabHOI HedpoJIoridHol
cminku (NKF-K/DOQI) CIHA, xpurepismu KDIGO
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2012 poky Ta BianosinHo no Hakazy MO3 Ykpainu Ne 593
Binm 02.12.2004 poky (i3 3MiHaMu, BHECEHUMH 3TiTHO 3 Ha-
kazom MO3 Ykpainu No 384 Bin 24.05.2012) [2].

3 aHaMHe3y XUTTS BilOMO, 1110 B JUTUHCTBI XBOpIiB Ha
roCTpi pecripaTopHi BipycHi iHGeKIIii, BITpsHY Bicmy, Kip.
CriagkoBUii aHaMHe3: cepell POAUYIB IOJIKICTO3 HUPOK
BUSIBJICHO Y PiTHOTO OpaTa Ta y cTapiioi TOHbKM MallieHTa
K. Anepronoriunmii anamHe3 He oOTskenmid. LIIKimmiBi
YMOBM TIpalli 3anepeuye. He KypuTh, aIkorojib BXUBAE He
9acTo.

3rinHo 3 aHaMHe3oM xBopobOu, y 2008 pori Bisyai-
30BaHO KiCTM HMPOK 3a JOIOMOTOIO YJIBTPa3BYKOBOI Jia-
rHoctuku (Y3/1). B 2011 poui — crauioHapHe JiKyBaHHS
B bpoBapcekiit KJI 3 mpuBoay nedioTy mogarpu y BULJISIAL
TOCTPOTro JIiIKTbOBOTO Oypcuty, a B 2018 polli eH1OKpHUHO-
soroM bposapcekoro KL miarHoctoBano LIJI tumy 2.
VYrepie minBUIIEHHSI KpeaTWHiHY 3adiKcoBaHO B KiHIIi
2018 poky. /1o HedpoJiora He 3BepTaBCsl.

Ilpu xniniuHOMY OOcTexxeHHi maiieHTa K. Oyno Bu-
SIBJIEHO TTaCTO3HICTh HUXKHIX KiHIIBOK, MiIBUIIICHHS apTe-
pianbHOTO THCKY (AT) mo 180/100 MM pT.cT. IHgexc Kete
29,4 kr/m?. Innexc Yapicona 6 6anis. Ingekc Kepmo —18.

Jlabopamopre obcmexcenns. 3arallbHUII aHali3 Kpo-
Bi: eputpountu — 4,1 T/n, remornobin — 133 r/m,
neikouutda — 6,4 I'/n, tpomboumtu — 181 T/x,
IIOE — 6 mMm/ron. BioximiuHe mOCTiIXKEHHS KPOBi: Kpe-
atuHiH — 201 MKMOJIB/J1, ceyoBuHa — 12,8 MMoJib/I1, ce-
yoBa Kucjaora — 344 MKMOJIb/JI, HaTpiii — 142 mMMmoub/1,
Kaiit — 5,65 Mmmosb/J, xaop — 105,2 MMOTb/1, 3arajibHMiA
Oinok — 79 r/n, anboymiH — 37 r/n1, 3aranbHuil 6i1ipyoiH —
6,3 MKMOJTb/J1, TJII0OKO3a — 7,7 MMOJIb/JI, 3aTaJIbHUI X0JieC-
TepuH — 6,53 mmonw/n, IITT — 36,12 nir/mn. 3aranbHUit
aHaJIi3 cevi: MyTHICTb — He BUSIBIIeHO, TiuToMa Bara— 1,020;
ypoOisiHoreH, Oiipy0iH, KETOHU, HITPUTH Ta LIyKOp — He
BusiBieHo, pH — 6,5, 6ii10K (kinbkicHO) — 0,15 /1, epu-
TpouuTn — 14,5 eieMeHTa/MKJ1, He3MiHEeHi EpUTPOLIUTU —

