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Hemodialysis

From Basic Research

H Bepameia umokaTdoTraong ThG VEQPIKAC AgiToupyiag pe
aigokdOapon amaitei Thv Xpnon «EEvwv» UAIKWY, 6TTWCE ol
pepPpdaveg, Ta omoia GpwWC He Tn ogipd Toug emtnpedlouv
dpVNTIKA TO AVOOOTIOINTIKO cUOoTNHA.

H maBoguaioAoyia Tng povadikng oxéong petalu
AgIToupyidC TOU AVOOOTIOINTIKOU  OUOTAUATOG, TNG
oupaipia¢ kair Tng d1adikaciagc ThG aldokdOapong amaiTei
épeuva oec Pdabog, WoTe va eival aTMOTEAEOUATIKEG Ol
omroleaddNToTE OepameuTIKEC TTapepPATEIC.

Coen G, Haag-Weber M, Horl WH. Immune dysfunction in uremia. Kidney Int 1997:52:79-82.



AAAnAouxia pPiloAoyIKWyY YeYovOTWY OThV Topeid amd To
pualoAoyikOo oTo TtaBoAoyikd. OTav £pBel o opyaviopog oe
eTtapn pe éva taboyovo mapdayovrta (PakTApIo, 16, PUOIKOC R
XNUIKOC €iaPpoAéac, aAAepyioyovog, ToEIKOC N OTTOIOGONTIOTE
TapdyovTta¢ «EEévoc» TPOC Tov opyaviopd) n piloAoyia Tou
aAAalel K TpoTroTrolEiTAl.

Otvav akoAoUBw¢ amaiTnOei kdAmoia¢ popyh OepaTteia
(avTiPiwon yia PakTApio) TOTE WIAAUE Yid OepaTeuTIKA
KAIVIKA PloAoyia.

Stefoni s, La Manna G, Perna c, et al. Clinical biology of artificial organ substitution. Nephrol Dial
Transplant 1998,13:51-54.


http://ndt.oxfordjournals.org/content/current
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Stefoni s, La Manna G, Perna c, et al. Clinical biology of artificial organ substitution. Nephrol Dial
Transplant 1998;13:51-54.
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» KdBe uyeuppdvn xapakthpiletar amé Thv
amodoo] TNG, TNV IKAvOTNTd TnG dnAadh va
amopakpUVel oupdidikéC Toiveg Kal uypd amod Tov
avBpwmivo opyaviopd, Xwpi¢ Thv amwAeia
amapaiTNTWy oucIWY, Kai amoé Tnv PlocuyParotnta
TNG, ONAAOAR ThV IKAVOTNTA TNG vd TPOKAAE( TIC
AlyoTepec duvaTtéc avemBuunTec aAAnAemidpdoeic
KATA ThV €TTAPA TNC HE TA OTOIXEIA TOU dipaToC.

> H 1davikn pepppavn AMK €xer uynAn anodoon
Kal ToAU KaAn Piooupparornra.
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To Oéua Tnc PloouupatoéoTnTac Wmopesi  va
diaxwpioO¢i aog OUo €10wv aAAnAemidpdocig:

a) Thv aAAnAeTtidpaon aipato¢ Kai pepppdavng
0To oUOTNHA eCWOWUATIKAC KUKAoWopiag Kal

B) Tnv aAAnAemtidpaon aipatoc kai evéoBnAiou.

O diaxwpiond¢ autog umevBupilel 0TI poOvo
0tav. n  dAAnAemidpaon  aipartog-evéoOnAiou
dlatapaxBei  yivovrar avrTiIANTTEC 01  OTOIEC
diatapaxé¢ amé Thv dAAnAemidpaon aipdatog-
uepppdavng aigokdBaponc.

Hakim RM. Clinical implications of hemodialysis membrane biocompatibility. Kidney Int 1993,44.484



http://www.nature.com/ki/journal/v85/n3/

Key features of high performance membrane dialyzers

Influence of design and chemical composition
on membrane performance

Influence of membrane characteristics on clinical status

Consideration of membrane features as part
of the hemodialysis prescription



Aciktec BiooupyparoTnrac

+ Evepyotoinon cupTTANPWHATOC

- Evepyomoinon Twv AgUKWYV aipgoogaipiwy
+ Evepyomoinon Tng mhgng

+ Evepyomoinon Twv aigomeTahiwy

+ Evepyomoinon povoTtupAvwy

« AeppokUTTApA
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Clinical implications of hemodialysis membrane
biocompatibility

EDITORIAL REVIEW

Table 1. Types of hemodialysis membranes

Membrane type Membrane structure
Cellulosic
Cellulose Polysaccharide units with hydroxyl
groups formed from cotton fibers
Derivatized cellulosic

Cellulose acetate Cellulose with 4 out of 5 hydroxyl

groups replaced with acetate

Hemophane Cellulose with 1.5% hydroxyl
groups replaced by
diethylaminoethyl radicals

Synthetic polymers

Polyetherpolycarbonate Hydrophilic synthetic

Ethylvinyl alcohol Hydrophilic synthetic

Polysulfone (PS) Hydrophobic synthetic

Polyamide Hydrophobic synthetic

Polymethylmethacrylate Hydrophobic synthetic

(PMMA)
Polyacrylonitrile (PAN) Hydrophobic synthetic

Table 2. Sequelae of complement activation (alternative pathway)

1. Release of anaphylatoxins (C3a, C5a) leading to:
Smooth muscle contraction
Increased vascular permeability
Release of histamine from mast cells
2. Formation of membrane attack complex (C5b-9)
3. Activation of neutrophils
—Degranulation and release of granulocyte enzymes (such as,
proieases)
—Production of reactive oxygen species (ROS)
—Increased expression of adhesion receptors
—Enhanced arachidonic acid metabolism (LTB,) and PAF
4. Activation of monocytes
—Increased transcription of IL-13 and TNF-a

Table 3. Surface potential of hemodialysis membrane®

Membrane Charge
Cuprophane® ~0
Cellulose acetate -3.4
Polyacrylonitrile -153.9

* Methylene blue dye method
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EDITORIALES
Clinmical relevance of biocompatibility. « The
material cannot be divorced frorm the
device»

H. Klinkmann (1), D. Falkenhagen (1) and J. H. Courtney (2)
(1{) Klir"_:l far Innere Medicine, W-Pieck University Rosto ¥
cccccc i

n
cccccc Glasgow, Reino Unido.

tock. Republica Democratica de Alemania. (2) Bioingineering Unit, University

Table 1. Definition of biocompatibility

_._____——
Biocompatibility

No: — Thrombogenic toxic, allergic, inflammatory reaction.
— Destruction of formed elements.
— Changes in plasma-proteins and enzymes.
— Immunologic reactions.
— Carcinogenic effect.
— Deterioration of adjacent tissues.

