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BeAbMULLAHOBHI KOAeru!

Llen Bunyck HaLoro xxypHany — toBifienHnn: Bxe 50
HOMeEpIB MM pa3oM i3 Bamu. Hactas 4ac... i Ansa uboro
0CO6MBOrO BUMYCKY A NiAroTyBaB Taky npuTyy.

MpuTya Npo 4yac i CMUpPEeHHs

Y pnanekomy ceni xuB Myapuvi ctapelb, IKOro 4acto
3anuTyBasnn fpo CeKpeT WMoro AOBrosiTTs i My4pocCTi.
Ha Bci 3anutaHHs BIH HE3MIHHO BigrnosigaB: «Yac —
HavikpaLymi BYNTESTb».

OpHoro AHA [4o cTapus NPUALLIOB MOIOANV XJ10MeLb
i cnutaB: «LLjo MeHi pobuTu, LLJo6 BYTU TAKUM MYLPUM,
K Tn?» Ctapeub NoguBUBCS Ha HbOrO i BigrosiB: «Ha-
BYMCSA LiHyBaTtu 4ac i 6yab CMUPEeHHUM repes Hum. HYac
BigKpvBae CBOI YpOKU TUM, XTO BMI€E C/lyxaTu 1a He ro-
crniituae. CMUpeHHe cepLe obxoauTb NacTku | 3Haxo-
ANTb MyAPICTb Y KOXHIV MUTI».

CnoraH Halloro loBinenHoro Homepa: «4ac i cmu-
PEHHS1 — KJTH04i 1O CrIpaBXHbOi MyL4pPOCTI».

3 noBaroto, BaLl rosioBHUNA pefaKkTop,
npoep. [. IeaHos m

Vol. 13, No. 4, 2024 http://kidneys.zaslavsky.com.ua 249
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VIIK 616.61-002.2-092 DOI: https://doi.org/10.22141/2307-1257.13.4.2024.480
AeHoBa N A."®, BaHoB A. A2

"HaLiOHQABHNA YHIBEDCUTET OXOPOHM 3A0PO0B 1 YkpaiHu imeHi .. LLyrika, m. Kuis, YkpaiHa

2m. Kuis, YkpaiHa

OUiHKO PU3UKY LUBUAKOTO NMPOrpecyBaHHS
XPOHIYHOT XBOPOOU HUPOK
For citation: PoCki. 2024,;13(4):250-256. doi: 10.22141/2307-1257.13.4.2024.480

PestoMe. AKTyaAbHICTb. Y BCbOMY CBITi XpOHIYHQ XBOPO6Q HMPOK (XXH) € mo6anbHOK npobaemoro. 3a-
Mo6iraHHs1 PO3BUTKY XXH, O TAKOXX LLUBUAKOMY MPOrpecyBAHHIO XXH € npioputeTHM 3QBAQHHSIM Cy4YQCHOT
Hegponorii. LLBuaKuM MporpecyBAHHSIM XXH rMpuiHSITO BBAXKATU 3HUKEHHST PO3PAXYHKOBOI LUBUAKOCTI KAY-
604KoBOI pinsToaLiil (PLLIK®) GinbLue 3a 5 ma/xB/1,73 M?/pik. MeTa: OLiHUTY PU3MK LLBUAKOIO MPOrpecyBaH-
Hs1 XXH y nawieHTie 3 XXH 1-3-I CTQAIM LUASIXOM BU3HQYEHHS CrBBIAHOLLIEHHS QAbOYMIH cedi (UAID)/ypomoay-
AlH ceyi (uUmod) TQ MOPIBHSIHHST OTDUMQHMX PE3YALTATIB i3 PLLK® 1 iHAEKCOM KOMOP6IAHOCTI YopACOHO
(1Y) umx nauieHTis. Marepiaam Ta MeToAM. [1aLieHTiB GYAO MOAINEHO HQ 3 rpyriv: 1-Lua rpyna (n = 46) — nawi-
€HTN 3 XXH 1-3-i CT., siki Maam I4 < 2, 2-ra rpyna (n = 45) — nauieHT 3 XXH 1-3-i cT., siki maam [4 > 3, i 3-191 rpyna
(n = 32) — naujieHTn 6e3 pakTopiB pumKy XXH i 6€3 03HAK MOLLUKOAXKEHHS HUPOK. Pe@3yAbTATU. PE3yALTATU
AOCAIAXKEHHST MOKA3AAM, IO CTATUCTUYHO 3HQYYLLOK (0<0,05) € AiHIVIHQO perpecist Mibk mMOKA3HuKamm UAIb/
uUmod i pllIK® B 1i 2 rpynax. B neptwuivi rpyri mixk uAlb/uUmod i pLLIK® koeeiuieHT kopeasuii (R) AopiBHoe
-0,295. B apyrivi rpyni mixk uAlb/uUmod i pLLUK® R aopisHioe —0,32 — icHye cepeaHs 06epHEeHQ 3aAEX-
HiCTb.. BUCHOBKMW. [Npu 3HavyeHHI UAIb/uUmod Ginbiue 3a 0,94 € puauiK WBUAKOrO rMporpecyBaHHs XXH. €
notpeba B MOAQALLUMX AOCAIAKEHHSIX Y LIbOMY HQAMPSIMKY AAST 3GIAbLLIEHHST € PEeKTUBHOCTI MoOrHO3yBAHHS
LUBUAKOIO MporpecyBaHHs1 XXH.

KAIOUYOBi CAOBQ: XDOHIYHQ XBOPO6Q HUPOK; AALOYMIH, YPOMOAYAIH; LLUBUAKICTE KAYG6OYKOBOT irbTOALLT; pit-

3K LLIBUAKOTO MpOrpecyBAHHST XPOHIYHOI XBOPOOM HUPOK

Bctyn

YV BcboMy CBITI, i B YKpaiHi TaKoX, XpOHidYHa XBOpoba
Hupok (XXH) e rnobanbHowo mpobdiemoro. Hespaxkarouu
Ha BIPOBAIXKEHHSI OiIbII cydacHUX TexHoJjorii, XXH mia-
rHocTyeThest y 10—16 % nopocnoro HaceneHHs cBiTy (12 %
HacesleHHs Ykpainm) [1—3]. IIpoGiema BYacHOTO BH-
SIBJIEHHSI TPYI TMAaIliEHTIB 3 BUCOKMM PU3UKOM IIBUIKOTO
nporpecyBanHsg XXH 1e moci He BupimeHa [1, 4].

XXH miarHOCTYIOTh, SIKIIO pO3paxyHKOBa IIBUIKICTh
Ki1yo6oukoBoi ¢inbrpauii (pLLIK®) nporsrom 3 i Giibiie
Mics1iB € MeHiIoro 3a 60 mi/xB/1,73 M? i/a6o criBBiZHO-
LIeHHs anbOyMiH ceui (uAlb)/kpeaTuHiH ceui Oiyiblle 3a
30 mr/r. € ’arb craniii (1—5) XXH, axi BU3HavyaloTh Ha
nincraBi plIIK® 3a ¢popmynoro CKD-EPI (tab6a. 1). Ha
neputiit craaii XXH ¢yHkiis HUpoK 30epexeHa (€ aulie
MiATBEPIXEHI J1a00paTOPHO-IHCTPYMEHTAJIBHO 3MiHU B
HUpPKax), a Ha cTajii 5 (TepMiHaibHa CTaliss XBOpOOU HU-
POK) MPUENHYETHCS TSXKKa HUPKOBA HENOCTATHICTb, sIKa

norpedye HUPKOBO-3amicHoiI Tepartii. Ctamist 3 BKiovae 3a
i 3b, 110 BiAIOBigA€ «JIerKo a00 MOMipHO 3HMKEHI» 1 «I10-
MipHO 200 CWJIbHO 3HUXEHiil» yHKIIiT HUpOK [1, 4].
plIK® ouiH0I0Th 32 TOIMOMOrow (GopMyJ KOHBEP-
Tallii piBHS KpeaTuHiHy riadmu CriBpoOITHUIITBA EITi-
nemiosorii XXH (Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI)) (ta6n. 2). plIK® y Hopwmi
craHoBuTh 95 + 20 mu/xB/1,73 M? y xiHOK Ta 125 mu/
xB/1,73 M2 y vonoBikiB (1o 30 pokiB). IllopiuyHo micust
30 pokiB pIIK® 3umxyeTbcst Ha 1 mu/xs/1,73 m? [1, 4].
SumxenHs plIIK® Ginbie Hixxk Ha 5 Mi/xB/1,73 m2/pik
PO3LIHIOETHCS SIK IBUAKE MporpecyBaHHsa XXH.
Haii6inbin paHHiM (TOKJIiHIYHMM) MapKepoM ypaxKeH-
HSI HUPOK € piBeHb MiKpoaaboyMiHypii (Big 20 mo 200 mr/n
a6o Bia 30 1o 300 Mr/no0y B paHKOBIii TOP1Lii cevi). ATbOy-
MiH CUHTE3Y€EThCS B MEUiHLli (MOJEKyJIsIpHA Maca OJIM3bKO
65 k/1a). HopMaabHUIt piBeHDb Y KPOBi B JOPOCITHUX Y MeXKax
35—53 r/n. Y HopMi i3 ceuero BUBOAMTHCSI HE3HAUHA KiJlb-

© 2024.The Authors. This is an open access article under the terms of the Creative Commons Attribution 4.0 International License, CCBY, which allows others to  freely distribute the published
article, with the obligatory reference to the authors of original works and original publication in this journal.

[lna kopecnoxaeHuii: letosa Jligia [lanunisxa, HauioHanbHwii yHiBepcuteT oxopoHu 380po’s Ykpaitu imeni M1, Lynuka, Byn. loporoxuubka, 9, m. Kuig, 04112, YkpaiHa; e-mail: marbuaT8@gmail.com
For correspondence: Lidiia D. Denova, graduate student, Shupyk National Healthcare University of Ukraine, Dorohozhytska st., 9, Kyiv, 04112, Ukraine; e-mail: marbua18@gmail.com

Full list of authors information is available at the end of the article.

250

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

Vol. 13, No. 4, 2024


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-5678-5885
https://orcid.org/0000-0003-2609-0051

OpuwuriHaabHi ctarTi / Original Articles

KiCTh aJIbOyMiHy HaliMEHIIIOro po3Mipy (MiKpoaabOyMiH),
OCKIJIBKM KJTyOOUKY iHTaKTHOI HUPKM JUIsT OUTBIINX 32 PO3-
MipOM MOJIEKYJT aibOyMiHy, SIKi HEraTUBHO 3apsiIKeHi, He-
MPOHUKHI [5—9].

Ypomonynin cevi (uUmod), TakoxX BifoMmuii sik 0i10K
Tamma — Xopcdosuta, € HaOUIbII TTOMMPEHUM OiTKOM
y ceui 3nopoBoi moauHu. Umod siBiisie coboto Giok Ma-
coto 90 xJla, yTBOPIOEThCS BUKIIOUHO ETiTeTiaIbHUMU
KJIITUHAMM B HHUpPKaX, SKi BUCTUJIAIOTh TOBCTUII BUCXiIl-
HUMl Bigmin metai [enne i gucranbHi KaHambli. Y IIpo-
cBiTi KaHanpliB Umod yTBOpIOE BHCOKOMOJIEKYISIPHi
HUTKM, SIKi BXOIATh IO CKJIady MaTpMlli TiadiHOBUX IM-

ainapiB. Umod cXulbHUI OO0 CHJIBHOIO TJIiKyBaHHsI, Ha
ske npunamae 30—40 % itoro 3arajabHOI MOJEKYJISIPHOI
MacHu, Ta Ma€ HM3bKY i30ejieKTpuuHy Touky (pl 5,00);
Umod — 11e Xucianii MOHOMEPHMI IITiKOIIPOTEiH, IIKO-
3undochaTUAUIIHO3UTON, BiH TOraHO 3a0apBIIIOETHCS
KyMaci CMHIM i Maiike He BUIHMI MpU esieKTpodopesi B
roJliakpwiaMiniHOMy TeJli 3 JoaeuuicysibhaToM HaTpilo
[4, 10—16].

MeTa: OUIHWUTH PU3KMK IIBUIKOLO IIPOrPECYBAHHS
XXH y nanienTiB 3 XXH 1-3-i cTamiit nuisixom BU3HaAYeH-
Hst uAlb/uUmod Ta MopiBHSIHHS OTPUMaHUX PE3YJIBTATIB i3
pIIK® 7a IY 1ux nauieHTiB.

Tabnuys 1

KDIGO (Kidney Disease: Improving Global Outcomes)
2012: NMporHo3 XXH Ha nigcTasi pLUK® i anb6ymMuHypii

Kareropii nepcuctyto4oi anb6ymiHypii
A1 A2 A3
HopmanbHa - .
a6o HesHa1Ho n:lzﬁ:ﬂ::a niAI;ELTIZHa
nigBuLLLEHa
< 30 mr/r 30-300 mr/r > 300 mr/r

< 3 mr/Mmmonb

3-30 mr/mmonb

> 30 mr/Mmmonb

C1 | HopmarnbHa a6o BMcoka >90 Huabknin puank™ | MomMipHWi pusmk | Bucoknin pnank
C2 | HesHa4HO 3HMXeHa 60-89 HW3bkuin puank | MomipHUi pusank | Bucokuin pusmk
8~ _
S . Lo o e BUCOKWUIA
é S | C3a |[lomipHO 3HMXeHa 45-59 MoMipHWUin pu3nK | BUucoknin pnank 'gmywel( co
a R
= . e BUCOKUI [y>xe BUCOKMI
Q= TTEBO 3HMXEH —44 Bucokuin pusuk Ry
Sa C3b | CyTTeBO 3HMXEHA 30 co pu3 PU3IK DUaNK
q) =~
=5 A Y/ Y/
g = 4 | Pisko 3HWKeH 15-2 [y>xe BUCOKMI [yxe BUCOKWI [y>xe BUCOKUI
X C SKO SHIDKEHA 5-29 PU3UK PUBUK pUaKK
. K€ BUCOKUN K€ BUCOKWUN e BUCOKWIA
C5 | HupkoBa HegocTaTHICTb <15 Ayxe suco Hyxe suco Hyxe suco
pU3MK pU3KK pU3nK

lMpumitka: * — 3a BiACYTHOCTI iHLUINX MapKepiB NoLIKOAXeHHS HUpoK abo XXH [1, 4].
Ta6bnuys 2. PisusiHHA CKD-EPI, 2009 p. (moaudpikauis sig 2011 p.)

Paca Cratb SCr, mr/100 mn ®dopmyna

XKiHo4a <07 167 x (0,993)8* x Cr/0,7)-0228

- KiHo4a >0,7 167 x (0,993)8 x Cr/0,7)~"2"
TeMHoOLLKIpi - -

Yonosiva <0,9 164 x (0,993)B x Cr/0,9)-0412

Yonosiva >0,9 164 x (0,993)8 x Cr/0,9)"2"

KiHo4a <07 151 x (0,993)8 x Cr/0,7)-0328

: KiHo4a >0,7 151 x (0,993)8 x Cr/0,7)""2"
Asiatun - -

Yonosiva <0,9 149 x (0,993)B x Cr/0,9)-0412

Hornosiva >0,9 149 x (0,993)E* x Cr/0,9)"2"

KiHoya <07 145 x (0,993)8 x Cr/0,7)-0328

|C|'|aHoaMepV|KaHL|,i Ta JKiHova >0,7 145 x (0,993)BiK X CI’/O,7)71’21

iHOiaHui Yonosiya <0,9 143 x (0,993)8 x Cr/0,9)-0412

Honogiva >0,9 143 x (0,993)8* x Cr/0,9)"2!

KiHo4a <07 144 x (0,993)8 x Cr/0,7)-0328

P, KiHoua >0,7 144 % (0,993)8 x Cr/0,7)~"2"
Bini Ta iHwWi - -

Yonosiya < 0,9 141 x (0’993)BIK x Cr/o’g)_oymz

Honogiva >0,9 141 x (0,993)8* x Cr/0,9)"2!

