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Aspettativa di vita in dialisi



Emodialisi: pubblicazioni





Biocompatibilità dei materiali

Consensus conference on biomaterials, Chester, UK - 1986

Biocompatibilità

“Abilità di un materiale utilizzato per una data 
applicazione di agire determinando una risposta 

appropriata nell’ospite”



Bio(IN)compatibilità della dialisi



Stress ossidativo in CKD



Stress ossidativo in HD



Effetti dei ROS
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Science. 1922 Dec 8;56(1458):650-1.

Vitamina E…un po’ di storia



• 1938 Fernholz provides the

structural formula of vitamin E

and Nobel laureate Karrer synthesises

dl-a-tocopherol
Erhard Fernholz Paul Karrer

• 1980 McKay and King suggest that vitamin E functions as an

antioxidant located primarily in the cell membrane

• 1990 Kaiser and coworkers elucidate the singlet oxygen

quenching capability of vitamin E

Vitamina E…un po’ di storia



Vitamina E…fonti alimentari



• La Vitamina E è presente negli alimenti

sotto forma di esteri del tocoferolo

Vitamina E…metabolismo

• Gli esteri sono idrolizzati da un’estere-

idrolasi pancreatica e assorbiti a livello

dell’intestino tenue (51-86%) insieme agli

acidi grassi liberi e ai monogliceridi

• Successivamente incorporati nei

chilomicroni e trasportati al fegato

• L’alfa-Tocoferolo è la forma predominante nel sangue e nei tessuti; ciò è dovuto alla

presenza di una proteina epatica (alfa-TTP) che la incorpora all’interno delle lipoproteine,

attraverso cui l’alfa-Tocoferolo viene distribuito nei differenti tessuti

• Escreta principalmente attraverso le feci; in minima parte viene escreta con le urine sotto

forma di metaboliti idrofili (alfa-CEHC)

• La vitamina E è presente nella maggior parte dei tessuti, ma soprattutto a livello di

fegato, muscoli e tessuto adiposo



Vitamina E…carenza

Solitamente deriva da sindromi da malassorbimento dei grassi

Può comportare disturbi neuronali, retinopatia, compromissione 

della risposta immunitaria, anemia emolitica e disturbi ossidativi

La carenza di Vitamina E è rara!



Vitamina E…supplementazione orale

Reviewed in:

Galli and Azzi, 2010; Brigelius-Flohe and Galli, 2010; Viola et al., 2011

Consensus statement:

Oral supplementation of vitamin E is NOT

recommended for the secondary prevention of CVD

and cancer (at least in the general population)

Is there any clinical value?



2005

The HOPE and HOPE -TOO Trial

 Pz >55 aa, con malattia vascolare o diabete mellito

 Follow-up fino a 7 anni nell’estensione dello studio
 Gruppo trattato con Vitamina E 400 UI/die vs gruppo placebo 



Meta-analisi studi clinici su popolazione generale: 

Vitamina E e rischio di stroke



This could not be true in sub-groups of patients showing severe

oxidative stress, symptoms of suboptimal intake or deficiency

of Vitamin E, such as:

• Uremia and dialysis

• Cystic fibrosis

• Muscolar dystrophy and other degenerative forms of the

muscle and bone

• Ataxia and other genetic or acquired neuromuscolar

syndromes

Vitamina E…supplementazione orale

Is this always true?



2004



Vitamin E therapy in HD patients

VITAMIN E-coated

MEMBRANE

ORAL 

SUPPLEMENTATION



Boaz M et al., 2000

Study design: pts in HD with previous history of CVD

97 pts  800 UI/day vitamin E

99 pts  placebo

Follow-up 519 days (1 year and 5 months)

Parameters:

Primary endpoints: composite variable including fatal and non-

fatal MI, ischaemic stroke, periperal vascular disease, unstable

angina

Secondary outcomes: including total and CVD mortality

Significant results:

Vitamin E group  15 primary endpoints (5 MI)

Placebo group  33 primary endpoints (17 MI)

(54% reduction in primary endpoints and 70% in MI,

p= 0.014 and 0.016 respectivel,y in vit E treated group)

Vitamin E therapy in HD patients: oral supplementation



REGENERATED 

CELLULOSE
POLYSULPHONE

Vitamin E therapy in HD patients

• ORAL SUPPLEMENTATION

• VITAMIN E-coated MEMBRANE (VECM)



