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Membrane artificiali: definizione

- Alberti G, Drioli E
 Le membrane
- La Nuova Italia Scientifica (NIS) Editore, Roma 1995 (1ISBN 88-430-0363-1)

... Una fase - solida, liquida o gassosa - caratterizzata in genere da un elevatissimo
rapporto superficie/spessore, capace di lasciarsi attraversare selettivamente, sotto
adatte forze spingenti, da materia o energia...

La dialisi si basa su processi di scambio fra due compartimenti, il sangue e la soluzione

dializzante, governati da gradienti di concentrazione (diffusione) o di pressione
idrostatica (convezione), singolarmente o in associazione tra di loro: il ruolo della
membrana come elemento di separazione e di trasporto selettivo di soluti risulta

quindi determinante

La definizione di un trattamento dialitico non puo prescindere dalla scelta della membrana che
andra motivata sulle caratteristiche del trattamento da effettuare e del paziente che vogliamo

trattare




La membrana dialitica ideale




Caratteristiche della membrana ideale

" Rapida diffusione dei soluti a basso MW

= Alta clearance di soluti di MW medio-alto

" Nessuna perdita di proteine (ridotta perdita di proteine!!)
= Resistenza al transfer di endotossine dal dialisato

" Permeabilita idraulica stabile e facilmente modulabile (agevole
controllo del Quf)

= Superficie di contatto con il sangue: inerte, senza bioreattivita (ridotta
trombogenicita, basso impatto su s.infiammatoria etc)

= Caratteristiche e prestazioni: costanti e riproducibili

* Facile sterilizzabilita senza alterazione delle caratteristiche




Tossine Uremiche e correlazioni cliniche
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Rimozione e Distribuzione Tossine Uremiche

Table 1. Summary of middle molecules (n=59)

Removed b}r High Molecular Femoved b}r HDF Muolecular Mot Cu rn:-nLI].r Maleculyr
Aux (<15 kD) Mass, kD (15-24 9 kD) Mass, kD) Removed (=25 kD) Mass, k

Methionine-enkephalin 0.5 Clara cell protein 15.8 Hyaluronic acid 25
Glutathione 0.6 Leptin 16 B-Trace protein 26
Angiotensin A 0.8 Myoglobin 17 Soluble TNF receptor-1 27
&-Skeep-inducing peptide 0.8 TF-u 17 Adiponectin 30
Dinucleoside polyphosphates 1 Soluble TMF receptor-2 17 FGF-23 32
Substance P 13 IL-18 17.5 al-Microglobulin 33
Maotilin 7 RGE2 18 VEGF M2

Ormexin B 24 IL-10 18 YEL-40 40
Atrial natriuretic peptide 3 Retinol binding protein 21.2 Pentraxin-3 402
Desacylgherlin 32 Prolactin 2 al-Acid glycoprotein 43
Vasoactive interstinal peptide 33 w-lg light chain 25 AGEs 45
Calcitonin 34 Complement factor D 23.75 A-lg light chain 45
Gherlin 34 IL-1% 24 Visfatin a3
B-Endorphin 34 [L-6 245 QOFF{G ~60)
Orexin A 35

Calcitonin gene-related peptide iz

Cholecystokinin 38

Endothelin 42

Neuropeptide Y 42

SIAM-1 42

Adrenomedullin 57

Osteocalcin a8

IGF-1 b

IL-8 8

Parathyroid hormone 9.5

Guanylin 103

B2-Microglobulin 115

Uroguanylin 12

Resistin 12.5

Cystatin C 133

Degranulation inhibiting protein® 14.1

Duranton F et al. ] Am Soc Nephrol 23: 1258-1270, 2012



Membrane e Biocompatibilita

Ahimad Taher Azar {4

Modeling and Control
of Dialysis Systems

Monocytes Platelets
T IL-1p mRNA expression -Platelet actlvation
T IL-1p proteln expression Increased platelet adheslon
-Cellular “exhaustion™ -Thrombocytopenla
-} responslveness to stimull -T Thromboxane A2, ADP, PF-4
Complement system Neutrophils ™ t
-T cellular adheslon molecules
T C5a, C3a ‘L eukopenta Cellular
_ -Enzyme release - Respun ses
Coagulation system -Release of ROS
: -} responslveness to stimull
Circulating cytokines \ Lymphocytes
T — -T-cell activation
“TIL-1p Humoral -Impalred T-cell prollferation
T TNE =B-cell actlvation
“ Responses
TIL6 k
Erythrocytes

-Hemolysls

O. Liangos and B.L. Jaber Mod. and Cont.of Dial. Syst. Chapter 9,2013



Gambrane ®
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Membrane per emodialisi

Caratteristiche fisico-chimiche

“ Simmetria e omogeneita

= Membrana simmetrica = skin layers simili (cellulosica)
= Membrana asimmetrica = skin layers diversi (sintetica)
= Membrana omogenea = struttura uniforme

= Membrana disomogenea = struttura non uniforme

“ Spessore f
= Spessore complessivo della membrana (comprende tutta
la struttura sia in caso di omogeneita che disomogeneita) 34 pm <
= Spessore differenziato (struttura per struttura) Si;’ﬁggﬁ;
\.
1um= }
1000 nm
" Origine del polimero Skin layer

= Naturale (cellulosica) o sintetica ) ) ) )
membrana sintetica asimmetrica



Membrane: idrofilicita e idrofobicita

= |drofilicita = capacita di attrarre acqua
= |drofobicita = capacita di respingere acqua

Membrane idrofiliche vs. idrofobiche

Hyd roghilic surface
* Alta diffusibilita (Ko) e
= Basso adsorbimento proteico

= Bassa convettivita (Kuf)
= Alta interazione con le cellule

R

a>90°

" s¢ &> - Performances <> Walsaulavonermation “ Alta attivazione complementare
= Scarsa adesione piastrinica oong’ Sona’ = Bassa emocompatibilita
s B ®

