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of Nephrological Care

TOYKA 30PY

11 Oepe3ns 2020 poxky BO3 o06’gBuiia rinobajbHy NaHAEMiIO
COVID-19, sBuximmkany SARS-Co-V-2. JlocTaTHbO IIBUAKO CTaJIO 3pO-
3yMiJlo, 1O y iH(}IKOBAaHUX TALiEHTIB CIOCTEPIraloThCs, MO-TEpIie,
MNpPOSIBU ypaxKeHb CEYOBOI CUCTEMM, SIKi Oy BiACYyTHi 40 iH(iKyBaHHSI;
Mmo-apyre, yacToTa iH¢piKyBaHHs XxBopux Ha XXH BuIlla, HiX y MOIys-
11ii 3arajJjoM Ta CyTTEBO 30iJbIIYETHCS BiAMmoBimHO 10 cTanii XXH.

To0To, BUHMKIIA HEOOXiAHICTh BepHudiKallii BCTAHOBJICHUX MMaTOJIO0-
TiYHUX MapKepiB ypaKeHHs CEY0BO1 CUCTEMU BiAMOBIAHO 10 HOMEHKJIA-
Typu xBopod Hupok YAH i ®TH 2018 Ta KDIGO 2020.

OueBUIHO, 110 HASIBHICTD MTATOJIOTIYHMUX MapKePiB YpakKeHHS Cev0-
BOi CUCTeMH, SIKi OyJar BilICYTHi 10 iH(iKyBaHHS, N103BOJISIE KBali(iKy-
BaTH iX IK TOCTPY XBOpOOYy HUPOK ab0 po3J1aiu, BKIIOUYAIOUU TOCTPE T10-
wkomxkeHHsa HUpok (I'TIH). I'TTH € XuTTs 3arpoxXyouyuM yCKJIaaHEeH-
HSIM Ta BUMAarae iHAWBiAyaabHOTO BU3HAUYEHHS 00 EMY i YaCTOTU MOHi-
TOPUHTY Ta MOCIiAOBHOCTI JiKyBaJIbHUX 3aX0/1iB JJIs HEAOIYLIeHHS abo
MiHiMizawii nporpecyBaHHs I'TTH.

IIo crocyeTbest xBopux Ha XXH I-V cT., TO iX HEOOXiAHO PO3AUINTHU
Ha Ipynu pU3UKY (HU3BKHMI, CepeaHiil, BUCOKUI, TyKe BUCOKMIA) iH(]i-
kyBaHHS SARS-Co-V-2 ta BuHukHeHHs ['TITH.

XBopi Ha XXH VI, ocobano XXH VI, i3 3p0o3yMiiuxX MpUYUH,
€ HaloineIm Bpas3nmBoio mono iHdikyBaHHS SARS-Co-V-2 kareropiero
MAalLli€HTIB, Y 3B 13Ky 3 YUM BHMAararoTh MOCTi{HOI YBaru Ta KOHTPOJIIO.

st migBuIieHHS piBHSA iH(GOPMOBAHOCTI JIiKapiB-He(poJIoTiB Ta
3a0e3MeuyeHHs HaJeXKHOro PiBHS IiarHOCTUKHU, MPOdiTaKTUKKU Ta JIiKy-
BaHHs xBopux Ha COVID-19 3 ypaxkeHHSIM Ce40BOi CUCTEMM Ta IIalli-
eHTiB 3 XXH ycix craziii iHpikoBanux SARS-Co-V-2, Gyna cTBopeHa
ekcrieptHa rpyna YAH i @TH, gka 3 ypaxyBaHHSIM MiXXHapOZHOTO Ta
BJIACHOTO AOCBily CTBOpWJIA HalliOHAJbHi MEIUKO-TEXHOJIOTIYHi JOKY-
MeHTHU (amarToBaHi KJIiHIYHI peKOMEeHIallii), IPUCBIYeHI BUIIE Mepe-
JIIYEHUM MpobieMaM.

3 HaKOIMMYEHHSIM BJIACHOTO JOCBIIY Ta JOCBiLy 3apy0ixXHUX (axiB-
LiB Mepelik MeAUKO-TEXHOJOTIYHUX TOKYMEHTIB Oyae 30i1blyBaTUCh,
a X 3MiCT OHOBJIIOBATHUCb.

bynemo mupo Bas4Hi 3a Bani 3ayBaxkeHHS Ta MPOMO3UILii.

Binm imeni pemakii ﬂ M M. KonecHuk

YKPOTHCBKMIM XYPHOA HEPPOAOFT Tal Alaniay Ne3 (67) 2020 MpoGAeMM OPraHI3aLLi TO EKOHOMIKK 3
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Abstract. During the global COVID- 19 pandemic, there was an urgent need to make
complex clinical decisions about the management of chronic kidney disease (CKD)
patients. Since a significant number of CKD patients have impaired renal function
or receive immunosuppressive (IS) therapy, they belong to a high-risk group for
adverse effects of COVID-19 infection. In addition, the overwhelming majority of
CKD patients have co-morbidities, which not only increases the risk of SARS-CoV=-2
infection, but also the formation of life-threatening complications of COVID-19.
Currently, there are no data on the best practices for the management of CKD patients
during the COVID- 19 pandemic. However, based on the existing research presented
by leading renal associations (ERA-EDTA, Kidney Care UK, The Renal Association),
NICE Rapid Guidelines on this topic, and our own experience, the expert group of the
Ukrainian Association of Nephrologists and Kidney Transplant Specialists has created
the Adapted Clinical Recommendations for the Management Of Patients with CKD
stages 1-4 during the COVID- 19 pandemic.

The proposed clinical guidelines aimed to classify all CKD patients at risk for SARS-
CoV-2 infection and hospitalization. The key characteristics of each class of kidney
disease are the kidney functional level, determined by the glomerular filtration rate
(GFR), daily urinary protein excretion, hypertension, medication intake and other
additional characteristics.

All of the following clinical guidelines have a level of evidence of 2C.

Keywords: COVID- 19pandemic, chronic kidney disease, patients, immunosuppressive
therapy, glomerulonephritis, anti-epidemic measures, treatment.
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Benenns xsopux Ha XXH I-1V craziii B ymoBax manaemii COVID-19:
AzanToBaHi KJiHiYHi peKoMeHaanii YKpaiHcbKoi aconianii HedpoJioris
i haxiBIiB 3 TPAHCILUIAHTALII HUPKH
YKpaiHcbKa acolialisi HepoJioriB i haxiBIIiB 3 TpaHCIUIAHTALlil HUPKA

CKiaja eKCnepTHOi rpynu:

l'onosa: M. KonecHuk

3actynmauku: H. Crenanosa, 1.[lynap
Unenu: E. Kpaciok, JI. JlikcyHosa, JI. CHicap

Pestome. 1i0 uac nandemii COVID-19 eunukna HeobXiOHicmb npuimMamu CKAQOHI KAIHIYHI piuleHHs w000 ée-
OdeHHs X80pux Ha XpoHiuny xeopooy Hupok (XXH). Ilayienmu 3 XXH nanexncamo do epynu eucokoeo pusuxy ujo00o Hecnpu-
amaueux Hacaiokie ingixkyeanns COVID-19, adxuce 3nauna ix KinbKicmos Mae NopyuileHHs QYHKUIi HUPOK abo ompumye
imynocynpecusny (IC) mepanirn. Kpim moeo, ceped xeopux na XXH 6azamo oci6 cmapuioi 6iko8oi epynu 3 8UCOKUM
pieHem Komopbionocmi, ujo He minvku nideuusye pusuk ingikysanus SARS-CoV-2, a i hopmyeanns scumms 3aepoicy-
touux yckaaonewv COVID-19. Ha cb0200HI He icHye 0aHux w000 Kpauioi npakmuku eedenns xeopux Ha XXH 6 ymosax
naudemii COVID-19.

Tum He menul, HQ OCHOBI iCHYIOHUX JoCAiOMNCeHD 3 yiei npobaemu, npedcmasaeHoi NPoGIOHUMU HUPKOBUMU ACOi-
ayiamu (ERA-EDTA, Kidney Care UK, The Renal Association) ma pexomenodayiit NICE, 3 ypaxysanuam eaacnoeo 0o-
ceidy excnepmHa epyna Ykpaincokoi acoyiayii Heghponoeis i paxisuyie 3 mpancniaHmauii HUpKu cmeopuna adanmogani
KAiHiuHI pekomenoayii uwjodo eedenns xeopux Ha XXH I-1V cmadiii 6 ymosax nandemii COVID-19.

IIpononoesani kainiuni pekomenoauii maroms Ha memi poznodirumu ycix xeopux Ha epynu pusuxky SARS-CoV-2
ingikysanus ma nokazauwHamu 0o eocnimanizayii. Knrovosumu xapakmepucmukamu KodCH020 KAACY X80pob HUPOK €
(yHKUIOHAAbHUL CMAH HUPOK, 8U3HAYEHUll 3a pieHeM weuokocmi Kkaybouxoeoi ginempauyii (LIIKD), dobosa exckpeuis
0inky, piseHb apmepianvhoi einepmen3ii, npuiiom 1C aikapcvkux 3aco6ié ma iHui 000amKo8i XapaKmepucmuku.

Yei nuncue nodani noaoscenHs KainiyHux pekomendauiti maromeo pieeHv dokazosocmi 2C.

Kmouogi ciioBa: nandemis COVID- 19, xponiuna xeopoba HUpok, nayieHmu, iMyHOOenpecusHa mepanis, 2aome-
pyaoxegpum, npomuenioemiuti 3axo0u, NiKy8aHHs.

Ilepestik ckopoyeHb:
ANCA - aHTUHEUTPOGIIbHI aHTUTIIA I'TTH - TOCTpe MOLIKOMXKEHHS HUPOK
European Renal Association-
ERA-EDTA - European Dialysis and Transplant I'XH - roctpa XBopoba HUPOK
Association
IeA ~ IMyHOMIOGYiH A AT _ iHTibiTOpYU aHTIOTEH3MH-~
MePEeTBOPIOIOYOro (hepMeHTY
IgG - ImyHorno0ynin G IC - iIMYHOCYIIpECUBHE JIiKyBaHHS
NICE _National Institute for Health and IOA - iMyHOepMeHTHHI aHANi3

Clinical Excellence

. iHTi0iTOpM HATPIli- [IIOKO3HOIO .. s
SGLT2i - p p MO3 - MiHicTepCTBO OXOPOHHU 3I0POB’ST
KO-TpaHCIopTepa 2-To TUITY
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Beryn. [lin wac manmemii COVID-19 BunHMKIAa
HEOOXiMHICTh MpUMATU CKJIAAHI KIJIiHiYHI pillleHHS
1IOJ0 BEAEHHS XBOPUX HA XPOHiIUYHY XBOPOOY HUPOK
(XXH). IMauientn 3 XXH HanexaTh A0 Tpynu BUCO-
KOTO PU3MKY IIOAO HECHPUSTIMBUX HACTiAKIB iHDi-
kyBaHHs COVID-19, amxe 3HauHa iX KiJIbKiCTb Ma€
nopyuieHHs (GYHKILii HUPOK ab0 OTPUMYE iIMYHOCY-
npecuBHy (IC) tepanito. Kpim Toro, cepen xBopux Ha
XXH 6araTo oci6 crapiiioi BiKkoBO1 I'pylnu 3 BUCOKUM
piBHEM KOMOpPOiIHOCTi, 110 HE TiJbKU MiJBUIILYE PU-
3uK iHpikyBaHHS SARS-CoV-2, a i hopMyBaHHS XUT-
T4 3arpoxytouux yckiaaagaeHbs COVID-19. Ha cporon-
Hi He iCHy€ JaHMX LIOA0 Kpallloi MPaKTUKU BEAEHHS
xBopux Ha XXH B ymoBax nanaemii COVID-19.

TuM He MeHUI, HA OCHOBI iCHYIOUMX JOCJiI>KEHb
3 1i€i mpobsemMu, MpencTaBieHOl MPOBIAHUMU HUP-
koBumu acouiauisimu  (ERA-EDTA, Kidney Care

UK, The Renal Association) Ta pekomenaauiit NICE,
3 ypaxyBaHHSIM BJIaCHOTO JOCBily €KCHepTHa rpymna
YkpaiHcbkoi acouiallii HedpoJioris i (haxiB1liB 3 TPaH-
CIUIaHTAallii HUPKU CTBOPWJIA aJaNTOBaHi KJIiHiYHi pe-
KomeHpallii moao BeaeHHs xBopux Ha XXH I-1V cra-
niit B ymoBax nanaemii COVID-19.

ITporioHOBaHi KJiHIYHI peKOMEHIallii MalTh
Ha METi PO3MOAIUTU yCiX XBOPUX HA TPYNU PUBUKY
SARS-CoV-2 iH(pikyBaHHS Ta MOKa3aHHSIMU A0 TOC-
niTanizauii. KioyoBUMM XapaKTepUCTUKAMU KOXHO-
ro KJiacy XBOpoO HUPOK € PyHKIIOHAJTbHUN CTaH HU-
POK, BU3HAUEHUI 3a PiBHEM LIBUAKOCTI KIYOOUKOBOI
dinprpanii (ILIK®), noboBa exckpelist 6iJIKy, piBeHb
apTepiajibHOI TinepTeH3sii, mpuitom IC nikapchbKux 3a-
CO0iB Ta iHIIi 1OJATKOBi XapaKTEPUCTUKH.

VYci HuXXUe 1ojaaHi MOJOXEeHHS KJIIHIYHUX PeKo-
MEHJAlliif MaloTh piBeHb 10Ka30BOCTi 2C.

Pexkomennanii.
I'pymu pu3uky ingikyBanna SARS-CoV-2 xpopux na 'XH a6o XXH
Pu3uk SARS-CoV-2 indikyBanas
XapakTepuCTHKH
Hu3sbkuii CepenHiii Bucokwmii Jlyke BUCOKMIi
Bik mauieHTiB < 65 pokiB < 65 pokiB > 65 pokiB > 65 pokiB
I'XH III,
XXH -1, TXH I, I'TIH 111, I'TIH 111,
Kiac xBopo0 I'XHO,I, T'TIH 11,
IMIH I XXH III IIIITH, XXHV
XXH 1V
PiBeHp 1060BOI
< < > >
e <500 mr/m > 500 < 3000 mr/m > 3000 Mr/m > 7000 Mr/m
> 60 Mi1/xB/M? 260
CTabiIbHUIT piBeHb
< 15 mi1/xB/M?
- 2 2
HIK®D KD MpOTATOM 30-59 mi/xB/M <30 mu/xB/M 460 H3T
OCTaHHIX
3-6 micsuiB
ApTeplan§Ha Icr Ier IIct IIcr
rinepreHsis
[Mpennizonon > 20 mr/x,
A3aTtionpuH,
' . Mpeanizonon ModeTtuny MIKO(I)GI.-IOJIaT,
IC Tepamis BiICyTHS Huknodochamin,
<10 Mr/nm
LuknocnopuH,
Takponimyc,
Purykcumao

*  I'’XH — roctpa xBopo6a Hupok (ILITIT'H — mBunkomnporpecytounii rmoMmepyiaonedpurt, ['TIH — roctpe momkomkeHHsS

HUpoK), XXH — xpoHiyHa XxBopoba HUPOK.

1. Komynikanis 3 xsopumu Ha XXH ycix rpyn pusu-
Ky mig yac nangemii COVID-19 [1-3].
MiHiMi3yliTe KOHTAKT Biu-Ha-Bi4 3 MalliEHTaMU Ta
BUKOPHUCTOBYITE /ISl KOHCYJIbTALil TeaeoHHU
3B 130K, Bifieo ab0 iMEiiI1 KOJIU 11e MOKJIUBO.
IlopaabTe manieHTaM MiHiMi3yBaTH Bi3UTH 10 KJTi-
HiKM Ta 3alKMCyBaTUCh Ha KOHCYJIbTALlil0 y TeJjie-
¢doHHOMY pexkuMi abo eJIEKTPOHHOI MOIITOI0 Ha
KOHKPETHUI yac.

1.2

1.3.

1.4. BnamroByiiTe CBilf KOHCYJIbTAaTUBHHUU IIPUOM
TaKUM YUHOM, 11100 XBopi Ha XXH, sgKi oTpuMy-
oTh I1C Tepamito, BigBimyBaau KaOiHET IMePIINMU
Ta HE CTUKAJIMCh 3 iHIIMMM MalliEHTaMM MiA 4ac
OYiKyBaHHS KOHCYJIbTALil.

HoTpuMyHTECh CBOTO PO3KJIAAy Ta MOpambTe ITa-
LiEHTaM He MPUIKIKATU paHillle 3arIaHOBAaHOTO
qyacy. IlomepenbTe HACTYITHOTO ITalliEHTa 3a Te-
negoHoM Koiu Bu Bxke roroBi iioro mpuiiHSITH,

1.5.

6 COVID-19 ta Hupku:
AAQMNTOBAHI KAIHIYHI HOCTOHOBU

YKPAIHCbKMIN XYPHOA HEPROAOTTT Ta Aiaaizy N23 (67) 2020



Ukrainian Journal of Nephrology and Dialysis, 3 (67)’2020

CQVID-19 & Kidney:

1.6.

1.7.

1.8.

L.9.

2.1.

2.2.

2.3.

2.4.

2.5.

HaMpuKIaa, y pa3i ouikyBaHHS Ha Byaulli abo y
aBTOMOOi Ta 3ampoBajbTe «4YUCTY OOPOTY» 1O
KOHCYJbTaTUBHOTO KabiHeTYy;

PexoMenayiite naiiieHTaM TpUMaTU MEBHUI 3a-
nac HeoOXiIHUX iM JIiKapChbKUX 3acO0iB BIOMA.
IMopaabTe XBOPUM BUKOPUCTOBYBATH YCi MOXKJIUBI
CocoOu JOCTaBKM JIiIKapChKUX 3aC00iB TOAOMY.
YV pa3i He0OXiAHOCTiI KOHCYJIbTALIil Biy-Ha-Biu, MO-
pajabTe MalliEHTY YHUKATUA MyOAi{4YHOTO TpaHCHOP-
Ty Ta MaTW He OubllIe OIHIET CYMPOBOIXYIOUOL
oco0u, SIKIIO He MOXe MPUIXaTh caM.
BinTepMiHyiiTe amMOynaTOpHi Bi3UTH, SKIIO KJi-
HiyHa ToTpeba He € HarajJbHOlO, HampuKIaad,
SIKIIO Y MAalliEHTa CIIOCTEePiraeThecs jJerka abo mo-
MipHa MpOTeiHypis 0e3 HEeraTUBHOI AWHAMIKU
IIBUIKOCTI KIIy0ouKoBoi ¢inbrpaiii (ITK®D).
3aoxouyiiTe Mali€eHTIiB MPOBOAUTH PEKOMEHIOBaHI
LIETUIEHHS MPOTHU rpuily Ta MHeBMOKOKY (PCV13
ta PPSV23) g npodinaktrku KoHbeKIii.

Opranizamnis aM0yJ1aTOpPHOr0 00CTEXKEHHS TA MO-

HiTropunry xpopux Ha XXH B ymoBax manmemii

COVID-19 3anexHo Bix rpynu pusuky iHQiKy-

BanHa SARS-CoV-2 [1-5].

O1iHITh MOXJMBICTb 3MEHIIEHHSI YacTOTH pYy-

TUHHUX aHaJi3iB nig yac nanaeMii COVID-19 nnsa

CcTabiIbHUX MALIIEHTIB HA3bKOI Ta CEPEAHBOI TPYII

pu3uKy. BpaxoByliTe Oyab-sIKi CyITyTHi 3aXBOpPIO-

BaHHs Ta TeMIl nporpecyBaHHs XXH.

3a0X04yiiTe CaMOKOHTPOJb (BK/IIOUAIOYM MO-

HITOPMHT apTepialbHOIO0 THUCKY) [IJIs Talli€eH-

TiB yCiX Tpyn pU3UKY, sIKi 3IaTHI 1LI¢ 3pPOOUTH.

IlepekoHaiiTech, 110 IMAaLIi€EHTH, SIKi 3MiACHIOIOTH

CaMOKOHTPOJb, 3HAIOTh, KOJIX Ta A0 KOTO IM CIIif

3BEPHYTHUCS 3a TOTIOMOTI0I0.

HamnpapnsaiiTe nmaui€eHTIiB cepeaHbOI, BUCOKOI Ta

Iyxe BUCOKOI rpyn pusuky COVID-19 mis tep-

MiHOBOI KOHCYJIbTallil y pa3i:

o 3HmxenHa IIK® > 30% y xsBoporo Ha XXH
MOPIiBHSHO 3 0a30BUM PiBHEM,

e (opMyBaHHS HEPPOTUUHOTO CUHIPOMY,

e HEKOPUTOBaHOI TilepTeH3sil,

e oszHak ['XH, I'TTH, IIIITH.

He nanpapisiite maiieHTiB Ha Y 3/] HUPOK, SIKIIIO

pe3yabTaT HaBPsIA YA 3MiHUTD MTOAAIbITY TAKTUKY

nikyBaHHs. Y3/l B ymoBax mangemii COVID-19

NOoTpeOyIOTh NAalliEHTU BUCOKOI Ta Iy>e BHUCOKOI

rpyn pusuky COVID-19 abo He3anexHo Bim rpy-

U PU3UKY Y pasi:

e 1IBMAKOro nporpecyBaHHs XXH,

e HasgBHOCTI TemaTypii Ta/abo IepCUCTYIOUOI
epUTPOLIUTYPII,

e IIig03pU Ha OOCTPYKIIil0 CEYOBOI CUCTEMHU,

e HeOoOXiZHOCTI BUKOHAHHS MYHKIIiHOI Oioricii
HUPKU.

biomnciss HUpKU TMOBMHHA BUKOHYBATUCH JIMIIIE B

eKcTpeHux BuIankax. Cepen MallieHTiB, sIKi Ma-

IOTh MOKa3aHHS Io Oiorcii HUPOK HagalTe TIpi-

OpUTET MAalliEHTaM BUCOKOIO Ta OyXe BUCOKOTO

pu3uKy iHpikyBaHHS SARS-CoV-2 Ta nanieHraMm

2.6.

2.7.

3.1.

3.2

3.3.

4.

4.1.

Adapted Clinical Guidelines

JJI SIKUX BiATEpMiHyBaHHS Bepuikalii 1iarHo-
3y MOX€E TMPUBECTU A0 HE3BOPOTHOTO MOTipIIEH-
Hs dyHKUioHanbHOTO cTaHy HUpok (I'’XH, I'TTH,
ITITH).

Bupinrytouu muTaHHS 100 JOUUIBHOCTI TOCHiTa-

Jizanii xsoporo 3 XXH, 060B’s13K0BO BpaxoByiiTe:

OakaHHS TallieHTa Ta/abo 10T0 pOANYiB,

rpymny pusuky iHbikyBaHHs1 SARS-CoV-2,

TSIKKICTh CTaHy,

yu npuiimae nauieHt [C tepamito,

HEOOXiIHICTh CTALlIOHAPHOTO JIiIKyBaHHSI.

ITponoBxyiiTe MIaHYBaHHS TMOYAaTKy HUPKOBOI

3aMicHoi Teparnii nauieHtam 3 XXH IV-V craniit,

HAaIpaBJIsiTe MAlliEHTIB HA CTBOPEHHS CYAUHHOTO

a00 MEepPUTOHEATLHOTO TOCTYIy, TPAHCIIJIAHTALlilO0

HUPKHU.

JlikyBanna xsopux Ha XXH Hu3bKOi Ta cepea-

HBO1 rpyn pu3uky iHpikyBanus SARS-CoV-2 mix

yac nanaemii COVID-19 [2-4, 6].

PexoMmenayiite ycim mauieHtaM 3 XXH npomo-

BXYBaTU MPUIOM TONEpPeTHbO MPU3HAYEHUX JIi-

kapcbkux 3acobiB (IAII®, BPA, niypetuku, um-

TOCTAaTUKH i T.I.) JokuA Bu abo iHmmii daxiseupb

iX He BinMiHuTb. [1am sTaliTe, Ha CHOTOAHI HEMAE

IOKa3iB ImIoA0 HeraTWBHOTO BIUIMBY iAIID abco

BP® na mporuo3z COVID-19.

Y pasi moBiNBHOI IIBUAKOCTI MPOrPecyBaHHS,

HOPMaJbHO1 (PyHKIIilT HUPOK Ta OE3CUMITOMHOI

MPOTETHYPil PO3MISIHBTE MUTAHHS IIOI0 MPU3HA-

yeHHsT IAII®/BPA, KOHTpOJIO apTepiallbHOTO

TUCKY Ta 0OMEXEHHS COJIi 10 MOJIIMIIEeHHS eMie-

MiuHOi cuTyanii. [{o Takoi rpyny MOXHa BiJTHECTH

nalieHTiB 3i 36epexeHoo LK Ta:

e MeMOpaHO3HOIO0 Hedpomnartielo 3 HeppoTUY-
HUM CUHIPOMOM Ta/abo MigBUIIEHHSIM TUTPIB
aHTu-PLA2R anTuTiN,

e Hedpomnarieo MiHiMaJbHUX 3MiH,

e BTOPUHHUM (POKATBHUM CETMEHTAPHUM TJIO-
MEPYJIOCKIIEPO30M,

e [gA HedbdpomnaTielo 3 €HIOKaMiISPHOIO Timep-
KJTITUHHICTIO Ta/a00 BiICYTHICTIO MiBMicSIIiB
3a pe3yJibTaTaMu 0ioTCcii HUPOK.

PimmenHs mopo HeoOxigHOCTI moyatky IC Teparmii

y TALliEHTIB CepeaHbOI TPyNU PU3UKY 3 BIIEpIIE

JniarHocToBaHUM IiomepynoHedputom (I'H) abo

CUCTEMHUM 3aXBOPIOBAHHSIM CHOJYYHOI TKaHU-

HU, K TO CUCTeMHUI 4yepBoHUI BoBYak (CUB)

ab0 BaCKYJIiT, MTOBUHHO 0a3yBaTUCh Ha IIBUIKO-

CTi MpPOTpecyBaHHSI 3aXBOPIOBAaHHS, pe3yJibTaTax

6iomncii Hupok, LIIK®, piBHg mpoTeiHypii Ta Ha-

SIBHOCTI CyMyTHiX 3aXBOPIOBaHb.

JlikyBannsa xsopux Ha XXH Bucokoi Ta ayxe Bu-

cokoi rpyn pusuky indikysanus SARS-CoV-2

nix yac manaemii COVID-19 [1-6].

HesBaxarouu Ha BUCOKMI pPU3MK iHOiKyBaHHS

SARS-CoV-2, maiieHTu 3:

e 1BuAKonporpecytounM I'H,

e antu-I'BM I'H, ANCA-aco1iiioBaHuM BacKy-
JIiTOM,
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4.2.

4.3.

4.4.

4.5.

4.6.

4.7.

5.1.

5.2.

5.3.

JIIOTMyC-HE(PPUTOM,

HasBHICTIO YCKJIaIHEHb HEDPOTUYHOTO CHUH-

IpoMmy (Hampukian, TJIUOOKWIA BEHO3HUI

TpoM003, aHacapka, HEPOTUYHUI KpuU3)
MAalOTh HETAlHOro po3MoYyaTd CTAHAAPTHI CXEMU
IC tepanii. BinTepMiHyBaHHS JiKyBaHHS Malli€eH-
TiB IUX TPyH MOXE 30UTBIIUTUA PU3UK HETATUBHO-
ro mMporHo3y oOiJblie, Hixk moyaTok IC niKyBaHHS
mig yac maHaemii. IHauBigyanbHa OLliHKA PU3UKY
Ta KOPUCTi MOBMHHA BPaXOBYBAaTU i MOXJIUBICTb
Mali€eHTa MPaKTUKYBaTU COLiaJIbHE AUCTAHIIiIO-
BaHHS.
BinbuIicTh CTabUIbHUX MALIIEHTIB BUCOKOI Ta 1yXe
BUCOKOI rpyn pusuky iHdikyBaHHs SARS-CoV-2
He nmoBUHHI npunuHATH [C nikyBaHHs. [TanieHTH,
SKi TIEBHUI 4Yac nepedyBalOTh y CTiliKili peMmicii,
MOXYTbh po3mnodaTu 3HWxkeHHs ao3u IC mikap-
CbKHUX 3aC00iB, SIKIIO 1e OYJ10 3aIlJIaHOBaHO.
Po3rnsiHeTe mepeBeleHHS TMAlli€HTIB, $Ki 3Ha-
XOJAThCS Ha eTali iHAyKIii pemicii (Hampukiam,
JIOBEHHE 3aCTOCYBaHHS MyJbC A03 LUkKiIodocda-
Migy Ta/abo MeTUIpeny), Ha eKBiBaJIEHTHI 103U
MEePOPAIBHOTO PEeXUMY iHAYKIii (HaNpuKiIam,
BUKOPHUCTaHHS TepopaibHOro Hukiaodbochaminy
abo Modetuny mikodeHosnaty). Tak camo, maii-
€HTU, SIKUM J0 MOYaTKy emnigemMii Bu 6 mpuszHauu-
JIV TTYJIBC 03U METUJITIPEIHI30JI0HY, MOXYTh OyTH
MepeBeJeHi Ha MepopaibHUI HOTo MpUioM.
Po3risiHbTe MUTaHHS 1IOJ0 MOXJIMBOCTI 3aMiHU
3aCTOCYBaHHSI PUTYKCMMaOy Ha iHIIY Teparito,
OCKUJTBKM PUTYKCUMa0 TIPUTHIYYE YTBOPEHHS
aHTh SARS-CoV-2 aHTUTIN OPOTATOM AEKiTbKOX
micsauiB. Kpim Toro, BiarepmiHyBaHHS iHOY3il
pUTYyKCUMaOy 3MEHIIIY€ YaCTOTY Bi3UTiB Malli€HTa,
1[0 TAKOX € MPOTUEHiAEMIYHUM 3aX0JJOM.
AK110 1€ MOXJIMBO, 3MEHILITh CTEPOiAU 10 1000-
BOI 103U TIpeaHi3ooHy 0,2 MT/KT.
He 3ynunsiiTe nonepeaHb0 MpU3HAYEHE JIIKyBaH-
Hs1 iATI® a6o BPA.
He npunuHsiiTe moTOYHE JIiKyBaHHS TiIPOKCUX-
JlopoxiHoM y nauieHTiB 3 CYB abo peBMaTOigHUM
aptputoM. [lam graliTe mpo B3aEMOAil0 TiApo-
KCUXJIOPOXiHY 3 iHIIMMHU JIIKAPCBKUMU 3acoda-
MU Ta MepeKOHalTech, 110 HEMA€E HEOOXiTHOCTI
Yy KOPUT'YBaHHi A03U LUMKJIOCHOPUHY, iHTiOiTOpiB
mTOR Tta Tamokcudgeny. Jo3a rinpoKcuxaopoxi-
HY Ma€e OyTH cKopuroBaHa BigmoBigHo go LIIK®
nauieHTa.

JlikyBanna xsopux Ha XXH 3 migo3powo Ha
COVID-19 [1-6].

IIpakTuKyiiTe i30J811il0 TMALiEHTIB y JOMAaIIHiX
yMOBax.

IIportectyiiTe maiieHTa 1040 HassBHOCTI SARS-
CoV-2. TMauientu, ski orpumytots IC Tepamito
MOXYTh MaTU O€3CUMIITOMHUI Gepedir 3axBoplo-
BaHHS;

3MEHIITh CTEPOiAM 10 €KBiBaJ€HTHOI 103U Tpe/-
HizomoHy 0,2 MT/Kr/mo0y, SKIIO ¢ MOXKJINBO.

5.4.

5.5.

6.1.

6.2.

6.3.

6.4.

6.5.

6.6.

6.7.

3a HasgBHOCTI JeiikoneHii / nmiMdoreHii, 3MeH-
LIiTh A03Y LIMTOTOKCUYHUX 3aCO0IB JOKU PiBEHb
JICUKOLIUTIB KpPOBi He BimHOBUThCA. JliMboneHis
Moxe 0yTH o3HakKolo akTuBHocTi COVID-19.

He 3ynunsiiTe nonepenHb0 NpU3HAUYECHE JiKyBaH-
Hs1 iATI® a6o BPA.

JlikyBanna xopux Ha XXH 3 miaTBepakeHuMm
punagkom COVID-19 [4-6].

IlepernsiHbTe Mepesik JiKapchbKUX 3ac00iB 3 TOU-
KM 30py HETATMBHOTI'O BIUIMBY Ha (DYHKIIiIO HUPOK
y MALi€HTIB 3 MiATBEPIKEHUM BUITAAKOM iHDiKy-
BaHHsM COVID-19.

3aiiicHIONTE rocmitaaisaliio iH(iKOBaHUX

COVID-19 naitieHTiB Ha OCHOBi HasIBHUX CUMII-

TOMIB Ta (pakTOpiB pU3UKy. BiablIicTh NMAalli€HTIB

MOXYTb 3JIMIIATUCS BAoMa. PO3IIsIHbTE MOXIIM-

BiCTb MOMAJIBIIIOTO CIIOCTEPEKEHHS 3a MalliEHTOM

y TeJIeDOHHOMY pexXuMi KOxXHi 24-48 roauH.

IIpoxkoHcyabTyiiTeCh 3 JiKapeM-iHdeKIioHicTOM

1IOJ0 TPU3HAYEHHS QHTUBIPYCHUX JiKapChbKMUX

3aco0iB.

BynbTe yBaxkHi mpHM3HaYalouu TPOTUBIPYCHI JIi-

KapchbKi 3acobu mauieHtaM 3 XXH, ski oTpu-

mytoTh IC Tepamiro. I[Tam’saraiite, 10 OiNbIIICTh

MPOTUBIPYCHUX 3aC00iB, SIKi 3aCTOCOBYIOThCS IS

JgikyBaHHs1 COVID-19, moxyTb B3aemonisitu 3 1C

JIiKapCbKMMMU 3aCc00aMU:

e a3aTiONpUH B3AaEMOMIIE 3 XJOPOXiHOM, TiIpoO-
KCHUXJIOPOXiHOM, puOaBipuHOM Ta TOLMIiZyMa-
OOM; MOXe 3HaJOOUMTUCh KOPUTYBaHHS J03U Ta
pETENbHUIA KOHTPOJIb,

e ara3aHaBip, JIOIiHaBip/pUTOHABIp, XJIOPOXiH,
TiAPOKCUXJIOPOXiH MiABUIIYE pPiBeHb LIMKJIOC-
MOPUHY Ta TaKPOJiMycCy,

® TOLMIiZyMab 3HUXKYE Iil0 IMKIOCIIOPUHY,

e ModeTuny MikodeHonaT MOTEHIIAHO B3aEMO-
Jlie 3 JIOMiHaBipOM/pUTOHABIPOM; MOXE 3Ha-
JOOUTUCS KOPUTYBaHHSI NO3M Ta PETEJbHUIA
KOHTPOJIb.

PosrnsgHpre mMTaHHS ILIOAO IPUIIMHEHHS abo

3MEHIIEHHSI 103U ModeTusy MiKodeHomaTy ado

azationpuHy. KopTukocrepoinu HIiKOJU HeE CIif

Pi3KO BiAMiHSTU, 3HVXYIHTE 103y MOBUJIHLHO A0 €K-

BiBaJIGHTHOI 003U MpeaHi3onony 0,2 Mr/Kr/mooy.

IHribGiTopu KaablMHEBPUHY, MPUHARMHI LMKIOC-

MOPUH, MOXYTb 3MEHIIIYBaTH perliKallilo Bipycy.

3a MOXJIMBOCTI BiaTepMiHyiiTe 3arjlaHOBaHi

iH €KIIi1/TyAbC-T03U METUINPEAHI30JI0HY, II1-
kinodochaminy abo putyKcumaoy.

KopucTsb Bin JiKyBaHHS cTepoinaMu iH(piKoBaHUX

COVID-19 namientiB He BM3HauyeHa. Ctepoinu

IIMPOKO 3aCTOCOBYBAJIUCH Y BiIAiACHHSIX iHTEH-

CUBHOI Teparllii y XBOpUX 3 TSKKMMU BipyCHUMU

iH(ekIisIMU, ajle MomepeaHi MOCHiIXeHHS 3a

yyacTio iH¢pikoBaHux SARS mnalieHTiB, npome-

MOHCTpPYBaJIM MIPOAOBXKEHHS Yacy BipyCHOIro KJli-

pEeHCY Ha BCiX CTalisIX 3aXBOpIOBaHHSA. MOXIMBUM

MOKAa3aHHSIM A0 3aCTOCYBaHHSI CTEPOIiB € IPOTU-

Jlisl HIUTOKiHOBOMY LITOPMY Y BaXXKMX BUITaIKaX.
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6.8. PerenpHo koHTpomwoiTe HIK®D y iHdikoBaHUX
SARS-CoV-2 xBopux Ha LyKpoBuii giabet. Y ta-
KMX BUIAJIKAX CJIil yTPUMYBAaTUCH BiJl 3aCTOCYBaH-
HSl TMEePOPATIbHUX AHTUAIa0ETUYHUX JiKapChKUX
3aco0iB Ta iHrioiTopiB SGLT2i. Po3risHpTe nu-
TaHHS 1OJ0 NMEPEBENCHHS MalliEHTa Ha iHCYJIiH.
OLLiHiTh piBeHb iMYHOCYIpecii (KiIbKIiCTh JIEHKO-
LIUTIB KPOBi, iMyHOor100yJTiHiB, CD19, T-ki1iTUH).
3a HasgBHOCTI JeiikoneHii / niMdorneHii, 3MeH-
LIiTh A03Y LIMTOTOKCUYHUX 3aCO0IB JOKU PiBEHb
JICUKOLIMTIB KPOBi HE BiTHOBUTHCSI.

6.10.Y mauieHTiB, AKi OTPUMYBaJIX PUTYKCUMAaG TpPoO-
TATOM OCTaHHiX 12 Mics1iB HEOOXiTHO BUBHAUYNTU
piBenb IgG. fAxmo konuenrpauisa IgG < 500 mr/
JUT, PO3TJISTHYTH HEOOXiIHICTh JOBEHHOTO BBEIEH-
Ha IgG (200—300mr/kr KoxHi 3-4 TUXHIi), 110
MOX€ 3MEHIIUTU PU3UK BTOPUHHUX iHHEKILiNA.

6.11.Ins mamientiB 3 ANCA-acoliiioBaHUM BacKy-
JIITOM 3 YpaXX€HHSIM JiereHb a00 XBOPUX Ha JIIO-
nmyc-HepuT Ta/ab0 ypaXkeHHSIM iHIIUX OpraHiB,

6.9.

Jliteparypa:

Adapted Clinical Guidelines

miazMadepes Moxxe OyTHU Tepalli€elo BUOOpPY Ha 10-
JaTokK o KoptukoctepoiniB (IV MiHi-mynbc no3u
METUJINIPEHI30JI0HY N0 250 MT 3 HACTYTHUM ITe-
peBeleHHSIM Ha TepopayibHUil Tipuitom 1 mr/kr/
no0y). Taki mamieHTu NoTpedyloTh ILIOAEHHOTO
KOHTPOJTIO 1100 KOPUTYBAHHS JIiIKaPChKUX 3aCO-
0iB.

6.12. k1o mokaszaHuii maasMadepes, IS 3aMillleHHS
BUKOPHUCTOBYITE CBiXKO3aMOPOXEHY IIa3My, a He
anbOyMiH.

6.13. He 3ynuHstiiTe monepeaHbo MpU3HaUeHe JIiKyBaH-
Hs iATI® a6o BPA.

6.14.TToBTOPHO OI1iHITh (PYHKIIII0 HUPOK Y XBOPUX Ha
XXH, saki onyxanu Bim COVID-19. O6rpyHTyiiTe
TEPMiHOBICTh MOBTOPHOTO OLIIHIOBAHHS 3aJIEKHO
Bin 6a3zoBoi IIIK®D, koMmopOigHOCTI Ta KIIiHIYHUX
00CTaBHH.

6.15. [Tomanpinii 06’€M Ta YacTOTa MOHITOPUHTY BU-
3HayvaeThes craaiero XXH.

1. COVID-19 rapid guideline: chronic kidney disease.
NICE guideline [NG176] Published date: 15 May
2020. Available from : https://www.nice.org.uk/
guidance/ngl76

2. ERA-EDTA information for nephrologists and oth-
er professionals on prevention and treatment of co-
vid-19 infections in kidney patients. Available from:
https://www.era-edta.org/en/covid-19-news-and-
information/

3. Andrew S. Bomback, Pietro A. Canetta, Wooin Ahn,
Syeda B. Ahmad, Jai Radhakrishnan and Gerald B.
Appel. CJASN. 2020; 15(6):876-879. doi: 10.2215/
CJN.04530420

4. Ulu S, Gungor O, Gok Oguz E, Hasbal NB, Turgut D,
Arici M. COVID-19: a novel menace for the prac-

tice of nephrology and how to manage it with minor
devastation? Ren Fail. 2020;42(1):710-725. doi:10.
1080,/0886022X.2020.1797791

5. World Health Organization. ( 2020) . COVID-19
and the use of angiotensin-converting enzyme in-
hibitors and receptorblockers: scientific brief, 7 May
2020. World Health Organization. Available from :
https://apps.who.int/iris/handle/10665/332021

6. Kidney Care UK. Coronavirus (Covid-19) guid-
ance for patients with kidney disease. Available
from:  https://www.kidneycareuk.org/news-and-
campaigns/coronavirus-advice/#locallockdown

YKPATHCBKUIN XXYPHOA HEPPOAOTIT TO Alaaidy N23 (67) 2020

CQOVID-19 ta Hupkw: 9
AAQMNTOBAHI KAIHIYHI HOCTOHOBM


https://www.nice.org.uk/guidance/ng176
https://www.nice.org.uk/guidance/ng176
https://www.nice.org.uk/guidance/ng176
https://www.nice.org.uk/guidance/ng176
https://www.nice.org.uk/guidance/ng176
https://www.era-edta.org/en/covid-19-news-and-information/
https://www.era-edta.org/en/covid-19-news-and-information/
https://www.era-edta.org/en/covid-19-news-and-information/
https://www.era-edta.org/en/covid-19-news-and-information/
https://www.era-edta.org/en/covid-19-news-and-information/
https://cjasn.asnjournals.org/content/15/6/876/tab-article-info
https://cjasn.asnjournals.org/content/15/6/876/tab-article-info
https://cjasn.asnjournals.org/content/15/6/876/tab-article-info
https://cjasn.asnjournals.org/content/15/6/876/tab-article-info
https://www.tandfonline.com/doi/full/10.1080/0886022X.2020.1797791
https://www.tandfonline.com/doi/full/10.1080/0886022X.2020.1797791
https://www.tandfonline.com/doi/full/10.1080/0886022X.2020.1797791
https://www.tandfonline.com/doi/full/10.1080/0886022X.2020.1797791
https://www.tandfonline.com/doi/full/10.1080/0886022X.2020.1797791
https://apps.who.int/iris/handle/10665/332021
https://apps.who.int/iris/handle/10665/332021
https://apps.who.int/iris/handle/10665/332021
https://apps.who.int/iris/handle/10665/332021
https://apps.who.int/iris/handle/10665/332021
https://www.kidneycareuk.org/news-and-campaigns/coronavirus-advice/#locallockdown
https://www.kidneycareuk.org/news-and-campaigns/coronavirus-advice/#locallockdown

CQVID-19 & Kidney:

Ukrainian Journal of Nephrology and Dialysis, 3 (67)’2020

Adapted Clinical Guidelines

~alan
\é’b\“‘ JO(/,
S

\e\)

Ukrainian Journal of Nephrology and Dialysis
Scientific and Practical, Medical Journal

= 0 Founders:
© \1 $ .. . :
'%, & + State Institution «Institute of Nephrology NAMS of Ukraine»
o,
/°gy and » National Kidney Foundation of Ukraine
ISSN 2304-0238;
eISSN 2616-7352 Journal homepage: https://ukrjnd.com.ua
Adapted Clinical Expert group: Chairman: M. Kolesnyk. Deputies: N. Stepanova,
Guidelines I. Dudar. Members: E. Krasyuk, L. Liksunova, L. Snisar, T. Moroz

doi: 10.31450/ukrjnd.3(67).2020.02

Management of hemodialysis facilities and services during

the COVID-19 pandemic: Adapted clinical guidelines of the
Ukrainian Association of Nephrologists and Kidney Transplant
Specialists

Ukrainian Association of Nephrologists and Kidney Transplant Specialists

Citation:

Article history:

Received July 15, 2020

Received in revised form
August 04, 2020

Accepted August 20, 2020

Kolesnyk M, Stepanova N, Dudar |, Krasyuk E, Liksunova L, Snisar L, Moroz T.
Management of hemodialysis facilities and services during the COVID-19
pandemic: Adapted clinical guidelines of the Ukrainian association of
nephrologists and kidney transplant specialists. Ukr J Nephr Dial. 2020;3(67):10-14.
doi: 10.31450/ukrjnd.3(63).2020.02

Abstract. The global COVID- 19 pandemic is a critical time for hemodialysis patients
as hypertension, diabetes or other co-morbidities, as well as hemostasis disorders, are
risk factors for adult distress syndrome, the formation of which significantly worsens
the prognosis.

Several national associations of nephrologists have created expert working groups to
prepare constantly updated clinical guidelines for the management of dialysis patients
in the context of the COVID- 19 pandemic.

According to the experts, to minimize COVID-19 infection of patients and health
care workers, the medical staff of dialysis units should undergo training and further
retraining, following changes in constantly updated practical recommendations.

The expert group of the Ukrainian Association of Nephrologists and Kidney Transplant
Specialists has also created the Adapted Clinical Guidelines for the Management of
Hemodialysis Facilities and Services During the COVID- 19 pandemic.

All of the following clinical guidelines have a level of evidence of 2C.
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JlikyBanns xpopux Ha XXH V I'/l, Ta oprani3zanist poooTu BiagiieHHs
Hedpoorii Ta giamizy B ymosax nanaemii COVID-19:
AnanToBani KniHiYHi peKoMeHanjii YKpaiHCbKoiI aconianii Hedpooris
i paxiBuiB 3 TPAHCIUIAHTALII HUPKH
YkpaiHcbKa acouiauist HepoJioriB i (haxiBIIiB 3 TpaHCIUTAHTALlil HUPKUA

Ckiaaj ekcnepTHOI rpynu:
T'onosa: M. KosiecHuk
3actynHuku: H. CrenaHosa, 1. [lynap

Ynenu: E. Kpaciok, JI. JlikcyHona, JI. CHicap, T. Mopo3

Pestome. Kopornasipycna xeopoba — ingexuiiine, 6UCOKOKOHMARIO3HE 30X80PIOEAHH, SKe 0eOHMYE AUXOMAHKOIO
(44%-98%), kawnem (68%-76%), mianciero (18%). Ceped nedianiznoi nonyasauii cmepmuicmo ckaadae 1,4%-3,6%.

Ilandemiss COVID-19 € ocobaueo Hebe3neuHorw 045 X80pux Ha XpoHiuHy xeopoby Hupok (XXH) VI, ockinvku ap-
mepianvha 2inepmensis, yykposuii diabem, inuti KOMOPOIOHI CMaHU Ma NOPYUIEHHS CUCIeMU 2eMOCMA3y € pakmopamu
PUBUKY ducmpec-CUHOPOMY 00POCAUX, POPMYBAHHS K020 CYMMEBO NOIPULYE NPOCHO3.

llexinvka HayioHarbHux acouiayiti Hegpponoeie cghopmysaru poboui epynu excnepmis 045 ni02omoeKu nOCMIiiHo
OHOBAI0BAHUX KAIHIYHUX PeKOMeHOauyiil w000 pobomu 8iddinens diarizy 6 ymosax nandemii COVID-19.

Ha dymky excnepmie meduunuil nepconan iddinens dianizy nosuHeH NPoimu mpenine ma y nooaibuiomy pempe-
HiHeu, 8i0n08iOHO 00 3MIiH NOCMILIHO OHOBAIOBAHUX NPAKMUYHUX peKOMeHOayiil 043 MiHiMi3ayii iHgiKy8anHs Xeopux ma

MeOUUHUX NPAUIBHUKIE.

Excnepmua epyna Yipaincokoi acouiauii Heghponoeie i gpaxieuie 3 mpancnianmayii HUPKU maxKoxic cmeopuia
adanmosani KAiniuHi pekomeHoauii wjodo opearizauii pobomu iddinens dianizy é ymosax nandemii COVID-19.

Yei nuncue nodani noaoscenHs KainiyHux pekomendauiti maromeo pieenv dokazosocmi 2C.

Kmouosi cioBa: nandemis COVID- 19, eemodianiz, nayicumu, diasiznuii yenmp, npomuenioemivmi 3axoou, ai-

KYBaHHSL.

Beryn. KoponasipycHa xBopo6a — iHbeKIIiliHe,
BUCOKOKOHTArio3He 3aXBOPIOBaHHS, SIKE N€OIOTYE JIU-
XOMaHKoI0 (44%-98%), kauuiem (68%-76%), Mianrieio
(18%) [1, 2]. Cepen Heaiami3zHOI Oyl CMEPTHICTD
cknanae 1,4%-3,6% [1-3].

IManpemis COVID-19 € ocobi1nBo Hebe3MeYHOIO
st xBopux Ha XXH V]I, ockinbku apTepiajibHa rinep-
TeH3is1, LYKPOBUil AiabeT, iHIIi KOMOPOiAHiI cTaHU Ta
MOPYIIEHHS CUCTEMM reMocTa3y € (akTopaMu pU3U-
Ky TUCTPEC-CUHAPOMY JOPOCIUX, GOPMYBaHHS SIKOTO
CYTTEBO MOTiplIye MporHos (4, 5].

Jexinbka HallioOHaJbHUX acollialliii HedpoJsoris
chopmyBaiM poboUi rpynu eKCIHepTiB s HiAroTOB-
KM MOCTiAHO OHOBJIIOBAHUX KJIHIYHUX peKOMeHIalliit
OO0 POOOTH BiANUIEHb Miajlizy B YMOBax IMaHAEeMii
COVID-19 [6-8].

