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OO3A, 3PPEKTUBHOCTb UM AOEKBATHOCTb OUNATTN3A: UTO
OEVNCTBUTENBHO UMEET SHAYEHUE?

[ne npeaenbl afeKBaTHOCTU?

PacHAHCKUM Bnagnmunp KOpbesuy
MeaVUMHCKUI ANPEKTOP

Npynna komnaHuuit HedppoMep,
28.05.2022
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YyacTByii B KOHKYpce HayuHbIX (poTorpaduin 2022.
J d]D@d]D { CHUMal HayKky Ana Bukunegum!

Yy3HaTb Oonklue

X

Jlo6po moskanoBaTh B Bukune uio,

CBOGOAHYO SHUMKIIONEAWIO, KOTOPYH MOXET pefakKTUpOoBaTh Kbl

M3bpaHHas cTaTba
3o0JI0Tad oceHb

«3onoTan oceHb» — Mel3ax PyccKoro xXyaoxHwKa Vicaaka
NeewTana (1860—1900), HanucaHHbIA B 1895 roay.
MpWHaanexuT MocyaapcTBeHHOW TPETEAKOBCKOW ranepee B
Mockse (nHB. 1490). Pasmep kapTuHbl — 82 x 126 cm. JleBuTaH
Ha4an paboTy Hag nonoTHoM oceHbio 1895 roga, Koraa oH Kun
B ycaabbe [opka B TBepckon rybepHun; Tam e Bbinu
HanucaHel Nepeble 3Tl MiccnenqoBareny TBOPYECTBa XyA0KHWKA NONaratwT, YTO Ha KapThHe
n3obpaxeHa peka Cvesxa. Mo-euagumomy, paboTa Hag nponseefeHvem Gbina 3aeeplueHa B
KoHUe rona B Mockse.

KapTtHa «3onoTtas oceHb» Bbira NpeacTaeneHa Ha 24-1 BeicTaBke ToBapullecTBa
NEpPenBWKHBIX XyO0KeCTBEHHbIX BICTABOK («NepeaBiKHWUKOB» ), OTKPLIBLLEACH B theBpane
1896 roga e CaxkT-lMetepOypre, a B MapTe TOro xe roga nepeexasLuen B Mocksy. «3onotas
0CEHb» TaKKe SKCMOHWpOoBanach Ha BcepoccHinckon MPOoMbILLNEHHON W XYAOKECTBEHHON
BbicTaBke 1896 roga, npoxoauellen B HwkHeM Hoeropode. B Tom xe 1896 rogy kapTuHa
6bina npuobpeteHa y aeTopa MNaenoM TpeTbAKOBbIM.

«30M0TYH0 OCEHb» OTHOCAT K «MaXOPHOM cepii» KapTWUH JleBuTaHa 1895—1897 rogoe, B
KoTOpyto, Kpome Heg, BknodatoT «Mapt» (1895), «Ceexuin BeTep. Bonrar (1895), «BecHa.

Celvac B Bukuneaun 1 821 794 cTaTbM Ha PYCCKOM A3bIKE.

Mopranel  Cnpaeka

13 HOBbIX MarepuanoB
3HaeTe JIU BBI?

o [1ns nony4eHns YEPHbIX ONUBOK (Ha u/in.) UX NpodyBaoT
BO3[IyXOM.

» OQWH B Mone To N BOWH, TO N He BOWH.

* Boigarowminca panbcutuKaTop CnokoMHO KUBET U
3apabartbiBaeT Ha CBOEW NPOLUIOR «craee».

o [leTeKTUBHAA NoBecTb Aratbl KpUCTW, HanMcaHHas And eé nprxofckoi Liepken, bbina

M3daHa NWilb CNYCTA WEeCTEAECAT NET.

» Mapixckan oeKknapauva o MOpPCcKoM npage oT 1856 roga oericTBYET 4o CUX nop.
» AnoHCcKWIA reMMansadHep ANS 3an1cK ronoca nocneaHero 6occa B BUOEOUIPE 3apyHnncs

MOMOLLEH CBOETD KOTa.

» [TpoTuB KasHW Mapuy CTroapT NporofiocoBan ToNbKo OOWH YernoBek

(Ha unn.).

» PecraBpatopbl BbINEYUNK HYyA0TBOPHYH CKYMbLATYPY € NOMOLLbIO
YKOMOB.

» Hemoe KMHO Nopoit 03BY4YMBANM NPAMO B KMHOTeaTpax.

¢ JlnmoH MpendpyToBUY AMensLCUHOB M3BECTEH CBOMMW CTUXaMMN
ans neTe.

Cospartb cTaTbh




OnpeageneHuns

* flosa (0001 — nopuus, Npuem) — Benu4mHa oAHOKPaTHOrO
npuema BellecTBa, Hanpumep rekapcTBeHHOro npenapara,
Ha3Ha4YaemMoro 0onbLHOMYy, MO0 NOrMoLWEHHOro KeM-nnMbdo saa.

« A dhekTUBHOCTL (Nnart. effectus — ncnonHeHne, gencTene) —
CNOCODOHOCTb BbIMOSMHATL PpaboTy U AoCcTUraTtb HEOH6XOAMMOro
NI XXenaemoro peayrsrata ¢ HauMEHbLLEN
3aTpaTton BpeMEHN N YCUNNM.

- AoeKkBaTHOCTb Moaenu — (nat. adaequatus — npupaBHEHHbIN)
coBnageHne cBoUCTB (pyHKUMn/mapamMmeTpoB/XxapakTepuUCcTuK
N T. N.) MOOENN N COOTBETCTBYIOLLIMX CBONCTB MOLENNPYEMOTO
oObeKTAa.


https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA

[1haH

1. lo3a Ananmn3a Kak mepa npoueaypbol
2. B4yém dpdPeKkTuBHOCTL (OpaT)?

3. MayuMeHT Kak moaenmpyembin OOBEKT -
ADeKBaTHOCTb
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[103a AManm3a Kak mepa npoueaypbl. Hero?