= Bassa trombogenicita

K
[l

Membrane idrofobiche vs. idrofiliche

Hydrophobic surface

-~

B ( 1o \\-/;(/ = Bassa diffusibilita (Ko)
“ Alta convettivita (Kuf) e = Alto adsorbimento proteico
= Bassa interazione con le cellule a< 90° = sc ¥ - Performances {

Chaotic orientation

% £ = Alta adesione pl.a.st‘rmlca
= Alta trombogenicita

= Bassa attivazione complementare
* Elevata emocompatibilita




Membrane: idrofilicita

- membranes ﬁw\ofy “

Review e i} ~J
Impact of Hydrophilic Modification of Synthetic Dialysis
Membranes on Hemocompatibility and Performance

Blood

Adsorbed proteins to
the blood-side surface
of the membrane
(reduced permeability)

Trcatment
time

Adam M. Zawada *, Thomas Lang 2 Bertram Ottillinger 3(2, Fatih Kircelli 4, Manuela Stauss-Grabo 2
and James P. Kennedy ?

Membranes 2022, 12, 932. https:/ /doi.org/10.3390/membranes12100932
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Nuova Classificazione delle Membrane (panoramica curve di sieving)

SIEVING COEFFICIENT:S

1.0 : : : : : pes n
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0.8 1 N | | determinata membrana, é
un dato statistico:
! : | ! | S=cd/C
0.6 - /Cp
e
S=1il 100% delle volte che
0.4 Alb:umin la molecola incontra la
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log molecular weight (Da)

MWRO (molecular weight retention onset): il peso molecolare di una sostanza che presenta un $=0.9 nei
confronti di una determinata membrana

MWCO (molecular weight cut off): il peso molecolare di una sostanza che presenta un S=0.1 nei
confronti di una determinata membrana




Filtri MCO
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Filtri MCO

Editorial
B|OQ\d ' .\ Blood Purif 2017;44:1-VIII Published online: May 10, 2017
Purficatior DOI: 10.1159/000476012

The Rise of Expanded Hemodialysis
Claudio Ronco?®

3Department of Mephrology Dialysis and Transplantation, St. Bortolo Hospital, and "International Renal Research
Institute, Vicenza, ltaly

Special geometry HRO Special geometry
of the dialyzer membrane of the fiber
(Number of fibers (High MWRO) (<inner @)
and length)
\ I Back
Filtration  filtration N i
Blood flow , | ' 0 need for
: — —* replacement
300 mL/min ] solution
/ Qd = 500 mL/min \
Accurate UF High quality
control system dialysis fluid
(Filtration — (Microbiological

back filtration) purity)




STUDY QUESTION

MCO vs HDF

Is the medium cutoff membrane hemodialysis equivalent to
online hemodiafiltration?

POPULATION

7]

Maintenace
Hemodialysis Patients

-,
(] |
LOCATIONS/SETTINGS

©

Single-center

4-hour Session

- Blood Flow
- 400 mL/min

Substitution
lé. Volume 24 L (OL-HDF)

*Qd OL-HDF = 600 mL/min
*Qd MCO HD = 500 mL/min

INTERVENTION

' >3 months | ‘n=21
OL HDF 4%
Y -

Ve

12 wk 588
nNNnN
™

PRIMARY OUTCOME FIN

Reduction Ratio -RR
*B2MG, 12 kDa

*FGF-23, 32 kDa
*YKL-40, 40 kDa

»kappd FLC, 22 kDa
»lambda FLC, 45 kDa

— 7 ,|\ MCOHD2.0m2 | reom eI
d L= | g L/ ::'?:-—.::“ /
—
%) N
— )|l OLHDF1.7m2 D /2 °._.€,a“,oy
== 2 = o (-d
DINGS 0
80 T B MCO [J HDF »
p <0.0001
- 70 I I
= 60
o v
-;E 50 ‘
c 40 .
S
o 30
S 20
r‘E 10
0
b2m kappa FLC lambda FLC FGF-23 YKL-40

Adapted from Hadad Arascue et al Ther Apher Dial. 2022,26:37—-44




MCO vs HF

Phylther Up 66.3843.89 63.0£4.21 61.65+5.04 63.75+4.40
Revaclear 400 65.8843.60 47.00%5.88 47.19%5.63 54.75%5.54
Cordiax FX80 67.043.66 33.0043.78 49.0946.56 50.8046.67
Solacea 60.3843.62 59.1345.19 39.00+6.43 45.97+10.03
Theranova 400 69.13+4.88 60.1346.24 60.42+4.99 58.21%9.54
100 | . . . . .
Toxins and albumin mass removal in spent dialysate per session
80 7
I Myoglobin (ug) | FLC k (mg) FLC A (mg) Albumin (g)
60 -
< [ l Phylther UP 13623 1388534 4384153 115454 4 o7+o 65
40 - Revaclear 16585 11961617 6041363 68+35 1.53+0.41
FX 80 102+49 17714 89+44 6.00£0.01 0.2610.01
20 7
Cordiax 98+40 774+419 200451 25+10 0.260.001
. Solacea 140%52 13362582 2524101 60+22 0.66%0.16
R ) « N Theranova 16656 1432+746 424+189 96+36 1.89+0.59
Vv 2 W W
® QS < <

[ Phylther UP = Revaclear = Cordiax FX80

... Solacea ...

Theranova

Bove S et al. Neph Dial Trans 2018 33 Supp.1-i190



Pazienti Target per membrane HRO

Nephrol Dial Transplant (2020) 35: 328-335 Research Article
doi: 10.1093/ndt/gfz189 Bloo d
Advance Access publication 3 October 2019 ¥ 3 .
PU rlflcatlon Blood Purif Received: March 6, 2020

Accepted: April 20, 2020

DOL: 10.1159/000508061 Published online: July 7, 2020

Comparison of the removal of uraemic toxins with medium
cut-off and high-flux dialysers: a randomized clinical trial

Comparison of Circulating Levels of Uremic
Mohamed Belmouaz', Marc Bauwens', Thierry Hauet>?, Valentin Bossard’, Pierre Jamet', Florent Joly’, TOXinS in Hemodialysis Patients Treated With
Elise Chikhi', Sandrine Joffrion®?, Elise Gand* and Frank Bridoux' R .