Ha nyMKy excrnepTiB MeIUUYHUN TTepcoHal Bigmi-
JICHb Jiai3y TOBUHEH MPOUTHU TPEHIHT Ta y Moaaib-
IIOMY PETPEeHiHTH, BiAMOBIAHO OO 3MiH MOCTiiHO
OHOBJIIOBAaHUX MPAaKTUYHUX PEKOMEHHAALiid mIs Mi-

Kosecauk Mukoaa OuekciiioBuy
director@inephrology.kiev.ua

HiMi3allii iH(hiKyBaHHS XBOPUX Ta MEAUYHUX MpalliB-
HUKIB.

ExcnepTHa rpymna YKpaiHcbhKoi acouiallii Hedhpo-
JIOTiB i haxiBLiB 3 TpaHCIJIAHTALlil HUPKU TaKOX CTBO-
puia aganToBaHi KJIiHIYHI peKoMeHaallii 11010 opra-
Hizallii poOOTH BimijJieHb Hializy B yMoOBaX MaHOeMii
COVID-19.

VYci HuKue mojaHi MoJOKEeHHs KJiHIYHUX peKo-
MEHJAallill MaloTh piBeHb HoKa30BocTi 2C.

Ilepestik cKopoyeHb:
AT - apTepiaJIbHUA TUCK
I - TeMomiai3
rio - reMogiadinbTpalisa
313 - 3aco0M iHAMBINyanbHOTO 3aXUCTY
IDA - iMyHOoMepMeHTHUIi aHaJi3
MO3 - MiHicTepcTBO OXOPOHU 310POB’ S
H3T - HHPKOBA 3aMiCHa Tepartis
TJIP - TIoJIiMepa3Ha JIaHIIOroBa peaxiist
XXH - XpOHiYHa XBOpoOa HUPOK
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1.2

1.3.

1.4.

2.1.

2.2.

2.3.

2.4.

2.5.

PekomMenpamii.

TpancnopryBanHsa xsopux [9-11].

. XBopi 0e3 kiiHiuHUX mposiBiB COVID-19 tpaH-

criopTytothes g0 'l meHTpy Ta y 3BOPOTHOMY Ha-
OpSIMKY TPAaHCIOPTHUMHU 3aco0amMu OJIaromiiHux
opraHizainiii, BIacHUMHU a00 MyHiLUIIaIbHUMU
crieliajJbHO BUIUICHUMU IJISI 1Li€1 KaTeropii XBo-
PHUX 3 TOTPUMAaHHSIM 3araJIbHUX KapaHTUHHHUX 00-
MeXeHb: MacKa, JUCTaHLIis.

XBopi 3 migo3poio Ha SARS-CoV-2 indikyBaHHS
TPAHCIIOPTYIOTHCSI METMYHUMM TPaHCIIOPTHUMU
3aco0aMu; TiepcoHa, IKMK 3[0iiiCHIOE TpaHCIIOP-
TyBaHHSI TIOBUHEH BUKOPMCTOBYBATU 3aCOOU iH-
nuBigyanpHOro 3axucty (313) mepembadeni st
KoHTakTy 3 SARS-CoV-2 iH¢pikoBaHUMM Malli€H-
TaMU.

IHdikoBaHi XxBopi 6e3 mMposIBiB XBOpoOM ab0 3 TIpo-
SIBAMHM JIETKOTO, CEPEeIHBOIO a00 TSIKKOTO CTYIIC-
HIO TPAHCIOPTYIOTHCS SIK TepeadadyeHO IMyHKTOM
1.2.

TpaHcnopTyBaHHSI iH(piKOBaHMX XBOPHUX Ta Iia-
mieHTiB 3 migo3por Ha COVID iHdexiiro ogHIM
TPAHCIIOPTHUM 3aCO0O0M HEIOITYyCTUMO.

CKpHHIHr Ta po3MOAiN XBOPUX HA KOrOpPTH
[12-15].

Ilepen moyatkom I'/l cecii KoxXeH XBOpUil MOBU-
HEH TIPOWTU CKPUHIHT Ha HasBHICTb MOXJIMBUX
03HaK iH(}iKyBaHHS.

MenuuHuil TpalliBHUK, KU BUKOHYE CKPUHIHT
y OpuiiMaibHOMY KaOiHETi MOBUHEH BUMIpSTH
TEMIIepaTypy Tijla y KOXKHOTO XBOPOTO, YTOUHUTH
HasIBHICTb IMiABUILEHOI TEMIEpaTypyu HaIepeao-
Hi, KallIlo, YXaHHS, MiaJibriii, 00J10 B cyrjaobax,
niapei, KOHTakTy i3 mamieHtamu Ha COVID-19
abo ocobamu, 1110 TpUOYIH i3 PErioHiB 3 BUCOKOIO
3axBopioBaHicTio Ha COVID-19; gkio naiieHT
BUKJIMKAE MMiT03py, KOTo ClIil CripsIMyBaTH y iHITY
KiMHAaTy OUYiKyBaHHS.

CKpUHIHT Talli€eHTIB 3 MiA03pol0 Ha iHGbiKyBaH-
HS 3[iCHIOETHCS T103aUEProBO (B OKpPEeMUX TPH-
MillIEHHSX 3 TOJAJIbIIOK CaHiTapHOK 00pOOKOIO
MPUMILLIEHHS Micsl KOXXHOT'O XBOPOTo); XBOpi 0e3
NMposBiB iHDIKYBaHHS OUYiKYIOTh CBOEI Yepru IS
CKPUHIHTY B TPAaHCIIOPTHOMY 3ac00i a00 y 1BOpi 3
MOTPUMaHHSIM IMCTaHIii Ta y Maclli (Hakaz3 MO3
Bim 04.04.2008 No236, Bim 04.04.2008 Nel81, Bin
11.08.2014 No552).

Ilepen miraHOBOIO TocmiTafti3alieo abo mnepen
IUTAHOBUM XipypriYyHMMU BTpydyaHHSIMU (dop-
MYBaHHSI a00 KOpEKIlisi CyIMHHOTO IOCTYITY IS
I'’1) HeoOXimHO MPOBOAUTH MOCIIAXKEHHS METO-
noMm T1JIP a6o I®DA (Hakaz MO3 Bin 20.05.2020
Ne1227)

V pasi eKcTpeHoi rocritanisallii - IBUAKUAN TECT
Ha COVID-19.

[Ticnst oTpuMaHHSI XBOPUMM JI03BOJY MPOUTH 10
Jiadi3HOTO 3ajly, BOHU MOBUHHiIi 0OpOOUTH pYKU
Je3iH(peKTaHTOM

2.6.

2.7.

2.7.1.

2.7.2.

3.1

3.2.

4.1.

4.2.

4.3.

4.4.

OckKilbKM 4acTo pe3yJabTaT TEeCTyBaHHS Ha
COVID-19 He MoxyTh OyTM OTpHWMaHi ojpa-
3y, XBOpi 3 MiA03po0 Ha iHdiKyBaHHS Ta Ti, IO
koHTakTyBaM i3 COVID-19 mo3utuBHUMU ma-
LieHTaMu ab0 ocobamu, ki MpuOyIun i3 KpaiH i3
BUCOKOI0 3axBoproBaHicTio Ha COVID-19, wma-
I0Th PO3MJISIAATUCH K iHDIKOBaHI 10 OTpUMaHHS
pe3yabTatiB TecTy Ta orpuMyBatd H3T B yMoBax
i3osgaTopa [15].

3a pesynbTaTaMM CKPUHIHTY yCiX MAlli€EHTIB CIif
PO3MOAUISATU Ha TPYNU YMOBHO HeEiH()IKOBaHUX,
nigo3pinux Ha iHdiKyBaHHS (Y TOMY YHCHI KOH-
TaKTHUX) Ta iH(IKOBAaHWX 3 BiNMOBITHOIO pee-
CTpalli€lo JaHUX y ClielialbHOMY «2KypHaJti CKpu-
HiHTY>.

VY onHomy aianizHoMy 3ani '/l cecii 6axaHo
3MiACHIOBATHU IJISI OMHOPIHOI TPYIY MAalli€HTIB.
COVID iHdikoBaHi nami€eHTH po3MOAiISIOThCS
3a CTYMEHEM TSXKOCTI Ha JIETKUH, CepenHii
Ta TSOKKMIA BiATOBIZHO; XBOpi 3 cepeaHiM Ta
TSDKKUMM CTyTNeHeM IMiIsiraloTh rocriTatizaliii
IO CIeLiali30BaHOTO MEIWYHOTO 3aKjany 3
MOXJIMBICTIO JiKyBaHHs Metomamu [J1/T1D
(Hakaz MO3 Bin 13.03.2020 Ne663)

IndopmyBaHHS XBOPHMX Ta iX POAUYIB IOI0 0CO-

ommBocreii Jikysanns B ymosax COVID nanne-

Mii y KOHKpeTHOMY JiajisHomy uenrpi [14, 16].

XBopuit Ta ioro OJM3bKi MOBUHHI OYyTU MPOiH-

¢opmoBaHi snikapem-HedpoaoroMm, KUl 3abe3-

MeYye Oro CIOCTePeXEeHHS MPOo:

e xuiHiuHi mposieu COVID xBopobu;

e 0OCOOJMBOCTI TPAaHCIOPTYBAHHS 10 BiIIiJIEHHS
Ta Y 3BOPOTHOMY HaIpPSIMKY;

e HEOOXiTHICTb Ta CKJIaA0Bi CKPUHIHTY Mepe Mmo-
yatkom I'/] cecii;

e 0COOJMBOCTI MOBEAIHKM y AOMAIIHiX yMOBaXx;

e noBeainku mig vyac I['JI cecii (313, 3abopoHa
XapyyBaHHS i T.[.).

¥V pasi nosiBu o3Hak moxauBoro COVID iHpiky-

BaHHS TIepe] YeproBoio abo Ha APYruit 1eHb Mics

I'] cecii, mauieHT abo oro poauyi MOBUHHI MPO-

iH(opMyBaTH PO lie Jikapsi-HedpoJiora i Hagami

JOTPUMYBATHUCh MOTO iHCTPYKILIiA.

InauBinyansHmii 3axucT, nesindexuis oomaaHaH-
HA Ta npumimexs [12-14].

MeanyHuii TIepcoHaj BigAiIeHHS ITOBUHEH IpPO-
TN TpeHiHT i3 3actocyBaHHs 313; Momonmr Me-
IWYHI CECTPU MOBMHHI KOPHUCTYBATUCh TAKUMU X
313, 9K Jikapi Yu MeIcecTpu.

CniBpobiTHuku 'l BignizeHHs mig gac poooTH 3
nali€eHTaMHd MampTh 3acTtocoByBatu 313: macku/
pecIipaTopy, 3aXWCHiI IIATKH, OKYJISIpH, pyKa-
BUYKHU, Oaxanu, i3omsamiiiai xamatn (Hakaz MO3
Bim 13.03.2020 Ne663)

SIKI10 BUKOPUCTOBYIOThCSI XipypriuHi Macku, ix
CJTiJI 3MiHIOBATH 3TigHO rpadika 110 2 TOAUHH.
3axucT o4yeil 00OB I3KOBUIi; 3aXUCHI IUTKKA abo
OKYJISIPH IS 04eit 6araTopa3oBOTO 3aCTOCYBAHHS
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MAalOTh PETYISPHO Ae3iH(ikyBaTucs 3rigHo 3 iH- 5. Oco0JuBOCTI MPOTHENiAEMIYHOTO peXXUMY CITiBpPO-
CTPYKIIiSIMU BUPOOHUKA. OITHUKIB iaNi3HOro EHTPY Yy TOMANIHIX YMOBAX.
CrenianbHi saxucHi XajiaTu HEpCoHal Ma€ ofisATa- 5.1 MenuuHuii MpaliBHUMK — KOHTAKTHa 0coba, Mae
TH TTOBEPX n1abopaTopHMX/ XIpypPITIHHUX KOCTIOMIB, JOTPUMYBATUCh 3aMOOIKHUX MPOTHEMigeMiuHNX
IX CJIIA 3aCTOCOBYBATH HE TLIBKM MM Hac CeaHCy 3aXOJliB y JOMAIlHIX yMOBax, 3 MeTOI0 MiHimizawii
1, ane i nin yac ne3indexuii ianisHuX MauvH. pusuky iHpikyBanHss COVID-19 unenis iioro
Vrunizauisa 313, nesindexiisd npumilleHb Biamno- POIMHU:
BiHO Hakasy MO3 08-06-20_15 Nel2s. e JMCTaHLilOBaTHCh X04a 6 1,5 MeTpa 3 ocobamu
Jes3iHdeKIis Aiaai3HUX 3aliB Ta yCiX MOBEPXOHb, [OXUJIOTO BiKy, IKi IPOXUBAIOTH PA30M 3 KOH-
BKJII04a0uM (POHEHIOCKOI Ta TOHOMETPH, TTOBU- TAKTHOIO 0COBOI 260 MaloTh iHUI (hakTopu
HHa 3/1ifCHIOBATUCH TEPE], Ta IMiCad KOHKPETHOI pusuky COVID-19;
1 cecii. e BUKODUCTOBYBaTM iHAMBiAyaJbHi NpeaMeTH
Yacrora J1abOpaTOPHOIro TECTYBaHHSA CITiBPOOIT- mo6yTy (Imocyn i T.11.);
HukiB I'Jl LeHTpy BU3HAYa€ETHCA EITiAEeMiooriy- e 3a0e3MEYNTH HAJIEKHY Tiri€HY PYyK, 3aXUCT
HOIO C.I/ITyaI_[iGIO Y KOHKpPETHOMY | pill BiI[[LiJ'[CHH.i, oueii Ta 1e3iHMEKIi0 TPUMIILEHHS;
asle 37iCHIOEThCS He piie HiX | pas Ha 14 anis e yCi yYaCHMKM CIIJIKyBaHHSI TIOBMHHI BUKOpUC-
(Haka3z MO3 Bin 20.05.2020 Ne1227). TOBYBAaTH MACKY.
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Abstract. In Ukraine, about 12% of end-stage renal disease patients are treated by
peritoneal dialysis (PD). In contrast to the hemodialysis population, PD patients receive
treatment at home, which reduces the likelihood of SARS-CoV-2. However, older age,
diabetes, hypertension and many other comorbid conditions of PD patients significantly
increase the risk of infection. Therefore, maximum adherence to preventive measures
Jor COVID-19 by PD patients and medical staff is an urgent and mandatory task.

Based on the published research on COVID-19, the expert group of the Ukrainian
Association of Nephrologists and Kidney Transplant Specialists has created the
Adapted Clinical Guidelines for the Management of Peritoneal Dialysis Facilities and
Services During the COVID- 19 pandemic.

All of the following clinical guidelines have a level of evidence of 2C.
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epidemic measures, treatment..
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JlikyBanns xsopux Ha XXH V I1/I Ta opranizamnis poooTu
BijnijieHHs HeppoJiorii Ta aiaizy B ymoBax nanaemii COVID-19:
AnanToBani KiiHiYHi peKoMeHalii YKpaiHCbKoiI aconianii HedpoJoris
i (paxiBuiB 3 TPAHCIUIAHTALII HUPKH
YkpaiHcbKa acouiauist HepoJoriB i haxiBILIiB 3 TpaHCIUIAHTALlil HUPKUA

Ckiaz eKCnepTHOi rpynu:

T'onosa: M. KonecHuk

3actynHuku: H. Crenanona, I.-lynap
Unenu: E. Kpaciok, JI. JlikcyHona, JI. CHicap

Pe3tome. B Ykpaini 6ausvko 12% nauienmie 3 xporiunoio xeopo6oio vupok V JI cmaodii aikyrombcs memooom
nepumoneanvroeo dianizy (IJ]). Ha eiominy 6io eemodianiznoi nonyaauyii, Il nayienmu ompumyroms AiKy8anHs edoma,
wo 3menuye imogipuicmo ingixysanus SARS-CoV-2. Tum ne menui, cmapwa 8ikoea Kameeopis, Uykpoguii diabem, ap-
mepianvHa einepmeH3is ma iHwi wucaeHHi Komopoioni cmanu I1J] nayicnmie cymmeao niosuuyrome pusuk ix ingixyean-
Ha. Came momy, makcumanvHe 0ompumanusa npogiraxmuunux 3axodie ujodo COVID- 19 I1J] nayichmamu ma meduunum
NepCOHANOM € HeBIOKAAOHUM Ma 0008 I3K08UM 3A460aHHAM.

Ha ocroei onybaixosanux docaioncenv wgodo COVID- 19, exchepmua epyna Ykpaincokoi acouiayii Heghponoeie i
haxisyie 3 mpancnianmayii HUpKU cmeopuna adanmogai KAiHiuHi pekomeHdauii ujo0o opeanizayii HadanHs cneyiani-
308aH0i meduunoi donomoeu I1J] nauyicumam 6 ymosax nandemii COVID-19.

Yei nuxcue nodamni nonoxcenns KainivHux pekomenoauii maromo pieeHv doxazoeocmi 2C.

Kmouogi ciioBa: nandemis COVID- 19, nepumoneanvhuii dianiz, nauienmu, 8idoin dianizy, npomuenioemiuni 3a-

xo0u, AiKy8auHs.

Beryn. B Ykpaini 6;1u3bko 12% nauieHTiB 3 Xpo- Ilepeik ckopoyeHb:
HiYHOI0 XBOp0o0Oo10 HUPOK V [l cTamii N1iKyloThCsS METO-
oM reputoHeanbHoro miamisy (ITI) [1]. Ha Binminy AT - apTepialbHUN TUCK
Bill remogianizHoi nomyJnauii, ITJ] nanieHTH otpumy- EPALI AHTATOHICTH PeLeNTOpiB
I0Th JIIKyBaHHS BIOMA, 110 3MEHIIIY€E iMOBIpHICTb iH- anriorensuny I1

dikyBanHsg SARS-CoV-2 [1-3]. TuM He MeHIl, cTap-

1lIa BikOBa KaTeropisi, yKpoBUii niabeT, apTepiajabHa 313 - 3aco0u iHAMBixyabHOTO 3aXHUCTY
rinepTeH3is Ta iHIII YUCAeHHI KoMopOinHi ctanu T[] TATID _ iHribiTopu aHTiOTeH3MHITepe-
MAaL[i€HTIB CYTTEBO MiABUIIYIOTh PU3UK iX iH(iKyBaHHS TBOPIOIOYOTO (hepPMEHTY

[3-5]. Came ToMy, MakKCMMaJIbHE HOTPMMAaHHS IIPO- DA - iMyHO(epPMEeHTHI aHaTi3
dinakTyHux 3axoxis mwono COVID-19 I/ mauieH- o

TAMU Ta MEIMYHUM TEPCOHANOM € HeBinknannum ta ~ MO3 - MinicrepcTBO OXOPOHN 3110POB’S
000B A3KOBMM 3aBJIaHHSM. H3T - HUPKOBA 3aMiCHa Tepartis

Ha ocHoBi ony0JiKoBaHUX JOCHiIXEHb IIOA0

.. . . IT - TIEpUTOHEAJIbHUI Hiami3
COVID-19, excneptHa rpyna YKpaiHCbKOi acoliaitii A p A
HedpoJioriB i axiBLiB 3 TpaHCIJIaHTallil HUPKUA CTBO- IET - TeCT NEPUTOHEATIbHOI piBHOBAru
pHJIa anToBaHi KIiHiMHi peKOMeHaLil oo opra- [UIP - IoTiMepasHa TAHIIOTOBA PEAKIs
Hi3allii HamaHHs creliaai3oBaHOl MEIUYHOI TOITOMOTHY
ITJI namientam B ymoBax nmaHaemii COVID-19. XXH - XpOHiYHa XBOpO0Ga HUPOK

VYci HuXUe ToJaHi MOJOXEeHHS KJIIHIYHUX peKo-
MeHAalii MaloThb piBeHb 1oKa3oBocTi 2C.

PekoMeHnpamii.

I1/] nanieHTV MOBMHHI 3ajMaTucsd BaomMa. Bizu-
TH [0 Jiali3HOTO LIEHTPY IMTOBUHHI OYTHU 3BelIeHi 10 Mi-
HiMyMYy, JIUIIE 3a HEBiAKIaAHUMHU MOKAa3aHHSIMM, Ha-
director@inephrology.kiev,ua npukiaf, nino3pa Ha [1/]-acouiiioBanuii nepuToHiT. B
yCiX iHIIMX BMIIAJKaX KOHCYJIbTallil MOBUHHI HalaBa-

THUCH Y TeepoHHOMY abo Bigeo pexumax [5].

Koaecuuxk Mukoaa OJiekciitoBuu
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1. 3axoau 0e3neku aiad I1JI nmanienris
1.1. dokniHiyHuit ckpuHinr IIJI mauieHTiB 10a0
COVID-19 [2, 4-7]

1.1.1. TlpoBecTH mnomepeAHill CKPUHIHT HasIBHOC-
Ti MOXJIMBUX O3HaK Ta/ab0 (HakTopiB pU3UKY
COVID-19 nnga ITJI nauieHTa, aKui 1jiaHye Bi-
3UT [0 Aiajli3HOTO LEHTPY Y TeJe(hOHHOMY pe-
KUM.

e MoOXJIMBI O3HAKU: MiABUILIEHHS TeMIIepaTypu
tima 6impme 37,20 C, CMMIITOMHM TOCTPOI pec-
mipaTopHoi iH(peKIil (3amminka, Kaiieiab abo
011 y TOpiti) 3 a00 0e3 IMIBUIICHHS TeMIIepa-
TypH Tina?

o (DakTopu pU3UKY: HASIBHICTh 3a3HAYEHUX CUMII-
TOMIB y YJICHIB iX pOOAWHM, KOHTAKT 3 iH(iKOBa-
HuM COVID-19 nauieHTOM 3a OCTaHHI 2 THXHI,

e MepeOyBaHHS Yy MyOTIYHMX MiCIIIX / TPUOYTTS
3 PerioHiB 3 BUCOKMM piBHEM 3aXBOPIOBAHOCTI
Ha COVID-19.

1.1.2. 'V pa3si HagBHOCTI (DaKTOpiB pU3NKY a00 CUMII-
TOMIB TOCTPOI pecripaTopHOi iH(peKIIii:

e TIALIiEHT MOBMHEH MOBIZOMUTHU IIPO LE CiMeli-
HOro Jjikapsi, a OCTaHHii opraHizyBaTU IIPO-
Bectu I1JIP-tectyBaHHs Ha HasgBHicTh SARS-
CoV-2;

e y pasi ypreHTHoi HeoOximHocTi Bizuty I/l ma-
LliEHTAa OO0 Jiajli3HOrO LIEHTPY, XBOPOTO CIifg
OrJisiAaTH i3 JIOTPUMAHHSM YCiX 3aX0/iB iHAUBI-
JIyaJbHOTO 3aXUCTY (IUB. HIXKYE).

2. Opranizania poooTn Mmegmaaoro nepconasy 3 ITJ1,
namieaTamu 'y B ymoBax mangaemii COVID-19
[2,4-7]

2.1. HeoOxigHo yHuMKaTh pobouux 3acimanb I1JI ko-
MaHau. OOroBopeHHs KIIiHIYHUX BMITANKIB, Tpe-
HiHTM MEIWYHOIO IIepCoHay, KOHdepeHIii Ta/
abo Jjiek1ii 30iliCHIOBaTM BUKOPUCTOBYIOUYU Tejie-
(oHHMIT 2060 BiIEO3B SI30K.

2.2. CraHpapTHi IUIaHOBI 00CTeXeHH, TaKi 9K [TET-
TeCT, BU3HAUYCHHS TUKHEBOIO KIIiPEHCY CEYOBUHU
(Kt/V) i 1.m. He MPOBOASTHCS TIPOTSITOM YCHOIO
nepioay naHaemii.

2.3. [IpuiimManbHe BigmiJIeHHS/30HA OYiKyBaHHS Mae€
Oyt oOjagHaHa nAe3iHdiKylounMHu 3acobaMu;
MicCLs1 4151 OUiKyBaHHS TOBMHHI OyTH 00JIallTOBA-
Hi Ha BiAcTaHi He MeH1ue 1,5 MeTpa OAMH Bim Of-
HOTO; 1OJaTKOBO HadapOboBaHa (HaKJIeEHA) JIiHis
Ha MiJj103i J03BOJIUTH 30epiraTu BifcTaHb MixK Me-
IUIHAM PEECTPATOPOM Ta IaIli€HTaMMU.

2.4. [pubyBmm mo miamizHoro ueHTpy, 1/l maiieHT
Ma€ HajJexXHO O0poOUTH PyKU 3a HAOMNOMOIOIO
nIe3iH(piKyo4oro 3aco0y Ta 3aJlWIIaTUCh y 30Hi
OYiKyBaHHSI NPUKUMAIbHOTO BIAJUJIEHHS IO IpPO-
XOJIKEHHSI 000B I3KOBOTO CKPUHIHTY OO0 iH(i-
kyBanHs COVID-19.

2.5. MenuyHMi1 TpalliBHUK, SIKMI BUKOHYE CKPUHIHT
y TIpuiiMalibHOMY KaOiHeTi IMOBUHEH BUMIipSTU
TeMIlepaTypy TiJla XBOPOIr'o, YTOUHUTU HasIBHICTb

2.6.

2.7.

2.8.

2.9.

3.1.

3.2.

3.3.

3.4.

Adapted Clinical Guidelines

MiABMILEHOI TeMIepaTypy HamepeaoaHi, Kaluilo,
YXaHHS$, MiaJibrii, 00J10 B Cyriaobax, aiapei, KOH-
TakTy i3 mamieHTamMu Ha COVID-19 a6o ocobamu,
0 MPUOY/IU i3 PErioHiB 3 BUCOKOIO 3aXBOPIOBA-
nictio Ha COVID-19.

V pasi HasgIBHOCTI y XBOPOTO (haKTOPiB PU3UKY
indikyBanas COVID-19 abo 00yMOBIEHUX HUM
KJIiHiYHUX TIposiBiB, [1]] manieHT Mae OyTu TepMmi-
HOBO CIIPSIMOBAHUM y iHIIYy KiMHATy OYiKyBaHHS
Ta, 3aJIeKHO BiJl JIOKAJIbHOI OpTaHi3allii MapIpyTy
manieHTa 3 migo3poo Ha COVID-19, nanpasie-
HU Ha TeCcTyBaHHS Iomo iHdikoBaHocTi SARS-
CoV-2 metogowm ITJIP.

Tpusanicte nepedyBanHs IIJl mauieHta y mia-
JII3HOMY LIEHTPi Ma€ OyTU 3BeJeHa N0 MiHIMyMYy;
OCHOBHVMU MUTAHHSIMU MOBUHHI OYyTHU: AiarHOC-
TUKa Ta JiikyBaHHs [1/[-acouilioBaHOTO MEepUTO-
HiTy, BaxkKa iH(MeKIlis Miclsl BUXO1y KaTeTepa abo
iHiiauis aikyBaHHs MeTonoMm I1]1 Ta HeoOXinHiCTh
TPEHIHTYy NallieHTa; iHIIi KJAiHiYHI MUTaHHS (TIpe-
ckpunuis I1Jl, menukamMeHTO3Ha Teparlisi, TOLIO)
MOXYTb OyTH BUPIllIEH] y TeJIe(OHHOMY PEXUMi.
MenuuHuii MepcoHaa Ma€ 3aBYaCHO KOHTPOJIIO-
Batu KinbKicTh 1]l mamieHTiB OAMHOYACHOTO Bi-
3UTY 10 KJIiHiIKM, 3 METOI0 3MEHILEHHS KiJTbKOCTi
MAalli€HTIB Y 30Hi OUiKyBaHHSI.

HagiTh micisi KOpoTKOi B3aeMoOAii 3 MeAWYHUM
MEePCOHAIIOM abo0 iHIIMMU BiABioyBauaMu diaiiz-
HOTO LIEHTPY, NMoKuaaouu KiiHiky [/l maumieHT
MOBUHEH MOBTOPHO BUMUTH Ta Mpoae3iHdikyBa-
TU PYKU.

OcobauBocTi Jikysannsa merogoMm IIJI mix gac
nangemii COVID-19 [2, 4, 6]

I nauieHTH 00OB SI3KOBO MOBUHHI MaTU MpU-
HaliMHi 2 TUXXKHEBMI 3amac Iiajli3ylouux po3uu-
HiB Ta JOCTAaTHIO KilIbKiCTbh JiKapChbKUX 3aC00iB
(Tepamii cynpoBoay) y pa3i HeoOXiZHOCTI caMo-
i30/1s1ii 200 po3pUBY JIaHLIIOTA MOCTAaBOK (Ha-
MpUKIaa, yepe3 XBOpoOy MpalliBHUKIB CIyXOu
JIOCTaBKH).

I1/] manieHTaM Ta 4jeHaM iX ciMeil HaIloJIEIJIMBO
PEKOMEHIYEThCS 3aJIUIIATHCST BIOMA.

VY pasi mino3pu/abo mosiBU o3HaK iHGMiKyBaHHS,
KOHTaKTy 3 emigHeOe3neyHuMu ocodamu, I[1/]
MauieHT ado WIeHW MOro poAWHU 3 eIigeMioyio-
TriYHMM aHaMHE30M MMOBUHHI MOBiTOMUTH IpalliB-
HUKIiB JiaJli3HOTO LIEHTPY 3a TeJedOoHOM Ta Hajai
JOTPUMYBATUCH iX peKOMEeHJalliil.

I wmencectpu moBUHHI TenedonyBatu [1]1
nauieHTam 1 p/neHb, 3 METOO 3a0e3eUeHHS MaK-
CUMaJIbHOI MiATPUMKHU XBOPUX IMiJ yac MaHaeMii.

T'ocnitanizanisa I1/1 xsopux [4, 7]

. I[InanoBa rocmitanizaiisi Ma€ OyTuU IlepeHeceHa

a00 BimMiHeHa.

. 3a HeoOXimHOCTI cTaulioHapHoro JikyBaHHs I1/]-

MaILliEHTH TTOBMHHI OyTHM 00CTexkeHi Ha iHiKy-
BaHHST SARS-CoV-2 6e3mnocepeaHbo nepes Toc-
niTajisali€ero.
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4.3.

5.1.

5.2.

5.3.

5.4.

1.1

1.2

1.3.

V pasi ypreHTHoOi rocmirtanizaiii Ta BiICYTHOCTI

TIJIP TectyBaHHS:

e 00CTEXXEeHHSI XBOPOTO 3MiMCHIOETHCS BiAIOBI-
HO [I0 JIOKQJIbHOI OpraHi3auii MapupyTy naui-
€HTa 3 nigo3por Ha COVID-19;

e 10 OTPUMAaHHS pe3ysabTaty TecTyBaHHd [1]] na-
LIiEHT BBaXaeThCsl iH(GIKOBAHUM Ta TOCHiTasli-
3Y€EThCS 3 AOTPUMAHHSIM YCiX MpaBWl MPOTHU-
enigeMiuyHo1 6e3neKu;

e MEIWYHi TMpaliBHUKU, $IKi HAJAIOTh MEIUYHY
JIOTIOMOTY, KOHTAaKTYIOThb 3 TOCIiTali30BaHUM
MaIieHTOM Ta/abo 1Ooro OiOoJIOTIYHUM MaTepi-
aJloM, BBaXalOTbCS KOHTAKTHUMHU OCOO0aMU Ta
MaloTh JOTPUMYBATUCh 3aXO/iB MPOTUEMiAeMiu-
Hoi Oe3neku BinmmosimHO n1o Hakazy MO3 Bin
13.03.2020 Ne 663.

JiarnocTuka Ta JjikyBanua COVID-19 y IIJ
namienris [2, 4, 7]

OCHOBHI MiAXOIM 100 OiarHOCTUKU Ta JIIKyBaH-
Hs iH¢pikoBaHoro COVID-19 I1JI maumieHta He
BiIpi3HSETHCS BiJ TaKUX IIOAO 3arajbHOI ITOMY-
IS

I1[1 namieHT 3 J1erkum ado MOMipHUM CTyIIEHEM
TsikkocTi COVID-19 MatoTh MpoaoBXyBaTH IPU-
3HauyeHy npeckpuniito 1/, cynmpoBigHy Meauka-
MEHTO3HY Tepallilo Ta, 3a HeOOXiZHOCTi, CUMIITO-
MaTUYHE JiKyBaHHS.

I1JI mamieHTH 3 TSIKKOI a00 KPUTUYHO TSKKOIO
KOpPOHaBipyCHOIO iH(eKIIi€o 3a HassBHOCTI MOKa-
3aHb MePeBOAsATLCI Ha aBToMaTtu3oBaHuii I1/1.

He icHye omHO3HAyHOI AYMKMU IIOAO YTUJi3a-
uii exkcdyszary IIJl mauieHta, iH(piKoBaHOTO
COVID-19; Mu peKOMeHIYEMO ToAaBaTH J0 BU-
KOPUCTAaHOTO MilIKy 3 eKcdy3atom Oyob-siIKUii
XJIopBMicHU#T po3unH 500 Mr/m 3a 1 roguHy mo
yruiizanii. Heo0xigHo 3amo6iraTi BUIIaAKOBOMY
MOTPAIUITHHIO eKcdy3aTy Ha iHINi MOBEpXHi ITif
yac yTuJjisallii.

3axonu 0e3nmeKu LI MeIHIHOT0 MePCOHATY
uentpy I1J1

be3nepepBHe  HaBYaHHSA
COVID-19 [2, 4, 6]
MenuyHuit mepcoHaa MOBUHEH PETYJISIPHO OTPU-
MYBaTU HOBiTHi 3HaHHSI MPO XBOPOOY, OCKiIIbKHU
iHbopmaliss mogo COVID-19 mocriiiHO OHOB-
JIIOETHCS.

MenuyHuUil TepcoHaq Ma€ BOJOAITU ILIOAEHHOIO
iHopMalli€lo 100 eMmiaeMioaoriYHol cuTyalii
COVID-19 3 MeTol0 BYaCHOTO 3ampoBaKEHHS
TUTaHy HaA3BUYAHMX TTiiA.

Bynb-sikuii  CHiBpOOITHUK Mdiali3HOro LIEHTPY,
kUil MaB KoHTakT 3 COVID-19 iHdikoBaHUM
MaiieHToM abo XTO Ma€ TOCTpi peclipaTopHi
CUMIITOMU MTOBUHEH CaMOi30JI0BaTUCh MPOTITOM
2 TUXHIB Ta MiATBEPAUTH/BUKIIOUUTH iH(DiIKOBa-
HicTb MeTogoM ITJIP tectyBaHHs a6o IDA.

Moa0  maHaemii

2.

2.1.

2.2.

2.3.

2.4.

2.5.

2.6.

2.7.

3.1

3aco6u inguBizyanasHoro 3axucty (313), ririena
PYK Ta ae3indekuisa npumimens [2-7]

313 MaroTb OyTH AOCTYITHUMM JJIs1 BCixX wieHiB T1]]
KOMaHIM Ta BUKOPUCTOBYBATUChH BilMIOBITHO IO
Haxkazy MO3 Big 13.03.2020 Ne 663.

lirieny pyk cii MpoBOAWTH AO Ta MiCJIS KOX-
HOTO KOHTAKTy 3 MalliEHTOM, ITiCJSI PU3UKY MO-
TparIsiHHS ab0 eKcrno3ullii 6i0J0riYHOTO MaTe-
piajly XBOpOTO Ha TiJi MEIUYHOIO MpalliBHUKA,
micas JOTUKY A0 HAMOIMXKYOTO OTOUYEHHS iH(]i-
KOBaHOIO Malli€eHTa, Mepel BASITAHHSIM Ta IMicJIs
3HATTA 313.

IMocrTiiiHa ocBiTa 1040 BaXKJIMBOCTI Ta peKOMEH-
JIOBAHOTIO IMiAXOAY 10 TiriEHU pyK, a TaKOX He00-
XigHe oOsagHaHHS (AOCTATHS KiJIbKiCTh MUIOK 3
MUJIOM, 103aTOPH, MaNepoBi PYIIHUKHM, Ae3iHbi-
Kyl04i 3acO0M Ha OCHOBi CIUPTY) MOBUHHI OyTH
nependadeHi y NiaJli3HOMY LIEHTPI.

IpuMilieHHs Aiani3HOro LIEHTPY CJIia MPOBITPIO-
BaTH, BiIKpUBalOUM BikHa a00 BMUKAIOUW KOHIW-
LiOHep i3 CUCTEMOIO CBiXXOTO IMOBITPs IS 3a0€3-
MeYeHHs MoTo HMPKYJISLLIl.

Heo0bxigHo peTeabHO MPOTHUpATH Ta Ie3iH(piKyBa-
TU TIOBEPXHIO MPEIMETiB Ta MiJJIOTA A0 Ta IiCis
KO>XHOTO BiJIBiTyBaHHS Malli€eHTa.

IToBepxHi poboUYOro CTOJy, €eKpaHy KOMIT' IOTEpiB
Ta KJIaBiaTypM ciin Ae3iHgikyBaTu IIOAHS Ta y
pasi 3MiHU KOpUCTyBaya.

VY pasi mintBepmxeHoro Bunaaky COVID-19
y Iiadi3HOMY LEHTpi, ne3iHGeKliliHI 3axoau
MalpTh OyTW MpOBeAcHi HerailHo, OaxaHo 3a
momomororo  daxiBIiB 3 MNPOTUEIMiAEMiYHOTO
KOHTPOJIIO.

OcobmmBocti moseninku wienis I/ kKomammm
BaoMa B ymoBax nannemii COVID-19 [5]

MeauyHuii paliBHUK — KOHTaKTHa ocoba, Mae
NOTPUMYBATUCh 3aMOOIKHUX MPOTUEIIiIeMIiYHUX
3aX0JiB y JOMAaIlHiX yMOBaX, 3 METOI0 MiHiMi3a-
il pu3uky iHgpikyBanHss COVID-19 wieHiB itoro
pOAVHU:

e JHMCTaHIiIOBaTHUCh Xo4a 0 1,5 MeTpa 3 ocodaMu
MOXWJIOTO BiKy, SIKi MPOXKUBAIOTh Pa30M 3 KOH-
TaKTHOIO 0c00010 abo MaloTh iHIII (aKTopu
pu3uKy iHpikyBanHsa COVID-19;

e BUKOPMUCTOBYBAaTM iHAMBIiAyasbHi
nmooyry (mocyn i T.11.);

peaMeTH

e 320€3IMeUYNTH HAaJIeXHY TirieHy pyK, 3aXHUCT
oueil Ta 1e3iH(peKio MPUMIILIEHHS;

e yCi YYaCHUKM CHiJIKyBaHHS MMOBUHHI BUKOpPUC-
TOBYBaTU MAcKy.

18
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Abstract. Acute kidney injury (AKI) is diagnosed in 1—40% of the COVID- 19 patients
Sfrom 2% to 10% of the patients are required renal replacement therapy (RRT). The
mortality rate in this category of patients reached 88%. Early AKI detection in the
patients with COVID-19, followed by the use of preventive and therapeutic measures
to minimize the incidence or progression is a significant key to reduce the mortality rate
and transformation of AKI into chronic kidney disease (CKD).

The expert group of the Ukrainian Association of Nephrologists and Kidney Transplant
Specialists has created the adapted clinical guidelines for the management of acute
kidney injury in patients with COVID-19 or CKD stage 1-4 patients with acute
kidney injury in the COVID-19 pandemic. These guidelines are intended for family
physicians, general practitioners, physicians, cardiologists, nephrologists, intensivists,
endocrinologists, infectious disease specialists and other professionals involved in the
provision of specialized medical care to the patients with COVID- I9.

Specialized medical care for AKI patients infected COVID-19 should be provided
by a multidisciplinary team, which has to involve nephrologists, infectious disease
specialists and intensivists.

Keywords: COVID-19 pandemic, acute kidney injury, chronic kidney disease,
patients, preventive, treatment.
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JliarHocTHKA TAa JIiKyBaHHS NAIIEHTIB 3 rOCTPUM NMOMIKOTKEHHSAM HUPOK a00
xBopux Ha XXH I-1IV 3 rocTpum nomkomKeHHsIM HUPOK B YMOBAaX MaHAeMil
COVID-19: AnanToBaHi KJiHiYHi peKOMeHaallii YKpaiHCbKOi acomiamii
HedpoJioriB i (paxiBIiB 3 TPAHCILUIAHTALII HUPKH
YkpaiHcbKa acoltialliss HedpoJioriB i dhaxiBlIiB 3 TpaHCIIaHTALlil HUPKU

Ckiag ekcnepTHOi rpynu:

T'onosa: M. KosiecHuk

3actynHuku: I. dynap, H. CrenmanoBa
Ynenu: E. Kpacrok, FO. I'onuap, O. Jloboaa

Pestome. Tocmpe nowkooxucenns nupox (I'IH) y xeopux na COVID- 19 diaenocmysanocs 'y 1—40% 3 nux; cman
2%-10% eumazas 3acmocysanns JH3T. Cmepmuicmo y uiei kamezopii nauienmis cseara 88%. Panne posniznasanus
ypaicenv HuUpok y xeopux va COVID-19 3 nacmynuum euKopucmanHIm NPOYINaKmuuHUX ma mepaneemu1Hux 3axo00ie
wodo minimizayii wacmomu pozeumxy I'IIH ab6o tioeo npoepecysanus mae cymmese 3Ha4eH st 0151 3MeHUEHHS Yacmomu
cmepmuocmi ma mpaucgopmauii ''TH y XXH.

Excnepmmua epyna Yxpaincokoi acouiayii neghponoeie i ghaxieyie 3 mpancnianmayii HUpKU cmeopuia adanmoeani
KAiHTuHi pekomenoauii diaenocmuxu ma aikysanns T'lTH y xeopux na COVID-19.

1[i pexomendauii npusnaueni 0as cimeinux AiKapie, AiKapis 3a2aabHoi npaKmuku, mepanesmis, Kapoionoeie, He-
hponoeie, inmencusicmie, eHOOKPUHON02I8, iH(heKyioHicmie ma iHwux cneyiaaicmis, aKi 6epyms yuacmo y HAOaHHI cne-
uianizoearnoi meduuroi donomoeu xeopum na COVID-19.

KmwouoBi ciioBa: naundemis COVID- 19, cocmpe nouiko0xcertss HUPOK, XPOHIMHA X60P0Oa HUPOK, RAUIEHMU, NPO-
ginakmuxa, iKy8aHHs.

Bcetyn. Toctpe nomkomxkenHst Hupok (I'TIH) y Ilepenik cKopoyeHb:
xBopux Ha COVID-19 npiarnoctyBanocst y 1-40% 3

Hux; ctaH 2%-10% Bumaras 3actocyBaHHst JJH3T. ANCA © AHTUHEHTPODITBHI aHTHTINA

CMeprTHicTh y Li€l KaTeropii mauieHTiB csaraia 88% ECCO2R _ €KCTpakopnopajbHe BUIATICHHS
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€KCTpaKopIopaibHa MeMOpaHHa

EKMO - .
OKCHUTeHallist
iHribiTOpH

TIATID - QHTIOTEH3UHIIEPETBOPIOIOYOTO
depMeHTy

1DA - iMyHO(EepMEHTHUIA aHaJIi3

KJIP - KUCJIOTHO-JIy>KHa piBHOBara

KT - KOMIT'1oTepHa ToMorpadis

MO3 - MiHicTepcTBO OXOPOHU 3I0POB’sI
MarHiTHO-pe30HaHCHa

MPT - P
ToMorpadis

H3T - HUMpPKOBA 3aMiCHa Teparisi

HMT - HU3bKOMOJEKYJISIpPHUI rernapuH
HECTepOINHi MPOTU3aNaibHi

HII31T - POVIHLTIP
npenaparu

H®Tr - HedpaklliOHOBaHUI renmapuH

Pexkomennanii.

Cnenjianizopany MeIu4Hy AONOMOTHM XBOPHM Ha
COVID-19 3 I'lIH mae HanaBaTu MyJIbTHIAACIH-
IJTIHAPHA KOMaHAA, 10 CKJIAAy K0i 000B’I3K0BO
3a;Iy4aloTbcsa HedpoJioru, indekuioHicTn Ta iH-

TEHCHBICTH.

1. Ipodinakruxka I'TTH

1.1. V Bcix nmamieHTiB HEOOXiIHO BU3HAYaTU PU3UK

po3Butky I'TTH. (PiBeHb nokazoBocTi 1B)

1.2. BegeHHs MalieHTiB MOBMHHO OYTU CHpPSIMOBaHE
Ha 3MeHIIeHHs pu3uKy po3Butky I'TIH. (be3 piB-

HST JOKA30BOCTi)

1.3. HeoOXigHO BUKOPHMCTOBYBATH ITPOTOKOIN KOPEK-
il reMOAMHAMIKM Ta OKCHMI€HAallil AjIs Momepes-
KEHHSI PO3BUTKY a00 IMOTipLIEHHS iCHYIYOro
I'TIH y nmanienTiB 3 Bucokum pusukom I'TTH Ta y
XBOPHX 3 CeNTUIHUM I10KoM. (PiBeHb moKa30BOC-

1i 2C).

1.4. HepekoMeHIOBaHO BHUKOPHUCTOBYBAaTH Jdiype-
ik g npodimaktuku  T'TIH. (PiBens mo-

Ka3oBocTi 1B)

1.5. HepekxomeHa0BaHO 3aCTOCOBYBAaTUM HM3bKi 103U
noraminy it npodimaktuku I'TIH. (PiBeHs mo-

Ka30BoCTi 1A)

1.6. HepekoMeHIOBaHO BUKOPMCTOBYBATH (HhEHOI-
nonam ajs npodinaktuku I'TTH. (PiBeHb nokaso-

BocTi 2C)

1.7. HepexoMmeHI0OBaHO BUKOPMCTOBYBAaTU IIepemd-
cepmHmii Hatpiitypetnunmnit mernTun (ITHIT)
nnst mpodinakTuku I'TTH. (PiBeHB MOKa30BOCTI

2C)

1.8. HepekoMeHIOBAaHO BHMKOPUCTOBYBATH PEKOM-
OIHAHTHUI MIOOCBKUN (pJI) iHCYIIHOMOMIOHWMIA

dakrop pocrty-1. (PiBeHb mokazoBocTi 1B)

1.9. ¥V mauieHTiB BigmiieHb peaHiMallii abo iHTeH-
CUBHOI Tepamii i TIPO(UIAKTUKU PO3BUTKY

MPOJOHTOBAaHU BEHO-BEHO3HUI

IBBI'J - ..
reMomianis
MPOJIOHrOBaHa BEHO-BEHO3HA
MIBBIAd - MPoJIoHro :
remopiadinbTpalis
Ta - MEepUTOHEAbHUIA Miami3
1P - moJliMepa3Ha JIaHII0roBa peakilist
MPOJIOHrOBaHa HUPKOBA 3aMicHa
MMH3T . mmpomo p
Teparis
erioHaJIbHa [IUTPaTHA
PLIA - P 1P
AHTUKOATYJISLIisT
OKaJIbHO-CErMEHTApHUI
®CIC .0 P
IIOMEPYIOCKIIEPO3
XXH - XpOHiYHa XBOpoOa HUPOK
LIBT - LEHTpaJbHUI BEHO3HUN TUCK
HIBJ - IUTYYHA BEHTWJISLiS JIETeHb
IIBUIKOIIPOrPECYIOUnit
LITITH - AROTIPOTPECY
TJIOMEPYJIOHE(DPUT

I'TTH pekomeHmOBaHO MiATPUMYBAaTU pPiBEHb
[JII0KO3u KpoBi 6,1 — 8,3 mmounb/a. (PiBeHb 10-
kazoBocTi 2C)

1.10.¥Y xBopux 3 Bucokum pusukoMm I'TTH yHacnimox

rinoBoJjieMii, 3 METOI0 BiIHOBJIECHS BHYTPIillIHbO-
CYIMHHOTO 00’€My IJISI TIOYATKOBOI Teparlii BU-
KOPHUCTOBYIOTHCS KpUCTaIOinHi po3unHu. (PiBeHB
IOKa30BoCTi 2B)

1.11.¥Y xBopux 3 Bucokum puszukoMm I'TTH yHacnmimok

Ba30MOTOPHOTIO IITOKY PeKOMEHIOBAaHO BUKOPHC-
TaHHS Ba30IpPecopiB pa3oM 3 iHDY3i€lo pimuHU.
(PiBenb mokazosocti 1C)

1.12.3acTocyBaHHSI aMiHOIIIKO3UIIB ST JIIKYBaHHS

iHGeKIIil He peKOMEHIO0BaHO 0e3 BCTaHOBJICHHS
YYTJIMBOCTI MiKpOOpPTaHi3MiB 40 HUX Ta 3a HasIB-
HocTi anbTepHaTUBU. (PiBeHb J0Ka30BOCTI 2A)

1.13. HepekoMeHIOBaHO BUKOpUCTOBYBATU N -alleTHII-

uucteid miust nonepeaxeHHss ['TIH y BaxkoxBo-
PUX IAIli€HTIB 3 rirmoreHsiew. (PiBeHb J0Ka30BOC-
Ti 2D)

1.14.TIpu nmiKyBaHHiI CUCTEMHUX MiKO3iB abo Iapa3u-

TapHOI iH(eKIIil, peKOMEHIOBAaHO HamaBaTH IIe-
peBary a3oJOBHM IIPOTUTPUOKOBUM IIperiaparam
Ta/ab0 eXiHOKAHIWHY TOPiBHSHO i3 3BUYAHU-
mu ¢dopmamu amdorepunHy B, gxkmo ix 3a-
CTOCYBaHHSI IO3BOJIUTH HOCSTITH TEParleBTUIHO-
ro edekry. (PiBeHp mOKa30BOCTI 1A)

1.15. Mauientu 3 puzukoM po3Butky I'TIH yHacnimok

pabaoMioizy peKOMEHI0BaHE BiIHOBJIEHHSI BHY-
TpIlIHBO-CyAUHHOTO 00'eMy 0,9% posumHa-
MU HaTpilo XJOpuUAy i rigpokapOoHaTy HATpilo.
(PiBeHnb nokazoBocTi 1B)

2. Jediniuia Ta knacudikania T'TTH.
2.1. I'TTH Bu3HayaeThCH SIK:

e OiJbllIEHHSI KOHLEHTpallil KpeaTUHiHY KPOBi >
26,5 MKMOJIb/JT BIPOAOBX OCTAaHHiX 48 roiuH,
ab0 MiABUIIEHHS KOHIEHTpallii KpeaTUuHiHy
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(miype3 < 0,5 mu/kr/rog > 6 ronuH ). (be3 piBHs
JTOKa30BOCTi)

2.2. Knacudikanis I'TTH ( KDIGO 2012) (be3 piBHs 10Ka30B0OCTi)

Crapis Kpearunin kposi Hiype3
36inbienHs B 1,5—1,9 pasiB Big nmonepeaHboro, abo
I S6iTbIEHHS >26.5 MKMOTTb/1 <0,5 MJ1/Kr/rof npoTsiroM 6- 12-T roguH
II 36inpireHHs B 2,0—2,9 pasiB Bil monepeaHbOro <0,5 mu/kr/rom > 12 TomuH
30i1blIeHHS B 3 pa3u Bil onepeaHboro, abo 3011bIIeHHS .
i <
111 >353.6 MKMOIB/1, 260 posriouato JH3T 0,3 mi/kr/ron 3a 24 rox abo aHypist 12 romuH

3.2.
3.3.

