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CvMnTOMbI HEaAEeKBAaTHOro Ananusaa
(oueHka cumnmomamuku siedeHusi npu 3I17T)

/KKT - TOWWHOTA, pBOTA, aHOpPEKcHUA.
HympuyuoHHbie — runoanbbymmHemms.

Hesponozuyeckue - nonnHemnponatusa, c-m 6eCnoOKOMHbIX HOT,
¥K)KeHue B CTYNHAX, 6eccoHHMUa, Aenpeccus, Y nposeaeHus.

CKkesniemHobie - 601U B KOCTAX, NepesiomMmbl, OCTEOMANIALUA, OCTEMT,
Kanbundukatbl, sbicoKkoe CaxP npousseaeHue.

CCC - Al, aputmumn, nepuKapaunT, TMNOTOHUA.
IHOOKPUHHbIE — aMeHopes, UMNOTEHLUUA.
lfemamonoauy. - remopparum, Hb < 60 r/n.

Jucakeunubpuym — cypoporu, ronosHaa 6onb Bo Bpemsa nam cpasy
nocne I



I'Iengle noaxoAbl K KOHTPOJT1HO aAEeKBATHOCTU
aunarin3da (B. Scribner,1974)

1. [loka3zamenu co cMOpPOHbI NnayueHma — TollaAa macca
Tena, NoKasaTe/In OCHOBHOro obmeHa, ypoBeHb
dU3NYECKON aKTUBHOCTU, OCTAaTOUYHAA PYHKUMA NMOYEK,
AneTa, CTUAb XU3HU, Nnpobiembl COCyaANCTOro A0CTyna,
conyTcTBytowme 6onesHmn.

2. [lMokaszamesnu co cmMopoHbl Buaausd - NNoLWaab un
XapaKTepUCTUKa ANann3HON MembpaHbl, Bpema AMannsa,
NnoTpebHOCTb B yAbTpadUIbTPaLIMK, YAacTOTa NpoLeayp,
1MaNN3aT, CKOPOCTb KPOBOTOKA U T.A.

* Bnepsbie Hame4yeHbl Mo0Xo0bl K UCM0/6308AHUIO
MpaoUUUOHHbIX U CYPpPO2aMmHbIX MeEMOO08 KOHMPOsA
adeksamHocmu neveHus rpu 3MT.



[1TnaH

* Ypemunyeckune TOKCUHbI

* Hn3KomonekynspHble TOKCUHbI, MoyeBuHa n Kt/V

* BO3MOXHOCTU YaaNeHUsa TOKCMHOB cpeaHEeN MONEKYIAPHOW MaccChl
* TOKCMHbI CBA3aHHble C benkom

* Cobnpaem nasn afeKkBaTHOCTU
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Knaccugunkaums

B ocHOBE PU3NKO-XMMUNYECKME CBOUCTBA COMPAMKEHHbIE C
MEXaHU3MaMN yaaaeHna BO Bpema AMannsa, T.e. pasmep u
CNnocobHOCTb CBA3bIBATLCA C Henkamu:

1. Hu3KkomonekynspHbie TOKcuHbI (4o 500 [a)
2. CpeaHemonekynapHblie TOKCUHbI (6bonbwe 500 [a)
3. TOKCUHbI cBA3aHHble ¢ benkom (pasmep pasHbin)

[MTomnmo 3T1oro cnegyet BblAeNUTb HEOPraHUYeCKMUe TOKCUHDI:
BOAa, Kannn, pochop, HaTPUKU, KanbLUKU, BOAOPOL,



Small water-soluble compounds

Protein-bound compounds

Middle molecules

Listed in the 2003 review by EUTox [5]

I-Methyladenosine
I-Methylguanosine
I-Methylinosine
ADMA
o-keto-5-Guanidinovaleriate
a-N-Acetylarginine
Arabinitol

Argininic acid
Benzylalcohol
-Guanidinopropionate
Creatine

Creatinine

Cytidine
Dimethylglycine
Erythritol
y-Guanidinobutyrate
Guanidine
Guanidinoacetate
Guanidinosuccinate
Hypoxanthine
Malondialdehyde
Mannitol
Methylguanidine
Myoinositol

N N*-Dimethylguanosine
N'-Acetyleytidine
No-Methyladenosine

N°-Threonylcarbamoyladenosine

Orotic acid
Orotidine
Oxalate
Phenylacetylglutamine
Pseudouridine
SDMA
Sorbitol
Taurocyamine
Threitol
Thymine
Uracil

Urea

Uric acid
Uridine
Xanthine
Xanthosine

2-Methoxyresorcinol
3-Deoxyglucosone
CMPF
Fructoselysine
Glyoxal

Hippuric acid
Homocysteine
Hydroquinone
Indole-3-acetate
Indoxyl sulfate
Kinurenine
Kinurenic acid
Melatonin
Methylglyoxal

N Carboxymethyllysine
p-Cresol
Pentosidine

Phenol
p-OHhippurate
Putrescine
Quinolinic acid
Spermidine
Spermine

Adrenomedullin

Atrial natriuretic peptide
[32-Microglobulin
ff-Endorphin
(-Lipotropin
Cholecystokinin

Clara cell protein
Complement factor D
Cystatin C

DIP I

d-Sleep-inducing peptide
Endothelin

Hyaluronic acid
Interleukin-13"
Interleukin-6"

k-lg Light chain

A-lg Light chain

Leptin®
Methionine-enkephalin
Neuropeptide Y
Parathyroid hormone
Retinol binding protein”
Tumor necrosis factor-o”