Medium Cut-Off Membranes and High-Flux
'@ Canadian Society of Nephrology/ {;’5‘{% CANADIAN JOURNAL OF a in SiSIi Hamidiye Etfal

»S,(i(»“,e-fe canadienne de néphrologie KIDNEY HEALTH AND DISEASE ’ control Study
Original Basic Research
: : Vuslat Yilmaz¢ Taner Basturkd
Canadian Journal of Kidney Health . ) . d
and Disease Nazif Ozcafer® Abdulkadir Unsal

Effects of Medium Cut-Off Versus Vohume % 115

© The Author(s) 2022

Article

. High-Flux Hemodialysis Membranes Aochmsenidie
Efficacy and Safety of | o Bjomarkers: A Systematic Review o -
Theranova 400 Dialyz¢ 4.4 Meta-Analysis ®SAGE
A Randomized Controlled Tri 'modialysis — Research Article
Daniel E. Weiner,' Luke Falzon,” Line Skoufos,” ??:‘:T;WOOOSOSSW Eggig%}}%;;izg:}g;zom

Maryam Kandi', Romina Brignardello-Petersen',
Rachel Couban', Celina Wu?, and Gihad Nesrallah??

A tRial Evaluating Mid Cut-Off Value Membrane

Randomized COﬂth"Edgfﬁile anfrontano MCO con HIGH FLU)ﬁlearance of Albumin and Light Chains in

emoDialysis Patients: A Safety Device Study

medium cut-off Vers%h@?ﬁl'&&dio compresi tra 4 e 24 settimane

Rathika Krishnasamy®< Carmel M. Hawley®4 Meg J. Jardine®¢9

dialyzers on quality Of Iife OUtcomes Matthew A. Roberts“" Yeoungjee Cho®4 Muhgeot Wong®f Anne Heathf

b, c

Craig L. Nelson'™*  Shaundeep Sen9 Peter F. Mount' Elaine M. Pascoe

i N Ma i nten ance he m Od ia IySis Liza A. Vergara® Peta-Anne Paul-Brent® Nigel D. Toussaint™"
patients David W. Johnson®4  Colin A. Hutchison®°

Jeong-Hoon Lim?, Yeongwoo Park?, Ju-Min Yook?, Soon-Youn Choi*, Hee-Yeon Jung?, Ji-
Young Choi?, Sun-Hee Park?, Chan-Duck Kim?, Yong-Lim Kim* & Jang-Hee Cho'*?



Pazienti Target per membrane HRO

/

X

COVID-19 \'\\

in the course of sepsis from SARS CoV2 o
Chronic Inflammation 7

Several of the 27 large middle-molecules had described
pathways by which they can contribute to chronic
inflammation, including the pro-inflammatory cytokines
interleukins 1B, 6, 18, and TNF-a, Myoglobin and AGEs etc

Restless leg svndrome
The molecules can directly cause symptoms, for example the
retention of a-1 microglobulin is associated with restless leg
syndrome (RLS)

AKI

Rhabdomyolysis or others AKI that can be treated with SLED
or Intermittent HD

Erythropoietin resistance

Potentially, if increased removal of large middle-molecules
reduces chronic inflammation, then erythropoietin resistance in
turn could be improved.

Haemorragic Pts with atrial flutter ncident Pt

Balance between anticoagulant therapy, calcification risk and stenosis.Single
or biweekly dialysis




Filtri MCO: infiammazione

@PLOS ‘ ONE Dialyzer Mem-brane | Membrane type Fiber Fiber inner Membrane Membranewall UF coefficient | Sterilization
polymer length diameter (um) area (m?) thickness (um) (ml/h/ mmyg)
(mm)
MCO-Ci PAES/PVP | medium cut-off 236 180 1.8 35 50 Steam
RESEARCH ARTICLE 400 (MCO 4)
Medium Cut-Off (MCO) Membranes Reduce Revaclear | PAES/PVP | high-flux 236 190 1.8 35 ‘ 54 Steam
400 (Poracton™)

Inflammation in Chronic Dialysis Patients—A
Randomized Controlled Clinical Trial

Daniel Zickler' *, Ralf Schindler', Kevin Willy', Peter Martus?, Michael Pawlak®,
Markus Storr®, Michael Hulko®, Torsten Boehler*, Marcus A. Glomb®, Kristin Liehr®,
Christian Henning®, Markus Templin®, Bogusz Trojanowicz®, Christof Ulrich®,

PLOS ONE | DO|1 O 1 371 /joumal'pone-(n 69024 January 1 3; 201 7 Table 3. Primary endpoints (TNF- a mRNA/IL-6 mRNA) and long-term plasma levels before and after 4 weeks treatment with High-flux / MCO.
Shown are only parameters with a significant change after the MCO-period.
High-flux MCO p MCO vs HF
T=0 | T=4weeks | T=0 T=4weeks
Primary endpoint \
TNF-a mRNA 1.19+0.57 1.02£0.49* 0.92+0.34 075 £0.31*% <0.001
IL-6 mMRNA 0.86 +0.68 : 0.83+0.67 0.78 £0.80 0.60 £0.43** 0.001
) Clinical chemistry |
- | ormeet Dot Albumin g/l 36.6+32 |  37.5%27 | 37036 | 35337 <0.001
3 IL-6 mRNA Qe g s TNFa mRNA » Qe CRP mg/l 134255 | 9.6%157 15.3£30.0 9.3+145 n.s.
o e g o Urea mg/dl 131£38 ‘ 129435 128 +34 115+ 29** 0.012
% - 1 § - - 1 Beta2M ma/l 27.0£9.1 ‘ 26.1+8.6 | 26.9+8.4 25.7+8.1%* n.s.
g 2 g LY Other | | |
& . « & o 7 FLC kappa mg/l 134 +65 14077 | 137 £65 120 + 54** | 0.003
= ] B Tcam 9 ;% S %% Be 25" FLC lambda mg/l 9142 91+44 95 + 46 79 +36** <0.001
E = . RO e z e Fetuin A pg/m! 569 + 124 | 543 £ 122 | 560 + 131 | 519+ 112* n.s.
e & ,,.,""' & @ o1 P ol P Lp-PLA2 ng/ml 180 +90 185+108 156176 1894 101%* 0.026
& * A% e g ¢ R ¥
£ o 5 % z . = * = p<0.05vs. T=0
u B A8 _ g o ** — p<0.01vs. T=0.
: 1004 * g 2 0,754 -
100 050 0% 0% 0,50 025 000 025 050