M_
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Clinmical relevance of biocompatibility. « The
material canmnot be divorced frormrm the
device»

H. Klinkmann (1), D. Falkenhagen (1) and J. H. Courtney (2)

(1) _Klinil far Innere Medicine, W-Pieck University Rosto a

] L& n > ck. Republica Democratica de Alemania. (2) Bioingineering LInit, University
cccccccccccccc Glasgow, Reino Unido.

Table 1IV. Direct biological activity of complement
activation

Releasing of
— Biological active substances form cell granules.
— Thrombokinase from platelets.
— Lysosomal enzymes from granulocytes and B-lymphocyles
(collagenase, elastase).
Opsonization of bacteria and viruses.
Immune adherence of neutrophile, monocytes, B-lymphocytes
macrophages.
Stimulation of antibody production of lymphocytes.
Membrananalysis of bacteria, viruses, tumor and endothelial cells.

ﬂ
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EDITORIALES
Clinical relevance of biocompatibility. « The

material cannot be divorced from the
devices»

H. Klinkmann (1), D. Falkenhagen (1) and J. H. Courtney (2)
(1) _Klinil far innere Medicine, W-Pieck University Rostock. Republica Democritica de Alemania. (2) Bicingineering Unit, University
of Strathclyde.  Glasgow, Reino Unido

Table VII. - Influence of different dialysis
membranes and anticoagulants on

m

Table VIII,  Main factors influenting the

biocompatibility of  dialyzer beta-thromboglobulin (BTC) release
L T T A ——
. Lt . BTG (ng/ml,
Blocon’&\pauglhty of a dialyzer. MebraneAncsaguln
= Membrane. Jmin, 6min. 9 min,
— Sterilization, —————me
— Flow-geometry. Cuprophan None 70 101 154
— Matera Cuprophan Heparin (11Uml) 89 102 103
y Cuprophan Citrate (15 mmolll) 42 0y

T An 695  None 74 105 205
— ! An69S  Heparin(llUml) 61 71 85

An695  Citate(Smmoll) 44 38 48
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http://www.revistanefrologia.com/revistas/P1-E565/P1-E565-ES.pdf

a) umdpxouv TOAAd ouoThpata afioAoynonc Tng
BrooupparoTntag Twyv peuppavwy AMK trou kdBe éva
amo auTd £XEl HEIOVEKTANATA,

B) dev umtdpxouv TTOAAEC HEAETEC TTOU va OUYKpPivouv
Heydho ap1Ouo pepuppavwy petal Toug,

V) vyia Adyoucg TeXVIKOUC o1 HEAETEC aAUTEC eV €XOUV
pHeydAo apiBuo appwoTtwy,

d) n eKTiPNON Tou «@paivopévou» PlroouupaToTnTa Kai
n emidpaon Tou oThv KAIVIKA KATdoTdon Twv doBevwyv
dev eival TTARpWCG KATavonTo aThv oAdGTNTA TOU KAl

£) w¢ @aivépevo n Piooupparétnta dev  eivai
HOVOONUAVTO Kal ETTOHEVWCE TO OTTold OUUTTEPAOUAT
o€ TTOAAEC TTEPITITWOEIC EAEYXOVTAI.



0A0G TWV CD14+/CD
) qTé'rnTa pepppav

O1 Ttep1000TEPEC HEAETEC, TTPOKEINEVOU VA
HeEAETAOOUY TO Waivopevo Tn¢ PpiroouvuparorTnrac,
eoTidlovTal aThv TTaBoyuaioAoyia Twv
TTOAUHOPYOTIUPAVWY KATA Th O1dpKEId TG
ouvedpiac aipokadapong.

(lotdoo n diadikacia Tng AMK emhpeale
KaTe€oxnNVv Ta HoVOKUTTAPA Ta oTroid & TTOAAEC
TEPITITWOEIC £XOUV Td id1d HOpIa TTPOOKOAANONG
ve Ta moAupopywotUpnva (CD11b, CD1lc k.a.).

Alvarez V, Pulido R, Campanero M, et al. Diffrentially regulated surface expression of
leukocyte adhesion receptors on neutrophils. Kidney Int 1991;40:889-905.


http://www.nature.com/ki/journal/v85/n3/

» Ta pHovokUTTApd TOU TrE

| Evac  OHOIOYEVA .
OlakpiveTal oe  OldpopouC  umoTTAnBuopoUg
avaAoya pe Tou¢ pHeuPpavikoUC Oc€iKTeC, TOU
Ka©&évac amd autoucg wépel.

> H peydAn mAsioyngia Twv povokutTdpwy (90%)
givar Oemika  otov  Ociktn CDI14*  (pia

vAukomtpwTeivn BDKd) kai apvntikd otov deikTn
CD16".

» Mepovwpéveg BiPAloypagikéC avagpopeg
aliohoyoUv Tnv PiooupPparoTnta Twv HepPpavuv
aigokdBapaong pe pdon to CD14* kai Tn axéon Tou
HE TNV EVEPYOTIOINON TOU CUUTIANPWHATOC.