[lepevyeHb NPOAYKTOB peTeHLUnmn
cornacHo AaHHbIX 2003 r



= CVD

# Inflammation

» Polyamines* Uric acid
® Guanidines** ®TMAO

Metabolic Function = ADMA ® Oxalate
Infection “ Urea carbam comp*

= Neurotoxicity “ Cyanate u SDMA

# Insulin Resistance S TMA u Xanthine

= CKD-MBD Hypoxanthine =~ MMA

u Fibrosis DMA # Lanthionine
Thrombogenicity m Myocinositol  ® 2PY

» Hematology Ammonia PAG

» Inflammation : pA~GCEr:syI 7 -
Metabolic Function « Indoxyl sulfate

= CVD

® Fibrosis

u CKD-MBD

= Neurotoxicity

= Insulin Resistance

Indole acetic acid
# Kynurenines*
% Phenyl acetic acid
# p-OH hippurate
= AOPPs*
= Hippuric acid
= Homocysteine
= Quinolinic acid
u CMPF

Thrombogenicity # p-Cresyl glucuronide
Infection # 0-OH hippurate
* Indoxyl glucuronide
» Hematology Phenyl sulfate
= CVD » B2M ® Ghrelin
¥ Leptin & PTH
» Inflammation uPTX3 = RBP
& Fibrosis = Angiogenin = CFD
IL-18 mIL-18
» Metabolic Function wiL-6 = TNF-a
g 3 “IL-8 « Endothelin
# Neurotoxicity EGF-23 = IgLC*
Infection RSN e s MCSF
“ Neuropeptide Y = Met-enkephalin
u CKD-MBD Peptide YY u Resistin
® Insulin Resistance ® Adrenomedullin = ANP
B-endorphin B-lipotropin
= PEW CFBa & Cystatin C
Thrombogenicity #1L-10 Orexin A
® Prolactin = Adiponectin

» Hematology

8 Cholecystokinin = Glomerulopressin
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Yncno TOKCMHOB BOB/IEYEHHbIX B
NOpa*KeHMe Pa3INYHbIX CUCTEM
opraHmsma (A,C,E) n yactota
NOpa*KkeHMs PasINYHbIX CUCTEM
opraHmsma (B,D,F)
HU3KOMONEKYNAPHbIMU, TOKCUMHAMMU
CBSAI3aHHbIMUK C 6eNKoM U
cpeaAHeMONEKYNAPHbIMU TOKCUMHAMMU

OcHoBHble Npobembl, CBA3AHHbIE C
AENCTBUEM YPEMMUYECKUX TOKCUHOB —
noparkeHue cepaeyHO-CoCyaANCToOM U
MMMYHHOM cuctem, n pnubpos. lencrsme
OTAE/IbHbI=X TOKCMHOB, KaK NpPaBu/IO He
OrpaHM4YMBaeTCA O4HOM CUCTEMOMN



Table 8. Uremic toxins with the highest toxicity score.

Evidence Score: 4 Exp. Score Evidence Score: 3 Exp. Score
p-Cresyl sulfate 7 AGEs 7
B2-Microglobulin 6 Indoxyl sulfate 6
ADMA 5 Uric acid 6
Kynurenines 5 Ghrelin 5
Carbamylated compounds 8 Indole acetic acid b
FGEF-23 3 Parathyroid hormone 5
Interleukin-6 3 Phenyl acetic acid 5
TNF-« 3 TMAO 5
SDMA 2 Retinol binding protein 4
Endothelin 3
IgLC 5
Interleukin-1 3
Interleukin-8 3
Neuropeptide Y 3
Lipids & lipoproteins 2
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Exp.: experimental; ADMA: Asymmetric Dimethylarginine; FGF23: Fibroblast Growth Factor-23; TNF-c:
Tumor Necrosis Factor; SDMA: Symmetric Dimethylarginine; AGEs: Advanced Glycation End Products; TMAO:

Trimethylamine-N-Oxide; IgLC: Immunoglobulin Light Chains.

CamMble TOKCUYHbIe
TOKCUHbI

Table 3. System applied for scoring evidence.

Characteristic Points
1-2 experimental studies showing toxicity 1
>2 experimental studies showing toxicity 2
>25% of retrieved experimental studies showing no toxicity or benefit -1
1-2 clinical studies* showing association with hard outcomes ** 1
>2 clinical studies* showing association with hard outcomes ** 2
>25% of retrieved clinical studies* showing no association with hard outcomes ** or benefit -1

* Observational studies and Randomized Controlled Trials (RCTs); ** Hard outcomes: mortality, cardio-vascular
events, progression of CKD.



Hu3komonekynapHble
TOKCUHbI, MOYEBMHA U
- KtV




ARTIFICIAL KIDNEY FUNCTION: KINETICS OF HEMODIALYSIS*

By A. V. WOLF, DONALD G. REMP, JOHN E. KILEY, anpo GORDON D. CURRIE

(From the Deportmenis of Physiology and Pharmacology, Biochemistry, and Medicine, Albany
Medical College, Albany, New York)

(Submitted for publication April 9, 1951 ; accepted July 30, 1951)

Widening application of hemodialytic techniques
in experimental medicine and therapy points up a
need for data and theory which reflect the funda-
mental operations of these devices. The following
study contributes to this subject.

METHODS

The artificial kidney of the Albany Hospital used in
our experiments is a 1950 model built by Olson? ac-
. cording to the design of Merrill and his associates (1, 2).
In all in witro studies 26 turns of 23/32" cellophane tubing
were used, providing a dialytic surface area of 21,000 sq.
cm. When various prepared solutions were used in place
of blood for the purpose of analysing rates of exchange
of solutes and water between “blood” and bath fluid, a
reservoir of 10 liters of “blood” was placed in series with
the artificial kidney. The volume of bath fluid at the
onset of dialysis was 100 liters in all studies and was
maintained at 101° F. Essentially constant flow was main-
tained by adjusting the pump to a capacity for returning
fluid to the reservoir which exceeded the actual “arterial”
flow into the cellophane tubing while inflow was kept
at a constant pressure head and regulated by an adjustable
clamp.