IL6 mRNA EXPRESSION START OF PERIOD (LOG SCALE) TNFa mRNA EXPRESSION START OF PERIOD (LOG SCALE)



Filtri MCO: rischio cardio-vascolare

scientific reports e )
Variables Baseline values 6 months | Pvalue | 12 months [Pnlne
baPWV (m/s)
W) Check for updates — — -
HDx 1.80.7 0.1(0t00.2) 0.176 0(-0.1t00.2) 0518
Cardiovascular Risk Comparison Online-HDF 19+07 —0.1(-02t00) |0:221 0.1(0t00.3) 0.046
. . Between-group difference 0.2(0t0 0.3) 0.066 -0.1(-0.3t00.1) 0.317
between Expanded Hemodialysis e
Using Theranova and Online HDx 63.0 (57.0-69.0) —02(-25t021) | 0860 207 (-31t01.7) 0361
. . Online-HDF 63.0 (36.0-66.0) 06(-1.8t03.0) |0.622 ~0.6(-3.1t0 1.9) 0.660
HemOdIaﬁItratlon (CARTOON)' Between-group difference -08(-4.1t026) |0.648 -0.1(-35t03.4) 0.966
A Multicenter Randomized LVMI (g/m?)
. HDx 111.3(887-1389) | -36.1(-799t07.6) | 0.106 ~39.2(-84.0t055) 0.086
Controlled Trial Online-HDF 1147 (1022-1429) | -225(-69.8t0 24.8) [ 0.351 —547(-1032to-6.1)[ 0.027
oniplommn . s L mone.. g gt o b Between-group difference ~134(-77.710508) | 0.682 145(-51410804) | 0666
Seung Seok Han'™ & Kwon Wook Joo' E/e’ Change from the baseline (mean and 95% confidence intervals)
_ HDx 12.0 (10.0-16.0) 03(-10to17) |0.628 0.4(-1.0t0 1.8) 0536 | |Variables Baseline values 6 months IPnIue IIZmnnths |Pvnlne
Scientific Reports|  (2021) 11:10807 | https://doi.org/10.1038/s41598-021-90311-6 Online-HDF 12.8 (10.0-148) 08(-231000) |o027a 0217013 0815 BNP (pg/mL)
Belvieén grollp diftererice 120708032 0240 07 (C14%027) 0516 | I'hpx 369.1(185.0-910.0) 51.4(~267.9 t0370.7) [ 0752 127.4 (-206.1 to 460.9) [ 0.454
C ki .
oronary artery calcium score Online-HDF 287.2(139.5-907.0) | —140.7 (—487.4t0 205.9) | 0.426 —111.7 (-470.0 to 246.7) | 0.541
HDx 295 (19-799) 64.6 (0.7t0 1285) | 0.048 1549 (91.0t02188) | <0.001
- — = = = — Between-group difference 192.2(-279.2 to 663.5) | 0.424 239.1(-250.4 to 728.6) | 0.338
Online-HDF 268 (16-678) 23.0 (-43.1t0 89.1) | 0.496 366 (-295t01027) | 0.277 _
Between-group difference 41.6 (-50.3 to 133.6) | 0.375 118.3 (26.3 t0 210.2) 0.012 NT-proBNP (ng/ml.}
HDx 3.95 (2.16-6.83) -0.31(-4.19t03.56) [ 0.874 142 (-2.64t05.48) | 0.493
Online-HDF 4.27 (2.19-16.82) -324(-740t00.92) [0.127 -332(-7.61t0098) [0.130
Between-group difference 296(-2.72t08.64) |0.307 4.66 (-1.25t0 10.57) | 0.122
Troponin-I (ng/mL)
(A) (B) HDx 0.06 (0.04-0.09) 0 (0 to 0.01) 0.538 0(-0.01t00.01) 0550
o Online-HDF 0.06 (0.03-0.07) 0(-0.01t00.01) |0.901 0(0to 0.01) 0.189
- fTTTTmT T ' - — - TTT== T Between-group difference 0(-003t00.01) |0.224 0(-0.02t00.02) |0926
"""""" P=0.928 -
o T -T L
Q| P=0.868 = @ roponin-T (ng/mL)
_ o pa= HDx 0.06 (0.04-0.09) 0(-0.01 to 0) 0.362 0(-0.01t00.01) |0437
g ; Online-HDF 0.06 (0.03-0.07) -0.01 (-0.02to 0) 0.130 -0.01 (-0.02t0 0) 0.139
g @ g g Between-group difference 0(-001t0002) |059 0(-001t00.02) |0526
w
ot g C-reactive protein (mg/dL)
w =
3 = 8 < HDx 0.07 (0.04-0.23) 0.21(-030t00.72) | 0.421 0.10 (-0.43t0 0.62) | 0.722
=] > o
g o Online-HDF 0.09 (0.04-0.23) 0.47 (-008t0 1.01) | 0.095 ~0.02(-0.541t00.58) | 0.951
= = -
< o G o Between-group difference -0.25(-1.00t0 0.50) | 0.511 0.08 (-0.69t0 0.74) | 0.835
< © s Interleukin-6
HDx FiDx HD 9.55 (7.78-11.48) 4.09 (-2.28 t0 10.47) | 0.208 1.85(-4.76 t0 8.47) | 0.582
. . X oo (/. /8—-11. ! —2.20t0 104/ .2 SO —-4./6108.4/ B=1.74
————— Online-HDF —===- Online-HDF - . —
o1, i i - - °, i . - - Online-HDF 8.40 (7.02-11.94) 0.55(-6.17107.27) | 0.872 -1.88(-8.77t05.00) | 0.592
0 3 6 9 12 0 3 6 9 12 Between-group difference 3.54(-5.72t0 12.80) |0.453 3.74(-5.81t013.28) | 0.443
Months Months
lumber at risk Number at risk
HDx 43 43 42 38 34 HDx 43 43 42 38 34