No3a (66016 — nopuua, npuem) — BerivdunHa o gHOKpaTHOro
npuema BeLlecTBa, Hanpumep fieKapCTBEHHOro npenapara,
Ha3Ha4YaemMoro 6osibHOMY, TMOO NOrNOLWWEeHHOro KemM-nmobo saaa.




THE GENESIS OF THE SQUARE METER-HOUR HYPOTHESIS

Qy * 200 mi/ min m;‘
Albert L. Babb, Robert P. Popovich, T. Graham Christopher, oy 4 0
and Belding H. Scribner
T0
CREATININE
0 4 (13)
* [lonnHenponatma ucyesana y naumMeHToB NOyYaroLmx b
50 =
N4 v npn ysesinyeHUn BpemeHmn iedyeHNA NaumnMeHToB
nonyyarowmx 0 4
* He Bce BelwlecTBa aJeKBaTHO YBE/IMYNBAIOT CBOMN KAUPEHC oo
npwn yBENNYEHUN CKOPOCTU KPOBOTOKA, AManm3aTa =
* ConpoTtuBneHue AnNann3Hom membpaHbl - r1aBHbIN M
v VITAMIN B-12
daKTOp OrpaHNYMBaOW MM BblBEAEHUE «KCPEAHUX (1388)
MOJIEKY/T» U oL
o L L L L J | v
o 100 200 300 400 500
FRESH DIALYSATE FLOW RATE , mi/min
Babb AL, Popovich RP, Christopher TG, Scribner BH. (Recycle with Q fotol = 500 m!/min)
The genesis of the square meter-hour hypothesis. Figure 9. Effect of molecular weight and recycle flow rate on the
Trans Am Soc Artif Intern Organs. 1971;17:81-91. clearance of a Kiil hemodialyzer.

PMID: 5158139.

hypothesis will be developed mathematically subsequently, it is based on the fact that hemodialyzer membrane
resistance to middle molecules is so large relative to fluid film resistances that it is the major factor limiting
removal. This makes removal of middle molecules virtually independent of both blood and dialysate flow rates.
The square meter-hour hypothesis, if validated, has important implications for future developments in hemo-
dialyzer design, hemodialysis procedures, costs, patient well-being, and membrane research.



Kt/V nponor... 2 Teopun 403bl

1. [lo3a onpeaenAaerca npeaamasin3dHbiM YPOBHEM
MO4Y€eBUHDI (T.€e. BbIbOpOM AManunsaTtopa ¢
HeobxoAMMbIM KJNPEHCOM)

2. [o3a ananunsa onpenensieTcs BpemeHem,

HeobxoAMMbIM ANA YAaNeHUNA «CPeaHUX»
MONEKYN



Teopun NpPoBEPAAMN PAHAOMMU3NPOBAHHLIM MCCEA0BaAHNEM
n03bl 1 BpemeHu (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 Engl J Med 1981; 305:1176-1181| November 12, 1981 | DOI: 10.1056/NEJM1981111230! 160 —
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EFFECT OF THE HEMODIALYSIS PRESCRIPTION ON PATIENT MORBIDITY
Report from the National Cooperative Dialysis Study*
E. G. Lowrig, M.D., N. M. Larp, Pu.D., T. F. Parker, M.D., anD J. A. SarcenT, Pu.D.
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Figure 1. Proportion of Patients Not Withdrawn for Medical
Reasons or Death as a Function of Time on Experimental
Dialysis in the Four Study Groups.

Loss of patients from the high-BUN groups (Il and V) was

greater than loss from the low-BUN groups (I and HI). The

numbers of patients represented at 24 weeks in Groups |

through IV, respectively, were 30, 18, 35, and 23. The corre-

sponding values were 19, 10, 25, and 13 at 36 weeks and six,
seven, 13, and five at 52 weeks.

Lowrie EG, Laird NM, Parker TF, Sargent JA (1981) Effect of the
hemodialysis prescription of patient morbidity: report from the
National Cooperative Dialysis Study. N EnglJ Med 305:1176—

1181

Table 3. Primary Diagnoses Associated with Death or
Removal before 24 Weeks.

DiaGNoOsIS

Anorexia or nausea
Fatigue
Dialysis dementia
Hyperkalemia
Cardiovascular disease
Myocardial infarction or cardiac arrest
Resistant congestive heart failure or
cardiovascular disease
Pericarditis
Pleuritis
Hypertension
Neuropathy
Convulsive disorder
Worsening anemia
Gastrointestinal bleeding
Non-gastrointestinal bleeding
Pancreatitis
Severe access infection
Surgical
Nonspecified
Patient preference
Totals

l *

m'——

Group

11

4
1

_— = b =

~
k=

I

no. of patients

1

v

Ll

*Died.



Kt/V — nponsBeaeHneE KampeHca mov4eBumHbl 1 BpemeHun gmnain3a HOpmaain3oBaHHOE Ha obbem pacnpeaeneHnA

MO4YeBUHDbI

AHanm3 NCDS - kKak ncnonb3osatb Kt/V

@ Success 1 L.
® Failure L e .-

1 | I 1
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I |
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T T
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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



CNeKTp TOKCMHOB HU3KOWM MOJIEKYIAPHOM MacChl

A
I
A Phosphate 95 I
Oxalate 90| |Creatinine 113 I
Putrescine 88||| ||Guanidinoacteic acid 117 :
TMAO 75 Hypoxanthine 136 "
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Urea 60 Xanthine, 2PY 152 I
Guanidine, Trimethylamine 59 Uric acid 168 '
Acrolein 56 Guanidinosuccinic acid 175 :
Dimethylamine 45 Myoinositol 180 |
Cyanate 42 ADMA, SDMA, Spermine 202 I
Mono-methyamine 31 Lanthionine 208 !
Ammonia 17 (1 Phenylacetylglutamate 264 :
1
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Small Uremic Toxins Large Uremic Toxins &
(= 500 Da) Protein-bound Uremic Toxins

S. K. Bowry et al. Clinical Kidney Journal, 2021, vol. 14, Suppl 4, i17-i31



OueHKa KAMpeHca aAnanmsaTopa no MOHHOMY
Nnanm3aHcy HaTpus

3HaA TOYHbIN KANPEHC
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Fig. 2. A typical on-line absorbance curve dunng a single
haemodialysis treatment where UV-absorbance at the wavelength
297 nm is plotted against time. The corresponding natural logarith-
mic (In) fitting line 1s also shown.
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HaunoHanbHble peKomeHaaumm, 2021

e Msu pexomenayem y mnauuentoB ¢ XbII C5/] ¢ anypuedr unu orcy*rcmm':m

cyutectBenroil O®IT (CK® no kmupency mouesunsr <2 mu/mut), monygaromux Il 3

pasa B HeJIe0, TOCTIKeHHe MUHHMANbHOM 3 QEKTHBHON 03Bl KaXKI0H MPOLEXYPH! HE
menee spKt/V >1.4 wmu eKt/V 21,2 (npu ucrmons30BaHHM aMnapaTHHIX METOAOB

onpeie/ieHus ITOro ToKa3aTeNA) 414 CHIKEHUA puckoB cMeptH [530-533].