Chemical analysis was as follows: urea (3), creatinine
(4), non-protein nitrogen (5), uric acid (6), glucose (7),
sucrose (8), amino acids (9, 10), chloride (11), bicarbo-
nate (12), water (13), phenol red by photoelectric col-
orimetry, and sodium and potassium by flame photometry.
Inorganic phosphate, inorganic sulfate, calcium, and mag-
nesium methods are noted in a previous article (14).

SYMEBOLS

A concentration of a substance in arterial blood or other
fluid entering natural or artificial kidney

a: minute rate at which arterial blood or other fluid enters
natural or artificial kidney

a: a constant equal to (B + b)/B for blood-to-bath trans-
fer

B : volume of bath fluid

b: total volume of distribution of a substance in patient
(or in witro) and in artificial kidney, but excluding bath
fluid volume

B: a constant equal to ak; the slope of the line relating In
(A-U) to time
1 This work was supported in part by a grant from the

U. S. Public Health Service.
2 Edward A. Olson, Main Street, Ashland, Mass,

C: clearance, equal to uU/A

v velocity constant of excretion for natural kidneys;
equal to C/b for no-threshold substances

D: dialysance, equal to uU/(A-U)

d: relative dialysance, equal to D./Dares

A: “change of”

e: base of natural logarithms, equal to 2.718 .

K: a constant representing the total solute content of the
hemodialytic system, bA + BU; equal to bA, for sub-
stances initially absent from bath fluid

k: a constant equal to D/b

n: number of changes of bath fluid during a hemodialytic
procedure

R: concentration of a substance in renal venous blood or
other fluid leaving natural or artificial kidney

S: average concentration of solute throughout the length
of cellophane casing during flow

t: time in minutes unless otherwise specified

U': concentration of a substance in urine from natural kid-
neys, or in bath fluid of artificial kidney

u: minute rate of urine flow from natural kidneys; a value
denoted by B/t in computing rate of solute exchange

V: volume of blood or other fluid contained in a given seg-
ment of artificial kidney excluding bath

x: “a given substance”

INTRODUCTION

During hemodialysis all substances freely filter-
able through the cellophane membrane have thresh-
olds determined conjunctively by the volume and
composition of the bath fluid and by the volume
and composition of the blood and body fluids.
bath fluid is replaced at frequent intervals, any

Y>Ke B IepBOM aHa/IM3e KMHETUKM YIaJIeHVsI IIPOIAYKTOB PETEHLIUN BO
BpeMs nuanu3a B 1951 MouyeBmHa Obla MpuHsATA 32 0Opaserr

e e s e e A0 cellophane surface area. Using the urea di-

fluid acts as if it were a no-threshold subst:
the more so as the frequency of replacemes

greater, Equations which describe the kineti ﬂ]}'ﬁﬂ_ntﬂ as a :I'EfE;'I_'E';‘['I,II::Ej rﬂl,ati"fﬁ diﬂ]:fﬂﬂ.ﬂ:ﬂs h&\fE

excretion in the human kidney have parallel
equations which describe the kinetics of the
ficial kidney.

Under suitable conditions many no-thres
substances in man have rates of excretion w

been determined under various conditions for sev-

v oot 0 0 g ot @erg | non-electrolytes and ions,

In the artificial kidney, rates of excretion ofter
proportional to the concentration gradient between

1062



iccnepnoBsaHue NCDS



Kt/V nponor... bbino 2 Teopun oo3bl

1. [o3a onpeaenaetca npeaananm3dHbiM YPOBHEM
MOYEeBUHbI (T.€. BbIDOpOM Ananmsartopa C
HEOOXOANMbIM KNNPEHCOM)

2. [lo3a ananmsa onpenenaeTcs BPEMEHEM,
HeobxoAMMbIM ANA YAANEHUA «CPeAHUX» MONEKY/



Kak obecneunTb 003y Ananusa c nosnumn
obpa3oBaHuA N yaarneHnss MOYEBUHbI?

* CKOpoCTb 06pa3oBaHMA MOYEBUHbI 3aBUCUT OT KOZIMYECTBA
besiKa B aneTe

* PeKomeHaoBaHHOe noTpebneHne benka 1,1 r Kr/Hen, MOXKHO
PacCYnNTaTb COOTBETCTBYIOLLEE KONNYECTBO MOYEBUHDI,
KOoTopaAa AonKHa bbiTb yaaneHa

* 3HaA obbem pacnpeseneHmna MoYeBUHbI U ee
npeaanannsHyo KOHUEHTPaLMIO MOXKHO 3a4aTb
COOTBETCTBYIOLLME BPEMS N KNNPEHC

* 9TO n ecTb NPUHLUNN KUHETUYECKOro moaenmpoBaHus
MOYEeBUHbI Ha OCHOBAHWUM KOTOPOIO A1 KOHKPETHOro
naunMeHTa MOXXHO pacciynTaTb MHANBUAYA/IbHYIO A03Y
Ananunsa c No3nuUumn yaaneHma Toro uan NHoro obbéma
MOYEeBUHbI



Kak ncrnonbs3soBanocbk Kt/V

* C uenbto KOIMYECTBEHHOW OLLEHKW YAANEHNA YPEMNYECKUX TOKCMHOB
Sargent and Gotch npeasioxnam matemaTnyeckyto mogesb OCHOBAHHYHO Ha
yaaneHun Bo Bpemsa Anann3a moveBuHbl, BBega KoHuenuuio Kt/V no
MOYeBUHE.

e OO KNUPEHC MOYEBUHbBI ONpeaensanca Kak pesynbtat nponsseaeHus
KNNpEHCca AManmsaTopa Ha BPeMs JieYeHUA U AeNeHHOro Ha obbem
pacnpeneneHns MoYeBuHbI

* MoyeBWHa npeacTaBaANacb NAEA/IbHbIM MAapPKEPOM MOCKObKY ABAAETCA
KOHEYHbIM NMPOAYKTOM KaTabonmama 6enKa, ABNAETCA BOAHOPACTBOPUMOM
MOIEKY/1I0M C Manon monekynsapHoi maccou (60 Da), nerko onpeaenaercs
B KPOBU M AManm3aTte, obbem pacnpeaeneHms cootBeTcByeT obuiemy
ob6bemy BOAbl B OpraHn3me



