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Tossine Uremiche e correlazioni cliniche
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Adapted from C Ronco, Blood Purif. 2017; 44:1-VII
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DIFFUSIONE E CONVEZIONE: CONTRAST STUDY
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Figure 2. Predialysis f-2-microglobulin levels in patients treated with online hemo-
diafiltration and low-flux hemodialysis (mean = SEM) using measurements of individuals
at those time points. The difference between B-2-microglobulin levels for both treat-
ments was significant (P<0.001).
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DIFFUSIONE E CONVEZIONE: CONTRAST STUDY

Table 4. Risk of all-cause mortality and fatal and nonfatal cardiovascular events by achieved convection volume in

liters per treatment

Online Hemodiafiltration Convection Volume Tertiles

Hemodialysis P for Trend
<18.17 L 18.18-21.95L >21.95L
Total mortality
crude 1.0 0.95 (0.66-1.38) 0.83 (0.57-1.22) 0.62(0.41-0.93) 0.010
adjusted® 1.0 0.79 (0.53-1.14) 0.77 (0.51-1.14) 0.65 (0.42-0.99) 0.012
adjusted® 1.0 0.80 (0.52-1.24) 0.84 (0.54-1.29) 0.61 (0.38-0.98) 0.015
Fatal and nonfatal cardiovascular events
crude 1.0 1.37 (0.94-1.98) 1.06 (0.72-1.56) 0.76 (0.50-1.16) 0.473
adjusted® 1.0 1.41(0.92-2.11) 0.93 (0.62-1.40) 0.77 (0.48-1.21) 0.3469
adjustedb 1.0 1.35(0.86-2.11) 1.04 (0.66-1.62) 0.72(0.44-1.19) 0.475

THE MORE THE BETTER?
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Effect of Hemodiafiltration or Hemodialysis
on Mortality in Kidney Failure

Blankestljn PJ ot al,

CLINICAL PROOLEN

Hemodiafiltration and bemodialysis are two meth-
ods of treating kidney fallure, Data comparing sur-
vival with these apyp hes have been
langely inconclusive; results of ane randomized, con-
teolled trial indicating a lower risk of death with be-
modiafiltration may have reflected confounding bias,

CLINICAL TRIAL

Design: A multinational, pragmatic, open-label, run-
domized, congrolled trial assessed the benefits and
harms of high-dose hemodiafiltration 25 compared
with conventional high-flux hemodialysés in patients
with kidoey fallure.

rervention: 1360 adults with stage V kidoey failure
who had received hemodialysis for 23 ths were
assigned o receive high-dose hemodiafiltration

(a cotrvection vobume of 223 liters in postdilution
mode per sesslon) or continwation of high-Flux be
modialysis, The primary outcome was death fram

any cause.

WESULYS

Ouscomes: During a median follow-ap of 30 months,
the risk of death from any cause was lower in pa-
tients veceiving high-dose hemodiafiltration than
In those recelving hemodialysis. The survival effect
of hemodiafiltration appeared to be limited
those without a history of cardiovascular discase

oc diabetes,

LINITATIONS AND NEMAIMING QUESTIONS

® The achicved sample size was lower than original-
ly planned because of difficulty recruiting patients
during the Covid-19 pandemic.

o Inclusion criteria may have resulted In a trial pop-
ulation that was healthier than the general popu-
lation of patients who receive hemodialysis in Eu-
rope and the United States.

» Findings may not be generalizable beyond Whise
European populations.

Links: Fall Article | NEJM Quick Take | Editorial

DO 10.1056/NEJMoaZ304820
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CONCLUSIONS
I udults with kidoey failure, the risk of death from sny

cause was Jower in patients receiving high-dose hemodi-
afiltration than bn those recelving bigh-fux hemodialysbs,

ALLORA HA SENSO ESTENDERE ANCHE LO
SPETTRO DELLE MOLECOLE RIMOSSE? COME
INTRODURRE L’ADSORBIMENTO?



Tossine Uremiche

Small Molecules Protein Bound Toxins

* Indoxyl-sulphate

* Hippuric acid 51 79)
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Adapted from Van Holder R et al Kidney International (2003); 63: 1934—1943



DIALISI CON ADSORBIMENTO
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ADSORBIMENTO

Blood-Membrane Interactions During Dialysis

Zhongping Huang,* Dayong Gao,1 Jeffrey J. Letteri, ¥ and William R. Clark$§
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A Langmuir isotherm is characterized by a linear relationship between the solid and solution
phases at low values of the latter. As solution phase increases, the solid phase concentration
reaches a plateau, corresponding to monolayer protein deposition. The slope of the initial linear
portion is proportional to adsorption affinity while the plateau surface concentration represents

the surface’s capacity



Membrane adsorbenti: PMMA, PEPA, ANG69.....