Sosa MA et al., NDT 2006

THE CONVERSION OF DIALYSIS PATIENTS TO A VITAMIN-E COATED DIALYSER IS 

ASSOCIATED WITH AN IMPROVEMENT IN  CIRCULATING BIOMARKERS OF LIPID 

PEROXIDATION, WHICH IS OF POTENTIAL CLINICAL BENEFIT



The International Journal of Artificial Organs / Vol. 31 / no. 6, 2008 / pp. 545-552

• Open-label multicenter study 

• 172 stable chronic HD

patients were shifted from their

previous dialyzer to VECM for

1 year

• Outcome measures:

- Hb

- Weekly rHuEPO dose

• Measured at:

- Baseline (Month 0)

- Month 4

- Month 6

- Month 12



35 patients, 6 months controlled trial

*
*
*

*
*
*



REGENERATED 

CELLULOSE
POLYSULPHONE

Vitamin E therapy in HD patients

• ORAL SUPPLEMENTATION

• VITAMIN E-bonded hemodialysers



Totally Sinthetic membrane

Polysulphone

• High mechanical and termic resistance 

• Hydrophobic

PVP

• Vinilic polimer

• Hydrophilic

VITAMIN E-bonded polysulphone
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VITAMIN E-bonded polysulphone



31 chronic HD patients for at least 6 months

with PS membrane



• Beneficial effect on ESA resistance

• Relevance of baseline PTH and Vitamin E levels in predicting ESA resistance 

Andrulli S et al.,  2010



Panichi V et al., 2011

62 patients were randomized (A-B or

B-A) in a cross-over design to Vit E

PS (treatment A) and to PS

(treatment B) both for 6 months.

Treatment with Vit E PS

membranes seems to lead to

a reduction in ESA dosage in

HD patients; in addition, a

low chronic inflammatory

response may contribute to a

sparing effect on exogenous

ESA requirements.



2011

Study design

Results

Conclusion

“Vitamin E-modified HD membrane is associated with a reduction in

ESA index and rHuEPO requirement in HD patients with CVCs. This

effect has already been reported by other studies in HD patients with

AVFs.

Although we cannot explain, on the basis of available data, how does this

effect occur, clinical data strongly suggest a possible role of Vitabrane in

improving the control of anti-anemic therapy over the RBC lifespan”.



• Aumentata biocompatibilità

• Minore attivazione delle cellule dell’immunità e delle piastrine

• Riduzione dell’infiammazione e dello stress ossidativo

• Minore distruzione dei globuli rossi

VECM: quali vantaggi?

MIGLIORAMENTO DELL’ANEMIA, 

DELLA QUALITA’ COMPLESSIVA DEL TRATTAMENTO

E DELLA COMPLIANCE DEL PAZIENTE 



Resveratrolo…una nuova arma?

 Derivato fenolico non flavonoide

 Estratto in natura da diverse piante (vite, mirtillo, gelso, 

gelso, arachidi…)

 Proprietà anti-infiammatorie e anti-ossidanti



2021



2021



PSF/RES membrane…una nuova arma?



Dalla membrana AN69 alla membrana HeprAN

La membrana AN69 trattata in Superficie

(AN69ST) è in grado di "catturare“ l'eparina

durante la fase di priming, migliorando così

l’emocompatibilità dell’AN69.

Successivamente l’eparina viene graffata mediante

un processo di “funzionalizzazione ionica

multipuntuale” che consente di legare in modo

irreversibile l’eparina alla membrana, offrendo la

possibilità di ridurre o eliminare la

somministrazione di eparina durante il

trattamento.

La membrana AN69 è costituita da un

copolimero di acrilonitrile-metallil sulfonato di

sodio (gruppi sulfonato anionici), caratterizzato

da una struttura ad idrogel simmetrica ed

omogenea.

Elevate proprietà adsorbenti nei confronti di

anafilotossine (frazioni attivate del

complemento), citochine (IL1, IL6, TNF) e medie

molecole (β2M ).

Non induce leucopenia intradialitica né

piastrinopenia.



Biocompatibility of heparin-grafted hemodialysis membranes: 

impact on MCP-1 circulating level and oxidative status

Morena, M., Jaussent, I et al. (2010). Hemodialysis International. 14. 403-410.

Methodology/Design:

A prospective observational study aimed at evaluating the efficacy and biocompatibility
performances of the Evodial Dialysers with and without systematic heparin reduction

Participants:

6 HD patients enrolled, each patient being their own control

Intervention:

First blood sampling performed at baseline, after 4, 8 and 12 weeks of treatment from
baseline (dialysis conditions remained unchanged for each patient)

Primary and Secondary Outcomes:

• Efficacy and biocompatibility performances of the Evodial vs a polysulfone
membrane with equal effective membrane surface area

• The potential beneficial effects of Evodial dialysers in lowering systemic heparin
dose



Biocompatibility of heparin-grafted hemodialysis membranes: 

impact on MCP-1 circulating level and oxidative status

Morena, M., Jaussent, I et al. (2010). Hemodialysis International. 14. 403-410.