14,2 enemeHTa/MKJI, Jelikouutu — 1,1 enemMeHTa/MKII,
emitenii — 0,0 eleMeHTa/MKJI, LWJIIHAPU TiaJliHOBI —
0,13 enemeHta/Mki, Kpucraiu — 0,0 enremeHTa/MKII,

cm3 — 0,13 enemenra/mki. Y3J1 HUpPOK: IpaBa HUP-
Ka — TOBIIWHA 66 MM, IIMpHUHA 66 MM, ToBXUHA 120 MM,
TOBILIMHA TapeHxiMu 14 MM, posraillyBaHHSI 3BUYAliHE,
KOHTYpU HEpiBHi, 4iTKi, (popma HernpaBuIbHA, €XOTCH-
HICTh MapeHXiMM He 3MiHeHa, CITiBBITHOIIIEHHS CUHYCA IO
MapeHXiMU He TIopylIeHe, KOPTUKOMEAYJIApHa nudepeH-
mialrist 30epexxeHa, KOHKPEMEHTH — A0 2 MM, MHOXXWHHi
Kictiu — Bing 2 1o 50 MM; JiBa HUpKa — TOBIIMHA 67 MM,
mupuHa 68 MM, HOBXMHA 121 MM, TOBIIMHA MapeHXiMU
15 MM, po3TallyBaHHS 3BUYaiiHe, KOHTYPU HEPiBHi, YiTKi,
¢opma HempaBWJIbHA, €XOT€HHICTh MAapeHXiMu He 3MiHe-
Ha, CITiBBiIHOIIICHHSI CUHYCA JI0 TTapeHXIMU HE TOopYyILIeHe,
KOpTUKOMeIyJIsipHa audepeH1ialiist 30epekeHa, MHOXMH -
Hi KicT — Bix 5 1o 39 MM, iHIIle — KpOBOTIK 110 Tiepudepii
30iMHEeHMIt, 30MpanbHa CMCTEMa He po3lirupeHa. BucHo-
BOK: Y3-03HaKH IMOJiKiCTO3y HUPOK.

IIpu3HayeHO MOOOCTEXKEHHS: KOHTPOJIb KpPEaTHHIiHY,
CEUYOBMHU, CEYOBOI KMCJIOTU, KaJliii y IMHAMIlIi, CHpOBaT-
KOBUI 3araJIbHUI KaJblliii, i0HI30BaHUI1 KaJblliii Ta ¢oc-
¢op, aHali3 ceui Ha JOOOBY MPOTEIHYPilO, CIiBBiAHOIIEH-

HS abOyMiH/KpeaTuHiH cedi, gieta Ne 75 3a [leB3HepoMm,
MoaudiKalis Cioco0y XKUTTS, 1110 ITepeadayae 0OMeKeHHS
CIOXMBAHHSI HATPil0 Ta KOHTPOJIb MacW Tija, i MeauKa-
MEHTO3HE JIiKyBaHHSI B aMOYJIaTOPHUX yMOBAX: eHaIarpuil
o 10 Mr 2 pa3u Ha 100y mmig KoHTposieMm AT, aropBacTaTuH
20 mr (1 Tabnerka) 1 pa3 Ha goOy TiJ KOHTPOJIEM JIiMiI10-
rpamu, Jyiibepa o 1 tabsieti 3 pa3u Ha 700y, KETOCTEPUIT
3 tabneTku 3 pa3u Ha D00y, HedpomaTuH 10 40 Kpamenb 2
pa3u Ha o0y, aHe3a 1 TabieTka 2 pa3u Ha 100y, pEHOXEJIC
o 1 Tabnerwi 3 pa3u Ha 1o0y. [IpenapaTu mpuitManIunch mi-
CSITYHUM KypcoM 3—4 pa3u Ha pikK.

[MawieHTy Oy/10 3aIPOMOHOBAHO B3TU Y4acTh Y paHI0-
Mi30BaHOMY BiIKPUTOMY MPOCTIEKTUBHOMY B MapaieJbHUX
rpynax i3 auzaiitHom POEM (Patient-Oriented Evidence
that Matters — ToOIIYK pe3y/bTaTiB, sIKi MalOTh 3HAYEHHS
g naniedra) pocinimkeHHi ROLUNT (UROmoduLin
UbiquinoNe GlutaThione). Ilicns mimmucaHHs maii-
entoM K. iHdpopmoBaHOi 3romu BiH OyB 0OCTeXXeHUI Ha
YPOMOJIYJIIH ceYi Tpu4i: Ha TMOYaTKy AOCHIIKEHHS —
2 120 020,0 nr/mm, yepe3 3 micsaui — 2 531 185,0 nr/mn
i uepe3 6 MicALiB Micis MEPIIOrO MOCTIIKEHHS —
2 723 821,0 nir/ma. [Jo sikyBaHHSI OYB JOJaHWI TIIyTaTiOH
o 100 mr 2 pa3u Ha 700y Mix yac iny mpoTsAroM 3 MiCsIIiB.