3.4.

3.5.

3.6.

. PexoMeH10BaHO HE BUKOPUCTOBYBATHU NiypeTUKU

nns nikyBaHHs ['TIH 3a BUHSITKOM HasiBHOCTI Me-
peHaBaHTaxeHHs 00’emoM. (PiBeHb mOKa30BOCTI
2C)

Jiarnoctuka I'TTH: 4.2. HepekoMeHIOBAaHO BUKOPHMCTAaHHS HU3BKUX I03
. Ckapru xBoporo: ciabKicTb, crpara, CyXiCTb y nomaminy mast sikyBanHs ['TTH. (PiBeHb noka-
pOTi, BiICYTHICTh ameTUTy, Hya10Ta/0JI0BOTA, 3a- 30BocCTi 1A)

Ayxa, HAOPSIKM, 3MEHILEHHSI KLTbKOCT] BUALIEHOT 4.3. PeKoOMeHI0OBAaHO He BUKOPUCTOBYBATU (DEHOJII0-

ceui abo Tl BiACYTHICTb. naM s JikyBaHHs ['TIH. (PiBeHb moka3oBOCTi

EninaHamues. 20)

BusHaueHHsI BITATbHUX (GYHKIIN, TeMmepaTypu 4.4. PeKOMEHIOBAaHO HE BUKOPHWCTOBYBAaTH TIE€pEn-

Tina, AT, 4acTOTM AMXaHHs, MyJkCY. cepaHuii Harpitypernunuii nentun (ITHIT) st

IMoBHe (izikanbHe 06CTEXKEHHS 3 AaHATI30M JAHUX nikysanng I'TTH. (PiBens mokasoBocTi 2B)

aycKyJIbTallil Ta CUMIITOMIB TilMOBOJIEMii (CyXiCTh 4.5. HepekOMeH/IOBAaHO ~ BUKOPHCTOBYBATH PEKOM-

LIKipH Ta CIM30BUX OOOJIOHOK, CYXiCTh MaXBOBUX OiHAHTHWI JIOACBKUIA (PJT) IHCYTIHOMOMIOHMIA

3anayH, 3MEHLIEHHs Typropy WIKipy), 3HUXEH- dbakrop pocty-1 (I®P-1) s nikysanHs T'TIH.

Hs LIBT, ToHyCy speMHUX BEH. (PiBenb nokasoocri 1B)

JlabopaTopHO-iHCTPYMEHTAJIbHI JOCTiI)KEHHS: 4.6. Hemac CHCHI/I(l)i‘I.HOFO n.iKyBaHHH FH H, mo pos-

o IudikyBanasa SARS-Co-V-2 (ITIP, I®A), iﬁggnozieychnﬁ;Ko rlgg;;:;g?;sléq?:é:g;{f:;

N . . o , .

* 3aTalbHUi aHATi3 KPOBi Ta ceui, piBeHb n0060- (PiBeHb 0KasoBocTi 1B)
bol 1'.Ip(.)T€1H}7 pi, . 4.7. He peKOMeHIOBaHO 3aCTOCOBYBAaTU OOMEXEHHS

* 61.0X1M1qHHH aHaJl3 Kposl .(CCqOBHHa’ Kpeath- CTIOXWBAHHSI OiTKYy 3 METOIO BiICTPOYEHHS IIO-
HIH, H‘IK(D’ araibHI 61)1,0}(’ aﬂb§¥M1H’ 65 yatky JIH3T. (PiBeHb 10Ka30BoCTi 2D)

JipyOiH, A'HT’. :A‘ CT, kamuid, HaTpIM, Kall, 4 g HianizHa HUpKOBa 3aMiCHa Tepamnis
(bocdop, Marwiit cnponaTku Kposi), 4.8.1. PexomeHnnmoBaHo posnoynHaty JH3T Tep-

* moxasuuky KJIP kposi, MiHOBO y pa3i pO3BUTKY IOpYIIeHb pi-

¢ KoaryJorpama, . . . OWHHOTO,  eNeKTPOJIITHOro OajnaHcy Ta/abo

* VIBTPa3BYKOBE NOCTITKCHHS OPTaHiB epeBHOI KHCIOTHO-TyXHOI pIBHOBATH, SKi 3aTDOXY-
TOPOXHMUHMU, HUPOK, CCUOBOTO MIXypa, oTh XUTTIO. (PiBeHb nokazosocTi 2D)

* EKI, . . . . 4.8.2. PimenHs npo noyatoxk JH3T moBuHHO mpu-
PCHTTCHOIPA(is OPTaHIB IPYHOL KIITKH, MaTuCh, B Meplly 4Yepry, Ha OCHOBi aHallizy
KT abo MPT rpyanoi Ta 4epeBHOT NOPOXHH- KOHKPETHOI KJIiHiYHOI CUTyallii, 1110 BKJIIOYaE
HU, Majoro Tasy 3a HOKaSaHHHMH_’ ajle He OOMEXYETbCS aHaJli3oM pPiAMHHOIO,

* Gioncist HupKu 3a ToKasaHHAMMU. BUKOPUCTO- €JIEKTPOJIITHOTO Ta MeTabOoJIiYHOro  CTaTy-
BYETBCS ISl nudepeHIliaTbHOl  TiarHOCTUKA cy nmamienta Ta moxomsocti Brumsy JH3T
PeHaJIbHOL TTIH. Ha HasiBHi mopyieHHs1. IToporoBi 3HayeHHs

Heo0bxinHO qoKIacTU MaKCUMaJlbHUX 3YCUJIb JJIsI KpeaTHHiHY Ta/a60 CEUOBMHE HE MAIOTh

BCTAHOBJICHHA HPUANH FHHO Ta BUSHAUTH B%_ nepiioyeproBoro 3HavyeHHs. (PiBeHb m10Ka30-

piant I'TIH — NpepEHAILHAM, NOCTPEHAIBHNIA, Bocri 1C)

PCATBHII Ta HAABHICTD KUTTEBOSATPOAKYIOUNX 4 ¢ 3 'y manjenrin 3 [TTH y CKJIaJli CUHAPOMY MOJTi-

CTaHiB, Ki BU3HAYAIOTH MPOTHO3 i TAKTHKY Be- oprasHoi HexoctatHocTi JIH3T MOBUHHO po3-

ZeHHs xBoporo. (be3 piBHs 10Ka30BOCTi) noynHatuchk patiure. (PiBeHb nokazoBocTi 1C)

JlikyBannga I'TTH 4.8.4. NH3T y nauientiB 3 ['TIH noBuHHO OyTU pO3-

nogato mo 3HmXeHHS piBHS IIK® < 15 M/
xB./1,73M?, sike po3paxoBaHe 3a (HOPMYJIOIO
CKD-EPI a6o MDRD Ta 10 po3BUTKY CIielM-
¢iuHux ycknagHeHb. (PiBeHb nokazoBocti 1B)
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4.8.5.

4.8.6.

4.8.7.

4.8.8.

4.8.9.

4.8.10.

4.8.11.

4.8.12.

4.8.13.

4.8.14.

4.8.15.

4.8.16.

AKiIo MOKpalllyeThCS CTaH TMalliEHTa 3
I'TIH 3a mosiBM paHHiIX O3HAK BiAHOBJIEHHS
¢ynkuii HUpok mouatok HH3T Moxe OyTtu
BinkimaneHuit. (PiBeHb nokazoBocTi 1D)
HAH3T npunuHgeTbCcs TNpPU  BiJHOBIEHHI
GyHKIIT HUPOK [0 MaKCUMAaJIbHO MOXJIU-
BOTO PIiBHS Ta 3a JOCITHEHHS IIiICH, 3apaan
gkux JIH3T Oyno 3actocoBano. (be3 piBHs
JIOKA30BOCTi)

Ilpu mokpalieHHi cTaHy Mali€eHTa Ta TMOSBi
niype3y JH3T moxe OyTM TMMYacoBO IIpH-
MUHEHEe UIST OLIHKM IIPOIEeCY BiXHOBIICHHS
¢yukii HupokK. (PiBeHb M0Ka30BoCTI 1D)
PexoMmeHIOBaHO HEe BUKOPUCTOBYBATH Hiype-
TUKWA IS TIOKpallleHHS (QYHKLiI HUPOK,
a0o 1151 3BMEHIIEHHS TPUBAJOCTI abo 4yacToTu
OH3T. (PiBenp moka3oBocTti 2B)

Hnsa nikyBaHHs1 nauieHTiB 3 I'ITH MoxyTtb
BUKOPHUCTOBYBAaTUCh K II€PUTOHCATbHUMN
nmiani3, Tak i reMomiani3 ta ix Bapiantu. (be3
PiBHSI JOKA30BOCTI)

IIpn BuGOpi HeoOxigHoi Metomuku JJH3T
HEOOXiTHO BpaxoBYBaTU OCOOJIMBOCTI KOH-
KPETHOI KJIIHIYHOI CUTYyallii, JOCBiJ IIepcOHa-
1y monao 3actocyBaHHsa metoniB JJH3T rta ix
noctymHicTb. (PiBeHb mokazoBocti 1D)

3a moxnauBocti, y mauieHTiB 3 I'TIH i akTtuB-
HOIO KPOBOTEUEIO Ta/a00 3 BUPAXKEHOIO TiITOKO-
aryJysiii€lo MOBMHEH 3aCTOCOBYBATUCH IIEpH-
TOHeanbHUil miani3. (be3 piBHS 10Ka30BOCTi)
Hns nposenennss AH3T y mamientiB 3 I'TTH
PEKOMEHIO0BAaHO BHUKOPUCTOBYBAaTHM HETYHe-
nboBaHi Katetepu. (PiBeHb gokazoBocTi 2C)
V¥ nanienti 3 I'lTH nna AH3T nepesary ciin
HaJaBaTU BEHO-BEHO3HOMY, a HE BEHO-apTepi-
anbHoMy aoctyny. (PiBeHb mokazoBocti 1A)
st cynMHHOro MOCTYMy IepeBary Ciil BuU-
KOPUCTOBYBATU CYIMHHY CHCTEMY «pO0OOYOi»
CTOPOHMU IJIs 30€pekeHHsI CYAMHHOI CUCTeMU
«HEpoOOYOoi» CTOPOHU [JISI CTBOPEHHS I0-
CcTifiHOro cymuHHoOro poctyny. (PiBeHb jo-
ka3zoBocTi 2C)

TuMYacoBUil  CyIMHHUI  JOCTyn  TMOBU-
HEH 3MiHIOBaTUCh 4Yepe3 IeBHi MPOMiXKHU
yacy s MiHiMi3allii pu3uKy iHGbEeKUiiHuX
YCKJIaJHEHHS BiIMOBiIHO 10 TOKAJIbHOTO MPO-
Tokouy. (PiBeHb nokazoBocTi 1C)

Micuem BuOOpy mas iMIaHTalii Aiangi3HO-
ro KaTeTepy € MpaBa BHYTPIlIHS sSpeMHa
BeHa, MOTIM JIiBa BHYTPIIIHS SIpeMHa BeHa.
BpaxoByloun puU3MK PO3BUTKY CTEHO3Y CY-
IWH, CYIWHHUU MOCTYN 4Yepe3 MiIKIIYWYHI
BEHU 3aJIUIIAETHCI METOAOM OCTAHHBOI'O BU-
O6opy. Ase gKicTh (PyHKIIIOHYBAaHHSI KaTeTepa
yepe3 JiBy MiAKJIIOYMYHY BEHY Kpalla 3a
JIiBy SpeMHY BeHy. BUKOpHUCTaHHS CTErHo-
BOi BeHUM € HeOaxaHuM. ImmnaHTauisa  Agia-
JII3HOrO KaTeTepy MOBMHHA MPOBOIUTHUCH i3

4.8.17.

4.8.18.

4.8.19.

4.8.20.

4.8.21.

4.8.22.

4.8.23.

4.8.24.

4.8.25.

CYBOpUM JOTPUMAHHSM IIPaBUJ aCENTHUKU
Ta aHTHcenTuku. (be3 piBHS 10Ka30BOCTI)
PexoMeHm10BaHO MpPOBOAUTU iMILIAHTAllilO
Qiani3HOTro KaTeTepy Mig KoHTposiem Y3JI.
(PiBenn mokaszoBocTi 1A)

PexoMeHmoBaHO MpPOBEACHHS pPEHTIeH-
KOHTPOJII0 O6e3MocepeHbO Micsl iMILIaHTallil
KaTeTepa y IoTyJISIpHY a00 MiIKIII0OYNYHY BEHHU,
ajie 10 mepiioro iforo BukopuctaHHs. (PiBeHb
Joka3oBocTi 1A)

He pexoMmMeHmZOBaHO JIOKaJlbHE BUKOPUC-
TaHHSI aHTUOIOTUKIB y MicCli BCTaHOBJIEH-
HS HETYHEJIbOBAaHOIO [iaJi3HOTO KaTeTepa.
(PiBenb mokaszoBocTi 2C)

He pexomMeHmoBaHO pyTMHHE 3aCTOCYBaHHS
aHTUOaKTepiaJIbHUX «3aMKiB» MJIsI IIOIIEpen-
XKEeHHsI KaTeTep-acolliiioBaHoi iHdeKIii He-
TYHEJIbOBAaHUX Hiani3Hux Karerepis. (PiBeHb
nmokazoBocTi 2C)

3acTocyBaHHSI aHTMOAKTEPIiaIbBHUX «3aMKiB» IIi-
aJIi3HUX KaTeTePiB 3 METOI0 MPOMITaKTUKKN Ka-
TeTep-acoliiloBaHOI iH(EKIil HOLIbHO 3a-
CTOCOBYBaTU Y TIALiEHTIB 3 BUCOKUM pPHU3U-
KOM: LIYKpOBHUI piaber, KareTep-acolliiioBa-
Ha iHdek1is B aHaMmHe3i, iMyHomediuuT abo
TeparneBTUYHE NPUTHIYCHHS iIMYHITeTy, IUITY4YHi
KJIallaHW cepls, IUTY4YHi BOAii pUTMY cepLs,
TPaHCIUIAHTOBaHI CYIMHM Ta BHUKOPHUCTAHHS
CTEerHOBOIO miaiizHoro KateTepy. (be3 piBHA
JI0Ka30BOCTi)

VY nauienriB 3 I'TIH, gki He MalOTb aKTMBHOIL
KpOBOTEUi, BHUPAXKEHOI TilMOKOAryJsiii s
anTukoaryisuii mig vyac JAH3T pexomeHmo-
BaHO BHMKOPHWCTOBYBATH:

HedpakKlLioHOBaHMI TermapuH abo HU3bKOMO-
nexynspHi renmapuau (HMI') npu iHTepMmiTy-
rouiit IH3T; (PiBens mokaszoBocti 1C)
perioHaNbHY LUTpaTHY aHTUKoAryasauio (y
Mali€HTIB 3 BiACYTHIMM MPOTUIOKA3aHHSIMU
no uutpary) npu TtpuBaniit JH3T; (PiBenb
JoKa3oBocTi 2B)

HedpakuioHoBaHMii remapuH a6o HMI npu
tpuBaniii JIH3T y mauieHTiB 3 mpoTUITIOKa3aH-
HIMM 10 3acTocyBaHHs uutpaty. (PiBeHb mo-
kazoBocTi 2C)

V nauienriB 3 I'TTH i akTMBHOI0 KpOBOTEYEIO
Ta/ab0 BMpPaXXEHOW TiMOKOAryJslli€lo peKo-
MEHJ0BaHEe 3aCTOCYBaHHSI LIMTPATHOI aHTUKO-
aryJsuii (KpiM Naii€eHTiB 3 MPOTUIIOKA3aHHSI-
mu g0 uutpaty). (PiBeHb nokazoBocTi 2C)
PerionapHa remapuHi3zailigs He TOBUHHA 3aCTO-
coByBaTuch y nauieHtis 3 I'TIH gns 3MeH-
IIeHHsI pu3uKy KpoBotedi. (PiBeHb moka3zo-
BocTti 2C)

V nauieHTiB 3 renapuH-iHAYKOBaHOK TPOMOO-
uutorneHielo (I'T), HeoOXimHO BiAMiHUTH He-
dpakuionoBanuii remapuH i HMI'. B takomy
BUMAAKy pPEeKOMEHIO0BAaHO BUKOPHUCTOBYBATHU
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4.8.26.

4.8.27.

4.8.28.

4.8.29.

4.8.30.

4.8.31.

4.8.32.

4.8.33.

4.8.34.

npsAMUil  iHrib6iTOp TpOMOiIHY (aprarpobaH)
abo iHribiTop Xa ¢axkropy (maHamapoin abo
(doHpanapuHOKC), SIKi MawTbh TepeBary Haju
IHIIMMU aHTUKOATYJsIHTaMU abo BiACYTHicC-
Tio aHTukoaryasuii mig 4vac JH3T. (PiBeHb
JloKa3oBocTi 1A)

Mg mauieHtiB 3 I'IT y sIKUX Hemae Baxkoi
MEeYiHKOBOI HEJIOCTaTHOCTI PEKOMEHJIO0BAHO
BUKOpPHUCTaHHSA aprarpobany, mim dac JH3T,
SIKMI Mae TepeBary nepej iHridiropaMu Tpom-
0iHy abo iHrioitopamu Xa ¢akTopy. (PiBeHb
nmoka3oBocti 2C)

IIpu mposenenni JH3T 6e3 BuKopucraH-
Hs aHTUKOAryJsSHTIiB HEOOXiTHO MNpPOMHUBATU
eKCTPaKOPIIOPATbHUI KOHTYP (pizionmoriaHIM
poszunHOM. lle mpu3BOIMTL MO HEOOXiTHOCTI
30IBIIEHHST YAbTpadiabTpallii, 3MeHIIEeHHS
edpextnBHOTO acy JAH3T Ta mo pu3uky pos-
puBy  MeMOpaHy  JianizaTopy/niadinbTpy.
(PiBenp mokazosocti 2C)

ITpu niposenenni JH3T 6e3 3acTocyBaHHS aH-
TUKOATYJISTHTIB Mpo(iakTUYHa 3aMiHa eKCTpa-
KOPITOPaJIbHOTO KOHTYPY MO3BOJISIE 3aIl00irTH
KpoBoBTparTi. (be3 piBHS TOKa30BOCTi)

Y nauientis 3 I'TIH pexkomeHmoBaHO BU-
KOPUCTOBYBATHU JiajlizaTopu 3 0iOCyMiCHOIO
memOpanHoto mns I ta tpuBanoi JH3T.
(PiBenp mokazoBocTi 2C)

Tpusana Ta intepmirytoua JIH3T Bukopucro-
BYETBCS SIK B3a€MOJOIOBHIOOYI METOAM JiKYy-
BanHs ['TIH. (be3 piBHS m0Ka30BOCTi)

Jns XBOpUX 3 HECTabibHOIO TeMOAWHAaMIi-
KOIO TepeBara HagaeThCs TPUBAJIUM METOAaM
JAH3T B mopiBHSIHO 3 iHTEPMITYIOUMMU METO-
nukamu. (PiBenb nokazoBocTi 2B)

s XBOpUX 3 TOCTPUM IIOIIKOMXKEHHSM TIO-
JIOBHOTO MO3Ky a00 3 iHIIMMM MNpUYMHAMU
30iJbILIEHOTO  BHYTPIllIHLOYEPETHOTO TUCKY
a00 HaOpsIKy TOJIOBHOIO MO3KY Y SIKMX PO3BU-
Hysnoch I'TTH nepeBara HagaeTbcsl TPUBAIUM
metonaMm JIH3T mopiBHSHO 3 iHTepMIiTyIOUu-
mu MetoaukaMmu. (PiBeHb qoka3oBocTi 2B)
IIpu nposeaenni JAH3T mnaumienram 3 T'ITH
pPEKOMEHJI0OBaHO BUKOPUCTAHHSI OikapOoHaT-
HOro, a He JlakTaTHoro Oydepy niamizaty abdo
3amilnyodyoro posuuHy. (PiBeHb mJ0Ka30BOCTI
20)

VY xBopux 3 I'TTH Ta HUPKYJAATOPHUM ILIOKOM
PEKOMEHJOBAaHO BUKOPUCTAHHSI OikapOoHaT-

4.8.35.

4.8.36.

4.8.37.

4.8.38.

4.8.39.

4.8.40.

4.8.41.
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HOro, a He JakratrHoro Oydepy miamizary
abo 3aMilllyl0Y0oro pPO3YMHY ISl TIPOBENCHHS
JAH3T. (PiBenb nokazoBocTi 1B)
PexoMeHIOBaHO BUKOPUCTaHHS OikapOOHAaT-
HOro, a He JakraTHoro Oydepy nmiamizaty
abo 3aMilllyloyoro po3YMHY [Jis MPOBENEH-
s JH3T y xBopux 3 I'ITH Tta me4yinkoBolo
HEIOCTaTHICTIO  Ta/abo JlaKTaT-alua030M.
(PiBenb noka3oBocTi 2B)

PexoMeHOOBaHO  BMKOPUCTOBYBAaTWA  ialli-
3yIOUMii Ta 3aMilllylouuii pO34YMHU, SIKi Bif-
MOBialOTh BUMOTaM OYMIIEHHSA BiJI 3a-
OpynHEHHs1 OakTepissIMM Ta €HAOTOKCUHAMU
AMepHUKaHCHKOI acolialii MeguYHoro oo0Jai-
HaHHs. (PiBeHb nokazoBocTi 1B)

Hoza NJH3T, moBuHHa OyTM mpH3Ha4YeHa OO0
MoYaTKy KOXHOTO ceaHCy. PexoMeHmoBaHO
MIPOBOANTU OIIIHKY HOCTaBJICHOI MO3M KOX-
Horo ceaHcy npu iHtepmitytouin JH3T i
moxusa npu tpuBamiii JH3T 3 meroio Ko-
pexkii miamizHoi mpeckpwuriiii. (PiBeHb mOoKa-
30BOCTi 1A)

Metoro mpoBegeHHst JH3T € pgocsarHeHHS
€JIEKTPOJIITHOIO, KUCIAOTHO-JTY>KHOTO, PiAUH-
Horo OanaHcy, SIKWi BiAroBizae HeoOXigHOC-
Ti mnamieHTa. (be3 piBHS 10Ka30BOCTI)

V pasi 3acTtocyBaHHS iHTepMiTyl0uoi abo Ti-
opugHoi JIH3T ii moBuHHaA HOOpiBHIOBATHU
eKt/V = 3,9/tuxnenn. ¥ nauieHTiB, sKi Ji-
kyiotbesa JJH3T IIK® nmoBrHHA BU3HAYATUCH
3 ypaxyBaHHSIM TPUBAJIOCTI MiXAiami3HOro
nepiomy, mHO- Ta IIiCHSiani3HOro piBHS
KpeaTuHiHy 1 CEYOBMHM Ta KOHILEHTpalii
KpeaTuHiHy i ceyoBuHM ceui. (PiBeHb goKa-
30BOCTi 1A)

PexomeHnoBaHa gocTaBieHa A03a JIiKyBaHHS
nawienTtiB 3 I'TTH i cuHapomom moJjiopraH-
Hoi HegocTaTHOCTI TpuBanoo AH3T mnosu-
HHa CTaHOBUTHU €KBiBaJeHT 3aMillleHHIO 25
MJI/KT/TOA B peXuMi MOCT-Auouii i 35 miu/
KT/Tol B pexXuMi mpe-mwiionii. JocsarHeHHs
LIbOTO MOKa3HMKa BUMAara€e OilbIIOi MpU3Ha-
YeHol J03M 3aMmilllyiouoro po3uuny. (be3 piB-
HsI TOKa30BOCTI)

JlixyBanHs nauienriB 3 I'TIH merogamu JIH3T
BHUMArae peryJsipHOro KOHTPOJIIO piBHS KaJlilo,
HaTpilo, MarHito i pocgopy KpoBi 3 BiAmoBia-
HOI0  KOpEKIIi€l0 BCTAHOBJIEHUX IOPYIIEHbD.
(bes piBHST JOKa30BOCTI)
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5. OuiHKa pe3yJbTaTiB JiKyBaHHS
Xsopwuit Ha TTIH yn Ha XXH 3 TIH
(noTa BcTaHoBReHHs giarHosy MH)
A 4
[ 3acTtocyBaHHs MeTogis AH3T ]
PesynbTaTtu nikyBaHHS Yepes 3 Micaui Pe3ynbTaTtu nikyBaHHS Yepes 3 micsui
nicns BctaHosneHHs MH nicna sBctaHoeneHHs MH
MNosHa YactkoBa - MNosHa YacTkosa -
[ pemicis ] [ pemicis ] [ nor'pweHHﬂ] [ pemicis ] [ pemicis ] [ MoripueHHs ]
‘ XXH I-IV ’ ‘ XXH V ’ ‘ XXH I-IV ’ ‘ XXH V ’
OH3T
Jliarno3 Pe3yabTaTu JiKyBaHHS KomenTap
IToBHa pemicis BincytHicTb MapkepiB MaTOJOTiYHKUX 3MiH CEYOBOi CUCTEMU
Xsopi Ha I'TTH YactkoBa pemicis XXH I-1V ct. (xBopuii Aiajii3 He3aueXHUN )
[oripuieHHs XXH V c1. abo miani3 3anexxHuil XBopuit
IToBHa pemicist [IK® BinmoBinae ii piBHIO 10 BcTaHOBICHHS HiarHo3y [ TTH
XBopi Ha XXH 3 'TIH |YacTkoBa pemicis XXH I-1V cr. (xBopuii miaji3 He3aneKHMI )
[ToripmeHHs XXH V ct. a00 miani3 3anexxHuii XBopuit

6. Opranizanis HaJaHHA MeAUMYHOI JomoMord nmani- 6.4. Xsopi Ha I'TIH 3 moBHOIO peMicielo MPOTITOM
enram 3 I'TTH POKY 3 MOMEHTY BCTAaHOBJICHHS AiarHO3y CIIOCTe-

6.1. Bci mamienTu 3 migospoto Ha I'TIH moBuHHI GyTHr piraroThCst CiIMEHHNM JIiKapeM Ta He(pOoTOroMm.
06CTeXeHi TPOTATOM 24 TOIUH. 6.5. O6’eM Ta yacToTa criocTepexxeHHs xBopux Ha XXH

6.2. CrenjaiizoBaHa MeIWM4Ha TOIIOMOra IIOBUHHA Ha- nicast I'TTH per. J}aMeHT}’eTbCH craniero XXH 1 3xiii-
JABATHCH MYJIBTUAMCLMILTIHAPHOIO TPYTION0 Y CKIIa- CHIOETHCS CIMEMHUM JliKapeM Ta He(pOJIOTOM.

Ii iHdeKIioHicTa, IHTEHCUBICTa Ta HedpoJora. 6.6. X_BOPI Ha I'TIH 3 aCTKOBOIO PEMICIEIO abo mo-

6.3. 3a HaABHOCTI MALi€HTa, SKOMY, HMOBIPHO, TipIIEHHSIM 4Yepe3 3 MicsIli Iic/si BCTaHOBJICHHS
Moxe OyrH HeobxizHa JIH3T HeoBXiZHO SIKO- nmiarHosy nepexonsTh 1o kiacy XXH I-Ver.; 06’em
MOra paHille 3KOHTaKTYBATH 3 BiAIUICHHSM, Ta YacTOTa MOHITOPUHIY BU3HAYAETHCS CTAMI€IO
gKe 3a0e3neynTh Tepario merogamu JH3T s XXHU ﬂOﬂ,a:HbLL[e CIIOCTEPCKCHHA 3M1MCHIOETHCA
TOJIETIICHHsI TUTAaHYBaHHS TAKOTO JIiIKYyBaHHS. CIMEHHMM JIiKapeM Ta He(POJIOToM.
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Abstract. In the present case, a 52-year-old female patient has no disease in her
medical history. She was brought info the emergency department with muscle pain,
nausea-vomiting, acute kidney injury (AKI), tumor lysis syndrome (TLS). Intensive
hydration was performed. On the fourth day, venous blood gas, serum kidney function
testing and electrolyte levels improved. Thrombocytosis was detected. Our patient
with TLS-associated AKI was diagnosed with essential thrombocytosis. We have
not previously observed such a case sample in the English literature in the extensive
examination.
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3eki Kemeu!, Aonynkanip Kouanorny?, Mexmer Maxdy3 Cinrennr

Cunapom JIi3ucy nyxJMH, acOIiiiOBaHMIA 3 TOCTPUM MOIIKO/?KEHHSIM HUPOK K
nepiInii MposiB eCEeHIiaIbHOT0 TPOMOOLUTO3Y

lep>xaBHa perioHajabHa JiKapHs, HedpojioriuHa KiiHika, barman, Typedunna
2JlepxaBHa perioHaJIbHA JIIKapHs, KJIiHiKa BHYTPIilIHiX XBopo0, barman, TypeuunHa

Pestome. V npedcmaenenomy kainiunomy eunaoky, aHanoeié AKOMY Mu He 3HAUWAU 6 ONYOAIKOBAHIl HAYKO8Ill
Aimepamypi, 52-piuna nayieHmka He Mana HcoOHO20 3aX60PIGAHHS 6 anamuesi. Ii docmasunu y 6iddinenns negiokaao-
Hoi donomoeu 3 6osem y m’a3ax, Hyoomoio, 6A1080MOI0, KAIHIMHUMU NPOAEAMU 20CMP0o20 nouwikooxcenHs Hupox (I'TIH)
ma cundpomom aizucy nyxaunu (CJIII). Ha uemeepmuii Oenv inmencusnoi eiopamauii y X6opoi NOKpauwjuecs KUCA0MmHo-
AYACHUL cmaH, QYHKYIS HUPOK ma pieenb enrekmponimis. Ilicas cmabinizayii cmany ii nepegeau 0o 8iddinenns eemamo-
N02I1' y 36 A3KY 3 nepuie GUABACHUM eCeHUIANbHUM MPOMOOUUMO30M.

KimouoBi ciioBa: cocmpe nowkodcenns HUpoK, CUHOPOM AI3UCY RYXAUHU, eCeHUIAAbHULL MPOMOOUUMO3.

Introduction. Essential thrombocytosis (primary
thrombocythemia) is an asymptomatic, chronic my-
eloproliferative disease revealing itself with continuous
megakaryocyte proliferation that causes to increase in
a multitude of circulating platelets. Essential thrombo-
cytosis is portrayed by a constantly increased number
of platelets more than 450,000/uL, megakaryocytic hy-
perplasia, splenomegaly, a clinical trend involved with
thrombotic or hemorrhagic chapters or both [1].

Tumor lysis syndrome (TLS) is a syndrome having
the potential of leading to death, a medical condition
observed in the initial stages of diagnosis and treatment
of rapidly increasing fatal neoplasms. TLS is defined by
quick start of hyperuricemia, hyperkalemia, hypocalce-
mia, hyperphosphatemia, and failure of a kidney after
the release of intracytoplasmic ingredients in the course
of cellular lysis. This has a firm relationship with hema-
tological malignancies, especially with acute leukemias
and non-Hodgkin lymphomas [2].

There are various mechanisms in terms of acute
kidney injury (AKI) in cases diagnosed with TLS. The
consumption of intravascular capacity may result in an
inducing element for the reabsorption of uric acid and
following net storage in distal tubules. The existence
of low urinary pH encourages the precipitation of uric
acid in the collection system of the kidney and distal
tubules, resulting in uric acid nephropathy and oligu-
ric AKI [3, 4].

Our patient with TLS-associated AKI was diag-
nosed with ET. As a result, we have not previously ob-
served such a case sample in the English literature in the
extensive examination. We present it as the first case.

Zeki Kemecg
zekikemec@gmail.com

Case report. A 52-years-old female patient has
signed the informed consent. She was admitted to our
emergency department with symptoms of muscle pain,
nausea, vomiting, loss of appetite, a headache, weak-
ness, which started a week ago. There was no fever, pal-
pitations, cough, diarrhea, abdominal pain, difficulty
urinating and change in urine color. Some diseases such
as kidney disease, rheumatologic disease, iron deficien-
cy anemia, uncontrolled blood sugar, hypertension, in-
fection, smoking, alcohol, drugs (such as herbal medi-
cine) and toxin use were excluded from our patient’s
past medical history.

In the physical examination; pulse was 110/min (in
sinus rhythm), blood pressure was 140/90 mmHg and
body temperature was 37.5°. She didn’t have a convul-
sion. The thyroid examination was natural. The spleen
was handled under the rib. There was no pretibial ede-
ma in both legs. Her peripheral pulse was plump. The
cardiac function was normal in echocardiography. Her
electrocardiography was in sinus rhythm. In laboratory
assessment; the following results were detected; cal-
cium (Ca): 8.2 mg/dL, creatinine (Cr): 2.04 mg/dL,
potassium (K): 5.8 mEql/L, uric acid: 8.96 mg/dL, ala-
nine aminotransferase (ALT): 90 U/L, aspartate ami-
notransferase (AST): 52 U/L, lactate dehydrogenase
(LDH): 480 U/L, gamma-glutamyl transferase (GGT):
215 U/L, alkaline phosphatase (ALP): 232 U/L, phos-
phor (P): 10.6 mg/dL, C-reactive protein (CRP):
6.8 mg/L, white blood cell (WBC): 8.45x109/L, plate-
let (PLT): 1507x109/L, pH: 7.19, HCO3: 12.1 mmol/L
(Table 1).
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Table 1
The laboratory values of the patient
Parameter The first dayX iz ds:;ond Thfl:;ird i df;;rth Reference Values
Glucose (mg/dL) 122 125 125 100 70 — 110
Urea (mg/dL) 87 92 78 37 17 — 43
Cre (mg/dL) 2.09 24 1.44 0.64 0.7—-1.3
Uric acid (mg/dL) 8.96 8.94 9.1 7.2 35-7.2
Alb (g/L) 51.1 45.8 33.7 32.5 35-52
ALT (U/L) 90 73 33 12 0—50
AST (U/L) 52 34 20.9 22 0—50
LDH (U/L) 480 423 248 0—248
GGT (U/L) 215 174 95 40 0-38
ALP (U/L) 232 197 133 113 30-120
T.B (mg/dL) 0.64 0.49 0.57 0.52 0.3-1.2
D.B (mg/dL) 0.19 0.17 0.11 0.15 0-0.2
I.B (mg/dL) 0.45 0.32 0.46 0.37 0-0.7
CK (U/L) 25 22 20 21 0—171
Na (mEql/L) 132 130 137 146 136-146
K (mEql/L) 5.8 4.5 3.9 3.9 35-5.1
CL (mEql/L) 104 103 114 110 101-109
Ca (mg/dL) 8.2 8.2 8.8 9 8.8 —10.6
P (mg/dL) 10.6 10.4 6 3.2 25-45
CRP (mg/L) 6.8 6.1 4.1 3.6 0-5
WBC (x10°/L) 8.45 10 6.4 54 4.5-10.5
RBC (x102/L) 5,78 5,36 4,23 4,01 4,2-6,1
HGB (g/dL) 16,7 15,8 12,3 12 12 -18
PLT (x10°/L) 1507 1204 765 799 130-400
pH 7,19 7,20 7,33 7,35 —7,45
PCO, (mmHg) 26,6 31,5 27,2 35-45
HCO, (mmol/L) 12,1 13,1 19,2 22-30
*the day of the patient’s hospitalization.
Note: Since some of the data were not analyzed on certain days, related cells of the table were left blank"

Abbreviations. Cre: Creatinine, Alb: Albumin, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, LDH: Lactate
dehydrogenase, GGT: Gamma-glutamyl transferase, ALP: Alkaline phosphatase, T.BIL: Total bilirubin, D.BIL:

Direct bilirubin, I. BIL: Indirect bilirubin, CK: Creatine phosphokinase, Na: Sodium, K: Potassium, CL.:

Chloride, Ca: Calcium, P: Phosphorus, CRP: C-reactive protein, WBC: White blood cell, RBC: Red blood cell,
HGB : Hemoglobin, PLT: Platelet, pCO,: Carbon dioxide partial pressure, HCO,: Bicarbonate.

Plasma parathyroid hormone was found normal.
Serum vitamin D3 levels were normal (1,25-OH: 37.6
ng/mL, 25-OH: 9.9 ng/ mL). Parathyroid hormone-

related protein (PTHrP) could not be detected be-
cause it could not be measured in our hospital. Serum
protein electrophoresis, thyroid hormones were in
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the normal range. Vitamin B12, folate, ferritin levels
were in the reference range. The urine test was nor-
mal. In Doppler ultrasound of the abdomen, the size
and channels of the kidney are normal, renal artery
and vein lumen are normal and spleen size found bor-
derline. There was no feature on the chest X-ray. In
peripheral smear; red blood cells normochromic nor-
mocytic, partly myelocyte-metamyelocyte, thrombo-
cytosis, megakaryocytes, poikilocytosis and anisocy-
tosis findings in platelets were detected.

She was diagnosed with acute kidney injury (AKI).
There were no triggering factors except TLS. We as-
sumed ET could have caused this. Bicarbonate hydra-
tion was performed. There was no problem with her
urine output. Her dyspeptic complaints soon receded.
Oral intake was provided. On 4" day, liver and kidney
function tests, electrolytes improved. Metabolic acido-
sis responded to hydration. She did not need for ras-
buricase and hemodialysis. She was discharged after 1
week when she was stabilized. Since our medical center
does not have a hematology unit, she was transferred to
a university hospital. We have been in touch with the
hematology unit. We have learned that she was diag-
nosed with ET with bone-marrow findings. The diag-
nosis we assumed has been confirmed.

Discussion. Clinical symptoms of ET could be de-
fined mainly as neurological (e.g., headache, dizziness,
and short-term ischemic attack), microcirculatory
(e.g., acroparesthesia, odontalgia and defect of vision),
gastrointestinal (e.g., nausea, vomiting) and hemor-
rhagic (e.g., nasal bleeding, ecchymosis, etc.). Throm-
botic and hemorrhagic problems are the primary causes
of death in adult cases diagnosed with ET [5-7].

TLS-associated hyperphosphatemia can give rise
to AKI. Precipitation of calcium phosphate in the kid-
ney tubule the main mechanism involved. Another pos-
sible mechanism that leads to AKI is vasoconstriction
in the kidney, arising from the release of adenosine into
the bloodstream following lysis of tumor cells [8]. TLS-
related AKI has a multitude of results that may end up
with speedy clinical breakdown of the patient. Oligu-
ria can give rise to volume overcharge, secondary hy-
pertension and pulmonic edema. Increased blood urea
nitrogen may cause strong pericarditis and platelet dis-
order [9]. Anion gap metabolic acidosis is the principal
irregularity based on acid, and it can exacerbate elec-
trolyte disparities [3, 8, 10].

The prognosis of TLS associated AKI depends on
the severity of TLS and electrolyte disparities. The grav-
est and often deadly shapes of TLS arise in patients with
the impromptu form of the condition. AKI is related to
high death rates [11].

In the management of obvious TLS, it must be
focused on correcting the ordinary concentrations of
extracellular solutes. On condition that complete loss
of kidney function has not been reached, volume exten-
sion is beneficial to increase solute secretion of the kid-
ney. Furthermore, escalating the secretion of K, P, and
uric acid, retain sufficient urinary volumes and decrease

precipitation of calcium phosphate crystals in tubules of
the kidney [12-16].

Intravenous (I'V) administration of fluids is recom-
mended with 2—3 L/m?/day to keep diuresis in the rate
between 100—200 mL/h in adult cases without contrain-
dication for volume expansion, as is the case in patients
diagnosed with cardiac insufficiency. Ideally, IV hydra-
tion in high-risk patients should begin 24—48 hours be-
fore the start of cancer therapy and may be continued
for 48—72 hours after the finalization of chemotherapy.
Diuretics can be used to pursue proper urinary volumes
only after the adjustment of hypovolemia [17].

In the laboratory of our case, hyperuricemia, hy-
perkalemia, the height of LDH, hyperphosphatemia,
hypocalcemia supplied TLC criteria. Azotemia, meta-
bolic acidosis was in favor of AKI. The peripheral smear
and blood count made ET possible. A week after dis-
charge, the diagnosis of ET was confirmed by a bone
marrow analysis performed at a hematology clinic.
There was no reason to make TLS-associated AKI ex-
cept ET.

Our case is unique in some ways. Our case, which
had no previous history of hematologic disease, was ad-
mitted with TLS-associated AKI. Quite simply, the pa-
tient got better quickly with fluid treatment. There was
no need for hemodialysis, which required an interven-
tional procedure. No expensive treatment was needed
such as rasburicase. The patient was diagnosed ET with
bone marrow finding at the hematology unit clinic.
When English literature was examined inclusively, pa-
tients diagnosed with ET, AKI related to TLS was not
detected.

There are AKI reports in the literature due to com-
plications of ET-associated venous obstruction [18]
and obstructive uropathy [19]. In the imaging tests of
our case (e.g. ultrasonography), the large kidney vessels
were open and no obstruction could block the flow of
urine. Vasoconstriction, glomerular toxicity, and tubule
obstruction may be present in vascular structures of the
kidney due to electrolyte imbalance occurring in the
TLS table [8]. In myeloproliferative disorders, platelet
plug [18] may be present in the renal capillaries due to
high turnovers. The lack of oral intake and fluid loss
due to nausea and vomiting of our patient revealed a
tendency for hypovolemia. In these ways, it is possible
that acute tubular necrosis may occur in our case. Our
patient’s liver enzyme elevation may also be due to the
platelet plug of the hepatocyte capillaries.

Conclusion. ET should not be forgotten in patients
admitted with TLS-associated AKI clinic. TLS is a he-
matologic-oncologic emergency defined by the genera-
tion of hyperuricemia, AKI, and electrolyte imbalance
that can be deadly. It is critical to identify patients who
are at high risk for this syndrome for immediate detec-
tion of those patients diagnosed with TLS eligible to re-
ceive early treatment. ET management requires proper
fluid resuscitation, use of hypouricemic agents, renova-
tion of kidney replacement therapy, and rectification of
electrolyte disparities.

YKPATHCBKUIN XXYPHOA HEPPOAOTIT TO Alaaidy N23 (67) 2020

BrnaakM 3 KAIHIYHOT MPAKTUKK 31



Original Papers

Ukrainian Journal of Nephrology and Dialysis, 3 (67)’2020

Conflict of Interest Statement. There is no con-

flict of interest in this study.

Financial Disclosure. This study is not supported

Authors contribution. ZK, AK and MS contribut-

ed to the design and implementation of the research, to
the analysis of the results and the writing of the manu-

by any external funding. script.
References:
Rumi E, Cazzola M. How I treat essential throm- 10. McCurdy MT, Shanholtz CB. Oncologic emer-

bocythemia. Blood. 2016;128(20):2403-2414.
doi:10.1182/blood-2016-05-643346

Locatelli F, Rossi F. Incidence and pathogen-
esis of tumor lysis syndrome. Contrib Nephrol.
2005;147:61-68. doi:10.1159/000082543

Cancernetwork.com [homepage on the
Internet]. We Treat Tumor Lysis Syndrome. Cancer
Network; 2015. Available from: https://www.can-
cernetwork.com/view/how-we-treat-tumor-lysis-
syndrome.

Schelling JR, Ghandour FZ, Strickland TJ,
Sedor JR. Management of tumor Ilysis syn-
drome with standard continuous arteriove-
nous hemodialysis: case report and a review of
the literature. Ren Fail. 1998;20(4):635-644.
doi:10.3109/08860229809045157

Hoffman R. Hematology: Basic principles and prac-
tice. Essential thrombocythemia. Philadelphia, PA:
Churchill Livingstone; 2012.

Fu R, Zhang L, Yang R. Paediatric essential
thrombocythaemia: clinical and molecular fea-
tures, diagnosis and treatment. Br J Haematol.
2013;163(3):295-302. doi:10.1111/bjh.12530

Soyer N, Haznedaroglu IC, Comert M, Cekdemir
D, Yiimaz M, Unal A, Caghyan G, Bilgir O, Ilhan
O, Ozdemirkiran F, Kaya E, Sahin F, Vural F,
Saydam G. Multicenter Retrospective Analysis of
Turkish Patients with Chronic Myeloproliferative
Neoplasms. Turk J Haematol. 2017 Mar 1;34(1):27-
33. doi: 10.4274/tjh.2016.0005.

Stapleton FB, Strother DR, Roy S 3rd, Wyatt RJ,
McKay CP, Murphy SB. Acute renal failure at
onset of therapy for advanced stage Burkitt lym-
phoma and B cell acute lymphoblastic lymphoma.
Pediatrics. 1988;82(6):863-869.

Tosi P, Barosi G, Lazzaro C, Liso V, Marchetti M,
Morra E, Pession A, Rosti G, Santoro A, Zinzani
PL, Tura S. Consensus conference on the man-
agement of tumor lysis syndrome. Haematologica.
2008 Dec;93(12):1877-85. doi: 10.3324/haema-
tol.13290.

11.

12.

13.

14.

15.

16.

17.

18.

19.

gencies. Crit Care Med. 2012;40(7):2212-2222.
doi:10.1097/CCM.0b013e31824e1865

Agha-Razii M, Amyot SL, Pichette V, Cardinal J,
Ouimet D, Leblanc M. Continuous veno-venous
hemodiafiltration for the treatment of spontaneous
tumor lysis syndrome complicated by acute renal
failure and severe hyperuricemia. Clin Nephrol.
2000;54(1):59-63.

Sarno J. Prevention and management of tumor lysis
syndrome in adults with malignancy. J Adv Pract
Oncol. 2013;4(2):101-106.

Mika D, Ahmad S, Guruvayoorappan C. Tumour ly-
sis syndrome: implications for cancer therapy. Asian
Pacific J Cancer Prev. 2012;13(8): 3555—3560.