[Toobnema: «beckoHeyHoe» yBeanyYeHme A03bl
nuanusa Kt/V — He npuBOAUT K YAYYLLEHMIO NCXOA0B

Treatment regimen
w
E
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s | 26h 3h
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R I‘(t-’f\"rriir-Jl
Uremic symptom BUN Kt/V,, or URR per session + KN o
rzna
[ 'k V g— : \| per week
l Hem Huke TAC — l [lpoBan KoHUenuumn J
Major historical events M Ny COKOM A03bl PUCK cMepTyh B
Rapid technological pro%ress ' tEjL rpynne Ho4yHoro 6
ALY pa3oBOro AManu3a B
NCDS chanistic HEMO eported FHN
Medicare study eanalysis study a3a Bbllle
ESRD program reported of NCDS repaortd
1973 1881 1985 2002 2004 2010

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



[TaToPuU3nonormyeckme GakTopbl AMANN3IHOIO
CTpecca

femogmMHamunuecKkui crpecc HeremoanHamumnueckunim crpecc
* [MunoBonemus e OcMmoTHUYeCcKmne n Bonemumnyeckme
KonebaHusa

* MHTpaamaanaﬂ TMMMNOoTeH3nA

* TkKaHeBaA rmnonepdy3nsa

e Nwemus * RLIC
* [MNnoKcemus

 TemnepaTypHbin ancbanaHc
* buocoBmecTMMOCTb

* l3ameHeHNA aNeKTPO/INTOB

* ApUTMmnu

* [loTepa HYTPUEHTOB

C uameHeHnaAMU
B. Canaud et al. Clinical Kidney Journal, 2021, vol. 14, Suppl 4, i72-i84



ObocHoBaHMe a03bl [P —3dPeKTUBHbIN
OOBEM KOHBEKL MU

Table 1. HR and 95% CI for all-cause mortality and cause-specific mortality by delivered BSA-standardized convection volume with standard HD as
reference. Adjusted for age, sex, albumin, history of CVD and history of diabetes [10]

Online HDF convection volume, delivered BSA-standardized in L/1.73 m> per treatment

<19 19-23 >23

All-cause mortality

Crude 1 091 (0.74-1.13) 0.88 (0.72-1.09) 0.73 (0.59-0.91)

Adjusted 1 0.83 (0.66-1.03) 093 (0.75-1.18) 0.78 (0.62-0.98)
CVD mortality

Crude 1 L.00 (0.71-1.40) 071 (0.50-1.01) 0.69 (0.48-0.98)

Adjusted 1 0.92 (0.65-1.30) 0.71 (0.49-1.03) 0.69 (0.47-1.00)
Infections

Crude 1 1.50 (0.93-2.41) 0.96 (0.56-1.65) 0.56 (0.30-1.08)

Adjusted 1 1.50 (0.92-2 45) 097 (0.54-1.74) 0.62 (0.32-1.19)
Sudden death

Crude 1 1.24 (0.80-1.91) 091 (0.57-147) 0.60 (0.35-1.03)

Adjusted 1 1.09 (0.69-1.74) 1.04 (0.63-1.70) 0.69 (0.39-1.20)

P.J. Blankestijn et al. Nephrol Dial Transplant (2018) 33: iii53—iii58
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Optical Method and Biochemical Source for the Assessment of
the Middle-Molecule Uremic Toxin 32-Microglobulin in
Spent Dialysate

Joosep Paats '*, Annika Adoberg ?, Jiirgen Arund ', Ivo Fridolin ', Kai Lauri '3, Liisi Leis 2, Merike Luman -2
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Abstract: Optical monitoring of spent dialysate has been used to estimate the removal of water-
soluble low molecular weight as well as protein-bound uremic toxins from the blood of end stage
kidney disease (ESKD) patients. The aim of this work was to develop an optical method to estimate
the removal of f2-microglobulin (32M), a marker of middle molecule (MM) uremic toxins, during
hemodialysis (HD) treatment. Ultraviolet (UV) and fluorescence spectra of dialysate samples were
recorded from 88 dialysis sessions of 22 ESKD patients, receiving four different settings of dialysis

check for treatments. Stepwise regression was used to obtain the best model for the assessment of p2M concen-
"Y1 tration in the spent dialysate. The correlation coefficient 0.958 and an accuracy of 0.000 = 0.304 mg/L
Citation: Paats, ].; Adoberg, A; was achieved between laboratory and optically estimated p2M concentrations in spent dialysate for
Arund, |; Fridolin, 1; Lauri, K.; the entire cohort. Optically and laboratory estimated reduction ratio (RR) and total removed solute
Leis, L.; Luman, M.; Tanner, R. (TRS) of p2M were not statistically different (p > 0.35). Dialytic elimination of MM uremic toxin p2M

Optical Method and Biochemical
Source for the Assessment of the

can be followed optically during dialysis treatment of ESKD patients. The main contributors to the
optical signal of the MM fraction in the spent dialysate were provisionally identified as tryptophan

Middle-Molecule Uremic Toxin

[ 2-Microglobulin in Spent Dialysate.
Toxins 2021, 13, 255. https: / /doi.org/
10.3390/ toxins13040255

(Trp) in small peptides and proteins, and advanced glycation end-products.