IManienty K. 0yn0 3anmponoHoBaHO BiAIOBICTU Ha 3a-
MUTaHHSI HacTynmHuUx aHkeT: Medical Outcomes Study-
Short Form-36 (MOS SF-36), onutyBaibHuKa Mopic-
ki — Ipina (MMAS-8), O.M. Beiina, 10.M. YepHoBa
Ta [0/IaHACHKOTO OMUTYBaJbHUKA Xap4yoOBOI IMOBEIiHKU
(DEBQ) nst OUiHKM SIKOCTi XUTTSI, BET€TaTUBHOI peak-
TUBHOCTI, MPUXUJIBHOCTI MalliEHTa /10 JIIKyBaHHSI Ta Xap-
YOBOi MOBEAIHKU. 3a pesysibTaTaMMu aHKeTyBaHHsS MOS
SF-36 Ha moyaTKy gocimkeHHs, y namienta K. ¢piznunui
KOMITOHEHT ctaHoBUTh 36,40 (PF (Physical functioning) —
45,00, RP (Role physical functioning) — 50,00, BP (Bodily
pain) — 74,00, GH (General health) — 27,00), ncuxoo-
riuHuii komnoneHt — 43,98 (VT (Vitality) — 30,00, SF
(Social functioning) — 75,00, RE (Role-emotional) —
66,67, MH (Mental health) — 56,00), y kiHui mgocii-
JOKeHHS: (disnyHuii kommoneHt — 40,23 (PF — 60,00,
RP — 50,00, BP — 74,00, GH — 37,00), ncuxoioriyHmii
kommoHeHt — 47,80 (VI — 55,00, SF — 87,50, RE —
66,67, MH — 60,00). 3a pesyasratamu Tecty O.M. Beiina
Ha ToYaTKy AO0CHiKeHHsT — 13 OaiiB, y KiHi — 9 Oaris.
AnkeryBanHsg 3a HO.M. YepHOBUM 1OKa3ajao TakKuii pe-
3yJIbTaT: Ha MOYATKy OOCIimKeHHs —4,7 6ajna, y KiHIli —
—1,5 Ganma. BuBuenHHs xapuoBoi moBemiHku 3a DEBQ
IIPOBOAMJIOCS Ha MOYaTKy AOCTiIKEeHHs: 3a nepii 10 mu-
TaHb (OOMEXyBaJibHA XapyoBa IMOBediHKa) — 2 Oanu; 3a
11—23-1€ nuTaHHs (eMOLIOreHHA JIiHisg MOBEAiHKM) — 3
Oanu; 3a 24—33-Te MUTaHHS (€KCTEpHAJIbHA Xap4yoBa I0-
BelliHKa) — 6 6aniB. AHKeTyBaHHSI MMAS-8 nipoBoamiio-
¢Sl B KiHLI JOCTiAKEHHS AJIs1 OLLiIHKW TTPUXUJIBHOCTI Malli-
€HTa 10 JIIKyBaHHS i MOKa3aji0 CepeIHIO TPUXWIbHICTb 10
JlikyBaHHs (7 GaniB).

V nanienTa K. BigMideHO MO3UTUBHY JUHAMIKY, piBeHb
KpeaTUHiHY 3HU3UBCS 10 72,2 MKMOJIb/J, CEUOBUHA — JIO
8 MMoJIb/JT, B 3araJIbHOMY aHaJli3i cevi: MyTHIiCTb — HE BU-
sBjIeHO, muTtoMa Bara — 1,019, pH — crmabokucnmii, 6i10k
(KiJIbKiCHO) — He BMSIBJICHO, JIeMKouuTu — 1—2 y moui
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30py, eniTeiil miockuii — 0—2 y mouti 30py. 3a pe3ysbra-
Tamu Y3/l HUpPOK: y MpaBiii HUPIL 3MEHIIEHHSI pO3Mipy
HaiOibIIOl KicTh 10 45 MM, y JiBiii HUpLI — 10 29 MM.
CriocTepeKeHHsI 3a MalieHTOM TPUBaE.

