B/BRAUN

SHARING EXPERTISE

YPEMUWYECKNE TOKCUHbI U ANATTM3HBIE MEMBPAHDbI:
MPOLWIOE, HACTOAWEE N BYAYLWEE. NMPAITMATUI3M,
POMAHTU3M UM PEAJTM3M?

y «[Jekabpbckue ecmpe4u»
BAJIIEPUN LUNIO, MOCKBA

KAGELIPA HE®GPONOT M MIMCY UM. XIV PernoHanbHas koHgepeHLms
EBIOK/MOBA: MOCKBA CaHkr-lleTepbypra n CeBepo-3anagHoro okpyra
CETb KNWHWK B. BPAYH ABUTYM B P

ACCOLIMALINSA AMOHL 10-11 dexabpst 2022 2.




Small

Medium
(<500

(500-15,000 Daltons)
Daltons)

Vitamin Ba2 (1355)
Vancomycin (1448)
ANP (3100)
Endothelin (4300)

Sodium (23)
Phosphorus (31)
Insulin (5200)
PTH (9225)
p,-Microglobulin

Potassium (35)
Urea (60)
Creatinine (113)
Uric acid (168)
Glucose (180)

(11,800)
Resistin (12,500)
Cholecystokinin (12,700)

Cystatin C (13,300)

Ypemmnyeckme TokCuHbl — 2022

Large

(>15,000 Daltons)

Cytokines (15,000-30,000)
Myoglobin (17,000)

Kappa FLC (22,500)
Complement factor D (27,000)
FGF-23 (32,000)
a1-Microglobulin (33,000)
Erythropoietin (34,000)
Lambda FLC (45,000)
Albumin (68,000)

AOP (various)

AGEP (various)

Protein-bound®

(Daltons)

Phenol (94)

p-Cresol (108)
Homocysteine (135)
Indole-3-acetic acid (175)
Hippuric acid (179)
Carboxymethyl-lysine (204)
Indoxyl sulfate (251)
Acrolein (56)



HoBaga knaccudukauna ypeMmmyecknx 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

emip =B €% CF C=0

Protein-bound
=80%

1
|
1
|
|
|

Water soluble
Protein-bound
<80%

Endogenous
Generation by

endogenous
metabolism

Water soluble
Protein-bound
<80%

<0.5 kDa
Small protein-bound | —»

molecules

2022

Marker molecules
with known toxicity

Marker molecules
with unknown toxicity

Hey, IS, pCS, CML,
kynurenines

<0.5 kDa
Small molecules

ADMA, SDMA, uric acid,
carbamylated compounds,
urea, TMAO

Myoinositol, MMA, DMA,
TMA, PAG

0.5-15 kDa
Small-middle —> B,-microglobulin, IL-8 IGF-I, vitamin B12
molecules
>15-25 kDa TNF, IL-18, IL-10, IL-6,
Medium-middle | —>| kappa-FLC, myoglobln., Adiponectin, visfatin
molecules sTNFR2, FGF-2, prolactin,
complement factor D
>25-58 kDa Pentatraxin-3, sTNFR1,
Large-middle | AGEs, FGF-23,
molecules lambda-FLC, CX3CLA1,
CXCL12, IL-2, YKL-40
>58-170 kDa
Large molecules |—> Modified albumin Albumin
(>58 kDa)

M. Rosner et al CJASN 16, 2021. doi: https://doi.org/10.2215/CJIN.02660221




Mpoaykumsa, TpaHCNopPT N ANMMMUHALUUA UHAOKCUI-

cynb@ara

Free solutes compete to bind
to HSA binding sites
(Sudlow | & 11)

Gut bacteria

HSA

&

——— U e, S
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®g@® Free uremic

Indoxy! H Indole
sulfate

Diazepam Indoxyl sulfate Warfarin
(drug) (toxin) (drug)

Tubule Proximal Peritubular

lumen tubule cell capillary

Proximal tubule secrection Nephron

Uremic Toxins and their Relation to Dialysis Efficacy

Blood Purif 2019;48:299-314



UTto, ecrnin He Bce meTabonuTtbl Npy ypeMnm TOKCUYHbI?
[ MnoTesa.
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‘Indoxyl L Kynurenine

Indoxyl sulfate Indoxyl glucuronide v ) v
Kynurenate 3-OH-anthranilate 6-OH-melatonin

Body ' ;

2-amino-3-carboxymuconate semi aldehyde

Melatonin

Anthranilate

Skatole

N1 methyl-4-pyridone-5-carboxamide Quinolinate

N1 methyl-2-pyridone-5-carboxamide icoti
[/— Nicotinate D ribonucleotide Nicotinate
and
N1 methyl nicotinamide Nicotinamide |PUPEPEPE Nicotinate (Niacin, Vitamin B3) Nlcotlnamide
: , metabolism
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Raymond Vanholder et al Toxins 2022, 14, 221. https://doi.org/10.3390/toxins14030221



buonornyeckne apdekTbl MeETADONNTOB TpUnTodaHa

| [ s | IxG |KYN| AA | QA | Trp | Ind | IPA | IA_| Mel | Nic | Ser | IAA | 2PY |
bonedisorders | — I