Nochher WA, Scherberich JE. Monocyte cell-surface €D14 expression and soluble CD14

antigen in hemodialysis: Evidence for chronic exposure to LPS. Kidney Tnt 1995:48:1469- |

1476.



http://www.nature.com/ki/journal/v85/n3/

Amono)\uoaxxapléng (LPS) yvwoTto w¢ CD14+.

Ta KUTTApa auTd meplypdpovTdl We
CD14+CD16* povokuTTApPQ.

2 € UYIh TTANBuopd o uttortAnBuopoc Twyv CD14+
CD16* povokUuTTApWYV AVTITIPOOWTTEVEI TTEPITIOU
10 7-10% TOU OUVOAOU TWV HOVOKUTTAPWYV TOU
TTEPIPEPIKOU AipATOC.



via -
TIPOPAEYHOVWOEIC  KUTTAPOKIVEC, €VW O
uttommAnBuopéc  CD14*CD16* Tapouaoialel
XAPAKTNPIOTIKA €AATTWON OTNV TEPIPEPIKA
KUKAopopia Ta  TpwWTd  AemTd@  TnG
aigokdBaponc.

Sester U, Sester M, Kaul H, Girndt M, Kohler H. Strong depletion of CD14+CD16+
monocytes during haemodialysis treatment. Nephrol Dial Transplant 2001, 16:1402-1408.

H evepyomoinon Tou OUPTTANPWHATOC Kdl N
mapaywyh avaguAatofivwv C3a kar Cha
PaiveTdl va £Xel onuaivovra poAo.

Ando M, Lundkvist |, Bergstrom J, Lindholm B. Enhanced scavenger receptor expression in
monocyte-macrophages in dialysis patients. Kidney Int 1996,49:773-780.




APXOUV HEAETEC
ouvedpie¢ AMK pe ouvBeTikéC pepppaveg, ol
OTT0IEC OTIWC €ivdl YVWOTO €VEPYOTTOIOUV TTOAU
AlYOTEPO TO oUOTNUA TOU CUUTTANPWHATOG.

EmmpooBeTa, o umomAnBuouoc CD14+CD16*
gival AlyoTepo euaiobnto¢ othv emidpaocn Tou
ouumAnpwparo¢  e€aitiac  ToUu  HIKPOTEPOU
apiBpov umodoxéwv Tou @éper (CD11b/CD18,
CD35).

Mege JL, Capo C, Purgus R, Olmer M. Monocyte activation of transforming growth factor p
in long-term hemodialysis: Modulation by hemodialysis membranes. Am J Kidney Disease
1996;3:395-399.



http://www.ajkd.org/current

+ EkToC amd To oloTnua Tou cupTAnpwWHAToc,
euBUveTal n ameuBeiacg evepyoTtoinon Twyv
HOVOKUTTAPWY dTO ThV £TTAPA TOUC HE ThV
HepPpdvn Tou @iATpou Kai n UTtapén PAKThPIaKWY
evdoTo vy aTo didAupa ThG diokdBapong.

Balakrishan VS, Jaber BL, Natov SN, et al. Interleukin-1 receptor antagonist synthesis by peripheral
blood mononuclear cells in hemodialysis patients. Kidney Int 1998,64.2106-2112.


http://www.nature.com/ki/journal/v85/n3/

evéoBnAiakd kUTTapa ;tucpavu ovTal Thv idid
OTIYUA oThv id1a TtepioXHh.

IdiaiTepa Ta wWpIndTEPA HOVOKUTTAPA, TIOU
EXOUV auinupéva mood popiwv TpookoAAnong,
Tayi0elovTdl TIApdTETAHEVA OTHV TIVEUHOVIKA
KUKAopopia kal dpyoUv va emavéABouv oThv
OUOTNHATIKA KUKAowopia o€ oxéon HE Td

avwplipa.

Gabriel HH, Kindermann W. Adhesion molecules during immune response toexercise. Can
J Physiol Pharmacol 1998 ;76 :5712-523.




TEPIOCOTEPO ATIO TOV XPOVO evspvonounong_
Tou oupmAnpwpartocg (mepimou 120 AeTtTd).

To vyeyovo¢ Opweg OTI T HovokUTTdpd
ETIOTPEPOUV OTNV OUOTHHATIKA KUKAowopia
ve auvfnuévn  ékppaon Twv  Hopiwv
mpookoAAnonc CD1lb, CD1llc kar CD86,
dcixvel OTI To oUOTNHA evepyoTroinong Twv
HOVOKUTTApwWYV aTtoTeAei €vav damd Toug
EVOXOTIOINTIKOUC TTAPAYOVTEC TOU

PAIVOPEVOU TNC 'Xpoviag PAeyHOVAC' .

Gibbons RAS, Martinez OM, Garovoy MR. Altered monocyte function in uremia. Clin
Immunol Immunopathol 1990;56:66-80.




v ApoU n mayideuon Tou CD14*CD16* umomAnBuaopou
TWV HOVOKUTTApwv damoTeAei euaioBnto OcikTn
emidpaonc TNC eEWOWPATIKAC KUKAowopiac oTd
HOVOKUTTAPA, €ivdl AOYIKO va HTopei va dAmoOTEAEI

0cikTn Kai yia tn proouyPparoTnta Twv pepppavuwv
AMK.
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ONOMAXIA OI'KOYX EIIIPANEIA IIAXOX UF
(Amooteipnon) (ml) (m?) (n) (ml/mmHg/hr)

1. Aypogavn (GFS-PLUS 16) 95 1,7 8 9.4
Atnog

2. Kovnpogavy/Bit E 90 1.5 22 7.1
(CLCI15NL)
ATpog

3. ToroEewxn »urtapivy 105 1,7 15 11.8
(SUPERFLUX 170G)
v axtw/ETO

4. PMMA 76 1,3 20 8.8
B3-1,3A
T ORTIV

5. AN69 122 1,7 50 48
(FILTRAL 16 HF)
v axtw/ETO



Table |
Mean value (£5D) of CRP before the beginning of session: white blood cells (WBC), percentage of neatrophils (NEU), lymphocytes (LYM), monocytes (MONO), CD14+,
CD14+CD16#, NK, and NK-like cells (1) before the beginning of the session, (2) 30 min after the beginning of the session, and (3) at the end of the session