Mpumitka: SCr — KOHLeHTpayisi KpeaTuHiHy B cupoBartui kpoBi; SCr, mr/100 mn = SCr (Mkmosnb/n) x 0,0113 [1, 4].
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MaTepiaAn Ta MeToAmn

VY niepion 3 nucronana 2021 poky 1o aotuii 2023 poky y
TOB «BETA-TTJTHOC», TOB «HedponoriuHa KiiHika mpo-
decopa . Isanosa» tTa KJI1I BpoBapcbkoi 6aratorpodiib-
HOI KJIiHIYHOI JIiKapHi, 110 € KJIiHIYHUMU 6a3aMu Kadeapu
Hedposorii Ta H3T HaitioHansHoro yHiBepcuTeTy oXopo-
Hu 310poB’s Ykpainu imeni I1.JI. Lllynuka, Oysno npose-
JIEHO BIiIKPUTE MPOCTIEKTUBHE PAaHIOMi30BaHEe KOTOPTHE
mocaimkeHHs ROLUNT (uROmodulLin, UbiquinoNe,
glutaThione), y IKOMy B3s111 y4acTh 123 mali€eHTH.

IlamienTiB Oyno momiseHo Ha 3 rpymu: 1-1ma rpyna
(n = 46) — mauientn 3 XXH 1-3-i ct., gki maam 19 < 2,
2-rarpyna (n =45) — nauientu 3 XXH 1—-3-1 ct., gki Manu
I4 > 3, i 3-ta rpyna (n = 32) — nauieHTu 6e3 (akTopiB
pusuky XXH i 6e3 03HaK MOLIKOAXEHHS HUPOK.

CepenHiit Bik nauieHTiB cTaHOBUB 49—50 p., 40OJIOBIKiB
44 (35,77 %), xinok 79 (64,23 %). 3a BikoM i cTaTTIO BCi
TPy He Majiu CTATUCTUYHO 3HAYMMUX BiZIMiHHOCTEIA.

Y crpykrypi XXH mnepeBaxkanu: TyOyJI0iHTEPCTUILI-
albHUI HedPUT HEBCTAHOBJIEHOI eTioyorii — 27 mairi-
eHtiB (29,67 %), rinepreH3uBHa Hedponaria — 22 Tma-
wientn (24,17 %), nmiabernuHa Hedpomaria Oyna y 16
nmamienTiB (17,58 %), 12 malieHTiB i3 cevyokam’sHOIO
xBopo6oio (13,19 %), maiieHTH 3 XPOHIUHOIO iH(EKIIIED
cevoBuBinHMX 1Usxie — 10 (10,99 %), nmomarpuyHa He-
(pomatis — 2 (2,2 %), 1 naiieHT 3 MOIKICTO30M HUPOK
(1,1 %), xponiunuit rmomepynoHedpur — 1 (1,1 %).

Y rpyIy KOHTpoIII0 BXOIIM 32 Tali€HTH BikoM Bif 22
1o 45 pokiB 6e3 dakropiB pu3uky XXH i 6e3 o3HaK 10-
LIKO/IKEHHsI HUPOK 3 piBHeM uUmod Bin 27,3 1o 33,3 mr/n
(cepenne 3HaueHHs 30,4 mr/n). Hamu Bniepiie orpumani
3HaueHHs1 criBBigHOIIeHHs UAlb/uUmod y 3mopoBux Jo-
neii. Jliama3oH KomBaHb y HUX CTaHOBUTH 0,34—0,94.

Kputepisimu BKIIOYEHHSI XBOpHMX Y JOCHIIKEHHS
ROLUNT Oynu: HasiBHICTb pe3y/IbTaTiB J1abopaTOpHO-iH-
CTPYMEHTAJILHUX JOCIiIKeHb, BiK Bif 18 10 64 pokiB, 3roga
nali€eHTa Ha y4acTb Y JOCJiI>KEHHi, 30aTHICTh 10 aAeKBaT-
HOI CITiBITpalli B MPOLIECi JOCTiXKEHHS.

Kpurepisimu BukitoueHHst 3 gociikeHHss ROLUNT
OyJIM BiIMOBa Malli€eHTa, TICUXiYHi po3JIaau, TeKOMITeHCa-
11is1 XpOHIYHUX 3aXBOPIOBaHb, TOCTPi HEBIAKJIAIHI CTaHU,
TSIKKi 3aXBOPIOBAaHHSI MEUiHKU, OHKOJIOTisI.

3aTopi XL 180 (Erba diagnostics Mannheim) 3a craHgapt-
HOIO METONMKOI0, Ha TincTasi JiteH3ii MO3 Ha MeauuHy
nipakTuKy Ne 637 Bimg 01.10.2015 p.

3abip KpoBi JUIsT JOCTIIKEHHST IIPOBOAMBCS HATIIECEP-
e o 9-i1 ToaMHiI paHKYy, 3a0ip cedi i JoImpaBIeHHs B J1abO-
paTopito 3IiiiCHIOBaIMCS MalliEHTAMU CaMOCTIiHO, 3riIHO
i3 3araJIbHOTIPUHATUMU BUMOTAMH.

Hamu Bu3HaueHo y Imalli€HTiB Ha IIepIIoOMY eTarli JOCITi-
JKeHHST HAacTymHi nokasHuku: uUmod, uAlb, 14, plIIK®
3a popmynoro CKD-EPI (ta6m. 3).

V Bcix mauieHTiB OyJ0 BU3HAYEHO iHIEKC KOMOpPOid-
Hocti Yapiucona (I4). IY 3amporoHoBaHUl AJISI OLIIHKA
BiZlTaJIEHOTO MPOTHO3Y KOMOPOinHuX XBopux y 1987 porii
BueHuM M.E. Charlson. Lleii iHaekc oliHO€e B 6anax (Big
0 no 40) HasiBHI CYITyTHi 3aXBOPIOBaHHSI, @ TAKOX JIOTAETh-
Cs1 OIMH Oas1 Ha KOXHi IeCSITh POKIB KUTTSI, SIKIIO MALliEHT
crapie 40 pokiB (To6T0 50 pokiB — 1 6aj, 60 pokiB — 2
6anu i T.1.). 3a [Y MoXXHA BU3HAUUTH JIETAIBHICTD Malli€H-
TiB, IKa 3a BiICYTHOCTI KOMOpPOiZHOCTI cTaHOBUTH 12 %,
nipu 1—2 6amax — 26 %; nipu 3—4 6anax — 52 %, a nmpu cymi
noxan 5 6anis — 85 % [1, 17].

pIIK® owiHOBaIM 3a IOIIOMOrow (GopMyIr KOHBEp-
tauii piBHs sCrea CKD-EPI [1] (Ta6:. 2).

Metonuka Bu3HaueHHs1 piBHI uUmod HacTymHa.
3pa3ku cedi (cepedHs MOpIList), 3i0paHOi BpaHIli, Biapasy
IicJIsE OTPUMaHHS po3Mnoaiisin B npobipku (1,5 mu). Yci
3pa3Kku cedi 30epiranucs nmpu remmnepatypi —20°C. uUmod
BUMIpPIOBAJIA 33 JOTIOMOI'0OI0 KOMEPIIiiTHO JOCTYITHOTO Ha-
6opy mnsa imyHodepMmeHTHoro aHanizy (ELISA, OriGene
Technologies GmbH, Tepdopn, Himeuunna). Hanani Bu-
poOHMKOM xapakTepucTrKu [PDA: Ha3Ba — BUCOKOUYYTIIN-
Buli ceHaBiu-Habip ELISA mis KinbKicHOTO BHM3HAYEHHS
uUmod moauuu (Human Uromodulin/umod ELISA Kit);
96 ayHOK 3i crpimamu; yymmBicts < 10 1mr/mi; mianasoH
BusiBiieHHs 312—20 000 nir/mi; ipu 4 °C 30epiraHHs Mpo-
Tarom 6 micstuis, mpu —20 °C — mpotsarom 12 micsuis. Pi-
BeHb UUmod BuMipIoBau 3a 1O0MOMOIow0 (oToMeTpa mpu
TOBXUHI XBIJIi 450 HM i eTaJTOHHI! TOBXWHI XBUTi 620 HM.
JocaimkeHHsT TpOBOAWIOCHh Ha iIMyHO(DEpPMEHTHOMY aHa-
nizaropi RT-6100 (Rayto Life And Analytical Sciences Co.,
Ltd., KHP) [1, 4].

Yci naiieHTH BiracHOpYY TiAnvcanv
iH(OpMOBaHy 3romy Ha y4acTb y ITOCIi-
IKeHHI, yCi JaHi JOCTiIKeHHS Oy/In 3He-
0COO0JIeHi.

HiarHo3 XXH BcTaHOBIIOBaNIM 3Til-
HO 3 pekoMeHpaauisiMu HaiioHanbHoI
Hedposoriunoi criiku (NKF-K/DOQI)
CHIA, xpurepiiB KDIGO 2012 poky ta
BinmoBinHO a0 Hakazy MO3 VYkpaiHu
Ne 593 Bim 02.12.2004 poky (3i 3miHa-
MU, BHECEHMMMU 3TigHO 3 HakazoM MO3
Ykpainu Ne 384 Bin 24.05.2012) [1, 4].

Yci nauieHTM oOCTeXeHi JabopaTop-
HO. 3arajbHOKJIiHIYHI Ta OioXiMiyHi Jia-
OopaTOpHi HOCTIIKEHHSI BUKOHYBAJIUCS
B nabopatopii TOB «BETA-TTJIFOC» Ha

2,5

1,5

0,5

312

uUMOD

625 1250 2500 5000 10000 20000

uUMOD

aBTOMaTHM30BaHOMY 0iOXiMiYHOMY aHalli-

PucyHok 1. CtaHaapTHa kKpusa uUmod [1]
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KanidbpoBaHa kpuBa BiAIlOBiIa€ aianma3oHy Ta HOpMaMm
BUPOOHMKA LILOTO PEAKTUBY Ta HABEJIEHOMY HUM MPUKJIIA-
Iy CTaHIAPTHOT KPUBOI, sIKa BXOAWIA 10 peakTuBy Human
Uromodulin/umod ELISA Kit (EA102492) [1, 4]. IIpu-
KJ1aJ CTAaHZAPTHOI KPUBOI IOIaHO Ha puc. 1.

Hnst ouinku posnofainy naHux (n = < 50) BUKOpUCTO-
ByBaBcs TecT lllamipo — Binka. /laHi 3 HOpMaabHUM PO3-
MOIJIOM OYyJIM HaBeIeHi SIK cepemHe t cTaHmapTHE BiIXu-
JeHHs (maHi momaHi Ik M + SD), 3 HeHOpMaJIbHUM — SIK
MeliaHa Ta HIDKHINM i BepXHill KBapTWiIi (IaHi IomaHi sK
Me(Q,)) (Q,. Q).

Kopensauio IlipcoHa BUKOpUCTOBYBaaud MJs1 OLLIHKU
3B’SI3Ky Ha Io4aTKoBoMy erari. JIiHiiiHy perpecito mpo-
BOJMJIM i3 3aJI€XKHOI0 3MIHHOIO Ta HE3aJIEXXHUMU 3MiHHU-
mu. Kopensuilinuii aHami3z i aHajiz MHOXWHHOI perpe-
cii mpoBonuin 3a koediuieHToM Kopesiii ITipcoHa (r).
P-3nauenns < 0,05 BBaxkanocsi CTaTUCTUYHO 3HAYYIITM.

MareMatTnyHMii aHaJli3 i CTaTUCTMYHA OOpoOKa pe-
3yJIbTATIiB 31iICHIOBAIMCH 32 IOTIOMOTOI0

PesyAbTaTH

Ha npyromy etami nociiakeHHs 3podJjeHa CTaTUCTUY -
Ha oOpoOka pe3yabrariB. Pe3ynabratv HOCTiIKEHHS I10-
KazaJi, 110 cTaTUCTUYHO 3Hauyiow (p < 0,05) € nminiitHa
perpecist Mixx mokazHukamu uAlb/uUmod i pIIIK® B 1-i1 i
2-1i rpymnax (taou. 4).

Pesynbratu xopensuii [lipcona nokazanu, mo B 1-i
rpymi icHye ciabka 3BOpOTHA 3ajexHicTb Mixk pLIK®
ta uAlb/uUmod (r(44) = —0,295, p = 0,046), a B 2-i1
Ipymi — cepedHsl 3BOPOTHa 3ajexHicTh Mix pLIK®
ta uAlb/uUmod (r(43) = —0,32, p = 0,032) (puc. 2, 3,
Tabm1. 4).

VY 1-i1 rpymi mix uAlb/uUmod i pIlIlIK® R gopiBHIOE
—0,2953 — icHye ciabka obepHeHa 3a1eKHICTh (301bIIeH-
Hst uAlb/uUmod Ha 1 — 3HaueHHs plIIK® 3MeHIIyeThCS
Ha 7,4352 (b, = —7,4352 C1 [-14,743, —0,1274])) (puc. 4).
R2 — 0,08722 (o3Havae, 1o 8,7 % minmusocTi p LTK® mo-
sicHoeThest uAlb/uUmod).

Microsoft Excel 2010 na I1K, Kingdom 6
Statistic.

JocnimkeHHs 0yJ10 cXBaJleHe KOMiCi-
€10 3 MUTaHb eTUKKU HalioHajabHOro yHi-
BEPCUTETY OXOPOHHU 3A0pOB’S YKpaiHu
imeni I1.JI. Illynuka.

Ilpy  mpoBemeHHi  JOCHTiTKEHHS

uAlb/uUmod

ROLUNT notpumyBajivch MpaBui 6e3- 0
MeKu JUIsl 30epeXeHHsT XUTTS, 3M10pOB’s
i MpaB MAIliEHTIB, MOpPAJIbHO-ETUUYHUX

0 20

40 60 80 100 120 140
PLUK®

HOPM i KaHOHIB JTIIO/ICHKOI TiIHOCTI 3TiTHO

PucyHok 2. Kopensuia mix uAlb/uUmod i pLUK® (1-wa rpyna)

3 [enbciHchKoOO aekimapaiiero BcecBit-
HBOI MEIWYHOI acomuiallii (eTMIHi MpuH-
LIMTTA TIPOBEICHHST HAYKOBUX METUUYHMX
JOCIIIKEHb 3a yJacTio JuoauHu (1964—
2008 pp.)), OCHOBHUX ITOJIOKEHb KOHBEH -
uii Pagu €Bponu npo mnpasa JIOAUHU Ta
6iomenuimHy (Big 04.04.1997), ETuuHoro
Koaekcy BueHoro Ykpainu (2009) i Haka-

300

200

uAlb/uUmod

100

A A A AM A AL AL BSASM AL Ah AA

3y MO3 Ykpainu Ne 690 Bin 23.09.2009 (3i °
3MiHaMM, BHECEHMMH 3rimHo 3 Hakazom

40 60 80 100 120
PLUKD

MO3 Ykpainu Ne 523 Bin 12.07.2012) [1].

PucyHok 3. Kopensuis mix uAlb/uUmod i pLlLUK® (2-ra rpyna)

Ta6nunys 3. [Nloka3HUKN O6CTEXXEHHS NayieHTIB Ha NoYaTKy AOCHIAXEHHS

Moka3Hukun Fpyna 1 (n = 46) Fpyna 2 (n = 45) Fpyna 3 (n = 32)
uAlb/uUmod 1,06 (0,82, 1,34) 1,318 (1,04, 1,89) 0,52 (0,436, 0,6105)
14 1(0,2) 2(1,2) 0(0,0)
pLLUK® 82,04 + 20,23 83,55 + 15,92 105,25 + 13,29
Mpumitka: paHi HaBepeHi sik M = SD npu HopmanbHomy po3snogini abo sk Q2(Q1, Q3) npu HeHopmMasibHOMY
poanoaini.
Ta6bnuys 4. JliHiiHa perpecis Ha no4yaTky gocnigxeHHsi (n = 123)
uAlb/uUmod
lMokasHukn
F'pyna 1 (n = 46) F'pyna 2 (n = 45) F'pyna 3 (n = 32)
14 0,1392 (p = 0,3562) 0,09944 (p = 0,5158) -
pLLUK® —-0,2953 (p = 0,0463) —-0,3205 (p = 0,03185) 1,1554 (p = 0,3956)

lNpumitka: gaHi HaBegeHi sik R (p).
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Y 2-it tpyni Mix uAlb/uUmod i 150
plIK® R nopiBHioe —0,3205 — icHye
cinabka obepHeHa 3aJleXHICTb (30i1b-
weHHs uAlb/uUmod Ha 1 — 3HaueH-
Ha pLIK® 3menmyerbes Ha 0,1308
(b, = —0,1308 CI [-0,2497, —0,0119]))
(puc. 5). R2 — 0,1027 (o3Hauae, 1110
10,3 % minmuBocTi pLIIK® mosICHIOETh-
cst uAlb/uUmod).

® ¥y

Regression

Line

— 95%
Confidence
Interval

— 95%
Prediction
Interval

Croci6 migTBepIXKy€ETbCSI HACTYITHM - 0
MM TIPUKJIaIaMu.