[

cardiovascular dysfunction | = I N I I

cell senescence -
depression -

deficient drug metabolism | |

fibosis ||

hematopoieticdysfunction | | | I
inflammation - - -
intestinal dysfunction | |

liver dysfunction

mainutrition |

metabolic dystunction | | =
muscleatrophy |

newrotoxiciy | —
pain |

progressioncko |
sarcopenia |
thrombogenicity | L [

CKD: chronic kidney disease. IxS: indoxyl sulfate; IxG: indoxyl glucuronide; KYN: kynurenine/kynurenic
acid; AA: anthranilic acid; QA: quinolinic acid; Trp: tryptophan; Ind: indole; IPA: indole-3-propionic acid;
IA: indole-3-(carbox)aldehyde; Mel: melatonin; Nic: nicotinic acid/nicotinamide; Ser: serotonin; IAA:
indole-3-acetic acid; 2PY: 1-methyl-2-pyridone-5-carboxamide.

Toxins 2022, 14, 221. https://doi.org/10.3390/toxins14030221



[lpoTBONONOXHOE AENCTBUE NENTUAOB,
HakannmearLWmMxca npu ypemmmn

Table 3. Opposite mechanisms in families of peptidic uremic retention compounds.

Toxic Neutral or Non-Toxic
Complement factor D Complement factor Ba
Interleukin-1/ Interleukin-1 receptor antagonist
Tumor necrosis factor-« Soluble tumor necrosis factor receptor
Interleukin-6 Interleukin-10
Cholecystokinin Ghrelin
Desacyl Ghrelin Ghrelin
Leptin Orexin A
Peptide YY Neuropeptide Y

Toxins 2022, 14, 221



Teopmna RSST - AuMCTaHUMOHHOIO 30HANPOBaAHUA U
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%ﬁ# Brain Heart‘ gﬁ o gy ‘
Narmal Abnormal
Inter-organ Inter-organ
Communication . Communication

Perturbed

Normal Communication between
Communication between organisms
organisms (Dysbiosis of intestinal

(Intestinal microbes) microbes)

Toxins 2022, 14, 221. https://doi.org/10.3390/toxins14030221



B 1991 roay npeobnaganu membpaHbl 13 LIenonossl

l 1991: KIDNEY PATIENTS WORLDWIDE

In 1991, 450,000 uraemic patients would
owe their lives to dialysis therapy.

End Stage Kidney Disease patients BT e A s
worldwide treated with hemodialysis i G ~ R
therapies: 71% 'W;E:E:E:E:E:E:i:.;.,/

(s
r.0.0.0.0’Q‘O.Q,O

« Cellulosic membranes: 83% PR AXX
- Synthetic membranes: 17%

About 10% of uraemic patients used the
natural peritoneal membrane in continuous 79 « J
ambulatory peritoneal dialysis (CAPD). 2 i ‘ 4
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About one-fifth of patients worldwide LS

obtained a transplanted organ.

Klinkmann H and J. Vienken J. Membranes for dialysis. NDT (1995) 10 [Suppl. 3]: 39-45




OTanbl co30aHNsi CUHTETUYECKNX MeMBpaH o I

B TECHNOLOGY: STAGES INVOLVED IN THE MAKING OF MEMBRANES

Stage I: A Homogenous Polymer Solution is prepared dissolving in a solvent polymer
granules and copolymer solution (e.g. polysulfone and polyvinyl-pyrrolidone, PVP).
Copolymers, content and molecular weight, influence the rheology of the polymer
solution and the structure of the stroma. Copolymers are necessary to fine-tune

solute permeability, increase hydrophilicity, prevent excessive protein deposition, Pty
coagulation, platelet adhesion, and ensure good membrane biocompatibility.

Stage II - A: The addition of non-solvent to induce precipitation culminates
in phase separation.

Stage II - B: The nano-controlled thermodynamic ‘spinning’ process
(extrusion) occurs in the spinneret and defines surface roughness, fiber swgel-A Stage i -B

dimensions (wall thickness and lumen diameter), porosity of the membrane Y
wall, and consequently the membrane performances:

) :
- Small solute diffusive permeability KoA, (pore density) : e : ’
- Hydraulic permeability, Kuf (pore density, mean pore size, pore size -ﬁ—..
distribution) w&m e

- Sieving properties, sieving coefficient (mean pore size, pore size
distribution)

tion) + Fibre Dimensions

Bowry SK, and Chazot C. The sclentific principles and technological determinants of haemodialysis membranes. Clin Kidney J. 2021 Dec; 14(Suppl 4): 15-116.
A E
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B/BRAUN
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1991 - 2021: KIDNEY PATIENTS WORLDWIDE