MecBride A, Westervelt P. Recognizing and manag-
ing the expanded risk of tumor lysis syndrome in
hematologic and solid malignancies. J Hematol
Oncol. 2012;5:75. Published 2012 Dec 13.
doi:10.1186/1756-8722-5-75

Mirrakhimov AE, Voore P, Khan M, Ali AM. Tumor
lysis syndrome: A clinical review. World J Crit Care
Med. 2015;4(2):130-138. Published 2015 May 4.
doi:10.5492 /wjccm.v4.i2.130

Rampello E, Fricia T, Malaguarnera M. The manage-
ment of tumor lysis syndrome. Nat Clin Pract Oncol.
2006;3(8):438-447. doi:10.1038 /ncponc0581

Darmon M, Guichard 1, Vincent F. Rasburicase
and tumor lysis syndrome: lower dosage, con-
sideration of indications, and hyperhydration. J
Clin Oncol. 2011;29(3):e67-¢69. doi:10.1200/
JCO0.2010.32.6751

Johnson M, Gernsheimer T, Johansen K. Essential
thrombocytosis: underemphasized cause of large
vessel thrombosis. J Vasc Surg 1995;22(4):443-447.
doi: 10.1016/S0741-5214(95)70013-7

Ganguli A, Chalokia RS, Kaur BJ. Obstructive
Uropathy as an Initial Presentation of Primary
Myelofibrosis: Case Report and Review of Literature.
Indian J Hematol Blood Transfus. 2016;32(Suppl
1):117-120. doi:10.1007/s12288-016-0679-6

32

OpUriHOABHI HOYKOBI POBOTH

YKPAIHCbKMIN XYPHOA HEPROAOTTT Ta Aiaaizy N23 (67) 2020


https://pubmed.ncbi.nlm.nih.gov/27561316/
https://pubmed.ncbi.nlm.nih.gov/27561316/
https://pubmed.ncbi.nlm.nih.gov/27561316/
https://www.karger.com/Article/Abstract/82543
https://www.karger.com/Article/Abstract/82543
https://www.karger.com/Article/Abstract/82543
file:///F:/WORKS_2019/NEFROLOGY/2020-08-06_Nefrologia_N3(67)-2020/STATYI/Cancernetwork.com %5bhomepage%20on%20the%20Internet%5d. We%20Treat%20Tumor%20Lysis%20Syndrome. Cancer%20Network;%202015.%20Available%20from:%20https://www.cancernetwork.com/view/how-we-treat-tumor-lysis-syndrome.
file:///F:/WORKS_2019/NEFROLOGY/2020-08-06_Nefrologia_N3(67)-2020/STATYI/Cancernetwork.com %5bhomepage%20on%20the%20Internet%5d. We%20Treat%20Tumor%20Lysis%20Syndrome. Cancer%20Network;%202015.%20Available%20from:%20https://www.cancernetwork.com/view/how-we-treat-tumor-lysis-syndrome.
file:///F:/WORKS_2019/NEFROLOGY/2020-08-06_Nefrologia_N3(67)-2020/STATYI/Cancernetwork.com %5bhomepage%20on%20the%20Internet%5d. We%20Treat%20Tumor%20Lysis%20Syndrome. Cancer%20Network;%202015.%20Available%20from:%20https://www.cancernetwork.com/view/how-we-treat-tumor-lysis-syndrome.
file:///F:/WORKS_2019/NEFROLOGY/2020-08-06_Nefrologia_N3(67)-2020/STATYI/Cancernetwork.com %5bhomepage%20on%20the%20Internet%5d. We%20Treat%20Tumor%20Lysis%20Syndrome. Cancer%20Network;%202015.%20Available%20from:%20https://www.cancernetwork.com/view/how-we-treat-tumor-lysis-syndrome.
file:///F:/WORKS_2019/NEFROLOGY/2020-08-06_Nefrologia_N3(67)-2020/STATYI/Cancernetwork.com %5bhomepage%20on%20the%20Internet%5d. We%20Treat%20Tumor%20Lysis%20Syndrome. Cancer%20Network;%202015.%20Available%20from:%20https://www.cancernetwork.com/view/how-we-treat-tumor-lysis-syndrome.
https://www.tandfonline.com/doi/abs/10.3109/08860229809045157
https://www.tandfonline.com/doi/abs/10.3109/08860229809045157
https://www.tandfonline.com/doi/abs/10.3109/08860229809045157
https://www.tandfonline.com/doi/abs/10.3109/08860229809045157
https://www.tandfonline.com/doi/abs/10.3109/08860229809045157
https://www.tandfonline.com/doi/abs/10.3109/08860229809045157
https://onlinelibrary.wiley.com/doi/full/10.1111/bjh.12530
https://onlinelibrary.wiley.com/doi/full/10.1111/bjh.12530
https://onlinelibrary.wiley.com/doi/full/10.1111/bjh.12530
https://onlinelibrary.wiley.com/doi/full/10.1111/bjh.12530
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5451685/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5451685/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5451685/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5451685/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5451685/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5451685/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5451685/
http://pediatrics.aappublications.org/cgi/pmidlookup?view=long&pmid=3186376
http://pediatrics.aappublications.org/cgi/pmidlookup?view=long&pmid=3186376
http://pediatrics.aappublications.org/cgi/pmidlookup?view=long&pmid=3186376
http://pediatrics.aappublications.org/cgi/pmidlookup?view=long&pmid=3186376
http://pediatrics.aappublications.org/cgi/pmidlookup?view=long&pmid=3186376
http://www.haematologica.org/content/93/12/1877.long
http://www.haematologica.org/content/93/12/1877.long
http://www.haematologica.org/content/93/12/1877.long
http://www.haematologica.org/content/93/12/1877.long
http://www.haematologica.org/content/93/12/1877.long
http://www.haematologica.org/content/93/12/1877.long
https://journals.lww.com/ccmjournal/Abstract/2012/07000/Oncologic_emergencies.27.aspx
https://journals.lww.com/ccmjournal/Abstract/2012/07000/Oncologic_emergencies.27.aspx
https://journals.lww.com/ccmjournal/Abstract/2012/07000/Oncologic_emergencies.27.aspx
https://pubmed.ncbi.nlm.nih.gov/10939758/
https://pubmed.ncbi.nlm.nih.gov/10939758/
https://pubmed.ncbi.nlm.nih.gov/10939758/
https://pubmed.ncbi.nlm.nih.gov/10939758/
https://pubmed.ncbi.nlm.nih.gov/10939758/
https://pubmed.ncbi.nlm.nih.gov/10939758/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4093415/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4093415/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4093415/
http://journal.waocp.org/article_26720.html
http://journal.waocp.org/article_26720.html
http://journal.waocp.org/article_26720.html
https://jhoonline.biomedcentral.com/articles/10.1186/1756-8722-5-75
https://jhoonline.biomedcentral.com/articles/10.1186/1756-8722-5-75
https://jhoonline.biomedcentral.com/articles/10.1186/1756-8722-5-75
https://jhoonline.biomedcentral.com/articles/10.1186/1756-8722-5-75
https://jhoonline.biomedcentral.com/articles/10.1186/1756-8722-5-75
https://www.nature.com/articles/ncponc0581
https://www.nature.com/articles/ncponc0581
https://www.nature.com/articles/ncponc0581
https://ascopubs.org/doi/10.1200/JCO.2010.32.6751?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub++0pubmed&
https://ascopubs.org/doi/10.1200/JCO.2010.32.6751?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub++0pubmed&
https://ascopubs.org/doi/10.1200/JCO.2010.32.6751?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub++0pubmed&
https://ascopubs.org/doi/10.1200/JCO.2010.32.6751?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub++0pubmed&
https://ascopubs.org/doi/10.1200/JCO.2010.32.6751?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub++0pubmed&
https://www.sciencedirect.com/science/article/pii/S0741521495700137
https://www.sciencedirect.com/science/article/pii/S0741521495700137
https://www.sciencedirect.com/science/article/pii/S0741521495700137
https://www.sciencedirect.com/science/article/pii/S0741521495700137
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4925567/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4925567/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4925567/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4925567/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4925567/

Ukrainian Journal of Nephrology and Dialysis, 3 (67)’2020 Original Papers

<
N K o"/
Founders:

State Institution «Institute of Nephrology NAMS of Ukraine»

5, N &
o [2)
46\ S .

Ukrainian Journal of Nephrology and Dialysis

Scientific and Practical, Medical Journal

/b/o 60\ . . . .
gy an » National Kidney Foundation of Ukraine
ISSN 2304-0238;
elSSN 2616-7352 Journal homepage: https://ukrjnd.com.ua
Research Article Omotayo B. Ilesanmi', Temitope T. Odewale?

doi: 10.31450/ukrjnd.3(67).2020.06

Effect of classic soft drink Coca-Cola as a solvent in the
administration of tramadol and diazepam on biochemical and
histological changes in liver and kidney

''Federal University Otuoke, Faculty of Science, Department of
Biochemistry, Bayelsa State, Nigeria.

2University of Benin, Department of Biochemistry, Benin, Edo State,
Nigeria

Citation:

Article history:

Received April 28, 2020

Received in revised form
May 11, 2020

Accepted May 20, 2020

llesanmi OB, Odewale TT. Effect of classic soft drink Coca-Cola as a solvent in
the administration of framadol and diazepam on biochemical and histological
changes in liver and kidney. Ukr J Nephr Dial. 2020;3(67):33-41. doi: 10.31450/
ukrind.3(63).2020.06

Abstract. The objective of this study was to determine the biochemical and morphological
changes in the liver and kidney as a result of the acute administration of tramadol and
diazepam with classic soft drink Coca-Cola (Coke ).

Method: Thirty-six (36) adult male Wistar rats were divided into six groups: Group
A-control (distilled water), Group B (Coke ), Group C (tramadol, 50 mg/kg), Group D
(tramadol dissolved in Coke, 50 mg/kg), Group F (diazepam, 10 mg/kg) and Group F
(diazepam dissolved in Coke 10 mg/kg). All administrations were done intraperitoneal.
Twenty-four hours after administration, blood samples were collected via cardiac
puncture for evaluation of the liver (Aspartate aminotransferase [AST] and Alanine
aminotransferase [ALT]), kidney (urea and creatinine [ CREA]) function and the organs
were excised and processed for histopathological examination.

Result: Asignificantly increased in AST, creatinine and urea concentrations was observed
in Tramadol and Coke Groups compared to control (P<0.05), while diazepam had no
significant effect on AST, ALT (P>0.05), though it caused a significant increase in urea
and CREA (P<0.05). Dissolving the tramadol in Coke aggravated its hepatotoxicity
and nephrotoxicity, while Coke had no significant effect on diazepam. Histological
examination also corroborated the biochemical result.

Conclusion: The results showed that mixing drugs with Coke does not improve the toxicity
of tramadol and has no significant effect on diazepam.

Keywords: /epatotoxicity, nephrotoxicity, histology, tramadol, diazepam, Coke..
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Owmoraiio b. Inecanmi!, Temiton T. Ogenane?

BB Ki1acuuHoro 0e3ajkoroibHoro Hanow Koka-KoJ gk po3unHHHUKA
NpU BBeJIeHHI TPaMaI0.Iy Ta AiazenaMy Ha OioxiMiuni
T TiCTOJIOTIYHI 3MIHM MTEYiHKU TA HUPOK

'®enepanbpHUii yHiBepcuTeT OTYoKe, HAyKOBUI (paKyiabTeT, Kadenpa 6ioximii, baennca, Hirepis.
YYuiBepcuret beHiny, kKadenpa 6ioximii, benin, Hirepis

Pestome. Memoio uyboeo docaioxncenns 6yno eusHauumu Oioximiuni ma Moppoaoeiumi 3MIiHU 8 NeYiHYI Ma HUPKAX
BHACAIOOK 86e0eHHs mpamadoay ma diazenamy pazom 3 KaacuvHum bezankoeonvuum Hanoem Coca-Cola.

Memoou. Tpudusme wicme (36) dopocaux camuyie wiypie Bicmap Oyau posnodineni ma wicmv epyn: epyna
A-xonmpoas (ducmunvosana 6oda), epyna B (Coca-Cola), epyna C (mpamadon, 50 me/xe), epyna D (mpamadon, po3-
yunenuii y Coca-Cola, 50 me/xe), epyna E (diazenam, 10 me/xe) ma epyna F (diazenam, pozuunenuit y Coca-Cola 10
me/xe). Pozuunu esodunu enympiunsouepesro. Yepes 06adusmo yomupu 200UHU NICAs 88e0eHH s, 3a 0ONOMO20I0 NYHKUYIT
cepuysi, 3a6upanru 3pasKu Kposi ons oyinku @yHkyii newinku (acnapmamaminompancgepasu [AST] ma araninamino-
mpancepepasu [ALT]), nupok (cewosunu ma kpeamuniny [Cr]). a opeanu 6yau euciueni ma obpobdaeni 0as eicmonamono-
2iuH020 00CAi0MHCeHH .

Pesyaomamu. Beedenns posuuny mpamadony 3 Coca-Cola 3uauno 36invuysano axkmusnicme AST, konyenmpauyii
Cr ma ceuo8uHu nopigHaHo 3 KOHmMpoavbroto epynoro (P <0,05), modi sk diazenam He mag 3naurnoeo enaugy na AST, ALT
(P > 0,05), ane npuzeodus do 3uaunoeo 36invuents cevosunu ma Cr (P < 0,05). Pozuunenns mpamadony e Coca-Cola
nocuneano ioeo eenamo- ma Heghppomoxcuunicmo, modi six Coca-Cola ne mana 3naunoeo énaugy Ha diasenam. licmo-

A02iuHe 00CAI0CeHHE MAKoXC nIOMeEepouno pe3yabmamu ananizy 6ioxXiMiyHux OaHuXx.
Bucnoexu. 3miutysannsa napkomuxie 3 Coca-Cola He 3meHuye mokcuuHicme mpamaoony ma He Mae icmomuozo

enaugy Ha diazenam.

KiouoBi ciioBa: eenamomorcuunicms, Heghpomokcuunicms, eicmonozis, mpamaoosn, diazenam, Coca-Cola.

Introduction. Any chemical or substance that af-
fects biological functions positively or negatively can be
referred to as a drug [1, 2]. Some of these functions can
be physiological (behavioral, mood swing, cognitive,
etc.). This is as a result of the ability of drugs to alter
various metabolic processes in living organisms, lead-
ing to the observed physical changes [2-4]. The ability
of any drug to alter macromolecules to an extent is of-
ten dependent on the chemical nature, concentration,
specific target, solubility and presence of other drugs
[5]. The drug alters the body functions either positively
or otherwise depending on the body composition of
the user, the type of drug used, the amount used and
whether used singly or with other drugs at the same time
[2]. One of the major global challenges of drug produc-
tion and circulation is the abuse. Drug abuse can be de-
fined as non-prescript/ nonmedical usage of drugs [6].
In order words, any substance or chemical that is used
excessively, without a health practitioners’ diagnosis
and prescription, which often leads to addiction and
dependence on the drug, can be classified as abuse [7].
The idea that the individual is in control of drug usage

Omotayo Babatunde:
ilesanmiob@fuotuoke.edu.ng

is a major challenge in combatting drug abuse, further
aggravating the toxicological and physiological impli-
cations of abusive drugs [8].

Tramadol is a synthetic opioid used medically
to treat pains and its associated pathologies, initially
classified as safe with minimal side effects. However,
a recent report shows that tramadol can be addictive,
with the respiratory problem and other challenges [9,
10]. Tramadol is metabolized to its active component,
O-desmethyl tramadol [11]. It acts as a weak p-opioid
receptors agonist as well as prevent the reuptake of
neurotransmitters such as serotonin and norepineph-
rine, which are linked to drug addiction [12]. The
concentration of tramadol after oral administration
peaked 2-3 h later. It is evenly distributed in the tis-
sue, with half its concentration excreted within 6 h,
the rest are demethylated, conjugated and sulfated in
the liver [13]. Diazepam is an example of benzodiaz-
epines (BZDs). It is one of the commonest psycho-
tropic drugs that are often prescribed for their seda-
tive and anxiolytic activities. They act on the central
nervous system viz the gamma-aminobutyric acid re-
ceptors [14-16]. In addition to the central receptors
described for BZD, peripheral-type binding sites had
been identified in liver cells, endocrine steroidogenic
tissues, and immune cells [17]. Tramadol and diaz-
epam are one of common over the counter drugs and
due to its abuse and addiction, they are categorized as
class IV by the food drug administration (FDA) [18,
19]. Class IV drugs are medicinal drugs that have a

34 OpUriHOABHI HOYKOBI POBOTU

YKPAIHCbKMIN XYPHOA HEPROAOTTT Ta Aiaaizy N23 (67) 2020


mailto:ilesanmiob@fuotuoke.edu.ng

Ukrainian Journal of Nephrology and Dialysis, 3 (67)’2020

Original Papers

low potential for addiction, which their abuse can re-
sult in drug dependence.

A soft drink is a drink that typically contains carbon-
ated water, a sweetener, and a natural or artificial fla-
voring. The sweetener may be sugar, high-fructose corn
syrup, fruit juice, sugar substitutes, or in the combination
of these. Soft drinks may also contain caffeine, color-
ings, preservatives and other ingredients [20]. Coca-Cola
(Coke) is a widely known soft drink that is consumed in
arguably every part of the world. Its content includes car-
bonated water, sugar, carbon-dioxide, caffeine, phosphor-
ic acid, caramel color and flavoring [21]. The sweetness of
Coke has made it a suitable solvent for dissolving drugs, for
ingestion for purposes such as rape and, in addition, it is
generally believed that Coke improves the euphoric effect
when taken with some additive drugs [22-24].

The important role of the liver and kidney in drug
metabolism makes them prone to the toxic effect of
drugs. Depending on drug dosage and route of admin-
istration, the most drug can be toxic [25]. Hepatic me-
tabolism is a mechanism that converts drugs and other
compounds into products that are more easily excreted
[26]. In some cases, a metabolite may have higher ac-
tivity and/or greater toxicity than the original drug [27].
Liver and kidney are the two major organs involved in
drug metabolism, detoxification and excretion of drugs
from the body [9]. Thus, their health status is important
in the efficient metabolism of drugs.

This study aimed to determine the effect of Coke as
a solvent on high dose administration of tramadol and
diazepam on the integrity of the liver and kidney.

Materials and methods. Chemicals and Re-
agents. Sodium dihydrogen phosphate, Disodium hy-
drogen phosphate, Ethanol, Potassium chloride solu-
tion (KCl), Formalin, Tris KCI, Sodium Hydroxide
(NaOH), Tramadol hydrochloride, Diazepam.

Animals. The study was conducted on thirty-six
male Wistar rats weighing between 170-220g. These
rats were obtained from a breeding animal house from
the Department of Biochemistry, University of Benin.

100

Aspartate aminotransferase (IU)

Fig. 1. Effect of tramadol or diazepam dissolved in Coke
on Aspartate aminotransferase activity. Results are expressed
as M = SD (n =6). *P<0.05 (control vs treatment group),
# P<0.05 (TRAM vs TRAM+COKE )

They were housed at room temperature in plastic cages
and were kept under constant healthy environmental and
nutritional conditions. They were fed on rat pellets and
water ad libitum. The maintenance of the animals and
the experimental procedures were following the guiding
principles of animal handling. They were left to acclima-
tize for 2 weeks before the start of administration.

Experimental Design. Thirty-six (36) rats were divided
into six groups of six rats per group as follows: Group I
(negative control) administered 1 ml/kg distilled water;
Group II (Coke) administered 1 ml/kg of Coca-Cola;
Group III (tramadol) administered 50 mg/kg tramadol
dissolved in distilled water; Group IV (tramadol+Coke)
administered 50 mg/kg tramadol dissolved in Coke;
Group V (diazepam) administered 10 mg/kg diazepam
dissolved in distilled water; Group VI (diazepam+Coke )
administered 10mg/kg diazepam dissolved in Coke.

Serum Biochemistry. Serum Alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), urea
and creatinine kit were assayed spectrophotometrically
using commercial kits purchased from Bio Diagnostic
Co., according to the manufacturer’s protocol.

Histopathological evaluation. Kidney and liver tis-
sues were taken from the eviscerated rats and fixed in
10% formalin for 24 h, and then processed to obtain
paraffin blocks. Sections of 4—6 um thickness were cut
using a microtome and stained with hematoxylin and
eosin (H and E) stain by using the method of Stevens
and Wilson (Stevens and Wilson [28].

Statistical Analysis. Data were organized, tabulated,
and statistically analyzed using the SPSS software for
Windows, Version 16.0. (SPSS Inc., Chicago, USA).
For quantitative data, the mean and SD were calcu-
lated and were expressed as mean * standard deviation,
percentage change and were analyzed using Analysis of
Variance (ANOVA). For comparison of means of more
than two groups, the F-test was used. Statistical signifi-
cance was taken at a P value of less than 0.05.

Results. The results of blood biochemical measur-
ing are presented in Figures 1-4.

Alanine aminotransferase activity (IU)

Fig. 2. Effect of tramadol or diazepam dissolved in Coke
on Alanine aminotransferase activity. Results are expressed as
M £ SD (n = 6). *P<0.05 (control vs treatment group),

# P<0.05 (TRAM vs TRAM+COKE )
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Creatinine concentration (mg/dI)

Group

Fig. 3. Serum creatinine level of Wistar rat in control
and treatment groups (Coke, D5 (diazepam) and D5 and
Coke respectively). Results are expressed as M £ SD (n = 6).
* Significantly different at P<0.05 (control vs treatment group)

150+

100

UREA concentration
(mg/dl)

Fig. 4. Blood urea level of Wistar rat in control and treatment
groups (coca-cola, diazepam and diazepam and coca-cola
respectively). Results are expressed as M = SD (n = 6).

* Significantly different at P<0.05 (control vs treatment group)

As presented in Figure 5, the Control Group (I)
showed normal central venules without congestion
(white arrow), the morphology of the hepatocytes
appears normal (blue arrow), the sinusoids appear
normal without infiltration of the inflammatory cell
(slender arrow). No pathological lesion was seen. The
Coke Group (II) demonstrated portal tract with mild
congestion of portal vein (white arrow) and periportal
infiltration of inflammatory cells (black arrow), the
morphology of some of the hepatocytes showed mild to
moderate infiltration of fat; moderate microvesicular
steatosis (blue arrow), the sinusoids appeared normal
without infiltration of inflammatory. The Tramadol
Group (III) showed central venules with congestion
(white arrow), liver parenchyma showed a focal area
of mild hepatic necrosis, the morphology of other he-
patocytes appeared normal (blue arrow), the sinusoids
appeared normal without infiltration of the inflamma-
tory cell (slender arrow). The Tramadol+Coke Group
(IV) indicated poor architecture, there was severe con-
gestion of the central venules and portal veins (white
arrow), the liver parenchyma showed a focal area of
an abscess (black arrow), mild portal triad noted (red
arrow), some of the liver plates were destroyed and
some necrotized hepatocytes were seen (blue arrow),
the moderate showed an attendance of red cells (slen-
der arrow). The Diazepam Group (V) showed normal
central venules without congestion (white arrow), the
morphology of the hepatocytes were with severe mi-
crovesicular steatosis, fat degeneration and necrosis
(blue arrow), and the sinusoids showed no infiltration
of the inflammatory cell (slender arrow). Lastly, the
Diazepam+Coke Group (VI) demonstrated normal
central venules without congestion (white arrow), the
morphology of the hepatocytes and the sinusoids ap-
peared normal (blue arrow).

Fig. 5. Photomicrograph of rat liver sections stained with hematoxylin and eosin (X100).
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Figure 6 demonstrated of rat kidney sections
stained with hematoxylin and eosin. The Control and
Coke Groups showed poor architecture, the renal
cortex showed some glomeruli with atrophic mesan-
gial cells and wide capsular spaces (white arrow), the
renal tubules including Distal convoluted tubules and
Proximal convoluted tubules appeared normal (blue ar-
row), the interstitial spaces showed interstitial dilated
vessel with mild congestion (slender arrow). The Tra-
madol Group (III) indicated poor architecture as seen
in lower magnification x100, the renal cortex showed
some normal glomeruli (white arrow) and glomeruli
with sclerosis (black arrow), the renal tubules appeared
normal (blue arrow) but few tubules showed eosino-
philic materials within their lumen (red arrow). The in-
terstitial spaces appeared normal (slender arrow). The
Tramadol+Coke Group (IV) showed poor architecture
as seen in lower magnification x100, the renal cortex
showed normal glomeruli with normal mesangial cells
and capsular spaces (white arrow), however, the renal

tubules demonstrated tubular epithelial degeneration
(blue arrow) as well as the presence of eosinophilic casts
within their lumen (red arrow); the interstitial spaces
showed the focal area of inflammatory cells aggregate
(slender arrow). The Diazepam Group (V) showed nor-
mal architecture as seen in lower magnification x100,
the renal cortex indicated normal glomeruli with nor-
mal mesangial cells and capsular spaces (white arrow),
the renal tubules including Distal convoluted tubules
appeared normal (blue arrow) while few Proximal con-
voluted tubules showed attenuation with lack of luminal
spaces (red arrow), the interstitial spaces appear normal
(slender arrow). The last, Diazepam-+Coke Group (VI)
showed poor architecture as seen in lower magnifica-
tion x100, there were some atrophic glomeruli (black
arrow) and normal glomeruli with normal mesangial
cells in the renal cortex, the renal tubules appeared nor-
mal (blue arrow), the interstitial spaces showed moder-
ate vascular congestion (slender arrow).

Fig. 6. Photomicrograph of rat kidney sections stained with hematoxylin and eosin. (X100)

Discussion. One of the major challenges among
young adults is increasing usage of over the coun-
ter drugs for non-medicinal purposes, such as staying
awake for a longer time to prepare for the exam, sport
or sexual prowess [6]. These drugs are often taken with a
soft drink to cover the unfriendly taste, especially when
given to an unwilling victim [24, 28]. In recent times,
tramadol and diazepam have been among the most
commonly abused drugs, especially for non-medicinal
purposes [18, 29]. Tramadol is used as an alternative to
narcotics due to the difficulty of getting the latter [30],
while, diazepam is commonly used by opioid abusers to
reduce anxiety, reinforce opioid effects and treat craving
and withdrawal symptoms. In addition, to the reported
toxicity of the drugs, previous studies have also shown

that high consumption of some of these soft drinks can
be unhealthy for consumers [31-34]. The present study
was conducted to evaluate the effects of Coke on acute
administration of tramadol and diazepam on the integ-
rity of liver and kidneys.

The administration of tramadol and tramadol dis-
solved in Coke increased AST and ALT activity as com-
pared to control. ALT and AST are compartmentalized
enzymes, thus, their increase in the serum as a result of
leakage from liver is a strong marker of hepatotoxicity.
An increase in AST level can occur in connection with
damages of the heart or skeletal muscles as well as of the
liver parenchyma. However, liver-specific enzyme ALT
is only significantly elevated in hepatobiliary disease [12,
34]. Hepatic metabolism is a mechanism that converts
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drugs and other compounds into products that are more
easily excreted and that usually have a lower pharmaco-
logic activity than the parent compound. Thus, the tox-
icity observed might be as a result of tramadol (parent
drug) or its metabolite [12, 35]. Coke has been report-
ed to increase serum level of markers of hepatic injury
when taken with ibuprofen [36]. However, in the re-
sults, Coke decreases the induction of ALT by tramadol.
This can be linked to some of the constituents present in
Coke. Treatment with diazepam and diazepam dissolved
in Coke decrease the activity ALT while it did not af-
fect AST, indicating that Coke did not affect diazepam
concerning hepatic function. Benzodiazepines, such as
diazepam is rarely associated with serum ALT elevation
during therapy, AST might be increased due to high met-
abolic activities in the body [37-39]. This results further
substantiate the hepato-safety of diazepam.

Besides, the levels of AST and ALT activity in di-
azepam only was seen to be decreased in comparison
to the group of diazepam dissolved in Coke. This is in
agreement with the study of Mudd, who has stated that
co-administration of classes of benzodiazepines and
Coke gave antagonistic reactions.

The kidney is responsible for the elimination of a
myriad of drugs, non-drug xenobiotics, and endogenous
compounds. Renal clearance is normally considered
the net result of glomerular filtration, tubular secretion,
and reabsorption, and characterization of the contribu-
tion of individual transporters expressed on basolateral
and apical membranes of the tubule epithelium to drug
and chemical excretion has advanced significantly over
the last two decades [40].

There has been the contrary result on the safety
of Coke consumption on kidney integrity, while some
researchers linked chronic consumption of Coke to
nephrotoxicity [41], others reported no effect on kid-
ney integrity [42]. Thus, there is no agreed report on the
nephrotoxicity of Coke. However, various studies have
shown that the nephrotoxicity of Coke is at a chronic
and not acute level. The contradictory effect of Coke
on the concentration of urea and creatinine showed that
Coke might not cause direct damage to kidney but other
organs such as the muscle and the likes. Our experiment
showed that, while Coke caused an increase in creati-
nine levels, which might be from various metabolic pro-
cesses occurring in various organs apart from kidney,
the non-effect on the urea concentration showed it does
not directly damage the kidney. However, the adminis-
tration of diazepam with Coke did not cause any signifi-
cant increase in urea concentration. This indicates that
dissolving diazepam with Coke, such as Coke might not
have any significant effect on the single administration
of diazepam.

However, reduced serum total protein concentra-
tion may be a result of the major effect of drug abuse in
reducing the defense system of the body (deposition of
immune nephrotic syndrome) thus increasing the risk
of infection [43-45]. Diazepam metabolites such as
oxazepam, desmethyldiazepam, and temazepam have

been shown to exert oxidative stress on the kidney lead-
ing to total failure [46].

The histopathological examination of the liver tis-
sue corroborates the findings of the biochemical assays,
congestion of the central venules, the hepatic necrosis
and abscess in the liver parenchyma, decreased portal
triads and necrotized hepatocytes noticed upon acute
administration of tramadol and tramadol dissolved in
Coke might be explained by direct hepatocellular in-
jury during the metabolism of tramadol or by the effect
of its metabolites [47]. The histopathological results
were also in agreement with the biochemical findings
of AST and ALT enzyme activities on the effect of di-
azepam and diazepam dissolved in Coke. The observed
normal central venules without congestion confirmed
that there was no adverse effect of diazepam on the liver
tissues [48]. Fat degeneration, necrosis, and the severe
microvesicular steatosis observed in the group adminis-
tered with diazepam alone could be a result of the effect
of its metabolites which are known to be more active
than the parent drug. This is not found when diazepam
is dissolved in Coke. Histology report of this research
also follows a similar pattern of nephrotoxicity; these
include loss of an architectural unit of the nephron,
atrophic mesangial cells, wide capsular spaces, dilated
interstitial vessels and mild congestion. All these might
be responsible for the leakage of urea and creatinine
into the serum [49-52].

Conclusion. The results of the present experiment
showed that the toxicity of Coke under acute consump-
tion might be from muscular activities and not neces-
sarily through liver metabolism. Mixing tramadol with
Coke further increase the mild hepatotoxic effect of tra-
madol, while there was no significant effect of mixing
diazepam with Coke on kidney metabolism and texture.
In conclusion, mixing drugs with Coke did not improve
the efficacy of the drug, instead it aggravated the poten-
tial toxicity of the drugs.
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Abstract. Kidney diseases associated with APOL 1 polymorphisms are human immunodeficiency
virus-associated nephropathy, idiopathic focal segmental glomerulosclerosis, hypertension-
attributed chronic kidney disease, lupus nephritis and sickle cell nephropathy. This research
aimed to investigate the risk of genetic variants on disease contribution.

Methods. In this individual participant data meta-analysis, eighteen patients with kidney
dysfunction and at risk of APOL 1 genotype were investigated. Clinical features, laboratory
data at initial presentation, management and outcomes were collected. The paper has written
based on searching PubMed Central and Google Scholar to identify potentially relevant
articles. Median, percentage, mean * standard deviation (SD), two-tailed t and chi-square
tests were used for statistical analyses. Moreover, relative risk, odds ratio for statistical
analyses were used.

Results: The average age of patients at the time of diagnosis in APOL I-associated kidney
disorders was 41.09 = 20.63 years (ranging from 8 years to 70 years). Relative risk for kidney
failure and persistent hemodialysis therapy in APOL I-associated nephropathy patients with
renal risk variants (RRVs) were assessed 1.13 and odds ratio of 1.5 with 95% CI of 0.08-26.86
and the value of 0.0764 by chi-square test but there was no significant statistical result in this
research (p-value of 0.782). The relative risk for patients of allograft failure with RRVs was
assessed 1,0 odds ratio of 1,0 95% CI of 0.06-15.99 and p-value of 0.81.

Conclusion: The present study revealed the risk and odds of APOL 1 gene effect on the onset of
kidney failure with replacement therapy in patients at risk of APOL I genotype but results were
not significant statistically. Future clinical research is required for investigating APOL I gene
effect on non-African ancestry.

Keywords: Apolipoprotein L1, graft failure, hemodialysis, kidney disease, renal risk variants.
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®arive Ilamexi Amipi

Bnumms BapianTiB pu3nky APOL1 Ha BUHMKAI04i HACJTIIKY NPU NOPYIIEHHAX
poOOTH HUPOK: MeTa-aHali3 JaHUX OKPeMHUX YYACHUKIB

TocmitanbHuii komrieke Imama XomeiiHi, HamionanbHuuii TerepaHchbkuit MeauuHuit Konemx, HamioHanbHMit
TerepaHcbKkMii MemIUYHMI YHiBepcuTeT, TerepaH, Ipan

Pe3tome. 3axeoprosanus nupok, acouiiiosani 3 noaimopghiamom APOL 1, éxaiouaroms 6 cebe Bl/I-acoyitiosany
Heghponamiro, (hoKarbHUll CeecMeHMAPHULL 2A0MEPYAOCKAEPO3, 2INEPMOHIYHY X80POOY, XPOHIUHY X80p00Y HUDOK, 8084a-
Kosuil Heghpum ma cepnosuoHoKAimuHHy Hegponamiro. Lle docaioncenns mano va memi docaioumu ponv eeHeMu4HUX
sapianmie APOL 1 y pusuky 3axeoprosans.

Memodu. Y yvomy mema-ananizi danux okpemux y4acHuKie 0yno 0ocaidxiceHo gicimHadysms nayienmie 3 ouc-
dyukuiero Hupox ma pusuxom eenomuny APOL 1. Byau 3i6pani kainiuni ocobausocmi, rabopamopui 0ani npu nepeunHo-
My obcmediceHHi ma pe3yabmamu AiKyeanHs i cnocmepescents. Cmamms Hanucana Ha ocrogi nouyky PubMed Central
ma Google Scholar 0as euserenHs nomeHyiliHo peaeganmuux pobim. Jlns cmamucmu4rHo2o aHalizy 8UKOPUCMOBY8ANU
t-mecm 0451 NOPIGHAHHS cepedHiX 3Ha4eHb 3i cmandapmuum eioxunrenusam (SD) ma 2-mecm 043 nopieHAHHA AKICHUX NO-
KasHukig. Kpim moeo, 0ns cmamucmuutnoeo aHanizy UKOPUCMOBY8aAU IOHOCHUL PU3UK, KoepiyieHm wancie.

Pesynomamu. Cepeoriii ik nayicHmie Ha MOMeHM 6CMAHO8ACHHS 0iacH03y NOPYUleHb YHKYII HUPOK, N0 S3aHUX
3APOLI, cmanosus 41,09 = 20,63 pokie (8- 70 pokie). Koegiuichm gi0HOCH020 pu3uKy ma uancie po3eumiy mepminais-
Hoi cmadii xponiunoi xeopobu Hupox (XXH) 3 neobxionicmio aikysauts eemoodianizom y xeopux 3 APOL I-acouiitoearnoro
Hegponamiro, cmarnosuau 1,5 (95% 1 0,08-26,86), p = 0,782. Bionocruii pusux 8iomopeHenHs al0mpancniaumamy

cknae 1,0(95% 11 0,06-15,99) p = 0,81.

Bucnosku. Y ybomy docaioxncenni ne 6yn0 euseneno puzuxy enauey eena APOL I na pozeumox XXH y nauienmie
i3 pusuxom eenomuny APOL 1. Heobxioni maiibymui Kainiuni docaioxncents ons eusnauenus enaugy eena APOL 1y nayi-

€HMIB HeaPPUKAHCEK020 NOXOONCEHHS.

KnrouoBi ciioBa: anoainonpomein L 1, xponiuna xéopoba Hupok, eemodianis, pusux.

Introduction. A common genetic predisposition to
kidney disease in African Americans and sub-Saharan
African ancestry is the possession of apolipoprotein L1
(APOL1). APOLI risk variants regulate the production
of APOL1. APOLI circulates in blood and it is found in
the kidney [1]. APOLI protein that involves in the au-
tophagic pathway encodes the APOLI1 gene. APOLI1 is
present in podocytes, renal tubule cells, and glomerular
endothelial cells [2]. Normally, high-density lipopro-
tein (HDL) particles have potent anti-inflammatory,
antioxidative, and antithrombotic properties caused by
several components carrying these properties. These
are enzymes, apolipoproteins, complements, and other
components. APOLI is a minor component of HDL-C
particles in the more dense fractions HDL3b/c. APOL1
concentrations have been suspected to be a surrogate
of other antioxidative and anti-inflammatory proteins,
such as paraoxonases, solely. In 2010, the description
of an association of certain APOL1 genetic variants
(called G1 and G2) with the susceptibility to nondia-
betic chronic kidney disease (CKD) significantly con-
tributed to the understanding of the 3—4-fold higher

Fateme Shamekhi Amiri
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incidence rates for end-stage renal disease (ESRD) in
African ancestry compared with whites. About 13% of
African ancestry carries high-risk genotypes. This fre-
quency is drastically increased to around 70% in pa-
tients of this ethnicity with focal segmental glomeru-
losclerosis (FSGS), human immunodeficiency virus
(HIV) - associated nephropathy, and to 45% in patients
with hypertension-associated kidney disease. These risk
alleles are practically nonexistent in nonblack popula-
tions. Sequencing studies in that gene region did not
reveal other independent risk variants than G1 and G2
[3]. The discovery of variants of the APOL1 gene, which
encode the lipoprotein L1 and confer the risk for kidney
diseases, was one of the most significant advances in de-
cades in the knowledge of the pathogenesis of common
kidney diseases [4].

Objectives. How this study might work. The fre-
quencies of APOL1 variants and their associations with
chronic kidney disease vary substantially with popula-
tions from Africa. Therefore understanding the under-
lying relationships could have an impact on therapeutic
options and prevention of the creation of APOL1-asso-
ciated nephropathy.

What does this study ? Circulating APOL1 is a pre-p3-
high density lipoprotein particles and its gene on chro-
mosome 22 comprises putative sterol response elements
in the promoter region, through which the transcription
of genes involved in lipid metabolism is presumed to be
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activated. Given to genetic risk is only disease-causing
in the setting of an appropriate environmental stressor,
this suggests the APOLI variants are conditional muta-
tions, where the function or dysfunction of the variants
is the only disease-causing when exposed to the appro-
priate environmental condition. Genetic testing is nec-
essary to investigate the relationship between genotype-
phenotype and understand to contribute to disease.

Methods. FEligibility Criteria. Among screened
6212 full-text articles obtained in this research paper,
6066 articles were excluded due to unrelated subjects,
review articles and other studies. Then 146 full-text ar-
ticles were eligible and 134 articles were excluded due to
not case reports (n = 133). Furthermore, a case report
was excluded due to the absence of genotype testing.
All case reports were obtained via electronic search in
PubMed Central (PMC) and Google Scholar database.
These 12 articles included 20 case reports that were ex-
amined 20 patients at risk APOL1 genotype and renal
dysfunction for systematic review and meta-analysis
synthesis.

Type of participants. Patients with kidney disorders
in APOL1 risk genotype e.g., FSGS, HIV-associated
nephropathy (HIVAN), sickle cell nephropathy, and
other diseases, which span standard pathologic classi-
fications, and additional clinical (e.g., eGFR decline)
and histopathologic phenotypes in all ages and both
male and female were considered in this study. Patients
with atypical diabetes mellitus (DM) and CKD, those
with nephropathy with short diabetes duration or lack-
ing diabetic retinopathy may benefit from APOLI1 ge-
notyping to detect patients more likely to have the dis-
ease in the FSGS spectrum.

Primary outcomes. Risk CKD, ESKD progression
(need to persistent hemodialysis) and graft loss accord-
ing to Banff 2013 classification [5] were primary out-
comes in this study. Pathologic features and Banff score
include interstitial inflammation (i), total inflammation
(ti), tubulitis (t), arterial inflammation (V), glomerulitis
(g), capillaritis (ptc), c4d deposition in ptc, interstitial
fibrosis (ti), tubular atrophy (ct), arterial intimal thick-
ening (cv), transplant glomerulopathy (cg), arteriolar
hyalinosis (ah) and mesangial matrix increase (mm).

Secondary outcomes. Decreased eGFR and elevat-
ed UACR for detecting proteinuria were secondary out-
comes in this study.

Information sources. The paper has written based
on advanced searching via PMC and Google Scholar
databases to identify articles published from inception
to April 2020. The mentioned search used the follow-
ing terms of APOLI1-associated nephropathy, APOL1-
associated kidney disease and advanced search with
APOLI1 and kidney. Moreover, the author reviewed
references of all included articles and performed hand-
searching of related journals to identify the additional
relevant studies.

Study selection. The search strategy was used to
obtain titles and abstracts of studies that might be rel-
evant to the review. The 1335 and 4894 titles and ab-

stracts were screened via electronic search in PMC and
Google Scholar by author, respectively. Total records
of 6229 articles were screened and after deduplication
6212 articles identified. Of them, 6066 articles were ex-
cluded due to non-related subjects, review articles, oth-
ers and 146 full-text articles were considered for eligi-
bility. However, studies and reviews that might include
relevant data or information on studies were retained
initially. The 133 articles were excluded due to not case
reports and one case report was discarded because of
the absence of genotype testing. Then 20 case reports
that were examined 20 patients at risk APOL1 genotype
and renal dysfunction were included for qualitative and
quantitative synthesis.

Data collection and analysis. Data extraction was
carried out by the author and studies that reported in
non-English language journals were to be translated be-
fore assessment. Where more than one publication of
one study existed, reports were grouped and the pub-
lication with the most complete data was included. All
patients at APOL1 risk genotype with decreased eGFR
that gene analysis of APOLI1 performed in those were
considered in this research. Clinical features such as
age, sex, different symptoms and physical signs were ex-
tracted from this study. Furthermore, biochemical vari-
ables of serum creatinine (SCr), eGFR, urine protein,
genetic testing at initial presentation, imaging, manage-
ment and outcomes were collected.

Atypical diabetes. Diabetes mellitus was classified
as type 1 DM, type 2 diabetes, hepatocyte nuclear fac-
tor lao (HNF1A) diabetes, ketosis-prone diabetes and
latent autoimmune diabetes of adulthood. Atypical DM
diagnosis is suspected clinically through recognition
of a characteristic phenotype that differs from typical
type lor type 2 diabetes. Ketosis-prone diabetes has
been the ongoing difficulty of classifying this heteroge-
neous group. A useful classification system designated
the AB classification scheme, has been proposed. In
this system individuals are categorized into one of four
groups, depending on the presence or absence of islet
cell autoantibodies (A+ or A-, respectively) and the
presence or absence of B cell functional reserve, once
the period of metabolic decompensation has resolved
(B+ or B-, respectively). A+ B- and A-B- individuals
are distinct subgroups with differing genetic and im-
munologic underpinnings, but they share the clinical
characteristics of type 1 diabetes, including reduced 3
cell secretory function. A+B+ and A-B- individuals
share the features of type 2 diabetes, with preservation
of B cell function over time. Patients in the largest of
these four groups A-B+ resemble with the type 2 diabe-
tes, obese phenotype and account for 50% of all those
with ketosis-prone diabetes. In this group, persons are
often Afro-Caribbean or Hispanic Ancestry and male
predominance. Insulin therapy can always use as initial
therapy in these patients [6].

Genetic definition. APOLI1 high-risk status was de-
fined as the presence of 2 risk alleles (G1/G1, G2/G2
or G1/G2) and APOLI low-risk status was defined as
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having 1 or 0 risk allele (G1/G0, G2/G0, G0/GO0), rep-
resenting a recessive model. In other words, kidney-risk
variants are additive (0 vs. 1 vs. 2) or recessive model
(0/1 vs. 2). In African Americans, APOLI1 alleles G1
and G2 have been hypothesized to contribute to the
elevated cardiovascular disease (CVD) risk. This sug-
gestion might be biologically plausible, as APOL1 is a
major apo component of HDL3 particles, which plays
a key role in cholesterol transport and the limitation of
low-density lipoprotein (LDL) oxidation. These two
APOLI1 alleles are also associated with a higher inci-
dence of CKD (including FSGS, collapsing glomeru-
lopathies and arterionephrosclerosis) and a more pro-
gressive course of the disease in the African American
population [7]. The APOLI1 gene is induced by proin-
flammatory stimuli and has roles in innate immunity.
The best-characterized function of APOLI is protec-
tion against African sleeping sickness which is caused
by Trypanosoma brucei. Plasma APOL1 is a constituent
of HDL3, and when these HDL particles are ingested
by susceptible trypanosomes, APOLI1 Kkills the para-
sites by forming pores in lysosomal membranes, lead-
ing to membrane rupture. viral infections have largely
been described as triggers for rather than protection
against the development of collapsing glomerulopathy
in individuals with high-risk APOL1 genotypes includ-
ing HIV, parvovirus B19, cytomegalovirus or the BK
polyomavirus [8]. The APOLI protein which is present
in the circulation at a concentration of approximately
0.3 mg/dl. Higher rates of chronic kidney disease and
ESKD in those carrying two risk variants have been re-
ported. In addition, the risk of graft loss following a kid-
ney transplant is higher those carrying two APOL1 risk
variants but not in recipients carrying two risk variants,
suggesting that the donated kidney may carry a predis-
posing factor for the development of kidney disease.
Definition of kidney dysfunction. Acute kidney in-
jury (AKI), acute kidney disease (AKD) and CKD can
form a continuum whereby initial kidney injury can
lead to persistent injury eventually leading to CKD.
AKI is defined as an abrupt decrease in kidney func-
tion occurring over 7 days or less whereas CKD is de-
fined by the persistent of kidney disease for a period of
> 90 days. AKD is defined as acute or subacute damage
and/or loss of kidney function for a duration of between
seven and 90 days after exposure to an AKI initiating
event. Recovery from AKI within 48 h of the initiat-
ing event typically heralds rapid reversal of AKI (16th
ADQI consensus report of 2017). CKD is classified zero
to seven stages (stages of 0, 1, 2, 3a, 3b, 4 and 5) ac-
cording to estimated glomerular filtration rate (¢GFR)
and kidney damage such as proteinuria (>200 mg/day
or protein to creatinine ratio > 200 mg/g creatinine) or
albuminuria (urinary albumin excretion > 30 mg/day
or albumin to creatinine ratio > 30 mg/g creatinine).
eGFR is defined according to creatinine clearance
(CrCl), Cockcroft-Gault equation, modification of diet
in renal disease (MDRD) and chronic kidney disease-
epidemiology collaboration (CKD-EPI). CrCl in 24-hr

urine collection is expressed using urine creatinine (mg
per deciliter or micromole per liter) multiplication by
urine volume (milliliter or liter) divided on plasma cre-
atinine (milligram per deciliter or micromole per liter)
multiplied 1440 and it’s unit is expressed with milliliter
per minutes (ml/min). The Cockcroft-Gault equation
is expressed as CrCI=(140-age)xwt divided on SCrx72,
multiplication by 0.85 if female. MDRD equation given
by: estimated GFR=175xStandardized SCr -''**xage
0203%1.212 [if black] x0.742 [if female] where eGFR is
expressed as ml/min/1.73m? of body surface area and
SCr is expressed as mg per dl. The CKD-EPI equa-
tion, expressed as a single equation, is eGFR=141xmin
(Scr/x,1) o x max (Scr/x,1) - 1.209 x 0.993age x 1.018
[if female] - 1.159 [if black], where « is 0.7 for females
and 0.9 for males, o is -0.329 for females and 0.411 for
males, min indicates the minimum Scr/kor 1 and max
indicates the maximum of Scr/x or 1. Proteinuria, albu-
min-to-creatinine ratio (ACR) is greater than 2.5 mg/
mmol in men or 3.5 mg/mmol in women, or a protein-
to-creatinine ratio (PCR) is greater than 15 mg/mmol
is sufficient for diagnosis of CKD (random PCR < 15
mg/mmol: normal; 15-49 mg/mmol: trace proteinuria;
50-99 mg/mmol: significant proteinuria; 100-300 mg/
mmol: high proteinuria; > 300 mg/mmol: nephrotic
range proteinuria). Proteinuria may be classified as
moderately increased albuminuria (3-30 mg/mmol cre-
atinine or severely increased albuminuria (greater than
30 mg/mmol creatinine). The normal PCR in children
and adolescents is less than 0.3. In infants and younger
children, the PCR is higher with the upper normal limit
of 0.5. PCR above 3 is found in patients with nephrotic
syndrome. The daily protein excretion rate (PER) can
be determined from spot urine PCR, based on sex, age
and weight using the following equations: PER (g/m?/
day)=0.63* (PCR) [9-12].

Assessment of risk of bias and quality in included ar-
ticles. Case reports were analyzed using criteria devel-
oped by the Joanna Briggs Institute Critical Appraisal
tool for case reports that has different assessment tools
for each study design in question. The evaluation tool
has 8 items for case reports.

Statistical analysis. Data were entered in Microsoft
Excel 2010 software. Categorical variables are recorded
as frequency (N) and percentage (%). The continu-
ous variables were determined as to whether they were
normally distributed using the Kolmogorov-Smirnov
or Shapiro-Wilk test. Continuous variables with nor-
mal distribution reported as mean * standard devia-
tion (SD). Nonparametric variables are expressed as
the median and interquartile range (Q1, Q3 and IQR).
Comparisons between continuous variables with nor-
mally distributed (N D) data assessed by two-tailed one-
sample t-test analysis. Relative risk and Odds ratio for
assessing effect measures of the risk factor on outcomes
of disease were used. Furthermore, for the association
between the APOLI risk factor and outcomes, a chi-
square test was used. Significance was assessed with p-
value of < 0.05.
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Results. Results of the search and study selection.
After searching electronic databases author identified
6229 records. After duplicated articles were removed
and titles and abstracts screened, the author retrieved
6212 full-texts articles for further assessment after de-

duplication. Then 146 articles were eligible and 134 ar-
ticles were discarded due to not case reports and absence
of genotype testing. Of these, 12 published articles (20
case reports) were included and enrolled to participate
in this study (Fig. 1).

Records Records
identified identified
through PubMed through Google
Central Scholar
searching searching
(n=1335) (n=4894)
c
S v
L
S Total records
% identified
5 (n=6229)
2 v
Records excluded
after
deduplication
(n>6212)
y Excluded (n=6066)
? Records screened Reasons for exclusion:
s based on initial * Dueto urrelated
o title and subjects (n=30|
5 abstract view « Review article &
(n=6212) others (n=6036)
y
Excluded (n=134)
Full text articles .
> e e Reasore for exclusion:
= e » Not case report
o C o (n=133)
S for cligibility .
= (n=146) « Case report without
w genetic testing (n=1)
y
Studies included
- in qualitative
] and quantitative
o X
3 synthesis
P (20 case reports
- in 12 publications)

Fig. 1. Workflow diagram of the included studies in this research.

Study characteristics. Twelve published articles (20
case reports or participants) were considered for inclu-
sion in this research. Randomized data were planned
with a systematic review and meta-analysis design in
this retrospective study and those articles were collect-
ed via a non-randomized method. Sample sizes ranged
from 20 to 21 patients in this study that one patient ex-
cluded from this study.

Participants were referred to a single center in eight
case reports and these situations were not mentioned in
twelve case reports.

Participants. All patients included in this study had
kidney diseases associated with the APOL1 risk geno-
type. These patients had elevated serum creatinine lev-
els or decreased eGFR that gene analysis for APOLI1
performed in these patients. Patients were excluded
from the study if they had no genetic testing and uro-
logic disease.

Risk of bias and quality in the included studies.
Assessment of risk of bias and quality of included ar-
ticles performed using Joanna Briggs Institute critical
appraisal tools for case reports (Table 1).
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Table 1
JBI critical appraisal tool for case reports included articles of
APOLI1-associated nephropathy case reports in the present study
ST =
S1S12g |¢g - |« =
Items I =T R B} << | a9 2|22,
=2 8 & :§— E e~ T - - R I I~ =
E|E| E|2e|B:| | B g| 2| 2| | 2| €| 2| 2| 5| 2| & g
S| 5 |E2|lEe8| S| E|E| S| E| 2| 2| 2| 2| S| 5| 8|28 &
g | S| S |E2|22| B || 2|85 |S5|S5|S5|85|S|S|=|&|E|Z|3
1. Demographic Y Y Y Y
characterisics | Y | Y | Y| Y | Y | Y| Y| Y| Y| Y| Y| Y| Y]|Y Y
described
2. Subject Y |y |y |Y
history vclY|Y|Y|Y|uclY|uc|Y |Y|Y|Y|Y]|Y]|Y]|Y
described
3. The pre- Y ucC |Y Y
intervention
clinical | Y |Y|Y|Y/|Y|UC|lY|Y|Y|Y|Y|Y|Y|Y|Y]|Y
condition
described
4. Diagnostic Y Y Y Y
tests or
assessment Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
methods
and result
5. Intervention/ Y Y Y Y
treatment Y|Y|Y|Y|Y|uclY|Y|Y]|]Y]|Y]|Y|UCc|luc|ucCc]| Y
described
6. The post- Y UC [N |Y
intervention
clinical Y|Y|Y|UuCc|luCc| Y| Y|UC| Y |uc|uc|uc|uc]|uc]|uc]|uc
condition
described
7";‘36‘::;6 vy |uc|uc| uc|uc|uc| v |uc|uc| v |uc|uc|uc|uc|uc|uclY |Y [|V€|UC
8.Takeaway | v | v Iy | v |y |y |y |y |y |vY|Y|Y|Y|Y]|Y]|Y|Y |[¥Y [¥Y [Y
lesson
Score total 7/87/8 | 7/8 | 6/8 | 6/8 | 4/8|8/8 | 5/8 | 7/8| 7/8 | 6/8| 6/8| 5/8]|5/8|5/8|6/8]|8/8 [6/8 |6/8|7/8
Abbreviation: N, no; UC, unclear; Y, yes.