Online-HDF 37 36 35 34 31 Online-HDF 37 36 35 34 31
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Membrane adsorbenti: PMMA, PEPA, AN69.....

4 CARATTERISTICHE DEI FILTRI IN
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Il fattore Solubile CD40 Ligando predittivo di mortalita e morbidita cardio vascolare

CD40L > 7.6 ng/ml

200 chronic HD patients from the
RISCAVID population at 24-month
follow-up

D,EE

_ " CDAOL< 7.6 ng/mi
ﬂJ: -

Incidence of events

0 6 12 18 o4 Follow-up

Patients (months)
atrisk 300 280 248 234 204

G. Desideri et al.Nephrol Dial Transplant (2011) 26: 2983-2988



HBV and sCD40
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Potential role of soluble CD40 in the humoral immune response -~ U4 1\
impairment of uraemic patients % 'I ® \
i | ee \
= e |
CECILE CONTIN,* VINCENT PITARD,* YAHSOU DELMAS,{ NADEGE PELLETIER,{ THIERRY DEFRANCE, (i) ® I I
JEAN-FRANCOIS MOREAU,* PIERRE MERVILLE*} & JULIE DECHANET-MERVILLE* *UMR-CNRS 5540, % ® ' '
Université Bordeaux 2, Bordeaux, France, TDepartment of Nephrology and Hemodialysis, CHU Bordeaux, = ‘
Bordeaux, France and {INSERM U404, Lyon, France = ’ ‘ ] I’
& N\
® \—,
A B g
= *p = 0.0064 1
£ 30 . °
® | NonBK-F ! 0 : :
£ : | BK-F R NR
@ 251 high flux i 35 - o
— = me |
g o . ] T -715% : : : .
E, 201 P S Figure 6. Serum sCD40 levels in chronic haemodialysed patients in the
Q "<:\'i 2.5 ® course of Hepatitis B vaccination and correlation to their vaccinal
8 1.5 " 20 T response status. Two groups of haemodialysed patients were set up
o Ument : 1.5 according to their response to hepatitis B vaccination. Responsive
2 1.01 ! ; patients (R, n = 9) presented >10 IU/I of anti-HBs IgG one month
— | 9 o o 9 9 9
S 0.5/ . SN N 1.0 - - I after last vaccine injection whereas Non-responsive patients (NR,
£ 1 i :‘:*;—T_:’f;’fi_if}f-“:“_i_. 0.5 - : n = 8) presented <10 IU/l. sCD40 values of each patients correspond
2 0 i o [--~""77=======--""" to the mean of the four sCD40 values obtained during the vaccination.
A Before BK-F  After 12 weeks Lines represent the median values of sCD40 for all the patients of each
dialysis BK-F dialysis group. *P < 0-0015 determined using a Mann—Whitney test.
n=11

Fig. 3. Longitudinal follow-up of sCD40 levels in patients dialysed on non-PMMA high-flux membranes or BK-2.1F membranes. (A) Soluble CD40
concentrations were measured monthly by ELISA in the serum of three patients dialysed on non-PMMA high-flux membrane and who were then
switched to BK-2.1F membrane. Blood samples were taken after the dialysis session. Dotted line represents mean level of sCD40 in healthy
subjects. (B) Levels of sCD40 in the serum of 11 patients before and after 12 weeks of dialysis on BK-2.1F membrane. *Non-parametric
Wilcoxon U-test.

C.Contin et al. Immunology 2003 (110) 131-140
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Membrane e ipersensibilita: Triacetato di cellulose asimmetrico ATA
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Acute reactions to polysulfone/polyethersulfone
dialysers: literature review and management

W.H. Boer', Y. Liem?, E. de Beus', A.C. Abrahams’
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Case  Gender Dialyser causing

e
F[l57

FI75
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M/ 5t

F[67

P/ 84

M/77

/51

Flm

M/79

F[75
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FI&

M/ 65

symptoms
F8-HPS * (Fresenius)

polysisfanz

Optiflux Fi6oNre
{Fresenius)

paysulfone

F1o-HPS © (Fresenius)

poysulfone

F8 * (Fresenius)
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polysulfone
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Toraylight CS-1.3U
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PS-1.6UW (Fresenius)
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2.3 months

5 weeks

Duration of Alternative dialyser
'qnmum-' symptomatic
21 months BS 1.8U (Toray)
polysulfone/1® exposure
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(Fresenius)
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1® exposure -
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Membrane e anticoagulazione: Hydrolink

(PVP (Polyvinylpyrrolidona
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e la stimolazione delle piastrine.
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Nuove membrane: Helyxone®hydro
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Nuove membrane: Helyxone®hydro

ORIGINAL ARTICLE

Original Investigation Kidney360

Polyvinylpyrrolidone in hemodialysis membranes: Impact
Performance and Hemocompatibility of a Novel on platelet loss during hemodialysis
Polysulfone Dialyzer: A Randomized Controlled Trial
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Nuove membrane: Helyxone®hydro