LT L e e e e
5%
AT R . b
| © lose-based
B + =
| 890,000 9 e
: patients ©
__________ ! with
35m T s = 95%
i synthetic
BEL=———----- T 3,766,000
: dalysis
25m f------ -:, pelomy
o e 3
i 21%
15m ¢} T SR low-flux
= ! Global: 3,766,000 dialysis patients E =
E (1
0.5m i 73%
: high-flux

2000 2005 2010 2015 2020 2021

Moeller S et al. Fresenlus Medical Care: ESKD Patlents In 2021 A Global Perspective 13



Mup coBpeMeHHbIX remoanarin3Hbix memopaH

HunakonpoHnuaemsie (HU3KOMOTOYHbIE) MEMODpPaHbI LFHD
HuskonpoHuuaemble (HU3KOMNOTOYHbIE) MeMOpaHbl ¢ BbiCOKUM KoA LFHEHD
BbicokonpoHuuaemble MeMOpaHbI HFHD
* [lokpbITble MeMOpaHbl (BUT E, renapuH), TexHonorusa Endexo
« Apcopbupytowine 6ernok membpaHsbl
« CBepxnpoHnuaemMble MebpaHbl, UNn anbbyMNH-NPOHULAEMbIE MEMBpPaHbI
(HCO), ponyckatowime rnotepun benka (oo 4 r)
BbicokonpoHuuyaembie YHUBepcaribHble ceneKTUBHbIe MemopaHbl HFHD, HDF
BeicokornpoHnuaemble MeMbpaHbl C OTCEYKON DOMbLUMX CPEQHUX MONEKYI
(MCO) HFHD (YBenuueH pasmep rnop = HensbexxHa noTteps arbbyMmHa-

- Kakag notepsa gonyctuma?)



CoBpeMeHHble gnarnnaHble MeMbpaHbl pa3HbIX MPoOU3BoANTENEN

Table 1. Commercial dialyzers in the current market.

Country Dialyzer Series Name Brand 2 Polymeric Material(s) Sterilization
FX-class PSf (Helixone) Inline steam
F-series . PSf Inline steam
Germany Fresenius - o
Hemoflow™ PSf thylene oxide, steam or
electron beam
Purema Membrana PES Gamma ray
Polyflux L PAES, PVP and PA Steam
Theranova Baxter PAES and PVP blend BPA-free Steam
The United States Revaclear PAES and PVP blend BPA-free Steam
of America
Xevonta Psf Gamma
B Braun
Diacap Pro o PSf pro Oxygen free gamma
ELISIO S PES (polynephron) Gamma ray
Sureflux Nipro CTA Gamma ray
Solacea™ CTA Oxygen free gamma
APS-U Asahi PSf Gamma sterilized wet type
ViE Series Vitamin E-coated PSf Gamma sterilized wet type
Japan Asahi
Rexeed Series PSf Gamma ray and
KF-201 Series EVAL Gamma ray
Toraysulfone TS PSf Gamma ray
Toray
Filtryzer PMMA Gamma ray
Renak Kawasumi Psf Gamma ray
F15 Psf Gamma ray
China WEGO
HF15 Psf Gamma ray

2 BPA (bisphenol A); CTA (cellulose triacetate); EVAL (ethylene vinyl alcohol copolymer); PA (polyamide); PAES (polyarylethersulfone);
PES (polyethersulfone); PMMA (polymethylmethacrylate); PSf (polysulfone); PVP (polyvinylpyrrolidone).

N Said et al Membranes 2021, 11, 767



CBEpPXBbICOKOMOTOYHbIE

B/BRAUN

CoBpeMeHHas knaccudukaunsa memopaH
(oaHa 13, HenosnHaga) umT. no A.lKO. 3emM4yeHKoBY

Kateropus

HU3KOINMOTO4YHbIE

BbICOKOIMNOTO4YHbIE

CO cpeaHen TOYKOU
OoTCeYeHus

benok-TepsawLmne

C BbICOKOW TOYKOM
oTceveHus

KY® (mn/yac)/
/MMHQg/m?)

B,-MUKpOrnobynuH

KIUPEHC
(MI1/MUH)

KO3Q.
npocewu-
BaHW4

AnbOymuH

noTepu 3a | KO3(.
ceaHc (r)  npocenBaHus

<0,01
<0,01

0,01-0,03

Storr M et al (2018)



UTo Takoe BbICOKOMNOTOYHbLIVN Ananu3aTtop?