Keywords: p2-microglobulin; hemodialysis; dialysis adequacy; middle molecule uremic toxins;

optical monitoring; ultraviolet absorbance; fluorescence



BbiBOAbI

1. [1o3a ananusa - Bannamn3mpoBaHHbIXM NapameTp, NO3BOAAOLLNIN
onpenenntb o6BbEM TEPANUU:

- Kt/V

- 30 PeKTMBHBLIN OOBEM KOHBEKLUMU

2. TeopeTnyeckana mogenib MOXET COCTOATb N3 HECKOJIbKUX

pedpepeHTHbIX NOKa3aTenen ANa Kaxaou rpynnbl ypemuyecknx

TOKCUMHOB
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b PEKTUBHOCTb AMANMN3aTOPA U TOKCUHbLI CpeaHeN
MOJIEKYNIAPHOMN MacCChbl

B yuém 3pPeKTUBHOCTDL (OpaT)?

ApgpekmusHocms (nam. effectus — ucrionHeHue, deldcmeue) —
crnocobHocme 8bInonHImMe pabomy u docmuaames Heobxo0uUMo20 uru
)XeraemMoz0 pesyrfibmama ¢ HauMeHbuwelu 3ampamou epeMeHu U ycunud.




rpynna Komnawuii

SPPEKTUBHOCTb AMANN3ATOPA U TOKCUHbBI Ma oW
MOJIEKY/IAPHOW MACChb

* Bonpoc 3¢pdeKTUBHOCTU MEMDPAH B OTHOLLEHNUN TOKCMHOB Maou
MOIEKY/IIPHOM MacCbl Ha CEroAHALWHUN AEeHb HE aKTYaNEH,
BO3MOXXHOCTM meMbpaH 3HAa4YUTENbHO NPEBbILALOT
Lenecoobpa3HOCTb MOCKO/IbKY K/IETOUYHbIN KIMPEHC HE yCneBaeT 33
KIMPEHCOM AMNANN3ATOPA




KnaccnduKkaumsa amannsatopos (0anH 13
BAapMaHTOB)

Table 2. Classification of commercial dialyzers.

1 4 Ultrafiltration B2-Microglobulin (3,-M) Albumin Ref
- C(?ITEEE;P[I(L)F P Clearance i e Coefficient ., LOSS into ¢ Sieving Coefficient
5 (mL/min) & Dialysate (g) &

Low flux <10 <10 - 0 0 [24]
High flux 20-40 20-80 <0.7-0.8 <0.5 <0.01 [24]
Medium cut-off 40-60 >80 0.99 24 <0.01 [28]
Protein leaking =40 >80 0.9-1.0 2-6 0.01-0.03 [28]
Super high flux 40-60 - 1.0 9-23 <0.2 [29]

? The coefficient is a specific property that characterizes a “clean” membrane, i.e., unfouled membrane. ® For conventional hemodialysis
with a blood flow rate of 200—400 mL/min. € In vitro for 1.5 m? dialyzer. 9 For 4 h conventional hemodialysis.

Said, N.; Lau,W.J.; Ho, Y.-C.;

Lim, S.K.; Zainol Abidin, M.N.;

Ismail, A.F. A Review of Commercial
Developments and Recent Laboratory
Research of Dialyzers andMembranes
for Hemodialysis Application.
Membranes 2021, 11, 767.

K Kakou rpynne otHecTu gnanmsatop c KY® 6onblue 100,
KoadppnumneHtom npocemsanma ana f2-M = 0,8, ana anbbymmHa
meHbLie 0,001, u notepen anbbymmnHa 3a npoueaypy e ao1r



500-5000 Scribner BH (1975)
500-2000 Babb AL (1981)
500-12000 Vanholder R, (1994)
300-5000 Ringoir S. (1997)
500-60000 EUTox WG (2003)

CpenHaAaA
MaccCa - 3TO
Kakasa?




OCHOBHbIe KOMMNOHEHTbI rpynnbl
cpegHeMoNeKyIAPHbIX TOKCUHOB

LINTOKMHBI

KOHeyHble NPoAYyKTbl MTMKMPOBAHUA
AOUNOKUHbI

[TpoTenHbI OTHOCALWMECA K UMMYHHOW CUCTEME

daKkTOpbI POCTA U TOPMOH Db

o Uk W E

PeTnHon cBA3bIBatOLWME benkun



KoapdnumeHT npocenBaHma Aaa TOKCMHOB Pa3HOM MOJIEKYIAPHOWM
MacCbl B 3aBMCUMOCTM OT TNa MeMOpPaHbI

3-endorphin 1018
Methionine-enkephalin 573
Glomerulopressin 500
Phenylacetyiglutarmate 264 Adrenomedullin & 029
Lanthionine 208 Interleukin 8 & 400
ADMA, SDMA, Spermine 202 f3v-|i|:'01r}7rlﬂil'I 9500
Myoinositol 180 Peptide YY 4311 Ba—m?'Qgionulln 11815
Guanidinosuccinic acid 175 Neuropeptide Y 4 255 Fieslstln_ -
¥ b Cystatin C 13000
Uric _acu:l 168 Cholecystokinin 3931 Angiogenin 14000
Xanthine 152 Orexin A 3561 | Leptin, Lipids / Lipoproteins 16000
y-Guandino butyric acid 145 Ghrelin 3370 TNFa- 17 300
Hypoxanthine 138 PTH 3334 Interleukins 1B & 10, Interleukin 18, MCSF 18 000
Guanidinoacetic acid 117 ANP 2600 Il;tﬂettgnzﬁz.&BP 21000
i : actin
Creatinine 113 Endothelin 2482 Complement Factor 24 000
FGF-23 22500-27000 |g light chains 25000
1.0 Adiponeciin 27 000
0.9
0.8 Peniraxin-3 40100
0.7 Visfatin 52 000
. 0.6 Complement factor Ba 64 000
E 0.5
% 03 \
0.2 \. :
0.1 \
0 : — - —
100 | 1000 10000 | 100000
500 Da Molecular Weight [Da] 66 800 Da