Teopuun npoBepsnn paHaoMU3NPoOBaHHbLIM
nccnegosaHnem Oo3bl n BpemeHn (NCDS)

ORIGINAL ARTICLE A Correction Has Been Published
Effect of the Hemodialysis Prescription on Patient Morbidity
— Report from the National Cooperative Dialysis Study

E. G. Lowrie, M.D., N. M. Laird, Ph.D., T. F. Parker, M.D., and J. A. Sargent, Ph.D.

N EnglJ Med 1981; 305:1176-1181 | November 12, 1981 | DOI: 10.1056/NEJM19811112 160

R
¢ I_IaLlll/IeHTOB pa3,ﬂ,ef|l/|f|l/| Ha 4 rpyrll'lbIZ g 22: — _______________ Grt()jutp:s;?[lg::(lil)JNi’OtWS
1. HuM3Kaa moyeBuHa, Bpemsa 2,5 — 3,5 Yaca e I

o+———F—F=—1

2. Hwuskaa mouyeBunHa, Bpemsa 4,5-5,5 yacos o kel ik T am
3. BblCOKaa mo4yeBUHa, Bpema 2,5 — 3,5 yaca

4. Bbicokaa mo4veBuHa, Bpemsa 4,5-5,5 yacos

Ycnosue: notpebneHne 6enka A0MKHO BblN0 0becneyntb 0AMHaKOBYHO
reHepaumo MOYEBUHbBI, MO3TOMY A1 AOCTUKEHMUSA LEe/IeBOMN
npeaanann3HoOM MOYEBUHbBI HYXKHO OblI0 paccumMTaTbh COOTBETCTBYHOLW MM
KNUPEHC U BbIbpaTb AManunsatop no KampeHcy. K=V/t



Uactota HebnaronpudaTHbIX COObITUNA
3aBUCUT OT Nnpeananmn3Hon MOYEBUHbI

BUN (mg/dl)
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Frank Gotch n ap Blood Purif 2013;35:93-105




Kt/V — nponsBeaeHme KNMpeHca MoOYeBUHbI U BPEMEHU ANaNn3a HOPpMaIM30BaHHOE Ha 06bem pacnpeaeneHus

MO4YeBUHDbI

AHanna NCDS - kak ncnonb3osatb Kt/V
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Fig. 3. NCDS outcome results with superimposed Kt/V grid indi-
cates outcome failure was virtually eliminated when Kt/V >0.80
and Kt/V = 1.00 completely separated all three failure groups (2,
4 and 5) from those groups with successful outcome (1 and 3).

Fig. 4. When Kt/V was superimposed on the NCDS outcome data
it was clear that failure was associated with Kt/V <0.80 and that
the level of BUN could not be used to determine the dose of di-
alysis. A BUN 80 mg/dl could represent very low protein intake
and very low dialysis dose or just the opposite very high intake
and very high dose. Pre = Predialysis.

Frank Gotch n ap Blood Purif 2013;35:93-105



Llenesoin Kt/ V > 1

BO3MOMHO X TaKoe?

O6BbEM
HUOKOCTU
MNOJIHOCTbIO
OYNLLEHHOMN
ot Ur

Ob6bém
KUOKOCTU B
opraHmsme

(pacnpenen
eHuna Ur)

Mbi HE MOXeM B3ATb KUAKOCTb, OYUCTUTb €€ U
BEpHYTb 6€e3 Bpeda Ana opraHM3ma



PacyeT Ha3Ha4YeHHOW O03bl AMannsa

* ECTb UCXOAHbIE AaHHbIe: BeCc nauueHTa U AmanmsaTop C
N3BECTHbIM KJIMPEHCOM — OCTaeTCA PaccymnTaTb Bpems
nanunsa

* Bec naumeHTa 70 Kr, KINPEHC Anann3atopa No Mo4YeBUHe
220 mn/MUH:

V=70%0,6 =42 n
Mockonbky uenb Kxt /V=1,210t=1,2* V/K
t=1,2 (42/0,220)=230 muH (3 yaca 50 muH)



dopmyna ans pacyerta KiunpeHca
ananunsaTtopa B KOHKPETHbIX YCIMOBUSAX

-0k KNHPEHC
Ko | ——— MOYEBHHbI
' g a Al (MVMAH) IN VIVO
E- 300 p— 1 I
Ka = {Qh
Ly —0,
KLTF"L _'Q'I_al' (
La gl".
c — =
i Qu-

CKOPOCTE KPOBOTOKA (M/IUMUH)

Cnocob ynpouieHuma:
OueHKa KnmMpeHca onpeaeneHnem MOHHOro Anasin3aHca HaTpusa



OLeHKa KnmpeHca avanuasartopa no
MOHHOMY AMnann3aHcy HaTpus

Inlet/Outiet conductivity

[mS/cm)

15.20
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14.60
14.40
14.20
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100

200 300
Dialysis Time [secs)

400
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3HaA TOYHbIN KANPEHC
Ananm3atopa n 06vEm
pacnpegeneHmna mo4yeBuHbI
BblcuuTaTb Kt/ V - nerko

TOoYyHO OoTBeYaeT Ha BOMPOC - CKOJIbKO
M1 KPOBU OYUNLLEHO OT MOYEBUMHDI
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MaTtemaTtnyeckue
npeobpas3oBaHus

MpocBeumnBan AmManunsaT annapaT U3MepsaeT CTeneHb
nornoweHmna YO ceeta

[IMHaMM4YecKana oLeHKa M3MEHEHUA «NPO3PAYHOCTUY
AnanunsaTta npeobpasyetca B 6oa1ee NoHATHbIN
NHTepdeic auHamnkm Kt/ V

Hanpamyto roBopuT 0 TOM KaKaa 4acTb 06bEma

pacnpeaeneHun XnMaKocTu OYULLLEHA
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Fig. 2. (A) Clearance curve (based on UV absorption) for a patient weighing 67.8kg who can meet the target clearance in the prescribed 4h. (B) Clearance curve below
prescription with gradual clotting of the dialyzer and improved trajectory after increased dialysate flow rate. (C and D) Clearance curves erroneously high due to
artifact caused by access recirculation. (E) Clearance curve in a former pediatric patient weighing 54kg who can reach clearance targets in less than the prescribed 4h.
(F) Clearance curve erroneously high due to artifact caused by rapid volume expansion from intravenous albumin.