B BRAUN

HeT egmnHCTBa B onpeaeneHnm noHATUn

B KUF BASED CLASSIFICATION OF MEMBRANES IN DIFFERENT STUDIES

Kuf (ml/h/mmHg)

LOW MID HIGH
1995 Akizawa et al. >3 > 5
2001 Clark and Ronco < 1D 12-30 > 30
2002 HEMO Study < 14 > 14
2005 Ward <6 6-20 (?) 20-40
2009 MPO Study < 10 > 30 1n the study, groups were separated: low-flux = 9.8 mL/h/mmg;

high-flux = 44.7 mL/h/mmHg

2013 EGE Study < 18 > 46
2013 Tatterasall and Ward EUDIAL > 20
2017 Golper <15 > 15
2018 Ronco and Clark 8 8-30 (?) > 30
2018 Haroon and Davenport =10 10-20 > 20

Unlike the HEMO Study, the difference between the Kuf values for the low-flux versus high-flux patient groups was statistically significant
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B KDOQI HD ADEQUACY GUIDELINE: 2015 UPDATE

Guideline 5: Hemodialysis Membranes?

5.1 We recommend the use of biocompatible, either high- or low-flux hemodialysis
membranes for intermittent hemodialysis. (1B)

" For this guideline, we reviewed 3 large RCTs2 that tested the hypotheses that high-

versus low-flux dialyzers could improve either survival or CV outcomes in patients
undergoing maintenance HD

The Work Group thought that high-flux dialyzers should be used preferentially. However,
factors such as cost should be considered.

In locations with cost restraints, patients with diabetes, lower serum albumin, or longer
dialysis vintage should be considered a priority for selection of high-flux dialyzers”.

Daurgirdas JT el al. KDOQI clinical practice guideline for hemodialysis adequacy: 2015 update Am J Kidney Dis. 2015;66(5):884-930
Eknoyan G, et al. Effect of dialysis dose and membrane flux in maintenance hemodialysis. N Engl J Med 2002; 347: 2010-2019

Locatelli F, et al. Membrane Permeability Outcome (MPO) study group: effect of membrane permeability on survival of hemodialysis patients. J Am Soc Nephrol 2009; 20: 645-654
G. Asci, el al. The impact of membrane permeabilily and dialysale purily on cardiovascular outcomes. J Am Soc Nephrol, 24 (6) (2013), pp. 1014-1023

Bune
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M 2022: FDA CFR - CODE OF FEDERAL REGULATIONS TITLE 21*

High permeability hemodialysis T
system (Mar 29, 2022)

U.S. FOOD & DRUG

ADMINISTRATION

The hemodialyzer consists of a tome | foos | oveue | it ovvices | sk Exing Pvocecs | vecrnen cloos s svepes | Astent$ oy | Sopmnten Lniecy et TN

semipermeable membrane with an i of Todora) Reqtiatons Ite ol a0 |

in Vitro > 8 mL/h/mmHg, as AThelnfonmtlononthlapagolscumntnofmrzs,zm

measured with bovine or expired human i

blood, and is used with either an ey i AR

automated ultrafiltration controller or Gt et —

another method of ultrafiltration control e o et |

to prevent fluid imbalance. A SERAEDEN O e A s STvices |
Subpart F - Therapsutic Devices |

*: https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr=876.5860
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Knaccudukaumsa n xapaktepuctuka ananmsHbix MemopaH

Table 1. The classification and characteristics of dialysis membranes.

Water Permeabi]ity Sieving Coefficient Pore Radius
MWRO(Da) MWCO(Da) (mL/h/mmHg/ m2) B2m Albumin (nm)
Low-flux 20003000 15,000 10-20 - <0.010 2.0-3.0
High-flux 4000-10,000 15,000-16,000 2( )-4C | 0.7-0.8 <0.010 3.5-55
Medium cut-off 10,000-13,000 60,000-100,000 6( -85 | 1 0.008 5.0
High cut-off 15,000-20,000 200,000-300,000 11C 1 0.200 8.0-12.0

The membrane classification is based on the ultrafiltration coefficient (Kuf). The cut off value is defined by MWRO

and MWCO. Abbreviations: MWRO, molecular weight retention onset; MWCO, molecular weight cut-off; 32m,
beta-2 microglobulin.

B. Braun Melsungen AG
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KoHuenuna membpaHbl coO cpeHEN TOYKON OTCEYEHUS
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Pacwupennsii remognanmni - NDT 2018 Florence

Interest for
Autonomous HD

Accelerated recovery of inter- ?/
dialytic asthenia 9
Diminution of itching and

restless legs syndrome

Increase of
dietary intake

Interest for cardiovascular
diseases, anemia and
calcium-phosphate
balance

Interest in myeloma

y and rhabdomyolysis

Improvement of
transplantation outcomes

FIGURE 1: Potential development paths and clinical applications of HDx therapy.
Nevertheless, interventional studies are required to confirm or overturn these statements.
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KnunpeHcbl TepaHoBa

OVERALL CLEARANCE HDx VS, HD'

HDx with THERANOVA 400 dialyzer HD with latest generation high-fiux dialyzer  **p<0.001 vs. high-flux HD
Qb = 300 mi/min — Treatment Time = 4 h (Mean) -n =19

B. Braun Melsungen AG 23
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KJ'II/IpeHCbI Pa3JIN4YHbIX MOJ1EKYJ1, BbICOKOMNOTOYHbIE MeM6paHbI