CRP WBC | WBC2 WBC3 NEU | NEU2 NEU3 LYM 1 LYM2 LYM3 MONO | MONO2 MONO3 NK1 NK3 NK-LIKE | NK-LIKES €I 1 (D142 CDI4E3 COM#16# | CDIE 162 COM 1643
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Figure 1. Differential sequestrati
beginning of the session t=0), (2)3

The drop of the CD14+CD16+ subpopulation after 30
min of dialysis was striking and detectable in all patients
(p<0.05), and this population then started to rise during
ongoing dialysis. At the end of the session, the levels of
CD14+CD16+ monocytes remained suppressed signifi-
cantly compared to pre-dialysis levels (p<0.05). The
CD14+CD16+ subset decreased to 73.70% of pre-dialysis
level at 30 min and to 55.64% of pre-dialysis level at 240
min. The percentage of NK remained significantly sup-
pressed until the end of the session (p<0.05).

Cellulose Triacetate (CTA)

The total circulating leukocyte numbers strongly
decreased during the first 30 minutes (p<0.05) of a treatment

on kinetics of CD14+CD16+ blood monocyte subsets with different dialyze
0 min from the beginning of the session (t=30). and (3) at the end of the session

2
CD14+16+ ANG69

8,00

7,00 4
6,00
5,00
4,00
3,00 4
2,00
1,00
0,00 +—

rs (1) before the
(t=240).

session and then started to rise. Within 240 min of treat-
ment, white blood cells remained suppressed (p<0.05).
The percentage of monocytes increased during the first 30
min of dialysis (p<0.05) and at the end of the session was
nearly at pre-dialysis levels (p=0.526).

The drop of the CD14+CD16+ subpopulation after
30 min of dialysis was also striking and detectable in all
patients (p<0.05), and this population also started to
rise during ongoing dialysis. At the end of the session,
the levels of CD14+CD16+ monocytes remained sup-
pressed significantly compared to pre-dialysis levels
(p<0.05). The CD14+CD16+ subset decreased to
23.47% of pre-dialysis level at 30 min and to 13.04% of
pre-dialysis level at 240 min. The percentage of NK

remained significantly suppressed until the end of session
(p<0.05).
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YOKUTTAPIKA IKAVOTNTA- £

» Ta moAupoppoTmiUpnva Kai Td HovoTtuphva amoTeAoOUV

Td ONHAVTIKOTEPA KUTTAPA E€TIPPOAC Kal £TidpAong
oc {id o€ipd pnxaviopwyv ToU ouvoéovTdl e
pAeypovwdeIC KATAOTAOEIC.

» Na va ekmAnpwoouv TOoVv dAHUVTIKO TOoUuC poOAo Td

TToAUoppoTUpnva ogeidouv va avayvwpilouv Thv
eoTia TnC Aoipwénc, va TpPookoAAoUvTal OTO
ev00OnAlo Twv TpIXoeldwv TnNC TEPIOXAGC, vd
pHeTavaoTeUouv OIAUECOU TOU ayyeldkoU TOIXWHATOC
OTHV TEPIOXA TIOU  @Aeypaivel, va dokouv Th
(PAYOKUTTAPIKA Toug Opdon, va BavaTtwvouv Kdl vd
«XWveUouv» Toug utteUBUVOUC HiKkpoopyaviopoug.




N OIAPKEIC
QOoTIUpnva X

d) TPOOTATEUTIKOUC pnxaviopouc mou Ba
£yyunOouv Thv akepaidoTNTA TOUG aTo £XOpIKO
Aoipwdeg mtepiPpdaAiioy,

B) amevepyoToinon Twv dIKWY TOUC TOE IKWY
TTapaAywywyv waoTe va amopeuxBOei n PAAPn oe uyin
10TO KAl TEAOC

Y) ouvexn peTavdoTeuon eTITTAEOV PAYOKUTTAPWV.

Hemodialysis
From Basic Research

asic Reses
to Clinical Trials

4

Markert M, Waridel PA, Heierli C, Wauters JP. Neutrophil functions during hemodialysis. Contrib Nephrol
1988,62:99-108.



Upvlu'uv onAad
Tdpwang,
ong Twv ulkpobl
amoTeAei Hia amd TIC TAEOV OUYXPOVEC KAl
TToAAd UTTOOXOUEVEC EQPAPHOYEC TNG
KUTTAPOUETPIAC POAC.

H paoikn apxni baonZsTal oToV svo«p@a)\ulouo
ToAUpopoTIUPNVWY N uovonupnvwv oc
pBopiwv UAIKO pPakTnpiwv Kkal HeTPATAl TO
o006 Kal n évraon Tou @Ooplopou w¢ évdeiln
PAYOKUTTAPIKAC IKAVOTNTAC.

Hampton MB, Witherbourn CC. Methods for quantifying phagocytosis and bacterial killing
by human neutrophils. Journal of Immunological Methods 1999,232:15-22.




v Kevtpiko poAo oth avTipikpopiakn dpaocthpidTnTd
éxel n avamveuotikn ékpnén (oxidative burst), n
IkavoTnTd OnAadA TWwWV  @AYOKUTTAPWV  ToOU
avoolakoU pa¢ OUOTAHATOC va auidvouv  Thv
katavdAwaon ofuyovou oec poplakd emittedo péoa
o€ 01doTnUA OEUTEPOAETITWY.



> H pavorurrapivii iavornra

IKAVOTNTd TWV 0 |
pPavouv Ta HikpOPI VATIVEUOTIK

ekppaler  Thv oTnTa  TOU
(PAYOKUTTAPOU vd Ta Oavatwvel, HETPWVTAC TV
Tapamdavw  KaravdAwon — ofuyovou  Tou
dTTAITEITAI YIA AUTO TO £pYoO.

v .