CARATTERISTICHE DEI FILTRI IN
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PMMA ADSORPTION DIALYSIS

NPLD

PLD

Total proteins g/dialysis session ~ 0.26 (0.20-0.32)  2.86 (1.28-4.13)

Proteins subfractions MW Densitomet

(% of total O.D.)
aq-antitripsin (50) 15.5 1.0
Prealbumin (54-61) 31.0 78
Albumin (66) 20.7 75.6
Transferrin (76) 17.4 10.9
IgG (150) N.D. 28

Lanes
Mw 1 2 3 4  |dentified
standard 3 382 ;__.‘,é“-ﬂ proteins

31-""".‘ - :-.-v_ -

= Transferrin 76 kD
= Albumin 66 kD
- = Prealbumin 54-61 kD

. =o,-antitripsin 50 kD

Galli F. et al KI 2005
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Relative adsorbed amount of total proteins (%)

PMMA ADSORPTION DIALYSIS
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PMMA ADSORPTION DIALYSIS

Table 2. Pre-HD levels of proteins, protein glycation and oxidation indices, cytokines and CRP, adhesion molecules, and MCP-1 in the plasma of
patients at baseline and after 6 months (end of the study) of treatment with PLD (study group) and NPLD (control group)

Healthy Control group on NPLD Study group on PLD
subjects Baseline 6 months Baseline 6 months
Plasma proteins and glycoxidation markers
Plasma proteins g/dL 76+13 6.7+04 6.7+09 6.9 +0.5 6.8 0.6
Albumin g/dL 45+09 41+03 39+08 40+04 38+04
Transferrin mg/dL 2724 £ 98.2 260.0 = 81.9 2529+ 67.7 256.4 +57.1 264.3 + 68.5
f-pentosidine pmol/mL plasma N.D. 1104 £30.2 112.5+27.6 106.1 +24.0 60.2 + 18.9°
Total pentosidine pmol/mg protein 1.4+034 26.5 +8.7 250+ 11.1 235+9.3 1544+ 520
Albumin-pentosidine pmol/mg albumin 5.4+ 4.6¢ 38.1 £ 16.6 379+ 18.0 363+ 142 238+ 8.9°
Protein carbonyls arbitrary units 39.1 +30.2¢ 260.5 + 165.6 2452 +177.0 229.8 + 156.8 132.2:+117.5%
AOPP arbitrary units 12.7 + 14.0¢ 100.3 £+ 68.6 1141+ 783 104.7 £ 60.2 64.6 + 56.6°
Cytokines and CRP
IL-1B pg/mL 2.74+119 44130 48+22 41+33 21 4+3.9%¢
TNF-u pg/mL 9.1+32¢ 19.0 £ 4.0 21.0+5.5 18.7+43 15.1 +3.1°
IL-6 pg/mL 24+ 094 5321 58+23 50+19 3.1 + 0.6f
IL-10 pg/mL 6.0 +2.5¢ 33+04 3.0£05 3.0£0.6 5.0 £ 4.4P¢
INF-y pg/mL 12.74+32F 99+1.5 109+19 92+1.6 12.6 + 1.7°
CRP mg/L 7.9 + 3.6¢ 25.8 £28.6 27.4+24.0 2.7+339 121 +9.1
Adhesion molecules and MCP-1
ICAM-1 ng/mL 232.5 + 89.6 2834 £ 653 282.9 +96.5 270.7 +77.8 240.8 + 67.6
VCAM-1 ng/mL 589.0 + 171.44 973.6 £435.9 938.5 £259.9 941.0 4582 7723 £2854
Selectin-E ng/mL 484 +16.5 63.5 =305 68.2 +26.9° 582+273 632 +36.7
MCP-1 pg/mL 2073 +91.54 420.1 £154.9 468.9 + 182.5 408.8 +170.2 3815+ 1415

N.D., not detectable. Data are mean + 1 SD.

ap < (.05 and ° P < (.01 vs. baseline values.

‘P < 0.05 and dP < 0.01 vs. patients’ data (when not otherwise specified).
¢ P < (.05 and not significant vs. healthy control subject data.