Table 4. Secondary endpoints: descriptive and superiority statistics

LS mean P-value

FX CorAL FX CorAL

600 versus 600 versus
Laboratory test Parameter FX CorAL 600 xevonta Hil1l5 ELISIO 150H Overall*  xevonta Hi 15 ELISIO 150H
A2-m (mL/min) Clearance 105.74 97.23 97.73 0.0011 0.0010 0.0019
Myoglobin (%) Removal rate 61.01 52.89 56.73 <0.0001 <0.0001 0.0015
Myoglobin (mL/min) Clearance 50.43 39.42 50.60 0.0003 0.0004 0.9574
Creatinine (%) Removal rate 67.24 66.68 66.27 0.6929 0.6304 0.3944
Creatinine (mL/min) Clearance 177.70 176.75 176.73 0.8926 0.6856 0.6771
Phosphate (%) Removal rate 61.18 60.32 59.95 0.7987 0.6561 0.5129
Phosphate (mL/min) Clearance 184.55 184.24 184.45 0.9909 0.8951 0.9683
Urea (%) Removal rate 73.93 73.89 73.49 0.8986 0.9658 0.6745
Urea (mL/min) Clearance 191.91 192.85 192.90 0.8792 0.6693 0.6551

LS mean: least squares mean. P-value to conclude significant differences between groups (two-sided tests at the 5% lewvel). P-values =005 are in beld.

*Overall test includes all three dialyzers.

B. Braun Melsungen AG

24



B/BRAUN

SHARING EXPERTISE

XapaKkTepuctukm TepaHoBa

REDUCTION RATIO HDx VS. HD' REDUCTION RATIO HDx VS. HDF?

:ﬁx_ g‘g'ow 42?] :13'#;; e 2 mf‘eszoe‘_‘e%“"" high-fiux dialyzer HDx with THERANOVA 400 dialyzer HDF with latest generation high-flux dialyzer for HDF
= min — Treatme =4 h (Mean) -n = Qb = 400 mi/min — Treatment Time = 4.4 h —Veonv = 241 (Mean) —n = 20

% ¥ HDx Theranova 400 1T Standard arvor (SE)
= HD FX Cordiax 80 % ¥ HDx with Theramova 400 T Standard error (SE)

1 HDF post FX Cordiax 800

100 B R SO . cisssmsseo

3 & B

o
4

B. Braun Melsungen AG 25



xevonta B[BRAUN
MEMBPAHA 3KCMEPTHOIO KMNACCA

mg/session
1200 I
B High Flux HD
1000 B post. HDF 10.5 liter
B post. HDF 18.9 liter
800
B post. HDF 21.5 liter
600
400
200
0
Bo-microglobulin Retinol Binding A-light chain a 1-antitrypsin Serum-albumin Qb [ml/min]: 368
11.2 kDa Protein monomer: 22.5 kDa 54 kDa 69 kDa Qd [m!/min]: 602

21.2 kDa

Haxe npu BbicokoobbeMHon NP, notepn anbbymmnHa orpaHunyeHsl 1 r/npouenypy®

6 Gayard N et al.: Influence of high convection volumes in removal performances of on-line hemodiafiltration

(HDF). Nephrol. Dial. Transplant. 2013; 28 (suppl. 1):i30-i32. 26
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High-permeability alternatives to current dialyzers performing
both high-flux hemodialysis and postdilution online
hemodiafiltration
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[mobanbHas WwKana yganeHua mosnekyn: cpaBHeHne HDx n I[Ad

Global removal score
70

55 B s

50 P=0.043
*————8
M P<0.001
45
N 7
P<0.001
P<0.001
40 ¢ ° P<0.001
P<0.001
35 - P<D.EO1
= P<0.001
- B P<0.001
FX80 Cordiax HD Filtryzer NF-1.8 Phylter 17 SD Theranova 400 FX80 Cordiax HDF

FIGURE 2 Global evaluation of removal efficacy for medium-size molecules and albumin loss in all study situations. (ANOVA for repeated
data). Global removal score = (ureagg + [B,-microglobulingg + myoglobinRR + prolactingg + o -microglobulingg + o, -acid glycoproteingg —
albumingg)/6