Based on these criteria, two patients presented with
8 scores (2/20, 10%), six patients with 7 score (6/20,
30%), seven patients with 6 score (7/20, 35%), four pa-
tients with 5 score (4/20, 20%) and one patient with 4
scores in this research (1/20, 5%).

Patients’ Characteristics. Among screened 6212
full-text articles obtained in this research paper, 6066
articles were excluded due to unrelated subjects, re-
view articles and other studies. Then 146 full-text
articles were eligible and 133 articles were excluded
due to not case report (n=133). Furthermore, a case
report was discarded due to the absence of genotype

testing. Finallyl2 published articles were included
in this study. These 12 articles included 20 case re-
ports that were examined 20 patients at risk APOLI
genotype and renal dysfunction for qualitative and
quantitative synthesis [13-24]. Eleven of twenty pa-
tients (11/20, 55%) were from Afro-American eth-
nicity, four of twenty patients (4/20, 20%) from the
Caribbean, three of twenty patients from white an-
cestry (3/20, 15%) and one patient (1/20, 5%) from
Asian and black race. Causes of APOLI1-associated
nephropathy in this research were different that have
been described in Table 2.

Table 2
Causes and genotypes of APOL1-associated nephropathy in the present study
Author-cause Cause Relation Lt e Second hit fAHOILL
factor genotype

Koffman- ESKD with Monozygotic twin G1G2
Recepient-2014 unknown origin

Koffman- Post-donation Monozygotic twin G1G2
Donor-2014 kidney failure
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Table 2 continuation
Author-cause Cause Relation Lt i Second hit fAHOILL
factor genotype
Koffman-2012 Lupus flare G2G2
Khalighi- case report | Amyloid Parvovirus B19 [ G1G2
1 nephropathy positive IgG
Khalighi-case report | Amyloid G1G2
2 nephropathy
Shah-Donor deceased CMV IgG G1G2
positive
Zwang-Donor Post-donation Donation to her CMV IgG GIG1
Nephrotic Sx & brother positive
ESKD due to EBV IgG
FSGS positive
positive ANA
(1:80)-speckled
Attias MM & ESGS Monotypic GI1G2
plasma cell
interstitial
nephritis
Chang —case DM & HTN CMV& EBV G1Gl1
report-R-Al positive
Chang-Case APCKD & DM EBV positive GO0GO
report-R-A2
Chang-Case HTN & secondary Interferon EBV positive G0GO
report-R-B1 FSGS administration
Chang-Case HTN Interferon EBV positive G0GO0
report-R-C1 administration Cancer& hepatic
metastasis
Watanabe Nephrotic Sx & Family hx of kidney High-risk allele
FSGS disease of unknown
cause in her paternal
uncle
Besse HTN during Positive history Acute parvovirus | G1G1
pregnancy parvovirus B19 B19 infection
infection in her
daughter one month
before presentation
Donation from her
sister
Tillman CKD progression | Positive history of Environmental Positive pharma- | G1G1
due to NSAID ESKD in her mother |factors e.g. high cogenomics test
dose of NSAIDs, of CYP2D6-5/17
hydrocodone, CYP2C9-1/8
cocaine
Chang-D-A HTN G1G1
Chang-D-B HTN EBV, CMV G1Gl1
Chang-D-C HTN EBV, CMV G1G2
Abid SAVI, NS APOLI1- G1G2
associated
nephropathy
Larsen AKI/CKD, DM, | Fraternal twin Positive ANAs, COVID-19, G1G1
HTN Sjogren-syndrome Cancer
related antigen A

Abbreviations: ADPKD, autosomal dominant polycystic kidney disease; AKI, acute kidney injury; ANA, antinuclear antibody;
CKD, chronic kidney disease; CMYV, cytomegalovirus; COVID-19, coronavirus disease-2019; DM, diabetes
mellitus; EBV, Epstein-Barr virus; ESKD, end-stage kidney disease; HTN, hypertension; FSGS, focal
segmental glomerulosclerosis; MM, multiple myeloma; NS, nephrotic syndrome; NSAIDs, non-steroidal
anti-inflammatory drugs; SAVI, Stimulator of interferon genes (STING)-associated vasculopathy with onset in
infancy; Sx, syndrome.
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The average age of the patients was 41.90 = 20.63
years (ranging from 8 years to 70 years) at the time of diag-
nosis in APOL1-associated kidney disorders. Among the
patients, there were 10/20 (50%) males and 10/20 (50%)
females. The average age of male and female patients at
the time of the APOL1-associated kidney disease diagno-
sis were 40 + 22.79 old years (ranging from 4 weeks to 66
years old) and 43. 8 £ 18.02 (ranging from 8 years to 70
years), respectively. There was no statistical significance
for age between two sex levels in ApoL1-associated ne-
phropathy (p-value: 0.7) [Supplementary Table S1].

Patients Complaints. The symptoms in this study
were not mentioned in six patients (6/20, 30%) and
three patients (3/20, 15%) presented with lower ex-
tremity edema. Two of twenty patients (2/20, 10%)
presented with shortness of breath, cough and there
was a history of hypertension in eleven of twenty

patients (11/20, 55%) with APOL1-associated ne-

phropathy [Supplementary Table S2]. In signs of
APOLI-associated nephropathy, there was high
blood pressure in eight of twenty patients (8/20, 40%)
(Table 3).

Table 3
Distribution of symptoms and signs in Apol1-associated nephropathy
Symptoms Number Percentage Signs Number Percentage

Not determined 6/20 30% Fever 2/20 10%
Lower extremity 3/20 15% BMI>25 4/20 20%
edema kg/m’

Shortness of breath 2/20 10% High BP 8/20 40%
Weight gain 1/20 5% Wt loss 1/20 5%
Low back pain 1/20 5% PER 1/20 5%
Dyspnea 1/20 5% Abnormal cardiac 1/20 5%

examination

Cough 2/20 10% Edema 1/20 5%
Polyarthralgia 1/20 5%

Periorbital edema 1/20 5%

Hand-Foot swelling 1/20 5%

Abbreviations: BMI, body mass index; BP, blood pressure; PER, papuloerythematous rash.

Seventeen of twenty patients (17/20, 85%) were
in the high-risk allele group and three of twenty pa-
tients belonged to the low-risk allele group (3/20,
15%). Five of seventeen (5/17, 29.4%) patients with
high-risk alleles were hypertensive and three of three
(3/3, 100%) participants with low-risk allele were pre-
sented with high BP. There were elevated body mass
index (BMI) in six of twenty patients (6/20, 30%) in

this research that four of six (4/6, 66.6%) patients be-
longed to high-risk allele group and two of those (2/6,
33.3%) belonged to the low-risk allele group. Two of
twenty patients (2/20, 10%) had a fever in the present-
ed study. One of twenty patients (1/20, 5%) presented
with weight loss, pitting edema, papuloerythematous
rash and chronic low back pain (Table 4) [Supplemen-
tary Table S3].

Table 4

Distribution of symptoms and signs in two high and low-risk allele groups in Apol1-associated nephropathy

Symptoms The high-risk The low-risk Signs High risk allele Low risk allele (Number,
allele (Number, allele (Number, (Number, Percent) percentage)
Percent) Percentage)
Not determined 4/17 (23.5%) 2/3 (66.6%) Fever 2/17 (11.7%) 0
Lower extremity 2/17 (11.7%) 1/3 (33.3%) BMI>25 4/17 (23.5%) 2/3 (66.6%)
edema kg/m2
Short of breath 2/17 (11.7%) 0 High BP 5/17 (29.4%) 3/3 (100%)
Weight gain 1/17 (11.7%) 0 ‘Wt loss 1/17 (11.7%) 0
Low back pain 1/17 (11.1%) 0 PER 1/17 (11.7%) 0
Dyspnea 1/17 (11.7%) 0 Abnormal 1/17 (11.7%) 0
cardiac
examination

Cough 1/17 (11.7%) 0 Edema 1/17 (11.7%) 0
Polyarthralgia 1/17 (11.7%) 0
Periorbital edema 1/17 (11.7%) 0
Hand-Foot swelling | 1/17 (11.7%) 0

Abbreviations: BMI, body mass index; BP, blood pressure; PER, papuloerythematous rash; Wt, weight.
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Laboratory data. Metabolic syndrome definition
according to National Cholesterol Education Program
Adult Treatment Panel III (NCEP-ATP III) is diag-
nosed co-occurrence of greater or equal than of three of
five metabolic abnormalities: abdominal obesity (BMI
> 25 kg/m? or waist circumference > 40 inches in male
and > 35 inches in female), hyperglycemia, hyperten-
sion (HTN), and dyslipidemia in combination. Three
of twenty patients (3/20, 15%) with APOLI1-associated
nephropathy had three components of metabolic syn-
drome in this study. These patients had DM, HTN and
high BMI of more or equal 25 kg/m2 with each of those
in high and low-risk allele groups. There were elevated
SCr in thirteen of twenty patients (13/20, 65%) with an
average of 3.47+2.42 mg/dl. There were elevated SCr
in ten of thirteen patients (10/13, 76.9%) with an aver-
age of 4.11+2.42 mg/dl in high-risk alleles group and
elevated SCr in three of thirteen patients (3/13, 23%)

120
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40

Patients with high PCR (%)

20

HR

with an average of 1.36%£0.04 mg/dl in low-risk allele
group. Furthermore, there were raised blood urea nitro-
gen in three of thirteen patients (3/20, 15%) and hyper-
cholesterolemia in two of twenty patients (2/20, 10%).
Five of twenty patients (5/20, 25%) presented with hy-
poalbuminemia and four of twenty patients (4/20, 20%)
presented with decreased e GFR. There was 24-hr urine
protein excretion more than 200 mg in three of twenty
patients (3/20, 15%) with an average of 2133.33+1108
mg/day and high spot urine protein creatinine ratio in
eight of twenty patients (8/20, 40%) with HR allele
group that semiquantitative proteinuria (4+) was ob-
served in one patient of apoll-associated nephropathy.
The average of high PCR in the high-risk allele group
was assessed at 11.47+10.19. There were high PCR
in three of twenty patients (3/20, 15%) with an aver-
age 0f 9.9+3.61 g/g in the low-risk allele group (Fig. 2)
[Supplementary Table S4 a-c].

H35<

m1.1-35
1-0.5

m 0.5>

Geneticrisk allele group

Fig. 2. Distribution of different PCR in two genetic risk allele groups. APOL1 genetic variants with two alleles risk
(homozygous or heterozygous carriers) are considered high risk and renal risk variant with 0 or 1 risk allele is considered
as low risk. HR, high risk; LR, low risk; PCR, protein to creatinine ratio.

Genetic testing. The 2 single nucleotide
polymorphism (SNPs) in the APOL1 G1
and the insertion/deletion polymorphism
for the G2 risk allele were genotyped.
There were seventeen of twenty patients
(17/20, 85%) in the high-risk alleles group
and three of twenty patients (3/20, 15%) in
the low-risk alleles group. Patients’ geno-
types were categorized as noncarriers (0),
heterozygous carriers (1 or G0/G1, G0/
G2), homozygous carriers (2 or G1Gl1,
G2G2) or compound heterozygous car- 20
riers (2 or G1G2). There was compound
heterozygosity in eight of twenty patients
(8/20, 40%) as G1G2, seven of twenty pa-
tients (7/20, 35%) with homozygous carri-
ers as G1G1, three of twenty (3/20, 15%)
with homozygous carriers as GOGO0, one of
twenty patients (1/20, 5%) as G2G2 and
high-risk allele (not determined) in this re-
search (Fig. 3).

120

100

Probands (%)

I
ub
H GOGO
H G2G2
G1G1
uGIG2
HR
Genotype group

Fig. 3. Schematic distribution of high and low allele risk groups
in participants of included cases in this research. HR, high risk;

LR, low risk; UD, undetermined.
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Eight of seventeen patients (8/17, 47%) were in
high-risk alleles group in the male gender and nine of
seventeen patients (9/17, 52.9%) belonged to high-risk
alleles group in the female gender. The average age of
patients was assessed 34.63+22.47 and 41.5+17.62 years
old in male and female levels in high-risk alleles group
at the time of diagnosis, respectively. Three of twenty

patients (3/20, 15%) were in low-risk alleles group that
average age of these patients was assessed 61.5%0.5 years
old in male gender that encompassed two males and
one female gender. There was no statistical significance
for age between two sex levels in high-risk alleles group
in APOL1-associated nephropathy (p-value: 0.52) (Fig.
4, 5) [Supplementary Table S5].

100 -+
90
80
70 A
—_ | 50-70
& 60 12,5 v/o
u 30-50 y/o
$ 50 -/ 00 100
= 10-30y/o
©
& 40 id 71,4 10y/
m10y/o
37,5
20
20
10 A 0
0 ; ; ; ; -
G1G2 G1G1 GOGO G2G2 ub GOG1 G0G2
Genotype
Fig. 4. Distribution of age of patients in high and low-risk allele groups in included case reports
in this research. UD, undetermined.
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Fig. 5. Distribution of gender in high and low-risk allele groups in included case reports;

UD, undetermined. HR

Imaging. In this study, there was normal renal ul-
trasonography in four patients (4/20, 20%) and one
of twenty patients (1/20, 5 %) revealed bilaterally in-
creased echogenicity in kidneys. Moreover, there were
abnormal positron emission tomography (PET) scan
and cerebral magnetic resonance imaging (MRI) in two
of twenty patients (2/20, 10%). A chest x-ray in one of
twenty patients (1/20, 5%) showed right subsegmen-
tal atelectasis and small right-sided pleural effusion at
the initial presentation. A Chest CT scan revealed dif-
fuse parenchymal and interstitial abnormalities in one

, high risk; LR, low risk.

of twenty patients (1/20, 5%). Bone x-ray, abdominal
computed tomography (CT) scan, abdominopelvic
computed tomography angiography (CTA) and whole-
body MRI were normal in one of twenty patients (1/20,
5%) [Supplementary Table S6].

Pathology. A renal biopsy performed in thirteen of
twenty patients (13/20, 65%) with APOLI1-associated
nephropathy. Glomerulitis in ten; tubular atrophy in
five; interstitial fibrosis in four; tubulitis, inflammation
in the area of interstitial fibrosis and tubular atrophy (i-
IFTA), intimal arteritis, peritubular capillaritis in three;
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foot process effacement in two and mesangial matrix
expansion (mm) in one of thirteen kidney biopsies were
seen. Pathologic diagnosis of FSGS was seen in seven
(7/13, 53.8%) and collapsing glomerulopathy in six
of thirteen kidney biopsies (6/13, 46.1%). Acute kid-
ney injury was seen in four (4/13, 30.7%) and amyloid
nephropathy in two of thirteen (2/13, 15.3%) biopsy-
proven pathologic features. Interstitial fibrosis, tubular
atrophy, FGGS, suspicious to FSGS and pathologic
findings in favor of systemic lupus erythematosus were
seen in one of thirteen biopsy-proven pathologic fea-
tures in Apoll-associated nephropathy (1/13, 7.6%).
It is worth noting that the APOLI1 genotype performed
on biopsy material from one patient and analyzed as
APOLI1 genotype. Bone marrow (BM) aspiration was
normal in one of twenty patients (1/20, 5%) and BM bi-
opsy revealed findings in favor of indolent multiple my-
eloma in one of twenty patients (1/20, 5%) with Apoll-
associated nephropathy. Skin biopsy in one of twenty
patients (1/20, 5%) revealed dermal perivascular and
interstitial inflammation with vasculopathy.

Treatment. Treatment modalities in this study in-
cluded intravenous (IV) methylprednisolone in five of
twenty patients (5/20, 25%), cyclophosphamide, bort-
ezomib, oral corticosteroids and IV dexamethasone
in three of twenty patients (3/20, 15%), intravenous
immunoglobulins (IVIg), interferon in two of twenty
patients (2/20, 10%) and other drugs in one of twenty
patients (1/20, 5%). Hemodialysis performed in eleven
of twenty patients (11/20, 55%) and two of twenty pa-
tients treated with plasma exchange (2/20, 10%). Seven
of twenty patients (7/20, 35%) underwent kidney trans-
plantation. Of these, three patients (3/7, 42.8%) had
preserved graft and four patients developed graft loss in
the post-renal transplant period (4/7, 57.1%) [Supple-
mentary Tables S7a-b].

Outcomes and Follow UP. Primary endpoints of
APOL1-associated nephropathy are as follows. Four
of twenty patients (4/20, 20%) with APOL1-associated
nephropathy developed CKD as a primary end-point in
this research. All participants harboring both high and
low-risk alleles groups encompassed two copies of renal
risk variants (4/4, 100%). Two of four CKD patients
were from Caribbean ancestry, one of four patients
(1/4, 25%) had black and Afro-American descent.
The average age of CKD in these patients was assessed
35.75+22.08 years old with an equal ratio of gender in-
volvement. The average of initial and follow up SCr was
accounted for 1.44+0.32 and 2.29+0.21 mg/dl, respec-
tively. The average time of CKD onset in these patients
was assessed 513.52 years after the initial presentation.
Elven of twenty patients (11/20, 55%) underwent he-
modialysis therapy and eight of eleven patients (8/11,
72.7%) stayed on hemodialysis therapy during follow-
up. The average of hemodialysis duration (vintage) in
patients with kidney renal transplant (KRT) was as-
sessed 1.23+1.03 years. The average vintage in high and
low-risk allele groups was assessed at 0.67%£0.47 and
2.72+0.52 years, respectively. The average age of ESKD

and hemodialysis onset in these patients was assessed
48.931+16.49 years old that four of eleven patients (4/11,
36.3%) were male and seven of eleven patients were
female (6/11, 54.5%). The average age of ESKD and
hemodialysis onset were 52.25+18.71 and 47.04+17.74
years old in male and female were 52.25+18.71, respec-
tively. Eight of eleven patients (8/11, 72.7%) had two
renal risk variants (RRVs) and three of eleven partici-
pants consisted of 0 or 1 RRVs in this primary end-point
(3/11, 27.2%). The genotype of high-risk allele groups
encompassed four of eight (4/8, 50%) patients G1G1,
three of eight (3/8, 37.5%) with G1G2 and one of eight
(1/8, 12.25%) patients with G2G2 genotypes. The aver-
age age of ESKD and hemodialysis onset were 43123
and 44.21£14.05 years old in high-risk allele groups in
male and female levels, respectively. While the aver-
age age of ESKD and hemodialysis onset were assessed
61.5+0.5 years old in low-risk allele group at male lev-
els. Median and IQR time to ESKD and hemodialysis
onset in high-risk allele groups were assessed 0.75 and
0.95 years (Q3-Q1:1.33-0.375), respectively. The medi-
an and IQR time of ESKD and hemodialysis onset were
assessed 1 and 2.41 years (Q3-Q1=2.91-0.5). Median
and IQR time to ESKD and hemodialysis onset in low-
risk allele groups were assessed 1 and 1.16 years (Q3-
Q1:1.66-0.5), respectively. The average time to ESKD
and initial hemodialysis was assessed 2.72+0.52 years
in low-risk allele group. Eight of eleven patients (8/11,
72.7%) in the present study stayed on persistent hemo-
dialysis and had an average age 0f49.5+17.97 years. Five
of eight patients (5/8, 62.5%) were female and three of
eight patients (3/8, 37.5%) were males. The average
age of patients on persistent hemodialysis was assessed
49.3420.13 and 49.6£16.54 years old in male and fe-
male during follow up, respectively. Six of eight patients
(6/8, 75%) had two RRVs and two of eight participants
consisted of 0 or 1 RRVs in this primary end-point (2/8,
25%). The genotype of high-risk allele groups included
three of eight (3/8, 37.5%) patients with G1G2, one
of eight patients (1/8, 12.5%) with G1G1 and one of
eight (1/8, 12.5%) patients with G2G2 genotypes. The
average age of persistent hemodialysis was 43.5+22.5
years old and 46 *16.65 years old in high-risk allele
groups in male and female levels, respectively. Median
and IQR time to persistent hemodialysis assessed 1.08
and 1.16 years (Q3-Q1:1.66-0.5), respectively. Relative
risk and odds ratio for ESKD and persistent hemodi-
alysis therapy in APOLI-associated nephropathy pa-
tients with RRVs were assessed 1.13, the odds ratio of
1.5 with 95% CI of 0.08-26.86; the value of 0.0764 by
chi-square test and p-value of 0.782 (not significant).
In this research, seven of twenty patients (7/20, 35%)
with apoll-associated nephropathy were received kid-
ney transplantation as recipients and five of twenty pa-
tients (5/20, 25%) were accounted as kidney transplant
donors. Four of five kidney donors (4/5, 80%) were de-
ceased donors and one of five patients (1/5, 20%) was
living donor. Ancestry of recipients (7/12, 58.3%) in the
present study comprised two of seven recipients from
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Afro-American, Caribbean, White and one of seven re-
cipients (1/7, 14.2%) from the Asian race. Ancestry of
kidney donors (5/12, 41.6%) included four of five de-
ceased kidney donors (4/5, 80%) from Afro-American
and one of those (1/5, 20%) with living kidney donors
had Caribbean ethnicity. The time of kidney transplan-
tation in these patients was assessed with an average of
1.44%1.02 years. Five of recipients (5/7, 71.4%) were
received their graft from deceased kidney donors and
two recipients (2/7, 28.5%) from living donors that two
recipients (2/7, 28.5%) were received a transplanted
kidney from related donors and others (5/7, 71.4%)
were non-related donors (one sibling from his fraternal
twin and another sister sibling from her sister). Here,
one interesting point is the organ donation of a donor
to her brother and then underwent kidney transplanta-
tion from a deceased donor due to post-donation kid-
ney failure at seven years after kidney donation. Three
of seven recipients (3/7, 42.8%) were homozygous G0
and G1 carriers and one of seven patients (1/7, 14.2%)
possessed heterozygous G1G2. Four patients were fe-
male (4/7, 57.1%) and three patients were male (3/7,
42.8%). The average age of patients with allograft kid-
ney was assessed 48+19.09 and 48.1849.96 years old in
male and female, respectively. The average age of kid-
ney replacement therapy onset in individuals with two
copies of APOL1 RRVs was assessed 42.914.58 years
old in female level vs. the average age of 61.5£0.5 years

old in the male in 0 to 1 RRVs. Two of seven patients
(2/7, 28.5%) were from African-American, Caribbean,
White and one patient (1/7, 14.2%) from the Asian
race. The average age of five kidney donors was assessed
37+17.45 years with male to female ratio of four to one
in kidney donors (M/F ratio:4/1). Three of five kidney
donors (3/5, 60%) were genotyped as G1G2 and two of
five kidney donors (2/5, 40%) as homozygous Glcarri-
ers. The average age of kidney donors with two copies of
RRVs was assessed 34.751+18.85 years old. Four of five
kidney donors (4/5, 80%) were deceased kidney donors
and one of five kidney donors (1/5, 20%) was living
kidney donors. The average age of deceased kidney do-
nors was assessed 41+17.34 years old. Half of four de-
ceased kidney donors were genotyped homozygous G1
carriers and another half as heterozygous G1G2. Four
of seven patients (4/7, 57.1%) developed allograft fail-
ure that average time-onset of allograft failure was as-
sessed 3.03*+1.58 years. The average age of allograft
failure was assessed 51.29+15.54 years with equal dis-
tribution for both sexes. Two of four patients (2/4,
50%) with allograft failure were from white and one pa-
tient (1/4, 25%) from Asian and Caribbean ethnicity.
Two of four patients (2/4, 50%) with allograft fail-
ure had homozygous G0, one of four patients (1/4,
25%) with homozygous G1 genotypes and one patient
(1/4, 25%) was inherited heterozygous G1G2 genotype
(Fig. 6).

120
M scoree
&
© 100 t score
o
é Hv score
2
©n 80 Mg score
c
g
s M ptc score
Qe 60
S 7 ti score
38
5~ W i-IFTA score
= 40 +—8H
©
g c4d score
2
E 20— cg score
o
% B mm score
a
0 - T T T y T 1 ah score
HR LR
aah score

Genetic risk group

Fig. 6. Distribution of pathologic features in high and low-risk allele group in included case reports.

Patients with allograft failure had different pat-
terns of histologic graft biopsy. One patient with graft
loss revealed Banff score of ci3ct3 in third kidney bi-
opsy at five years post kidney transplantation. Another
patient showed acute cellular rejection (Banff grade 1B)
19 months after transplantation. Allograft failure with
Banff score 2 in involved glomeruli was observed in one

patient at 14 months after kidney transplantation. Al-
lograft failure with Banff grade 1A due to acute cellular
rejection was seen in the other patient at 21 months af-
ter kidney transplantation. The relative risk for patients
of allograft failure with RRVs was assessed 1, the odds
ratio of 1, 95% CI of 0.06-15.99 and p-value of 0.81
(not significant) (Fig. 7).
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Fig. 7. Distribution of primary end-points of participants in the high and low-risk allele groups in this research.

There were kidney donor profile index (KDPI) in
two of five kidney donors and one donor of a recipi-
ent in the present study. The average of KDPI in two
deceased donors was assessed 6012 percent and in de-
ceased donor of one recipient was assessed 4% [Supple-
mentary Table S8a-d].

Secondary end-points. Inthisresearch, initial eGFR
in six of twenty patients (6/20, 30%) were measured.
In two patients (2/6, 33.3%), eGFR was measured us-
ing MDRD and one of six patients (1/6, 16.6%) with
CKD-EPI and CrCl methods were measured, respec-
tively. In two of six patients (2/6, 33.3%) eGFR method
was not reported. The average of decreased eGFR mea-
surement was assessed 42.25%£30.43 ml/min/1.73m? at
initial presentation and the average of spot urinary PCR
were assessed 7.2+6.24 g/g in patients with APOLI1-
associated nephropathy. Initial eGFR measurement
was checked in three of four patients (3/4, 75%) with
CKD and only one patient had eGFR measurement in
follow up. Baseline spot protein to creatinine ratio and
timed 24-hr urine protein collection were measured
in two (2/4, 50%) and one of four (1/4, 25%) of CKD
patients, respectively. Furthermore, data of follow up
proteinuria is scant. There were decreased eGFR in one
of four patients (1/4, 25%) and increasing proteinuria
in two of four patients (2/4, 50%) during follow up with
ApolL1-associated nephropathy in this research.

Discussion. APOLI1 protein that encoded by the
human APOLI gene is one of the risk factors for non-
diabetic renal disease (NDRD) in the African ancestors
population. Secretory APOLI circulates in high-densi-
ty lipoprotein 3 (HDL3) complexes and is expressed in
various tissues. Genetic studies show that the two
Gland G2 alleles of the APOLI gene are significantly
associated with the risk of various types of kidney dis-
eases [25]. The presence of APOLI high-risk geno-
types, comprising any combination of two APOL1 kid-
ney risk alleles, increases the risk for several kidney dis-
eases compared with APOLI low-risk individuals (de-
fined as those carrying zero or one APOLI1 kidney risk

allele). These diseases include NDRD, hypertension-
attributed (HA-APOL1) associated nephropathy,
FSGS, HIV-associated nephropathy [26], focal global
glomerulosclerosis with interstitial and vascular chang-
es (overlapping with the pathologic pattern formerly
termed arterionephrosclerosis), sickle cell nephropa-
thy, lupus nephritis associated with collapsing glomeru-
lopathy and unexplained ESKD [27]. We know that
analysis of the APOL1 high-risk genotypes in the Afri-
can-American study of kidney disease in hypertension
demonstrated that APOLI high-risk individuals with
hypertension and reduced eGFR tended to have heavi-
er proteinuria and faster GFR loss compared with
APOLI1 low-risk genotypes in African ancestors. The
present study revealed high BP (66.6%) in HR allele
group vs. LR allele group (33.3%). Moreover, protein-
uria has been seen in 40% of participants with HR allele
group vs. LR allele group in this research as such 83.3%
of those presented with nephrotic-range and 16.6% of
those with subnephrotic proteinuria in HR allele group
that is in agreement with the paper by Kopp et al [28].
Risk factors for kidney disease in APOLI1-associated
nephropathy include a history of premature birth, hy-
pertension and obesity. There were a high BMI of more
or equal 25 kg/m? in six of twenty (6/20, 30%) patients
with APOL1-associated nephropathy that 20% of them
belonged to the HR allele group and 10% of others to
low risk allele group. Furthermore, metabolic syndrome
was seen in 15% (3/20) of patients in this research. Our
study revealed an increased risk of 1.13 and odds of 1.5
for ESKD in high-risk allele group in this research but
the study by Franceschini et al. said individuals carrying
two APOLI1 risk genotype (high risk; 13% Africans
Americans and 2% of U.S. Hispanics/Latinos of Carib-
bean background) have an increased risk for ESKD
(odds ratio of ~7) and for FSGS odds ratio of 10 to 29
including HIV nephropathy [29]. The present study
showed a lower mean age of ESKD and hemodialysis
onset in high vs low-risk allele group. Furthermore, it
revealed that heterozygous (HTZ) probands in the
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high-risk allele group have lower age rather than low-
risk allele group. These results were in agreement with
the study by Kanji et al the genetic variation in APOLI
has been associated with earlier onset of ESRD in Afri-
can Americans without diabetes mellitus as the etiology
of ESRD [30]. Clinical APOLI testing in kidney trans-
plantation possesses specific importance. First trans-
planted kidneys from living and deceased APOLI high-
risk donors fair slightly worse than non-APOL1 high-
risk kidneys. Nevertheless, the allograft survival differ-
ences are modest, and the benefits of a transplant
outweigh the hazards of remaining on dialysis. Second
and importantly APOLI1 high-risk genotype vs. low-risk
genotype have lower eGFR at follow up and a faster de-
cline in eGFR during the period after kidney donation
[31]. Donor APOLI1 genotype effects on allograft sur-
vival in deceased donor kidney transplant (DDKT)
from black donors seem comparable with (or stronger
than) established risk factors for allograft failure, such
as HLA match, cold ischemia time, and sensitization
on the basis of panel reactive antibodies. However, only
30% of the population possess APOLI1 high-risk geno-
types and may be at risk for early graft failure. Trans-
plantation of a kidney from a healthy living donor with
two APOL1 nephropathy risk variants has been associ-
ated with FSGS with early allograft failure in recipients
as well as subsequent ESKD in the donor [32]. At pres-
ent, some physicians are testing potential living donors
for APOLI risk alleles before kidney donation [27, 33].
Our study showed a lower mean age of KRT onset in
high-risk allele group vs low-risk allele group, i.e. pa-
tient at the time of kidney transplantation had younger
age in high-risk genotype. The majority of probands of
the high-risk allele group possessed heterozygous G1G?2
vs. low renal risk variants with homozygous G0GO.
Moreover, four of seven patients (57.1%) with allograft
kidney developed graft failure during post-transplant
period follow-up and the really APOLI1 genotype wasn’t
revealed risk on allograft failure. This result is in dis-
agreement with the study by kaniji et al [30]. Moreover,
this result was in agreement with the study by Wei et al.
that has demonstrated younger African American study
of kidney disease and Hypertension (AASK) partici-
pants with high-risk genotype had the greatest KRT risk
[34]. Genetic factors such as sickle cell trait have been
investigated mostly among African Americans like of
APOL1 genetic factors. Many studies have been shown
that sickle cell trait (SCT) has an impact on the normal
functioning of the kidneys among African Americans
with some studies indicating a significant association
between SCT and CKD. These studies revealed that ge-
netic variants of APOL1 and non-muscle myosin heavy
chain ITA (MHYD9) in sickle cell disease (SCD) cause
the progression of CKD to ESRD. The mean survival of
patients with ESRD and SCD (sickle cell nephropathy)
is estimated to be 4 years, even with dialytic treatment
[34]. In the study by Masekoameng et al, they have not
found a significant association between APOLI1 and
CKD in SCT patients, indicating that there is no evi-

dence that SCT influences the relationship between
APOLL1 and CKD [35]. In our study sickle cell ne-
phropathy did not was the cause of APOL1-associated
nephropathy in the patients. Moreover, this point
should be considered that the prevalence of SCD and
SCT in the south area of our country (Iran) is high, but
no study has been reported from Iran about APOLI1 ge-
netic factors at those populations. The only study of
APOLIl-associated nephropathy in Iran has been per-
formed by Rikhtegar et al in the northwest of Iran. This
descriptive, cross-sectional study examined the exis-
tence and frequency of G1 and G2 alleles of the APOL1
gene in Tabriz ESRD patients and concluded that poly-
morphisms of APOL1 in Tabriz ESRD patients are ab-
sent and this genetic change in this region is not a risk
factor for CKD and progression to ESRD [36]. Recent-
ly, the subject of ESKD risk in living kidney donors
possesses specific importance in APOL1-associated ne-
phropathy in the African-Americans race. Reeves-
Daniel et al in an original article investigated APOLI
risk variants in 106 Africans-Americans (AA) deceased
organ donors and graft survival assessed in 136 resultant
kidney transplants. The mean follow-up was 26.4+21.8
months. Twenty-two of 136 transplanted kidneys (16%)
were from donors with two APOLI1 nephropathy risk
variants. Twenty-five grafts failed (18.3%) and eight
(32%) had two APOLLI risk variants. Kidneys from AA
deceased donors harboring two APOLI risk variants
failed more rapidly after renal transplantation than
those with zero or one risk variants. If replicated,
APOLI1 genotyping could improve the donor selection
process and maximize long-term renal allograft survival
[37]. Moreover, Cohen et al predicted that the role of
APOLI1 genotype in living kidney donor outcomes will
be equally important, if not more so. APOLI1 shares
structural and functional similarities with the Bcl2
family of proteins involved in apoptosis. Apoptosis may
lead to glomerulosclerosis. Development of subclinical
APOLI1-associated kidney disease in native kidneys,
with subsequent loss of graft function after donation in
the presence of cold ischemia and nephrotoxic medica-
tions including calcineurin inhibitors. Additional risk
factors for post-kidney transplant allograft failure in-
clude deceased donor category, preservation and recip-
ient issues and exposure to BK polyomavirus infection.
These factors could accelerate graft loss in the donor’s
kidneys harboring two APOLI risk variants [38]. Kid-
ney donor risk index (KDRI) compares a variety of do-
nor factors to summarize the risk of graft failure after
kidney transplant into a single number. The KDRI ex-
presses the relative risk of kidney graft failure for a given
donor compared to the median kidney donor from last
year; values exceeding 1 have higher expected risk than
the median donor and vice versa. The KDPI is a remap-
ping of the KDRI onto a cumulative percentage scale,
such that a donor with a KDPI of 80% has the higher
expected risk of graft failure than 80% of all kidney do-
nors recovered last year and can be used to compute
KDPI and KDRI for a hypothetical or actual donor
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[39]. KDPI > 85% is thought to be equivalent to an ex-
tended criteria donor (ECD) kidney (while the KDPI is
based on 10 parameters, the historical ECD definition
is based on only 4 parameters), but almost twice fewer
donors were classified as ECD according to KDPI>
85% in comparison with the historical ECD [39]. The
KDRI downgrades the quality of all kidneys donated by
African ancestors. However, only of the population
possess APOL1 high-risk genotypes and may be at risk
for early graft failure [32]. Our study revealed allograft
failure in four of seven transplanted kidneys (57.1%)
during 3 years follow up that fifty-seven percent of these
patients consisted of high-risk alleles in their APOLI1
genetic test. This finding shows a high prevalence in
comparison with the study by Reeves-Daniel et al that
has related graft failure was 16% (22/136). Further-
more, relative risk and odds ratio for allograft failure in
the present study was assessed 1 that showed no associa-
tion between risk effect and odds of allograft failure on
two copies of RRVs in APOLI1-associated kidney dis-
ease. In the present study, donors of two transplanted
kidneys (2/7, 28.5%) developed post-donation kidney
failure in seven years following transplant nephrectomy
and both donors belonged to the high-risk allele group.
One of two donors (1/2, 50%) underwent renal trans-
plantation from a deceased donor during follow up.
Eleven of twenty patients (55%) with APOL1-associat-
ed nephropathy had viral infections (CMV, EBV and
parvovirus B19) that two of them (2/11, 18.1%) were in
hemodialysis patients and others in kidney transplant
patients. Viral infections found in five deceased and one
living kidney donors that the frequency of high and low-
risk alleles in these patients was equal (three HR vs.
three LR alleles). It appears that viral infections to op-
erate as a second hit in more of half of these patients for
developing APOL1-associated nephropathy. Endoge-
nous and locally acting (not circulating) APOLI1 pro-
tein appears to cause nephropathy based on data from
kidney transplantation, cell biology and animal models.
Most individuals with 2 APOL1 KRVs do not develop
nephropathy, a modifier is required. Proven modifiers
include HIV-induced alterations in the immune re-
sponse and administration of interferons. In these set-
tings, APOLI1 expression levels are increased via the
toll-like receptor 3 (TLR)-dependent pathway. B-cell
lymphoma 2 (BCL-2)-antagonist/killerl (BAK1) is a
nuclear-encoded mitochondrial outer membrane pro-
tein. APOLL is also present in mitochondria and its G1
and G2 KRVs can induce mitochondrial dysfunction.
APOL1 KRVs induce cell death by mitochondrial
translocation and opening of the mitochondrial perme-
ability pore on the inner membrane, other pathways
may exist. APOL1 is co-expressed with the mitochon-
drial outer membrane protein BAK1, involved in mito-
chondrial dynamics via stabilization of phosphate diki-
nase regulatory protein 1(pDRP1) on the mitochon-
drial outer membrane. Bax/Bak-dependent release of
DDP/TIMMSa protein in the intramitochondrial space
promotes DRP1-mediated mitochondrial fission and

mitoptosis by redistributing pDRP to the mitochondrial
outer membrane and inducing mitochondrial fission
[40]. Another lesson in APOL-associated nephropathy
to learn is a significant interaction effect between
APOLI high-risk genotype and particulate matter (PM)
2.5 for kidney disease. For demonstrating this hypoth-
esis, Paranjpe et al performed a cohort study and en-
rolled 4800 black participants and found a significant
interaction between PM2.5 and APOL1 (p<0.001).
This suggests that although both PM 2.5 and APOLI
independently increase kidney disease in blacks, the ef-
fect of PM2.5 is worse in APOL1 high-risk individuals.
Here, air pollution as an environmental factor may
serve as a second hit for accentuating kidney disease in
APOLI predisposed individuals that inherited high risk
[41].

Conclusions. APOLI1-associated nephropathy is
inherited in an autosomal recessive fashion, only a mi-
nority with high-risk genotypes develop CKD in their
lifetime. Given to different distribution of ancestry
and high prevalence of hypertension-attributed ESKD
in the present study, this entity should be considered
in other populations who are at risk of APOL1 geno-
type inheritance. Furthermore, our study revealed an
increased risk of ESKD in patients with two copies of
renal risk variants of APOLI1 genotype. Prevalence of
allograft failure in the present study was higher than
previous studies but there was no risk associated with
renal risk variants of the APOLI1 gene.

Abbreviations. AA, Africans-Americans; African
American study of kidney disease and Hypertension
(AASK); AKD, acute kidney disease; AKI, Acute kid-
ney injury; BAK1, B-cell lymphoma 2 (BCL-2)-antag-
onist/killerl; BM, bone marrow; BMI, body mass in-
dex; CKD, chronic kidney disease; CKD-EPI, chronic
kidney disease-epidemiology collaboration; CMV, cy-
tomegalovirus; CT, computed tomography; CTA, com-
puted tomography angiography; CVD, cardiovascular
disease; DDKT, deceased donor kidney transplant;
DM, diabetes mellitus; pDRPI1, phosphate dikinase
regulatory protein 1; EBV, epstein-barr virus; ECD, ex-
tended criteria donor; eGFR, estimated glomerular fil-
tration rate; ESKD, end-stage kidney disease; ESRD,
stage renal disease; FGGS, focal global glomerulo-
sclerosis; FSGS, focal segmental glomerulosclerosis;
HA-APOLI1, hypertension-attributed apolipoprotein
I; HDL, high density lipoprotein; HIV, human immu-
nodeficiency virus; HIVAN, human immunodeficiency
virus-associated nephropathy; HNFIA, hepatocyte
nuclear factor la; HR, high risk; HTN, hypertension;
HTZ, heterozygous; IF, interstitial fibrosis; IV, intrave-
nous; KDPI, kidney donor profile index; KDRI, kidney
donor risk index; KRT, kidney renal transplant; KRVs,
kidney risk variants; LDL, low density lipoprotein; LR,
low risk; MDRD, modification of diet in renal disease;
MHY9, myosin heavy chain IIA; MRI, magnetic reso-
nance imaging; NCEP-ATP III, National Cholesterol
Education Program Adult Treatment Panel III; ND,
normally distributed; NDRD, non-diabetic renal dis-
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ease; PCR, protein-to-creatinine ratio; PER, protein
excretion rate; PET, positron emission tomography;
PM, particulate matter; PMC, PubMed central; RRVs,
renal risk variants; SCD, sickle cell disease; SCr, serum
creatinine; SCT, sickle cell trait; SD, standard devia-
tion; SNP, single nucleotide polymorphism; TA; tubu-
lar atrophy; TLR, toll-like receptor.
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Abstract. The study aimed to assess serum Klotho protein level in type 2 diabetic patients
depending on kidney function.

Methods. This observational study included 72 patients with diabetes mellitus (DM) and 26
patients with acute coronary syndrome. The control group consisted of 20 healthy subjects.

Depending on the presence of albuminuria and glomerular filtration rate (GFR), the
diabetics were divided into the following groups: group I included the patients with normal
GFR and without albuminuria (n = 25); group II consisted the patients with normal GFR
and albuminuria (n = 23); group 111 — the patients with reduced GFR and albuminuria (n

= 24) and group 1V included the patients with acute coronary syndrome (n = 26).

The GFR was calculated using the CKD EPI formula (KDIGO 2012). The concentration of
Klotho protein was determined by enzyme-linked immunosorbent assay.

Results. The development of diabetic nephropathy in type 2 diabetic patients accompanied
by a significant decrease of soluble Klotho compared with the controls and the patients of
the 1-st group. The level of Klotho protein in the group of patients with albuminuria decreased
10 (490.66 £ 58.76) pg/ml (p <0.05). The lowest concentration of Klotho (443.58 = 46.92)

pg/ml was found in the advanced stages of diabetic nephropathy, namely in patients with

albuminuria and impaired renal function. Moreover, a significantly decreased serum Klotho

was observed in acute coronary syndrome group in comparison with the control group (p

<0.05). There were inverse correlations of Klotho concentration with urinary albumin and
blood creatinine levels and a direct correlation between Klotho and GFR.

Conclusions. The obtained data indicated the key role of Klotho protein in the formation of
renal pathology in type 2 diabetes and the feasibility of practical use of Klotho determination

as an early diagnostic marker of renal disorders and cardiovascular risk assessment. The

Received inrevisedform  gyqtegies improving Klotho production may be useful in the reduction of both renal and
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vascular lesions progression in type 2 diabetic patients.
Keywords: diabetes mellitus, diabetic nephropathy, Klotho protein.
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L.1. Tomyiii, I1.C. CemenoBux, T.JI. Illepoannb, B.JO. 'aapuinceka, K. O. CapiueBa

BwmicT 0inka KnoTo y cupoBaTiii KpoBi XBOpHX Ha IYKPOBHIA Aia0eT 2 THITY
3aJI€2KHO BiJl QYHKIIOHAJIbHOIO CTAHY HUPOK

JepxaBHa yctaHoBa «HauioHaneHU# iHCTUTYT Tepartii imeHi JI. T.Manoi
HAMH VYkpainn», M. XapkiB, YkpaiHa

Pestome. Mema pobomu: eusuenns KaiHiko-1a00pamopHux NOKasHukie ma emicmy 6inka Kiomo 6 cuposamui
Kkpogi xeopux Ha LI/ 2 muny 3anedncHo 8i0 pyHKYIOHAAbHO20 CIMAHY HUPOK.

Mamepian ma memoou. B npoueci suxonanns docaioxncenns obcmexncerno 72 xeopux Ha LI 2-e0 muny ma 26 xeo-
pux Ha eocmpuii koporapuuii cundopom (I'KC). Kounmpoavhy epyny ckaanu 20 npakmuuro 300posux ocio. Ilicas nepsun-
Hoeo o6cmedcents 6 3anexncHocmi 6io piensi HIIKD, arvOyminypii ma nasenocmi cocmpoeo Koporaprozo cunopomy (I'KC)
nayienmu 6yau poznodineni Ha HacmynHi epynu: I epyna — xeopi na LlJI 2 muny 6e3 o3Hak Hegponamii - 3 HOpMAALHOIHO
LITK®D ma 6e3 arvbyminypii (n=25); Il epyna — xeopi na LIJ] 2 muny 3 nopmanvroro IIIKD ma arebyminypicro (n=23);
111 epyna — xeopi na L] 2 muny 3i snuxcernoro IIIKD ma anvOyminypiero (n=24); IV epyna — xeopi na I'KC (n=26).
LITK® pospaxosysanu 3a popmynoro CKD-EPI (KDIGO 2012). Konuenmpauiro binka Knomo euznauanu memooom imy-
HoepmeHmH020 aHani3y.

Pezyavmamu. Pozsumok [H y xeopux na LI/ 2 muny cynpogooicyemuocs 8ip0ociOHUM 3HUNCEHHAM DIiGHi6 pO3-
yuHHo20 Oinka Knomo 6 naazmi kposi y nopieHaHHi 3 Konmpoaem ma 3 xeopumu Ha LI/ 6e3 o3nak Heghponamii. Pieens
binka Knomo e epyni xeopux na /[H 3 arvOyminypiero 3nuncysascs do (490,66 £ 58,76) ne/ma, (p < 0,05). Haiinusxcui
sHauenns Knomo (443,58+46,92) ne/mn euseaeno nHa niznix cmadisx JIH - y xeopux 3 arOymiHypiero ma nopyuieHHsIm
ginompauiinoi yuxuii nupox. Jloeedeno, wio npu I'KC mae micue ipocione ameHuienHs emicmy npomeiny Kiomo 6
cuposamui Kpoei y nopieHsaHHi 3 konmpoaem, (p < 0,05). Bcmanosaeno 36opomHiil kopeasyitinuii 36 30K KOHUeHmpayii
binka Knomo 3 piensamu arvOyminy ceui i KpeamuHiny Kpoei ma npamuii kopeasyiinuil 36 530k 3i IIIK®D, wo doeodumo
be3nepeuny ponb HUPOK 6 PO36UMKY KapOoiopeHaabHo20 CUHOPOMY ¥ nayicumie 3 JIH.

Bucnosxu. Ompumani dani céiduams npo beznocepednro yuacme binka Knomo é gpopmyseanui Hupkoeoi namonoeii
npu I[JT 2 muny i doyirbhicme npakmu4Ho2o 8UKOpUCMAanHs eu3HavenHs Kiomo é cuposamui kpoei xeopux 6 sKocmi
PAaHHBb020 0iA2HOCMUYHO20 MAPKepa HUPKOBUX NOPYULeHb MA OYIHKU KapdiosackyasapHoz2o pusuky. Pospooka cmpameeiii
no nideuwjennro npodykyii Knomo mooice cnpusmu 3HUICEHHIO MEMNI8 NPO2PeCYBaHHs K HUPKOBUX, MAK i CYOUHHUX
ypaxcerv npu LT 2 muny.

Kmouosi cioBa: yyxposuii diabem, diabemuuna neghponamis, binox Kiomo

Beryn. Ha nanuit yac npu6ausHo 387 MinbiloHiB
JIOPOCJIOTO HACEJIEHHS B YChOMY CBIiTi CTpaXIa€ Ha 1y~
kpoBuit aiadet (LI/]). 3axBoproBaHiCcTh diabOeTOM He-
BIMHHO 3POCTA€ TOJOBHUM YMHOM 3a paxyHok [IJI 2
TUITY i, 3TiHO MPOrHO3aM emigeMionoris, 10 2035 poky
YUCJI0 XBOPUX CTAHOBUTHUME 592 MinbiioHiB [1].

I'mobanbHe 3pocTtaHHs TmowupeHocTi LIJI i
MOB’SI3aHUX 3 HUM METa0OJIiUHUX PO3JaiB MPU3BO-
JUTh 10 iCTOTHOTO POCTY AiaOeTUYHUX YCKJIaaHEHb,
SIKi 3HAYHO 3HUXKYIOTh SIKiCTb XXUTTS i MiABUILYIOTh Pi-
BEHb CMEPTHOCTI HaLi€HTIB [2].