BucHOBKMU

Y uporo narieHra 3 popianizHoro XXH Ta xoMopoOin-
HOIO TIATOJIOTIi€I0 BiAMIYEHO ITO3UTHBHY IMHAMIKY KJTi-
HiKO-JIa00OpaTOPHO-iHCTPYMEHTAJIbHMX IIOKAa3HUKIB Ta
MHOJIMIIEHHS SIKOCTi XMTTS Ha TJi HNPUMOMY aHTHOKCH-
JaHTHOTO mperapary (IJIyTaTioHy).

KonduiikT inTepeciB. ABTop 3asiBjsie PO BiACYTHICTh
KOH(DIIIKTY iHTepeciB i (iHAaHCOBOI 3alliKaBJIEHOCTI IpU
HaIMCaHHi CTaTTi.

Indopmania npo dinancyBannsa. PoboTy BHKOHaHO
3a BJIacHi Koty acrmipaHTa. CtaTTst € ¢hparMeHTOM Ha-
YKOBO-JIOCJIiTHOI po0OTH acmipaHTa Kadenpu Hedpororii
ta H3T HailioHanbHOro yHiBepCUTETY OXOPOHU 310POB’ S
Vkpainu imeni I1.JI. Hlymuka 3a Temoro «Exckpelrist ypo-
MOIYJIiHY i Ioro KJIiHiKO-7Ta0opaTopHa OILiHKa, 3HAYEHHSI
B paHHIM DiarHOCTHUIIi, peHOIIPOTEKIIil i ONTUMI3allii JiKy-
BaHHs XXH Ha (oHi MOJIEKYJISIPHOTO CTpecy», Y paMKax
HJIP xadenpu 3a temamu: «Po3pobiieHHST TeXHOJIOTii 30¢e-
pexXeHHs ¢pyHKIIT HUpOK y nauieHTiB 3 XXH Ta rinepypu-
keMmiero» (2021—2022 pp.), HOMep nepKaBHOI peecTparlil
0121U100446, i «BuB4eHHS BIUTMBY TilMOYPUKEMIYHOI Te-
pamii y namieHTiB 3 XXH Ta oGrpyHTYBaHHSI ONITUMaIbHOI
teparii» (2019—2023 pp.), Ne 0119U101718.
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The effect of antioxidant therapy on the course of predialysis chronic kidney disease
in a patient with comorbidity

Abstract. Chronic kidney disease (CKD) is almost always as-
sociated with comorbidities such as diabetes, hyperuricemia/
gout, urolithiasis, often with urinary tract infection, hyperten-
sion, polycystic kidney disease, and other conditions. Autosomal
dominant polycystic kidney disease is an inherited kidney disease
(1/1000—1/400 worldwide) affecting mainly adults, caused pre-
dominantly by mutations in PKD, (85-90 % of cases) and PKD,
genes (10—15 % of cases), which encode polycystin-1 and poly-
cystin-2 proteins, respectively. In adults with preserved kidney
function, the prevalence of gout increases from 1 to 2 % (hyper-
uricemia up to 11 %), in patients with CKD stage 4 — up to 32 %
(hyperuricemia up to 80 %). 70 % of patients with gout and 50 %
of patients with hyperuricemia have stage 2 CKD. CKD contrib-
utes to a decrease in the urinary excretion of uric acid. In patients
with CKD, hyperuricemia is considered to be a serum uric acid
level > 6 mg/dL in women and > 7 mg/dL in men. Hyperurice-
mia is very often observed in hypertension and type 2 diabetes. In

patients with kidney disease, diabetes is a major factor of mor-
tality and morbidity. Diabetic nephropathy can be suspected in a
patient with type 2 diabetes in the presence of albuminuria and/
or diabetic retinopathy. Signs of diabetic nephropathy: basement
membrane thickening, mesangial expansion, and increased vas-
cular permeability to albumin induced by nonenzymatic glycation
of collagen and laminin. Comorbidity has a negative impact on
patients’ health due to increased morbidity and mortality. Such
patients are at risk of rapid progression of CKD into the end
stage, which requires renal replacement therapy. Therefore, early
diagnosis, treatment and prevention of CKD complications are
important for such patients. This article highlights the impact of
antioxidant therapy and phytoneering on the course of CKD in
patients with comorbidities.

Keywords: chronic kidney disease; polycystic kidney disease;
gout; hyperuricemia; diabetic nephropathy; antioxidant therapy;
glutathione; ubiquinone
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