S. K. Bowry et al. Clinical Kidney Journal, 2021, vol. 14, Suppl 4, i17-i31



KOSd)CI)I/ILI,I/IeHT NnpocenBaHMA ON1A Mad/iblX N CPeAHEMOJTEKYNTAPHDBIX
TOKCMHOB B 3aBUCMMOCTU OT TUIA I\/\el\/\6paHbI

3-endorphin 1018
Methionine-enkephalin 573
Glomerulopressin 500
Phenylacetyiglutarmate 264 Adrenomedullin & 029
Lanthionine 208 Interleukin 8 & 400
ADMA, SDMA, Spermine 202 B-Iimlr?pin 9500
Myoinositol 180 Peptide YY 4313 B,‘,—n'utlzrclﬁgionulln 11815
Guanidinosuccinic acid 175 Neuropeptide Y 4 255 Fieslsnn_ -
¥ b Cystatin C 13000
Uric _acnd 168 Cholecystokinin 3931 Angiogenin 14000
Xanthine 152 Orexin A 3561 | Leptin, Lipids / Lipoproteins 16 000
y-Guandino butyric acid 145 Ghrelin 3370 TNFa- 17 300
Hypoxanthine 138 PTH 3334 Interleukins 1B & 10, Interleukin 18, MCSF 18 000
Guanidinoacetic acid 117 ANP 2600 Il;trﬂeu:m 6, RBP 21000
i : actin 22000
Creatinine 113 Endothelin 2482 Complement Factor 24 000
FGF-23 22500-27000 |g light chains 25000
1.0 IIHI“ Illllllllllllll:lll EEEEEm .on.eghr;'{i'om
0.9 |
|
0.8 Pen®axin-3 40100
|
-5- 0.7 Visfatin 62 000
T 06 Complement factor Ba 64 000
E 0.5
2., CORMOAOCTL \ y
% 03 \
0.2 \. :
0.1 \
0 —— — ——
100 | 1000 10000 | 100000
500 Da Molecular Weight [Da] 66 800 Da

S. K. Bowry et al. Clinical Kidney Journal, 2021, vol. 14, Suppl 4, i17-i31



[TlpocenBaHMe TOKCMHOB B Pa3HbIX TUMax membpaH

Said, N.; Lau,W.J.; Ho, Y.-C.;

Lim, S.K.; Zainol Abidin, M.N.;

Ismail, A.F. A Review of Commercial
Developments and Recent Laboratory
Research of Dialyzers andMembranes
for Hemodialysis Application.
Membranes 2021, 11, 767.
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TeopeTtnueckue rpadukmn KoapdpuumeHtTos npocenBaHna (SC) ana membpaH HU3KOMOTOUHDbIX
(LF), BbicokonoTo4Hbix (HF), Bbicoko Toukon otcedenmsa (HCO) cpeaHen Toukom otcedeHna (MCO).



HoBaa KnaccupumKauma ypemmyecknx TOKCMHOB

Molecules dependent on
kidney clearance

Exogenous
Gut-derived

Removed by low-flux HD

Removed by high-flux HD

Removed by high-flux HDF

Removed by MCO HDx

Removed by HCO HD

e=o ¢—p € C B

Protein-bound
809

Water soluble
Protein-bound
<8059

Endogenous

Generation by
endogenous
metabolism

Water soluble
Protein-bound
<80%

=<0.5 kDa

Small protein-bound | —=
molecules

Marker molecules
with known toxicity

Marker molecules
with unknown toxicity

Hey, IS, pCS, CML,
kynurenines

ADMA, SDMA., uric acid,

Rosner et al. CJASN 16: 1918-1928, December, 2021

___________ » =0.5 kDa N Myoinositol, MMA, DMA,
mylated compounds,
— % | Small molecules urea, TMAO TMA, PAG
0.5-15 kDa
— Small-middle — B_-microglobulin, IL-8 IGF-I, vitamin B12
molecules
:_15_?;5 Q,HL TMF, IL-18, IL-10, IL-6,
— | Medium-middie |—» | ¥appa-FLC, myoglobin, Adiponectin, visfatin
molecules sTNFR2, FGF-2, prolactin,
complement factor D
Tmﬂlﬁﬁ; Pentatraxin-3, sTNFR1,
a8 58 Large-middle - AGEs, FGF-23,
molecules lambda-FLC, CX3CL1,
CXCL12, IL-2, YKL-40
>58-170 kDa
L | Large molecules |—» Madified albumin Albumin
(=58 kDa)




B3anMMOCBA3b NOJIOKUTE/IbHbBIX U HEXKENATEIbHbIX
CBOMCTB AMAN3HON MEMOpPaAHDbI

Desirable Undesirable

Uremic Toxins asma Constituents

Uremic Blood

Electrolytes &
Buffering Solutions

Endotoxins

The essence of HD therapy: four phenomena, having common modes of transport across the membrane wall, may occur simultaneously during
every HD

session. The net effect of all the events determines the overall efficacy of treatment, affecting patient well-being as well as long-term

S.K. Bowry et al. Clinical Kidney Journal, 2021, vol. 14, Suppl 4, i85-i97 outcomes.



PacnpeaeneHne no Becy Oe1KOB N1a3mMbl

Schenk S, Schoenhals GJ,de Souza G et al.A high confidence
manually validated human blood plasma protein reference
set. BMC Med Genomics. 2008; 1: 41

Molecular weight distribution of 697 high confidence
plasma proteins

300

250
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100

number of proteins
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<10 >10-15 21545 24560  260-100 2100
MW (kDa)

Figure 3

Histogram showing the molecular weight distribution of the calculated masses of 697 observed plasma pro-
teins. The calculated protein masses for all proteins from all experiments were categorized into molecular weight groups as
indicated so that the number of proteins falling into each molecular weight group is proportional to the height of each bar in
the histogram.




oTepu abbyMmnHa

Table 2. Our on-line HDF prescription: albumin leakage (g/session)

