KINIMHNYECKWE CBUOETEJIBCTBA
YPEMNYECKOW TOKCUYHOCTU

3emyeHkoB A.1O.

CeBepo-3anagHbii MEAVULIMHCKUIA YHUBEPCUTET
um. N.1.MeuHunkoBa

Crl'6 Nopoackon HEPPONOrNYECKNN LIEHTP

CaHkT-lleTepbypr, 27 maa 2022



KapbamunupoBaHue

A Johnson et al.(1972) Effects of urea
«MO4eBUHa — HETOKCUYHBIM NMPOAYKT»  |oading in patients with far-advanced renal

failure. Mayo Clin. Proc.47, 21-29

BBeAEeHMe B ANanu3npyroLmnn pactBop MOYEBUHDI
(OCTPbIN 3KCNEPUMEHT Yy 3 AManu3HbIX NauMeHTOB)

50 MMOnb/N B KPOBU —  «HETOKCUYHO»
60 mmornb/n — «nerkas COHMMBOCTb»
100 mmonb/n — «YMepeHHasi cumnTomMaTmka»




KapbamunupoBaHue

P
% ‘b@ A Johnson et al.(1972) Effects of urea
«MO4YeBUHA gész HETOKCUYHBIM NMPOAYKT»  |oading in patients with far-advanced renal
QQ failure. Mayo Clin. Proc.47, 21-29

HapyLLUEHWE KNLLEYHOro anuTenmanbHoro bapbepa c
MPOHUKHOBEHNEM DaKTepuarnbHbIX TOKCUHOB B KPOBb

kapbamunupoBaHue 6enkoB ¢ HapyLIEHNEM UX
CTPYKTYPbI 1 (PYHKLNU

kapbamunmpoBaHue NUNOoB HU3KOW NIOTHOCTU U
nporpeccnpoBaHne aTtepockieposa

noyevHbin Ppmnbpos n3-3a kapdbammnmpoBaHus
anbbymunHa

aHemMua mn3-3a kapbamunuposaHua 310

Lau WL, Waziri ND. Urea, a true uremic toxin: the empire strikes back.
Clin Sci. 2016; 131: 3—12
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Solutes in database

Solutes by class

Aater-soluble

a): Protein-bound
a1 Middle molecule = B-2-Microglobulin
. Mol lar weight 11218
Protein-bound solutes bbbt bt

' Below 500 Dalton
above/below 500 Dalton =l 3iton

Total study count

Ahove

Group
Class
Added

Reference

Peptide
Middle rnolecule

1&6.09,.2009

Pubrned: 126

CN study count Submitted by Vanhaoldar

CU study count Reviewed by Abou Deif
Pathological associations count
NORMAL CONCENTRATIONS (CH)
Pathological associations 31 (41, Cardi scular Mean (+/-5D) (lowr Range - high Range)
i Mephrologic '-0.40) mg/L
1A | i |;|.|"|_
1: Oncologic Grand mean 1.50 [+,

5 Ir|'|r|'|I_Jr'||:|||:|gi|:: ANMDYA F(1,45) = 24.87, p=0.00: Significant differe

Dispersion L:1.10, M:1.50, H:2.40 : A - [Minimal scatter:

http://www.uremic-toxins.org
poctyn 27.05.22
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T European Uremic Toxin (EUTox) Work Group of the ESAO and
S o) ¢ endorsed Work Group of the ERA-EDTA
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Solutes in database

Solutes by class

W ater-soluble

Protein-bound

Middle malecule Mame E-2-Micraglobulin

. Molecular weight 11512
Protein-bound solutes 25 (75.76%): Below 500 Daltan

above/below 500 Dalton T : Group Peptide
Ahove
Class Middle rnolecule
Added 16,09, 2009
Total study count e £
Reference Pubrned: 126
CMN study count — o

CU study count 2ol Reviewed by Abou Deif

Pathological associations count
MORMAL COMCENTRATIONS (CH)

Pathological associations Date Mean (+/-50) (low Range - high Range)