Galli F. et al KI 2005
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Membrane e sopravvivenza

RESEARCH ARTICLE 142,412 patients on maintenance hemodialysis considered (from 2008 to 2009).

Effect of dialyzer membrane materials on Patients treated with:

survival in chronic hemodialysis patients:

Results from the annual survey of the cellulose triacetate (CTA), ethylene vinyl alcohol (EVAL), polyacrylonitrile (PAN),

Japanese Nationwide Dialysis Registry polyester polymer alloy (PEPA), polyethersulfone (PES), polymethylmethacrylate (PMMA),and

polysulfone (PS).

Masanori Abe'"*, Takayukl Hamano®, Atsushl Wada®, Shigeru Nakai®, Ikuto Masakane®,
on behalf of the Renal Data Registry Committee, Japanese Soclety for Dialysis Therapy"

>>> 1 YEAR All Cause Mortality analysis (Cox regression) to estimate the possible association
with baseline membrane dialyzers use.

1-wear mortality risk
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CTA EWVAL PaMN PEPA PES PMMA PS
Fig 3. HR= of all-cause mortality after propensity score matching for six types of dialyzer groupg compared tothe PS group

using Cox proporti onal herards regression. *F <0001 vs. PS5 CTA, celluloss riscetate; EWVAL, ethyjens viny sfcohol; HR, hazsnd
ratio; PAN, polyacndoniirile; PEPA, polyesier polymer alloy; PES, pohyethersulfons; PMMA, polymetihdmenacipate; PS, polysulfones. Abe M et al, PLOS ONE, Sept 201 7



Infiammazione in uremia e CVD

Review Article International Journal of Inflammation
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Il fattore Solubile CD40 Ligando predittivo di mortalita e morbidita cardio vascolare
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Role of the CD40-CD40 Ligand Pathway in Cardiovascular Events, Neurological Alterations,
and Other Clinical Complications of Chronic Hemodialysis Patients: Protective Role of
Adsorptive Membranes
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HBV and sCD40

Immunology 2003 110 131-140
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Serum soluble CD40 levels (ng/ml) >

0.5- . after last vaccine injection whereas Non-responsive patients (NR,
| S = | n = 8) presented <10 IU/l. sCD40 values of each patients correspond
0 to the mean of the four sCD40 values obtained during the vaccination.
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. Imnmunology 2003 (110) 131-140



PMMA e vaccinazione HBV
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Polymethylmethacrylate Restores the function of dialysis patients: new findings of its amelioration using

Response to Hepatitis B Vaccination polymethylmethacrylate (PMMA) membrane
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Gender (M/F) 18/14 8/7 10/7
Dry weight (kg) 74 + 21 75+ 17 73 £ 26
Dialysis vintage 75+58 97 + 67 54 + 48

. months

Journal of Chronic Diseases and Management ( )
_ Type of dialysis Bicarbonate Bicarbonate Bicarbonate
j?zf:zsgj'zﬁqg;;t;;wem of Heprroiogy, Diatyss
Hospital of Arezzo, lialy, Emai: Ennio§ | ennindi@ibero Membrane Polysulfone-polyamide  Polysulfone- PMMA series BK-F

Adsorptive Hemodialysis DS

polyamide
Accepledt 18 ovemper 2018 # HBsADb (UI/L) <10 <10 <10

by Polymethylmethacrylate st orenoe 1

(PMMA): an update on Hepafitis ~ gziomme-

Copyright

I K T

OPEN ACCESS

B Vaccination Immunoresponce Patients

Ennio Duranti and Diletta Duranti*

Department of Nephrology, Dialysis Hospital of drezzo, Tuly Patients with HBsAb > 10 2 8

Percentage of responders 13 % 47 % LHI



PMMA e Prurito uremico
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Uraemic itching: do polymethylmethacrylate dialysis membranes
play a role?