Predilution Postdilution
Convection volume, |/session 60 72 84 96 8 10 12 16 20
HDF filter Albumin leakage, g/session Albumin leakage, g/session
ABH-21F 0.8 1.8
ABH-21P (type 1) 1.9 2.3 3.5 4.4 2.1 2.5 34 4.1
ABH-21P (type 2) 3.3 4.7 7.8 8
MFX-25S eco 2.8 3.5 3
MFX-25U eco 4.6 4.4 5.6 6.4 5.5 6.6 8.6 11.9
MFX-30U eco 6.8 8.8 9.5 10.2 12.3 15
FIX-250S eco 4.1 3 3.7 5.6 6.4 6.6
FIX-250U eco 6 6.6 6.6 'Y 8.2 9.7
TDF-20H 2.1 3.2 2.2 5.5 8.5
GDF-21 10.3 11.1 13.8 8.1 13.6 21.1

Qg = 280 ml/min, total Qp = 500 ml/min, treatment time: 4 h. ABH: Asahi Kasei Medical, Co., Ltd., Tokyo, Japan; MFX, FIX:
Nipro, Osaka, Japan; TDF: Toray Medical Co., Ltd., Tokyo, Japan; GDF: Nikkiso Co., Ltd., Tokyo, Japan.

Kawanishi H, Takemoto Y (eds): Scientific Aspects of Dialysis Therapy: JSDT/ISBP Anniversary Edition.
Contrib Nephrol. Basel, Karger, 2017, vol 189, pp 189-196 (



B3anMMOCBA3b NOJIOKUTE/IbHbBIX U HEXKENATEIbHbIX
CBOMCTB AMAN3HON MEMOpPaAHDbI

Desirable Undesirable

Uremic Toxins asma Constituents

Uremic Blood

Electrolytes &
Buffering Solutions

Endotoxins

The essence of HD therapy: four phenomena, having common modes of transport across the membrane wall, may occur simultaneously during
every HD

session. The net effect of all the events determines the overall efficacy of treatment, affecting patient well-being as well as long-term

S.K. Bowry et al. Clinical Kidney Journal, 2021, vol. 14, Suppl 4, i85-i97 outcomes.



Pasmep pa3nmyHbix bakTepumaibHbIX CYyOCTaHUMIMN, KOTOPbIE MOTYT
NocTynaTb 13 AManM3aTa NPU KOHTAMWUHALUMK TPAaMM-HEraTUBHOM
P10pPOU

1.0 19
0.9 | Cc
0.8 < ' B
0.7

0.6 - D
0.5 > S

0.4 E
0.3 e

Sieving coefficient

0.2

0.1 A

o — - — - - IS
100 1000 10000 100000

Molecular Weight [Da]

A = nunononucaxapuabl (>100 000 Da); B = amnuabl A (2000—4000 Da); C = apyrue pparmeHTbl
nunononuncaxapunaos LPS fragments (<8000 Da); D = nentnaormkanbl (1000 to 20 000 Da); E =
muramyl mypamun nentmuabl (400—1000 Da).

Npyrmne cybctaHUMM TaKue Kak aHAoToKcuH A (71 000 Da) nnu ero pparmeHTbl (<1000 Da)
Apyrme aHAoToKcuHbl (20 000 to 50 000 Da), 6akTepunanbHblie JHK TakKe mMoryT npMcyTCcTBOBATb,

S.K. Bowry et al. Clinical Kidney Journal, 2021, vol. 14, Suppl 4, i85-i97



BblCOKaAa NpoHMLaeMOCTb

Bbiwe KOHTaMWHaAUUA SHOOTOKCNHOM

bonble notepa anbbymuHa

BocnaneHwue
BOH




«He Bceé TaK 0AHO3Ha4HO...»

BblCOKaAa NpoHMLaeMOCTb

YnaneHune npoBocnannTeibHbIX LUTOKUHOB
YaaneHune BocnanuTesibHbIX TOUITEPOB
YpaneHune 4actm TOKCUHOB, CBA3AHHbIX C aﬂb6YMI/IHOM

Bbilie KOHTaMUHALUUA S3HAOTOKCMHOM
bonble notepa anbbymuHa

SanrErethE CHMXeHmne BOCNannTeNbHOM aKTUBHOCTH
B3H Jlydwe cuHTe3 anbbymmHa




BbIXKMBAaEMOCTb B 3aBMCMMOCTM OT NOTEPU anbbymMMHa BO
BpemaA npoueaypbl AnManmn3a

1-0— _B_HICIIIIHIUU}J
1 to 3-gram grou
0.8 9 group
)
©
> 0.6
o <T1-gram group
2
< 0.4
0.2
Fig. 2. Effect of membrane type on
mortality in the <1-gram albumin 0
. [ [ [ [ [ [ [ I |
:055 group, 1';" 3-gram a'::’b”m'f‘ 0 10 20 30 40 50 60 70 8 90
0ss group, an 23—gra.ma umin Months
loss group. Kaplan-Meier method,
*p < 0.05, by log-rank analysis.

Kawanishi H, Takemoto Y (eds): Scientific Aspects of Dialysis Therapy: JSDT/ISBP Anniversary Edition.
Contrib Nephrol. Basel, Karger, 2017, vol 189, pp 189-196 (



[ToBbieHne 3dPEeKTUBHOCTM Ananmn3a (remoamnanmsa)
orpaHMYymMBaeTCca OTCYTCTBMEM CENEKTUBHOCTM

HnskomoneKkynAapHble TOKCUHDbI
wm V1anble cpegHme
HM3KONOTOYHbIU
LU EVIZES wa CpeaHue cpegHue
BbICOKONOTOUYHbIU
o

Ananus bonbwune cpegHme

PaclumpeHHbIn

aAnanus
(expanded
hemodialysis)

Ha 4ém mbl ocTaHOBUMCA?