01 1.17 (+/-0.40] mag/L
i
+ Meurclogic and CHS 11 1,90 (+/-0.600 mall
oncologic Grand mean 1.50 (+/-0.500 (1.10-2.40) mg /L

al Ir|'|r|'|I_Jr'||:|||:|gi|:: ANMDYA F(1,45) = 24.87, p=0.00: Significant differe

Dispersion L:1.10, M:1.50, H:2.40 : A - [Minimal scatter:

http://www.uremic-toxins.org
poctyn 27.05.22




Small Water-Soluble Protein Bound Compounds Middle Molecules

Compounds

Guanidine compounds AGEs Adrenomedullin
-Guanidinosuccinic acid AQOPPs Adiponectin
-Methylguanidine CMPF Angiogenin
-Guanidine Cresols Atrial natriuretic peptide
-Creatine -P-cresyl sulfate >-microglobulin

-Guanidino acetic acid
-y-Guanidino butyric acid
-ADMA
-SDMA
Oxalate
Phenylacetylglutamate
Methylamines
-(Mono)methylamine
-Dimethylamine
-Trimethylamine
-Trimethylamine-N-Oxide
Sulfuric compounds
-Lanthionine
Myoinositol
2PY
Polyamines
-Acrolein
-Putrescine
-Spermine
-Spermidine
Urea
Carbamylated compounds
Cyanate
Ammonia
Uric acid
Xanthine
Hypoxanthine

28

-P-cresyl glucuronide
Hippurates
-Hippuric acid
-P-hydroxy hippuric acid
-O-hydroxy hippuric acid
Homocysteine
Indoles
-Indoxyl sulfate
-Indoxyl glucuronide
-Kynurenine
-Kynurenic acid
Phenols
-Phenyl sulfate
-Phenyl acetic acid
Quinolinic acid

16

B-endorphin
B-lipotropin
Cholecystokinin
Complement factor D
Complement factor Ba
Cystatin C
Interleukin-1p
Interleukin-18
Interleukin-6

Tumor Necrosis Factor-ox
Interleukin-8
Interleukin-10
Endothelin

FGF-23

Ghrelin
Glomerulopressin
Immunoglobulin light chains
Lipids and lipoproteins
Leptin

MCSF
Methionine-enkephalin
Neuropeptide Y

Orexin A

Parathyroid hormone
Pentraxin-3

Peptide YY

Prolactin

Resistin

Retinol Binding Protei
Visfatin 35
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Tembl cornacutensHou KoHdepeHunn KDIGO-18

e Group 1: Belbop Ha4anbHOM MoAdanbHOCTM Ananuaa
* Group 2: Belbop BpeMeHU cTapTa 1 NOAroToBKa K CTapTy
* Group 3: lNogrotoska anannsHoro gocTyna

* Group 4: OnTnmanbHas agekBaTHOCTb Ananmaa u
KOHTPOSb CUMNTOMOB

J | £

am Nitp://kdigo.org/wp-content/uploads/2017/02/KDIGO-Dialysis-Initiation-Scope-of-Work _Public-Review.pdf



kidney

INTERNATIONAL

C5aR17~

www kidney-internationalorg KDIGO executive conclusions

Dialysis initiation, modality choice, access, and ) Check tofoamiod
prescription: conclusions from a Kidney Disease:

Managing diabetic kidney disease

Improving Global Outcomes (KDIGO) Controversies
Conference

Christopher T. Chan', Peter J. Blankestijn®, Laura M. D'EFI"IbE‘F":r Maurizio Gallieni®, David C.H. Harris{l':r_
Charmaine E. Lok’, Rajnish Mehrotra®, Paul E. E.ftevens", Angela Yee-Moon Wang®, Michael Cheung_' \
David C. Wheeler'”, Wolfgang C. Winkelmayer'' and Carol A. Pollock™; for Conference Participants