Edward A. Ross et al Clinical Kidney Journal, 2018, vol. 11, no. 3, 394—-399
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see commentary on page 833
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Real-time Kt/V determination by ultraviolet
absorbance in spent dialysate: technique validation

Alex Castellarnau’', Michael Wemer?, Roman Guinthner® and Marten Jakob'

'B Braun Avitum AG, Melsungen, Germany; *Nieren- and Hochdruckzentrum Bad Wildungen, Bad Wildungen, Germany and

PHV Dialysezentrum Melsungen, Melsungen, Germany
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Figure 3| Study S1: blood eKt/V plotted against ultraviolet

(UV) eKt/V. r=0.93; intraclass correlation coefficient (ICC) = 0.92;

n=64; solid line: identity line; dashed line: least squares linear

correlation line.
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Figure 5 |Study S2: Blood eKt/V plotted against ultraviolet
(UV) eKt/V. r=0.801; intraclass correlation coefficient (ICC) =0.8;
n=217; solid line: identity line; dashed line: least squares linear

correlation line.



YcTaHOBUTL Bec U ueneson Kt/V

NCcKNounTb HauMHarwmimcs Tpombo3

YBe/IMYnTb CKOPOCTU KPOBOTOKA U
AnanusaTta

J

npOp,Ofl)KVITb KOHTPO/1b B ANHAaMUKE

C nameHeHusamm Edward A. Ross et al Clinical Kidney Journal, 2018, vol. 11, no. 3, 394-399

Dialysate

OueHUTb BEePOATHOCTb
peunprynaLmnm
NcKntounTb MaccmBHbI TpoMmb03




BbiBOAObI

* OueHKa A03bl AMannsa ¢ No3nLUUN SAMMUHALNN HU3KOMOIEKYNAPHbIX
TOKCMHOB — MPOCTON N BAaAUAN3NPOBAHHbBIN PAabOYUM MHCTPYMEHT

* ABTOMaTU3MPOBaHHOE eXXeanannsHoe onpegeneHme no3bl — yaobHo,
HaOEXHO, HEMHBA3MBHO NO3BO/IIET HE TO/IbKO rAPaHTUPOBATb
noay4yeHme naumMeHTomM CBOen A03bl AMann3a, HO U NOMOraeT
BOBPEMA MPUHATb peLlleHne B KIMHNYECKUX CUTYaLLUAX
onpeaenaromnx sdpdeKTUBHOCTb NpoLeaypbl



HaunoHanbHble pekomeHgauun, 2021

Mot pekomenayem Yy mnauuentoB ¢ XBII CS5M ¢ anypueir umm orcy'rcmuéu

cymecteennoit O®II (CK® no knupency MoueBuHbI <2 mi/mun), nomyqaomux Il 3

pasa B He[eM0, TOCTIKEeHHEe MUHUMANBHOM 3 QeKTHBHOMN 036 KAKI0H NPOLELYph! HE
meHee SpKt/V >14 wmu eKt/V 21,2 (npu ucmONB30BaHHM aNmapaTHBIX METOAOB

onpeieieHus ITOTO 1oKa3aTela) 414 CHIKeHUs pUckoB cMeptH [530-533].
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Fig. 1. History of treatment regimens and the major events that affected clinical practice in maintenance hemo-
dialysis. Figure adapted from Lacson and Brunelli [10]. BUN = Blood urea nitrogen; URR = urea reduction ratio.

Yoshitsugu Obi , Rieko Eriguchi, Shuo-Ming Ou, Connie M. Rhee , Kamyar Kalantar-Zadeh Blood Purif 2015;40:298-305



BbiBOAbI

* C yY4ETOM «NpoOBana» NepcrekTuBbl yBeIMYEHUA A03bl B OTHOLLEHUM
HM3KOMOJIEKYNAPHbIX TOKCUMHOB aKTYa/IeEH MOUCK APYTrUX NOKa3aTesen
3pPEKTUBHOCTH



CpeaHeMonekynapHblie
TOKCUHBI



OCHOBHbIE KOMIMOHEHTHI rpynmnbl
cpegHEMOJIEKYITAPHbIX TOKCUHOB

LINTOKMHbI

KoHe4Hble NpoayKTbl MUKNPOBAHUSA
AOVNOKUHDI

[1poTenHbI OTHOCALWMECH K UMMYHHOU CUCTEME
dakTopbl pocTa Y TOPMOHbI

PeTnHON cBA3biBatoLLne benku

o0k bR



OcobeHHOCTU yaaneHusa y 300poBbIX

* QUIBTPYIOTCA U [lajiee MOABEPTAIOTCS KaTabonmnsmy ¢ peabcopbiimert
aAMUHOKIC/IOT Ha YPOBHE IMIPOKCUMA/IbHBIX KaHA/TbIIEB

* Bxitag moyevHoOro mexaHusMm ypajaeHna 3TuX TOKCMHOB 30-80%



[Tpobnembl nepexona OoT TEOPUN cpeHnX
MOJIEKYIT K NPaKTUKE

Pe3ynbTaTbl AOKAa3aTeNbCTBA MNOb3bl UX SNMMUHALMN HE BCeraa O4eBUAaHbI, YTO
M.D. cCBA3aHO:

1. HeyeTKOCTbIO onpeaeneHna mMetToank aTIMMnMHaUnMnN CpeaHEMOTEKYNAPHDbIX
TOKCMHOB

2. [lpobnembl pacyeTa A03bl

3. HepocTtaToyHOM aNMMHALUMEN, B UTOTE UX KOHLUEHTPALMA NOC/e Ne4YeHnn
BCE PaBHO BbillEe, Yem Yy 340p0BbIX (B 10 pa3 no B-2 mukpornobynunHy)

4. PWCK NOBbILWEHHOrO YPOBHA MOKET ObITb CBA3aH C BbICOKOW CKOPOCTbIO MX
reHepauun (Hanpumep, Kak oTpaKeHMS aKTUBHOCTM BOCNAJIeHMA), a
3NMMUHAUMA TYT HE NPUYEM

pynna EUDIAL gaet onpeaenerne metoamkn [P, B KOTOPOM YKa3aHbl
MWHUMA/IbHble TpeboBaHMA Ana apPeKTUBHOIro 06 bema KOHBEKLUN U
NPOHULAEMOCTN MeMmbpaHbl (NoKasaTenn noaobpaHbl SMAMPUYECKUM NYTEM)



OnpepgeneHune NP rpynnel EUDIAL
(2013)

e [[1® — Tepanua O4YNCTKMN KPOBU KOMBUHUpPYOWaa AndPy3noHHbIN U
KOHBEKTUBHbIN TPAHCMOPT B KOTOPOW UCMONb3YETCA Xan-PIHOKC
MmembpaHa, xapaktepusyemasa KoappuumeHTom ynbTpadunbTpauum
6onbe 20 ma/yac/mm pT €T HA M2 1 KO3PPULMEHTOM NpocenBaHUA
Ana B-2 mukpornobynmnHa 6onbuue 0,6.

* KOHBEKTUBHbIN TPpaHCcNopT gocturaetcs apPpeKTMBHbIM 06 bBEMOM
KOHBeKUMn coctasnaowmm He meHee 20% ot obLiero obvema Kposw,
npoliealwen O4YnNCTKY.

e CoOTBETCTBYIOLWMN BANAHC }KNOKOCTU NOAAEPHKMBAETCA BHELLHEN
NHPY3MEN CTEPUIBHOTO anUPOreHHOOro PacTBOPa B KPOBOTOK
naumeHTa.



HaunoHanbHble pekomeHgauun, 2021

Mz1 pekomennyeMm y nanuentoB XbII C5]/1, nonyuaromux neuenue [JID, ee nposeneHue
B pPeXHUME MOCTIWIIOUMH ¢ KOHBEKTHBHEIM 00BeMOM >23 IUTpOB 3a Ipoueaypy (HiH,
npubnusnrensHo, oOpeMoM  3amemeHus  >21 JUTPa 32 Npoueaypy),
CKOPPEKTHPOBAHHOIO Ha CTAaHIAPTHYIO IUIOLIAZb MOBEPXHOCTU TeNa, AJIA MOBBILUCHMS
5 peKTUBHOCTH JIeYeHUA H CHHXKEHUS CMEPTHOCTH [554].

Yposens  yOemuteabHocTH  pekoMeHaauuii B (ypoBeHBb  mocToBepHOCTH

JIOKa3aTeabeTB — 1)



HaunoHanbHble pekomeHgauun, 2021

Y namuentos ¢ XBIT C5/1, nonydatomux nedenue [J], B OTCYTCTBHE NPOTHBONOKA3aHHH,
MBI peKOMeHJyeM TpuMeHeHHe Bbicoxonoroysoro IJ{ mmn IJI® ¢ moctaumonuei s
CHIIKEHNS prcka (haTalbHBIX coObITHIL, a Takxke coxpanenns O®II [537,547,551-556].

VpoBenb  yGeaHMTEJLHOCTH — peKoMeHaamuii A (ypoBeHb  10CTOBEPHOCTH

N0Ka3aTeabCTB — 1)



Ha npaktuke npm ncnonb3oBaHMM MeMOpaH, MMeLLNX KO3PULMEHT
npocemBaHna Ons cpegHux Morekyn o0riM3knm K rmoMmepynsapHomn membpaHe

OH ObICTPO YMeHbLUaencs (20 MyMH) 4N BELWECTB C MOSIEKYNSAPHON MaCcCOoW
oonbwe 25000 Oa
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Fig. 1. Peak sieving coefficients (X + sem) of low MW proteins and SC
after 20 min of hemofiltration with first used, and then reused F60
polvsulfone capillary dialyzers.

Rockel A, et. all Kidney Int30: 429- 432, 1986
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KY® — TMOPABITMYECKAA
[MPOHNUAEMOCTb

* CpaBHEHWA NyYLIMX ANANN3aTOPOB

CUHTETUYECKME AMaNn3aTopbl Xai-daakc:
1. B. BRAUN
2. ASAHI
3. BAXTER
4. NIPRO

5. FRESENIUS

B. Braun npegnaraet gsa CaMblX BbICOKOMOTOYHbIX
Ananni3atopa :

xevonta and Diacap Pro

xevonta Hi 23 2.3m2) 124
xevonta Hi 20 2.0m?)
110
xevonta Hi 18 (1.8m?) 100
Diacap Pro 19H (1.9m?)
Elisio 25H (2.5 m2)
Rexeed 21A 2.1m? 90
Leoceed 21H 2.1m?
Diacap Pro 16H (1.6m?) Polyflux 210H (2.1m?
Rexeed 18A (18m) - Elisio 21H 2.1m2)
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Solacea 19H (1.9m?) ]
Polyflux 170H (1.7 m?) 70  Diacap Pro 13H (13m?)
FX CorDiax 80 (1.8m?
FX CorDiax 800 (2.0m?
theranova 500 (2.0m?) 60 Polyflux 140H (1.4 m)
Revaclear 400 (1.8m?) FX Classix 80 (1.8 m)
50

ultrafiltration coefficient (ml/h/mmHg)

B. Braun Melsungen AG
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BbiBOAObI

1.