Systematic Review

Effects of Medium Cut-Off Polyarylethersulfone and
Polyvinylpyrrolidone Blend Membrane Dialyzers in
Hemodialysis Patients: A Systematic Review and
Meta-Analysis of Randomized Controlled Trials
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Abstract: The use of medium cut-off (MCO) polyarylethersulfone and polyvinylpyrrolidone blend
membrane is an emerging mode in hemodialysis. Recent studies have shown that MCO mem-
branes exhibit a middle high molecular weight uremic toxin clearance superior to standard high
flux hemodialysis. We conducted a systematic literature review and meta-analysis of randomized
controlled trials to investigate whether MCO membranes efficiently increase the reduction ratio of
middle molecules, and to explore the potential clinical applications of MCO membranes. We selected
articles that compared beta 2-microglobulin (p2M), kappa free light chain (kFLC), lambda free light
chain (AFLC), interleukin-6 (IL-6), and albumin levels among patients undergoing hemodialysis. Five
randomized studies with 328 patients were included. The meta-analysis demonstrated a significantly
higher reduction ratio of serum B2M (p < 0.0001}), kFLC (p < 0.0001), and AFLC (p = 0.02) in the MCO
group. No significant difference was found in serum IL-6 levels after hemodialysis. Albumin loss
was observed in the MCO group (p = 0.04). In conclusion, this meta-analysis study demonstrated the
MCO membranes” superior ability to clear p2M, kFLC, and AFLC. Serum albumin loss is an issue
and should be monitored. Further studies are expected to identify whether MCO membranes could

significantly improve clinical outcomes and overall survival.
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MeTta-aHann3 KPW 2022 no membpaHam co cpeaHEN OTCEYKOU

B 3aknto4veHune, aToT MeTa-aHann3 rnpogeMOHCTpMpoBar
cnocobHocTb MmembpaH MCO nydwe yoanate 2M, KFLC n AFLC.
[ToTeps CbIBOPOTOYHOrO anboymMmnHa aABnsieTcst NpoodriemMon u
CrielyeT ero perynsapHo KoHTponupoBaTb. OXXngaeTcs, 4To
OarbHeEWLIne nccnegoBaHms NO3BOMAT ONPeaennTb, MOryT N
membpaHbl MCO yny4winTb KINMHUYECKME UCXOObl N OBOLLYIO
BbIXKMBAEMOCTb.
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nuouciv vinoTuiupol DarkanLnn HdpPIAcpDbl v 1HUL I ABLVKRN VuUpainan LoHsb wicxRAyndpuidnoivi 5Eu

Maumentam  MeauumnHckum lMepcnektuebl  Hawa uctopusa

v paboTHukam v v v Baxter Hawa npoaykuus

B e I e e T AL R LTI e T

ANn4a noTeHumnanbHbIX SGFPQSHMTeﬂeﬁ anannsunpyroulero

pacTBopa. BHyTpeHHUI guameTp MeMbpaHbl bl HEMHOMO

YMEHbLLEH , YTOObl YBENUUYNTL BHYTPEHHIOK GUNLTPaLMIO BAOb

MeM6paHbI nycunuTb ynaneHue 6onee KPYMHbIX CpeaHUX

MOseKy/I. 2 @
R AU

HE UCMONb3YWTE guanusatop THERANOVA B pexxume IId
nnn Iro.

[na 6e3onacHoro u Hagnexatlero npumeHeHnsa guanusatopa THERANOVA 03HakoMbTeCh C COOTBETCTBYHOLUMMU UHCTPYKLUSAMU MO

NMpUMeEHeHIO, PyKOBOACTBOM MO 3KCruiyataynn Uav pykosoCTBOM MoOJib30BaTeNA.

Do not use THERANOVA dialyzers for HDF or HF due to higher permeability
of larger molecular weight proteins such as albumin.
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BbicTpas agcopbumsa 6enkoB nnasmMbl ABMSETCA HaYanbHbIM 3Tanom
B3aMMOOENCTBUSA KPOBW C MaTtepuanom MmemopaHhbi

[0BaTE/IbHOCTb
KT BpomaHa)

Nanostructure Functional
Groups

Hydrophilicity Electronegativity
Sudhir K. Bowry et al Clinical Kidney Journal, 2021, vol. 14, Suppl 4, i59-i71




Fa3fmnvyHble ONOXUMUNYECKUNE NMYTU, KOTOPbIEe aKTUBUPYHOTCA NPU
B3aMMOOENCTBUN KOMIMOHEHTOB KPOBU (MfiasmMaTUYeCcKnx u
KNMETOYHbIX) C UCKYCCTBEHHbLIMU MOBEPXHOCTAMM.

Benok-3aBucrMmasn ot agcopbunm Leukocyte

aKTMBaUWA BKITIOYAET aKkTuBaLMio U ~ Activation l

aare3unto Kak TPOMOOLIMTOB, Tak U | CompIIement |
nenkounToB. PrucyHok > SRR T Tetion 0 Meamsien
nogvyepkuBaeT B3auMmonencTeme I

KacKkaga Koarymnsilum v CroXHbIe . |
NyTU aKTMBaLMN KOMMNJIEMEHTa, - ENOE 1 N |
KOTOPbl€ B COBOKYMHOCTM [, Platelet Fibrin Formation
BbI3bIBAIOT NMOKanbHbIN i

}
I'IpOBOCI'IaJ'II/ITeJ'IbeIVI OoTBEeT Y
( ] Platelet —
<Y Aggregation

Thrombus / Clot

Leukocyte
~ Adhesion

Platelet Adhesion

Sudhir K. Bowry et al Clinical Kidney Journal, 2021, vol. 14, Suppl 4, i59-i71



CnoxHas M6M6paHO3aBI/ICI/IMaF| aKTUBaUMA KOMMNINEMEHTa U NENKOLIUTOB,
3aBepLlaeTCqd HE TOJIbKO 3alyCKOM BOCManuTenbHOU peakunn, HO U TakKxe
NMHOYUUNPYET NPOoKOoarynaHTHoOe COCTOAHUE.