Results:

 Parameters of dialysis efficacy were not significantly different between dialyzers except for

β2M reduction rate

 No significant difference was observed with parameters of inflammation (IL6, TNFalfa,

RCP, fibrinogen) and oxidative stress

 By contrast, use of Evodial during 4 weeks was

associated with a decrease in postdialysis MCP-1

level

 The use of Evodial dialysers with 30%

lowering of the dose of systematic

heparin was associated with a

prevention of oxidative status
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A crossover study of the acrylonitrile-co-methallyl sulfonate and 

polysulfone membranes for elderly hemodialysis patients: 

The effect on hemodynamic, nutritional, and inflammatory 

conditions. 

Furuta et al. ASAIO Journal 2011; 57:293–299.



A crossover study of the acrylonitrile-co-methallyl sulfonate and 

polysulfone membranes for elderly hemodialysis patients: 

The effect on hemodynamic, nutritional, and inflammatory 

conditions. 

Furuta et al. ASAIO Journal 2011; 57:293–299.



No-heparin hemodialysis: Results of the HepZero Study 

• Prospective, multicenter, international, open label RCT

• Non-inferiority comparison: No-heparin haemodialysis (standard of care) vs heparin grafted dialyser 

The heparin grafted membrane is a safe, helpful and easy-
to-use method for heparin-free haemodialysis in patients 

with an increased risk of haemorrhage



• 32 cases with PES/PS 

membranes

• ~ 85% of patients 

switched to

a different PS/PES 

dialyzer 

had another reaction

• Patients switched to 

PAN

dialyzers had no 

reactions

• PAN membrane is a 

suitable 

alternative for patients 

who experience 

reactions 

to other dialyzers

Boer WH, et al. Neth J Med. 2017; 75:4–13

Patients with acute reactions to PS/PES membranes should be switched directly

to non-PS/PES dialyzers, such as CTA (cellulosic), PAN (AN 69), or PMMA, which have

demonstrated a better biocompatibility profile



• Elevata biocompatibilità

Membrana HeprAN: vantaggi e indicazioni cliniche

• Trattamenti con meno/senza eparina

• Limitazione dell’infiammazione,
rimozione mediatori dell’aterosclerosi
e miglioramento stato nutrizionale

Sensibilità alle 

membrane in 

polisulfone

Emorragia in atto o 

elevato rischio 

emorragico

Sindrome MIA



Membrane e anticoagulazione: Hydrolink

La membrana HYDROLINK,

propone una tecnologia

innovativa che adotta l’acqua
adsorbita sulla superficie

della membrana come unica

interfaccia con il sangue,

evitando l’adesione delle

proteine e la stimolazione

delle piastrine.

Questa membrana ha la

caratteristica di promuovere

l’afflusso di acqua dal comparto

ematico sulla sua superficie,

formando uno strato acquoso

continuo che può migliorare

l’emocompatibilità del

contatto membrana/sangue.



Contrib Nephrol 2017



HYDROLINK: 

reduction of heparin 

during HD treatment

Results: More patients in the study group reached heparin-free dialysis without clotting events
during the heparin reduction test. The NV dialyzers displayed anti-thrombogenic effects as
compared to conventional dialyzers.

2017



HYDROLINK: 

reduction of intradialytic 

hypotension

2017

Results: The total number of treatments for IDH decreased
significantly in NV group, even though pre-dialysis body weight
and ultrafiltration volume were similar. In addition, patients
using NV had significantly higher post-dialysis SBP and the
lowest SBP during HD at sixth month compared as those in
PS/PES group.



Hydrolink: vantaggi e indicazioni cliniche

• Potenziale miglioramento ipotensione

intradialitica

Efficienza dialitica 

non adeguata per 

ridotta dose 

anticoagulazione

Frequenti episodi 

di IDH

• Migliore antitrombogenicità

• Eccellente rimozione di tossine

uremiche a medio peso molecolare



Take home message

• Ogni membrana ha le proprie caratteristiche in

termini di materiale e di performance

• La scelta della membrana dipende dalle necessità

cliniche e dialitiche del paziente

• Non esiste la membrana dialitica perfetta, ma la

ricerca è in corso



The best way  to predict the future is to create it
Peter Ferdinand Drucker (1909 - 2005)

Grazie per 

l’attenzione!