Filippo Aveeia™=, Mimmo Vigitaote', Antonio Gesste®, Granfracco Marvecio, Angelo Specchio’
and Loreto Gesualdo®
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Fig. 3. Effect of BG-U (PMMA membrane) on the subjective
assessment of uraemic itch: average values of eight patients who had
nreviously been dialysed using low-flux membranes.
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IL PRURITO UREMICO: UNA SFIDA NON RISOLTA

F. Aucella, A. Gesuete

Struttura Complessa di Nefrolegia e Dialis, Ospedale “Casa Sollisvo delki Scfferanza, Istituto di Ricovero & Cura o Carattere Scientifico,
San Giovanni Rotendo [FG)

TABELLA 111 - ALGORITMO DI TRATTAMENTO DI UP

Toppe Possibili opzioni teropeutiche Livello Nomi commercioli & dose
di evidenza
STEP 1 * OMfimizzare la dialisi; efficienza, 3 filtei serie BG-U, Estor

biocompatibilitd, uso di membrane in PMMA
o Controllo del metabolismo calciofosfora
« Controllo iperparatiroidismo secondario

STEP 2 * Emolkenii ad alto contenuto di acqua 3 Lenoxiol Huido, Leviax lozione,
Catofil crema; 2 applicazioni al di
STEP3 * Creme alla Capsaicina allo 0,025% (offlobel) 1 Cerotto Bertelli, Dolpye,
Capsolin; 2 volte al di
¢ Capsule o creme a base di acido yinclenico ] Primrose oil, 2 cps/die o
Eucerin crema, 2 volte ol di
STEP 4 * Ciclo di terapia fisica con UVB ] 3 sedute a di alterni, indi
{a banda ristretia) 1 o settimang, sinoan 9
sedute totali
STEPS * Gabapentin post-dialisi {off-lobel] 1 Neurontin, Gabapentin Tava,
Gabapentin Sigma Tau; 100 mg
post dialisi e successiva titolazione
STEP 6 ¢ Carbone attivo per os 1 6 gr/die per cs
STEP7 * Nalfurafina ev o Butorfanclo infranasale 2 non ancora in commercio in ltalia
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Role of light chain clearance in the recovery of renal

function in multiple myeloma: another point of view

Acute kidney injury (AKI) in patients with multiple myeloma (MM) requiring renal replacement traatment (RRT) is assaciated with high
morbidity and mortality. Early reduction of serum free light chains (FLC) with adjuvant intensive hemodialysis (IHD) may improve
renal outcomes, We aim to evaluate the impact on kidney function of IHD (PMMA dialysis membranes or HFR) vs. standard dialysis.

Methods
.— Multiceniric relrospective
m— TUCY
$8498 25 potients (201 -2018)
AKI related to de novo
or first relapsed MM
;‘ Need of RRT
: .,
Same targeted MM therapy
(84% bortezomib-based }—«
theropy)

-

'HFR: hamodiafiltration with endogenous reinfusion
PMMA: polymathylmathocrylole membeanes

Intensive
hemodialysis (IHD)
n= 17
10 patients HFR'

7 pofients PMMA?

X 7

Standard
hemodialysis
n=8

Resulis

ti

76.5% patients dialysis-free
ot 6 months

13 patients recovered
kidney function
Median time to be dialysis-free:
21 days (IQR 14-55)
Average creafinine: 1.75 mg/dL

e

Conclusion: Early reduction of FLC with IHD as an adjuvant treatment along

with MM targeted therapy may exert a positive impact on renal recovery.

12.5% patients dialysis-free
ot 6 months
Only 1 patient recovered
kidney function

Ramos, N.

Clinical Kidney Journal {2023)
natalia.ramos@vallhebron.cot
@CKJsocial



HFR — HFR SUPRA

Pompa Sangue
@ f- di reinfusi
@ & o Evidence That p-Cresol and IL-6 Are Adsorbed by the
S HFR Cartridge: Towards a New Strategy to Decrease

Convezione

_ Systemic Inflammation in Dialyzed Patients?
Adsorbimento

QR Eleonora Riccio1, Mauro Cataldi2,, Lucia Grumetto3, Loredana Postiglione4, Bruna
Qr-mQul Guidas,Bruno Maristella Minco1, Gennaro Argentino1, Roberta Russo1,Stefania
Brancaccio1, Andrea Memoli1Memoli1*
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. e | Foris PLOS ONE. April 2014 | Volume 9 | Issue 4
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=
Qb, ‘
Before HFR After HFR Reduction Ratio (%) Before HD After HD Reduction Ratio (%)
Albumin (g/dl) 3.6+0.2 42+03 - 3.8+03 42+02
Total Cresol (mg/l) 11.6+6.3 58+2.7* 536+125 86+53 54+3.0' 37.1+202

IL-6 (pg/ml) 57.6+58.3 48.4+53.1 43+345 48.7+336 53.9+48.3




La mortalita della popolazione uremica in trattamento sostitutivo permane
inaccettabilmente alta principalmente per cause cardiovascolari. E noto infatti che
oltre i fattori di rischio tradizionali il paziente uremico presenta fattori non
tradizionali come 'accumulo di tossine uremiche e una condizione di aumentata
inflammazione

Emofiltrazione (HF): CONVEZIONE Emodiafiltrazione (HDF): HDF in PMMA:
~ DIFEUSIONEs CONVEZIONE =)  DIFFUSIONE+ CONVEZIONE

Emodialisi (HD): DIFFUSIONE + ADSORBIMENTO

SPETTRO DI MOLECOLE RIMOSSE CON LE DIVERSE METODICHE

PICCOLO PESO MOLECOLARE MEDIO PESO MOLECOLARE.