OnHUM 3 HaOinbll BaxXkux yckiaaaHeHb LI €
niabetuuHa Hedpomarisa (JIH), ska xapaktepusyeTb-
Csl CKJIEPOTUYHUMMU, 3alajJbHUMU Ta (HiOPOTUUHUMU
3MiHAMHW B TKaHWHI HUPOK, MPOTPECUBHUM 3HUKEH-
HsM dinbTpaniiiHoi dyHKIli HUPOK, HACTiAKOM YOro

CemenoBux I[loaina CranuciaasiBua
polinasemenovykh@ukr.net

€ PO3BUTOK XPOHIYHOI HUPKOBOI HEJOCTATHOCTI (ype-
mii). Kuiniuno JH mnposBiasieTbes anbOymiHypi€lo,
apTepiajbHOIO TiMePTEH3i€I0 i BHUXKEHHSIM IIBUIKOCTI
kiyooukoBoi dinprpanii (IHK®). 3a naHuMu pizHUX
aBTOPIB JaHe YCKJIaaHEHHsSI po3BUBAEThesT y 20-40%
nauientis Ha LI [3, 4]. Bigznauaetncs, mo JH cy-
MPOBOMIXYETHCS OUTBII Pi3KKMM, B MTOPiBHSIHHI 3 Helia-
OETUYHMMU HEDPOJOTIYHUMHU 3aXBOPIOBAHHSIMMU, MO-
ripmeHHsaM GyHKii Hupok L. Li i cmiBaBt. (2016) [5].
3rigHo cratuctuyHuM gaHuM, y 30-40 % mnauieHTiB,
sKi MOTpeOyI0Th HUPKOBO-3aMiCHOI Teparlii JiaaizoM,
HUPKOBAa HeIOCTaTHiCTh € HacaiakoM JIH, moimwupe-
HIiCTb IKO1 MPOAOBXY€E HapOCTAaTU, YAaCTKOBO Yepes Te,
1110 BUXKMBaHiCTh XxBopux Ha LI/l 2 Tuny mokpaiiuiach
BHACJIiIOK 3HUKEHHS BUMAAKiB CMEPTHOCTI Bij ceplie-
BO-CYIWHHUX Toaiii [6, 7]. Y 2009-2011 pp. /I npu-
BiB 0 TEpMiHAJIBHOI CTa/il XPOHIYHOI XBOPOOU HUPOK
npubau3Ho y 60 % reMmopianizHuX namieHTiB B Manaii-
3ii, Mekcuui, Cinranypi iy 40-50 % - B I3paini, Kopei,
Anownii, CIHA, Hosiit 3enannii (Centers for Disease
Control and Prevention, 2011). Kpim Toro, niabetnuHe
YpaXXeHHsI HUPOK MPU3BOIUTH A0 BHUCOKOI CEpLIEBO-
CYIMHHOI 3aXBOPIOBAHOCTI Ta CMEPTHOCTI i CYTTEBOTO
3HUXEHHS SKOCTi XUTTS XxBopux. B pesynbprati JH
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CTa€ BAXXKUM €KOHOMIYHUM TATApEM SIK JJISI XBOPOTO,
TaK i JUTS Iep>KaBU B LIJIOMY.

Oco0auBICTIO HUPKOBUX YCKJIAAHEHb Y MALliIEHTIB
3 LI 2 Tuny € reTeporeHHiCTh MaToJIOTii HUPOK, 110
MPAKTUYHO HE N03BOJsIE AU(DEPEHLIIOBATU KJIACUYHY
JH 3a BU3HaueHHSIM ekckpelii 6inka, gk npu LI 1
Tumy. B gaHuii yac 3 MeToIo 1iarHOCTUKY HUPKOBOI Ma-
TOJIOTii MPUNHATO TEPMiH XPOHIYHOI XBOPOOU HUPOK
(XXH), sgkuii npencrasisie co6010 y3arajibHIOUYE MO-
HATTS i JO3BOJISIE OLIIHUTU HAsIBHICTb i TSIXKKIiCTb ypa-
KEHHSI HUPOK HE3aJIeXXHO BiJl MPUUYUHU YIIKOIKEHHS
[4, 8]. ITin XXH po3yMiloTh HasiBHiCTb OIHOTO abo
Oinple J1abOpaTOPHUX, CTPYKTYPHUX abo GyHKILiO-
HaJIbHUX O3HAK MOIIKOMXEHHS HUPOK TPUBATICTIO >3
Mics1iB ab0 i30J1bOBaHE 3HMXXEHHS IIBUAKOCTI KIy-
60ukoBoi pinbrpauii (LKD) <60 mi/xs/1,73m2.

Possutok JIH mporpecye uyepe3 Kiibka KIIiHiu-
Hux ctaaiil. CnoyaTKy peecTpyloTh rinepTpodiio HU-
POK i rIoMepyJisipHy rinepdinbrpauito. Hanmani, micias
KJIiHiYHO 0e3CMMMOTOMHOI CTafii, y MalliEHTIiB PO3BU-
Ba€eTbCs MikpoanbOyMiHypis (BTpara 30-300 Mr anb-
OyMiHy 3a 100Yy), 3a SIKMUM CJIiIye MaKpoaabOyMiHypis
(> 300 mr anpObyMiHy 3a 100Y) i Moaablie 3HUXEHHS
IIK®. Hapeiri, Moxe po3BUHYTHUCH KiHIIEBa CTamist
HUPKOBOTO 3axBoproBaHHs. [IpoTe, He y BCix mailieH-
TiB 3 MOPYLIEHHAM (YHKIIiIT HUPOK CIMOCTEPIra€Thcs
anbOyMiHypisl, 110 HABOAUTH HA TIYMKY MpO Te, 110 MpU
LI 2 Tuny npoTeiHypisi He 3aBXIU Mepeaye 3HUKEH-
Hio IIIK®. KpiM TOro, B KiJIbBKOX TOCIIIKEHHSIX OYJIO
OIMMCAHO PErpecito MiKpoalbOyMiHYpii 10 HOpMOAasb-
OymiHypii. JlaHU#l (aKT TOSICHIOETbCS MOCUJIEHHSIM
KOHTPOJIIO IIiKeMil Ta apTepiaJibHOTO TUCKY [9].

B octanHi 3 pecaTwiitts 6yau MpoBeaeHi iHTeH-
CUBHi €KCIepuMEHTaJbHi Ta KJiHIYHi JOCHiIXKEHHS
3 METOI0 BUSBJEHHS (haKTOpiB pU3MKY i Matodizio-
JIOTIYHUX MEXaHi3MiB Jia0E€TUYHOIrO ypaxXeHHSI HU-
pok. OTpuMaHi pe3yabTaTu CBigyaTh, 11O MATOJOIiYU-
Hi 3MiHU B HupKax npu L[/l 2 Tuny po3BUBaIOThCS B
pe3yJabTaTi CKAaAHUX B3a€EMOi MiX MeTaboJIiYHUMU
Ta TeMOIVHAMIYHUMM (haKTOpaMu Ha (HOHI TeHEeTUY-
HOI CXWJIBHOCTi. XpOHiUHa TiMepriikeMis Bimirpae
LIEHTPaJbHY POJb Y PO3BUTKY Ta MPOTPECyBaHHI nia-
0eTMYHO1 XBOPOOU HUPOK, B TOI Yac, sIK KJacTep Kap-
JioMeTabOMIYHUX MOPYIIEHb (BKIIOYAOUU OXUPiHHS,
CHUCTEMHY TillePTEH3il0, TIOMEPYJSIpHY rinepdinbTpa-
1ilo, aabOyMiHypil0 Ta TUCTiIMigEeMil0) TaKOX CIIPUSIE
bopmyBaHHIO HIOPOTUYHUX 3MiH B HUPKOBii TKAHWUHI
i 3aru6eni HedpoHiB. B s5KOCTI MeIiaTopiB TaHUX MPO-
1IECiB MOCHiITHUKUA PO3MISAAIOTh Psi 0iOJOTiYHO ak-
TUBHUX areHTiB, 30KpeMa, LIUTOKiHU, (paKTOpu pOCTy
i Ba3oakTHBHI peuoBunwm [10, 11].

ITpoTe, He3BaxaUu Ha 3HAYHUI MPOrpec B BU-
BUYEHHIi MaToJIoOriyHuX 1UIsxiB po3BuTKy JH, norenep
HEMa€ €AUHOI IYMKHU MPO MEXaHi3MHU, SIKi MPUAMAIOTh
y4JacTb B (POpMYyBaHHI JaHOTO 3aXBOPIOBAHHS.

be3yMoBHO, MOTPiOHi Gi/bII cydyacHi AaHi Ta Mo-
JaJblili JOCTiAXEHHS B IbOMY HAMPSIMKY s BU3HA-
YEHHS MPUYUH BUHUKHEHHS Ta MIPOrpecyBaHH4 Aiabe-
TUYHOTO YPAXKEHHS HAPOK.

MeTta po0OTH: BUBYEHHS KITiHIKO-JIa00PaTOPHUX
MOKa3HUKIB Ta BMicTy 6iika KioTo y cupoBaTtui KpoBi
xBopux Ha LIJI 2 Tuny 3ajieXXHO BiJl (P)YHKLIOHAJIBLHOTO
CTaHy HUPOK.

Marepian Ta Metoam. JocliIkxeHHS TPOBOAM-
JIMCh Y Binaisi HedpoJsorii Ha 0a3i KJIiHiYHOTO Biifdi-
JICHHS TinepTeH3iit Ta 3axBoproBaHb HUPOK Y «Harti-
OHaIbHUI iHCTUTYT Tepamii iMmeHi JI.T. Manoi HAMH
Ykpainu». OyHKIIOHATBHI JOCHTIIXKEHHS Oy BUKO-
HaHi y BiAAUIeHHi (YHKIIOHAJIbHOI Ta yJbTPa3BYKO-
BOi JiarHOCTUKU. IMyHO(DEPMEHTHI Ta MOJIEKYISIPHO-
T€HEeTUYHI JOCiIXEeHHS BUKOHYBAIM Yy JabopaTopii
IMYHO-0iOXiMiYHUX i MOJIEKYJSIPHO-TEHETUYHUX H0-
cligxkeHb. JlJabopaTopHi AOCTiAXEHHS TPOBOJUIUCH Y
KJIiHIKO-JiarHOCTUYHili 1TabopaTopii.

JocnigkxeHHsT BUKOHAHi 3TiIHO MiXHapOAHUX
CTaHJIAPTIB IIOAO IOTOJKEeHOI Yy4yacTi OOCTEeXEHUX,
€TUYHOI CKJIAIOBOI BUKOHAHHS AOCIIIXXE€Hb Ta B3SITTS
bGiomarepiany. XBopi, Ki Opajay ydyacTb B JOCIiIKEeH-
Hi, mianucyBaayu iHQOpMOBaHY 3rofy Ha y4acTb y HbO-
My. ocligXeHHs BUKOHAHi 3 NOTPUMAaHHSIM OCHO-
BHUX MOJIOXeHb «[IpaBui €eTMYHUX MPUHLMITIB MPO-
BEeIEHHSI HAyKOBUX MEIUYHUX JOCHTIIKEHb 32 Y4acTIO
JIIOAUHMW», 3aTBepIXeHUX ['ebCiHChKOIO AeKapalieo
(1964-2013 pp.), ICH GCP (1996 p.), nupexktusu €EEC
Ne609 Bim 24.11.1986 p., HakaziB MO3 Ykpainu Ne690
Bim 23.09.2009 p., Ne616 Bim 03.08.2012 p.

HiarHo3 XXH BcTaHOBJIOBAaBCSl 3TiAHO KJjacH-
(dikauii, mpuitHaToi Ha VI HauioHanebHOMY 3 i3 He-
dponoriB Ykpainu B 2017 p. Cran komnencanii /I
OLIIHIOBAJU 32 KOHLIEHTPAIli€I0 MTiKO3WIbOBAHOIO Te-
Morjio6iHy HbAlc.

B mpoluieci BUKOHAHHS TOCTIIXEHHS OOCTEXEHO
72 xBopux Ha LIJI 2-ro Tumy Ta 26 XBOPUX HA TOCTPUI
kopoHapHuii cunnpom (I'KC), uio nepedbyBanu Ha ji-
KyBaHHi B KJaiHili 1Y «HauioHanbHMiA iHCTUTYT Tepa-
mii imeni JI.T.Manoi HAMH Ykpaiuu». KoHTpoibHYy
rpyny ckiaiu 20 MpakTUYHO 3A0POBUX OCi0 BiAMOBiA-
HOTO BiKY.

Kputepisimu BKJIIOUEHHS TAallieHTIB Oynau: Ha-
gaBHicTh LI 2 Ty abo rocTporo KOpOHapHOTO CHUH-
JIpOMy, MiAnucaHHS iH(GOPMOBAHOI 3roAM Ha Yy4acTh
y nociimixeHHi. KpurepisMu BUKIIOUEHHS TaLi€HTIB
Oynu: Bik MeHbIlle 18 pokiB, BariTHi XiHKU, XBOpi 3 Ae-
KomrneHcauieo I, HasiBHiCTb MEepBUHHOI MATOJIOTii
HUpPOK (ceyokaM’siHa XBOpoOa, iHdeKIii ce4YoBUBII-
HUX LUISIXiB, YPOAXKEHi aHOMaJlil HUPOK), TepMiHaJbHa
CTaJliss HUPKOBOI HETOCTaTHOCTI, TSXKKi 3aXBOPIOBAHHS
MEeYiHKU, 3JIOSKiCHi HOBOYTBOPEHHS, 3aXBOPIOBAHHS
CHUCTEMMU KPOBI, BiICYTHICTb iH(DOPMOBAHO1 3TOIU.

VYci xBopi Ta 0c0OM KOHTPOJILHOI Ipynu Oyau 00-
CTEXEHi 3TiIHO HACTYMHOIO IUIaHy: 3arajJibHO-KJi-
HiYyHe OOCTEeXEHHS; aHTPOMOMETPUYHE OOCTEKEHHS;
JlabopaTtopHe 00CTexXeHHS (KJIiHiYHI aHaIi3u KPOBi Ta
ceui); BU3HAUECHHSI (YHKIIOHAJIBHOTO CTaHy HUPOK
nuisixoM po3paxyHky LIIK®; BuzHaueHHsT anbOymiHy-
pii; BU3HAUEHHS MOKAa3HUKIB BYIJIEBOJHOTO OOMiHY;
BU3HAYEHHS JIIMiIHOTO CMIEKTPY KPOBi; €JIEKTPOKap/i-
orpadis (EKT); exokapaiorpadis.
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ITicnga mepBUHHOTO OOCTEXEHHS B 3aJI€KHOCTI
Bix piBHs LIIK®, ansbymiHypii Ta HAIBHOCTI TOCTPOTO
kopoHapHoro cuHapomy (I'KC) nauieHtn Oyau pos-
nojijieHi Ha HacTynHi rpynu: I rpyna — xBopi Ha LIJI
2 Tuny 6e3 o3HaK Hedpomnatii - 3 HopmanbHoO [TTKD
Ta 6e3 anbobyMinypii (n=25); I rpyna — xBopi Ha LIJI 2
tumny 3 HopMasbHOIO [ITK® Ta ansdyminypieto (n=23);
ITI rpyma — xBopi Ha [IJ] 2 Tumny 3i 3HMkeHO0 LITKD
Ta anbOyminypieto (n=24); IV rpyna — xBopi Ha ['KC
(n=26).

CepueBa reMonvHaMmika BHBYagacs METOIOM
KiJIbKiCHOI exoKapaiorpadii i3 po3paxyHKamMu napame-
TpiB 3a Teicholz L. et al. (1972). PiBeHb anb0ymiHypii
BU3Hauaim MetogoM Pob6eprca-CroiapbaukoBa. [IIK®
pospaxoByBain 3a (opmyinoro CKD-EPI (KDIGO
2012). JlimigHuWii cnekTp KpOBi - 3arajJbHUI XoJiec-
tepuH (3XC), XonecTepuH JiMOMPOTEidiB BUCOKOI
winbHOcTi (JITIBII), tpurniuepuau (TT') Bu3zHauanu
iMyHO(EpMEHTHUM METOA0M. BMICT ITiKoBaHOTO re-
Mornobiny HbAlc (%) BusHayanu (POTOMETPUYHUM
iOHOOOMiHHUM METOAOM 3TiIHO iHCTPYKLii 10 Habo-
py peakTtusiB ¢ipmu Human (HimeuunHa). KoHueH-
Tpauito 6inka KioTo BU3HaYaaM METOAOM iMyHOGep-
MEHTHOTO aHaji3y 3 BUKOPUCTAHHSIM TECT-CUCTEMU
BupooHuTBa Immuno Biolodic Laboratories Co. Ltd.
(AnoHis). liana3oH KOHLIEHTpPAILLil, 1II0 BUMipIOIOTHCS
ctaHoBuB Big 93,8 mo 6000 nir/miu. MiHimManbHa KOH-
ueHtpaiisa Kinoto, 1110 BU3HAYAETHCS, HE MEPEBUIILYE
6,15 ir/m.

MarteMaTUYHU aHali3 METPUYHUX AAHUX MPO-
BOJWJIU 3 BUKOPUCTAHHSIM BapiallifHOT CTATUCTUKHU 32
CTaHAAPTHUMHU JILEH3IMHUM KOMI IOTEPHUMU MPO-
rpamamMu. BiZMiHHOCTI MiX rpynamMu cepeiHiXx BeJu-
YUH Ta iX moxubku (M * m) olliHIOBaIu 32 TOMIOMOTOI0
kputepito Creionenra-Dimiepa. JlocToBipHOIO BBaXa-
Jacs iiMoBipHa noxubka menie 5% (p <0,05). Ilepe-
BipKY HOPMaJIbHOCTi PO3MO/iJly MOKa3HUKIB 3AiACHIO-
Baiu 3a gonoMoroio Tecty Koamoroposa-CmipHoBa.
Kopensuilo KiabKiCHUX O3HaK OLiHIOBAJIU IIJISIXOM
po3paxyHky KoedilieHTa IlipcoHa.

Pe3yabTaTi. 3 MeTOI0 KpaIIoro po3yMiHHS MeXa-
Hi3MiB acouialii 6inka Kinoro 3 IH, a Takox 3 cepiie-
BO-CYIVMHHUMU YCKJIAAHEHHSIMU, Oy BifliOpaHi XBopi
Ha L1 2 Tuny 3 niabeTUYHUM ypaxkeHHSIM HUPOK (Ha-
SIBHICTh ayibOyMmiHypii Ta 3HMkeHHs LIIK®) abo 6e3
HUPKOBUX MOPYIIEHb, MALIiEHTU 3 CEPLEBO-CYTUHHOIO
MaToJIori€el0 (TOCTpUl KOPOHAPHUI CUHAPOM) i 310-
poBi mo6poBosbli. B 1ux rpynax Oyau oLliHEHi piBHi
6inka KioTo B cupoBartili KpoBi, a TaKOXK iHILIi KJTiHIYHi
napaMeTpu.

ITpu owiHL KJTiHIYHUX Ta TaAOOPAaTOPHUX XapaKTe-
PUCTUK OCOOJIMBY yBary MpUIiISIM BUBYEHHIO OOMiHY
[JIFOKO3U, TOCTiIXKEHHIO PiBHIB JiMiAiB, KOHIEHTpAaLil
KpEeaTHHiHy CUPOBAaTKU KPOBi, BMiCTy CEUOBUHHU Ta ce-
YOBOI KMCJIOTH, PiBHIB aibOyMmiHypii Ta LIK®. OTpu-
MaHi 1aHi npeacTaBjieHO y Tabauii 1.

Tabauysa 1
OcHOBHI KJTiHIYHi XaPAKTEPUCTHKH TA J1a00PaTOPHi mapaMeTpu B 00cTexkennx rpynax (M * m)
IToka3Huk Konrpoas 1L 2 Tumy I 2 Tuny 3 JIH I'KC
n=20 n=25 n=47 n=26 p
1 2 3 4
YOJL. 47,2 44.6 433 54,1
Cratb %
KiH. 52,8 55,4 56,7 45,9
Bik, poxu 49,62+ 44 57,55 £4,8 63,49 + 5,6 62,21 +5,2
Tpusanicts LI, poku - 4,22+0,34 8,32+ 0,58 -
CAT, MM pT. CT. 122,34 £ 12,46 | 136,32+ 11,51 | 172,13 £23,12 | 128,46 £ 11,34 | p, ,<0,02
JAT, MM pT. CT. 78,16 £ 5,24 81,24%6,45 96,24 £ 4,12 76,28 £ 6,52 p,.,<0,05
HbAlc, % 5,3+ 1,14 7,2+ 3,17 7,9+ 2,13 48+ 1,27 REy
p, ,<0,04
KpearnHin, MKMOJIb/ N 73,27 £ 6,52 84,37 = 8,96 148,43 + 12,36 78,56 £ 9,37 p,,<0,02
CeuyoBrHA, MMOJIb/JT 5,48 £ 0,74 6,32 + 0,47 14,26 £ 0,19 6,61 £0,22 p, ;<0,05
HIK®, ma/x8/1,73 m? 112,16 + 4,65 93,17 £7,55 42,56 + 3,48 96,18 + 8,24 p,.<0,04
3XC, MMOJIb/IT 4,12 £ 1,16 5,04 £ 1,17 6,14 £2,15 7,02 £ 4,69 g‘-ig’g;
p <0,05
TT, Mmmosb/1 1,12 +£1,23 1,98 £0,28 2,64 £0,36 1,38 £ 0,36 pl 2<0 01
JITIBILIL, MmMoub/n 1,43 £ 0,04 1,28 £ 0,08 1,12 £ 0,05 1,18 £ 0,03
anbOyMiHypist, MI/11 15,23 £3,13 27,45 £ 2,15 525,45+ 5,31* 18,32 £ 2,11 p,,<0,02

AbpeBiaTypa:

JITIBILI — ninonporeigy Bucokoi wiabHOCTI, CAT - cucroniynuii aprepianbHuii Tuck, TT — tpuriiuepunu,
L — mykposwii miabet, LLIK® — mBraKicTh KIry60YKOBOI (ibTpartii.

HbAlc — rmikoBanwmit remorno6iH, JAT — niacTonmiuauii aprepiaabHuii THCK, 3XC — 3araqbHUI X0JIeCTEPUH,
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AK BUAHO 3 HaBeleHUX B Tabauli 1 maHux, piBHi
CAT i AT, KoHLIeHTpallii KpPeaTUHiHYy Ta CEYOBUHU
KPOBi, a TaKOX MOKAa3HUKU aJIbOyMiHypii OyJau CcyTTeE-
BO MiABUIlIeHi y xBopux Ha JIH B mOpiBHSIHHI 3 KOHTp-
oneM ta LI/l 2 Tuny 6e3 o3Hak Hedpomnarii. Kpim Toro,
aHaJsi3 JOCIi>KyBaHUX MOKa3HUKIB MOKa3as, 10 PO3-
BuToK JIH 3anexuThb Big TpUBAIOCTi Ta CTyIMEHSI KOM-
neHcauii [IJ] i cynpoBOIXKy€eThCSI MOPYIIEHHSIMU BipO-
rinauM 3meHmeHHsIM [ITKO®.

ITpu IH 6ynu BUSBIEHI CYyTTEBI NOPYIIEHHS JiMif-
HOro oOMiHy, a came minBuiieHHs BMmicty 3XC i TT B
CUpPOBATLi KpOBi. bijiblll BUpa3Hi 3MiHU JiMiAHOTO CIeK-
Tpy KpoBi y nauieHtiB 3 JIH cnocrepiranuce npu aHamisi
pieHiB TT. Ha BinMiHy Bin xBopux Ha LI, B rpyni 3 TKC
Masii Micue neMoHcTpaTuBHi 3MiHU 3XC (Tab:. 1).

B naHoMy nmociigXeHHi MU BUBYAJM BMIiCT pO3-
yuHHOTO Oinka Kinoro B cupoBaTii KpoBi XBOpUX Ha
I 2 tuny, 'KC Ta 31opoBux goHopiB (puc. 1).

700 * =
600
*
300
400
300
200
100
\_,_.._-—'-/
0
I 2 Tuny Oe3 AH 3 AH 3 I'KC KOHTPOJ/IB
NOpYIeHHH aTbOyMIiHYpicr0 aIbGyYMiHYpicr0
dyHROIl HEpOK T4 3HIKEHHAM
KD
[Mpumitka. X — BipOTiZHO y TIOPIiBHAHHI 3 KOHTpOJIEM (310pOBi oHOPH), p < 0,05

Puc. 1. Konuenrpais 6inika Kioto y cupoBartili kpoBi xBopux Ha LI 2 Tumy, rocTpuit KOpOHapHUI CUHAPOM
Ta 30POBUX JOHOPIB.

Ak mokazanu pe3yabTaTh OOCiAXEHHS, PiBEHb
npoteiny Kinoto y mocnimKkyBaHUX XBOPUX KOJIMBABCS
Binm 245,02 no 616,95 nr/mi. Y xBopux Ha JIH Ta TKC
MaJiu MicClie CYTTEBI 3MiHUM BMicTy Oinika KioTto B cupo-
BaTLi KPOBi, 1OTr0 piBHI OYyJIM HUXYi, HiX Y 300POBUX
moneit Ta y nauieHTiB 3 LIJI 6e3 mopyuieHHs GyHKII1
HUpOoK (p <0,05).

Tak, B nepiuiii rpyni (LIl 6e3 HUPKOBUX MOpY-
1IeHb) piBeHb Ki10TO OYB A€110 HUXXYKM, HiX B KOHTP-
outi i cranoBuB (570,15 + 62,25) nir/mu1, ipoTe 11i 3MiHU
He Oynu BiporinHumu. B npyriit rpymi xsopux (JIAH 3
aNbOyMiHYpi€l0) MU CIOCTEPIrajiv OUIbII CYyTTEBE 3HU-

JXEeHHST TIokasHuKa 1o (490,66 + 58,76) nr/mi, (p <
0,05). Haiinmxui 3HaueHHs Kioto (443,58+46,92) nir/
MJI BUSIBJIEHO B TpeTiil rpyri oocrexenux (IH 3i 3Hu-
xeHHsM IIK®), (p < 0,01). B rpymi xBopux Ha T'KC
BMicT KiioTo B cupoBarili KpoBi TaKOX OyB BipOTiZHO
HUXYNM, HiX B KOHTpoui - (540,90+52,15) nr/mn. B
KOHTPOJIBbHIl TPYyMi cepeqHi 3HAYEHHS AOCIiIXyBaHO-
ro areHTta craHoBui (630,74+64,71) nir/mu.

3 MeToI0 BUSIBJIEHHSI B3a€EMO3B’SI3KY MiX PiBHAMM
6inka KJjioTO Ta OCHOBHMMHU KIIiHiKO-JJaAOOpAaTOPHUMU
XapakTepucTukaMu y xsopux Ha JIH Hamu OyB nipoBeze-
HUI KOPeJISIIiiHII aHali3, IpeACTaBICHUH y TaOJIunIIi 2.

Tabauysa 2

B3aemo3B’ 430K MiK (DYHKIiOHAJBHAM CTAHOM HUPOK, KJIiHIKO-1a00paTOPHIMH XapaKTepUCTHKAMHA
Ta BMicTom Kioro B Kposi xBopux Ha TH

TToka3HuKH, 1110 KOPETIOIOTHCSA r p
aBOYMiHypis, I/1 -0,72 <0,01
KpeaTHHiH, MKMOJIb/TT -0,64 <0,05
HIK®, mi/x8/1,73 M2 +0,57 <0,05
CAT, MM pT.CT. -0,42 <0,05
JAT, MM pT.CT. -0,51 <0,04
3XC, MMOJIb/TT -0,60 <0,05
HbAlc, % -0,49 <0,05
IMT -0,17 > 0,05

Abpesiatypa: HbAlc — rnikoBaHuii reMoryio6id, JIAT — niactoniyHuil apTepianbHuit TUCK, 3XC — 3arajJbHUI XOJECTePUH,
IMT — ingexc macu Tina, JITIBL — nimonporeinu Bucokoi miinbHocTi, CAT - cucTONMYHUI apTepiaTbHUi
tuck, TT — tpurninepuan, IHIK® — mBuakicTs Ki1yoo4koBoi (iabTpalii.
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KopensduiitHuii aHani3 OpoIeMOHCTPYBaB CUJIb-
HUI 3BOPOTHIl 3B 5130K piBHiB Kj10TO 3 moka3zHUKaMu
anbOyMiHYpii Ta KOHUEHTPAL€0 KPeaTUHiHy, 10 10-
BOJIUTH O€3MepPeUHy pOJb HUPOK B PO3BUTKY Kapaiope-
HaJbHOTO CUHAPOMY Y mauieHTiB 3 J1H.

Mu BusiBUIU, 1110 piBHI Ki10TO 3BOPOTHO KOpe-
JIIOBAJIM 3 TJIKEMiYHUM KOHTPOJBHUM MOKA3HUKOM
HbAlc i 3araneHum XC, 110 BKa3ye Ha 0€3yMOBHUN
B3a€EMO3B’ 30K BMICTy TaHOTO MPOTEIHY 3 JiMiTHUM Ta
BYIJIEBOIHUM OOMiHOM. KpiM TOro, BCTAaHOBJIEHO Bi-
POTiHI HEraTUBHI KOPEJSILiliHI 3B I3KM MiX piBHEM
K70oTo B KpoBi Ta moKa3HUKaMU apTePiaJTbHOTO TUCKY
(nuB. Tabm. 2.).

Oo6roBopenns. OTpuMaHi HAMM JaHi CTOCOBHO
3MiH KOHLeHTpalii 6inka Kioro npu miabeti, JIH Ta
I'KC y3romxytoTbcsi 3 poOOTaMM iHIIMX HAYKOBILiB.
Tak, Nie F. ta cmiBaBTOpM Mg yac o6¢cTeskeHHs 261
xBoporo Ha Il 2 Tuny BCTaHOBUJIM, 11O B MTOPiBHSIH-
Hi 3i 310pOBUMHU OCO0aMU, y MALliEHTIB 3 HUPKOBUMU
Ta CepLEBO-CYIMHHUMU YCKIAAHEHHSIMU, MaJld Miclie
3HAYHO HMXYi piBHiI po3unHHOro Kiioto B cupoBart-
ui kposi [12]. ABropu milinuin BUCHOBKY, 1o Kioro
npuitMae 0e3rnocepeaHIo ydyacTb B (DOpMyBaHHI HUP-
KoBoi nartoJjorii npu LIJI 2 Tuny i Moxe po3risigaTucs
SIK MapKep pO3BUTKY Ta nporpecyBanHs JH.

Ha nanuit yac noBeneHo, 10 MPU TOCTPOMY illie-
MiYHOMY MOWIKOJXE€HHI HUPOK piBeHb Oinka Kitoto B
KPOBI i cedi 3MiHIOETBCS paHillle, HiX piBeHb BiJOMO-
ro 6ioMapkepa MOIKOAXKEHHS HUPOK - HEUTPODiNb-
Horo jinokaiHy (NGAL), peKOMEHIOBAaHOTO €KC-
nepramu KDIGO gk mapkepa rocTporo HUpKOBOTO
MOUIKOJXKEeHHS, 110 Aa€ miactaBy po3rasnatu Kioro
K HaWOiNpll paHHili Mapkep HUPKOBUX YpaXeHb
[14].

He Buknukae cymuiBy, mo IIIK®, 3onoTuii ctaH-
JapT IS OUiHKY (DYHKILii HUPOK, 3HAYHO 3HUXYETHCS
npu XXH [9]. Ha nanuii yac, B KiTbKOX KJTiHIYHUX Ta
€KCIEPUMEHTATBHUX JOCTIIXKEHHSIX BCTAHOBJIEHO He-
3ajIeXHy acouianio Mix piBHIMU KioTo (y cupoBaTii
Ta ceui) Ta LIIK® y nopocnux mamienTis 3 XXH. binbim
Toro, Oyna0 mokaszaHo, 110 piBHi Kioro y cuposarii
KPOBi MOCTYIMOBO 3HUXXYIOThCS MO Mipi MpOrpecyBaH-
Hg XXH B cepenqnboMy Ha 3,2 nir/mi 1pu 3MeHIIEHHI
LIK® na 1 mu/x8/1,73 m? [15]. 11i pe3ynbraTi 103BO-
JISIIOTh TIPUITYCTUTHU, 11O 3HUKEHHS PiBHIB PO3UMHHO-
ro KjoTo Moxe CBifUMTU MPO MOTiplIeHHS (BDyHKIIiT
Hupok Ta 3MeHIeHHs LIIK® y mamienTis 3 XXH.

Bucoky 3BopoTHy Kopensuito Kioto 3 ¢akTopa-
MU MpOrpecyBaHHs CyAMHHUX YyckiamHeHb LI Bim-
3HavawTh i iHmi HaykoBui [13, 14, 15]. IMopyueH-
Hs mpoaykuii KioTo moB’s43yl0Th 3 TinepriikeMi€lo,
OKCUJIAaTUBHUM CTPECOM, TillepKOaTyILi€0, 3MiHAMU
JlinigHOro OOMiHY Ta eHAOTEiaIbHOIO AUCPYHKIIIETO.

YV 3HuxkeHHi ekcrnipecii KioTo B HUpKax BCTaHOB-
JIeHa poJIb illieMil, BHyTPIIIHbOHUPKOBOTO MiABUILIEHHS
anriorensuny 11 i 3amanenns [18]. I[MokasaHo, 1110 po3-
yuHHa hopma Knoto (s-Klotho) Mae mmpokuii cnexrp
TUIeHoTponHUX e(heKTiB Ta (yHKIIOHYE K TyMOpasb-
HU paKTop, AKUI 3aXUILAE CEPLEBO-CYIUHHY CUCTEMY

[18]. AnekBaTHa excrpecisg Kiioto 3abe3meuye sIK HUp-
KOBY, TaK i KapIioBacCKyJISIpHY MPOTEKLIiO.

ITpoBOASATHCS AOCHIMXEHHSI MO MOXJIUBOCTI Me-
JUKaMeHTO3HOoi Kopekuii aediuuty Knoro mpu XXH.
ITpu iHdy3ii ek3oreHHoro Oinka Kinoto mauieHtam 3
TOCTPUM HUPKOBUM TOIIKOMAXEHHSM Bi3HAYanocs
3HAYHE MOJIMIIEeHHS TiCTOJOriYHOI KapTUHU TyOyJIO-
iHTepcTHIliabHUX i TToMepyasipHux 3miH [18]. OTpu-
MaHi aHi OiATBEpAXYOTh pojb Kioto gk Oinka, 1o
Ma€ 3HaYHUII peHONPOTEKTUBHUI edeKT.

B Hamux nonepeaHix AOCTiIXEHHSIX aKTUBHO BU-
BUAJIMCh 3MiHU MiHEpaJbHOrO OOMiHy Mpu AiabeTuy-
HOMY ypaxXeHHi HUPOK. 30KpeMa, MU BUSIBUWIU MOPY-
1IeHHs BMicTy pakTopy pocty ¢iopodaactis 23 (FGF-
23), piBHiB Kajblito Ta Gocdopy, gKi MTOCUIIOBATUCH
Mo Mipi mporpecyBaHHsI 3axBoptoBaHHs [16]. Bymo
BCTAHOBJIEHO B3a€EMO3B’SI30K MiHEPaIbHO-KiCTKOBUX
nopylileHsb, i 6esnocepenibo FGF-23, 3 minBuueHum
PU3UKOM CEPLIEBO-CYAMHHUX yCKiaaHeHb ipu XXH.
3a maHuMu JitepaTypu, memopaHHa ¢opma KioTo nie
sk obusriraTHuit Ko-peuentop migd FGF-23, innykyoun
ekckpelito docdarip 3 ceuero [17]. [1pu migBuineHHI
npoxaykiii s-Klotho B kpoBi ctumymtoerscss FGF-23-
ornocepenkoBaHa docdarypisl, MOCUTIOETHCA BILIUB
FGF-23 Ha npurHiueHHs TineprnpoaykKliili maparrop-
MOHY, i TUM CaMUM TMOCJA0IIOETbCI TSIXKKICTh MPO-
SIBiB BTOPUHHOTO TineprnapaTupeo3y, HOPpMali3yeThCS
KicTkoBuil o6MiH nipu XXH (sK 3a paxyHOK mpsiMO-
ro BBy KinoTto, Tak i HEMpSIMOro - 3a TOMOMOTIO0
301IbLIIEHHS PiBHS KaJIbLUUTPioNy). Y 3B’SI3Ky 3 LIUM,
cTparterii, HampaBi€Hi Ha MiABUIIEHHS MPOAYKIIii
KioTo cnpugTUMyTh rajbMyBaHHIO TEMIIiB IPOTpecy-
BaHHs XXH, dopMmyBaHHS HUPKOBOi ocTeonucTpodii i
CepLIEeBO-CYIUHHUX YCKIATHEHD.

TakuM ynHOM, 3 OTJISIAY Ha BJACHi JAaHi Ta 3 ypa-
XYBaHHSIM Pe3YJIbTaTiB iHIIUX HOCTiI>KEHb MOXHA 3p0-
OUTU BUCHOBOK Mpo 6e3mocepenHio yyacTsb Oinka Kio-
TO B PO3BUTKY He(dpormarii Ta ceplueBO-CyIUHHOI NaTo-
Jiorii ipu /T 2 Tuny. beaymoBHO, MOTpiOHI moaaibuli
JNOCTIIXKEHHS B IbOMY HampsIMKy, aje Ha JaHWil yac
He BUKJIMKAE CYMHiBY, 1110 pO3po0Ka cTpaTeTiil mo mia-
BUILIEHHIO TIpoAyklii KjoTo crnpusiTuMe 3HUXEHHIO
TEMITiB MPOTrPeCyBaHHS K HUPKOBUX, TaK i CyTUHHUX
ypaxeHs npu JIH.

BucnoBku. Possutok JIH y xBopux Ha LIJI 2 Tumy
CYIIPOBOIXKYETbCS BipOTiAHUM 3HUXEHHSIM DiBHiB
po3uuHHOro 6ijika KjioTo B myia3mi KpoBi y MOPiBHSIH-
Hi 3 KOHTposieM Ta 3 xBopuMmu Ha LIJI 6e3 o3HaK He-
(¢pomnarii. Pisens 6inka Kioto y rpymi xBopux Ha JJH
3 anbOyMiHypi€to 3HMXKyBaBcs 10 (490,66  58,76) nr/
mi, (p <0,05).

Haitnmkai 3HayenHst Kimoro (443,58+46,92) nir/
MJI BUSIBJIEHO Ha mi3Hix ctamisx JAH - y xBopux 3 anb-
OyMiHypi€lo Ta mopylIeHHsIM (iabTpauiiiHol QyHKIIT
Hupok. [loBeneHo, o npu 'KC mae micue BiporinHe
3MEHILEeHHS BMicTy npoTteiny Kiioto B cupoBaTii Kpo-
Bi y MOPiBHSIHHI 3 KOHTpoJeM, (p < 0,05).

BcTraHOBIEHO 3BOPOTHI KOpEMSUiiHUI 3B 130K
KOHUEeHTpalii 6inka KioTo 3 piBHSIMU aibOyMiHY ceudi
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1 KpeaTUHiHY KPOBi Ta MPSAMUI KOPESLIHUIA 3B 130K
3i IIK®, mo moBoauTh 6e3mepevHy poJIb HUPOK B pO3-
BUTKY KapIiopeHaJbHOTO CUHAPOMY y MailieHTiB 3 JIH.

OTpuMaHi JaHi cBigyaTh npo Oe3nmocepenHio
ydacTth Oinka Kinoto B (popMyBaHHI HUPKOBOI MaTO-
Jiorii mpu /I 2 Tiny i AOUUIBHICTh MPAKTUYHOTO BU-
KOpPUCTaHHS BU3HaueHHs KJ0TO B cupoBatili KpOBi
XBOPUX B SIKOCTi PAHHBOTO AiaTHOCTUYHOTO MapKepa
HUPKOBUX MOPYIIEHb Ta OLIiIHKU KapAioBacKyJSIpHOTO
pu3uky. Po3poOka cTpaTeriii mo MHiABUIIEHHIO MPO-
nykuii KiioTo Moxe CripusiTU 3HUXKEHHIO TEMITiB MpPO-
TpecyBaHHS SIK HUPKOBUX, TaK i CyIMHHUX YpaXeHb
npu I 2 Tumy.
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Abstract. To prevent acute or chronic rejection in renal transplant recipients,
immunosuppressive treatments are applied. However, immunosuppressive treatments
increase the risk of cytomegalovirus (CMV) infection. The aim of this study was to evaluate
the differences in efficacy and cost of prophylactic and preemptive treatment strategies
applied in respect of CMV infection to renal transplant recipients.

Methods. Patients who underwent renal transplantation in our center between 2010 and
2015, were retrospectively analyzed. The patients were allocated in two groups as those
who received prophylaxis or preemptive treatment. A record was made of the kidney
Sfunction tests (KFT), CMV PCR copy numbers, the presence of CMV infection, antiviral
treatments received, and the costs were calculated of the tests and treatments. The groups
were compared in respect of CMV infection and costs.

Results. A total of 71 patients with a median age of 38 years (range, 19-74 years) were
included in the study. The prophylaxis group included 43 patients and the preemptive group
included 28 patients. CMV infection was detected in 7 (16.3%) of the prophylaxis group
and 2 (7.1%) patients of the preemptive group (p=0.467). The cost per month of the tests
and treatment was lower in the preemptive group than in the prophylaxis group (p<0.001).
Conclusion. No significant difference was determined between the prophylactic and
preemptive treatment protocols in respect of the CMV infection in the intermediate-risk
group renal transplantation recipients. Preemptive treatment was seen to be a more cost-
effective method than prophylactic treatment in Turkey.

Keywords: cyfomegalovirus infection, renal transplantation, preemptive treatment,
prophylactic treatment, valganciclovir.
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IHopiBHAHHS NPO}LIAKTUYHOrO TA NPEBEHTUBHOIO JIKYBAHHSA
HHATOMETaJI0OBiPYCHOI iH(eKIii y pelni€HTIB HUPKOBOTO TPAHCILIAHTATY

'TCY, mokrop Adayppaxmas FOpraciaH, OHKOJIOTIYHA HaBYAJIbHO-I0CITiAHA JTiKapHSI,
BigieHHsI MeAUYHOI OHKOJIOTii, AHKapa, TypeuunHa

2VuiBepcuter lasi, kadeapa Hedposorii, AHKapa, TypeuyunHa

Pe3stome. /15 3anobieanns cocmpoeo abo XpouiuHo2o i0MopeHEHHA HUPKOB020 MPAHCNAAHMAMY 3ACMOCO8YIONMb
imynocynpecugne aikyeants. OOHaK IMYHOCYNpecusHi AIKAcpCbKi 3acobu nidsuwyoms pusuK iHQIKYyeaHHs yumomeaa-
nosipycom (LIMB). Memoio ybo2o docaidxcents 6ya0 ouinumu eghpexmusHnicmos ma eapmicmos npoQINaKmuvHUxX ma no-
nepedocysanvHux cmpameeiii aikyeauns LIMB ingexuyii y peyunienmie HUpK08020 MpaHcnAaHmMamy.

Memoou. Mu npoeeau pempocnekmusHuUil aHaniz 00 K020 BKAIOMUAU NAYIEHMIE 3 HUPKOGUM ANOMPAHCHAAH-
mamom, aKi aikysanuce y nawomy yeumpi mine 2010 ma 2015 poxamu. Xeopi 6yau poznodineni y 08i epynu sk mi, Xmo
ompumyeas npogiraxmuyre abo npegenmuene AiKysanns. Ananizyeanu weudxicmo Kayboouxosoi ginempauii (IIJ1D),
gipycHe HasanmadicenHs 3a pesysomamamu [1J1P mecmysanus, Haseunicmo LIM B-ingexuyii ma ompumane npomugipyche
AiKy8anHsa. Bumpamu na AiKyeéanHs 6KArOMaAAU éapmicb mecmysanHs ma memod mepanii. Ipynu nopieniosaru w000
ingixysanus IIMB ma eapmocmi rikyeanHs.

Pezyavmamu. Y docaioncenns exaroueno 71 nayienm 3 cepednim sixom 38 pokie (dianaszon, 19-74 poku). o epy-
nu npogpinaxmuru yeiiiuino 43 nauienma, é npesenmushy epyny - 28 navicumis. LIMB-ingexuisn eusenenay 7 (16,3%)
nayienumie epynu npogpinaxmuxu may 2 (7,1%) nauicumis npesenmuenoi epynu (p = 0,467). Bapmicmo nikysanns oyra

HUJICHOIO Y Y NPEGeHMUBHIT epyni Y nopieHaAHHI 3 epynoto npoghinakmuxu (p <0,001).

Bucnoexu. Cymmeeoi piznuyi misc npomokosamu npoQiraKkmuyHo2o ma npeeeHmueHo20 AiKyeanHs uodo LIMB
iHGhiKysanHs ceped peyunieHmie HUPK08020 MpaHcnAaHmamy He eusnaueno. Tum ne menw, y Typeuuuni npesenmuene
NIKYBAHHSA € Oinbll peHmabeavbHuM Hidc npogiraKmuyne NiKy8anHs.

KimouoBi ciioBa: yumomezanogipycrna ingexuyis, mpanchaaumauis HUpoOK, npeeeHmugHe NiKy8aHHs, npoginax-

muyHe NKYB8AHHS, 8ANbCAHUUKAOBID

Introduction. In organ transplantation, effective
immunosuppression must be applied to prevent organ
rejection [1, 2]. However, effective immunosuppression
causes the development of opportunistic infections [1,
2]. One of these opportunistic infections is cytomegalo-
virus (CMV) [1, 3]. Symptomatic CMV infection can
be observed in 15%-20% of renal transplant recipients
[4, 5]. Following transplantation from a CMV seropos-
itive donor to a CMYV seronegative recipient (D+/R-),
the rate of CMYV infection increases to as high as 60%
[4]. Therefore, in general, prophylactic treatment for
CMYV infection is administered to recipients in the high
and moderate risk groups [6]. Over recent years, as the
CMYV PCR diagnostic method has started to be used to
rapidly and correctly reveal CMV viral replication, a
preemptive treatment strategy has come to prominence
[7, 8]. Prophylactic treatment is antiviral therapy ap-
plied for 3-6 months from 10 days after transplantation
[9]. Preemptive treatment is antiviral treatment starting
from the determination of asymptomatic CMYV infec-

Cengiz Karacin
cengizkaracin@yahoo.com

tion following weekly periodic (for 6 months) CMV
PCR [6].

These two approaches are similar in respect of
CMV infection but studies have shown differences in
respect of side-effects [7, 9-12]. However, these studies
have been conducted with limited numbers of patients,
and there has been variability in the follow-up periods
and the antivirals used. Very few studies have compared
prophylactic and preemptive treatments in respect of
cost-effectiveness in CMYV infection. This study aimed
to evaluate the differences in efficacy and cost of pro-
phylactic and preemptive treatment strategies applied
in respect of CMYV infection to renal transplant recipi-
ents.

Material and Methods. A retrospective evaluation
was made in patients who were diagnosed, followed up
and treated with renal transplantation in the Nephrol-
ogy Department of Gazi University Hospital between
01.01.2010 and 01.01.2015. A database was created
with data collected from patient files and computer
records of demographic data, the etiology of chronic
renal failure (CRF), hemodialysis and/or peritoneal di-
alysis applied, immunosuppressive treatments received,
CMV IgG and IgM, CMV PCR, BUN, and creatinine
values. In addition, CMV IgG and CMV PCR data of
all recipients and donors before transplantation were
obtained from the records. The patients included in the
study were renal transplantation recipients aged >18
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years. Patients were excluded from the study if they
withdrew from follow up, if data records were incom-
plete, if they had not taken the antiviral treatment regu-
larly, or if regular CMV PCR measurements had not
been taken. A total of 108 patients who met the criteria
were included in the study.

The patients were evaluated as two groups, those
applied with preemptive treatment and those applied
with prophylactic treatment. Patients in the prophy-
laxis group were treated with 900mg/day valganciclo-
vir for 3 months following renal transplantation (anti-
thymocyte globulin [ATG] was applied for 6 months).
CMV PCR test was not performed unless there was any
deterioration in renal function of the patients in the
prophylaxis group. Patients in the preemptive group
were applied with regular weekly CMV PCR testing for
6 months, and if CMV PCR copy number reached 400
or more, antiviral treatment was started and continued
until reaching clearance of CMV DNAmia in 2 con-
secutive measurements (CMV PCR copy number <50)
. Since late reactivation is not uncommon calculations
were made of the costs of the antiviral treatments ap-
plied in the two-year follow-up period, the CMV PCR
tests, and the hospital costs related to CMV infection or
disease, and thus the mean monthly testing and treat-
ment costs were calculated. Drug prices in our country
change annually. The drug cost of the patients was cal-
culated from the current price of that year. Similarly,
CMVYV PCR test prices also change annually. While cal-
culating the CMV PCR cost of the patients, it was cal-
culated from the current price of that year. Treatment
and examination costs of inpatients due to CMV infec-
tion were calculated at current prices at that time.

Cytomegalovirus infection was defined by the de-
tection of CMV DNAemia (CMV PCR >400 copy).
The patients with asymptomatic CMV DNAemia or
latent infection were also included in the CMYV infec-
tion group.

Ethical approval for the study was granted by the
Ethics Committee of Gazi University (decision No:
524, dated: 16.10.2015).

Statistical Analysis. Data obtained in the study were
analyzed statistically using Statistical Package for the So-
cial Sciences software. Descriptive statistics were stated
as number and percentage for categorical variables and
mean (M) =+ standard deviation (SD) or median (Me)
with minimum and maximum values for continuous
variables. The conformity of the data to normal distri-
bution was assessed with the Kolmogorov-Smirnov test.
In the comparisons of categorical variables, the Pearson
Chi-square test and Fisher’s Exact test were used. For
parametric data, the Student’s t-test was applied. All the
statistical analyses were applied two-way and a value of
p<0.05 was accepted as statistically significant.

Results. A total of 71 patients with a median age
of 38 years (range, 19-74 years) were included in the
study. The prophylaxis group included 43 patients and
the preemptive group, 28 patients. Except for anti-thy-
mocyte globulin (ATG) use, the clinical characteristics
and demographic data of the patients were similar in
both groups. ATG was not administered to any patient
in the preemptive group (Table 1).

All the renal transplantation recipients and donors
were serologically CMV IgG+ and CMV PCR negative.
All the renal transplant recipients were in the interme-
diate-risk group in respect of CMV infection (D+/R+).