PasBuTUeE AMaNN3HbIX TEXHO/IOTMIN MO3BONAAET FOBOPUTL O TOM, YTO Y
HaC NOABU/IACb BO3MOXHOCTb CYLLLeCTBEHHO BAUATb Ha KNUPEHC
cpegHux monekyn go 15000 - 25000 Aa

B ycnoBuAxX NpnUbAnKeHna K «MaeasbHOMy AManm3aTopy» 3aKOHbI
yAaneHusa cBA3aHHbIe C pacnpeaeneHmem, MeXTKaHeBbIM
KAMpeHcom ux obpasoBaHmMem, NPOHULAEMOCTU MeMbpaHbl 1
BbIOOpa NOTOKOB KPOBU U ANANU3aTa AN CPeAHUX MONEKYN HE
MeHee aKTya/ibHbl KaK U A1 MaabiX MOAEKY

Bonpoc oueHKn Konm4yectBeHHOW A03bl B KIMHUYECKOU NPAKTUKE
AN BbICOKONOTOYHOrO AManm3a He peLlér



TOKCUHbI, CBA3aHHbIE C
Oenkom



YoaneHue y 300poBbIX

1. 3JTo opraHMYecKMe MOJIEKY/IbI, UMEIIVie NOHHbIE VI TUAPOdOoOHbIE
XapaKTePUCTUKU U OYeHb TECHYIO CBA3b C aJIbOYMUHOM

2. YpanAamoTrca NpeuMylLiecTBEHHO B IPOKCUMAa/IbHBIX KaHanbllax Organic
Anion Transporters (OATs)

3. OrtpnenpHOe BHUMaHIeE B Ipoliecce 0Opa3oBaHMsA TOKCMHOB 3TOM TPYIIIIHI -
IPOYKINY KUIIEYHON MUKPODIOPEI



TOKCUHbI, CBA3aHHbIE C DENnKOM:
KIMPEHC

* Cpean 3TUX TOKCMHOB ecTb 2 ppaKLUmKn: cBA3AHHAA C HeslKoM U
HecBsA3aHHasA

* Echn no monekynAapHOMY BECY OHM OTHOCATCA K Bew,ecTBam C
MaJlIoN MONEKYNAPHOMN MAacCOM — TO OCHOBHOM NYTb SAMMMUHAL NN
nnododysunsa (BepoATHO 3a cHeT HecBA3aHHOM ¢ benkom ppaKkumnm)

* KOHUEHTpauma HecBA3aHHOM ¢ besnikom dpaKUMKM Mana

* BO3MOHO Ha KAMpeHC BO BpemMA Ananusa byget BANATb CKOPOCTb
anccoumaumm ¢ benkom (MOXKHO M HA 3TO NOBAUATHL?)

* [losblweHne KoA ananmnsatopa M CKOpPOCTU AManmsata umeet
NO/I0OXKUTENbHOE BIUAHMNE Ha KNNPEHC BeLLeCTB CBA3aHHbIX C
benkom.



Contribution of Residual Function to Removal of
Protein-Bound Solutes in Hemodialysis

llian O. Marquez, * Shouieb Tambra,* Frank Y. Luo,* You Li,* Natalie 5. Plummer,* Thomas H. Hostetter,* and
Timothy W. Meyer*

Table 2. Solute clearances in hemodialysis patients

% Protein % Removal

BDU_nd Kd ml/mm Kd/Kdu Kr ]fn.l/mln KffKru Kr/Kd b}f R.ESidua].
Urea — 227 = 42 — 25+19 — 0.01 = 0.01 20 =13
PCS 95x15 17x5° 008002 06=x06* 025x02 0.04 +0.05 34 =217
IS 94 + 2P 23+8P  010+003° 1.1+1.0%° 054+04° 006+ 0050 43+ 243b

HIPP 56 = 16°¢ 98 + 30°>< 044 +0.13°¢ 14 £ 117P¢ 6,6 = 55°¢ (.15 + 0.14>P< 66 + 247.0<

K, clearance during dialysis; K, residual native kidney clearance; % removal by residual, the fraction of total weekly
solute removal accomplished by residual function.

*P < 0.05 versus urea.

°P < 0.05 versus PCS.

P < 0.05 versus IS.

Mpobnema 3IMMUHALNM TOKCUHOB, CBA3AHHbIX C 6e1KOM BO Bpems
npoueaypbl ANann3a — He pelleHa

OcTaTouyHas PpyHKUMSA BHOCUT CyLLLECTBEHHbIN BKAAA, B psaae
C/ly4aeB npesblllaroWmMn BKAa4 Ananmsa

Clin J Am Soc Nephrol 6: 290-296, 2011. doi: 10.2215/CJN.06100710

80 UreaN
N & ¢
g :—:’;:-'-o.!-.*~*-.-r e
) i ° . 0 4 &
5 ' '
b 0
E
z & PCS
< L/
19 ol .o ol ‘e :
E B * '.\.\
" e,
¢
4
8 6 : IS
o .
w 3 v
> = :___
g (I "" . R
w 0 hd Ve "
> U : l
«
w 150
g HIPP
= .
J
10F 3
55\00 * .
0 : ) { ..'0 ) .‘
0 - g

Kry (ml/min/1.73m?)

GENERATION (mg/day/ 1.73m?)

10’000; 0.... ’ L] UfeaN .
-———.«Q—— 2
s . - . SN ¢ ——
5000Fes 4%,
.
0
200 . Fes
100fs o o v,
E Pl oL SO
2 . (]
0 y | J |
160 6 Lk
I S—
T R
5 % * .
0 : ' |
1500.. . HIPP
.
750“"2‘:0 ;‘.‘.:‘.*-‘-~ :
. . LY V=)
0 ; i I
0 2 . y
Kyy (m/min/1.73m?)