2 3 4 5
uAlb/uUmod

IMpuknan 1. Xsopuit H., 60 pokis.
HiarHo3: XXH 1-i ct. (pLIIK® 99,5 mn/

PucyHok 4. Kopensuyisi mix uAlb/uUmod i plUK® (1-wa rpyna)

xB/1,73 M?), iHTepCTUILATBHUI HEDPUT. 120
uAlb/uUmod Ha yac nepuioro Bi3uUTYy A0
KJiHiky craHoBuiio 1,25. I4 = 2. Yepes

LI
L]
u Regression
100 t\ Line

— 95%

miBpoKy croctepexkeHHs plIIK® mari- 80
€HTKM ctaHoBMIa 78,04 mut/xB/1,73 M2 [4].

IIpuknan 2. Xsopa C., 62 poxu.
Hiarno3: XXH 3-i ct. (IHK® 51,23 mi/ 40
xB/1,73 M?), momarpuyHa Hedporaris.
uAlb/uUmod Ha yac mepIioro Bi3uUTy 10

Confidence
Interval

o — 9%
Prediction
Interval

kiiHiku ctaHoBuio 0,83. I4 = 3. Yepes 0
niBpoky crocrepexeHHs plIIK® nari-

100 150 200 250
uAlb/uUmod

eHTta cranoBmia 60,72 mi/x8/1,73 m? [4].

A My 6auumo, y TepliIoMy BUMaI-
Ky npu 3HaueHHi uAlb/uUmod > 0,94 cnocrepiraetbest
mBuake nporpecyBaHHs XXH, sHukeHHs1 pLLIK® Ginbiie
Hix 5 Mi/xB/1,73 M? 3a piK, y APYrOMy BUMAAKy 3HAYCHHSI
uAlb/uUmod < 0,94 — mBuake nporpecyBaHHst XXH Bin-
CYTHE.

O6roBopeHHs

Ha croroaHi po3po06eHo KibKa CIoco0iB TiarHOCTH-
KM Ta IPOTHO3YBaHHSI IBUAKOTO IporpecyBaHHs XXH Ha
mifcTaBi BU3HaYeHHSI MOpdOoa0TiyHuX (paKTOpiB Ta MeTa-
00JIiYHOrO cTaTycy. Ajle 1ii JOCTiIKEeHH:, SIK IpaBWIO, 10-
CUTbh CKJIAAHiI Y BUKOHAHHIi i MOTpeOyIOTh 3aCTOCYBaHHS
JIOPOTOro 00JIafHaHHS i PO3XiIHUX MaTepialiB.

Hampuxiian, € cmoci® NporHo3yBaHHSI IIBUIKOTO
3HMKEHHS (DYHKIIil HUPOK TIpU IIyKpOBOMY piabGeti (maT.
20170115310A1, US) [4, 18] Ha OCHOBi KOMIUIEKCHOTO 00-
CTEXEHHSI Malli€HTIB 3 IIyKPOBUM J1ia0ETOM 3 BUSHAYEHHSIM
noHazn 200 6iomapKepiB Ta CTBOPEHHSI MaTeMaTUIHOI MO-
IeJii OLiHKM pu3uKy nporpecyBaHHsa XXH. Croci6 Bkiio-
yae jJabopaTopHe mociimkeHHs moHan 200 6ioMapkepiB y
MAli€HTIB 3 IYKPOBUM AiaOETOM Ta HACTYITHOIO CTaTUC-
TUYHOIO 00p00OKOI0 pe3yabTaTiB. [IpuiiHATTS MIPOrHOCTUY -
HOTO pillleHHSI BiIOYBa€eThCs B IeKiabKa eTariB. OmQHak et
Croci0 MiarHOCTUKU € 0araTOKOMIIOHEHTHUM, (DiHaHCOBO
3aTpPaTHUM, CKJIAJHUM i HE3pYyYHUM Ta CTOCYETHCS JIUIIIE
MPOrHO3YBaHHSI pU3UKY IIBUIKOTO ITporpecyBaHHs XXH y
MalieHTiB 3 IyKPOBUM JiiabeTom [4, 18].

Takox € crioci6 oniHkM riporpecyBaHHs XXH y naitieHTiB
3 1—3-10 ct. XXH (mat. 124884, UA) [4, 19], sxuii Binpi3Hsi-
€TBCS THUM, 110 JOJATKOBO BM3HAYAIOTH 3MiHY KOHIIEHTpaIIil
CEYOBOI KMCIIOTA CUPOBATKK KPOBi Ha (DOHI BOTHO-COJILOBOTO
HaBaHTaxkeHHsI 0,5% pO3YMHOM HATPito XJIOPUILY i3 PO3paxyH-
Ky 0,5 % Bin Macu Tisia i B pasi i 30UIbIICHHS 00 3K 3HIKEHHS

PucyHok 5. Kopensuyis mix uAlb/uUmod i pLlUK®

MEHIIIe Hi>K Ha S MMOJTb/J1 TIPOTHO3YIOTh BULLII PU3KK ITPOTpe-
cyBaHHs1 XXH, 1110 cynpoBomkyeThest 3HKeHHsIM pLLIIKD. €
TIesTKi HeJTOJTIKM ITbOTO CITOCO0Y, 30KpeMa Ooro TPYAOMICTKICTb.
[MauieHT Mae oTprMaTH BOAHO-CONILOBE HaBaHTaxkeHHs 0,5%
PO3YMHOM HaTpilo XJI0pHy i3 po3paxyHKy 0,5 % Bin Macu 1ioro
TiJa, 1110, MO-TIepIIle, MOXKe HETAaTUBHO BILTMHYTH Ha CTaH OTO
3[I0pOB’s, a MO-Apyre, 3HaYHa KUTbKIiCTh MaiieHTiB 3 XXH ma-
I0Th TIPOTUIIOKA3aHHS J0 BOIHO-COJBOBOTO HAaBaHTaXKEHHS
yepe3 pU3MK HaOpsIKiB, i, TTO-TpeTe, Ligit crocid MoxKHa 3a-
CTOCOBYBaTHU JiMille y maiieHTiB 3 XXH 1—-3-i ct., ajne paHHs
JiarHOCTHKa IIBUIKOrO mporpecyBaHHsl XXH akTyanabHa, Ha-
MpUKJIIaL, i A5t matieHTiB 3 XXH 4-ict. [4, 19].

HaiiGinp 61M3bKMM aHAJIOTOM € CITOCiO paHHbOI dia-
THOCTUKHU IIBUIKOTO TporpecyBaHHs XXH y xBopux Ha
TepBUHHUI TIIoMepynoHedput (mat. 146363 UA) [4, 20],
IO BKJTIOYA€E J1a0OpaTOPHO-KJIIHIYHI JOCTIIKEHHS Ta BU-
3HaueHHs1 plLIIK® i nogaTkoBe A0CIiIKEHHS KOHLEHTpALIil
CEUYOBOI KMCJIOTY CMPOBATKM KPOBI IIiT Yac IIepIIOTro Bi3UTy
TallieHTa; Ha OCHOBI LIMX JaHUX HiaTHOCTYIOTh ITPOTPeCy-
BaHHsa XXH y mamieHTiB 3 NEepBUHHUM TIJIOMEpPYJIOHE]-
putoM. OgHaK HeOOJiKaMM LIbOTO CIIOCOOY € HACTYIIHE:
MTiIBUILIEHHST KOHIIEHTpAIlii CeYOBOI KMCIOTU B CUPOBATLIL
KpOBi MOXe OyTH IOB’SI3aHE 3 iHIIMMU MeTabOJiUHUMU
MpolLecaMu B OPTaHi3Mi, i TOMy BOHa HE € BUCOKOCIIELIU-
(biunum mapkepom mmBHaKOrO nporpecyBaHHs XXH. Ta-
KOX 1Iei crocid Moxke OyTu 3aCTOCOBAHUM 17151 paHHBOI
NiarHOCTUKY IIBUIKOTO TporpecyBaHHs XXH nuie y Bu-
MajKy MepBUHHOTO TiIoMepysioHedpury [4, 20].

BucHoBku

[Tpu 3nauenHi uAlb/uUmod > 0,94 € pusuk mBUAKO-
ro mporpecyBaHHa XXH 3 koedimieHTOM HMOBIpHOCTI
0,2527. Otxke, nipu 3HaueHHi uAlb/uUmod nauieHTH ma-
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10Th HU3bKUI PU3UK ILIBUIKOTO MporpecyBaHHs, Big 0,94
0 5 — MOMIpHUI PU3KK i > 5 — BUCOKUI pUBUK IIBUIKO-
ro MpOrpecyBaHHSI.

Takum unHOM, y pa3si 3HaueHHs1 uAlb/uUmod Ginbiie
3a 0,94 MKr/mMJ1 MOXXHa TPOTHO3YBaTH IIBUIKE MPOTrpeCy-
BanHsTt XXH (3umkenHs LIK® > 5,0 ma/xB/1,73 M?/pik).
Lleit crocid € BMCOKOIiH(MOPMATUBHUM MapKepOM IIIBUI-
Koro mporpecyBaHHsg XXH (4yTauBicTh Ta crieniugivyHiCTh
CIoco0y CTaHOBIATH > 75 %), 110 MO3BOJSIE BYACHO TIPHU-
3HAYUTH BiAIIOBiOIHY Teparlilo i TaAKMM YMHOM YITOBUIBHUTU
IIBUAKICTB IporpecyBaHHsI XXH. € moTpeda B mogaablInx
JIOCTiIKEHHSIX Y LIbOMY HaIpsIMKY JIJIs1 30iIbIIeHHS eheK-
TUBHOCTI ITPOrHO3YyBaHHSI IIBUAKOTO MporpecyBaHHs XXH.

Konduikr inTepeciB. ABTopu 3asBISIIOTH PO BiICYT-
HiCTb KOH(MUIIKTY iHTEepeciB Ta BiacHOI (hiHaHCOBOI 3alli-
KaBJICHOCTI ITPY MiATOTOBIIi JaHOI CTATTi.

Indopmania npo dinancyBanns. Crarts € dparmeH-
TOM HayKOBO-JOCJIiTHOI poOOTH acmipaHTa kadeapu He-
¢poorii Ta H3T HamioHanbHOTro yHiBEpCUTETY OXOPOHU
3nopoB’ss Ykpainu imeni I1.JI. Illynuka 3a temoio «Exc-
Kpelist ypOMOIyJIiHy i 10oro KJIiHiKo-1abopaTopHa OLIiHKa,
3HAUYE€HHS B paHHil O1iarHOCTULIi, peHOIPOTEKIIil i ONITUMi-
3alii JikyBaHHs XXH Ha (oHI MOJEKYISIpHOTO CTpecy» y
pamkax HJIP xacdenpu 3a remamu: «Po3pobeHHs TeXHO-
Jiorii 30epexxeHHs1 GyHKIIiT HUpOK Yy maiieHTiB 3 XXH Ta
rinepypukemieto» (2021—2022 pp.), HOMep Aep>KaBHOI pe-
ectpanii 0121U100446, ta «BuBYeHHs BIJIMBY TilIOypUKeE-
MiuHoi Teparii y maiieHTiB 3 XXH Ta 00rpyHTYBaHHS ONTH -
MasibHOi Teparii» (2019—2023 pp.), Homep 0119U101718.

Buecok aBTopiB. /lenosa JI./I. — 36ip Ta aHai3 iHop-
Mallii, HaITMCaHHS CTaTTi, MOIIYK Ta OIIpalioBaHHs (axo-
BOI JIiTEpaTypu 3a TEMOIO, TiITOTOBKA PYKOITHCY JI0 IPYKY;
IBanos [I.[l. — KoHLeNTyaxi3allis, MeTOdOJIOTis.
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Assessment of the risk of rapid progression of chronic kidney disease

Abstract. Background. All over the world, chronic kidney disease
(CKD) is a global problem. Prevention of CKD development,
as well as the rapid progression of CKD, are the priority tasks of
modern nephrology. A decrease in estimated glomerular filtration
rate (¢GFR) of more than 5 ml/min/1.73 m?/year is considered
rapid progression of CKD. The purpose of the study was to assess
the risk of rapid progression of CKD in patients with stage 1—3
CKD by determining urinary albumin (uAlb)/urinary uromodu-
lin (uUmod) ratio and comparing the obtained results with eGFR
and the Charlson Comorbidity Index (CCI) in these patients.
Materials and methods. Patients were divided into 3 groups: group
1 (n = 46) — individuals with stage 1-3 CKD who had a CCI
< 2, group 2 (n = 45) — patients with stage 1—3 CKD who had
CCI > 3, and group 3 (n = 32) — people without CKD risk factors

and without symptoms of kidney damage. Results. The results of
the study showed that the linear regression between uAlb/uUmod
and eGFR in groups 1 and 2 is statistically significant (p < 0.05).
In the first group, the correlation coefficient (R) between uAlb/
uUmod and eGFR is —0.295. In the second group, the correla-
tion coefficient between uAlb/uUmod and eGFR is —0.32 — there
is an average inverse relationship. Conclusions. If the ratio of
uAlb/uUmod is more than 0.94, there is a risk of rapid progres-
sion of CKD. There is a need for further research in this direction
to increase the effectiveness of predicting the rapid progression
of CKD.

Keywords: chronic kidney disease; albumin; uromodulin; glo-
merular filtration rate; risk of rapid progression of chronic kidney
disease

256

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

Vol. 13, No. 4, 2024



Oraga

HIPKU §

KIDNEYS

Review

VK 616.61-036-06:616.379-008.64-053.8:577.16/577.121 DOI: https://doi.org/10.22141/2307-1257.13.4.2024.481

€poxosuy B.M., KaprieHko O.B.
KomicapeHko FO.1.
HauioHanbHW meamydHni yHiBepcuteT imeHi O.O. boroMoAbLisl, M. Knis YkpaiHa

, ManieHko LA, ®, Aymka I.B. ®, PyaeHko O.A. ©,

Oco6AuBOCTI MeTabOAI3MY BiTAMIHY D
npuv Aid6eTMYHOMY YPOaXKeHHi HUPOK

For citation: PoCki. 2024;13(4):257-260. doi: 10.22141/2307-1257.13.4.2024.481

Pestome. lposeaeHM QHAAIZ AITEPATYOHUX AXKEPEA BUSIBUB OCOBAMBOCTI METABOAI3MY BITAMIHY D ripu
AIQGETNYHOMY YPAXKEHHI HUPOK, Q TAKOXK MOr0 POAb Y PO3BUTKY HUPDKOBUX, METABOAIYHUX 3MiH, BKAKOYHO 3
KICTKOBO-MIHEPAABHUMM PO3AQACMU. BiTaMiH D 3QBASIK CBOEMY BIIAVBY HQ PI3HI QIi3IOAOriYHI MpoLecH ye-
pes peuentopu BITAMIHY D BIAIDQE KAKOHOBY POAb Y PETYASILIT MIHEPQABHO-KICTKOBOTO OOMIHY, QYHKLIOHY-
BQHHI iIMYyHHOI CUCTEMU TQ KOHTPOAI IHLLVX MO3ACKEAETHUX epeKTiB. Y NALIEHTIB 3 AIQOETUYHVM YO QXKEHHSIM
HUPOK AediunT BITAMIHY D CripudnHsIE MOPYLUEHHS MAPOKCUAIOBAHHSI K1 YTBOPEHHST QKTUBHOIO METABOAITY
(1.25(0OH),D,), 10 Npr3BOANTL AO MPOOrPECYBAHHS HUPKOBMX YPQKEHb, PO3BUTKY MPOOTeiHYPIl TA pi6pOo3y.
AHQAI3YBAAUCST MEXQHI3MY B3AEMOAII IKOKO3U | BITAMIHY D HQ DIiBHI MOOKCUMQAABHUX KQHAAbLIB HEPPOHA,
LLO MIAKPECAKE HEOBXIAHICTb MOAQALLUMX AOCAIAXKEHB ANST PO3POOKIM TEPAMEBTUYHUX CTPQATENIN KOpeKLi
Aeiunty BiramiHy D y nauieHTiB 3 AIQGETUYHNM YR QXKEHHSIM HUPOK 3 METOO MOAIMLLIEHHST IXHbOIO M OrHoa3y.