University Health Network, University of Toronta, Ontario, Canada; Department of Nephrology and Hypertension, University Medical
Center Utrecht, Utrecht, The Netherlands; *Renal-Electrolyte and Hypertension Division, Perelman School of Medicine, University of
Pennsylvania, Philadelphia, Pennsylvania, USA; *Department of Clinical and Biomedical Sciences “Luigi Sacco”, University of Milan, Milan,
Italy; SLIm'versFr}- of Sydney, Sydney, NSW, Australia; Division of Nephrology, Kidney Research Institute and Harborview Medical Center,
University of Washington, Seattle, Washington, USA; “Kent Kidney Care Centre, East Kent Hospitals, University NHS Foundation Trust,
Canterbury, Kent, UK; 8Department of Medicine, Queen Mary Hospital, University of Hong Kong, Hong Kong, China; *KDIGO, Brussels,
Belgium; "University College London, London, UK; and ''Selzman Institute for Kidney Health, Section of Nephrology, Department of
Medicine, Baylor College of Medicine, Houston, Texas, USA

Chan CT et al. Dialysis initiation, modality choice, access, and prescription: conclusions from a
Kidney Disease: Improving Global Outcomes (KDIGO) Controversies Conference.
Kidney Int. 2019 Jul;96(1):37-47. doi: 10.1016/j.kint.2019.01.017.
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KNWHUYECKMX PEKOMEHOALMIA NO remoamannay.
Hedponorua 2019; 23 (2): 49-76.




«HoBble» husnonornyeckne NHOeKCHI

rmnepTpodua neBoro Xenygoyka

TONWMHA UHTUMbI-MeaUN KapoTUOHOWN apTepun
BapnabenbHOCTb pUTMa

YyacToTa 3M13040B XKenyao4koBOU apUTMmnm

Perl J et al. The Use of a Multidimensional Measure of Dialysis Adequacy —
Moving beyond Small Solute Kinetics. Clin JASN. 2017;12(5):839-847.

HapyLeHne PyHKLUMK NPOaAOSbHBIX BOSTIOKOH Mpw
coxpaHeHHon pakuumn Bbibpoca

aonactonunyeckas gucdyHkuma JIHK
MUokapananbHbin prnbpos
HapyLleHne PYyHKLUMK NpaBoro Xenyaoyka

TpakToBKa T bMomapkepoB (B T.Y., TPONOHUHA)

53th ERA-EDTA. Uremic cardiomyopathy. May, 22 2016
Frank Flachskampf, Uppsala, Sweden
Non-invasive assessment of cardiac structure and function - what nephrologists must know



MOJIEKYJIa MB, [Ouonoruyeckas poJyib B PU3UOIOTHUYECKUX YCIOBUIX KpaTHOCTb
k/la [OBBIIICHUS
npu XITH
UUMOKUHbBL
untepnerkunsl [L-18, IL-6, IL-1, 18-28 |mpoBocnanuTenbHas 2-5
DOHO-a
oenxu
pactBopumbii peuentop ®HO -1 u -2 17-30 |orpanmuuBaet aktTuBHOCTE OHO-1 3-10
MEHTPaKCHH-3 40 aKTUBAIMs KOMIJIEMEHTa, aKTUBHOCTh Makpodaros 2-7
YKL-40 (CHI3L1) 40 JIOKQJIbHBIN BOCHAJIUTEIbHBIN OTBET 2-5
B-crenoBoit MpoTEeHH 26 AKTUBHUPYET MPOCTAHOUIbI >35
dakrop komruiemenTa D 24 AJIbTEPHATUBHBIN MYTh 4-17
A0uUNOKUHbl
aJUIIOHEKTUH 30 peryisnys DIFOKO3bl U OKUCIICHUS JKUPHBIX KHUCIIOT 2-3
Bucharun (NAMPT) 52 AQHTUOTEHE3 U nposkdepalys dHI0TeTus 3-6
JENTUH 16 pEeTyJISIUA anneTUTa 1 3a1acoB YHEPTUU 3-4
daxmopwvl pocma
COCYAMCTHIN 3HAOTENUaNbHbINA PakTop |34 nponudepariust SHIOTENNS, MUTPAUS U 2
pocrta (VEGF) b depennanus
FGF-2 18 AHTHOTEHE3 5-20
FGF-23 32 obmeH docdaTon >200
20pMOHbBL U Opy2ue
MPOJIAKTUH 23 pasHooOpasHas 2-4
KOHEYHBIE MTPOAYKTHI IITUKUPOBAHHUS <1-70 |Heu3BecTHa 2-20