BO3MOXHOCTM BbICOKOMOTOYHbIX MEMDPAH — MEPEKPbLIBAOT OCHOBHOWM
CMEeKTP CaMbIX TOKCUYHbIX YPEMUYECKNX TOKCMHOB MaioMn U cpeaHeN

MOIEKYNAPHOMN MACChl

SDMA 202
ADMA 202

Uric acid 168

TMAQO 75

1.0

Neuropeptide Y 4 255

Ghrelin 3370
PTH 3334

Endothelin 2492

0.9
0.8
0.7
0.6
0.5
0.4

Sieving coefficient

0.3

_______________________.\

0.2
0.1

0
100

1000

Molecular Weight [Da]

10000

Interleukin 8 8 400

B,-microglobulin 11

\
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Lipids / Lipoproteins 16 000
| TNFa- 17300

Interleukin 6, RBP 21 000

Ig light chains 25 000

FGF-

\

23 27000

Interleukin 1 32 000

Protein-bound:
AGEs

P-cresyl sulfat
Indoxyl sulfate
Indole acetic acid
Kynurenines

Phenyl acetic acid

L]

| 100000
66 800 Da

FIGURE 3: Removability of the 22 uraemic toxins with the highest toxicity score. Those lying on the flat part of the curve are removed totally, while those on the sloping
part of curve are all removed at decreasing levels as molecular weight increases. The 12 molecules that are shaded were shown by Vanhoder et al. [60, 61] to be the
highest ranking molecules in terms of toxicity; only 6 of these (along the sieving curve) are removed by dialysis, while those (protein-bound uraemic toxins) in the
panel to the right of the 66 800 Da albumin molecule cannot be removed by dialysis, as their sieving coefficient is 0.0.

S. K. Bowry et al. Clinical Kidney Journal, 2021, vol. 14, Suppl 4, i17-i31



BM) Open Benefits and harms of high-dose
haemodiafiltration versus high-flux
haemodialysis: the comparison of high-
dose haemodiafiltration with high-flux
haemodialysis (CONVINCE)
trial protocol

Peter J B\ankestijn,1 Kathrin | Fischer,? Claudia Barth,® Krister Cromm @ /*

Bernard Canaud,*® Andrew Davenport,® Diederick E Grobbee,”® Jrgen Hegbrant,®
Kit C Roes,” Matthias Rose,>'® Giovanni FM Strippoli, '’

Robin WM Vernooij © "7 Mark Woodward,'®'*1% G Ardine de Wit, "

Michiel L Bots”

international, prospective, open label, randomised
controlled trial aims to recruit 1800 ESKD adults treated
with HD in nine European countries.

Patients will be randomised 1:1 to high-dose HDF versus
continuation of conventional high-flux HD.

The primary outcome will be all-cause mortality at 3 years’

Blankestijn PJ,

Fischer Kl, Barth C, et al. fO”OW-Up.

Senefite ana harms of high-dose Secondary outcomes will include cause-specific mortality,
iafiltration versus i ) )

Ef:jg;alysis_ . cardiovascular events, all-cause and infection-related

comparison of high-dose hospitalisations, patient-reported outcomes (eg, health-

h diafiltrati ith high-fl . . .

haemodialysis (CONVINGE) related quality of life) and cost-effectiveness.

trial protocol. BMJ Open
2020;10:e033228. doi:10.1136/
bmjopen-2019-033228



BbiBOAbI

* Echn roBopuTb 0 npoueaype Ananmia, To 6e3ycs10BHO NOHATUE
3P PEeKTUBHOCTb Hambonee NPUMEHUMO K MPOLLECCY OYUCTKM OT
YPEMUNYECKUX TOKCUHOB

* 3pdeKTUBHOCTbL MeMbpaHbl — CNOCOOHOCTbL B 3a4aHHbIX YC/IOBUAX
VOANATb YPEMUYECKME TOKCUHDbI

* Bonpoc ceroaHAWHEro AHA — Ha KaKoM CNEKTP TOKCMHOB cpeHeMN
MONEKY/IIPHOMN MacCbl AONKEH HAM OPUEHTUPOBATLCA NPU
npoBeaeHn npoueaypbl Ananmsa



IPPEKTUBHOCTb ANANN3A 3aBUCUT HE TOJIbKO
OT membpaHbil

Llenn (pesynbrar) CpepctBa (OCHOBHbIE)

* YnaneHne TOKCUHOB U }KNAKOCTU  * MeToa neyeHuns

* KoppeKuma snekTpoanTos * lnannsatop

. I\/I|1HMMMU3aL|,Mﬂ NobH6OYHbIX * [Iponncb U CKOPOCTb Anann3saTta
NencTBmm

* PaboTa cocyaucToro AocTyna

e ObecneyeHue
reMoaAnMHaMUYECKOU U
OCMOTUYECKOM CTabunbHOCTHU



nnnnnnnnnnnnnn

[TauMeHT Kak MOoAEeNNPYEMbIN ODBEKT -
ANeKBaTHOCTb

ApekBaTHOCTb Mofdenn — (nat. adaequatus — NnpMpaBHEHHbIN)
coBrnageHmne cBoncTB (pyHKUMN/NapameTpoB/XapakTeEPUCTUK U T. 11.)
MOAENN U COOTBETCTBYHOLLMX CBOUCTB MOAENMPYEMOro obbekTa.




LInTaTbl KNacCUKa

“If the treatment of chronic uremia cannot fully rehabilitate the patient the
treatment is Inadequate”.

Scribner BH. Discussion. Trans ASAIO. 1963; 9: 10.

“In 1964, twice weekly single-pass dialysis for 10 to 16 hr using dialysate at room

temperature had become the norm as it had resulted in stabilization or improvement
in neuropathy in 8 of 11 patients. From this experience, adequate dialysis was
defined as that amount necessary to prevent or arrest peripheral neuropathy”.