KAKO4OBi CAOBQ: BiTaMIH D; AlQ6eTyHa XBOPO6A HUPOK; GIAOK, LLO 3B°S3yeE BITAMIH D; iHri6IiTopM HATPIM3Q-

AEXKHOIo KOTPQHCIOPTEPQA IAKOKO3U 2-T0 TUMY

Biramin D BBaxaeTbcss ogHUM 3 HaliIaBHIIINX Cepe/l
yCiX TOPMOHIB, CITOYATKy BiH MaB 3aXMCHY (DYHKIIIIO III0I0
YYTJIIMBUX 10 YAbTpadiosieTy MakKpoMOJIEKyJ, BKIIOUHO 3
oinkamu, JIHK i PHK, xonu paHnHi dopmu KuTTs mimma-
BaJIMCS BIUIMBY COHSTYHOTO CBiTJa IJisg ¢poTocuHTe3y [1].
IlizHime 3HaueHHs BiTaMiHy D eBoJIIOIiOHYBaloO A0 ITif-
TPUMKM KaJbLIiEBOrO roMeocTasy i (popMyBaHHS CKejieTa
xpebeTHMX TBapuH [2, 3]. Ha choromHi BXe Bigzomo, 110
BiTaMiH D Bimirpae Kio4oBy poJib y peryJisiiii MiHepaio-
KiCTKOBOTO OOMiHY, (PYHKIIIOHYBaHHiI iMyHHOI CUCTEMHU,
a TaKoX y KOHTPOJIi iHIIMX YMCJAEHHUX IM03aCKeJETHUX
edexrTiB [4]. OcTaHHI HOCTIIKEHHS ITOKA3yIOTh BIUIMB Bi-
TamiHy D Ha mmpokuii cniekTp (i3ioJIoriyHuX IMpOLECiB,
30KpeMa Ha iMyHHY BiIITOBiIb, CEPIIEBO-CYTUHHY CUCTEMY,
BYIJIEBOOHUI OOMiH, HEHPOIICUMXiYHE 300POB’sI, aroITo3
KJIITUH, peryJsiilito apTepiaibHOro TucKy toio [5—9]. I1o-
3acKeJIeTHUM BIUIUB BiTaMmiHy D peanizyeTbcs yepes 1ioro
3[1aTHICTh B3aEMOJIiATH 3 perientopaMmu Bitaminy D (VDR)
y pi3HuX opraHax i TkanuHax [10].

1,25(0H),D, e aktusHol0 (hopmoro Bitaminy D, mo
BiMOBiNa€ 3a Oro 6i0NOTiYHY POJIb LIISIXOM 3B’ SI3yBaHHS
3 VDR, 3amyckarouy IIMPOKWI CIEKTp TeHOMHUX i He-

TeHOMHMX CUTHaJbHUX HuUIsixiB [11]. Binemia yactka Bi-
taMmiHy D BupoOnsieThess B 1ikipi (mpubnusuo 80 %), a
pemta 20 % ToTparisie 3 Xap4oBUX MPOAYKTiB. Bitamin
D, MOXe CHHTE3yBaTUCs POCIMHAMU Ta rpubaMu 3 ep-
rocrepoiny. Biramin D, yTBOploeTbcd Imid aieio yisrpa-
¢ioeToBOro BUIIPOMiHIOBAaHHSI B €MilepMici ccaBliB 3
7-nerinpoxojecTepuHy IIiCJs TepMiyHOI i3oMepu3aliii.
[Ticnsa 38’a3yBanna BiTaMiny D, i3 Bitamin-D-38’a3yrounm
oinkom (BJ3DB) 1ieit KOMIJIEKC TPAHCIOPTYETHCS 110 Te-
YiHKM 1 TigpokcumoeTbes 25-rigpokcuazoo (CYP2R1)
abo crepon-27-rinpokcunazow (CYP27A1) 3 yrBopeHHSIM
25(OH)D,, Akuit € OCHOBHUM KIIiHIYHUM MOKA3HUKOM [I€-
¢iumty Bitaminy D. IMotim 25(OH)D, rinpokcummoerbes
lo-rigpokcuiazoto abo B HUPKax, abo B mepuepuaHux
TKaHnHax, ekcrpecyioun CYP27B1, 3 yrBopeHHSIM aKTUB-
Hoi popmu — 1,25(0H),D, [12, 13]. OTxe, He TiIbKU Ye-
pe3 HasgBHiCTh VDR y HUPKOBUX KaHAJBLISIX, TTOAOUTAX,
IOKCTarJIOMepyJIsIpHOMY amapaTi, Me3aHTialbHUX KIiTHu-
Hax, KJIiTUHax 30ipHoi npoToku [14, 15], ane it mpu 6e3mo-
CepenHill yyacTi B yTBOPEHHI aKTUBHOTO MeTa0OJIiTy BiTa-
MiHy D OynyTh criocrepiratucsi HEeMUHY4Yi HUPKOBI 3MiHU
npu D-nediuuTi. [TaTtonoriuHuii npoliec Moxe po3srnova-
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Tabnumys 1. Kopotkuii nepenik ¢pepmeHTis CYP,

sIKi 6epyTb y4acTb y MeTaboniami Bitaminy D

(3a Galuska D. et al.)

S MepBuHHA BTopuHHa KiHuesuin
CYP Jlokanisauis Ha3Ba chepmeHTy cy6cTaHLis cy6cTanLin NPOAYKT
. . . Xonekanbuunde-
MikpocomarnbsHa BitamiH-D-25-
CYP2R1 Mem6paHa rinpokcunaa pon, eprokanbLiu- 25(0H)D,
hepon
cyp27aq | MiToxoHApiankHa CTepon-27- |y ekansumdepon 25(0H)D
Memb6paHa rigpokcunasa EprokansLudepon 3
CYP24A1 MiToxoHgpianbHa Bitamin-D-24- 25(0OH)D 24,25(0H),D,
mMembpaHa rigpokcmnasa 1,25(0H),D 1,24,25(0OH),D,
MiToxoHgpiansHa
CYP27B1 Mem6para Xonekanbumdepon 25(0OH)D 1,25(0H),D,

THUCh Ha PI3HUX €Talax TiIpOKCUJIIOBAaHHS, IO BiAIOBigae
3a YTBOPEHHSI BiiMoBigHOI hopmu BiTaminy D. Y tabu. 1
HaBelIeHi 0COOIMBOCTI JIoKaTi3a1lii Ta (hepMEHTaTUBHOI aK-
TUBHOCTI JIJII CUHTE3Yy KiHIIeBUX IIPOIYKTIB.

IMpore mediuunt i HemocrarnicTy Bitaminy 25(OH)D,
IyXe TOIIMpPeHi ¥ moB’s3aHi 3 6araTbMa martodisiosoriv-
HUMHU CTaHaMM, SIK-OT LykKpoBuii miader (LI[), xpoHiu-
Hi XBOpOOM HMPOK, ajepris, aBTOIMYHHi 3aXBOpPIOBaHH!I,
YCKJTaAHEHHS BariTHOCTI Ta iHmmii [16]. 3 ornsoy Ha maro-
TeHEeTUYHI MeXaHi3MU ypaXkeHHsI HUPOK AeMilluT BiTaMiHy
D Moxe OyTu paHHIM MapKepoM MposIBy CUHAPOMY KiCT-
KOBO-MiHEpaJIbHUX PO3JaiiB MPU MOPYIIEHHI HUPKOBUX
dyukuiii [17].

Henocrarniii pisens Bitaminy 25(OH)D,, gk yxe 3ra-
JyBaJIOCSI, MOXE TIPU3BOIUTU JI0 TIOPYUIEHHSI BYTJIEBOJI-
Horo ooMmiHy uepe3 VDR-3anexHy nuchyHkio B-KiiTnH
MiIIITYHKOBOI 3aJI03M Ta TOPYIIEHHSI PELieNTOPHOI Bifl-
MOBii TKAaHWH Ha iHCyniH. [HCcyniHOpe-
3UCTEHTHICTh, AUCIiMigeMis, XpOHiuHe
3alajJieHHsI, aBTOIMyHHa arpecis Mpo-
BOKYIOTb PO3BUTOK i TMpPOTrpecyBaHHS
LI [18]. diabeTuHe ypaskeHHSI HUPOK
€ OJTHI€I0 3 HAUOUIBIN MOIIMPEHUX TTPU-
YMH XpPOHIYHOI HUPKOBOI HETOCTAaTHOC-

MiXTKaHUHHWIA NpoCTip

Ti Ta TepMiHaJbHUX CTaHiB B oci0 i3 LI/] *
[19]. TlaToreHe3 miabeTnuHOi XBOPOOHU <
Hupok (AXH) € ckiannum mporecom, |y
110 BKJIIOYAE YMCICHHI MOJICKYJISpHI ¥ Pl

KJIITUHHI MeXaHi3MU, Taki SIK Tileprii-
KeMis, TinmepakTUBallisl peHiH-aHTiOTeH-
3UH-AJILAOCTEPOHOBOI CHUCTEMU, 3ara-
JIEHHSI, OKCUIATUBHUI cTpec i didpo3
[20]. AktuBHa ¢opma Bitaminy D mae
HU3KY (haKTOpPiB BILUIUBY, SIKi MOXKYTb MO-
nymoBatu naroreHes JIXH, 3okpema ye-

2K

nokasanu, 1o Bitamin 1,25(0OH),D, yepes Brus Ha VDR
Moxe 3HIKyBaTh excripecito FOXO1 mpu L1, mpurHigyio-
um 3aizonedinuThy anemiro (1,25(0H),D,) B B-xriTnHax
MHiIIUTYHKOBOI 3ayo3u. Taki pe3yibraTvl CIIOHYKAlOTh 10
PO3pOOKM TEOPETUUHUX OCHOB JIiKyBaHHs 0ci0 i3 LIJ1 3 pu-
3UKOM pO3BUTKY medinuty Bitaminy D i JIH [24].

OTxe, HUPKY € OCHOBHUM OpPTraHOM MeTa0o0Ii3My BiTa-
miny D. Yuacainok JIH He TiabKu MOpPYIIYETHCS MeTabo-
Ji3M i yTBOpeHHsA akTMBHOro Mertabosmity (1,25(0H),D,),
ajie i MoxJIuBa rinepdiabrpaliist B Kiiyooukax. ['inepdiib-
Tpallisl Ta 3MiHa KaHaJIblIeBOiI peadcoO1ii MPU3BOASITH 10
npoteinypii i Brpatn 25(OH)D, pasom i3 BA3B. Binnosin-
HO JOC/IIKEHHS IMIATBEPIKYIOTh IMOSUTUBHY KOPEJISLIIO
CIiBBiTHONIIEHHS aJIbOYMiHYy i KpeaTUHiHy B ceui 3i 3HU-
JKEHHSIM OCHOBHOI (hopmu Bitaminy D (25(OH)D,) [25].
Pi3Ha 31aTHICTh HUPOK LIOAO MPOLECIB TiApOKCUITi3allil Ta
YTBOPEHHSI JOCTATHBOI KiJTIbKOCTI KAJIBILIUTPIOTY MOXKE TIijI-

MpocsiT

Meraniwiyinin Tpanciopria

pe3 fioro npotusanaibHy, aHTUDIOPO3HY
i1 aHTIONpPOTEKTOPHY aKTUBHICTh [21].
Yce Oinblie MOKasiB CBiIYUTH TMPO TeE,
1110 aKTHBallisi CUTHaJIbHOTO 1LIsIXy VDR
Ma€ pi3Hi 3aXMCHi eeKT Ha HUPKU B

N BA3B

4 (1,)25,24(0H);3)0

4 250HD
4 1,25(0H),D

®occhatu
rnokosa

IHriGiTop H3KTT-2

MalieHTIB 3 MiabeTUUHOIO HedponaTieo
(IH), BKII0YHO 3 aHTUIIPOTEIHYPUIHOIO
JIi€10 Ta 3aXMCTOM BiJl OIIKOIXKEHHS T10-
nouurtiB [22, 23]. HenaBHi nocmimkeHHs

PucyHok 1. MexaHiamu TpaHcrniopTyBaHHSA BitTamiHy D i rintoko3u
KJITUHamM¥u eniTenito NpPoKcUMasibHUX KaHasbLiB HeghpoHa
TMpumitkn: NaPi-lla/c — koTpaHcriopTep ghocepary Hartpito lla/c; GLUT2 —

TpaHcropTep riaoKo3n 2.
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TpUMYyBaTU ToMeocTas BiTaMiHy D, ¢ocdartiB i Kajbliito, a
TaKOX € OJHUM 3 OCHOBHMX MaTO(i3i0JIOTiYHUX KOMIO-
HEHTIB MeTa0OoJiUHUX PO3JaAiB KiCTKOBOI TKAHWHU TMPU
XXH [16].

MiabeTuuHe ypaxkeHHSI HUPOK MPU TPUBAJIiii TireprJii-
KeMii MpOorpecy€e MBUAKO, 3aIUIIAI0YM OioXiMiuHi I KJTi-
HiuHi Hachiaku BitamiH-D-nediuutHoro crany. Bimomo,
1110 TJII0KO3a TPAHCIIOPTYETHCS A0 MPOKCUMATBHUX TyOy-
JISPHUX KJIITUH 4epe3 HaTpiii3ajiexXkHUuil KOTpaHCIoOpTep
rmoko3u 2-ro tuity (H3KTT'-2). IarioyBannsa H3KTI-2
3a gonoMoroio iHridiropiB H3KTI-2 30inbIiye KibKiCTh
Na™ y npocBiTi KaHaJIbI1iB, 1110 MOXe MOCUJIUTHU pe30pO1lito
docdatiB i 101aTKOBO 3MiHIOE BiCh «[1apaTTOPMOH — Bi-
tamin D — FGF23» [26—28]. Oco6a1BOCTi TpaHCIIOPTHUX
npolieciB BiTamiHy D i IIOKO3UM B KIIITUHAX €MiTeJii0 Mpo-
KCUMaJIbHMX KaHaJIbLIiB HeppoHa 300paxkeHi Ha puc. 1.

Jlesiki aBTOpM MPUITYCKAlOTh MOXJIMBICTh MOPYIIEHHS
KiCTKOBOTO MeTabo0J1i3My B pas3i BUKOPUCTaHHS Tihio3u-
HiB — iHTiGiTOpiB H3KTTI -2 [29]. IHTiIOYBaHHS CIiJIBHOTO
TpaHcnopty Na* i TII0K031 MOXe 30UTBIIINTU eJIEKTPOXi-
MIYHMI Tpadi€eHT IS HATPilo B IIPOKCUMAIbHOMY KaHaJlb-
mi. Hapnumox Hartpiro minBuinye peadcopOiiito docdarty
yepe3 korpaHcrioptepu SLC34Al1 (NaPi-Ila) i SLC34A3
(NaPi-Ilc), a minBuieHHs1 piBHSA (ocdary iHIYKyeE eKc-
npeciro FGF23. fIk sranyBanocs Buie, FGF23 npurHiuye
ekcnpecito CYP27B1 Tta inaykye ekcrpecito CYP24Al.
Tomy piBenb nupkymmowoyoro 1,25(0OH),D, mMoxe 3meH-
wutues. Hwkyi pisni 1,25(0OH),D, 3HHXYIOTH BCMOKTY-
BaHHS KaJIbIIi10 i3 IIIJTYHKOBO-KHUIITKOBOTO TPAKTYy i TAKUM
YUHOM CIPUSIIOTH CeKpellii mapaTrropMony [26]. 3 iHioro
OOKY, HellaBHili MeTaaHali3 He BUSIBUB IiIBUIIIEHOTO pPU-
3UKY IJIsI TIepejioMy KiCTOK IIpA BUKOPHUCTAaHHI iHTi0iTOpIB
H3KTT-2 [28].

JocnimkeHHsT ITOBiIOMIISIOTh IIPO 3HAYHE 3HIKEH-
Ha piBHg Bitaminy D (25(OH)D,) y mia3mi KpoBi maiii-
enta 3 JIXH yepe3 HU3KY MexaHi3MiB: 3MEHIIIEHHS KiJib-
KOCTi (byHKIIIOHYIOUMX HEe(MPOHIB; HaAMIpHY €KCIIpECiio
CYP24Al1, 1mo npu3BOIUTH OO TiABUILEHOI aerpamariii
OCHOBHOT'O MeTa0o1iTy BiTaMiHy D; 3HM>XXEHHS aKTUBHOCTI
CYP27B1 Ta yrBopenns 1,25(0H),D,. Otxe, Brpara i3 ce-
yeto B/I3B, meraniny it KyOiniHy, HEOOXiTHUX ST TOMEO-
crasy BiTaMmiHy D, Mpu3BOIUTH OO 3HIKEHHSI PiBHIB K
25(0OH)D,, tak i 1,25(0OH),D,, a TakoX pO3BUTKY BTOPHUH-
Horo rineprapatupeosy [30].