PymsaHues A.LL. HHoBauun B remoguanuse. Hedpponormna n gnanms. 2019(2): 199-212
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YpemMunyeckmne ToOKCUHbI CeroaHs

|
'] |
] ] | ] k | i

J

ha¥P 38 usor sy O
60 125 461 12000 16000 18000 23000 25000 27000 43000 45000 51000 68000 Da
Urea B2M K- ﬁgcrjl?u?éuugnem Pentraxin-3
Creatinine Leptin Interleukin-6 l—ﬁgﬂ?ﬁgﬂgﬁw Albumin
B-Lipotropin Myoglobin Hepcidin TNF-a
cTpece u BocnaneHwe
v v v AncpyHKLKWA v v
ObLWagqa ypemMmuueckas MUTOXOHAPWA BocnaneHue CepaeuHo-
TOKCUYHOCTb v coCyancTbIe
B3H il v OCNOXHeHWs J
M Bernok BocnaneHuve '
AMWMONI,03, CUHAPOM MHOXecTBeHHad oCTOM thasb Ce4a3aHHble
KapnanbHOro TOHHENA TOKCHYHCTb TOKCHHbI
| J \ J \ J | J
! Y Y [
Small Molecules||Middle Molecules Large Molecules Essential

protein

Ronco C et al. Expanded haemodialysis: from operational mechanism to clinical results.

NDT. 2018 Oct 1;33(suppl_3):iii41-iii47



[TlaToreHes ananmnsHou kapgmonatmum 2014

g

OXVPEHNE

MKH ’

BOCMNalnexne

3alepPXKa XNOKOCTH

neperpyska XuakocTbio \

aucnunuaemms

aTepocKnepos

)XEeCTKOCTb cocyaoB <— Al

neperpyska gaBneHnem

apantuBHasa JDKI <«

CHUNXeHne

nepdysun
Muokapga

WHTPaanann3Has
TMMNOTOHUA

cpbiB agantaunn 4]

CMepTb MMouunuTa

Weiner DE et al. Improving clinical outcomes among HD patients: a
I — proposal for a "volume first" approach from the chief medical
PA officers of US dialysis providers. Am J Kidney Dis. 2014;64(5):685-95

paspexeHne Kanunnapos




[TaToreHes ananmnaHou kapgmnonatmm 2020

aucnunuaemms

aTepocKnepos
\

N\

OXVPEHNE

N

CHUNXeHne

m,—» nepdyaunm CpbiB ajantauum 4]

3alepPXKa XNOKOCTH

neperpyska XuakocTbio \

)XEeCTKOCTb cocyaoB <— Al

BOCManeHue neperpyska gasneHnem

pemuyeckue

TOKCUHbI
apantuBHasa JDKI <«

MUoKapaa

WHTPaanann3Has
TMMNOTOHUA

Pa3pexeHne KanunnsapoB
MMoKapaa

CMepTb MMouunuTa

Weiner DE et al. Improving clinical outcomes among HD patients: a
proposal for a "volume first" approach from the chief medical

officers of US dialysis providers. Am J Kidney Dis. 2014;64(5):685-95
C BUOOM3MEHEHMEM



NuaayKTOpHI (+) 1 MIHTHOUTOPHI (-)
COCYIMCTOM KalbIU(pUKALIUN

@ CBfa1/Runx2 @
Osterix %

Inflamation
\l/ MMPs-
elastolyses, Msx2,
«<I» ca
@ \ \/ // PTH 1-84
Collagen | ‘ Y Z E
Fibronectin A o w
Adiponectin

Osteoprotegerin Collagen IV @

pirophosphate
@ Osteopontin

Dr Gérard London



yTpaTa cnocoBHOCTU PE3MCTUBHBIX COCYAOB
obecneynBaTh NoaaepKaHme
KpoBOOBpaLLeHMa B AMacTony

Kanbumdmkaums
Meaun

Elastic arteries Stiff arteries

N Systolic/pulse pressure 2 Systolic/pulse press
7 Diastolic flow N Diastolic flow