Data dialisi (aa) 6,57 £ 4,16 FXcoral 800: 2,0 m? polysulfone/polyvinylpyrrolidone
66,57
Eta (aa) 12,22
Sesso 6M 1F

325,71125,

Qb ml/m 07 250000

Qd ml/m 500 200000
Tecnica HDF 150000
Hb IN 11,27 £ 0,83 100000
Hct IN 34,09 + 2,58 50000
235,71111,
Minuti dialisi 33 S
0 mfo *"R2mcg * kappa ~ prolat m|

V conv (L) 23+1,41 31Da 60Da 113Da 12kDa  22kDa  23kDa  45kDa
Uf (L) 3,06 + 0,83

Accesso vascolare F.A-V

Removal Rate [%] PLT mm3

300000

S. Bove, L. Bregoli: dati preliminari
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MAIN TEXT ARTICLE

Efficacy and safety of the Clearum dialyzer

Francisco Maduell'? | José Jestis Broseta' | Diana Rodriguez-Espinosal

Evelyn Hermida-Lama' | Elena Cuadrado-Payan' | Lida Maria Rodas' |

Miquel Gémez' | Marta Arias-Guillén' | Néstor Fontseré' | Manel Vera'

Nayra Rico®

WILEY

Artificial Organs. 2021:45:1195-1201

Small Toxin

Medium Toxin

Large Toxin

wileyonlinelbeary. com/journal/aor

Urea (s0Dal

Creatinine (113 Da)

2 - Microglobulin (11.200Da)

Myglobin (17,200 Da)

Prolactin (z3.000Da)

al - Microglobulin (32.0000a)

al - Acid Glycoprotein (41,000 Dzl

. Albumin in serum (65,000 Da)

80—

60

40+

20-

We used the|global removal score (GRS) |to evaluate the

efficacy of a global removal dialyzer including molecules
from 60 to 41 000 Da and considering albumin RR as nega-
tive values, calculated with the following formula'":

((Ureagg + f»=mgr +myoglobingg + prolactin gg + a1 — microglobulingg

+a, — acid glycoproteingg — albumingg ) /6).

Global Removal Score (%)

*x
= |
* |
* |
| * |
| ESQ 6
57,4 '
*53 ESS.G %55 E
E45
{41,9
. J
L * J
. *
L * ' L ,
* ok

T T T T T T T
FX80 Clearum Phylther SD Theranova Phylther G Clearum FX80
HD HD HDx HDx HDF HDF HDF



Table 1| Relative protein binding

Relative protein

Azotemic compound binding (%)
p-Cresol glucuronide < 40
Hippuric acid 40-50
Phenylacetylglutamine 40-50
Indoxyl glucuronide 50-60
Phenylacetic acid 60-70
Indole acetic acid 90-95
p-Cresol sulfate 90-95
Indoxyl sulfate > 95
3-carboxy-4-methyl-5-propyl- > 95
2-furanpropanoic acid

Proteins

Amino acids
tyosine

phenylalanmes R

Proteins
Saturated fats

P )i

T

Indoxyl sulfate
p-cresyl sulfate

Diet

Carbohydrates
Simple sugars

Bacteroides spp A Prevotella spp

Figure 1| Schematic diagram demonstrating the interrelationship between diet, gut
microbiome, and the protein-bound azotemic solutes, indoxyl sulfate, and p-cresol
sulfate. Although protein-bound solutes can be cleared with residual renal function, dialysis
clearance is limited to the plasma-free solute.

..This study emphasizes that current dialytic
therapies can only clear freely available water-
soluble solutes...

. ©

t“
- )
0 3

Plasma
Water

High affinity
protein-bound toxins

Dialysis
clearance

ﬁ’

Residual
renal
function

Tubular
secretion and
clearance

A. Davenport Kidney International (2017) 91, 1008-1010;



Ciclo dell’Albumina

Normal renal function In CKD patients
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In physiological conditions, the production of Albumin, equal to 9-12 g / day in adults, only commits 20-30% of the cells
liver. The liver has, therefore, a large functional reserve that allows it to increase the synthesis of albumin of 3-4 times in

case of need.
..... available data suggest a need for caution when use dialyzer containeng membranes that produces a loss >

20 gr/w of albumin whereas the use of dialyzers resulting in a weekley loss <12 gr/w appears to pose little
risk to patient (Ward et al. NDT 2018)

bilirubin, fatty acids, Drugs, toxins...) * toremove albumin without the antioxidant effect
* Act as a free-radical scavenger » facilitate synthesis of new albumin with an antioxidant
effect.

Krieter and Canaud-NDT (2003) 18:651-654
Terawaki et al. Th Aph Dia (2010) 14(5):465-471




Nuova classificazione membrane

Category Ultrafiltration [3,-microglobulin Albumin Reference
coefficient® ? —
(mL/h/ mmHg/ m‘l) Clearance( blfwmg ’ Loss m:tq \ Sieving '.
(mL/min) coefficient” dialysate® (g) coefficient®
Low flux <12 <10 - 0 0 (9]
High flux 14-40 20-80 <0.7-0.8 <0.5 <0.01 [9]
Medium cut-off 40-60 =80 0.99 2-4 <0.01 [10]
Protein-leaking =40 =80 0.9-1.0 2-6 0.01-0.03 [11]
High cut-oft 40-60 - 1.0 9-23 <02 [12, 13]
*In vitro.

®For conventional haemodialysis with a blood flow rate of 300-400 mL/min. Includes contributions from diffusion, convection and adsorption.
“For 4 h of conventional haemodialysis.