Table 1
Demographic and clinical data of the included patients
Analyzed data (E:t;‘{) Pr"ph(y;a:xj;)(; roup P’ee“givz%f"’“p p-value
Male 43 (60.6) 26 (60.5) 17 (60.7) 0.983
Female 28 (39.4) 17 (39.5) 11(39.3)
Age (years), median (range) 38 (19-74) 38 (21-74) 38 (19-61) 0.572
Etiology— n (%)
HT 14 (19.7) 6 (14.0) 8(28.6) 0.220
GN 13 (18.3) 7 (16.3) 6(21.4)
DM 5(7.0) 3(7.0) 2(7.1)
ADPKD 4 (5.6) 3(7.0) 1(3.6)
Other 21 (29.6) 18 (42) 3(10.7)
Unknown 14 (19.8) 6 (14.0) 8 (28.6)
Hemodialysis, n (%) 50 (70,4) 32 (74.4) 18 (64.3) 0.361
Peritoneal dialysis, n (%) 14 (19,7) 9(20.9) 5(17.9) 0.750
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Table 1 continuation

Analyzed data (rll;:t;li) Pmph{;gjg)(; roup Preen(ngt::i\éesfroup p-value
Immunosuppressive treatment, n (%)
ATG 21 (29.6) 21 (48.8) 0 (0) <0.001
Simulect 21 (29.6) 15(34.9) 6(21.4) 0.225
MMF 63 (88.7) 39 (90.7) 24 (85.7) 0.704
Tacrolimus 67 (94.4) 42 (97.7) 25 (89.3) 0.293
Cyclosporin 8 (11.3) 5(11.6) 3(10.7) 0.905
mTOR 5(7.0) 5(11.6) 0(0) 0.149
Other 15 (21.1) 8 (18.6) 7 (25.0) 0.519

Abbreviations. HT: Hypertension, DM: Diabetes Mellitus, GN: Glomerulonephritis, ADPKD: Autosomal Dominant Polycystic

Kidney Disease, ATG: Anti-thymocyte Globulin, MMF: Mycophenolate mofetil

CMYV infection was determined in 7 (16.3%) pa-
tients in the prophylaxis group and in 2 (7.1%) patients
in the preemptive group. No statistically significant dif-
ference was observed between the groups in respect of

CMYV infection (p=0.467). The monthly cost of testing
and treatment was determined to be statistically signifi-
cantly lower in the preemptive group than in the pro-
phylaxis group (p<0.001) (Table 2).

Table 2

Comparison of the Prophylaxis versus Pre-emptive groups according to the presence
of CMV-infection and monthly treatment costs

Prophylaxis Group Pre-emptive Group
(n=43) (n=28) p-value
CMV Infection present, n (%) 7 (16.3) 2(7.1) 0.47
Monthly cost — TL (ss) 98 +65.7 58 + 30.1) <0.001

Abbreviations. CMV: Cytomegalovirus, TL: Turkish Liras

CMYV reactivation occurred in one of the patients
in the pre-emptive treatment group in the 2nd month
after transplant, while the other occurred in the 3rd
month. In 7 patients in the prophylaxis group, CMV re-
activation occurred at the 2nd, 3rd, 5th, 6th, 7th, 9th,
and 40th months after transplantation, respectively.

The comparison between the preemptive group
and the prophylaxis subgroup not administered with
ATG according to the presence of CMV infection and
treatment costs is shown in Table 3.

Table 3

Comparison of the Prophylaxis (ATG -) versus Pre-emptive groups according
to CMYV-infection presence and monthly treatment

Prophylaxis Group Pre-emptive Group
(n=22) (n=28) el
CMYV infection present — n(%) 3(13.6) 2(7.1) 0.45
Monthly cost — TL (ss) 112 £+ 83.8 58 = 30.1 0.003

Abbreviations. CMV: Cytomegalovirus, TL: Turkish Liras

No statistically significant difference was deter-
mined between the two groups in respect to the CMV
infection (p=0.45). The monthly cost of testing and

treatment was determined to be statistically significant-
ly lower in the pre-emptive group than in the prophy-
laxis group (p=0.003).
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The mean BUN, creatinine, and GFR values of
all the patients who developed CMYV infection (n=9)
were determined to be 29.89+16.34 mg/dL, 1.61+0.85
mg/dL, and 48.72428.23 mL/min/1.73m?, respec-
tively before CMV infection and 35.77+15.90 mg/dL,
1.80+£0.91 mg/dL, and 47.11+23.73 mL/min/1.73m?
after infection developed. No statistically significant
difference was determined between the pre-post CMV
infection in respect of BUN, creatinine and GFR mean
values (p=0.260, p=0.202, p=0.680, respectively). No
statistically significant difference was determined be-
tween the preemptive and prophylaxis treatment groups
in respect of pre-post CMV infection BUN, creatinine
and GFR mean values (preemptive group: p=0.260,
p=0.202, p=0.680, respectively, and prophylaxis group:
p=0.566, p=0.658, p=0.779, respectively).

Discussion. In this study, we investigated the dif-
ference between prophylactic and preemptive treatment
groups according to the development of CMV infection
and cost-effectiveness. No difference was determined
between the two groups according to the development
of CMYV infection. The study showed no statistical dif-
ferences in the effectiveness of compared protocols.
The monthly average testing and treatment costs were
seen to be lower in the pre-emptive treatment group
than in the prophylaxis group.

CMV infection or reactivation may be seen at rates
of up to 60% in renal transplantation recipients [4]. The
highest risk group is CMV IgG- patients with a CMV
IgG+ transplanted organ (D+/R-) [13]. CMV IgG+
recipients are in the intermediate-risk group in respect
of CMYV infection, regardless of the CMYV serology of
the donor (D+/R+ or D-/R+). The lowest risk group
comprises CMV negative recipients with a CMV nega-
tive transplanted organ (D-/R-) [1]. In a randomized,
controlled trial by Reischig et al, the CMV infection
rates were found to be 6% in the preemptive group and
9% in the prophylaxis group, with no difference deter-
mined between the groups [10]. In the same study, the
vast majority of patients were found to be in the inter-
mediate risk group in respect of CMV infection (D+/
R+) [10]. Kielberger et al conducted a randomised
controlled trial of patients with similar characteristics,
and reported the CMYV infection rate to be 6% in both
the preemptive and prophylaxis groups, with no differ-
ence between the groups [14]. Similarly in the current
study, the CMYV infection rate was determined as 7.1%
in the preemptive group and as 13.6% in the prophylaxis
group not applied with ATG as immunosuppression.
Consistent with the findings of the studies by Reischig

References:

and Kielberger, no difference was determined between
the current study groups in respect of CMV infection.
Witzke et al conducted a randomized controlled study
on intermediate-risk group patients and reported the
CMYV infection rate as 11.5% in the prophylaxis group
and 39.7% in the preemptive group (p<0.001) [15]. In
their study, the CMV PCR follow-up was applied once
every 2 weeks [15]. In the current study, CMV PCR
follow-up was applied weekly. The higher rate of CMV
infection seen in the pre-emptive group in the Witzke
study could be related to the long interval of CMV PCR
follow-up.

In the study by Reischig et al, the cost of the pre-
emptive treatment group was shown to be higher than
those of the prophylactic treatment group [10]. As that
study was conducted in 2009, the costs of the drugs
and CMV PCR tests could have been different from
current costs. Kielberger et al also found that costs
were lower in the prophylaxis group than in the pre-
emptive group [14]. In contrast to the Reischig et al
study, the costs in our study were seen to be lower in
the preemptive group than in the prophylaxis group,
which was thought to be due to the lower current cost
of the CMV PCR test in Turkey. In addition, the fact
that different antivirals have been used in studies could
have affected these results.

The present study has some limitations. As all the
patients were in the intermediate-risk group for CMV
infection, it is not possible to comment on the cost-ef-
fectiveness of preemptive treatment in other risk groups.
Since the study did not include acute or chronic rejec-
tion patients’ data and associated biopsy results, the
preemptive and prophylaxis groups could not be com-
pared. Moreover, sufficient information about side-ef-
fects also was not available in the medical records.

Conclusion. The results of the study showed that
preemptive treatment with weekly CMV PCR follow-
up was an effective method as an alternative to the pro-
phylactic treatment method for renal transplant recipi-
ents in the intermediate-risk group. Although there may
be differences from country to country, the preemptive
treatment cost was seen to be lower.
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Abstract. At the beginning of COVID- 19 pandemic attention of healthcare professionals and scientists
were already drawn to the appearance of markers of pathologic changes of the urinary system in SARS-
CoV-2-infected patients, signs of acute kidney disease (AKD) (including acute kidney injury (AKI) or
development of AKI in patients with chronic kidney disease (CKD). This necessitates verification of
pathologic changes markers of the urinary system in SARS-CoV-2-infected patients and clarification
of their nosologic relevance.

The present study aimed to analyze the present information regarding the capacity of SARS-CoV-2
to cause kidney injury (acute kidney disease, including AKI) in patients without such changes before
infecting or in patients with CKD, and to verify these changes according to the classification of
urinary system disease and Nomenclature for kidney function and disease: report of Kidney Disease:
Improving Global Outcomes (KDIGO) Consensus Conference 2020.

The presence of the pathologic changes markers of the urinary system in SARS-CoV-2-infected
patients necessitates its verification via the use of tools of diagnostics of urinary system disease.
Infecting with SARS-CoV-2 may cause (isolated) asymptomatic proteinuria, isolated erythrocyturia,
hemoglobinuria; AKD (including AKI) in patients without preexisting urinary system injuries, AKI in
patients with CKD, and may complicate hemodialysis and peritoneal dialysis. The frequency of AKI
and mortality rate in patients with COVID-19 and CKD are much higher than without the last one.
The AKI frequency is higher in ICU (18 — 37,5%) than in patients with moderate or mild COVID-19
(0,5—15%).

Patients with all CKD stages with moderate or severe COVID-19 must be admitted to the hospital
with further determination by a multidisciplinary team (infectionist, nephrologist, ICU physician, etc,
according to the clinical situation) of necessary monitoring and treatment capacity for prevention of
AKD progression and life-threatening complications or their adequate therapy.

After confirmation of SARS-CoV-2 absence and release from the hospital, patients with AKD or all
stages of CKD should be followed up, and monitoring frequency depends on AKD or CKD stage.

Key words: COVID-19, acute kidney disease, acute kidney injury, chronic kidney disease,
hemodialysis, peritoneal dialysis, renal replacement therapy, intensive care unit.
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M. KoaecHuk

COVID-19 Ta Hupku

Y «Inctutyt Hedposorii HAMH VYkpainw», Kuis, Ykpaina

Pe3stome. Boce na nouamky nandemii COVID- 19 ysaey aikapie ma naykosuyie npusepuyia noseay SARS-CoV-2
iHGhikoaHux nayienmie Mmapkepie NamoaoiMHUX 3MIH Ce4080i cucmemu, 03HAK 20CMPoi X80podu HUPOK (8KAOUYAIOHU
T'TIH) abo xc sunuxuenns I'lTH y xeopux na XXH.

Lle duxmye neobxionicms gepugikayii mapkepie namonoeiunux 3min ce408oi cucmemu y nayienmie 3 COVID-19
ma ix H030102IH020 GU3HAYEHHS.

Mema pobomu: npoananizyeamu HaseHy ingopmayiro uodo 30amuocmi SARS-Co V-2 eukauxamu ypaxceHHs Hu-
POK (y momy uucai eocmpy xeopoby Hupok, éxarouaroyu I'lTH) y nauienmis, siki He manu yux 3smin 0o ingikysanHs abo i
y xeopux Ha XXH ma eepupixysamu yi 3minu 6ionosiono do kaacugikayii xeopob ce4oeoi cucmemu ma Nomenclature
Jor kidney function and disease: report of Kidney Disease: Improving Global Outcomes (KDIGO) Consensus Conference

2020.

Hasenicms mapkepie namonoeiunux 3min cevosoi cucmemu y SARS-CoV-2 inghikoearoeo xeopoeo nompebye ix
sepuikayii wasxom UKOPUCMAHHS IHCMPYMeHmie diaeHOCMUKU X80po0 ce080i cucmemu.

Inghixysanns SARS-CoV-2 moxuce suxauxamu 6e3cumMnimomHy npomeinypiro (i301608awy), i304608aHy epumpo-
yumypiro, eemoenobinypiro; IT'XH (éxaouarouu I'lIH) y nauienmie 6e3 nepedyrouux ypaxcers ceyogoi cucmemu, I'TIH y

xeopux Ha XXH, yckaaonioeamu nepebie XXH VI, I1J].

Yacmoma eunuxnenns I'IH ma pigens cmepmuocmi'y nayienmie 3 COVID- 19 ma XXH 3nauno euwa Hisie 6e3 Hei.

Yacmoma I'lTH euwa y xeopux BIT, ninc y pazi COVID- 19 cepednvoi msickocmi abo neekoi.

Xeopi na XXH ycix cmadiii 3 COVID- 19 cepednvoco abo msackoeo cmyneHs nioasieaioms eocnimanizayii 3 no-
danbuium BUHAYEHHAM MYAbMUOUCUUNATHAPHOIO KoMaHOow (iHpekuionicm, Heghporoe, inmeHncugicm, inuii, — iono-
8i0HO 00 KainiuHOI cumyauyii) HeoOXiOH020 00 EMY MOHIMOPUHRY | NIKYBAHHA 045 HedonyueHHs npoepecysanns TXH ma
opmyeanHs icumme3sazpo3youux cmatie abo Juc ix adekeamuoi mepanii.

Ilicas niomeepdocenns eidcymuocmi SARS-CoV-2 ma eunucku, nauicumu 3 TXH a6o XXH ycix cmadiii nio-
A52ar0mb NOOANLUOMY MOHIMOPUHRY, Hacmoma sKo0eo susHavaemocs cmadiero IXH abo XXH.

Kmouosi cioBa: COVID-19, eocmpa xeopoba HUpoK, eocmpe NOWKOONCeHHs HUPOK, XPOHIYHA X60poba HUPOK,
eemodianiz, nepumoneansvuuil dianiz, dianrizna HUPK0O8a 3amicHa mepanis, 8i00ineHHs IHMEeHCUBHOI mepanii.

Beryn. KoponasipycHa xBopoba (COVID-19)
cnpuuyuHseTbesl Bipycom SARS-CoV-2. OcHOBHUMU
kiaiHivHuMM cuMmntomamu COVID-19 e nuxomaHka
(98%), HenpomyKTUBHUI Karesb (76%), Miajris Ta 3a-
rajibHa cjladkictb (rmo 18%) i3 cymytHimMu JimdoreHi-
€10 (63%) Ta neiikoneniero (25%). Y 16-20% naiieHTiB
XBOp0o0a Ma€ TSKKUIA a00 KpUTUYHMI epedir [1-3].

COVID-19 MmaHnidectye K rocTpe pecripaTopHe
3aXBOPIOBAHHS, MPOTPECYIOUNid Mepedir SIKOTo MOXe
IHIYKyBaTU TSOKKiI YpaXeHHsI JieTeHb, HUPOK, Ceplis
Ta iHIIIMX OPTaHiB i cucTeM 3 GOPMyBaHHSIM FOCTPOTO
pecniipatopHoro auctpec cuHapomy (I'PIAC) ta cuH-
JPOMY ToJIiopraHHoi HegocTaTHOCTI [4, 5].

KopoHagipycHi iH(deKIlil, - TSKKUI TocTpuit pec-
nipatopuuii cuHapoMm (SARS-Co-V) Ta cepeaHbo-
cximHuit pecriipatopHuii cunapom (MERS-Co-V) Bxe

Konecnuk Mukogaa OJgekciiioBuy
director@inephrology.kiev.ua

Oynu Bigomi meBHUI yac [3, 5-7]. OnHak BUKJIUKaHa
SARS-Co-V-2 COVID-19 € 6inbll KOHTario3How
XBOp00O0I0, HixX BUIle3a3HAYEHi 3aXBOPIOBAHHSI, Mepe-
JAEThCS Bifl JIIOAWHU A0 JIOOWHU MOBITPSHO-Kpameb-
HUM, (GeKalbHO-OpPaJbHUM IIJIIXOM abo YHaCiZoK
MpsIMOro KoHTakry [3, 6, 7].

XBOpilOTh TAaIliEHTU Pi3HOrO BiKYy: HOBOHapoO-
JUKEHi, MallieHTU MOXWJIOTO Ta CTapedyoro BiKy, XBOPi
i3 CyMyTHIMM 3aXBOpPIOBaHHSIMU (TI€peBaXKHO I[YKPO-
BUM JiabeToM, apTepiajbHOIO rilepTeH3i€10) Ta BariTHI
XiHKu. CaMe 0co0M TTOXWJIOTO i CTapeyoro BiKy, XBOpi
Ha IIYKpOBUI 1iabeT Ta/abo0 3 apTepiaibHOIO TillepTeH-
3i€r0 HaWOIbII CXWIbHI N0 iHdikyBaHHI COVID-19 i
yacTilie noTpeOyloTh JiKyBaHHS y BilliJI€HHi iHTEeH-
cuBHoi Tepamii (BIT) [8].

Y panaboMy noBigoMiieHHi i3 Kurato, 44 % rocrri-
TanizoBaHux nauieHTiB i3 COVID manu npoteinypiro,
a 26,7% - rematypito. Takox BHCOKOIO OyJia 4acToTa
MiABUIIEHHS KpeaTUHiHy cupoBaTKu KpoBi (14%), a
KD 6yna Huxyoro 3a 60 min/xBx 1,73 M,y 13%. Oxn-
Hak, Ha XaJib, i 3MiHU He Oyiu BepudikoBaHi, Xxoua
3pO3YyMijo, 1110 BOHU MOTPEOYIOTh PETEIbHOIO AOCHTi-
JUKEHHS y 0araTOLEHTPOBUX PAaHAOMi30BaHMX IOCITi-
IKeHHsx [9, 10].

74 LLIkona Hedpoaora

YKPAIHCbKMIN XYPHOA HEPROAOTTT Ta Aiaaizy N23 (67) 2020


mailto:director@inephrology.kiev.ua

Ukrainian Journal of Nephrology and Dialysis, 3 (67)’2020

Nephrology School

Oco6auBy 3arpody COVID-19 Hece misi xBOpux
Ha XXH V/I.

Y THO ueHtpi JikapHi PeMHiH YyHiBepcuUTETY
M.ByxaHnb, Mix 14 ciung ta 17 mororo 2020 poky, 37
nauieHTiB Ha I'Jl i3 230 Ta 4 MeaUUYHUX TpaLiBHUKU
Oynu iHdikoBaHi Bipycom SARS-CoV-2. I3 7 nomep-
nux nauieHTis Ha ['JT 6 manun COVID-19 [9].

TakuM 4YMHOM, 3 KJIiHIYHOT TOUKU 30py HEOOXima-
HUM IIIOHaliMEHIIE €: 3aCTOCYBaHHSI iHCTPYMEHTIB
JiaTHOCTUKU Yy iH(pikoBaHux Bipycom SARS-CoV-2
MNaui€eHTiB M1 Bepudikallil BUSBICHUX MaTOJOTIYHUX
MapkepiB xBopob cedoBoi cuctemu [1]; MOHITOpUHT
CTaHy Ta BU3HaueHHs 00 emy jikyBaHHd COVID-19
nauieHTiB 3 ' XH (Bxmouatouu I'TTH), xBopux Ha XXH
I-IVcr., XXH I-IV ct. 3 TTIH, 3 XXH VI, IT1.

V¥ pasi BcraHoBiaeHHs y COVID-19 xBopux Map-
KepiB MaTOJIOTIYHUX 3MiH CEYOBOI CUCTEMU, BOHU MO-
BUHHI Bepu@diKyBaTUCh 3TiJHO TMOJOXEHb Kiaacudi-
Kauii xBopo6 cevyoBoi cuctemu 2017 poky [1]: TXH
(Bxmouarouu I'TTH) 3a cragismu, XXH 3a cramisimu ta
MeTodaMu JliKyBaHHS V cTafii; i3071b0BaHa JeMKOL1-
Typisi, EPUTPOLUTYPisl, MTPOTEIHYPis.

ILIa pobGoTa mnpucBsgyeHa TMepeBaKHO PO3TJSIAY
nBox mpobusiem, - I'TIH y xBopux Ha COVID-19 3 ne-
penicHyoudoro XXH a6o 6e3 Hei, COVID-19 y xBopux
Ha XXH V/I.

T'ocTpe nomkoaKeHHA HUPOK. ['ocTpe MOINKO-
mxeHHs HUpok (I'TIH) po3BuBaeThes, 3a JTaHUMU Pi3-
HUX aBTOpiB, Y 2%—40% xBopux Ha COVID-19, roc-
mitanizoBanux 10 BIT y €spomi Ta CILA [11-15].

3arajoM MeXaHi3MU ypaXeHHS HUPOK Yy XBOPUX
Ha COVID-19 3’gacoBytoTbcsd. OnHaK, Ha CbOTONIHI, Ae-
SIKi 3 HUX OIMUCAHi.

1. SARS-CoV-2 Bipycu € IUTOTOKCUYHUMHU i BU-
KJIMKAIOTh IpsIMEe IOLIKOMXEHHS €HIOTelNil0 Ta
TyOyIsApHOro emirenio [16].

2. JluxoMaHKa, pBOTa, Hiapesi, TilOTEH3is, IIIOK,

CIPUYUHSIOTH Tinmonepdy3ilo HUPOK i IK Haci-
ok I'TH [17].

3. V¥ Bcix mauieHTiB, sIKi moTpedyBaju rocritamiza-
uii 7o BIT, Bu3Havainch BUCOKI piBHI LIMTOKIHIB
IL2, IL7, IL10, GSCF, IP10, MCP1, MIPIA,
TNF- anba, - uuTokiHoBuii wropm [18, 19].

4. 3acrocoByBaHi nis jikyBanHsa HILJI3, mpotusi-
PYCHI JikapchKi 3aco0u Ta MPOTUTPUOKOBI aHTU-
6ioTuku € HedpoTokcnuHUMU [20].

5. Tinokcisi, Kapaio-peHaabHUN CUHIPOM, pabaoMmi-
0J1i3, CHHIPOM aKTHBallil MaKpodariB, eHA0TEIi03
Ta rinepkoarynsuist [15, 21, 22].

6. SARS-CoV-2 wMoxke TOIIKOMIXYBATH eIiTeii
KaHaIbI[iB HUPOK Ta momouutu uepe3 [ATID-
3QJIEXXHUN HUISIX Ta BUKITUKATU MITOXOHAPiaJIbHY
IUCOYHKIIIIO, TOCTpUil TYOYISIpHUA HEKPO3, (pop-
MyBaHHSI MpPOTEiH-peadCopOLiiHUX BaKyoJei,
KoJIancyoJoi rimomepystonarii [15].

Buie nmepesniyeHi MexaHi3MHU € CKJIaAOBUMM Ma-
ToreHe3y y xsopux Ha COVID-19 (puc. 1).

CMepTHIiCTh € 3HAaYHO BUIIOID y XBOPUX Ha
COVID-19 ta I'TTH, uix 6e3 I'TTH (92% vs 8%) [10].

Y mnonepennix pocaimkeHHsIXx SARS ta MERS-
CoV indexuiit, I'TTH posusaiock y 5-15% nauieHTiB
Ta IPU3BOANIIO 10 cMepTi 60-90% 3 Hux [23].

VY nocnigkeHHi 71 Maui€eHTIB i3 TSIXKKUMU pecIli-
patopHumu cumnromamu COVID-19y 11% I'TTH yxe
pO3BHHYJIOCS Ha MOMEHT rocrmitaiizamnii 7o BIT. Cepen
COVID xBopux ta I'lTH 18% notpe6ysanu I'/] ta 10%
nomepau [11].

AyTorciiiHi maHi 27 XBopuX, IO TMOMEpPJIW Bin
COVID-19, mpoaeMoHCTpyBaiu, IO YUM Oisbiie Cy-
MYTHiX 3aXBOPIOBaHb BOHU Majy, TUM BUIIA BipOTif-
HicTh imeHTH(IKamii aHTureHiB SARS-CoV-2 y TKa-
HMHaxX HUpOK [14]. I3 42 xBopHX, TOCTITATi30BaHUX i3
COVID-19, y 75% npotsiroM ABagLSITUAEHHOTO CIIO-
CTepeXXeHHsI pPO3BUBABCS HEMOBHUII cuHapoMm PDaH-
KoHi; y 88% 3 HuX Oyna mpoteinypist, y 55% - BTpata
docdaris i3 ceuero, y 43% - MiABUIIEHHS eKCKpellii
cevoBoi kucmoru ta 'y 30% - mmoko3ypis [3, 4, 20].
Cunapom PaHKOHI acoIlilOBaBCS PO3BUTKOM TSIKKOTO
I'TIH y 88% xBopwux. 7 i3 42 malieHTiB MOMePJIH, IIiCTh
3 sikux nepedyBanu y BIT 3 npuunnu I'TTH.

PesynmbpTaTit omHOIIEHTPOBOTO mociimkeHHs 701
mamiedta i3 COVID-19 mpomeMoOHCTpyBaiu, IO
43,9% 3 HUX MaJIM TIPOTeiHypito, 26,7% - TeMaTypito Ha
MOMEHT rocCITiTaji3allii, a yacToTa MiABUILEHHS KpeTa-
THHiIHY CUPOBAaTKH KPOBi, a30Ty cedoBuHU Ta plIIK®D
< 60 mu/xB/1,73m? BigmoBigHO ckjiamanu y 14,4%,
13,1%, ta 13,1% [24]. Y noganbiiomy I'TIH po3Bu-
HyJocs1 ¥ 5,1% mallieHTiB, TpU LIbOMY PU3MK CMepTi
30i1bIIMBCS yABiYi y 2 cTanmii Ta B 4 pasu y 3 crafii, -
I'TTH 6yno He3anexxHUM (paKTOpOM PU3UKY TOCITiTaIb-
HoOi cMepTHOCTi [24, 25].

20% xBopux, rocmitanizoBanux g0 BIT i3
COVID-19 Ta I'lTH, notpebdytors H3T y cepeanbo-
My 4depe3 15 nHiB micas mouyaTKy 3axBoproBaHHs [10].
C.Ronco et al. [19] nna Bu3HAueHHS MOKa3aHb [0
JiaJli3HOT HUPKOBOI 3aMiCHOI Tepamii peKOMEHIYIOTh
norpumyBaTtucsd Kidney Disease: Improving Global
Outcomes (KDIGO) supportive care guideline in
critically ill patients at risk of AKI. ITokazaHHAMHU IO
JAH3T y nauienris i3 I'ITH Ha Tni COVID-19 Ronco
C et al. [19] BBaXawTh 0Jirypito i3 pedpakTepHOIO Ti-
MepBOJIEMIEIO, TiepKAiEMII0, TSKKUI alllI03 Ta a30-
TeMilo.

VY neskux I'ITH nauieHTiB 6akTepiaibHa iHbpeEK-
uist npuenHyetbest 10 SARS-CoV-2, i po3BuUBa€eThCS
CEeNCUC-TIOAIOHUI CUHAPOM. Y TaKMX XBOPUX 3aCTO-
COBYETBCSI TIOETAallHa EKCTPaKoprHopajibHAa Teparis
(YCYHEHHSI €HIOTOKCHMHIB, LIMTOKiHiB, €KCTpaKopIo-
pajibHa OKCUTeHallisd MOoeAHAHiI 3 iIMyHOMOMYJISILIEIO),
NPUYOMY MOCTITOBHICTh IMX METOAIB Ma€ OyTU iHAU-
BimysnizoBaHOO Ta 0a3yBaTHCS Ha MaTO(i3i0J0TIUHUX
MeXaHi3Max i 3MiHaX KJIiHiYHOi KApTUHU 3aXBOPIOBaH-

Hs [26, 27] .
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Puc. 1. ITatorenes I'TTH y xBopux Ha COVID-19

IMocTiitna H3T ycminrHo 3aCTOCOBYBAach y JIiKy-
Banui SARS, MERS Ta cemncucy [6, 7, 10, 28]. Bu-
cokonoTouHa reModinbrparist (BIIT'®) y mo3i 6 a/ron
BUnaisiia 3amaibHi muTokinu (IL-6) Ta mokparrysaia
kputepii SOFA (Sequential Organ Failure Assessment
— TMOCJiZOBHOI OLiIHKM OpraHHOI HEAOCTAaTHOCTi) Ha
CHOMUI JIEHB Y TAIliEHTIB i3 cericucoM [29], Tomy meit
METOJ JTIKyBaHHSI MOXe OyTU e(peKTUBHUM Y MAIi€EHTIB
i3 cenmTMYHUM cUHApoMoM Ha Tiri COVID-19.

Boms COVID-19 na mepedir XXH. Brumms
COVID-19 Ha mepe0bir XpOHIYHOI XBOPOOM HHPOK
(XXH) moci meranpbHO He onucaHuii [9].

Northwell COVID-19 Research Consortium oiri-
HUB TIporpecyBaHHsa momianizHoi XXH [23] y 5449
MAIli€EHTIB, TOCITiTami30BaHUX mo 13 mikapeHs Hpio-
Mopka y mepion Mix 1 Gepe3nst Ta 5 xsitHs 2020. ¥
Ginbine HiX y 36% TallieHTiB pO3BUHYJIOCS TOCTPE TO-
mkomkeHHs1 Hupok (I'TTH), 14% 3 Hux motpebyBain
Iiai3HO1 HMUpKOBOi 3amicHoi Teparii (JAH3T). Kpim

toro, y 90% xBopux, sIKi MOTpeOyBaIl IITyYHOI BEHTHU-
nauii nerens (LLBJT), possunynocst I'TIH; maitxe 25%
3 Hux norpedysaau [J1 [9].

3HayHa TIPOTEiHYpis Ta OCOOIMBO TeMaTypis Ta-
KOX TiABUILYBaJId pU3UK CMePTi y XxBopux Ha XXH Ta
COVID-19 [25].

VY 11e He ony6ikoBaHOMY MeTa-aHaiizi 30 moci-
IKEHB, SIKi OXOILTIOITH 53 Tucsdi namieHTiB y Kurai,
HasiBHicTh XXH acoiitoBanacs i3 miaBUILIEHHSIM PU3H-
Ky TsKKOTO Trepediry COVID-19 y mricts pasis [27].

Hagsricte XXH mo ingikyBanuss SARS-CoV-2
HEraTUBHO BILJIMBajJa Ha piBEHb CMEPTHOCTI, Bapilo-
104M Bif moABifiHOTO 30iJIbIIEHHST pU3UKY cMepTi (BP
2,10) mo mimBUIIEHHS PU3UKY CMEPTi Y YOTHPU pa3u
(BP 3,97) [25]. XBopi Ha XXH 3a3Br4aii MaroTh BICO-
KU iHAEKC KOMOPOiAHOCTI, 1110 pa3oM 3 TUCHYHKIIIEIO
iMyHHOI cucTtemn Ta HaBaHTaxkeHHSIM SARS-CoV-2
TIOTITUOJTIOE CTPYKTYPHI YpaskeHHSI HUPOK, TIPUCKOPIO-
[0YHM IIPOrpecyBaHHs OCTaHHIX [3, 4].
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CreuianizoBaHa MeAWYHA OMOMOra XBOPUM Ha
COVID-19 Ta XXH I-V i I'TTH y BIT, nepenbauae
petenbHU MoHiTOpUHT LIIK®, morognHHOTO Aiype3y,
BOJHO-€eJeKTpoaiTHOro oominy, KJIP. IHma Baxiusa
CKJIaJI0Ba JIIKYBaHHSI — aJieKBaTHA KOPEKIisl BOMHOIO
OajaHCy, YHUKHEHHs Tilo- Ta TrinepBoJjeMii, 3MeH-
IIEHHSI PU3WKY HaOpsKY JIeTeHb, IepeBaHTaXEeHHS
MpaBoro IIIyHouyka. BiTHOCHO BUCOKUII MO3UTUBHUM
KiHIEBUU eKCHipaTOPHUIA TUCK MOXe OyTU BUKOPHUC-
TaHUU y pa3i TOCTPOro PeCHipaTOPHOTrO AUCTPEC-CUH-
napomy [20, 28].

3a gaHMMU MeTa-aHami3y [29] 22 KOropTHUX a0-
crimkeHb nepeaicHytoua XXH crnocrepiranace y 5,2 %
COVID-19 xBopux, - 11% 3 Hux po3sunynock ['TIH.

COVID-19 y xsopux Ha XXH V]. Pesynbratu
pocmimkenHss UK Renal Registry [30] cBiguarts, 1110
yactotra COVID-19 y xBopux, JiKOBaHUX METOAAMU
OH3T cknanae 13,9% [30], a piBeHb cMepTHOCTI —
10%.

Y I'l ueHTpi yHiBEpCUTETCHKOI KJIiHiKU M.ByxaHb
cepen 230 xBopux Ta 37 MeIWYHUX MpalliBHU-
kiB COVID-19 6yna nmiarHocToBaHa y 37 Malli€eHTiB
(16,1%) Ta 4 oci6 mennepconany (12,1%); 6 xBopux
(16,2%) nomepau [9].

PesynbraTamu pociaimxkeHHst Persaud N: ESKD
patients on dialysis at high risk for Covid-19 death [31]
cMepTHicTh xBopux Ha XXH V]I cknanana 30%. 3a na-
HuMU JloMOapailicbKOro peecTpy 3aXBOPIOBaHICTh Ha
COVID-19 y mamientis 3 XXH V]I cknamamra 10-30%
[32].

HakonuyeHuii OOCBiA CBiqUUTh, L0 Y 3HAYHOI
KiJIBKOCTi Aiafi3HUX Mali€eHTiB iH(ikyBaHHSI SARS-
CoV-2 nporikae 6e3cumMnToMHO [32].

IposeneHe PLR tectyBannst [32] 192 xBopuM Ha
XXH VI'] nponeMOHCTpYBaJIO, 11O KJIiHiYHI MTPOSIBU
Covid-19 cnoctepiranuch y 22 nanieHtiB (14,5%), a
cepen 170 6escumntomHux xgopux PLR 0yB mo3uTus-
HuMm y 14 (8,5%). Ha mincraBi oTpuMaHKX JaHUX aB-
TOPU BBaXaloTh, 1110 BCTAHOBJIEHHSI 0€3CUMIITOMHOTO
HociictBa SARS-CoV-2 € xIo4oBUM 11 MiHIMi3alIii
posnoBctoaxeHHs Covid-19 cepen xBopux Ha XXH
VI'/l, sxi nikytotbes y I'Jl neHTpax.

Jlitepatypa (References):

BucHoBKu:

1) HasgBHicTh MapKepiB MaTOJONYHUX 3MiH CEYOBOI
cuctemu y SARS-CoV-2 iHpikoBaHOro XBOporo mno-
TpeOye ix Bepudikalil 1UIIXOM BUKOPUCTAHHS iH-
CTPYMEHTIB JiarHOCTUKHN XBOPOO CEYOBOI CUCTEMM.

2) IndikyBaHHsi SARS-CoV-2 Moxe BUKIUKATH
I'XH (Bxitouarouu I'TTH) y mauieHTtiB 6e3 nepe-
Iylouux ypaxeHb ceyoBoi cuctemu, I'TIH y xBo-
pux Ha XXH I-1V crt., noripurysatu nepe6ir XXH
VIO, IO,

3) Yacrora BunukHeHHs ['TIH ta cMepTHicTb y naitieH-
TiB 3 COVID-19 Ta XXH 3HayHO BUIlIa Hix 6€3 Hei.

4) 3axBOpPIOBAHICTb 1 CMEPTHICTb y XBOPUX Ha
COVID-19 ta XXH I-1V cranii, XXH V]l Bumia
HiX y pasi iX BiICYyTHOCTI.

5) BusHauuTu Mmicle, 00 €M i 3AilICHIOBATU JiKyBaH-
Hs xBopux Ha COVID-19 Ta 'XH II/111 craxii mo-
BUHHA MYJIbTUAUCIUIUTIHApHA KoMaHAa (iHdek-
1iOHiCT, Hedposor, IHTEHCUBICT, iHIII — 3a Ha-
SIBHOCTI MMOKa3aHb) Y 3aKjajaX OXOPOHU 310POB s
3 MOXJIUBicTIO 3acTocyBaHHs meToniB JAH3T Ta
KHUCHEBOI MiATPUMKHU.

6) Xsopi Ha XXH ycix craniit 3 COVID-19 cepen-
HbOTO a00 TSKKOTO CTYMEHS MiIjisraroTh roci-
Tajizalii 3 MoJajblIMM BU3HAYEHHSM MYJIbTU-
JUCHUIIIHAPHOK  KoMaHOow  (iH(eKLioHicT,
HedpoJior, iHTEHCUBICT, iHIIi, — BiAMOBIAHO IO
KJIiHiYHOI cUTyallii) HE0OXiIHOrO MOHITOPUHIY i
00 eMy JIiKyBaHHS ISl HEAOMYILEHHS MPOrpecy-
BaHHs XXH Ta popMyBaHHS KUTTE3ArpO3yOUMX
cTaHiB abo X iX afeKBaTHOI Teparii.

7) Y 3B 43Ky 3i 3HaUHOIO YaCTOTOK O€3CUMIITOMHO-
ro nepediry COVID-19 y xBopux Ha XXH V]I,
pernameHTauis ix obctexxeHHsa Ha SARS-CoV-2
Migsirae meperiasiay.

8) Ilicna minTBepakeHHs BincyTHocTi SARS-CoV-2
Ta Bunucku, xsopi Ha I'’XH a6o XXH ycix cramiii,
MiAJISIraoTh MOAATBIIOMY MOHITOPUHTY, 00 €M Ta
yacToTa SIKOro BU3HavaeThbcsl cramiero I'XH abo
XXH.

Konduaikr inTepecis: aBTop cratTi He 3afeKaapy-
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Abstract. Three-dimensional (3D) printing is a process that translates a 3D virtual model into its
physical 3D replica. In medicine, Neurosurgery, Orthopedics and Maxillo-facial surgery were the first
specialties to successfully incorporate this technology in their clinical routine, as an aid to surgical
interventions.

The study aimed to provide a clear overview of the potential areas of applications of 3D printing (3DP)
for management of renal diseases, based on a review of the literature.

Method. We carried out a review of the literature according to PRISMA recommendations. We
searched three databases (Medline, Scopus and Cochrane) with two specific queries: one using
MeSH-terms and the second one based on free terms, all terms were related to nephrology and three-
dimensional printing technology.

Results. 3D-printed models were mostly employed for the management of renal tumors and lithiasis.
They provided enhanced visualization of structures and the possibility to perform procedures
rehearsals which seemed to improve surgical procedures. Models were also reported to positively
impact patients’ understanding of their condition and the interventions. Trainees and experienced
urologists also benefited from the supportive role of 3D-printed models and reported improved
confidence and efficiency. Rare reports discussed their use for kidney transplantation, ureteropelvic
Junction obstruction syndrome treatment, nuclear medicine or cultural issues. Due to a meager data
amount and heterogeneity of studies, no advanced statistical analysis was possible.

Conclusion. 3D-printed models of renal anatomical structures are feasible and are valuable tools to
support renal disease management, and for educational purposes.

Keywords: kidney, urology, nephrology, 3D printing, education, surgery, anatomic models.
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K. Bengo!, P. OxpmeBcbKmii'-
3D-apyK Ta ypoJoris: orjsa KIHIYHIX 3aCTOCYBaHb

"VuiBepcurer Karanik ge JlyseH, Bproccenb, besbrist
2VuiBepcurerchka KitiHika CeH-JItok, Bproccens, benbrist

Pestome. Tpusumipnuii (3D) dpyx - ue npouec, saxuii nepemeoproe 3D-gipmyanvhy modenv y ii pizuuny
3D-penaniky. Heiipoxipypeis, opmonedis ma weaenHo-1uubo8a Xipypeis 0yau nepuiumu MeOUsHUMU CReyianbHOCMAMU,
AKI YCNiWHO 8KAIOHUAU U MEXHOA02IH0 Y C80I0 KAIHIYHY NPAKMUKY, K 00NOMIJCHUIL 3aCib 045 XipypeiuHUX 8MPY4aHb.
Ilpedcmaenenuii 0ens0 aimepamypu mae Ha Memi u3Hayumu nomeHyiliHi obaacmi 3acmocysanus 3D-opyxy (3DP)
0ns diaeHoCMUKU ma AiKy8aHHs X80pob ce4080i cucmemu.

Memoodu. Ananiz naykosoi simepamypu, Ha ocHogi 6a3 danux Medline, Scopus i Cochrane, 6yé nposedenuii 8i0-
nogiono do pexomenoayiii PRISMA 3a déoma koukpemuumu 3anumamu: 1) MeSH-mepminu, 2) sinbha mepminonoeis
w000 ypoaoeii, Heghponoeii ma mpusumipHoi mexnonoeii OpyKy.

Pezyaomamu. 3DP modeni 8 0CHOGHOMY BUKOPUCMOBYBAAUCH 0451 NIKYBAHHS NYXAUH HUPOK ma Hegpoaimia3y.
Bonu 3abe3neuysanu kpawy eizyanizayiro, wjo Ha0asaio MoNCAUBICMb NPOEOOUMU penemulii OnepamusHo2o0 empy-
uanus. Kpim moeo, 3DP modeni no3umueHo énauéaiu Ha po3ymMiHHs nayieumamu ix cmany ma o6 emy empy4auts. Y
desKux nogidoMaeHHax 062060p06anoce suxopucmarts 3DP modeni 045 iHwux IHBA3UBHUX 8MPYUAHb 8 YPOAOLIYHIl
npakmuyi ma mpauncnaanmauii nupku. Yepes mizepry KinvKicms 0aHux ma HeoOHOPIOHICMb Q0CAIONCeHb, CIamuc-

MUYHUL AHANI3 He 0Y8 MOJICAUBUM.

Bucnosok. 3DP modenv Hupok € 30ilicHeHHUMU MA YIHHUM [HCMPYMeHMOM 045 8i3yanizayii, Hag4aibHHsA ma

NKYB8aHHA X80p00 ce1080i cucmemu.

KnrouoBi cioBa: nupku, yponaoeis, negponoeis, 3D-0pyk, oceima, xXipypeis, anamomiuni modeai.

Introduction. “3D printing” (3DP), or additive
manufacturing, is a technique translating a virtual im-
age into its physical reproduction. This technology,
created by Charles Hull, initially served industrial pur-
poses. Medicine is one of its many fields of applications,
3DP is employed to reproduce physical constructs of
anatomic regions [1, 2].

The printing of anatomical-specific models re-
quired several steps. First, images of the anatomy of
interest are captured using Tomodensitometry (TDM),
Magnetic resonance imaging (MRI) and Ultrasonogra-
phy (US) [1-4].

Second, the “Segmentation”: the anatomical re-
gion of interest is extracted, “segmented’, from the
radiological image. This process is performed by dedi-
cated segmentation software, using an automated algo-
rithm or manually. Multiple segmentation software are
available but differ in cost, accessibility and accuracy.
This step is often reported as time-consuming. Once,
the segmentation is realized, the virtual model is ex-
ported into Standard Tessellation Language (STL) for-
mat which can be read by 3D printers [1-3, 5].

Kevin Wendo
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Third, before the actual 3D printing process, an
additional stage may take place: during this step, resid-
ual gaps are removed and final features of the model are
fixed (color, ...). This step is realized through specific
software, “Computer-aided Design” (CAD) software.
Like unto segmentation software, a range of CAD soft-
ware exists [6].

Fourth, the 3DP printing process occurs. Different
3D printing techniques exist but only four are usually
used in for medical purposes: Fused deposition mod-
eling (FDM), Stereolithography (SLA), Selective laser
sintering (SLS) and Inkjet printing (IP). FDM: depo-
sition of a heated and liquified thermoplastic filament
slice-by-slice, followed by its cooling and hardening.
SLA: successive slices of a photosensitive resin cured by
ultraviolet light. SLS: sintering of successive layers of
powdered material by a laser. IP: deposition of a binder
solution on powdered substrate layers [3, 4, 6, 7].

Finally, a post-printing step may occur for specific
arrangements (sterilization...) [2, 3].

3D printing is not a novelty in the medical field.
Indeed, it has been applied and validated in neurosur-
gery, maxillofacial surgery and orthopedics, for preop-
erative planning, perioperative navigation, production
of implants for in vivo implementation, and in educa-
tion [2, 8]. The incorporation of 3D printing technol-
ogy in nephrology is relatively new. The main applica-
tion is oncologic. Indeed, teams printed 3DP models
to provide enhanced visualization of 3D spatial rela-
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tionships between tumoral masses and the surrounding
tissues and to assess their depth. The 3DP technology
was also involved in managing complex renal lithiasis
due to their size or abnormalities of kidney structures
(i.e. horseshoe kidneys). Patients’ satisfaction as well as
trainees’ skill appeared to be improved by 3DP models
of educational possibilities [1-5, 7-11].

To date, no systematic review neither RCT was
performed to objectively evaluate the real role of 3DP.
Therefore, this study aimed to objectively, based on a
review of the literature, highlight the potential clinical
applications of 3DP to support renal disease manage-
ment, as well as its limits and future perspectives.

Methods. We used the Cochrane Handbook for
Systematic Reviews of Interventions and Systematic
Reviews, the Centre for Review and Dissemination’s
(CRD) handbook and the PRISMA Statement to con-
duct the review and to report appropriately findings and
data of the present study [12, 13,14]. We searched the
three following electronic databases using two different
queries, Medline (via PubMed), Scopus and Cochrane,
and used both text-free and MeSH based queries to cov-
er a larger amount of potentially eligible elements. We
employed terms relating to the nephrology field and 3D
printing technology (Supplementary file, Table S1).
The last search was performed on the 15th of May 2018.
No handsearch (conference, reports) was undertaken
and other sources (internet, reference lists) searched.
For the study selection strategy, we used Covidence, a
Cochrane Collaboration software, to perform the du-
plicates removal and the titles and abstracts screening,
and Endnote, a reference management software.

Inclusion criteria:

® English or French written articles,

no publication date restriction,

°
® both pediatrics- and adult-oriented articles,

® the articles discussing the clinical and surgical
applications of 3DP in nephrology and urology,

Contribution of 3DP for multidisciplinary
management of renal diseases.

Clinical and surgical applications of 3DP were defined
as follows: 1) any use of 3DP to provide support and assis-
tance in a diagnostic, prognostic, follow-up and therapeu-
tic approach of renal diseases, 2) therapeutic approaches
include pre-interventional procedures, 3) educational ap-
plications of 3D printing. Educational applications were
defined as patient education and as teaching and training
of medical trainees, novices and experimented physicians
in understanding and managing renal diseases.

Exclusion criteria:

® articles referring to other medical specialties or
veterinarian subjects,

articles discussing only experimental and
technical aspects of 3DP in renal diseases, or
any other medical and scientific field,

articles describing technical or developmental
aspects of the technique itself,

® articles underlying only 3D-Imaging approach
of renal diseases,

articles discussing experimental and technical
aspects of tissue engineering in any scientific
and medical fields (nephrology included),
articles not focusing on clinical applications of
3DP in nephrology and urology.

Duplicates were automatically detected and re-
moved after importing references into Covidence. A re-
view of the duplicates found was undertaken manually
to avoid possible wrong matches. For each element, the
investigator was aware of authorship and publication
details if available. Despite the use of eligibility criteria
to include or exclude elements, we chose to be overin-
clusive at this stage.

Elements with ambiguous titles and without ab-
stracts were included after discussion between authors.
Any disagreement was resolved by discussion and unan-
imous consent between authors.

Each element was entirely reviewed and included
after a strict confrontation with the inclusion and ex-
clusion criteria. For each article, the investigator was
aware of authorship and publication details if available.
Disagreements were resolved by discussion and unani-
mous consent between authors.

To standardize extraction and analysis of data, we
further developed a data extraction form inspired by
the CRD’s guidance handbook, (Supplementary file,
Table S2). Disagreements were resolved by discussion
between the two review authors.

Data were expressed as frequencies and propor-
tions in the case of categorical variables.

Results. Search results. 295 records were identi-
fied through database searching. 109 duplicates were re-
moved, and the 186 remaining elements were screened
using the method described earlier. 60 articles were
included in the full-text review assessment. Among 60
full-text articles, 22 ones were excluded and 38 studies
were included in our study (Fig. 1).

Studies background. Among the included studies,
28 ones are either reported case studies of procedures or
teaching reports. Other articles are review articles. The
full background information is presented in Figures 2
and 3. Image data sources. Tomodensitometry appears
to be the major source of image data. 1 team has re-
ported having used both CT- scanner and MRI to ac-
quire image data [15]. 3 studies have indicated no detail
about their imaging data source [16-18]. (Fig. 2a).

Image processing. Moreover, we distinguished
commercial from free and open-source segmenta-
tion software. Fig. 2b and 2¢ display the brand-named
reported software. Zhang et al have reported the use
of two different segmentation software in their study
[19]. 4 studies have mentioned no imaging segmenta-
tion software which impedes a reliable analysis of their
frequency of utilization [18, 20-22]. Even though they
cited potential segmentation software, Dullius et al
have not clearly indicated the software employed by
their team[23].
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Fig. 1. Studies inclusion flow diagram (derived from PRISMA Studies Inclusion Flow Diagram).
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Fig. 2. Background information. All parameters are expressed according to the number of studies.
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Likewise, we divided the CAD software pool into 2
groups, commercial and free, and open-source. Only 10
teams have reported their use of CAD software in their
3D printing workflow [15, 24-32]. Fig. 2d and 2e show
the CAD software and their frequency of use. Christian-
sen et al have associated two commercial CAD software
in their study [26].

We also attempted to quantitatively measure the
time required to process the radiological images. How-
ever, unfortunately, only 4 teams have indicated the de-
tails on the duration of their image postprocessing step:
Golab et al, 2h; Wake et al, 7h; Gershman et al, 8 to 12h
[24, 25, 32]. Sampogna et al have demonstrated that

their first models required multiple hours which was re-
duced to less than an hour with the experience gained
[27]. With such sparse information, any classification
appeared useless.

3D printing. We exhibited the results from our
analysis of the 3D printers used by the different teams.
Only 16 studies communicated information concerning
this parameter [15, 16, 18, 19, 22-28, 30-33]. 3 teams
have indicated their 3DP models were printed with the
assistance of a third-party company, 2 with 3D Systems
Ltd. and 1 with Stratasys Ltd [34-36]. Fig. 3a shows the
frequency of use for 3D printers. Stratasys Ltd. (USA)
is the most represented brand.

Replicator, Makerbot, USA)

Lazarus 3D(Houston, TX. USA)

FABtotum

Connex Object 350 (Stratasys, USA)
BFB 3D printer model TouchTM

3D printer (CB printer.com)
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Spectrum ZS10 30 printer (30...
CONNEXS3 30 printer (Stratasys...

LaserCoreS300" 3D printer...
FreeDmake (Blooming electronics Co...

MarkerBot Replicator 2 (MakerBot...
Objet 500 Connex 3D/3 (Stratasys..

M Studies
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Figure 3a: 3D Printers
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Figure 3d: Average cost

Fig. 3. Background information. All variables are displayed according to the number of studies.

Like unto image processing, we attempted to quan-
tify the printing time. Besides, in order to classify the
values of this variable, we determined ranges of time.
Fig. 3b shows the average duration of the collected
printing time values.