GRANDE PESO MOLECOLARE TOSSICI LEGATI ALLA PROTEINE



Criteri di inclusione

 Eta > 18 anni
« Eta dialitica > 6 mesi

Cross over

Gr. A

HD — HDF — PMMA-HDF

Gr. B

HDF — PMMA-HDF — HD

 Portatore di FAV con Qg di almeno Gr.C

300-350 ml/min
 Consenso informato

PMMA-HDF - HD —» HDF

Prelievi
A seduta Kt/V; Totale quota convettiva; durata metodica
Mensili Hb: Ferritina; PCR; TnT: P; Urea; ALB
Trimestrali Tossine: sFLC; 2m; p-Cresol; p-Indoxyl
Marker di flogosi: Epcidina; IL-6; TNFa; CD40L; NGAL




Durata seduta 224 234 222

(min)
Kt/V Volume convettivo (L / seduta)

2,4 a0 ”
15 = *
- .
- —
T
15 .
10 . i
&

= HD (n=256) 8 HDF (n=337) # PMMA-HDF (n=218) W HDF [n=3371 W PMMAHOF (n=215]

“p < 0.001 vs HDF “‘p < 0.05 vs PMMA-HDF
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HEPCIDIN % REMOVAL

100—_
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i LA HDF PMMA
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NUOVE TIPOLOGIE DI PMMA: RIDOTTA L'ATTIVAZIONE
PIASTRINICA

AN % - Protein adsorption
= m_, ’l“ _ Faelet b N ek : *D)
' 05 [
S e - ¥e > v =
FAG : ar
O O 66
. Strucrural 55
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30 ~
|
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= f ate cic
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membrane  membrane
Stractusaly-changed proteins: o ol Natoe structural proteins O ‘ - -

PMMA

Fig.7 Electrophoretic patterns of proteins adsorbed
by membrane?! ¥!

Fig.1 Schema of the protein adsorption mechanism on the PMMA membrane!)



Specifications NF-U Series

Type NF-1.3U NF-1.6U NF-1.8U NF-2.1U
Fibers Effective surface area (m?) 1.3 1.6 1.8 2.1
Effectie length (mm) 195
Inside diameter (um) 200
Membrane thickness (um) 30
Blood volume (mL) 83 103 118 135
Clearance (mL/min)* Urea 233 246 254 260
Creatinine 200 217 225 231
Phosphate 182 198 208 217
Vitamin By 110 128 140 149
Inulin 62 72 /77/——\85\
UFR in vitro (mL/hr/mmHg) ** 32 38 ( 45 48 )

* Clearance are typical data with aqueous solution. (Qz: 300 mL, Qp: 500= min, Qs 10=2 mlimin 0.:37x] °C)



Enhancing Immune Protection in Hemodialysis Patients: Role of the Polymethyl
Methacrylate Membrane

Rossana Franzina, Alessandra Stas,i Gianvito Caggiano Elena Squiccimarro , Vincenzo Losappio , Marco Fiorentino , Carlo Alfieri ,
Giovanni Stallone, Loreto Gesualdo, Giuseppe Castellano

Immature DCs Uremic Toxins

END-STAGE RENAL DISEASE  TLRé activated monocytes - Cytokine storm
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Indoxyl Sulphate*

40.0

30.0

20.0

10.0

0.0

HFHD
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m Baseline

® Treatment
after 2months

"Unpublished data

P-cresyl Sulphate*

40.0 38,9
32.8
30.0 312
22.6
20.0 _
10.0 _
0.0 |
HFHD HP

™ Baseline

= Treatment
after 2months



MULTIDIMENSIONAL CLASSIFICATION
OF DIALYSIS MEMBRANES

Surface
functionalization

Ronco C, Clark WR. Nat Rev Nephrol 2018; 14: 394-410 s
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