» Omtwe Oa ¢avei kaAUTepa TmapakdTw, Eivai
alloonueiwTo Kar mMOavoev va WTopEi  va
armmoteAéoel  évav  VvEo  eguxpnoto  OciKTnh
ouykpion¢ Kar afioAoynonc Twv pepPppavuiv
AMK, o apiBuéc Twv paktnpidiwv ToU
PAYOKUTTAPWVOVTAlI avd KUTTApo dAAd Kdi h
diapopoTmoinpévn  oCeIBWTIKA IKAVOTNTA TIOU
Ttapouaoidlel 0 TTANOUOHOC TWV
TToAUpopPOTIUPNVWYV/ HOVOKUTTAPWV.

Lehmann AK, Halstensen A. Phagocytosis: measurement by flow cytometry. Journal of
Immunological Methods 2000;243:229-242.



EVEC 0OTA TApATAv

iﬁ JtwOei 4 utoBéaeig
| daipgokaBapong

0paoTnPIOTNTA.

> H mpwrtn paciletar oto 0TI n eEWOWPATIKA
KUKAopopia Tpoodppolel avaAoya Thv €Ekgppacn
TWV Hopiwv TPOoOKOAANONG Twv @AyoKUTTApwvV
Kdl €VEPYOTIOIEi avTioToixa Thv pPakTnpioyovo
dpdon Touc. H mapamdvw diadikacia axeTieTal
aueoa pe TO oUOTNHA TOU OUUTTANPWHATOC KAl
eCapTdral amo 1o UAIKO TnhC pepppdvng AMK.

> H deUTtepn umdBeon piAdel yia puBuion Tpo¢ Td
katw (down-regulation) Tng AciToupyiag Twv
PAyoKUTTdpwV KATW damd Tnv emidpacn ToOU
OUHTTANPWHATOC.




» H 1piTh u6Beon PpacileTal oTnv emidpaon TNG
eEWOWUATIKAC KUKAowopidc oTnv Tdpaywyh
KUTTAPOKIVWY ATt Td HOVOKUTTApPd.

» Mia TétapTn damoyn via Thv emidpaon TNC
aidokd®apong oTn @ayokUTTdpikh AgiToupyia
eoTidletar otnv amoudkpuvon We high flux
neuppaveg KUKAOQOPOUVTWY  TIPWTEIVWYV
avdoTAATIKWY TG payoKUTTApwWOnG.



~ ThV @AYOKUTTAPIKA IK
Aocpalpiwv KATW

Coratelli kai ouv. T I
VvV AEUKWYV
eidpaon
TpIWV  Ol1dPopETIKWY  Hepppavwy  AMK
(kouTtpopdvn, avaysvvnuévn KUTTdpivn,
ToAUaKpIAoVITPIAN) Kal TtapaTnpRpnoav pia
TTTWON TNC @QAYOKUTTAPIKAC IKAVOTNTACG
(am6 49% oe 20% oTnv KouTtpopdvn, Ao
57% oc 25% otnv avaysvvnuévn KUTTApivn
kai amdé Bl1% oe 48%  oTnv

ToAuakpiAovITpiAn), n omoia dev
diaTnpnOnke yia moAU agouU ol TIHEC TNC
PAYOKUTTAPIKAC d0paoTnNP10TNTAC

etavhABav oTa apxikd Toug emimeda Aiya
AeTITA améd Thv évapln The ouvedpiac.

Coratelli P, Rizzi R, Schena A, Pavone V, Specchia G, Liso V. Neutrophil function
during hemodialysis: Effects of three different membranes: In: Smeby LC,
Jorstad S, Wilderoe TE, ed. Proc Int Symp Immune and Metabolic Aspects of
Therapeutic Blood Purification Systems. Karger, Basel, 1986:137-143.
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v Tlapopoiwcg, o Vanholder kai ouv. To 1992

OUYKpivovTac ™ PAYOKUTTAPIKA
dpaoTnpioTnTa Kard tn Oidpkela AMK pe
diapopeTIKEC  pepppdvec  (koumpogdvn,
aigopdvn, AN69, PMMA, moAugouApovn),
0¢ OdldmioTwoav OTATIOTIKA ONHAVTIKEG
O1dpopéC oTo HeTAPOAIKO TpoWiA TNG
PAYOKUTTAdpwong HeTall Twv aoBevwv.

Vanholder R, Van Landschoot, Waterloos MA, Delanghe J, Van Maele G, Ringoir S.
Phagocyte metabolic activity during hemodialysis with different dialyzers not
affecting the number of circulating phagocytes. Int J Artif Organs 1992;15:89-
92.
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OTIKAG €KPNENC
LHEgRavn Kot ANGS

< Aev umdpxouv oTtn PipAioypapia dedopéva Tou vd
EAEYXOUV ThV PAYOKUTTAPIKA 1KAVOTNTA KAl ThV
avamveuoTIKR €kpnén aipgokaBaipopévwy aoBeviv
ou uttopdAAovtal oe AMK pe aigopdvn h AN69 Kai
vd OUYKPiVOUV Td €UpAHATA TOUG.

 Ta amoTteAéopata peAeTWV o0c dAAe¢c pepPpdveg
apopoUv TreplopioUévo aplBud aoBevwy evw Kal h
pHeBodoAoyia Oev EMITPETEl TIC TEPIOOOTEPEC PYOPEC
eKTipnon kai  afloAdynon TOAAMWV  TIAPAPETPWYV
TauToxpovad.
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ITpwtotviitr epyacia

DayoKUTTAPIKI] IKAvVOTNTa Kal avanveuoTIkh éxkpnin

I. Topéac!

II. IHacadaxng?

A. PrEBa

H. O6ong2

A. IToviitov?

T. Buwopdoonc!

A. IToamadoToviov!
B. Booyengtne?

F I'. Taneiiaoiov!