Otxe, Liell OISO IIOKa3ye, IO OCOOJMBOCTI MeTa-
0oi3my BitamiHy D mipu miabeTMYHOMY ypakeHHI HUPOK
BilirpaloTh KJIIOYOBY POJIb Y IPOrpecyBaHHi HUPKOBUX i
MeTaboJIiYHUX 3MiH, KiCTKOBO-MiHepaJIbHUX PO3JadiB, 1110
noTpedye MomalbllInX TOCTIIKEHb IUX JAHOK i pO3poOKU
LJTeCIPSIMOBAHUX TEpareBTUYHUX BTPy4YaHb JUISl TOJIM-
LLIEHHS MPOTHO3iB /IS MallieHTa.

KonduikT inTepeciB. ABTopy 3asBISIOTH TIPO BIICYT-
HiCTb KOH(JIIKTY iHTEpeciB i BlacHO1 (hiHAaHCOBOI 3allikaB-
JIGHOCTI TIPY TIiATOTOBILi JAHOI CTATTi.

Buecok aBTopiB. €poxonu B.M., Kaprenko O.B. —
KOHIIeTITYyaJli3allis, ITOIIYK Ta OIpaloBaHH: (haXxoBoi JIiTe-
paTypu 3a TEMOIO, aHaJIi3 iH(popMallii, HalTMCaHHS CTaTTi;
IManienko 1.A., Komicapenko FO.I. — momryk ta ompaiio-

BaHHs (paxoBoi JiTepaTypu 3a TeMOIo, aHali3 iHpopMallii,
HarnucaHHs ctaTTi; Jymka [.B. — monyk Ta onmpaliroBaHHS
(haxoBoi siTepaTypu 3a TEMOIO, HalTMUCAHHS CTaTTi; PyneH-
ko O.A. — momyk (axoBoi JIiTepaTypy 3a TeMOIO, IiAro-
TOBKA PUCYHKA i TaOIMIIi.
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Peculiarities of vitamin D metabolism in diabetic kidney disease

Abstract. The analysis of literature revealed the peculiarities of vi-
tamin D metabolism in diabetic kidney damage, as well as its role in
the development of renal, metabolic changes, including bone and
mineral disorders. Vitamin D, due to its influence on various physi-
ological processes through vitamin D receptors, plays a key role in
the regulation of mineral and bone metabolism, the functioning of
the immune system and the control of other extraskeletal effects. In
patients with diabetic kidney damage, vitamin D deficiency causes
impaired hydroxylation and the formation of an active metabolite

(1,25(0OH),D,), which leads to the progression of kidney dam-
age, the development of proteinuria and fibrosis. The mechanisms
of glucose and vitamin D interaction at the level of the proximal
tubules were analyzed, which emphasizes the need for further re-
search to develop therapeutic strategies for correcting vitamin D
deficiency in patients with diabetic kidney damage in order to im-
prove their prognosis.

Keywords: vitamin D; diabetic kidney disease; vitamin D binding
protein; sodium-dependent glucose cotransporter-2 inhibitors
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Abstract. Stress urinary incontinence and stress-predominant mixed urinary incontinence are prevalent
conditions that significantly impair quality of life, particularly among women. Urethral bulking agents have
emerged as a non-surgical freatment option for patients who are hesitant to undergo surgical inferventions.
The aim of this systematic review and meta-analysis is o evaluate the efficacy and safety of various urethral
bulking agents, specifically Bulkamid, Macroplastique, and Urolastic, in treating stress urinary incontinence
and stress-predominant mixed urinary incontinence. The review encompasses 15 studies, including rando-
mized confrolled frials and cohort studies, with a fotal of 1,120 patients. The analysis focuses on cure and
improvement rates, complications, and the risk of bias associated with the included studies. The findings in-
dicate that bulking agents demonstrate cure and improvement rates ranging from 70 to 80 %, with a pooled
average of 75 %. Subgroup analyses reveal cure rates of 76 % for Bulkamid, 73 % for Urolastic, and 77 %
for Macroplastique. Despite significant statistical heterogeneity, particularly for Bulkamid and Urolastic, the
results suggest that these agents can serve as effective non-surgical options. The outcomes appear con-
sistent across all continents included in this study, reinforcing their potential as reliable alternative globally.
However, the review highlights the necessity for well-designed randomized controlled frials fo further assess
the long-term efficacy and safety of these freatments, ultimately aiming fo optimize patient outcomes.
Keywords: stress urinary incontinence, mixed urinary incontinence, urethral bulking agents; efficacy; safe-
ty; cure rates

Introduction

Stress urinary incontinence (SUI), characterized by the
involuntary leakage of urine during activities such as physi-
cal exertions, coughing, sneezing, or laughing, stands as the
most prevalent type of incontinence (48 %) [1]. It affects
millions of people globally, with approximately 1 in 3 wo-
men experiencing symptoms during their lives. This condi-
tion occurs when the closure mechanism is unable to handle
the sudden increase in bladder pressure, leading to urine
leakage through the urethra. Contributing factors include
weakened pelvic muscle, thinning of mucous membranes
due to postmenopausal estrogen deficiency, and relaxation
of urethral ligaments [2].

Studies indicate that SUI significantly impairs people’s
quality of life, causing emotional distress, social limitations,

and a lower quality of life. Up to 70 % of people with SUI
avoid social activities such as family gatherings or outings
with friends due to fear of leakage, highlighting the condi-
tion’s significant impact [3].

SUI has various treatment options, ranging from surgi-
cal procedures to behavioral therapy and pelvic floor exer-
cise. Among these options, urethral bulking agents has been
a less invasive choice for individuals preferring conservative
management. Urethral bulking is an FDA-approved treat-
ment for adult women with stress urinary incontinence
caused by intrinsic sphincter deficiency. The procedure
involves injecting a bulking agent either transurethrally or
periurethrally to enhance the urethral closure mechanism,
improving urinary control [4]. This therapy has been used
for nearly a century, involves injection of bulking agents into
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the submucosal tissues of the urethra, facilitating the resto-
ration of proper closure [5]. SUI is primarily a structural and
sphincter-related issue, tissue bulking can offer significant
relief by restoring the mucosal seal mechanism. The intro-
duction of injectable bulking agents has provided an addi-
tional treatment option for SUI. These agents are favored
for their simple outpatient application and favorable safety
profile, even for patients with severe health conditions. The
most common side effects include pain during injection,
and immediate post-procedure complications such as uri-
nary retention and voiding dysfunction, which can be ma-
naged with intermittent self-catheterization [6].

Increasingly, women are choosing to have urethral bul-
king injections as a treatment for SUI. This decision is in-
fluenced by patient preference, developments in technology,
and the comparative advantages over other treatments. Pa-
tients often prefer therapies that disrupt less of their daily
routine, which makes urethral bulking agents appealing be-
cause they have shorter recovery times and are less invasive.
Additionally, technological advancements have led to the
development of bulking agents that offer improved efficacy
and safety. However, urethral bulking agents should not be
seen as a replacement for mid-urethral slings (MUS) in the
treatment of female SUI. Instead, they should be regarded
as a legitimate alternative for specific subgroups of women
with SUI, including elderly patients, those with significant
comorbidities who require a low-risk procedure, and youn-
ger women who may be considering pregnancy [7].

However, ongoing discussions among the medical com-
munity persist about the efficacy and safety of urethral bul-
king agents, despite their various advantages. The primary
topics of discussion include the effects in therapies, variabi-
lity in patient responses, and risk of adverse events associ-
ated with certain agents. Concerns have been raised about
how long bulking agents relieve symptoms and the risk as-
sociated with the materials used [8]. A study by Lemmon
indicates that performing peri-urethral bulking alongside
pelvic floor repair results in improved urinary symptoms,
with outcomes comparable to those of bulking procedures
for SUI alone. Our findings also support that combining
bulking with pelvic floor repair is a safe procedure, with
transient voiding dysfunction being the most common side
effect, which can typically be managed with standard con-
servative treatments [9]. Furthermore, ongoing discussion
addresses the effectiveness of therapy over the long term, the
differences in how patients react to different agents, and the
occurrence of specific adverse effects such as infections or
allergic response [10].

Evidence-based guidance is crucial to assist patients in
receiving suitable and effective treatments while reducing
risks and complications. Evidence-based methods guarantee
the general quality score, safety of the patients, and efficacy
of the therapy.Therefore to address this need, we carried out
a systematic review and meta analysis. Our study compared
the efficacy and safety of various periurethral bulking agent
therapies like Macroplastique, Bulkamid, and Urolastic for
patients with stress urinary incontinence or mixed urinary
incontinence (MUI) with predominant stress. To provide
medical experts with useful information on the long-term

effects and efficacy of various bulking agents, which will
facilitate decision-making and optimize treatment plans to
improve patient outcomes and standard of care.

Literature review

Brosche conducted a study on the use of Bulkamid in
women with SUI [11]. Their findings indicated high patient
satisfaction, with the primary advantage being the ease of
administration and shorter recovery periods compared to
surgical alternatives. Similarly, Tan introduced MUS, which
provided a point of comparison between surgical options
and non-surgical treatments like bulking agents. While
MUS demonstrated long-term efficacy, the study high-
lighted the need for non-invasive alternatives such as bul-
king agents, especially for patients with contraindications
for surgery [12].

Fleischmann focused on the use periurethral bulking
agents in elderly women who had failed previous sling sur-
geries [13]. Their analysis showed that bulking agents could
serve as a second-line treatment with moderate success rates
and manageable complications. Sebesta compared Macro-
plastique to other agents in a retrospective short study [14].
They supported Macroplastique as a durable solution with
fewer complications, though they also acknowledged that
follow-up injections were sometimes necessary to maintain
efficacy.

In a different approach [5] conducted a randomized
controlled trial (RCT) to evaluate the long-term outcomes
of Urolastic in treating mixed urinary incontinence. While
effective for up to two years post-injection, their study ob-
served a decline in efficacy beyond that period, underscoring
the potential need for additional treatments [15] reviewed
novel bulking agents, including autologous fat and platelet-
rich plasma (PRP). Though still experimental, these agents
showed promising results in initial trials and may represent
future directions in bulking agent therapy.

Lemmon examined complication rates across different
bulking agents, finding that Bulkamid had the lowest rate of
complications [9]. In contrast, collagen-based agents were
associated with a higher risk of allergic reactions, pointing
to the importance of selecting the most appropriate mate-
rial based on the patient’s medical history. Lord added to
the discussion by exploring the cost-effectiveness of urethral
bulking agents versus surgical options. While bulking agents
often require repeat procedures, their analysis showed that
they can be more cost-effective in the short term due to re-
duced hospitalization and quicker recovery times [16].

Patient-reported outcomes also play a significant role
in evaluating treatment option. Serati studied how urethral
bulking agents impacted quality of life [17]. Their findings
indicated that patients who received Bulkamid reported the
highest levels of satisfaction and were most likely to recom-
mend the procedure to others. Lastly, a Cochrane review
by [18] provided a comprehensive analysis of various inter-
ventions for treating SUI. The review concluded that while
bulking agents may not be as effective as surgical options,
they remain a valuable alternative for patients who prefer
non-invasive treatments or who are not ideal candidates for

surgery.
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Methods

The research protocol was registered in PROSPERO and
conducted in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) 2020
guidelines. Meta-analysis was performed using R-Studio,
ensuring methodological rigor and reliability.

Eligibility criteria

Our analysis encompassed studies examining the effec-
tiveness (both subjective and objective) of various urethral
bulking agents in treating female stress urinary incontinence
or mixed urinary incontinence with a predominant stress
component, regardless of prior surgery. We considered RCTs
as well as observational prospective or retrospective cohort
studies to be appropriate epidemiological designs. Excluded
from our review were review articles, case reports, commen-
taries, editorials, and meeting abstracts. Additionally, we
limited inclusion to studies published in English within the
past 10 years.

Source

We utilized PubMed, Cochrane, Springer, Scopus, and
ClinicalTrials.gov as the search engines for accessing study
resources.

Search strategy
The literature search involved using the terms either se-
parately or in combination, as follows:

patient age, body mass index (BMI), menopausal status,
parity, type of incontinence, objective and subjective assess-
ment methods, cure and improvement rates, failure level,
complications, and follow-up duration in months.

Data

— Subjective assessments are assessed from validated
surveys and self-reports.

— Objective assessment using a variety of tests from
cough, valsalva, dressing and bladder history.

— The level of improvement was evaluated through self-
report as well as the need for and additional incontinence
related interventions.

— Failure rates were assessed based on validated ques-
tionnaires, cough tests and pad tests

— Complication rates were assessed by employing either
the Clavien-Dindo classification or by identifying significant
complications associated with stress urinary incontinence.

Results

Initially identified 342 records through various search
engines up to the year 2023. After removing 31 duplicates,
we screened a total of 311 records. Of these, 256 records
were excluded during the screening process, leaving 55 re-
cords for further retrieval. Unfortunately, full articles were
not found for 17 of these records, resulting in 38 records
available for eligibility assessment. Subsequently, 17 records
were excluded due to no full-text available. Consequently,

a) “bulking agent” or “bulking agents”;
and Identification of studies via databases and registers

b) “periurethral injection” or “transure- |[]
thral injection”; and 5

c) “stress urinary incontinence” or “ = . B Records removed before
due to persistent stress urinary inconti- || & Records identified from: screening:
nence” or “incontinence urinary mixed || & Databases (n = 342) Duplicate records removed
with predominant stress”; and 35 (n=31)

d) “woman” or “female”. L

All relevant articles were meticulously l
reviewed with lists references evaluated to |
uncover additional relevant article. Records screened Records excluded

(n=311) (n = 256)

Process of selection

Conducting a narrative synthesis and
qualitative analysis. Each researcher inde- > Reports sought for retrieval Reports not retrieved
pendently selected articles based on their || € (n =55) (n=17)
titles and abstracts, excluding any that were o
unrelated. Any disagreements were resolved §
through discussion among all researchers.
if several equal identified with research Reglgits”ﬁ;s(isze;s;or Reports excludetf
publication then utilized the data of larg- Wrong outcome (n=6)
est sample. Subsequently, potential reseach WWrong tpo dpu(ljathn (n =_gé
evaluated in full-text to sum up the quanti- ong study design (n = 8)
tative and qualitative analyses. L]
Collection of data ® o o

. o© Studies included in review

Using structured table to extract essen- % (n=15)
tial data each eligible study, encompassing £
authors’ names, publication year, study L——

design, bulking agent type, prior surgeries,

Figure 1. Identification of studies via databases and registers
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38 records with full texts were assessed for eligibility and
leading to the exclusion of 23 records based on wrong out-
comes, populations, or study designs. The remaining 15
studies fulfilled the inclusion criteria and were included in
this review.

Study characteristics

We included nine retrospective and six prospective stu-
dies. Retrospective studies examine prior data, while pro-
spective studies follow individuals over time to assess UBA
effectiveness and results. Table 1 details the study design and
patient characteristics. About 11 of 15 studies were monocen-
ter, meaning they were conducted at one medical center. Four
multicenter studies showed collaboration between medical
centers. This suggests that the majority of research took place
at specific institutions rather than spanning multiple sites.
This research was done in North America, Europe, Taiwan,
and Australia. This international representation is crucial for
gaining insights into the utilization of urinary bulking agents
across diverse healthcare systems and populations.

The study used several bulking agents. 716 patients
(51.3 %) received Bulkamid, followed by Macroplastique
with 265 patients (18.98 %), Urolastic with 139 patients
(9.96 %), Collagen with 35 patients (2.51 %), Contigen with
33 patients (2.36 %), Coaptite with 27 patients (1.93 %), and
PRP with 20 patients (1.43 %). In 161 patients (11.53 %),

the proportion of patients who received Bulkamid or Mac-
roplastique is unclear. The study of various materials in trea-
ting urine incontinence enriches therapeutic options. Four
of the studies included women with major SUI and MUI,
whereas the other eleven focused on pure SUI. Participants
averaged 61.7 years old and ranged from 41 to 71.7. Five
studies provided data on menopause status, ranging from
23.9 to 92.8 %. Menopause due to hormonal changes, can
have an impact on bladder function and urinary health. In
the studies, the number of pregnancies varied from 1 to 3.
Childbirth can weaken pelvic floor muscles, leading to urine
incontinence. In addition, the mean BMI of individuals
ranged from 22.7 to 30.89 kg/m?. Bladder and pelvic floor
strain, obesity, and a higher BMI can all increase the risk of
urine incontinence.