Diastole

Briet M et al. Arterial stiffness and pulse pressure in CKD and ESRD.
Kidney Int. 2012;82(4):388-400

Kanbuudunakcmus

(kanbundunumpytoLlas
apTepuononarums)




YpemMmunyeckme TOKCUHbI B aTEpPOreHese

3HAOTETHATbHAA KII

THUCHYHKLHSA \

aJire3sHs H aKTHRALHA
JIEHKOLHTOR

OJIA KA

oOpasoBaHHe [

-

Tp OTP eCccH-
pOBaHHE

o0pazoBaHHe
MMEeHHCTHIX KIeTOK

"

g ™\
rp onH$pepaLp
HecTaOHIb- CIagKOMBIITIHBIX

HOCTE KIIETOK

AHTI'HOTCHES

pPaspbIB AKTHRALIHA H afresHa
OIAMIKH TP OMOOLHTOR

L

Wolley MJ, Hutchison CA. Large uremic toxins: an unsolved problem in end-stage kidney disease.
NDT. 2018 Oct 1;33(suppl_3):iii6-iii11.




MexaHn3mbl ypeMny4eckon TOKCUYHOCTU:
aKLLeHT Ha cepaeYHOo-CoCyanCTYH0 NaTosf1ormIo

nogasrieHne HopmMmasribHOW
aKTUBHOCTU NENKOLMNTOB U
CHMXXEHMe NPOTUBO-
NHJOEKLMOHHOMN 3aLUUTDI

aKTMBaLUns Npo-oKCMOaHTHON
aKTUBHOCTU NENKOLMUTOB BO
B3anMOOENCTBUN NENKOLMNTbI-
3HOoTEeNnun

B3aMMOOENCTBNE KOHEYHbIX
NPOAYKTOB rMNUKNPOBAHNS
(AGES) c ux peuentopamu B
TKaHSX

aKTMBaLMA MUKPOBOCMaNeHns
1 MporpeccupoBaHme
aTepockiieposa

NHPUNbTPaUNa Makpodbaros
MOHOLIUTOB B 30HbI
aTepoCcKepoTnYecKoro
nopakeHus

aHOoTennanbHaa AMcdyHKUNS
N XKECTKOCTb COCY0B

Cozzolino M et al. The cardiovascular burden in ESRD. Contrib Nephrol. 2017; 191: 44-5
Stinghen AEM et al. Uremic toxicity of advanced glycation end products.

J Am Soc Nephrol. 2016; 27: 354-370



Ponb naeHTudpnLUnpoBaHHbIX U eLLE HE
NOEHTNPULMPOBAHHBIX TOKCMHOB

B npou,ecce -0mics)
NOEHTNPNLUMPOBAHHLIE HEe NOeHTUPUUNPOBaHHbIE

=

MwnHepanbHbIe K

CepaeyHo-
cocyaucrtas
naTonorus

KOCTHbIE
HapyLUeHUs npu
XBIT

JleTanbHOCTb

Massy ZA, Liabeuf S. From old uraemic toxins to new uraemic toxins: place of ‘omics’.
NDT. 2018 Oct 1;33(suppl_3):iii3—iii5.




YpemMuyeckme TOKCUHbI: NaTonorm4yeckoe BrnsiHue
KPYNHbIX cpeaHnx mornekyn (>15 kQa)

Wolley M et al. Exploring the Clinical Relevance of Providing Increased Removal of Large Middle
Molecules

Clin J Am Soc Nephrol. 2018; 13(5): 805-814.

> ATepocKnepoTuyeckue cepaedyHo-cocyaucTbie
3aboneBaHuA:

Un-1b, ®HO, PTX3, UJ1-18, nponakTuH, AGE,
BucdaTtnH, 6eta-cnegosoun 6enok, UJ1-6

> CTpPYKTYypHOe nopaxeHue ceppua:
FGF-2, FGF23

Kato S et al. Aspects of immune dysfunction in end-stage renal disease.
Clin J Am Soc Nephrol. 2008 Sep;3(5):1526-33.