INegooroyxe Turjna,

I'ev. Noo/neio Ilomayemoyiov,
O eroalovian,
Iavemornuiaxt Negoohoyian
Kiwvexn, ANuoxoitero
IMoavemwoTnuwe Qoa=xns.
AjeEavopovimoin,
JAvoooioyxnd Eoyaostijolo,

I'sv. Noo/neio llomayemoyiov,
O ecoaihovinn

o aoBseveig uNo aipoxkaBapon
HE 800 drawopsetikég pepBpavecg*

Ileoidnyn

Fromog: TKomoc ¢ mapouoac HeAEC rjftav 0 EAEYX0C ¢ pa-
YOKUTTApIxric xavonrac (ikavorira twv @ayoxurtdpwy va Tmpo-
cgAaufdvouv ta pukpofia) kai ¢ avanveuo ke ExKpnNEnNc (ikavorn-
Ta twv @Eayoxkuvitdpwy va ta Bavarwvouv) og aoBeveic, mou urro-
BdAAovrar oe aipoxdOapon pe Suo Sia@opetikéc pepPBpdvec.

AoBeveic — MeBodor: MeAsrjOnkav 30 aipoxkaBaipouevor da-
oOsveic and 47 fwc 74 ewdv (uéon nlixia: 60,1+8,7 £tn, M+SD), (Si1-
dpkeia aipoxdBapong: 24,1+14,5 unvec, M+8D). AievepyriBnke So-
Kipaoia eAfyxouv @gayoxuvirdpwonc (phago test) kdar avanmveuorikijc
Expnénc (burst test) mpiv arro tn ouvedpia aipoxkdBaponc, 15 Aemud
HETd Kal oric 3 wpec amd v Evapén e, [HE aipo@dvn Kal [UE mo-
AvakpuAovitpiAnsvarprouxo pefaAvAolsixng (AING69).

AnoreAé¢opara: Kard tn ouvvedpia pe aipo@dve, 1 @ayoxkur tapi-
KT} IK@VOTNta 1wV HOVOKUTTApwY Tapgoudiacds onuaveikr avénon ora
180 Aemid (p<0,05), evid 1000 1 @AYOKUTIARIKI] IKAVOTHTIA WV IMOAU-
HOp@OTUMIVEOV GO0 Kdl 1] avdimveUuTtikr] ExKPNEN TwV HOVOKUTTARWY
Sev mapouvdiaoayv onuavikec perafoiéc. H avamveuotikr] Expnén twv
moAuprop@ortumiviov. aubifnke onuavnxkd ova npora 15 Asmd (p<
0,05) xait ora 180 Asrrrd tnc ouvedpiac (p<0,05). Kard ] ouveSpia pe
ANG69, B gayoxkurtdgik iIKkavorHid twV HOVOK UL tdpwy Kai twV moAu-
HOp@oTumivoy Sev MTapouciadse ONUAavilkec HETAPoAEC. AvriOsra, n
avarmrveuotixng EKpnén 1000 twv HO VO KUTIAOWY 000 KAl 1wV MoOAULOD-
Qomupriviiwv auviriBnke onuaviikd ora 15 Aemd (p<0,05) kai ora 180
Aermud tnc ouvedprac (p<0,05). H ouyxkpion twV LWV twV EMLEQOUC
mapapgrpwyv peralt twv o pepfBpavadv, otic SidEOopEC XPOVIKEC
OuyHECG, Sev amoxkdAuwe OraulOikd ONUAVIIKES S1APOPEC.

Fopnepdopara: O EAEYXOC G @AYOKUITAPIKIC IKAVOTHIAC Kal
NG avanveuoukyc ExkpPnéne Asttoupyei oupmAnpwparikd oty Exkti-
punon rou faBuov BiooguuPardrtnuac twyv peuPpavedv aipoxkdBaponc,
evad avoiyel VEOUC OpPILOVIEC yia MEPAITEPW Epeuva ord ditid, Tov
emmoAaoud kai v xkardAnén wwv Acipwéewv og aipoxkaBaipopie-
vouc aoBeveic.

* IMoogooixn] Avaroivoorn oro 140 TTaveiirjvio ZuvEedpLro Negoohoyiog.
IMéoro Kappdc, Xohniduxr, 31/5-3/6/2006.




Hivaxag 4. O EAcyyog T PayoRVTTAGIKIS (XAVOTTAS XAl TS AvamTVveVvotixtjc Exonsne. [1. yoovog mow v EvapEn g ovvedpiag, 2.15 hemxod omd v EvapEn mg
cuvedpias, 3.180 kemod oo v £vapEn s ovvedpiog].

wae MEMBPANH NK 1 NK-like 1 NK2 NK-like 2 NK 3 NK-like 3 PHAGO MONO 1

1 ATMOPANH 17.36+/-6,37 4.41+/-4.87 11.83+/-4,96 4.26+/-5.30 10,83 +/-4,19 336+/-4,04 T9.38+/-9,67

2 AN 69 19.40+/-7 32 405+/-4.53 13.49+/-557 3.84+/-458 13,38+/-5.31 3,23+/-4,09 B0.46+/-7,38

wae  MEMBPANH MFI MONO 1 PHAGO MONO 2 MFI MONO 2 PHAGO MONO 3 MFI MONO 3 PHAGO NEU 1 MFINEU 1

1 AIMODPANH 17,70+/-1.66 T8.49+/-10,9 16.27+/-1,55 83,18+/-8,55 19,60+/-8,29 92,15+/-8,23 25.37T+/-11.67

2 AN 69 18,92+/-5,17 83,23 +/-5,63 18.50+/-549 83,65+/-6,87 20,45+/-7.82 94,29+/-0,97 27, 29+/-8.61

wae MEMBPANH PHAGO NEU 2 MFI NEU 2 PHAGO NEU 3 MFI NEU 3 BURST MONO 1 MFI MONO 1 BURST MONO 1 HIGH
1 ATMOPANH 91,32+/-8,76 2428 +/-10,40 91.26+/-8,89 28,15+/-12,91 T8,55+/-15.39 1,78 +/-0.75 91,82+/-11,73