Figure 1. | Time-averaged plasma concentrations (left panel) and generation rates (right panel) for UreaN and the protein-
hound solutes plotted against values for residual urea clearance (K,) in the 25 study subjects. Plasma levels declined
significantly (bold lines) with increasing K, for PCS (* = 0.34, P< 0.01) and HIPP (# = 0.25, P < 0.01) but not for urea nitrogen
(UreaN) or IS (dashed lines). Solute generation rates were highly variable among individual solutes but did not exhibit any

significant relation to K....
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Liposomes to Augment Dialysis in Preclinical Models:
A Structured Review
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pH-Dependent Protein Binding Properties of Uremic Toxins
In Vitro
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Mbl NOHMMaem, YTO BOCMPOM3BECTU BCE NOYEYHbIE MEXAaHU3Mbl 3/IMMUHALUMN
YPEeMUYECKMX TOKCUHOB ANaNN30M HEBO3MOXKHO, 3HAYUT HYKEH
KOMMJIEKCHbIN nNoaxoa,
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KanbummmnmeTmnku CTaTuHbI
nAMN® aacopbeHbl



BmecTo 3akntoyeHuns



MneanbHbi onanuns

pa3saenbl lNokasarena Bo3moXKHOCTU

Ananusa

KOHTpO/1Ib TOKCMHOB 1 YaaneHue masiblx MONEKY/ +++
2 YaaneHune cpeaHNX MoNeKyn ++
3 KoppeKtupyemaa aHemuA ++
4 YnosneTtBopuTtenbHbIM 6anaHc docdaTos +
5 YaosnetsoputesibHOE NUTaHMe ++
6 CHU)XeHMe BOCMaANUTE/IbHON peaKkunm ++
KoHTposb Xugkoctuim 1 KoHTponb Al 6€3 meanKkameHTOB +
reMoguMHaMUKU Y
2 OTcyTCTBME MHTPAAMANTNZHOU TMNOTOHUN +
3 CoXpaHHOCTb OCTAaTOYHOM PYHKLIUKN MOYEK -
Yn0BNeTBOPEHHOCTb 1 YnyyweHne cMMNTOMATUKMN U CAaMOYYBCTBUA ++
nayuneHTa
2 PeXxum ananunsa yaosnetsopAeT NaymeHTa +
3 KomnaameHTHOCTb +



DIALOG IQ
* MbIC/TIM MO HOBOMY

femogmnHamuyeckas
cTabunbHoCTb

bioLogic fusion
OTHOCUTEeNbHbIN 06bem
KpOoBMm

HacblweHne Kucnhopoaom
NHTennekTyanbHoe
N3MepPeHMe apTePUANbHOTO
LELY T

6 He3aBUCUMbIX Npoduien

xevonta / HDF

=  3ddekTnBHOE
yaaneHue

= [lpeBocxogHoe
COXpaHeHue

[o3a puanusa

Adimea
SNCO

» ‘./F \

Be3onacHocTb U yao6cTBo

DiaStream iQ
NEXADIA

bbicTpaa noarotoska
[ApyentobHbiN
nHtepdpenc
CKkpuHcenBep
[aTumnK yTeuykun



Cnacnoo 3a BHUMaHue

Bnagumunp PACHAHCKnIA

MeanUMHCKUM gUpeKTop rpynnbl KomnaHun «Hebpomesn»



AJekBaTHasa oo3a aAnanuaa
(paclwmpeHHble TpeboBaHUSA)

* He meHblUe 3-x pa3 B Heaesto

* Bpemsa gnanunsa He meHblle 4 yacos (12 B Heaento)

e eKt/V>1.3

* YNbTPAUYnUCTbIN ANanm3ar

* BbICOKONOTOYHbIN ANaNN3ATOP

* CKopocCTb KpoBoToKa no ¢ucrtyne > 300 (350) ma/muH

* Y& <13 mn/uac/kr

e XopoLlaa nepeHoCMMoCTb npoueaypbl

* Yyét ocobeHHOocTeN NaLmeHTa (Bo3pacT, ocTaTtoyHaA GYHKLMA NOYEK)



Cxema HakonneHns un yaaneHust MOMEBUHbI NMpn  3-
X pasoBOM guanuse

35
30
25
20

15
B MouyeBMHa KpoBU
10 \/ 3

5 O MouyeBuHa yaanéHHas

YaanéHHas moyeBUHa B uaeane A0XKHA COOTBETCTBOBAaTb O6bEMY ee reHepaLumu

3Han obbem notpebnieHnsa 6esKka MOXKHO AOCTOBEPHO onpeaenTb 06bem reHepaumm
MOYEBUHbI

3Han 06bem reHepaLnmM MOYEBUHbI MOXKHO pPaccuMTaTb Heobxoaumble NapameTpbl Anannsa



BapunabenbHOCTb
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KoHuenuun oueHkn 0o3bl anannsa

BbiBegeHue HU3KOMOJIERYNAPHbLIX TOKCMHOB

CsounctBa membpaHbl

Bpema npoueaypbl

YactoTta gnanmnsa

CKkopoCTb YO

O6BbEM KOHBEKL MU



J[103a ananunaa.

O6BbEM 80%
[o3al Ur po
V ounlleHHbIM oT moyeBuHbI= 0,8xV pacnpeaenenms R
MOYEBUHbI
K*t/Vv=0,8

O6BbEM 100%
[lo3a 2 Ur go
V OUYMLLEHHbI OT MOYEBUHbI= V pacnpeneneHmsa MoYeBUHbI Ananm3a
K*¥t/V=1

120%

[lo3a 3
V ounLLeHHbI OT MoYeBUHbI= 1,2 XV pacnpegeneHus O6bEM
MOYEBUHDbI Ur go
K*¥/V=1,2 amManusa