» WmmyHopedpumumnt:
Ilerkue uenu lg, RBP4, FGF-23, a1-kucnbi rmMkonpoTenH

Stenvinkel P et al. Strong association between malnutrition, inflammation, and atherosclerosis in
chronic renal failure.

Kidney Int. 1999;55(5):1899-911.

> benkoBo-3HepreTnyeckas HeAOCTaTOYHOCTb:
nn-1b, PHO, UJ-6

Mo cnawngy Pr. L. Juilliard
«[Hn Hedbponoruun B Cl6» - 2019



YpeMunyeckne ToOKCUHbI U
cepaeyHo-cocygucTada naTtonorng

\ Chronic Kidney Disease \

\ Uremic Toxins

' Chronicinflammation |
Oxidative stress
Insulin resistance

. ATHCVDs | | Non ATHCVDs | othercvbs

El Chamieh C et al. Uremic Toxins and Cardiovascular Risk in Chronic Kidney Disease: What
Have We Learned Recently beyond the Past Findings? Toxins (Basel). 2022 Apr 14;14(4):280.
doi: 10.3390/toxins14040280.




YpeMunyeckne ToOKCUHbI U
cepaeyHo-cocygucTada naTtonorng

* nHCynbT nnn VUM (dartaneHbin / HET) * BHE3aNHaa cepgedHas cCMepTb UM CMEpPTb OT

« FOCMNTANN3aLNS U3-33 HEMOW cepaevHon HepgoctaTtodHocTu (6e3 BC B

NLLIEMUMN, HECTaBUIbHON CTEHOKapAuK, aHamHese);
TPaH3UTOPHbIX ULLEMUYECKUX aTak, * rocnuTanMsaumns No NoBoay cepaeyHon
BHYTPUCOCYANCTOro Tpombo3a, HegocTaTovHocTh (6e3 MBC B aHamHese),

3aboneBaHus nepudepunyeckmnx

* bnbpo3 cepaua;
aptepun (PAD); cvop PAt

* hnbpunnaumm npegcepann, gpyrme

* YDECKOXHbIE KOPOHAPHbIE HaPYLLIEHNS PUTMA:

BMeLlaTenbCcTBa Unm
A0PTOKOPOHAPHOE LLYHTUPOBaHUE,
cocyaucTast Xupyprus;

* PUrMOHOCTb apTepun, rmnepTpodmsa
KapAuOMNOLINTOB;

He-aTepocKnepoTnyeckue

s amnyTauMm 1 peBackynapusauumn npu * KanbLMpuKaLmn Cocynos;

NBC nnn PAD; * NOPOKM KflanaHoB cepaua.

aTepocKepoTnyeckmne

* Kpome Toro, PAD = uctopus
amnyTaumn, aHrMonacTukn Unu

LLUYHTMPOBAHUS HMXKHUX KOHEYHOCTEN e arperaumsa TpoMOOLINTOB; GE)
n3-3a gucTtanbHbIX ULLEMUYECKNX * TpoM6006pa3oBaHUE; >
NopakeHnn. * HOOTEeNnanbHas oUCYHKUNS; S

El Chamieh C et al. Uremic Toxins and Cardiovascular Risk in Chronic Kidney Disease: What Have We Learned
Recently beyond the Past Findings? Toxins (Basel). 2022 Apr 14;14(4):280. doi: 10.3390/toxins14040280.




YpeMunyeckne ToOKCUHbI U
cepaeYvHo-cocyaucTas naTtonorus

* KITeTOYHblE MOAESTN YpEMUN

33 nccrnegoBaHus:

PCR, IS, HA, IAA, CMPF, cocdarbl, CMHAPOMbI 1
moyeBuHa, TMAO 9 eKThI
a
aTepocCKrepoTnyeckmne

* 9KCNepMMeHTaribHble MOAENN Ha XUBOTHbIX
39 nccnegoBaHuN:

PCR, IS, HA, IAA, CMPF, cbocdarbl, < He-aTepocknepoTnyeckmne
moyeBuHa, TMAO, Kynurenine

npyrve
< Ha6mouaTeanb|e nccriegoBaHmA N~

62 nccnenoBaHus:

PCR, IS, HA, IAA, CMPF, docdarsl,
moyesunHa, TMAO, Kynurenine

El Chamieh C et al. Uremic Toxins and Cardiovascular Risk in Chronic Kidney Disease: What Have We Learned
Recently beyond the Past Findings? Toxins (Basel). 2022 Apr 14;14(4):280. doi: 10.3390/toxins14040280.