M.Storr and R.Ward NDT (2018) 33:iii22 — iii27



Nuova ldentificazione Membrane

Artificial
THOUGHTS AND PROGRESS Organs WILEY

The Dialyzer Identification Code (DIC): A filter characteristics
codification for dialyzer choice in renal replacement therapy

Federico Nalesso' | Leda Cattarin' | Lorenzo .»\rcangeln(,alol | Francesco Garzotto

Membrane/Area Coefficients Clearance Sieving Coefficient SeCMW RR Modality

e [ 103 137 (120 oo (06 B8 (7 )(52) S

L M

HDF | AD

susip €p DI1a

’ U M-MW, HMW.  B2M. M-MW, . H-MW, | MW-RO MW-CQ| M-MWp, H-MWegiTherapy - Depuration

& ; | )

pls [t |- Jelels ez ]a]z]z]a]zo]ofsfe]s E
Membrane U MMW,  H: MW, B2Mg  M-NMW.. H- MW, MW WM MW H-MW e | Therapy Dep.
Membrane: ’ ‘

. LEIMVE: NIy {17.2 kDa)
CTA cellulose triacetate $RELMW - SFLC A {50 kDa)
A Area {m?) '

CUP Cuprophan

EVAL Ethylene-vinyl-alcohol copolymers

HY D Hydrolink

MCM modified cellulosic membranes

PA Polyamide

PAES Polyarylethersulfone

PAESp Polyarylethersulfone polyvinylpyrrolidone
PAN Polyacrylonitrile

PEPA Polyester polymer alloy {PES plus PAR poly-arylate}
PES Polyethersulfone

PMMA Polymethylm methacrylate

Kye (mL/h/ mmHg}¥

MW-CO MW Cut-Off (Kda} G

M-MW . Middle MW Reduction Rate** RR(%) = (1 Crve ,/' x 100 PSf Polysulfone
i : : * ¥
ES‘?W;R:(‘%'“ r\fw BEduLC}Eog;:teB 1S08637); Kuf: HCT 32%, 37°C Therpy Mol depurotion aracess
: KOQG— m /m:_:’-gog_ ;_/ Q ! 5 -50(:) !_l/l’ﬁ ; UF/fE? HD Hemodyalisis DI Diffusion
JClenmnce (Gl L Ae, LB =200 P QaE=g) £, Yios HDx Expanded HD CO Convection
*EMW > 17 KDa (the molecule used has to be specified for standardization) HED HighFluxDialysis AD Adsorption
ARy s S
MW 2> 40 KDa (the molecule used has to be specified for standardization) HDF Hemodiafiltration ¥ internslakistion
[ S E oG € lent AR Reduction Rate (%), MW Moletcilar Welahi (KD HF Hemofiltration RO Replacement On-Line
EASRe: evingCaeticlent; educaamRarcoe), oreeylaeVielghtikon) HFR HF with endogenous reinfusion RB Replacement Bag
AFB Acetate Free Biofiltration RE Replacement Endogenous

Artificial Organs. 2020;44:1220-1223.



MULTIDIMENSIONAL CLASSIFICATION
OF DIALYSIS MEMBRANES
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Surface
(s 201 O\ 4: functionalization

Ronco C, Clark WR. Nat Rev Nephrol 2018; 14: 394-410
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Classification of Uremic Toxins and Their Role in
Kidney Failure

Mitchell H. Rosner,” Thiago Reis ‘:_;,2,3 Faeq Husain-Syed,* Raymond Vanholder (5),° Colin Hutchison,®” Peter Stenvinkel,®
Peter /. Bl.s:rn’(estfjn,9 Mario Cozzolino (3,"° Laurent juillard,""'? Kianoush Kashani (3,"° Manish Kaushik,'*
Hideki Kawanishi,'® Ziad Massy,’é’ i Tammy Lisa Sirich, 819 i Zuo,?° and Claudio Ronco, (5%

Marker molecules
with known toxIclty

Marker molecules
with unknown toxiclty

Exogenous Proteln-bound <05
] Gutderived [~ 7] CiT T Sial prteou
’ molecules
I
|
| Rihbbe N
‘ Water soluble ADMA, SDMA, uric acid, oo
Bssasssgees Frotein-bound - ==~~~ —~= ==~ » Sm:llo.:l(:(lgcaules —» | carbamylated compounds, Myomo_?m r‘gg‘g’ Di
<80% » urea, TMAO 2
Molecules dependent on
kidney clearance
0.5-15 kDa
— Small-middle — B,-microglobulin, IL-8 IGF-I, vitamin B12
molecules
Endogencys Water soluble 11 3
Generation by ; !
— Protein-bound TNF, IL-18, IL-10, IL-8,
endogenous 807 >15-25 kDa :
metabolism =00 —» | Mediummiddie |-»| kappaFLC, myoglobin, Adiponectin, visfatin
| Removed by low-flux HD | ﬂ aleaiee sTNFR2, FGF-2, prolactin,
complement factor D
| Removed by high-flux HD ] ﬁ |
|Removed by high-flux HDFI ﬂ Liﬁgg{ﬂg‘ge | lambda-FLC, CXaCLI,
CXCL12, IL-2, YKL-40
| Removed by MCO HDx | ﬂ ﬁ |
>58-170 kDa .
L » | Large molecules |—» Modified albumin Albumin
| Removed by HCO HD J ﬁ {558 kDa)

CJASN ePress. Published on October 4, 2021 as doi: 10.2215/CJN.02660221



MEMBRANE IL FUTURO: Bio-mimetiche e “Bio-ispirate”

A critical review of recent advances in hemodialysis membranes
hemocompatibility and guidelines for future development

Arash Mollahosseini, Amira Abdelrasoul, Ahmed Shoker
doi.org/10.1016/j.matchemphys.2020.122911
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MEMBRANE IL FUTURO: Mixed Matrix Membrane

SCIENTIFIC REPg}RTS

OPEN . New low-flux mixed matrix
membranes that offer superior
removal of protein-bound toxins

wnsvemne s Trom human plasma

Publ X . . i
ibshedt03 Octobec20ts Denys Pavlenko?, Esmée van Geffen™?, Mies J. van Steenbergen?, Griet Glorieux*,