Material. Fig. 3c displays the different type of ma-
terial and their frequency of utilization. Proprietary
materials are the main classes employed which can
complicate objective studies as the detailed composi-
tion can be inaccessible.
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Cost. Only 12 studies contained information con-
cerning the fees involved to produce their 3DP models
[16, 18, 19, 21, 22, 24, 25, 30-33, 36]. Among the
studies, 9 indicated the global cost. The 3 other studies
have provided the following: Weng et al have indicated
that each printed model cost 4$/production hour, Mar-
coni et al have given the only cost of their printed mate-
rial of 150-200€, and Turney et al have written that the
“consumable” price was 9750€. No other details about
this meaning were given [16, 21, 30]. Fig. 3d illustrates
the ranges of cost in which we classified the different re-

ported cost estimations. Since the limited data collec-
tion, we did not undertake any further statistical analysis
as a generalization of results would be hardily reachable.

Medical Applications. Because of the restraint
number of studies, we decided to divide the results
according to the pathologies discussed. Most reports
discussed on renal tumors and renal lithiasis. Other ar-
ticles focused on renal transplantation, organ substitu-
tion, ureteropelvic junction obstruction syndrome and
nuclear medicine. For clarity, we gathered common
findings in Table 1.

Table 1
Benefits of 3DP models

Visual benefits
of 3DP models use

Comprehension/Perception/Evaluation of normal and altered anatomy

Visualization of location and size of the tumor, its vasculature and its spatial
relationship to renal vasculature and other anatomical structures

Assessment of NSS feasibility and preservation of healthy parenchyma

Better localization of nephrolithiasis

Benefits of preoperative
use of 3DP models

Reliable simulation of tumor excision (Prediction of tumor excision time and
resected tumor volume)

Confidence in planned strategy

Visualization of tumor extent from different angles

Significant reduction of blood loss during operation

Procedures simulation

Assessment of feasibility of planned procedures

Helpful tool for surgical technicians and anesthesiologists

Identifying cardinal anatomical structures

Reduction of the operating time

Visualization of vascular elements and their best access

Benefits of using 3DP
models for team-work or
decision making

Useful to choose entry points to provide best exposure

Valuable in adjusting surgery variables

Valuable even for experienced surgeons in complex cases

Efficient communication tool between different specialists

Helpful in determining the role of each member of a multidisciplinary group

Benefits of intraoperative

Navigation and orientation role

Helpful thanks to concordance between actual procedure and 3D model-based
planning

Valuable for visualization of surrounding structures, resection range

use of 3DP models . - - -
Valuable to prevent injuries to major structures (i.e. hilum)
Helpful to perform reconstructions
Valuable to assess proximity to hilar vessels and collecting system
Enhanced communication with physicians

Benefits for Patients’ A better understanding of the disease and the surgical procedure and its related
education consequences
The patient’s informed consent process improvement
Adult population.

Renal tumors. As aforementioned, renal tumors

gical strategy. Therefore, we commence by analyzing

represent the main area of pathologies for which urolo-
gists attempted to implement 3DP to support their sur-

the collected data on 3DP applications to manage renal
cancers.
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Surgery. Maddox et al have investigated the impact
of 3DP models on preoperative planning of robot-as-
sisted partial nephrectomy (RAPN) for 7 patients, by
performing a surgical rehearsal and comparing their re-
sults to those contained in their RAPN database. Some
differences arose: the patients included in the study had
longer warm ischemia time (25 vs 21.6 min), more com-
plex tumors (higher mean Nephrometry score), larger
average tumor size, and higher pathologic stage. None
of these differences were statistically significant. Those
same patients showed fewer complications, fewer posi-
tive surgical margins, and shorter hospitalization, but
were not significant. Only one significant difference was
found: a lower estimated blood loss (p = 0.01) after pre-
operative planning with 3DP models. They have attrib-
uted the absence of differences to be likely secondary
to the small cohort and limitations of the study design
[34]. Wake et al have studied the impact of 3DP models
on surgery planning and demonstrated that 3DP models
led the surgeons to alter their strategy concerning the
nephrectomy type (total or partial), the technical ap-
proach (open or laparoscopic procedure), the approach
(transperitoneal or retroperitoneal), and the clamping.
The most frequent adjustments were the approach and
the clamping (30-50%). A strong concordance was ob-
served between strategies planned with models and the
actual surgical procedure. As operating surgeons had
more than 12years of experience, the authors have sug-
gested 3DP models can be helpful even for experienced
surgeons [25]. Komai et al have reported their use of
3DP kidney models in planning minimally invasive off-
clamp partial nephrectomy. Their models have been
printed with a removable tumoral mass, they named this
characteristic the “4D Navigation” as both surgeons
and patients visualized the pre- and post-operative kid-
ney state. They have indicated that those models help
depict partial resections of important structures (i.e.
vasculature, collecting system) and anticipating surgi-
cal maneuvers. They have argued that “4D Navigation”
models were better than those with not-removable tu-
mors as visualization of the tumor bed and the safety
margins were possible [28].

Von Rundstedt et al have reported a strong simi-
larity in tumor excision time, resected tumor volume
and morphology between their patient-specific model
and the actual resected tumor. They have so argued that
models allowed accurate predictions of tumor resection
time which can be a predicting factor for the feasibility
of RAPN within a moderate ischemia time. They also
have emphasized on the similar pattern of the rehearsal
and the actual tumor excisions procedures [15]. Gersh-
man et al have employed models for nephron-sparing
surgery (NSS) and have recommended to use 3DP
models only for elective complicated cases. In this con-
text, they have indicated that models can appear very
helpful to reach complete tumoral mass excision and
ensure the maximal preservation of renal healthy paren-
chyma [24]. Golab et al, in two papers, have reported
that using 3DP models reduced the operation time and

improved patient and procedure safety [22, 31]. They
also have indicated that their model expediated a surgi-
cal strategy approved by both cardiac and urologic sur-
geons [22] and suggested that 3DP models could serve
centers not familiar with laparoscopic partial nephrec-
tomy (LPN) [31].

In their study, Libby et al have printed a 3DP mod-
el of a renal carcinoma extended to the IVC, to support
their management. The model depicted the localization
of the tumor thrombus, which was located below the
hepatic venous drainage, ensuring the surgeon that no
bypass was required. They also have pointed out that the
anesthesiologists also had a better understanding of the
risks of the procedure thanks to the physical replica [20].
Zhang et al have addressed the impact of 3DP models
on surgical planning in LPN by surveying experienced
urologists for face and content validation of their mod-
els. The participants rated the overall usefulness, real-
ism and usefulness in surgical planning and training
with a mean score between 7 and 8 (/10). They have
also reported a volume difference between the model
and actual tumor specimen (the deviation was 3.4 = 1.3
mm), potentially caused by a possible stretching of the
tumor after its excision [19]. Porpiglia et al have tested
the face and content of patient-specific 3DP models be-
fore an NSS during a congress, by surveying attending
urologists. Participants highly scored (8/10) the 3DP
models for their overall usefulness, their potential role
in comparison to standard imaging and virtual models,
their usefulness in surgical planning and their potential
support in better understanding the surgical complex-
ity. The authors have concluded that both a urologist
and a radiology technician were essential to perform the
manual segmentation of the renal tumor [37].

Education. Patients’ education. Bernhard et al have
specifically studied the impact of 3DP models on pa-
tients’ understanding of their condition before partial
nephrectomy (PN). Statistically significant improve-
ment in their comprehension of renal basic anatomy,
physiology and the surgical procedure was observed.
The understanding of tumor characteristics was also en-
hanced without reaching statistical significance. Their
overall satisfaction was also highly rated. The authors
have indicated that the significative progress to under-
stand the planned procedure illustrated the difficulty
for patients to interpret CT images and the difficulty for
physicians to adapt their message [33]. Silberstein et al
have also reported that 3DP models may help patients
to better understand and accept an NSS as the percep-
tion of their renal tumor characteristic is clearer [38].
Similarly, Porpiglia et al have reported that all patients
responded favorably to the use of 3DP during the dis-
cussion with their surgeon (9-10/10) [37].

Medical students, residents, health professionals.
Knoedler et al have investigated the impact of kidney
3DP models on medical students in characterizing re-
nal tumors with the R.E.N.A.L. Nephrometry scoring
systems. Their results showed a statistically significant
improvement in students ‘ability to characterize most
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of the properties of the renal mass in comparison to CT
images alone, except for the E(Endophytic) component
of the scoring system [35]. Silberstein et al have studied
how 3DP models could improve trainees’ understand-
ing of renal tumors before excision. Residents demon-
strated an improvement in their capacity to perceive
tumor characteristics. They have reported that using
translucent resins allowed them to visualize the tumor
and its depth. The authors have also envisioned models
being involved in the diagnosis, with percutaneous bi-
opsies [38]. Marconi et al have explored the capacity of
3DP models to transfer anatomical knowledge by ques-
tioning medical students, expert surgeons and radiolo-
gists about some abdominal organs’ anatomy, includ-
ing kidneys, on 2D CT images, 3D virtual reconstruc-
tions and 3DP models. The results have shown that the
number of correct answers was significantly improved
by 3DP models compared with 2D scans and that par-
ticipants spent less time on 3DP models than 2D scans
also. The authors have also pointed out with 3DP mod-
els, radiologists marked low scores and medical students
could have similar scores to theirs. The authors have
hypothesized they did not have their usual landmarks or
had to report anatomical details unusual for them [21].
Porpiglia et al have reported that attending participants
in the congress highly rated (9-10/10) 3DP models for
their potential support for patient counseling and surgi-
cal training [37].

Renal lithiasis. As only 6 studies discussed the im-
pact of renal lithiasis management [17, 26, 30, 32, 36,
39]. Due to the heterogeneity in their endpoints and
approach, we briefly expose their aims and results.

Surgery. Golab et al have performed a Percutane-
ous Nephrolithotomy (PCNL) using a patient-specific
3DP surgical guide (SG) for a puncture in a patient
with bilateral nephrolithiasis, in a horseshoe kidney
context. They have indicated that the SG reduced
the time necessary to establish access (3min) to the
kidney and the needle precisely reached the calculus
located in the renal pelvis. The treatment was com-
plete. They have highlighted the advantage of a printed
patient-specific SG: place, angle and depth of inser-
tion are considered altogether [32]. Christiaensen et al
have compared the efficacy of five advanced imaging
modalities (3DP model, 3D CAD model, a volume-
rendered model on autostereoscopic 3D display, and
two types of volume-rendered models on 2D screen)
intraoperatively to treat a complex nephrolithiasis
case (multiple stones, horseshoe kidney). Concerning
the 3DP model modality, they have reported it not be
advantageous during the navigation phase in the ab-
domen as it did not illustrate surrounding anatomical
structures relevant in navigating to the kidney. But
they indicated that their 3DP model to be beneficial
for renal pelvis identification as it simultaneously il-
lustrated renal pelvis and surrounding vasculature. In
locating kidney stones, they only indicated that mod-
els provided some additional insights [26].

Education. Patients’ education. Atalay et al have
evaluated the influence of patient-specific 3DP pelvi-
calyceal system models on communicating information
to patients before a percutaneous nephrolithotripsy.
They have reported that all 5 patients included in the
study demonstrated a significant improvement in their
comprehension of basic kidney anatomy (p=0.017),
lithiasis position (p=0.02), the planned procedure
(p=0.017), and in understanding the potential compli-
cations related to the surgery (p=0.015). Their overall
satisfaction with knowledge conservation have been
also improved (p=0.02) [36].

Residents and experienced physicians. Atalay et al
have assessed the impact of pelvicalyceal models on
residents’ understanding of pelvicalyceal anatomy be-
fore the actual PCNL procedure, for 5 patients with
complex unilateral nephrolithiasis. The residents were
tasked to identify landmarks (number of anterior and
posterior calyces, stones locations, most adequate calix
entry access) first based on CT images only and then,
using patient-specific models. The results have shown
a statistically significant improvement in each one of
these studied items, after the models’ presentation.
Participants considered models beneficial for proce-
dures planning and agreed on their potential training
support for complex interventions, combined with 2D
images. According to the authors, the collaboration
between urologists, radiologists and bioengineers was
the crucial step for model creation [39]. Ghazi et al
have validated an immersive simulation platform for
PCNL. The Face, Content and Construct validation
was performed by 15 participants, urologists and in-
terventional radiologists (5 experts and 10 novices)
who carried out all steps of a full-immersion simu-
lation PCNL procedure in a hybrid operating room.
Face (realism) and content (educational effectiveness)
validity were both considered excellent by the partici-
pants. Construct validity has been also considered as
‘very good’ [17]. Turney et al have created a 3DP
model of a collecting system to practice PCNL access.
They have indicated the model facilitated the identifi-
cation of posterior and anterior calyxes and perception
of their spatial orientation to renal pelvis when plan-
ning access. They also declared that a limited number
of punctures (+-20) could be performed on the model
without any leakage of contrast. They suggested that
such a custom-model training platform could be useful
for planning complex procedures and be implemented
in the training program [30].

Renal transplantation. Kusaka et al have reported
their use of 3DP models for renal transplantation. They
have highlighted the enhanced perception of the spatial
relationship between anatomic structures and the abil-
ity to accurately perform procedure rehearsals. They
have also pointed out the supportive role of models
with surgical planning, as surgeons shared an identical
understanding of anatomy, and in obtaining informed
consent. Among the limits, they have indicated costs,
imaging resolution and production time [29].
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Kidneys replacement. Weng et al have used 3DP
generic models to replace harvested organs in a de-
ceased young adult due to cultural customs about body
integrity. This solution helped the young adult’s parents
accept organ harvesting [16].

Nuclear medicine. Dullius et al have reported
their production of both static and dynamic renal
phantoms able to simulate normal renal function. The
constructs demonstrated similar results for renal scin-
tigraphy with 99mTc-DMSA to those of normal kid-
neys and renal obstruction context. They envisioned
their use in clinical training for renal anomalies diag-
nose [23].

Pediatric population.

Only 2 articles have discussed pediatric topics, the
first one is a case report and the second one is an edu-
cational report.

Renal tumor. Giron-Vallejo et al have reported the
use of 3DP models to support their management of a
bilateral Wilms tumor in a 10-month-old infant [40].
They have explained their models depicted remaining
healthy tissue which caused to alter their surgical strat-
egy: performing a bilateral NSS instead of a left total
nephrectomy and a right NSS based on 2D imaging
alone. Also, they have indicated the model was a useful
tool to communicate with the family and between the
pediatric radiologist and surgeon. As limitations, they
have reported the poor support for vascular dissection
as meager vascular information was extracted from the
imaging data. They have suggested future studies to as-
sess the impact of 3DP renal tumor models on surgical
procedures improvement and pediatric oncologic out-
comes, and their capacity to facilitate the anticipations
of frequent complications in NSS [40].

Ureteropelvic junction obstruction. Cheung et al
have employed 3DP models to develop a low-cost pe-
diatric pyeloplasty simulator platform. They tested the
simulator with 24 pediatric urology fellows(novices)
and 3 faculty members for a training course. Partici-
pants have been performed a right-side laparoscopic
pyeloplasty on the model and a 5-0 VICRYL suture in
60 minutes. The model has consisted of a kidney, a re-
placeable dilated renal pelvis and a ureter with an ob-
structed ureteropelvic junction (UPJ), and an overly-
ing peritoneum. The participants assigned a mean score
(out of 5) between 3 and 4 for: Esthetic, Peritoneum,
UPJ and Usability (use for personal skills training and
teaching). Only the Overall feel criteria was score 2.82.
The participants have reported the following limita-
tions: the UPJ was easily torn, and the inaccurate wall
thickness and the feature size were not realistic due to
the printing material used. The authors have highlight-
ed some advantages of 3DP in education: specific or-
gan courses, simulation of multiple clinical situations,
training with other specialties. They have envisioned
to apply the same technology for other procedures, to
make left-sided training possible, and to assess patients’
outcome and surgical variables to develop a more solid
validation of their teaching model [18].

Discussion. We attempted to highlight how 3DP
might have impacted patients’ outcomes and physi-
cians’ efficiency in urology so far. The results are en-
couraging since 3DP models were reported to be bene-
ficial in each main reported studied field (surgery, edu-
cation, ...) and in both adult and pediatric patients. In
surgery, 3DP models provided operators with valuable
spatial and tactile additional information on anatomic
structures of interest, they seemed to improve proce-
dures’ efficiency and they facilitated multi-disciplinary
decisions. In education, 3DP models tended to support
patients’ understanding of their respective conditions
and the related procedures and risks; 3DP constructs
appeared to be an aid for teaching medical students and
training residents and confirmed physicians. Surgery
and education are the two main fields explored, in other
areas 3DP models were also reported to be beneficial
for clinical incorporation. We highlighted some topics
considered pertinent to the discussion.

First, in urology, CT and MRI are the sources of
the most represented images as illustrated in Fig 1a. No
teams indicated any issue about these modalities or any
use of 3D US-derived kidney 3DP models. The relative
recent incorporation of 3DP printing in nephrology can
explain the absence of comments related to image data
sources and their limits or unexplored potential. Also,
urological teams involved in 3D printing might have
directly worked on limitations reported by more expe-
rienced teams in other medical fields, reducing their
learning curve with 3DP.

Second, segmentation is an operator-dependent
process in which precision depends on the operator’s
knowledge of anatomy, his understanding of specialists’
clinical demands, and his mastering of segmentation
software. To this end, 2 studies involved a bioengineer
to perform the image post-processing and 3DP [36, 37].
As the participation of a bioengineer to produce models
was not systematic and as other teams expressed satis-
faction with their models, we can cautiously argue that
bioengineers, despite their knowledge of IT tools, can
be replaced by other categories of operators. Radiolo-
gists seem to be the most appropriate to take the vacant
seat. Indeed, they routinely process imaging data, pos-
sess anatomy and clinical knowledge and are used to col-
laborate with specialists and their specific terminology
[2, 11]. With such a strong background, which bioen-
gineers usually don’t master at first, radiologists should
not let this new technology escape. Some other teams re-
lied on third-party companies for either or both segmen-
tation and printing steps [2, 34, 35, 38]. This attitude
might require financial resources that are not available to
all. As the clinical incorporation of 3DP becomes more
frequent and the printing stages are more standardized,
we envision physicians (except radiologists) developing
imaging post-processing skills. Such operators might in-
volve fewer costs for the institution.

Third, as displayed in Fig 1b and 1d, Mimics (Ma-
terialize, Belgium), a commercial software, is the most
used one to segment imaging data. Despite precise
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models produced with this software, comparative stud-
ies, including the main imaging processing software, are
mandatory to objectively evaluate the efficiency-cost
balance of that software. Hence, research and clinical
groups, especially those discovering this technology,
would determine the most appropriate segmentation
software to answer their local needs, based on their re-
sources. especially novices with this technology.

As demonstrated in Fig 2a, many different print-
ers have been used. Comparison studies, like those dis-
cussed above for segmentation software, assessing the
quality-costs balance of printers are also required to
support teams in their 3D printers selection and avoid
unnecessary use of various printers for identical pur-
poses. Material selection is crucial as it impacts both
the cost and potential use of a printed model [6]. As
no standardization exist, different categories of mate-
rial can be used to print 3DP models. Objective studies
assessing the frontier between constructs produced with
basic material and those made with high-quality, and
potentially expensive, materials are mandatory. Indeed,
such studies can guide inexperienced teams in their se-
lection of an appropriate material. Standardization of
methods might be beneficial in reaching the best bal-
ance between the accuracy required and the cost, ac-
cording to patients’ condition complexity.

Fourth, as indicated in the ‘Image processing’ sec-
tion and in Fig 2b, images post-processing and printing
process can be cumbersome steps and represent a limita-
tion for the incorporation of 3DP models in clinical rou-
tine [3]. A solution to this problem could be a dedicated
person which could involve additional fees. As the tech-
nology evolves, steps might become automated reducing
the duration of the whole process. Indeed, Sampogna et
al indicated that they reduced their image processing time
by acquiring radiological images with good quality and by
using established segmentation protocol [27]. Similarly,
Marconi et al reduced their image processing duration
thanks to a solid image acquisition protocol [21].

All case reports involved pre-procedural constructs
and only 1 study created a post-procedural model [24].
As imaging technology evolves, we might explore the
possibility to print 2 pre-procedural models: one that

is a replica of the anatomy of interest and a second one
illustrating the post-repair anatomy. Such post-oper-
ative models could guide the operative surgeon during
the preoperative planning and the actual procedure as
a physical visualization of the defined endpoint is avail-
able. Moreover, as surgical rehearsals are feasible on
models, depending on their material properties, the
perspective suggested can enhance the clinical experi-
ence of 3DP [3]. Komai et al proposed a similar option:
they printed a kidney model with a removable tumor
which they called ‘4D navigation’. This concept, which
seems suited for tumoral mass, can be hardly applicable
to all types of structural diseases. This possibility should
be explored [28].

Fifth, a few studies demonstrated that 3DP mod-
els were more beneficial for patients ‘education than
conventional 2D imaging [28, 33, 36]. Larger scale
studies should be undertaken to validate 3DP models
as reliable communications tools. Such objective vali-
dation could support its clinical incorporation. The
use of generic models should be compared to patient-
specific models to highlight any difference in knowl-
edge acquisition and retention, as generic models
would involve fewer costs.

Knoedler et al have demonstrated the positive im-
pact of 3DP models on the knowledge acquisition of
medical students [35]. We envision anatomical 3DP
models associated with conventional anatomy teaching
to support students’ learning process as physical replicas
can be easily manipulated and even be brought home.

Atalay et al have highlighted the added-value of
3DP replicas for residents in urology as the simulation
of clinical situations increases their confidence in their
management skills [39]. 3DP offers an opportunity for
clinical supervisors to teach residents in a very concrete
manner the management of both frequent and rare con-
ditions. Research groups could be created with the only
purpose to promote and to develop skills training by
involving 3D printing technology, like the Center for
Research in Educational and Simulation Technologies
(CREST) in endourology [41].

Finally, we gathered the main limitations encoun-
tered by the different teams in Table 2.

Table 2

Reported limits of 3DP models use

High cost

Small cohorts

Time-consuming technology

No assessment of 3D model impact on renal function preservation

No objective assessment of 3DP model role as a teaching tool

No objective assessment of patient counseling improvement

therapeutic plan

No objective evaluation of 3D model impact on patients’ understanding of disease and

Retrospective studies
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Table 2 continuation

No simulation possible due to the hard plastics material.

Lack of perinephric fat and realistic blood supply

Lacking renal vasculature and collecting system details

Only certain aspect of procedures suitable for simulation

Potential segmentation difficulties in endophytic tumours

The cost was marked as a limiting factor. As Gersh-
man et al indicated only some elective cases should be
managed with 3DP models, we envision criteria to deter-
mine eligible cases for which 3DP models could improve
management efficiency and potentially patients’ out-
come [24]. These criteria could be established by experts,
who would be experimented physicians accustomed to
3DP, and would consider local experience, disease gravi-
ty and patient’s financial resources. Such standardization
would allow better control of fees. As we discuss the cases
eligibility, digital 3D reconstruction strength should also
be considered and investigated. Christiansen et al have
reported that a virtual 3D virtual model provided more
important spatial information compared with other im-
aging modalities, 3DP models included, in treating com-
plex kidney stones [26]. Establishing an objective frontier
between 3D virtual models and the requirement of 3DP
models is essential as time and money could be spared.

Study limitation. The present study is also not
without limitation. Unfortunately, our review of the
literature was not strengthened by any thorough sta-
tistical analysis due to the very restraint amount of
available data and to their heterogeneity in terms of
strength and settings. However, despite this valuable
limitation, we attempted to illustrate our findings in a
way that concerned physicians can easily capture what
3DP has to offer for renal discase management. We
demonstrated its contribution to custom-made and
personalized treatments for both pediatric and adult
patients, and we showed how its use aided residents
and confirmed physicians in improving their clinical
efficiency.

Future perspectives. The attempt to integrate 3DP
in nephrology and urology is relatively recent. We gath-
ered the main suggestions for further developments in
Table 3.

Table 3

Future perspectives for 3DP models use

Objective validation of 3D printing impact on clinical routine by randomization

Objective assessment of 3D printing role in urological surgery

Objective assessment of 3D printing role in improving procedures performance

Objective assessment of the impact on patients’ understanding and patients’ outcomes

Objective validation of 3D model-based surgery training for residents

Larger case-control studies

Automated image segmentation

Refining image processing to increase delineation quality and resolution

Replacing high-quality and expensive 3D printers by low-cost printers

Use of materials mimicking human tissue facilitating procedures rehearsal

Larger scale studies are mandatory to validate
3DP models as clinical tools to facilitate disease man-
agement as well as educational tools for patients, medi-
cal trainees and experienced physicians [1]. Clear and
well-defined segmentation and printing process proto-
cols could reduce the duration and cost of the whole
process and facilitate the clinical incorporation of 3DP
[21, 27]. As virtual models can be exported as digital
files, we envision virtual platforms that would facili-
tate sharing of those files and through them, advice and
experience, like the National Institutes of Health 3D
Print Exchange repository [11].

Conclusions. In the present study, we attempted
to depict the actual clinical incorporation of 3D print-
ing in urology. We exposed its reported impact in sur-
gery, education and other fields. Objective validation,
cost-quality balance and educational applications are
some of the fields to investigate to facilitate the pro-
motion of clinical incorporation of 3D-printed mod-
els. 3D-printed models of renal structures are possible
and can aid and support disease management. Further
studies are mandatory to validate their clinical rele-
vance.
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BUMOIUN AO POBIT, LLIO NOAAIOTLCA AO NMYBAIKALIT
B “YKPAIHCbKWU XXYPHAA HEOPOAOTII TA AIAAIZY”

Y 3B’3Ky 3 iHAEKCYBaHHSIM KYpHajy MiKHapOIHMU-
MU TMOIIYKOBUMM CUCTEMaMH Ta MiABUILEHHSIM BMMOTI 10O
o¢hopMIJIEHHSI HAyKOBOIO MaTepiajy, peakoserist popmaiiszye
BUMOTH 110 BHIAHHS UISI €(PEKTHUBHOIO PO3ITOBCIOIKEHHS
MarepialliB y CBiTOBili Mepexi I[HTEpHeT Ta NMpUeTHaAHHS 10
MiXXHapOIHUX HAYKOBUX 0a3 NaHUX.

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

XKYPHAJI CTPYKTYPOBAHO
3A 5 OCHOBHUMMU PO3AVIAMMU:

1. Touxka 30py
2. IlpobnaeMu opraHizauii Ta €KOHOMiKM HedpPOJOriuHO1
JIOTIOMOTH

OpuriHajiibHi HAyKOBi poOOTH
IlIxona Hedpoaora

Penaxiiiina ingopwmatiisi, iHdopmMaliisi Tpo HayKoBi ¢o-
pyMH, KOMEHTapi, pelieH3ii, 3HaMeHHi IaTu.

[Mepuuit po3nis. B 11boMy po3aifi ApyKyIOTbCS CTaTTI,
SIKi BiIOOpaXaroTh TOUYKY 30py Ha KOHKPETHY MpobJjeMy aB-
TOpa YU aBTOPiB.

Jpyruii po3aia BUCBITIIOE MOXJIMBI LIJISIXY TOKPAIIeH-
HSl OpTraHi3aliliHOl CKJIaJOBOi [MisSUIbHOCTI He(hPOJIOTiYHOI
cly>kOM B YKpaiHi Ha BCiX eTanax HaJaHHS Crelliali3oBaHi
MEeIMYHOI JOMTOMOTH Ta ii EKOHOMIUHUIA aHai3.

Y TpeTboMy pO31iJi pO3MIILYIOThCS CTATTi, SIKi 3HAKOM-
JIATH 3 pe3yIbTaTaMy OPUTIHAIBHUX JOCIiIKEHb.

Poznin “Illkona Hedposora” apykye poOOTH, METOIO
SIKMX € TMiIBUILEHHS He(ppOoJOoriYHOl rpaMOTHOCTI YUTAYiB.

OcraHHiil po3min iHGOpMye MPO OCHOBHI HAyKOBO-
MpakTUYHI TOAiil, TyOIiKye peueHsii, pegakiiiiiHy iHhopma-
iro i .M.

Pykomnuc pa3om 3 103B0J10M HA i{OT0 BUKOPUCTAHHS HA-
NpPaBJISETbCA 10 peJaKuii TiIbKM B eJIEKTPOHHOMY BapiaHTi
qyepe3 OH-JIAH CUCTEMY, SIKA MICTHTbCS HA CaiTi XKypHaTy.
V penakuii 3aiiiCHIOETbCSI TBOCTOPOHHE Clline (AHOHIMHICTH
peLieH3eHTa Ta aBTOPA) HAYKOBE PelleH3yYBaHHs i TiTepaTyp-
He peJaryBaHHs CTaTew.

Jl0o3Bin HA BUKOPHCTAHHS PYKONMMCY MOXKHA 3aBaHTa-
2KWTH 32 NOCWJIAHHSM

CratTi, opopmiieHi 6e3 momep:kaHHS MPAaBUI HE TIPH-
IMaIOThCS, aBTOPAM He TTOBEPTAIOTHCS.

Y pasi HeraTMBHOI HAyKOBOI pelieH3ii, CTaTTi He My-
OJIIKYIOTbCSI, aBTOpaM eJl. TIOIITOI HAACWIAETHCS BIOTYK 3
MOXJIMBICTIO JOOMpPAlLOBAHHS CTATTi UM 3aMiHM ii iHIIUM
MaTepiajoM.

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

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

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

HHOCJIIAOBHICTD POSMIIIIEHHA
MATEPIAJTY HACTVYIIHA:

1. IHiuianu Ta npi3Bulla aBTOPIB aHIJIiIICbKOIO MOBOIO;

2. Ha3zBa cTaTTi aHIiliCbKOI0 MOBOIO;
3. Ha3zBa ycraHOBM Ta opraHisailii, B SIKiil mpalOOTh aBTO-
pU aHIJIiIChKOIO MOBOIO;

4. Pe3sroMe cTaTTi aHTJTiICHKOIO MOBOIO;

5. Kutouosi cioBa (8-10 ci1iB 4 CI0BOCTIONYYEHbB, 1110 PO3-
KPUBAIOTh 3MICT CTaTTi) aHIJIIIICbKOIO MOBOIO;

6. VIK;

7. lHiuianu Ta mpi3Bullla aBTOPiB MOBOIO, SIKOIO HaNKUCaHa
CTaTT;

8. Hassa crarTi (MOBOIO OpUTiHATY);

9. Ha3sBa ycTaHOBU Ta opraHi3aiiii, B SIKiif IpaIlol0Th aBTO-

pH, MicTo (MOBOIO CTaTTi);

Kitouosi ciioBa (8-10 c1iB 4 CIIOBOCTIONYYEHbD, IO PO3-

KPMBAIOTh 3MIiCT CTaTTi) MOBOIO CTaTTi;

11. Pe3roMe MOBOIO CTAaTTi;

12. Texcr cTarTi;

13. Po3KkpUTTA MOTeHUIITHNX KOHMIIIKTIB iHTEpECiB;

14. Indopmaitist mpo BHECOK KOKHOTO YyUaCHUKA;

15. Cricok BUKOPUCTAHUX JKeped Mia Ha3Bolo «JlirepaTypa

(References)», opopmieHni BiIMOBIZHO OO CTaHAAPTY

Vancouver style;

BimomocTi npo BinnosiganbHoro apropa: I11b, HaykoBe

3BaHHS, TT0caga Ta Miciie podoTu; e-mail (060B’SI3KOBO)

Ta pobounii TenedoH.

10.

16.

®DopMaT TeKCTy PYKONHUCY. TeKCT CTarTi APYKYETHCS
mpudroMm Times New Roman, po3mip 14 pt, 3 moayTopHUM
MiXpsIIKOBMM iHTepBajoM. BigcTtynu 3 KoXHOTO OOKY CTO-
pinku 2 cm. Ha Bci imoctparii, rpadiku i Tabauii MaioTh
OyTU TOCUJIAHHS B TEKCTi.

BunineHHs B TekCTi MOXHa poOUTH KYpCUBOM abo Ha-
miBxkupauM mpudtoM, HE minkpecneHHaMm. 3 TeKcTy citin
BUJAUTHU BCi NEpPEHECEHHSI, MOBTOPIOBaHI MPOIYCKHU, 3aliBi
pO3pUBM PAIKIB (B aBTOMAaTUYHOMY pEXHMi depe3 cepBic
Microsoft Word “3naiiTul i 3aminutu”).

daiin 3 TEKCTOM CTATTi MiCTUTh BCIO iH(MOPMALIilO IS
myOJTiKallii, y TOMy YMCJli pUCYHKM i TaOIUII TTic/s iX MmepIio-
TO 3ralyBaHHs.
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Editorial information

CTpyKTypa pyKONHMCY Ma€ BiAMOBIIATH HABEACHOMY
11abJI0HYy (3aJIEXXHO Bil TUITY poOOTH).

VK po3mililyeTbcsi y BEPXHBOMY JIiBOMY KYTi.

Astopu. IIpisBulle aBTOpiB BKa3yBaTH IIicCls iHiLiamiB
(0. C. Ipanos, C. I. IlerpoB), xupHuM wWPUEGTOM, MO-
BOIO OpMUTiHA/y Ta aHMIiACbKOIO MOBOIO, BUPIBHIOBAHHS 3a
neHntpoM. [11b aBTOpiB aHTilichKOI HEOOXiTHO BKa3yBaTH
BiIMOBITHO 3 3aKOPJOHHUM I1acCIOPTOM, abo sSIK B paHille
OITy0JIIKOBaHUX 3apyOixkKHMX XKYypHAJIbHUX CTaTTSAX. ABTOpPH,
SIKi MyOJTIKYIOThCS BIIEpIle i HE MalOTh 3aKOPAOHHOTO Iac-
nopTa, MalOTh CKOPUCTATMCS CTaHAApTOM TpaHCIiTepaLlii
KMY—-2010.

BaxaHo pomatu mocujaHHS Ha BiacHi odiuifiHi iH-
TepHeT cropiHku aBTopa(iB) (https://....... ), Scopus ID,
Researcher ID a6o0 ORCID ID pjis po3MileHHs rirneprnocu-
JIaHHSI Ha caiiTi XXypHany Ta pdf-Bepcii crarri.

Ha3ssa cTaTTi aHr1iiichKOI0 MOBOIO Ta MOBOIO OpUTiHA-
JIy PO3MIIILYETHCS 3a LIEHTPOM MiCJIsl MPi3BUILL aBTOPiB XUP-
HuM mpudToM («OniHKa pe3uayaibHoi QYHKHii HHPOK y
xpopux Ha XXH V]I CT. Ta nminxoau o ii 30epexxeHHs»).
AHTJIOMOBHA Ha3Ba Ma€ OYTU 'PaMOTHOIO 3 TOYKHU 30pY aH-
IJificbKOi MOBM Ta IOBHICTIO BiAMoBiZaTW yKpaiHO/pociii-
CbKOMOBHIi#1 Ha3Bi 32 3MiCTOM.

YcranoBa. HeoOxinHo HaBoauTu odilliiiHy MOBHY Ha-
3BY ycTaHOBHU (0e3 ckopoueHb). [Ticsisi Ha3BU yCTaHOBM Yepe3
KOMY 3a3HAaYMTHU HA3BY MicTa Ta KpaiHM. AKILO y H1OCTiIKeH-
Hi OpaJiv y4yacTbh aBTOPU 3 Pi3HUX YCTAHOB, CJIiJl CITiBBiIHECTU
Ha3BM YCTAHOB i Mpi3BUIIA aBTOPIB 3a JOMOMOIOI0 LIU(pPO-
BUX iHAEKCiB y BepxHbOMY pericTpi. I1in Ha3Bo HEoOXinHO
noaatu iHTepHeT aapecy (https://....... ) odiliiiHOi cTOpiHKHU
YCTaHOBH.

Pedepar (sixo po6oTa opuriHaabHa) Ma€ GYTH CTPYK-
TYpOBaHUM: METa, MaTepiau i METOU, Pe3yJIbTaTH, BUCHO-
BKU. Pedepar mMae moOBHICTIO BiAIoBigaTU 3MicTy poOOTH,
oocar Tekcty He MmeHme 1 800 3HakiB (3 mponyckamu). Pe-
3l0Me 10 MyOJTiKalliif, 1110 MOMalThCcs B iHI PO3AUIH Xyp-
Hainy (1,2,4,5) obopmiisieTbes 1OBiIIBHO, ajie 3 TAKUM CaMUM
00CcsroM.

AHTJIOMOBHA BEpPCisl pe3loMe CTaTTi 32 3MiCTOM i CTPYK-
Typoto (Aim, Methods, Results, Conclusions) MoBHicTIo Biz-
TOBiZIa€ YKPaiHO/pOCiiChKOMOBHIlA.

Kmouogi ciioBa. HeoGxinHo BKa3aTu KJIIOYOBi CJioOBa —
Bin 3 mo 10 mis iHOeKCyBaHHS CTATTi B MOUIYKOBUX CUCTE-
Max. KJiiouoBi cjioBa MOBHICTIO BiAMOBiAAlOTh YKPAiHCHKOIO/
POCiIICBKOIO Ta aHIJiICbKOI0 MOBOIO. [1J11 BUOOPY KITIOUOBUX
CJIiB aHITiChKOI0 BUKOPUCTOBYIOTh Te3aypyc HallioHanbHO1
MmeauuHoi 6iomioreku CIIA (Medical Subject Headings —
MeSH).

TekcT cTaTTi (yKpaiHCHKOIO a60 POCiiiChKOI MOBOIO)
CTPYKTYPOBaHUIA 3a pO3MiJlaMU: BCTYM (aKTyaJIbHICTh), META,
Marepiajii i MeTonu, pe3yabTaTh, OOTOBOPEHHsI, BACHOBKU.
Po3nin «O0roBopeHns» € 000B’I3KOBMM Ta MAa€ BKJIIOYATH
3000-3500 3naKiB 0e3 nmpooOiiB.

Po3kpurta noreHniiinux KOHQIIKTIB iHTepecin

ABTOpU TMOBUHHI PO3KPUBATU BCi BiZHOCMHU a00 iH-
TepecH, siKi MOXYTb MaTH MpsIMUI a00 MOTEHUINHWI BIJIUB
YM HAJATHU yIepeIXeHicTb B poOoTi. Xoua aBTOp, MOXJIUBO,
HE BiluyBae, 1110 iCHYE SIKUI-HeOyab KOHQIIKT, PO3KPUTTS
BIIHOCHH i iHTepeciB 3a0e3meuye OiIblI MOBHUM i Tpo3opuit

npolec, 1o MPU3BOAUThH OO0 TOYHOI i 00’€KTUBHOI OLIIHKU
poboTu.

YcBinomieHHs1 peaqbHOro abo nepeadavyyBaHOro KOH-
(nikty iHTEpeciB - lie MepCrneKTUBa, Ha IKYy MaloTh MPaBO
yutayi. Lle He o3Hauae, 110 piHAHCOBI BITHOCUHMU 3 OpraHi-
3alli€lo, sIKa CIIOHCOPYBaja JOCTiIKeHHs a0 KOMIIeH callilo,
OTPUMAaHY 3a KOHCYJIbTALlIiHY POOOTY € HEAOPEYHUMU.

[Mpuknanu noTeHUiHHUX KOHQIIKTIB iHTepeciB, sKi
MpsiMo 2060 TTOGIYHO MOB’SI3aHi 3 JOCHIIKEHHSIM, MOXYTh
BKJTIOUATH, ajie He 0OMEXYIOThCSI HACTYITHUM:

* Haykosi rpantu Big (iHaHCOBUX areHTCTB (IIPOXaH-

HSI HAJaTU JaHi TIPO CIIOHCOpa MOCIIIKEHHS Ta HOMED

TPaHTy)

e ToHOpapu 3a BUCTYIIM HA CUMIIO3iyMax

e (inaHCcOBa MiATPUMKAa YJYacTi B CUMIIO3iyMax

*  @DiHaHCcOBa MiATPUMKA OCBITHiX TIpOrpam

e 3aliHATICTh 200 KOHCYJbTALlil

e [linTpuMKa 3 OOKY CITOHCOpA MPOEKTY

e [locajga B KOHCYJbTAaTUBHIN paii ad0 pali AUPEKTOPiB
a0o0 B iHIIMX BiIHOCUHAX YIIPABIiHHS

*  Kinpka ¢imiit

e (DiHAHCOBI BITHOCHUHM, HANIPUKJIIA, MAOBY y4acTh abo
iHBECTULIMHUI iHTEepeC

e [IpaBa iHTeseKTyaJIbHOI BIACHOCTi (HampuKiam, maTeH-

TH, aBTOPCHKIi MIpaBa i pOSUITi Bill TAKKX MpaB)

*  VYTpuMaHHs 4YOJOBiKa i / abo miTeil, SIKi MOXYTh MaTH
¢iHaHCOBUI1 iHTEepec 10 podoTU

Kpim Toro, ciin po3KpuBaTu iHTEPECH, 1110 BUXOASTH 3a
paMKu (iHaHCOBHUX iHTepeciB i KomIleHcalil (HehiHaHCOBI
iHTepecn), sIKi MOXXYTb OYTH BaxKJIUBi Il YuTadiB. BoHu Mo-
XKYTb BKJIIOYATH, ajie He 0OMEXYIOTbCS, 0COOMCTI BiTHOCUHU
ab0 KOHKYpYI0Ui iHTepecH, mpsiMO abo MOOIYHO TTOB’sI3aHi 3
LIUM TOCTiIKEeHHSIM, abo TpodeciiiHi iHTepecu a00 0coOMCTi
TepeKOHaHHSI, SIKi MOXYTb BIUIMHYTH Ha Ballle JOCIiIXKEHHSI.

BinmoBimanbHuii aBTop 306Mpae GopMu PO3KPUTTS KOH-
¢aikTy iHTepeciB Bin ycix aBTopiB. B aBTOpCHKiil criBmpatii,
IIe IOIyCcKaThcsl (opMaTbHi yrogu Mpo MpeacTaBHUIUTBO,
IUTST BIITIOBiAHOTO yYacHUKA JOCUTH Tianucatu Gopmy po3-
KPUTTS Bill iMEHi BCiX aBTOPIB.

IIpuknaau po3kputTa indopmamii

HocnimxeHHs ¢pinancyBanocs X (rpant Ne X).

KoHduikT iHTepeciB: aBTOp A OTpUMaB JOCIiAHI TpaH-
TH Bimx KoMmnaHii A. ABTop B oTpumaB roHopap morosimaya
Bin koMmaHii X i Boyiomie akuisiMmu B KoMmmnaHii Y. ABtop C €
YJIEHOM KOMITeTy Z.

KoHbikT iHTepeciB: aBTOpU 3asBISIOTh, 1110 Y HUX He-
Ma€ KOH(DIIIKTY iHTepeciB.

IMongxka. ABTOpu MOXYTh BUCJIOBUTH TOISIKY 0CO0aM
Ta opraHisailisiM, 11O CIpUsUIM NyOJikauii cTaTTi, aje He €
il aBTOpaMu.

Indopmaltist mpo BHECOK KOXHOro yyacHuka (i oci0,
3a3HaYEHUX Y po3aiJi “noasika™).

Ilpukaaod: O.C. IBaHOB - KOHLEILIs Ta AU3aiH JOCITi-
mxeHHs, 1.I1. [TetpoB - aHai3 OTpUMMaHUX JaHUX, 0OPM-
JIEHHS TEKCTY POOOTH.

ABTOpU BucHoBI00OTh noasky (IIpizsume I. B.) 3a
o opMIIeHHS 1TIOCTpaLliid.

Cnucok Jjitepatypu. Y 6i6miorpadii (mpucrateiitHomy
CIUCKY JIiTepaTypy) KOXHE IKepeso 3a3HayaloTb 3 HOBO-
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ro psaKa Mif MOpsSIAKOBUM HoMmepoM. Bumoru no odopm-
JIEHHsI JiTepaTypHUX Ixepesa 3a Vancouver style meTaibHO
MpeAcTaBIeHO Ha caiTi xypHaiy. Ilicasa KoxHOro mKepeaa
OBOB A3KOBUM € nonaBaHHs iioro iHTepHEeT aapecu
(https://ukrjnd.com.ua/index.php/journal/article/view/22).

Ilepen BianmpaBKOO aBTOPU MalOTh 3MiHCHUTU camMone-

PeBipKy TEKCTY HAYKOBOI CTaTi Ha:

1. IlnariaT. YkpaiHo Ta pociiCbKOMOBHI TEKCTH CTATTi TIe-
peBipsIOTh Ha TUIariaT 3a gornomoroio nporpamu eTXT
AnTtumaruat https://www.etxt.ru/antiplagiat, mo € He-
00XiIHOIO YMOBOIO JIJIsl riepeAadi cTaTTi 1151 TOAAJIbILIOTO
peueH3yBaHHs. PiBeHb iHAMBIAYaIbHOCTI JOCIiIKEHHS
Mae OyTu He Hyxkunii 80%.

HayxoBuii cTvih BUKJIaZIeHHS MaTepiaiy.

TaBTOJIOTi10 — TOBTOPIOBAHHS Y TEKCTi.
VHiBepcaJbHICTb BUKJAAEeHHS MaTepially (uuTabelib-
HicTb). TeKCT cTaTTi Ma€ JIerko Ta MpoCTO CIpUAMATUCS,
He OyTu MepeodTsKeHUM abpeBiaTypaMmu, CreliaalbHOIO
BY3bKONPOGMIIbHOI TEPMiHOJIOTiEI0 a00 TaKolo, 1110 He

HaOyJla MiXHapoaHoi amanTauii. PeyeHHs MaoTh OyTH
MPOCTUMU, JJAKOHIYHUMM i HECTH 3aBEPILICHUN 3MICT.

5. KinbkicTh MmocuyiaHb Ha CTaTTi Ta HAyKOBi MaTepianu 3
inentudikaropom DOI (He meniie 80 %).

6. BimmosimHicTh BUMOIraM BUIAHHS.

MOMMJIKH, 1110 HAMYACTIIIIE BUHUKIOTh
YIIOJAHUX PYKOIINCAX:

1. BUKOPUCTOBYIOTH Y pEUCHHSIX «3aliBi» CJI0Ba i BUpa3H.
Ycworo 3aiiBoro Tpedba yHukaTtu. Kepyiitecs npaBuiom:
«SIK1110 CTI0BO 3 peueHHs MOXHA BUKWUHYTH i IIPU LIOMY
3MICT HE BTpayeHO — CJIOBO Tpeba BUKMHYTH». Lle came
CTOCYETHCH i OIBIIMX 32 00CSATOM (DparMeHTIiB TEKCTY.

2. He BipHO BKa3ytoTb OMUHUILL BUMipy. CUCTEMHi OMUHU-
i BuMipy cuctemMu Cl HaBomsTh 6e3 Kparnku (M, T, ra,
MOJTb), @ HECTAHIAPTU30BaHI OJUHUIII — 32 CKOPOUYEH-
HSIMU.

3. Tpeba po3pi3HITH CUMBOJIM «—>», «—» Ta «-». [lepinii i3
HUX Y PYKOIKMCAX HE BUKOPUCTOBYIOTD.

4. Dbinbuiicte penakTopchbkuX IMPaBOK OOYMOBJIEHI HEBi-
PHUM BXUBAHHSIM CJIiB «B», «y», «i», «Ta», «3», «i3», «3i».

5. Y crarTsx He BUKOPHMCTOBYIOTb BUpPa3U «Ha MPOTS3i» —
3aMiHSIEMO <«IIPOTSTOM», <«HAWOIAbII TOTYXHUIA» —
«HAUTTOTYXKHILLIU», «[TPU» — «Y pasi» i T. .

6. 3aiiBe BUKOpPHCTAaHHS cjIoBa «Oymo». Tpeba yHuMKaTu
clioBa «0yJ10»: 6e3 HbOro, 3a3BUYall, 3MiCT peYeHHSI He
3MiHUTBCSI.

7. CKOpOYeHHS HayKOBUX TEPMiHiB y CTaTTi Tpeba 3BeCTU
110 MiHIMyMy.

8. HasBu TabauIb i pUCYHKIB (Ta TMIPUMITKU 10 HUX) TO-
BUHHIi OyTU «BUYEepIHUMU». YUTay He MOBUHEH 10JAaT-
KOBO MepeuuTyBaTh «Matepiajl i MeToau JOCTiIKEHb»
abo Ha3By po0OTH, 11100 po3idpaTtucs y 3MicTi TabaUIL
YU pUCYHKA.

9. CrarTi HaityacTillle BiIXWISIIOThCSI PEIKOJIETiE0 uepe3
BiJICYTHICTb CTATUCTUYHOTO OMNMpPALIOBAHHS MEPBUHHUX
NlaHWX (3arajbHi BUMOTHY 10 (paxoBUX MyOIiKalliii).

10. He pekomMeHmIOBaHO BXWBATH B TEKCTi TACUBHUIA 3aJIOT:
«IIpo0U BimOMpaMCs», 3aMiCTh IIbOTO — «IIPOOM BinOu-
paliv»; «IOCHiIKEHHS 3AiMCHIOBANIUCI» — «IOCIiIXKEH-
HSI 3AiicHUAIN».

11. dxmo BUHUKAIOTH MUTAHHS WIOAO0 OGMOPMJIEHHS YU
TPEICTaBIeHHS ITIEBHUX JaHUX y CTATTi — MOXHa Opatu
3pa30K OCTAaHHBOTO HOMEPY XKypHay.

12. BimcyTHsI MOXJIUBICTh pelaryBaHHsI pUCYHKiB, TaOJIUILLi,
¢opmyn, HaBeneHUx y podorti. HeoOxigHo HamaTu pe-
MaK1ii 3MOTy iX pegaryBaTu, TOOTO HE BUKOPUCTOBYBATHU
HeCTaHIAPTHi MPOTrpaMu.

Crarri, ohopmiieHi 0e3 moaepKaHHA NPABUJI HE NPH-
MAIOTBCS, AaBTOPAM He NMOBEPTAIOTHCS.

Y pasi HeraTMBHOI HAYKOBOi pelleH3ii, cTaTTi He my-
0JIIKYI0TbCSI, aBTOPAM €JI. MOIITOI0 HANCUJIAEThCS BiIryK 3
MOXKJIMBICTIO JOONPALMIOBAHHA CTATTI 4M 3aMiHM ii iHIIMM
MarTepiajom.
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