YpemMmunyeckme ToOKCUHbI 1 aHAoTeNnManbHas AucdyHKLUNS
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Ypemunyeckme TOKCUHbI U SHAOoTENnanbHaga gMcqyHKUnA

Migration/

) Proliferation Thrombosis
Adhesion

Toxin Inflammation Oxidative Stress Cell Death

Indoxyl sulfate [37-40} < pwd [31,40,42,43] [37,39,40]
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AGE [49] [30,49,50] [30] [30,51]
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Harlacher E et al. Impact of Uremic Toxins on Endothelial Dysfunction in Chronic Kidney
Disease: A Systematic Review. Int J Mol Sci. 2022;23(1):531. doi: 10.3390/ijms23010531.




Ypemunyeckume TOKCUHbI U cocyaucTas KanbLUndukauus
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Kyriakidis N et al. Role of Uremic Toxins in Early Vascular Ageing and Calcification.
Toxins (Basel). 2021;13(1):26. doi: 10.3390/toxins13010026.




CocyaucTas kanbumndukaumsa: Mepbl NPOTUBOENCTBUS

Wk kB

ANTHNFLAMMATORY AND REMOVAL OF UREMIC MOLECULES SELECTIVELY
CKD-MBD TREATMENT ANTIOXIDANT INTERVENTIONS TOXINS INHIBITING VC PROMISING MOLECULES

Vitamin D * Physical exercise * Hemodiafiltration Vitamin K Puerarin
MNon-calelum phosphate | Resveratrol . Expanded dialysis Magnazium Sesamin
binders Ketoanalogue with high retention Sodium Thiosulfate Astaxanthin
Cinacalcet supplementation onset membranes Bisphosphonates Mitoguinone

RAAS inhibitors Myo-inositol SBl-425

Statins hexaphosphate

SGLT-2 inhibitors Denosumab

Prebiotics

Probiotics

Kyriakidis N et al. Role of Uremic Toxins in Early Vascular Ageing and Calcification.
Toxins (Basel). 2021;13(1):26. doi: 10.3390/toxins13010026.




Ypemunyeckune TokcuHbl — XbI'1 - AcTeHus
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Chao CT, Lin SH. Uremic Toxins and Frailty in Patients with Chronic Kidney Disease: A Molecular Insight.
Int J Mol Sci. 2021 Jun 10;22(12):6270. doi: 10.3390/ijms22126270.




Ypemundeckne TokcuHbl 1 Frailty
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HeBponoqueCKme HapyweHnda n ypeMmn4eCckmne ToKCNHLbI

Lifestyle risk factors
{smoking, poor diet,
poor sleep)

Liabeuf S et al. Chronic kidney disease and neurological disorders: are uraemic toxins the missing
piece of the puzzle? Nephrol Dial Transplant. 2021;37(Suppl 2):ii33-ii44. doi: 10.1093/ndt/gfab223.




KoHKypeHTHble OMHAEpPLI B AnanmsaTope

Uremic toxin {bound)

— Albumin

Dialysis
—
membrane

Dialysate inflow Dialysate outflow

Maheshwari V, Tao X, Thijssen S, Kotanko P. Removal of Protein-Bound Uremic Toxins Using Binding
Competitors in Hemodialysis: A Narrative Review. Toxins (Basel). 2021;13(9):622. doi: 10.3390/toxins13090622.