Dialysis Membrane

Adsorbed Protein Layer 0

T

Lectin Pathway Alternative Pathway

+«— Kallikrein <«— Factor Xlla

C3 . e
I \ Leukocyte Adhesion
C3a Chemotaxis Neutrophil
C3b Anaphylaxis
C5a Immunoregulation \
-
C5 . o
l Inflammatory Response
MAC

Sudhir K. Bowry et al Clinical Kidney Journal, 2021, vol. 14, Suppl 4, i59-i71



IK 3I1T aBnaeTcsa UCTOYHMKOM PerynsapHoro crtpecca ang
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Figure 1 Intermittent extracorporeal renal replacement therapy is the source of permanent stress in hemodialysis patients. HD:

Hemodialysis; CVC: Central venous catheter.
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aor_13887_f3.pdf
Polysulfone-based Polyethersulfone-based CTA

FX CorAL FX CorDiax xevonta Polyflux ELISIO FDX THERANOVA SUREFLUX

hkE | | *kdk
kk*k
L *kk dkk
*hk

Zeta potential [mV]
o

=30

*kk
Complement activation by dialysis membranes and its association with secondary membrane formation and surface charge
Pascal Melchior, PhD1 Ansgar Erlenkétter, PhD2 Adam M Zawada, PhD1 Dirk Delinski, PhD1 Christian Schall, PhD3 Manuela Stauss-Grabo, PhD4 James P Kennedy, PhD1

https://doi.org/10.1111/a0r.13887 55

"&;:::H&I‘)b‘i

~Artificial Organs 45




750 -

650 -

550 -

FHIUSA | /0]

vaiuuaviwi

50 A
[0
Tl

-150 -

-50

B. Braun Melsungen AG

450 -

350 -

250 -

150 -

@C3a
OCh5a
OgsC5b-9

AKTUBA

1
AL

FX CorAL FX CorDiax xevonta

#

Polyflux

A KOMIJIEMEHTA

*%k

E3 2

&

*%k

B/BRAUN

SHARING EXPERTISE

kkk

[N E—

T *EE 'I'
1 ml’ !
ELISIO FDX THERANOVA SUREFLUX

Polysulfone-based

Polyethersulfone-based

CTA

39



KY® - TMOPABJTMHECKAA
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BAXHA J1 TAKXE 'MOPABJIMHECKAA NPOHNUAEMOCTbB?

[MpoHnuaemMocTb MeMbpaHbl 3aBUCUT OT 3 HaKTOPOB:
KonnyecTBo nop
Pasmep nop
PasHuua B pasmepe rnop

Ob6was NnpoHNLaeMOCTb 3aBMCUT OT HAKOMSIEHHOW Niowaab BCex
nop (obLasa oTkpbITaa nrowanb):

Bloodproteins and Their Dimensions

R-2 Microglobulin

45x25x20nm

14 x4 nm

2795-2
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Box 1| Multidimensional classification of dialysis membranes

Use of a radar plot can provide a multidimensional classification of dialysis
membranes (see the figure). The value for each parameter ranges from a
minimum value at the centre to a maximum value at the circumference.
The parameters are as follows.

Nature and composition

The major compositional distinction is between cellulosic (natural) and
noncellulosic (synthetic) membranes. Noncellulosic synthetic membranes
(polyamide, polysulfone, polyethersulfone (PES), polyacrylonitrile (PAN),
polymethylmethacrylate (PMMA) and others) and modified cellulosic
membranes are almost exclusively used in clinical practice. In new
synthetic membranes, polymer blending enhances both biocompatibility
and performance.

Structure

Most synthetic hollow fibres have a complex structure with a finely porous
internal skin layer and an external support structure. The support structure
may be sponge-like or finger-like, depending on the production method.

Ultrafiltration coefficient

The ultrafiltration coefficient (K ; ml/h/mmHg/m?; also known as the
hydraulic permeability coefficient) for a membrane is the ratio of the
ultrafiltration rate (Q;; ml/h/m? to the transmembrane pressure (TMP;
mmHg). On the basis of water flux only, for low-flux membranes

K ;< 10 ml/h/mmHg/m?, whereas for high-flux membranes K ;= 20-40ml/h/
mmHg/m? and mid-flux membranes have intermediate K ; values. However,
modern classification schemes also incorporate solute removal parameters
(see main text and below).