Scribner et al. Hemodialysis International 2004; 8: 188—192




I'IepBble NoAXoAbl K KOHTPOJHO aAeKBATHOCTU ANa/TIN34
(B. Scribner, 1974)

1. [loka3zamenu co CMOPOHbI NnayueHma — TollaAa macca Tena,
NoKasaTenn oCHOBHOro obmeHa, ypoBeHb GPU3NYECKOM aKTUBHOCTMN,
OCTaTO4YHaA GYHKLUMUA NMOYEK, AMeTa, CTUMb KN3HU, Npobaembl
COCyAMCTOro Aoctyna, conyrcreytowme 6onesHun. (Camouyscrasume)

2. [MoKaszamenu co cmMopoHbI Buanusa - NAOWAAb N XapPaKTEPUCTUKA
AnannsHon membpaHbl, Bpems ananmnsa, notpebHoOCTb B
ybTPpadUAbTPaLMK, YAacTOTa Npoueayp, ANann3aT, CKOPOCTb
KpoBOTOKa U T.4. (Jlo3a ananusa)




A]KD Original Investigation

Scope and Consistency of Outcomes Reported in

lona nauneHT-opnueHTUPOBAHHbIX
Randomized Trials Conducted in Adults Receiving
Hemodialysis: A Systematic Review K p MTe p N e B B KJANHWNY eC KX

Bénédicte Sautenet, Allison Tong, Gabrielle Williams, Brenda R. Hemmelgarn, Braden Manns, David C. Wheeler,
Peter Tugwell, Wim van Biesen, Wolfgang C. Winkelmayer, Sally Crowe, Tess Harris, Nicole Evangelidis,

Mt P Galagher, Petor G, Ko, Staphon P, Mebonaldl Angela-J, anct sorathan . Grarg. NccneagoBsaHMAX - HU3KaA
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Figure 4. Difference in the proportion of trials that reported at least 1 clinical, patient-reported, and surrogate outcome over time.

Sautenet B, Tong A, Williams G, Hemmelgarn BR, Manns B, Wheeler DC, Tugwell P, van Biesen W, Winkelmayer WC, Crowe S, Harris T, Evangelidis N, Hawley CM, Pollock C,
Johnson DW, Polkinghorne KR, Howard K, Gallagher MP, Kerr PG, McDonald SP, Ju A, Craig JC. Scope and Consistency of Outcomes Reported in Randomized Trials Conducted
in Adults Receiving Hemodialysis: A Systematic Review. Am J Kidney Dis. 2018 Jul;72(1):62-74. doi: 10.1053/j.ajkd.2017.11.010. Epub 2018 Feb 21. PMID: 29475768.



@PLOS ‘ ONE

RESEARCH ARTICLE

Reporting of “dialysis adequacy” as an
outcome in randomised trials conducted in
adults on haemodialysis

Sanne Steyaert', Els Holvoet', Evi Nagler', Simon Malfait»2, Wim Van Biesen' *

Steyaert S, Holvoet E, Nagler E, Malfait S, Van Biesen W.
Reporting of "dialysis adequacy" as an outcome in randomised
trials conducted in adults on haemodialysis. PLoS One. 2019 Feb
Fig 2. Outcome domains and metrics used to represent adequacy of dialysis in randomized controlled trials. 5;14(2):e0207045. doi: 10.1371/journal.pone.0207045. PMID:

30721242; PMCID: PMC6363141.




Bbibop meToga nedenma XbI15, uenm n moaennpyemoit o6beKT

XbIl5

KoHcepBaTmBHa NHKpEeMEHTHbIN na HW3KOMOTO4HbI BbICOKONOTOYH o PacwunpeHHbIn MannMaTuBHbLIN
A Tepanua ananuns n onanus bI AMann3 U ENIZE ananuns

-




Moaenb - IHKpeMeHTHbIVM ANanmns

* Llenb: coxpaHeHne oCTaToOMHON PYHKLUUU NOYEK, YBEANUYUTD
BbI}KUBAEMOCTb

TabGmuma 23. KIHHHYECKHE HHIEKCEI, OIpeIeldIIHe BO3MOXHOCTE IIPHMEHEeHHT

J
Molulenmpye'v\blm TAKTHKH IIOCTCIICHHOI'0 VBCIHUYCHHA HHTCHCHBHOCTH THATH3HOMI TEepalul IIpH

0OBbEKT: nHHIHanHH [/ TIO

CymectseHHag O®IT ¢ guypesoM =600 M/cyT

Mexanann3Has pHOaBKa Beca 3a 3-4 1HA <2.5 KT (W1H <5% 0T «CyX0oro» Beca)
OTCYTCTBHE BBIPAKEHHOH WIH HEKOHTPOIHPYEMOH CceplIeuHO-COCYIHCTOH H
pecIHpaToOPHOI MATOIOTHH

['unepramuemus (K >5,5 MMoIIb/1T) pelKas HIIH JIeTKO MOJJaeTCA JeYeHHIO
['nmepdocdarema (P >1.77 MMoab/1) peakas HWIH JTeTKO MOAIaeTCsa TeUeHHED
OtcyrcTteue bOH

["emormo0uH >80 /1 1 XOpOIIHii OTBET Ha JIeUeHHe

Y IOBIETBOPEHHOCTE COCTOJHHEM 3I0POBESI H KAUECTBOM JKH3HH

KaupeHc MOUeBHHEI 3 MJI/MHH

THams ma 0 0 i 3 13 2 mT TR 5 8 TR TR MR T mA N A R EA R 8BS AN A § R § e TR k1 e A e e m T R em e TR e F IR e




ANEeKBaTHOCTb. BbIBOAbI

1. B npaktmnyeckom pabote noHATUE AAEKBATHOCTb B/1IMXKE K CAEHTY,
yem K TAaKCOHOMMYECKOMY NMOHATUIO

2. CuctemHbI noaxoa K NOHATUIO ANEeKBATHOCTb TpebyeT naunueHT-
OPUEHTUPOBAHHbIX METOA0B OLUEHKU N CTPAaTUDMKALIMA NALMEHTOB
B OTHOLWIEHUU TEX MOAESIEN IEYEHUSA, KOTOPbIE Mbl K HUM
NPUMEHUM



[103a, 93O0PEKTUBHOCTb UM aAEKBATHOCTb
AMaIN3A: YTO AENCTBUTENIbHO MMEET 3HaYeHme?

[o3a - Kt/V, adpeKTNBHLIN OOBLEM KOHBEKLINN

AhheKTUBHOCTDL - BbIDOP Be30nacHOro n AoCTynHOro

UMHCTPYMEHTA, NOo3BOJIAKOLLEIO yaarimTb MakKCUMalibHO LLII/IpOKMI7I
CNeKTp ypeMn4eCKnx TOKCMHOB

ApeKkBaTHOCTb - Nogbop moganbHOCTU nevyenusa TXIMNH
COOTBETCTBYOLLIEN NOTPEOHOCTAM OTAENLHOro NaLMeHTa
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Cnacmbo 3a BHMMaHue
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