Raymond Vanholder*, Karin G. F. Gerritsen? & Dimitrios Stamatialis®

Adsorption on
activated carban

Acta Biomaterialia 90 (2019) 100-111

Contents lists available at ScienceDirect
Acta Biomaterialia

journal homepage: www.elsevier.com/locate/actabiomat

Full length article

In vitro assessment of mixed matrix hemodialysis membrane for
achieving endotoxin-free dialysate combined with high removal of
uremic toxins from human plasma

llaria Geremia ?, Ruchi Bansal®, Dimitrios Stamatialis **
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MEMBRANE IL FUTURO: MMMs and Smart Hybrid Membrane

toxins My
Review

Adsorption- and Displacement-Based Approaches for the
Removal of Protein-Bound Uremic Toxins

Flavia S. C. Rodrigues '© and Ménica Faria 1/2*

Toxins 2023, 15, 110. https://doi.org/10.3390/toxins15020110

Blood Blood

Dialysate Dialysate

‘g?}- Albumin e PBUT BN &7 MMM @ PBUT absorbed

700 um 450 pm 200 pm 330 um
. —
[ «
Dual-layer _| a3
T
MMM 5
Flat sheet MMM1 MMM2 MMM3 MMM-OIF

I Particle-free layer =& MMM-layer ® Activated carbon Blood Dialysate

Journal of
= o 7
Functional IT“\Dpl
Biomaterials P2
Communication

A Novel Strategy for Enhanced Sequestration of Protein-Bound
Uremic Toxins Using Smart Hybrid Membranes

Madalena Lopes !, Rita F. Pires {7, Ménica Faria I'*

and Vasco D. B. Bonifacio 2-3*

J. Funct. Biomater. 2023, 14, 138. https:/ /doi.org/10.3390/jfb14030138
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MEMBRANE IL FUTURO: Graphene
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Graphene-Based Membranes for Molecular Separation

Liang Huang, Miao Zhang, Chun Li, and Gaoquan Shi*

Country Collaborative Innovation Center for Nanomaterial Science and Engineering, Department of Chemistry, Tsinghua University,

Beijing 100084, People’s Republic of China

ON CAMPUS AND AROUND THE WORLD £ SUBSCRIBE

Scientists produce dialysis membrane made from
graphene

Material can filter nanometer-sized molecules at 10 to 100 times the rate of
commercial membranes.

Jennifer Chu | MIT News Office
June 28,2017

“Because graphene is so thin, diffusion across it will be extremely fast,” Kidambi says. “A

molecule doesn’t have to do this tedious job of going through all these tortuous pores in a thick

membrane before exiting the other side. Moving graphene into this regime of biological

separation is very exciting.”



MEMBRANE IL FUTURO: The Living Membrane

THE LIVING MEMBRANE
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MEMBRANE IL FUTURO: Rene artificiale impiantabile

Rene impiantabile: il sangue, per la differenza di pressione nell'arteria e
nella vena, passa attraverso il rene impiantabile, che € composto da un
emofiltro e da un bioreattore cellulare.

La membrana e costituita da silicio con nanopori, il fluido di scarto
creato dall'emofiltrazione fluisce nel paziente in

vescica urinaria. Il sangue dializzato viene trasferito al bioreattore
cellulare dopo I'emofiltrazione.

La funzione metabolica renale e ripristinata dalle cellule del tubulo
renale protette nel bioreattore cellulare
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Shuvo Roy UoCSFU. The Kidney Project. 2021. Available online:



MEMBRANE IL FUTURO: Bioartificial Kidney (BAK)

M) Check for updates

REVIEW AEATHCARE
MATERIALS

Bicengineered Organs www.advhealthmat.de

Bioengineering Organs for Blood Detoxification

Cécile Legallais, Dooli Kim, Sylvia M. Mihaila, Milos Mihajlovic, Marina Figliuzzi,
Barbara Bonandrini, Simona Salerno, Fjodor A. Yousef Yengej, Maarten B. Rookmaaker,
Natalia Sanchez Romero, Pilar Sainz-Arnal, Ulysse Pereira, Mattia Pasqua,

Karin G. F. Gerritsen, Marianne C. Verhaar, Andrea Remuzzi, Pedro M. Baptista,
Loredana De Bartolo, Rosalinde Masereeuw, and Dimitrios Stamatialis*

[ Potential cell sources for bioartificial kidney ]

/ [ Ebryonic orghl }_[ embryonic ste:L(j:égs-;EC), HEK293, ] \/
Stem cells

Induced pluripotent stem cells (IPSC) ]

\ [Reprogramed cells

renal tubular epithelial cells (iIREC) ]

[ Tissue derived Hbone marrow, adipose, amniotic fluid, etc ]

[ Kidney-derived

[ Differentiated J

cells

[ Urine

Progenitor cells: kidney neonatal
stem/progenitor cells

Adv. Healthcare Mater. 2018, 7, 18004



CONCLUSIONI

e Lo schema tradizionale di classificazione delle membrane, basato sulla
composizione chimico fisica e sulla permeabilita all'acqua, e superato e sono
necessari huovi approcci

* Ogni membrana ha le proprie caratteristiche in termini di materiale e di
performance

 La prescrizione dialitica richiede, da parte del clinico, la conoscenza dei meccanismi

* Tali conoscenze possono permettere di utilizzare al meglio tutte le terapie che oggi
abbiamo a disposizione che permettono di spaziare dalla diffusione semplice alla
convezione pura, ai trattamenti misti convettivo diffusivi, a quelli con alto grado di
filtrazione interna ed a quelli adsorbitivi

* La scelta della membrana dipende dalle necessita cliniche e dialitiche del paziente

* Non esiste una membrana dialitica perfetta ma la ricerca e in corso

Modlificato da Ronco C, Clark WR Nature Reviews Nephrology 2018;14 (6): 394-410
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