The outcomes of the studies are listed in Table 2. Eleven
out of fifteen studies (73.33 %) report UBA cure rates. 13
studies (86.67 %) reported cure and improvement rates,
while 7 (46.67 %) reported failure rates. The average fol-
low-up duration was 26.87 months, ranging from 4 to 84.
All studies used subjective assessment methods. 11 out of 15
studies (73.33 %) used validated urinary incontinence ques-
tionnaires. Three studies (23.8 %) used validated quality-of-
life (QoL) questionnaires. Two studies (9.52 %) used self-re-
ported symptoms. Ten of 15 studies (6.67 %) used objective
assessment. Seven out of 15 studies (46.67 %) used the pad

Table 1. Details of the studies and the characteristics of the patients included
in the systematic review and meta-analysis

Mean . Mean
Sample Mono/ . Meno- | Parity
Author | Year | size ds;;d‘r'] Multi- C(t)run- Bau"::tg I}'?ﬁ (raar?ee) pause | (range) (rgrl:me)
(N) 9 center y 9 . S% (%) = SD . S%
1 2 3 4 5 6 7 8 9 10 11 12
Macro-
Gaddi Retro- Mono- plastique 62.30 = | 23.9 28.10 =
et al. 2014 67 spective | center USA Contigen Sul 13.85 (16) B 5.78
Coaptite
Pai and 27.6
- Retro- Mono- . Sul/ 59.8
Al-Sin- 2015 256 . UK Bulkamid - 2(0-4) | (19.5-
gary spective | center MUI | (31-93) 47)
Futyma Retro- Multi- . SuUl/ | 63.62 30.27
et al. 20151 105 spective | center Poland | Urolastic RSUI | 10.11 - 3(0-6) 3.27
Rosen- Prospec- | Mono- Macro- 65.80 225+ | 2729
feidetal. 2015 59 |iive center |YSA | plastique | SY' | 974 - 119 | 10.09
. . 64.5
De Vries Retro- Multi- Nether- .
etal. 2017 34 spective | center | lands Urolastic sul (gg’ '3)_ - - -
Zivano- Prospec- | Mono- | Swit- . Sul/ 71.7 = 28.8 +
vic et al. 2017 55 tive center | zerland Bulkamid MUI 10.7 - h 3.9
Clark
Retro- Mono- . SuUl/ 70
and 2017 17 spective | center Canada | Bulkamid MUI | (59-78) - - -
Welk
Macro-
lastique
Dray Retro- Mono- p 65.1 = 30.1 =
2018 73 . USA (38) Sul - -
et al. spective | center Collagen 12.6 7.1
(35)
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End of Table 1

1 2 3 4 5 6 7 8 9 10 11 12
Rodri-
Prospec- | Mono- Macro- 62.7 £ 92.8 24 + 27.2 =
g?glz 2020 70 tive center USA plastique Sul 10.7 (65) 1.2 5.9
Macro-
Daly Retro- Mono- | Scot- .
et al. 2020 114 spective | center | land gt?lig?#iz sul 60 - - 30.89
Table 2. Included studies’ outcome measures in the systematic review and meta-analysis
Cure and . .
. . Compli- . Objec-
Cure rate, | 'MProve- Fallu:e cation Follow- | Subjec- |, o"e Complica-
Author Year % (N) ment rate, % rate. % up tive as- - o
° rate, % (N) N ° | (months) | sessment t
(N) (N) men
1 2 3 4 5 6 7 8 9 10
61.2 Self-report Transient
Gaddietal. | 2014 (41/67) (5; /%7) (236%87) (g/g% 12 improve- Ctoeusgt;h urinary
(S+0) ment retention
42.9 82.8 ICIQ-Ul | 24-hour No compli-
Pai et al. 2015 | (110/256) | (212/256) - 0 (0/256) 60 SF pad cations P
(S) (S) VAS test
Bladder out-
let obstruc-
tion
45.7 Displace-
Futyma 60.9 17 Pad .
2015 | (48/105) - 12 Stamey ment bulking
et al. () (64/105) (17/105) test material
Recurrent
urinary tract
infection
Rosenfeld | 5o,c | 5.08 (3/59) | 47‘3;569) 25.42 B o UDI-6 Pad B
et al. (O) S) (15/59) VAS test
PGI-I
. 85.3 Clavien- Clavien-Din-
De Vries | 2017 - (29/34) - (gg)g;) 12 Dindo — | do complica-
) (S) complica- tions I-1lIB
tions
Cough
ltjeasé Persistent
test urge urinary
o5 4 3-day incontinence
Zivanovic ; 83.6 16.4 . 2. | Voiding dys-
otal 2017 | (14/55) (46/55) | (9/55) 29 (16/55) 12 VAS micturi- | ¢ Sl
(S+0) tion UTI
ﬁfgﬂ ; | De novo
pad urgency
test
Clarketal. | 2017 - . 27/11 7 é}"{% - 12 ICIQ-UI - -
047 AUAS
. 71.3 28.8 index Pad
Dray et al. 2018 (18/73) (52/73) (21/73) - 4 M-ISI test -
(5+0) index
. UDI-6 .
Rodriguez 69 (48/70) 83 31 Pad | No compli-
etal. 2020 | “igi oy | (s8/70) | (22/70) | ©(0/70) 46 QoL test | cations
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End of Table 2
1 2 3 4 5 6 7 8 9 10
. Post voiding
Patient dysfunction
60.5 16.7 reported Urinary tract
Daly et al. 2020 - (69/114) - ) 56 outcomes - . .
(19/114) infection
(S) scale T ient
ICIQ-UI SF ransient
urethral pain
Urinary tract
infection
Transient
prolonged
ICIQ-UI SF emptying
VAS time
o 2021 16(é6-€/g?8) (25635/5288) -l 1387/5688) 84 QoL UZESe Nocturia
) Complica- Residual urine
tions > 50 ml/s
Persistent
disuria
Frequent
urination
ICIQ-UI SF
80 uUDI-6 .
Longetal. | 2021 | 20420) | (4g/20) - 0 (0/20) 6 Q-7 — | No compli-
(S) (S) OABSS cations
POPDI-6
Transient
disuria
. 70 I-QOL Hematuria
Ghoniem | 2021 - @o70) | - (;/27'3) 36 PGI-S ~ |Painatin-

) (S) Stamey jection site
Urinary tract
infection

_ 81 ((338)/47) ‘9 c1Q-Ul SF | N9% | Clavien-Din-
Seratietal. | 2021 83 (39/47) - (9/47) 8.5 (4/47) 36 Sgll(ls stress ﬁgncsomrl)hca-
(O) test
PGI-I
80.9 Clavien- Nega- . .
; ; Clavien-Din-
. (17/21) (S) B B 14.2 Dindo tive o
Seratietal. | 2023 76 (16/21) (3/21) 6 complica- | stress ﬁgncsolrflgl)hca
(O) tions test
FSFI

Notes: (S) — subjective cure rate; (O) — objective cure rate; VAS — Visual Analogue Scale; I-QOL — Incontinence
Quality of Life; ICIQ-Ul SF — International Consultation on Incontinence Questionnaire — Urinary Incontinence
Short form; AUAS — American Urological Association Symptom; M-ISI — Michigan Incontinence Symptom; UD| —
Urogenital Distress Inventory; PGI-I — Patient Global Inpression — Improvement; S| — stress incontinence; Ul —
urinary incontinence; OABSS — Overactive Bladder Symptom Score; POPDI — Pelvic Organ Prolapse Distress

Inventory; IIQ — Incontinence Impact Questionnaire.

test, while 4 out of 15 studies (26.67 %) used the cough or
Valsalva stress test. One study (6.67 %) used micturition
diaries. The study employed diverse results, methodologies,
and follow-up durations.

Risk of bias assessment

Several studies [9, 18—25] presented a low risk of bias
(RoB) with total quality scores of 7 out of 9. The results of
all of the other studies [11, 26—31] showed that the RoB was
moderate to high. Specifically, four of the studies received
a score of six out of nine, two received a score of five out of
nine, and one received a score of four out of nine.

The lack of case representativeness was the main contri-
buting cause of bias in this study, with one article having a high
RoB and six articles with moderate RoB. Furthermore, none
of the studies included the control selection, which indicates
a possible source of bias. Out of fifteen studies, eight studies
showed a low RoB in the ascertainment of exposure. The ma-
jority of the studies also had adequate outcomes and follow-up
evaluations, which improved the research’s overall reliability.

Synthesis result
The related I? test result was 77 % (95% CI: 62—86 %),
demonstrating significant statistical heterogeneity among
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the studies. The overall cure and improvement rate ranged
from 70 to 80 % in the included studies with a pooled value
of 75 %. Besides, the risk of publication bias was not found
through a visual analysis of the funnel plot and the Egger’s
test, which produced a result 0of 0.47 (95% CI: —2.21 to 3.14;
p=0.74).

We performed a subgroup analysis of the three most
common bulking agents used which are Bulkamid, Urolas-
tic and Macroplastique. The pooled cure and improvement
rate was 76 % (95% CI: 66—86 %), 73 % (95% CI: 49—97 %)
and 77% (95% CI: 70—84 %) for Bulkamid, Urolastic and
Macroplastique, respectively. We find significant heteroge-
neity in all the group except Macroplastique group Bulka-
mid (I> = 90 %), Urolastic (I> = 90 %), Macroplastique
(I’=19 %).

Another subgroup analysis was conducted based on the
continents where bulking agents were used. The pooled rates
of cure and improvement were 74 % (95% CI1: 71-81 %) for
the American, 75 % (95% CI: 67—83 %) for European, and
80 % (95% CI: 56—94 %) for Asian. Significant heteroge-
neity was observed in all groups except for the American,
with I?values of 0.4 % for the American, 87 % for Europe,
and 76.6 % for Asian.

Researchers evaluate in three categories: low RoB (7—9
stars), moderate RoB (5—6 stars), and high RoB (less than
5 stars).

Discussion

This study offers insight into the efficacy and safety
of bulking agents in treating SUI and stress-predominant
MUI. Using a systematic review and meta-analysis ap-
proach, we collected data from a variety of studies, inclu-
ding randomized controlled trials, cohort studies, and
retrospective analyses. Our study aims to evaluate the cure
and improvement rates of bulking agents with various fol-
low-up durations, assess the risk of bias, and look at the
side effects and complications that arise. While previous

studies, such as Braga’s meta-analysis, focused on specific
populations, Our study included a more broader popula-
tion of women, including those who were suffering SUI for
the first time or had previously undergone surgical inter-
vention for SUI [17].

There are various types of bulking agents, with several
commonly utilized in this research, including Bulkamid,
Macroplastique, and Urolastic. Furthermore, autologous
platelet-rich plasma stands as another potential option as a
bulking agent, as shown by a study conducted by Long [30].
Bulking agents are administered either periurethral or tran-
surethrally into the submucosa. They enhance the closure
of the urethra during the storage phase of the micturition
cycle and periods of elevated abdominal pressure. They play
arole in improving urinary incontinence through their mass
effect, which increases muscle fiber length and strengthens
the urethral sphincter.

Bulkamid is among the most commonly used bulking
agents. According to research by Brosche, involving 388
participants, cure and improvement rates stood at 67.1 %
seven years after the initial injection. Remarkably, even
when used as a secondary therapy subsequent to prior treat-
ments for SUT or stress-predominant MUI, the majority of
patients reported sustained long-term benefits [11]. Another
frequently administered bulking agent is Macroplastique.
In studies conducted by Rodriguez et al., findings revealed
that among 70 women diagnosed with confirmed SUI, 83 %
achieved a subjective improvement rate after follow-up of
nearly 4 years. This study suggests that Macroplastique in-
jection is a durable and effective management option for
SUI, although a second injection may be required to achieve
the desired success.

Another viable option among bulking agents is Urolas-
tic. In a study conducted by de Vries et al., it was found that
88 % of patients treated at the general hospital reported sub-
jective improvement at a median follow-up of 12 months.
The rate of complications, classified as Clavien-Dindo > 2,

Gaddi et al., 2014
Pai et al., 2015
Futama et al., 2015
Rosenfeld et al., 2016
De Vries et al., 2017
Zivanovic et al., 2017
Clark et al., 2017
Dray et al., 2018
Rodriguez et al., 2020
Daly et al., 2020
Brosche et al., 2021
Long et al., 2021
Ghoniem et al., 2021
Serati et al., 2021
Serati et al., 2023
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Figure 2. A comprehensive Newcastle-Ottawa scale of each included cohort study
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Table 3. A comprehensive Newcastle-Ottawa scale of each included cohort study

Selection Comparability Outcome
Demon-
Repre- | Selec- stration . .
senta- | tion | Ascer- that rﬁgr]\ﬁ:;r Ag’::tt' As- Total
Study |tiveness| ofthe | tain- | outcome | . - for sess- | Follow- | Loss to | 9ua-
ofthe | non- |mentof |ofinterest| '~ | . | ment up | follow- | lity
inter- | inter- | inter- | wasnot | anr risk | risk fac- | ©f out- | length | up rate | Score
vention | vention | vention | present T o come
cohort | cohort at start of
study
Gaddi
etal, 2014 | ¥ 0 * * * 0 * * * *
Pai et al.,
5015 * 0 * * * 0 * * * 7%
Futyma
etal., 2015 * 0 * * 0 0 * * * 6*
Rosenfeld
etal, 2016 * 0 * * * 0 * * * *
De Vries
etal, 2017 | ¥ 0 * * * 0 * * * *
Zivanovic
etal.,, 2017 * 0 * * * 0 * * * *
Clark et al.,
5017 0 0 * * * 0 * * 0 5%

stood at 24 %. Notably, despite the occurrence of compli-
cations, the implantation of Urolastic appears to be a safe
procedure, characterized by the absence of migration or un-
desired tissue reactions [22].

Our meta-analysis revealed cure and improvement rates
ranging from 70 to 80 % across involved studies with com-
bined 75 % rate. We also conducted subgroup analyses by
geographic region, categorized by continent. Bulking agents
are predominantly utilized in Western regions, such as the
Americas and Europe, with only one study in this research
originating from Asia. Research on the use of urethral bul-
king agents in Asia is relatively scarce, with most studies pri-
marily conducted in Western regions. Despite this regional
distribution, analysis reveals that the treatment outcomes
for bulking agents are consistent across the three continents,
with cure and improvement rates of approximately 75 % in
Asia and Europe and 76 % in the Americas.

However, heterogeneity between studies, variations in
methodology, duration of follow-up, and inclusion of stu-
dies with moderate or high risk of bias may have influenced
the overall findings. Study heterogeneity is a key concept for
interpreting meta-analysis results. While results from multi-
ple studies often vary, studies are considered heterogeneous
when their core target outcomes differ. Heterogeneity may
arise due to variations in study design or data, such as dif-
ferences in target populations, intervention doses, timing of
outcome measurements, recruitment and survey methods,
measurement tools, or analytical approaches, including
how covariates are adjusted [32].

Clinical and methodological heterogeneity can be
managed by restricting criteria during the planning phase

and carefully selecting eligible studies. Subgroup analysis,
which is pre-specified in the protocol, is one approach to
addressing heterogeneity, while meta-regression can also
be used to identify and explain variability. However, both
subgroup analysis and meta-regression are only applicable
to known or potential sources of heterogeneity. Important-
ly, the presence of heterogeneity does not render a meta-
analysis unnecessary or ineffective. Some experts argue that
heterogeneity is an inherent aspect of meta-analysis, as it
aims to integrate findings from studies conducted in diverse
settings [33].

In the term of safety and efficacy, a study by Campan-
ella suggests that Single Incision Slings (SIS) and Urethral
Bulking Agents (UBA) are comparable in terms of both ef-
fectiveness and safety for treating SUI. The key distinction
was the absence of groin pain following UBA treatment.
Over a 29-month follow-up, bulking agents demonstrated
promising efficacy and safety, with treated patients expe-
riencing fewer postoperative complications. Additionally,
there was no significant difference in quality of life or sexual
activity between patients receiving SIS or UBA. This makes
bulking agents a reliable treatment option when appropriate
patient selection is made [34].