Molecular weight retention onset

The molecular weight retention onset (MWRO) governs the shape of the
solute sieving curve for a membrane and describes the molecular weight
and radius at which the sieving coefficient (SC) value is 0.9. Membranes
with a tight pore size distribution that were designed to have a steep
sieving curve have been produced with the aims of minimizing the
molecular weight interval between the MWRO and the molecular weight
cut-off (MWCQO) and maintaining the MWCO at a value close to the
molecular weight of albumin. These membranes are described as medium
cut-off (MCO) membranes.

Biocompatibility

Although the biocompatibility of dialysis membranes can be judged by
several criteria, complement activation has been the most widely studied
parameter. Other criteria include thrombogenicity, contact activation and
cytokine generation.

Hydrophilicity

The material composition of a membrane affects its interaction with water.
Cellulosic membranes are hydrophilic whereas early synthetic membranes
were highly hydrophobic. Modifications and new polymer blending have
resulted in synthetic membranes that are less hydrophobic so that the
combination of diffusive and convective mass transfer for solute removal is
now possible.

Surface functionalization
The characteristics of the internal surface of the membrane are important
for the interaction with the blood. New biochemical and physical

Composition

Nature Structure

“'4 \"',

N

{-Potential Hydrophilicity
Surface
functionalization

MWRO

MWCO

processes enable modification of the inner surface of hollow fibres by
several techniques (see the main text for examples).

{-Potential

The {-potentialis the electric potential at the blood-membrane interface
due to the presence of electronegative charges located in the skin layer of
the membrane. The process of polymerization, the chemical composition
of the membrane and polymer blending potentially contribute to the
{-potential of a membrane.

Thickness

The thickness of a membrane determines the distance that solutes must
diffuse between the blood and the dialysate. The original cellulosic
membranes were 15 um thick, which was subsequently reduced to 5 um.
The original synthetic membranes were 70-100 um thick, which has been
reduced to 30 um or less with a concomitant reduction of the thickness of
the internal skin layer to approximately 1 pm or less.

Molecular weight cut-off

The molecular weight cut-off (MWCO) is defined as the solute molecular
weight that corresponds to a SC value of 0.1. Pore size distribution
substantially influences the MWCO value of a membrane and is of critical
importance as it approaches the molecular weight of albumin owing to its
effect on unwanted albumin losses during treatment.

Diffusive mass transfer coefficient

The diffusive mass transfer coefficient (K) is a theoretical parameter to
describe membrane performance in diffusion in ideal conditions of
unlimited blood flow and dialysate flow. The final characteristics of a
membrane should be normalized to the membrane surface area (K A). K,
and K A are important parameters to define membrane diffusive transport
capacity for a specific haemodialyser-solute combination.

Figure adapted with permission from REF.*, Karger.
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MWCO

Membrane Type (kDa) Advantage Disadvantage Ref.
Increases water permeability
relative to both the high-flux .
aI‘Ld a Vil‘gin ﬁzm SC Of ]D CanrlOt mduce the serlﬂn RCTS' Polysilicon membrane
Medium cutoff 60-100 May have an levels of medium-sized [3537,3941]  puymamam )
membranes anti-inflammatory effect ;nﬁle-:ules in long-term Obser.vaﬁnnal B T
Decreases extra albumin loss ollow-up study: [36,38] [ | st
compare with high-flux
membranes
) Improves the permeability of .
B . Graphene oxide 1-3 small molecules (MW: 0-1000 Still in in vitro studies In vitro study:
Dialysate compartment 5“d°t°"'” membranes Da) with size-selective pores [43,44]
L (<1 nm)
Removes more uremic
Mixed-matrix solutes by absorbing toxins o7 s . In vitro study:
membranes 47 Removes about 10 times Still in in vitro studies [45-47] y .
' e more endotoxins than +— Dialysate
i @\ conventional membranes
Achieves the secretory RCTs: [50] ‘ ciPTEC
Bioartificial kidneys 10-30 clearance of human serum Concern with long term use In vitro study: : & Collagen IV
albumin-bound uremic [48,49] g 00
©) A toxins ’ L-DOPA
Adsorption on PES membrane
activated carbon Not inferior to Have no impact on anemia RCTs: Blood
Vitamin E-modified 10-300 heparin-coated dialyzers in parameters, lipid profiles, [51-53,55,56]
membranes anti-coagulation dialysis adequacy, blood Meta-analysis:
May decrease oxidative stress pressure, or albumin [54]
Lipoic S .
acid-modified 10 Reduces oxidative stress in Still in in vitro studies In v[lg;,ﬂ%f]udy-
membranes in vitro study RS
Neutrophil elastase Effectively reduces the Lack of in vivo study of NE In vitro study:
inhibitor modified 2 proteolytic activity of inhibitor-coated membranes [61]
membranes

neutrophil elastase

B. Braun Melsungen AG

Abbreviations: MWCO, molecular weight cut-off; $2m, beta-2 microglobulin; SC, sieving coefficient; MW,
molecular weight; NE, neutrophil elastase; RCT, randomized controlled trial; Ref., references.
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