2 AN 69 93,72+/-1,24 26,97+/-8,20 93 41+/-485 28,87+/-8.96 TOE3+/-11.34 1,61 +/-0,61

91,09+/-8,03

HMivaxas 4. (Zvvepeoa)

wa MEMBPANH MFI MONO 1 HIGH BURST MOMNO 2 MFI MONO 2  BURST MONO 2 HIGH MFIMONO 2 HIGH BURST MONMO 3 MFI MOMNO 3

1 ATMODANH 2.894+/-1.44 B82.64+/-14.50 2,12+/-0,80 91.294+/13,72 5.16+/-9.62 83324+/-11,92 2244+/-1,05

2 AN 69 3.35+/437 BT 11+/-7,23 1,99+/-0.77 94 26+/-4.50 2.95+/-1.67 BT, 75+/9.30 -1.45
wa MEMBPANH BURST MONO 3 HIGH MFI MONO 3 HIGH BURST NEU 1 MFI NEU 1 BURST NEU 1 HIGH MFI NEU 1 HIGH BURST NEU 2

1 ATMODANH 9027 +/-12.25 2.244/-1,05 04, 65+/-4.96 BE24+/6.50 16 45+/-10.27 97.05+/-2,94

2 AN a9 B7.75+/9.30 2.95+/-1,67 95,06+/-5,02 797472 16,51+/-11,29 QT AT+/-334
w'a  MEMBPANH MFI NEU 2 BURST NEU 2 HIGH MFI NEU 2 HIGH BURST NEU 3 MFI NELU 3 BURST NEU 3 HIGH MFI NEU 3 HIGH
1 ATMODPANH 12,90+/-10.56 99,07 +/-0,89 23.TT+/-14.37 93, 464+/T.27 12.54+/-12,02 GE32+/-2.44 19.96+/-18,15

2 AN 60 12,224/ 946 99.05+/0,93 23,63+/-13.86 04,01 +/-7,23 13,41 +/-12.31

98.11+/-2.90

21.98+/-20,10

PHAGO, dhapoxuTTames] ixavdTijr
BURST. Avamvevorxaf Exoging
MONC. Inovive

High. Me weypegry

MFI. Méoy fvraany @Boguouon, 1 ommeia exgodie Ty ofedwTizaf ixoavdryoe

NELL ITodwogpomi o
MO, M oo T Tenoue



- HeAéTn pag diamioT |

dYOKUTTAPIKAG ac ,
‘KUTTGpwv oTd 18 TNG ouved
He aigopdvn, Xwpi¢ va diamioTwvovTal

HETAPOAEC OTNV PAYOKUTTAPIKA IKAVOTNTA TWV
TTOAULIOP POTTIUPAVWV.

d Katd tn didpkeia ouvedpiac pe AN69 dev
TTapaThphonke HeTAPOAR 0TV GAYOKUTTAPIKA
IKAVOTNTA TOOO TWV HOVOKUTTdpwyv 000 Kdl
TWV TTOAUHOPPOTIUPAVWY.

O 2 uykpivovTac Ta atoixeia Twyv dUo pepppavwy
dcv OlATIOTWOAUE ONHAVTIKEG O1dPopEC OThV
(PAYOKUTTAPIKA 1KAVOTNTA TWV doBevwyv OTav
uttopdAAovTtayv oe cuvedpie¢ AMK pe aigopavn
kai AN69.



v O maparnpnhoei¢ 1600 ol OIKEC Hac 600 Kal TNG
01eOvolc pipAioypagiac oup@wvoUv OTI Ttdpd ThV
yVWwoTh diapopd oTtnv prooupupartotnta peTtall Twy
OUo peuPppavv n @AyoKUTTAPIKA 1KkavoTnTd HAAAov
dcv tapouaidlel onUAvTIKEC O1APOPEC.



v' H duoappovia peTall @ayoKUTTAPIKAC

IKAVOTNTAC Kdl dVATIVEUOTIKAC €KpnhEng
TNV id01d XPOVIKA OTIYUA €ivdl KATI TTOU
EXEl TapathpnOei oe  peAétn  pe
Bbroaovpupatec pepppdvec (kKoutmpopdvn),
TTPWTN  O0OUCIACOTIKA  TIPOOEYYION  TNnC
PAYOKUTTAPIKAC  0pdoTnpioTNTdC WG
OcikTnh prooupuPparoTnrac.

Ward R, McLeish K. Hemodialysis with cellulose membranes primes the
neutrophil oxidative burst. Artificial Organs 1995,8:907-807.
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d Mia aA\n mapdpeTtpo¢ mou dev é€xel afiloAoynOei
eETTAPKWCG civar n didpkela AMK pe Tn ouykekpipévn
Hepppavn.

d 21n dikAh pag peAéTn TapaThphOnkav ol aAAayég aTnv
PAYOKUTTAPIKA IKAVOTNTA Kdl OTh dVATIVEUOTIKA
ékpnén pe OUO OIaPopETIKEC peUPpdvec oe ia
ouvedpia kABe popad.
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I'pwtotvnn epyaocia

®ayoKUTTAPIKI) IKAVOTNTA Kal avanvevuotikn ékpnin
og acBeveic uno aipokabapon
pe 800 dlagopetikég pepBpavec*

»ux1. H mo coPaopn pekét) mov Betel tov mpoPhn-
uatopo tov yoovov AMK eivar avt) tov Pereira
raw ovv.?’ to 2004, mov ywe ota mhaiowe e HE-
MO study, znow ocvvérpve novmpogdvn, ToAvocouh-
@OVN ®oL avayevviuévn ruttooivny. Ae dmoto-
Onxe dagood ot payorvTTaoLXy doaoTNOLOTNT,
evad oto O€pa g avavevotig €XoNENG, 1) HEN-
Podvn amod avayevvnuevn ®uttapivy elye younho-
TepEC eMOOoELS. Aev vTAEYEL, OMmg avogepbnxe,
LHOVOTTOMNTIXOS aolbUog aELOTLOTMY EQEVVAY, th-
Aa ot nerétn avt tibetal o moopfinuotionog, ym-
olg va umopet va dobel ovyrerolpévn amdavinon,
OTL 0 XOOVOS TV CUVEDQLWV UE Pl CUYRERDLUEVT
neppPodvn (owg va €yeL ®amoLo poho OO0 OTLS OLa-
Tapay€g Tov petafoirol mopogih 600 %ol oTnv
ITORATACTOOT) TOVG.