These findings highlight the importance of bulking agents
as an effective non-surgical treatment option for women
with SUI or stress-predominant mixed urinary inconti-
nence. For example, patients who are hesitant about under-
going surgery or experiencing adverse effects from treatment
may find bulking agents attractive, thereby improving qua-
lity of life and treatment satisfaction. Future research should
prioritize conducting well-designed randomized controlled
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Figure 3

Study or
subgroup Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
BulkingAgent = Other or mix
Gaddi et al., 2014 53 67 7.1% 0.79[0.67;0.88] ——
Dray et al., 2018 52 73 6.8% 0.71[0.59; 0.81] ——
Daly et al., 2020 69 114 7.5% 0.61[0.51;0.70] —&
Long et al., 2021 16 20 4.2% 0.80[0.56;0.94] —_—
Serati et al., 2021 39 47 6.7% 0.83[0.69; 0.92] ———
Total (95% Cl) 229 321 32.4% 0.74[0.66; 0.83] s ——d
Heterogeneity: Tau? = 0.0063; Chi? = 12.97, df =4 (P = 0.01); I> =69 % [21 %; 88 %]
BulkingAgent = Bulkamid
Pai et al., 2015 212 256 9.3% 0.83[0.78;0.87] ——
Zivanovic et al., 2017 46 55 7.1% 0.84[0.71;0.92] ——
Clark et al., 2017 12 17  3.2% 0.71[0.44; 0.90] =
Brosche et al., 2021 253 388 9.3% 0.65[0.60;0.70] —
Total (95% Cl) 523 716 28.9% 0.76[0.66; 0.86] ———
Heterogeneity: Tau? = 0.0082; Chi? = 30.53, df = 3 (P < 0.01); I = 90 % [78 %; 96 %]
BulkingAgent = Urolastic
Futyma et al., 2015 64 105 7.3% 0.61[0.51;0.70] —8—
De Vries et al., 2017 29 34 6.2% 0.85[0.69;0.95] —
Total (95% Cl) 93 139 13.5% 0.73[0.49; 0.97] R ——
Heterogeneity: Tau? = 0.0266; Chi2 = 9.95, df = 1 (P < 0.01); I2= 90 % [63 %; 97 %)
BulkingAgent = Macroplastique
Rosenfeld et al., 2015 44 59 6.5% 0.75[0.62; 0.85] — 8
Rodriguez et al., 2020 58 70 7.5% 0.83[0.72;0.91] ———
Ghoniem et al., 2021 49 70 6.7% 0.70[0.58; 0.80] ——
Serati et al., 2023 17 21 45% 0.81[0.58;0.95] —_—
Total (95% CI) 168 220 25.2% 0.77[0.70; 0.84] e
Heterogeneity: Tau? = 0.0012; Chi? = 3.71, df =3 (P = 0.29); 12 = 19 % [0 %; 88 %]
Total (95% CI) 1013 1396 100.0 % 0.75[0.70; 0.80] -

Figure 4

Study or

subgroup Events Total Weight IV, Random, 95% CI IV, Random, 95% CI

Continent = American

Gaddi et al., 2014 53 67 7.1% 0.79[0.67; 0.88] ——
Rosenfeld et al., 2015 44 59 6.5% 0.75[0.62; 0.85] ——
Clark et al., 2017 12 17  3.2% 0.71[0.44; 0.90] i

Dray et al., 2018 52 73 6.8% 0.71[0.59; 0.81] ——
Rodriguez et al., 2020 58 70 7.5% 0.83[0.72; 0.91] ——
Ghoniem et al., 2021 49 70 6.7% 0.70[0.58; 0.80] —

Total (95% CI) 268 356 38.0% 0.76[0.71; 0.81] -

Heterogeneity: Tau® = 0.0006; Chi* = 5.02, df =5 (P = 0.4134); I? = 0.4 % [0.0 %; 74.7 %)

Continent = European

Pai et al., 2015 212 256 9.3% 0.83[0.78; 0.87]

Futyma et al., 2015 64 105 7.83% 0.61[0.51;0.70] ——

De Vries et al., 2017 29 34 6.2% 0.85[0.69;0.95] —
Zivanovic et al., 2017 46 55 7.1% 0.84[0.71;0.92] ——
Daly et al., 2020 69 114 7.5% 0.61[0.51;0.70] B3

Brosche et al., 2021 253 388 9.3% 0.65[0.60;0.70] B

Serati et al., 2021 39 47 6.7% 0.83[0.69; 0.92] ———
Serati et al., 2023 17 21 45% 0.81[0.58; 0.95] —_—
Total (95% Cl) 729 1020 57.8% 0.75[0.67; 0.83] i
Heterogeneity: Tau? = 0.0102; Chi” = 53.89, df = 7 (P < 0.0001); I’ = 87 % [76.6 %; 92.8 %]

Continent = Asian :

Long et al., 2021 16 20 4.2% 0.80[0.56; 0.94] —_—
Total (95% Cl) 1013 1396 00.0% 0.75[0.70; 0.80] -

Prediction interval [0.58; 0.92]
Heterogeneity: Tau? = 0.0057; Chi? = 59.94, df = 14 (P < 0.0001); 12 = 76.6 % [61.7 %; 85.8%4] ! |
Test for subgroup differences: Chi2 = 0.28, df = 2 (P = 0.8679) 05 06 07 08 09

Figure 5

trials to rigorously assess the efficacy and safety of bulking
agents, allow better comparison of outcomes, and establish
more reliable treatment guidelines.

Our study demonstrated a considerable degree of het-
erogeneity. Therefore, we recommend that future research
adopt more standardized protocols, particularly in studies
involving the bulking agents Bulkamid and Urolastic. Addi-

tionally, further research on the effective-
ness and safety of bulking agent therapy
for treating stress and mixed urinary in-
continence is warranted to enhance the
reliability of clinical data.
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EdeKkTMBHICTb HONMOBHIOBAYIB Y 60POTLGI 3i CTPECOBUM i 3MILLAHUM HETPUMOHHSIM Cevi:
CUCTEMOTUYHUM OTASIA TO METAAHAAI3

Pe3iome. Crpecose HeTpuMaHHA cedi ii 3MilllaHe HETPUMAHHS
cedi 3 MepeBakaHHSM CTPECOBOTO KOMITOHEHTa € TOIIMpPEeHU-
MM CTaHaMHU, 1110 3HAYHO MOTIPIIYIOTh SIKiCTh XKUTTsI, OCOOINBO
cepeln XiHOK. YpeTpajbHi HAalOBHIOBAaYi 3’SIBUJIMCS SIK BapiaHT
HeXipypriuyHOro JiKyBaHHS MalLli€HTIB, SIKi BaraloThCs 100 OIe-
paTUBHOTO BTpy4YaHHS. METOIO IIbOTO CHCTEMAaTWYHOTO OTJISI-
Iy Ta MeTaaHali3y € OliHKa e(PeKTUBHOCTI il Oe3MeK!U pPi3HUX
HaIlOBHIOBauiB ypeTpu, 30kpema Bulkamid, Macroplastique i
Urolastic, y JiKyBaHHi CTPECOBOr0 HETPUMAHHS Cedi Ta 3Millla-
HOTO HETPUMAaHHSI cedi 3 TIepeBakaHHSIM CTPECOBOTO KOMITOHEH -
Ta. OTJI1 OXOIUTIOE 15 HOCTiIKeHb, BKIIIOUHO 3 PAaHIOMi30BaHM-
MM KOHTPOJIbOBAHUMHU W KOTOPTHUMU HOCTIIKeHHSIMM, i3 3a-
raJibHOO KijIbKicTio 1120 martieHTiB. ABTOPH 30CEPEIKYIOThCS Ha
TMOKa3HUKAaX OAYKaHHS I TOKpAIIleHHS CTaHy Talli€EHTIB, yCKIa -
HEHHSIX i pU3UKY CUCTEMHOI MOMIJIKH. 3a pe3yiabraTaMU JTOCITi-

JDKEHHST, TTOKa3HUKM OTyXKaHHS i OKpalleHHs! KOJIUBAIOThCS B
nianasoHi Bix 70 1o 80 %, i3 3BeneHuM cepentim 75 %. AHai3 1o
MiArpyMnax BUSBUB, 110 MOKA3HUKU OAYyXaHHsI cTaHOBWIM 76 %
st Bulkamid, 73 % nnst Urolastic i 77 % nna Macroplastique.
HesBaxaroun Ha 3HaYHY CTATUCTUYHY HEOJHOPIAHICTb, 30KpeMa
st Bulkamid Ta Urolastic, pe3ysibraTtu cBigyath npo Te, M0 i
3ac00M MOXYTb OyTH e¢(PEKTUBHUMU HEXipypriYHUMHU BapiaHTa-
mu. [1poTe B orisiai miaKpecaioeTbCs HEOOXiMHICTh TPOBEACHHS
no0pe CrjIaHOBAaHUX PaHIOMi30BAHUX KOHTPOJIbOBAHMX JOCIHi-
JDKeHb VTS TONAJIbIIOT OLIIHKM JOBrOCTPOKOBOI e(peKTUBHOCTI i
0Oe3IeKH LIUX METO/IB 3 METOIO ONITUMI3allii pe3yJIBTaTiB JTiKyBaH-
Hs NaLi€HTIB.

Ki10490Bi c/10Ba: crpecose HeTpuMaHHs ceui; 3MilllaHe HETPU-
MaHHsI cedi; HaroBHIOBaYi ypeTpH; e(heKTUBHICTh; Oe3reka; Kyp-
CH JIIKYBaHHS
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Abstract. Peritoneal dialysis (PD) is increasingly used as a kidney replacement therapy in end-stage kidney
disease, especially for its benefits in patient management and quality of life. However, PD peritonitis,
particularly when caused by Serratia marcescens, can be a challenging complication that may require
catheter removal. We present the case of a 17-year-old patient who had three PD peritonitis episodes in
less than six months, caused by Serratia marcescens that led to catheter removal. This bacteria is known
for ifs resistance to antibiotics and potential for systemic dissemination, making prompt recognition and
management crucial. Catheter removal may be necessary early on to prevent further complications and

improve patient outcomes.

Keywords: catheter removal; peritonitis; peritoneal dialysis; Serratia marcescens

Introduction

Peritonitis remains the most dreadful complication of
peritoneal dialysis (PD). The diversity of germs and the ap-
pearance of antibiotic-resistant strains present a challenge
in terms of the choice of treatment, with the aim of preser-
ving the peritoneum from anatomical changes.

Aside from peritonitis refractory to antibiotics, repeated
episodes of peritonitis may require the removal of the PD
catheter. In addition, there are certain episodes of Gram-
negative bacillus peritonitis which preferably indicate cathe-
ter removal from the very first episode, and the attempt to
“save the catheter” may lead to serious complications ran-
ging from septicemia to septic shock, as described in several
studies, such as Serratia marcescens (SM) peritonitis [1].

This enterobacterium is an opportunistic Gram-negative
bacterium. It is often found in the urinary, gastrointestinal and
respiratory tracts, and is transmitted by direct contact. Risk
factors include prolonged hospitalization, intravenous, intra-
peritoneal, urinary catheterization and airway instrumenta-
tion. SM is difficult to treat because of its ability to produce
beta-lactamase, giving it high intrinsic resistance to broad-
spectrum antibiotics such as cefazolin, ampicillin and tetracy-
cline. Serratia marcescens peritonitis is not frequently reported
in the literature, and its outcome is generally unfavorable.

We report the case of repeated Serratia marcescens peri-
tonitis in a patient requiring removal of the PD catheter.

Clinical case

This is a 17-year-old female patient with end-stage
chronic kidney failure secondary to reflux nephropathy, who
has been on automated peritoneal dialysis (APD) since the
age of 11.

She is autonomous, has a Charlson score of 2, is well-
monitored and well-balanced (nPcr > 0.8), with purifica-
tion and fluid balance appropriate for peritoneal dialysis
(Kt/V > 2.5 and CHC > 55 ml/min).

Six years after the PD catheter placement, she presented
a Serratia marcescens peritonitis, with a cloudy dialysate ef-
fluent, without any digestive disorder or abdominal pain, the
leukocytes in the dialysate were 6,300/mm?, predominantly
neutrophilic, she was initially treated according to our de-
partment protocol with cefazolin 1 g, ceftazidime 1 g and
gentamicin 7 mg/kg intraperitoneally (IP), then adapted to
the antibiogram and only ceftazidime was maintained for a
period of three weeks, with a favorable clinical course and
clearing of the effluent after five days of antibiotic therapy.

Two months later, she was admitted for repeated perito-
nitis caused by the same germ (Serratia marcescens), with
cloudy dialysate effluent, vomiting and abdominal pain.
The white blood cells in the dialysate were 16,000/mm?,
predominantly neutrophilic. The evolution was remarkably
favorable, with good clinical improvement and a clearing of
the effluent after five days of antibiotic therapy.

© 2024.The Authors. This is an open access article under the terms of the Creative Commons Attribution 4.0 International License, CCBY, which allows others to  freely distribute the published
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Four months after her second episode of peritonitis, the
patient presented with abdominal pain, vomiting without
diarrhea, and a cloudy peritoneal dialysate for 3 days.

She was clinically stable, with biological inflammatory
syndrome (Table 1).

Cytobacteriological examination of the dialysate re-
vealed the presence of Serratia marcescens with leukocytes
at 4,370/mm?, 90 % of which were neutrophils. Aerobic and
anaerobic cytocultures revealed the same germ.

After having received probabilistic antibiotic therapy,
only IP ceftazidime 1 g/d (adapted to the antibiogram) was
maintained for a 3-week period.

The clinical course was characterized by regression of
abdominal pain and vomiting after two days and clearing of
the dialysate fluid after five days of antibiotic treatment.

Because of the repeated episodes and the presence of a
serious atypical germ, the PD catheter was removed despite
good initial responses under antibiotic therapy adapted to
the antibiogram. A new catheter was placed then in the con-
tralateral side simultaneously, and ceftazidime was main-
tained for 2 additional weeks.

Four days after catheter insertion, APD was gradually
resumed at low volume.

After one year, the patient was free of peritonitis.

Discussion

This case of repeated Serratia marcescens PD peritoni-
tis in our 17-year-old patient highlights the challenges of
managing this germ. Serratia marcescens is a Gram-negative
opportunistic bacterium commonly found in healthcare set-
tings, posing significant risks due to its intrinsic resistance
to antibiotics and propensity to form biofilms on medical
devices, including PD catheters. Despite its relatively low
incidence, Serratia marcescens peritonitis can lead to serious
complications, including sepsis and dissemination to other
organs [2, 3].

In our case, the patient presented with several episodes
of Serratia marcescens peritonitis over a relatively short
period of time. This is consistent with previous literature

documenting the potential for repeated infections with this
pathogen in PD patients [4, 5].

Our patient’s clinical history was complicated by the ne-
cessity to remove the catheter in view of repeated episodes of
peritonitis due to the same germ, despite a satisfactory initial
response to antibiotic therapy adapted to the antibiogram.
This decision was taken in line with the recommendations
of previous studies highlighting the importance of catheter
removal in cases of repeated or refractory peritonitis, parti-
cularly when caused by multidrug-resistant organisms such
as Serratia marcescens [6, 7].

Comparing our results with the existing literature, se-
veral studies have reported variable outcomes and treat-
ment strategies for Serratia marcescens peritonitis (Table 2).
While some cases were successfully managed with antibiotic
therapy alone, others required catheter removal or even a
switch to hemodialysis due to persistent infection or com-
plications such as osteomyelitis [8].

The variability of outcomes underscores the need for
individualized treatment approaches guided by factors like
antibiotic susceptibility, patient co-morbidities and catheter
status.

In addition, the emergence of multidrug-resistant
strains of Serratia marcescens is a growing concern, limiting
treatment options and potentially compromising patient
outcomes [9]. This highlights the importance of prudent
antibiotic management and infection control measures to
prevent and control Serratia marcescens infections in PD
patients.

However, SM is a group 3 Enterobacteriaceae, and ac-
cording to CA-SFM 2023 [10], this group is sensitive in vitro
to the third-generation cephalosporins. Monotherapy ex-
poses the risk of selection of resistant mutants and its com-
bination with an aminoglycoside could also lead to thera-
peutic failure through mutant selection.