KoHKypeHTHblE OMHAEPLI B Ananm3aTope
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Effects of Probiotics, Prebiotics, and Synbiotics on Uremic Toxins,
Inflammation, and Oxidative Stress in Hemodialysis Patients:
A Systematic Review and Meta-Analysis of Randomized Controlled
Trials
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Nguyen TTU et al. Effects of Probiotics, Prebiotics, and Synbiotics on Uremic Toxins, Inflammatiol
and Oxidative Stress in Hemodialysis Patients: A Systematic Review and Meta-Analysis «
Randomized Controlled Trials. J Clin Med. 2021;10(19):4456. doi: 10.3390/jcm1019445¢




Probiotics, Prebiotics, and Synbiotics
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Probiotics, Prebiotics, and Synbiotics

adopeKT Ha nHOoKcun-cynobdar
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Nguyen TTU et al. Effects of Probiotics, Prebiotics, and Synbiotics on Uremic Toxins, Inflammation,
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TepaneBTUYECKMUE CTpaTernm NnpoTmnBe
YPEMUYECKNX TOKCUHOB
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[veTta: orpaHnyeHmne noTpebrneHns KOHEeYHbIX MPOaYKTOB
rMUKUPOBHUMS

IHTeHCcMBHasa TennoBagd
obpaboTka npoaykToB Goratbix
benkamu n caxapammu

Renal
disease

Bettiga A et al. The Modern Western Diet Rich in Advanced Glycation End-Products (AGEs):
An Overview of Its Impact on Obesity and Early Progression of Renal Pathology.
Nutrients. 2019 Jul 30;11(8):1748. doi: 10.3390/nu11081748.




Bosgencteue Ha 3agepKy ypeMnU4eCcknx TOKCUHOB —
KOMMOHEHT HEPOMNMPOTEKTUBHON Tepanmu

KoHeuHble npoaykTel rnnknposaHnda — KNI (Advanced Glycation End Product)
AHTaroHUCTbl UMTOKMHOB (HO: pnck nHdbekumin)
bnokaga peuenTtopoB aHOOTENUHA

[MoHWXeHWe ypoBHS romouuncTenHa (m3sectHoro goaktopa CC-naTonorum); BO3MOXHa
Koppekuma donmeson kucnotomn (xB4/B,,); XoTa pe3ynbTaThl MHOXeECTBaA UCCnegoBaHUN
NPOTUBOPEYMBLI, €CTb CBUAETENbCTBA CHMXeHUs CC-pnCKoB 1, BO3MOXHO,
3ameaneHua nporpeccuposaHnd (Bmecte ¢ MATD)

[MoHMXeHne ypPOBHSA MOYEBOW KUCIOTbI (annonypuHor, debykcoctaT, probenecid)
= B HEKOTOPbIX NccrnenoBaHnAX — yrny4dlleHne HeKOTOopPbIX CypporaTHbIX CC-VICXO)J,OB
= €CTb CBMOETENIbCTBA 3aMenJieHnd rnporpeccnpoBaHnd XBI1 (Bce nceriegoBaHm4A He60ﬂbLLIV|e)

AST-120 (Kremezin) — copbeHT BOAOHEPACTBOPUMbIX YPEMUYECKNX TOKCUHOB U3
KULWeYHnKa (MHOoKCcun-cynbdar n ap. — ceadb ¢ CC-natoniornen); pesynbrarbl
nccnenoBaHuin NPOTUBOPEYUNBLI, 3PMEKT — TOSNbKO B HEKOTOPLIX nogrpynnax

Vanholder R et al. Deleting Death and Dialysis: Conservative Care of
Cardio-Vascular Risk and Kidney Function Loss in CKD.
Toxins (Basel). 2018;10(6). pii: E237.



What did he say?

* WHTeHcudukauyma ceaHca gnanmsa, BO3MOXKHO, OOCTUIMa
npegerna B YaCTu ynyudlleHns BaXHbIX UCXOO0B

— aKTyarsieH nouck nyTteu
e 9(pPEKTUBHOIO BbIBEAEHMUA
* OrpaHnYeHusi NOCTYyMIeHns
« BrnoknposaHmnsa obpasoBaHUS

YPEMUNYECKNX TOKCUMHOB OOrbLLUEN MaCChI

* MO-NPEexXHeMy akTyanbHa KOppeKLuus YpoBHEN YPeEMNYECKNX
TOKCMHOB Marion u cpegHen Macchbl, YTO Takke TpebyeT nomcka
bonee adpPeKTUBHBIX NYyTEN LOCTUXKEHNS 3TON LIENU
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