Combination with fluoroquinolones is then recom-
mended as a means of avoiding the selection of mutants
resistant to third-generation cephalosporins, and the risk
of selection is absent or greatly reduced with fourth-gene-

Table 1. Laboratory investigation results on the admission of the patient

Parameters Obtained values Reference ranges
Inflammatory markers
Leukocytes (/mmd) 16,100 4,000-10,000
Polymononuclear neutrophils (/mm3) 14,800 1,500-7,500
C-reactive protein (mg/l) 118 <6
Ferritin (ng/ml) 311 5-204
Cytobacteriological examination of the dialysate
Leukocytes (/mmd) 4,320 <100
Polymononuclear neutrophils (%) 920 -
Lymphocytes (%) 10 -
Direct examination Gram-negative bacteria -
Cultures Serratia marcescens -

Aerobic and anaerobic cytocultures

Serratia marcescens
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Table 2. Reported cases of Serratia marcescens PD peritonitis (1965-2024)

Authors, year Pat(l:)nts Antibiotic regimen Duration Outcome
McCracken A.W. et al., . Two died, one was
1965 [6] 3 Polymyxin E NA transferred to HD
Hortling L. et al., 1984 [7] 1 Aztreonam NA rSeun?gszls without catheter
IP gentamicin and cefuroxime or
?ggg?fzfr AA.etal, 1 piperacillin, and cotrimoxazole (4 4 months | Transferred to HD
episodes)
Bizette G.A. et al., 1995 1 NA NA Complicated with
(8] osteomyelitis
Grabe D.W. et al., 1997 . L Success without catheter
[15] 1 Gentamicin and ceftizoxime 14 days removal
Krishnan M. et al., 2002 7 NA NA One was cured
[16]
IP ceftazidime and cefazolin, followed Transferred to
Zhao et al., 2007 [5] 1 by IV cefotaxime, finally IV imipenem 41 days hemodialysis
IP cefazolin and ceftazidime, followed
Ea;r;g J.H. etal,, 2013 1 by IP gentamicin and ceftazidime, 20 days Eﬂgfﬂ.egif
and finally oral ciprofloxacin y
IP cefazolin and gentamicin, followed Success without catheter
Bhave P. et al., 2016 [18] 1 by IP meropenem 21 days removal
Sarihan |. et al., 2017 IP cefazolin, secondly IP gentamicin, Success without catheter
1 21 days
[19] followed by oral ciprofloxacin Y removal
- IV cefazolin and ceftazidime, Transferred to
Kilic . et al., 2018 [4] 1 secondly piperacillin tazobactam 35 days hemodialysis
IP cefazolin and ceftazidime, followed
by levofloxacin, then cefoperazone Success without catheter
Yang N. etal., 2020 [12] 1 sodium and sulbactam sodium, 29 days removal
meropenem, and finally amikacin
Xie R. et al., 2024 [11] 1 IP ceftazidime and oral levofloxacin | 2 weeks %:ﬁgszls without catheter

Notes: HD — hemodialysis; IV — intravenous; NA — not available.

ration cephalosporins (cefepime, cefpirome) which are not
hydrolyzed by cephalosporinases, whatever their level of
production. This recommendation is supported by the case
reported by Xie R. et al. in 2024 [11], who successfully ma-
naged Serratia marcescens peritonitis with antibiotic therapy
based on ceftazidime and levofloxacin, without the need for
catheter removal.

Another alternative could be meropenem. In fact, in
2020, Ning Yang et al. [12] described a case of Serratia
marcescens that was treated successfully with meropenem
after the failure of antibiotic treatment with levofloxacin,
and the catheter was not removed. However, another recent
SM PD peritonitis case reported in 2023 by Carranza [13]
was treated with meropenem but failed to respond, requiring
the definitive switch to hemodialysis, since multiple adhe-
sions and purulent material was found while removing the
catheter, and the peritoneal cavity was not useful for peri-
toneal dialysis anymore. These cases demonstrate the viru-
lence and resistance of Serratia marcescens.

Ultimately, our case highlights the challenges we have
had in managing repeated Serratia marcescens peritoni-
tis, despite in vitro susceptibility to the third-generation
cephalosporins. The CA-SFM 2023 recommendations are

prompting the adoption of new therapies for Enterobacte-
riaceae, which could reduce the recurrence of such perito-
nitis and prolong the survival of the technique in the future.

Conclusions

Serratia marcescens is one of the Gram-negative bacteria
most responsible for repeated peritonitis, with a poor prognosis.

Peritonitis caused by Serratia marcescens, like any other
Enterobacteriaceae, requires vigilant management, and ear-
ly and aggressive antibiotic treatment adapted to the recom-
mendations using fluoroquinolones as first-line antibiotics,
despite in vitro sensitivity to third-generation cephalospo-
rins, which may improve the survival of the technique while
preserving the catheter.
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CnpuunHeHun Serratia marcescens NEPUTOHIT, ACOLIMOBAHUM i3 NEPUTOHEAABHUM AIQAIZOM:
KAIHIYHUI BUNOAOK i TEPANEBTUYHUMN MIAXIA

Pe3iome. TMepuroneansuuii gianis (/1) Bee yacTillie BAKOPUCTO-
BYETBCSI SIK 3aMiCHA HUPKOBA TepalTisl TIPY TepMiHAJIbHIN CTaii 3a-
XBOPIOBAHHSI HUPOK, OCOOJIMBO 4epe3 MOro repeBary B JTiKyBaHHi
MALIEHTIB 1 MOJIIMIIIEHH] SKOCTi XUTTsI. OnHaK nepuToHit ripu T1/1,
0CO0JIMBO CIIPUUMHEHMI Serratia marcescens, MOXe OyTH CEpHO3HUM
YCKJIQTHEHHSIM, sIK€ YacTo MOTpeOye BUMAJICHHS KarteTepa. Y CTaTTi
OIMMCAaHO KIHIYHUI BUTIAAOK y 17-pivyHO] MAalliEHTKH, SIKa Majia TPU
emizomu [1/1-acoLiiiioBaHOTO TMEPUTOHITY, BUKJIMKAHOTrO Serratia

marcescens, TIPOTSITOM MEHIIE HiX IIECTU MICSLiB, 1O MPU3BEJIO
IO BUIAJIEHHS KareTepa. Llst 6akTepist BimomMa CBOEIO CTIMKICTIO TO
AHTUOIOTHUKIB i 3MaTHICTIO 10 CUCTEMHOTO TOIIMPEHHS, 1110 POOUTH
CBOEYACHE BUSIBJIEHHSI i JIiIKyBaHHSI BKpail BaXXJIMBUM. BumaneHHs
KaTeTepa Ha paHHIX eTarax MoxXe OyTh HeOOXiTHUM JIJIs 3a00iraHHsI
TTOJTAJTBIIINM YCKJIQTHEHHSIM i TIOKPAIIIEHHSI Pe3yJIbTaTiB JIIKyBaHHSI.
Ki0490Bi clioBa: sunaneHHs katetepa; NepuUTOHIT; IepUTOHE-
anbHUI mianis; Serratia marcescens
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Abstract. We report a complex case of a 15-year-old girl initially diagnosed with post-streptococcal
glomerulonephritis (PSGN) but later identified as having dense deposit disease, which was initially classified
as type 2 membranoproliferative glomerulonephritis. PSGN and C3 glomerulopathy present overlapping
clinical and histological features, complicating diagnosis and treatment. This report highlights the case of
a young patient whose initial presentation and management for PSGN tfransitioned to a complex diagnosis
of dense deposit disease, necessitating tailored therapeutic interventions.

Keywords: post-streptococcal glomerulonephritis; dense deposit disease,; C3 glomerulopathy; membra-
noproliferative glomerulonephiritis; glomerular basement membrane

Introduction

Post-infectious glomerulonephritis (PIGN) follows in-
fections and manifests as nephritic syndrome within 1-3
weeks. Diagnostic hallmarks include proliferative glomeru-
lonephritis on light microscopy, bright C3 staining on im-
munofluorescence (IF) microscopy, and subepithelial
“humps” on electron microscopy. While most cases resolve
spontaneously, some patients endure persistent hematuria
and proteinuria or advance to end-stage kidney disease [1].
Persistent hematuria and proteinuria in individuals previ-
ously diagnosed with post-infectious glomerulonephritis
warrant consideration for a kidney biopsy. If atypical clinical
or histological features are observed in a case initially pre-
sumed to be PIGN, particularly in the presence of subepi-
thelial humps, suspicion for C3 glomerulopathy should be
heightened [2].

C3 glomerulopathies encompass a rare spectrum of
kidney disorders characterized by dysregulated comple-
ment activity both in the systemic circulation and within
the glomerular microenvironment. This dysregulation leads
to significant deposition of complement C3 in kidney. The
primary subgroups within C3G are dense deposit disease
(DDD) and C3 glomerulonephritis (C3GN) (Fig. 1) [3].
C3 glomerulopathy is characterized histopathologically by
accumulation of the C3 component of complement in re-
nal tissue. This finding, in the absence or near-absence of
immunoglobulin deposits in a patient with the classic clini-
cal features of glomerulonephritis, is the single diagnostic
criterion [3]. DDD, also known as MPGN type II, is a rare
disease. DDD is a negative immunoglobulin and positive C3

glomerulopathy. It is mostly characterized by MPGN pat-
tern of injury, C3 deposits on IF microscopy and characte-
ristic sausage-shaped, wavy deposits by electron microscopy
inside the glomerular basement membrane (GBM) and me-
sangium [4, 5].

C3 glomerulopathy
DDD C3GN
Figure 1. Interaction between C3 glomerulopathy,
C3GN and DDD

Case report

A 14-year-old female presented to the outpatient de-
partment with hematuria. She reported having had a throat
infection two weeks prior to the onset of hematuria. Initial
laboratory tests indicated sub-nephrotic range proteinuria,
hematuria, and hypertension. The clinical diagnosis of
post-streptococcal glomerulonephritis (PSGN) was made
based on her recent streptococcal infection and the urinary
findings. The patient was managed conservatively with ad-
equate hydration to support kidney function, antibiotics
(beta-lactams) to address the streptococcal infection, an-
tihypertensives (RAS inhibitors) to manage blood pressure.
The patient was scheduled for regular follow-up to monitor
renal function and urinary parameters.

Despite the initial treatment, hematuria persisted three
months post-diagnosis. The patient developed bilateral
lower limb swelling and decreased urine output, prompting
further evaluation and renal biopsy.
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Laboratory findings at this stage
showed: urine protein 1.2 g/day, albumin
3+, pus cells 4—6, RBC 16—18 and ASO
titer of > 200.

A renal cortex sample containing 21
glomeruli was examined, revealing endo-
capillary proliferation, patchy capillary
wall thickening, increased mesangial cel-
lularity, and the presence of neutrophils in
the glomerular tuft. A fibrocellular crescent
was observed in one glomerulus, with mild
tubular atrophy and interstitial fibrosis (5—
10 %), and neutrophils and occasional eo-
sinophils in the interstitium. Direct immu-
nofluorescence was negative for IgA, IgG,
C4, and Clq but showed 1+ positivity for
IgM and C3 in the mesangium and along
the capillary membrane. The findings are
indicative of diffuse proliferative glomeru-
lonephritis, consistent with a diagnosis of
post-infectious glomerulonephritis.

The patient was managed conserva-
tively following the biopsy. Despite this,
her condition deteriorated: sub-nephrotic
range proteinuria transformed into ne-
phrotic range proteinuria (3.7 g/day).
Hematuria resolved, but hypertension
persisted (BP 144/92). Initial immuno-
suppressive therapy: The patient was star-
ted on mycophenolate mofetil for three
months, but no significant improvement
was observed. Tacrolimus was added along
with an angiotensin receptor blocker, but
her kidney function worsened, indicated
by a rise in serum creatinine levels which
led to withdrawal of tacrolimus.

Given the deterioration, a second bi-
opsy was performed which revealed wide-
spread foot process effacement (about
80 %). Extremely electron-dense depo-
sits in a continuous, ribbon-like fashion
along glomerular capillaries and mesan-
gial areas. Mesangial interposition, neo
basement membrane formation, and
intracapillary neutrophils. Tubular base-
ment membranes also showing electron-
dense deposits on electron microscopy.
The findings were consistent with DDD,
a subtype of C3 glomerulopathy (Fig. 2).

Tailored immunosuppressive therapy
therapeutic intervention was followed.
Based on the diagnosis of DDD, the pa-
tient was started on low-dose oral cyclo-
phosphamide 0.5 g/day to suppress im-
mune activity was continued for period
of six months. Intravenous methylpred-
nisolone 20 mg/kg/day to reduce inflam-
mation and control the disease process
initially followed by transition to oral

al "~
ME184512 TN

Figure 2

. idney biops one
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lectron microscopy: A) extremely electron

dense/hyperosmiophilic deposits in a linear/continuous fashion along
glomerular capillaries and focally in mesangial areas, B) widespread
effacement of visceral epithelial cell foot processes with mesangial

ﬂ' lkwml
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Figure 3. A simple classification of MPGN based on the findings of IF
staining and the difference in the state of complement activation. The
MPGN pattern detected by light microscopy is divided into immunoglob-
ulin-positive or immunoglobulin-negative on IF staining. It is suspected
that immunoglobulin-positive MPGN is induced by classical pathway ac-
tivation. Inmunoglobulin-negative C3-positive MPGN is categorized as
C3G due to dysregulation of the alternative pathway. C3G is further sub-

divided into C3GN and DDD [7]
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prednisolone 1 mg/kg/day and tapered over several months
based on clinical response.

The patient showed significant clinical improvement. Kid-
ney function improved, with stabilized serum creatinine levels.
Treatment duration was individualized based on clinical re-
sponse, with significant improvement in kidney function and
proteinuria control. Proteinuria decreased from nephrotic to
sub-nephrotic range, indicating effective disease control.

Discussion

This case of a 14-year-old girl initially diagnosed with
PSGN but later identified as having DDD highlights several
critical aspects in the diagnostic and therapeutic management
of glomerulonephritis. The case underscores the importance
of considering alternative diagnoses when clinical presenta-
tion deviates from the expected course, emphasizing the need
for repeat biopsies and advanced diagnostic techniques.

PSGN and DDD, while both presenting with glomeru-
lonephritis, have distinct pathogenetic mechanisms. PSGN
is primarily an immune complex-mediated disease following
infection, leading to the deposition of immune complexes
and activation of the alternate complement pathway (Fig. 3).
This typically results in transient glomerular inflammation
and, in most cases, resolves with supportive care.

In contrast, DDD, a form of C3 glomerulopathy, in-
volves dysregulation of the alternative complement pathway.
This dysregulation leads to persistent activation of comple-
ment and deposition of C3 along the GBM without signifi-
cant immune complex involvement [6]. The electron-dense
deposits (Fig. 2) observed in DDD are a hallmark of this
condition and distinguish it from other types of glomerulo-
nephritis. This case highlights the necessity of electron mi-
croscopy in identifying these unique deposits, which are not
discernible with light microscopy and DIE.

Conclusions

This case underscores the necessity for careful follow-
up and comprehensive evaluation in glomerulonephritis

Information about authors

patients. Persistent symptoms despite standard treatment
should prompt consideration of alternative diagnoses such
as C3 glomerulopathy. Accurate diagnosis through repeat
biopsies and successful outcome with tailored immunosup-
pressive therapy emphasizes the importance of comprehen-
sive diagnostic evaluation and individualized treatment ap-
proaches. Further research and increased clinical awareness
are essential to improve the management and outcomes of
patients with DDD.
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AIGrHoCTMYHI 1 TepaneBTUYHi NPOB6AEeMU NPU XBOPOO6i LLAbHUX AEMNO3UTIB: ONMNC BUMNCAKY

Pe3iome. Asropamu HaBeneHo ckiamHMii BUNAmoK y 15-piu-
HOI IiBUMHH, y SIKOI OyB HiarHOCTOBAHMI IOCTCTPENTOKOKOBUIA
rmomepyiaoHedput (ITCI'H), ame mi3Hille BUSIBIEHO 3aXBOPIO-
BaHHS ILIJIbHUX JIETO3UTIB, SIKE CIOYaTKy OyJ10 KiaacudikoBaHO
SIK MeMOpaHoTpoJlihepaTUBHUN TIIOMEpYJIOHe(PUT 2-TO THITY.
TICI'H i C3-rnomepysonartiss MalOTh CXOXi KJIiHIYHI i TicTOJIO-
TiUHi 03HAKM, 110 YCKIAAHIOE JiarHOCTUKY Ta JiKyBaHHS. ¥ 11bO-

My BUIAIKY MMOYaTKoBa KJiHiuHa KapTuHa Ta jgikyBaHHs [1CI'H
IepepoCiv B CKJIAIHY JiarHOCTUKY XBOPOOM IIIBHUX ACTIO3UTIB,
110 TOTpeOyBaIO iIHAUBIAyaIbHUX TEPANIeBTUMHUX BTPyYaHb.
Ki1l04oBi €JI0BA: mocTCTpenTOKOKOBUIl TIOMepYIOHEDPUT;
XBopoOa IiTbHUX nerno3uTiB; C3-rioMepysionaris; MeMOpaHo-
npoJidepaTUBHUIM TIIOMEPYIOHeMPUT; 6a3aibHa MeMOpaHa KITy-
Oouka
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