2upnepaoua

% AdOeveic pe xpovia vepplkh  avemdpKeld
OcwpouvTal o guaioBnTol oTIC AoIHWEEIC.

% To yeyovoc auto oxeTiletar pe O1dTApAXEC TOU
avooldkoU CUOTAHATOC, eTnpeacdpévn Xnhpelotalia
Kadil 01dTApaypévn AyoKUTTApPIKA 1KkavoTnTda.



% Mia «poAikn» Bewpia civar o HIKPOTEPOC
xpovoc C(WAC TwV TOAUHOPYOTIUPAVWY OF
oupdaipdikoU¢ aoBeveic.

% Nidpopec peAétec oxemi{OHEVEC HE ThV
PAYOKUTTAPIKA dpaoThploTNTA
aigokaBaipopevwy acBevyv, av Kai €xXouv
avTIkpouopeva damoTeAéopaTd, OUYKAivouv
OThV £TNPEACKEVN AVOOIAKA ATtdvThon Twv
aocOevwy auTwv.

Hakim RM. Clinical implications of hemodialysis membrane biocompatibility. Kidney
Int 1993:44:484.



http://www.nature.com/ki/journal/v85/n3/

d Exer viver @avepd oOT1 TOo diatapaypévo
avoooAoyikO Tpo@wiA Twv daipgokaBaipopevwy
acBevwyv KaAOBWC Kai ol  pnxaviopoi Tou
geuBUvovTal yia auto, ceivar éva Ouvapiko
eaivopevo pe TOAAOUC aTOOEKTEC, OTTWC N
BiooupparoTnta TnG Hepppdvne kai n dguva
TOU 0pYyaviopoU YEVIKOTEPA.

d O paBuoc tng ouvdeong kai The aAAnAouxiag

TWV Tdpamdvw @divodévwy gival o€ ToAAd
onpeia adieukpivioToC KAl AyvwoTo .
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* O1 ouvOEeTIKEC HepPppdaveC KuplapXoUv oThv
kaOnpepivotnta tng AMK oTov 0OuTIKO
KOouo (To XapnAd KOoToC éxel oUpPAAAel
0€ AQUTAV ThV TIPAYHATIKOTNTA) KAl giyoupd
TA OToIXEid UTEP ThC  KAAUTeEPNG
BiooupyparéoTnta¢  TOUC  odnyei  ToOV
VEPPOAOYO 0€ AUTAV ThV €TTIAOYA.
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)IOXETION HE VOC

Ocwpceital amd moAAoUC epeuvnTEC OTI K didokaBapaon
ue high flux peuppdveg, n aigodinOnon kar n
aigodiadindOnon eivar mio ‘Prooupparéc’ amo Tnv
KAQgIKh aipokdOapon.

v H kaAUTepn PirooupparoTnra oxetileTar 6x1 HOVO HE

Ta oféa ouppduata (kapdiayyelakn aortdBeia,
urtolaipia, aAAepyikéc avTidpdoeic) aAAd kai  pe
ATIWTEPEC ETMITTAOKEC (apuhocidwon,
aOnpwokAnpuvon) oOmwe  Kalr  81aTdpadxEéC  Tou
avoaiakoU cuoThpaToC (Aoipwéeic, kKakonOeieg).

Locatelli F. Influence of membranes on morbidity. Nephrol
Dial Transplant 1996;2.:116-120.




v O Charnard kai ouv, ouykpivovta¢c OU0 OHAdEC
acBevwyv Tou umoPpdAAovtav oe daipokdOapon via
peyaha  xpovikd  OlaoThHata  pe  pepppavec
KouTtpowdvnG Kail ToAuakpiAoviTpiAng avrioToixa,
dlamioTwoav TEPIOCOOTEPEC NHEPEC voonAeiagc oThv
opada Tn¢ koumpowdvne (6 nuépec/ava aoBevih/avd
£T0C) gc axéan pe TNV opdda ThE TToAuakpIAoVITPIANG
(2 nuépec/ava aoBevi/ avd €To¢).

Chanard J, Brunois IP, Melin JP, Lavaud S, Toupance O. Long term results of dialysis therapy with a
highly permeable membrane. Artif Organs 1982;6:261-266.
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v' O Hornberger kai ouv. ouykpivovtag Thv emipiwaon
viac opadac aocBevwyv Tou umoPdAAovTav  o¢
aiyokdBapon pe pepPppdvn KouTtpoYAvVNG, HE ThV
avtiotoixn dia¢c opdada¢ Tou  XphoigoTroloUoe
ueuppdvn TmoAugouApovng, Oiamiotwoav  OTI W
OvnToTnTd ATAV 0AYWC HIKPOTEPN OThV opdda Tou
xphoigotoioUoe Thv ToAugouAgovn (7% évavti 20%),
n 0¢ KATAd £TOC E€mIMTWON TWV Aolpwlewv RATav
OITTAdoIa oThV opddd ThG KouTtpodavng.

EREE Hornberger JC, Chernew M, Petersen J, Garber AM. A multivariate analysis of mortality and hospital
admissions with high flux dialysis. J Am Soc Nephrol 1992;3:1227-1237.




1 TTOAUOOUA

IamIoTWONKe Kayia didawopd aTnv OvnTéTNTA.:

Martin-Malo A, Castillo D. Adequancy of dialysis: is it really determinated by the type of
membrane and buffer? Proc Eur Dial Transplant Assoc 1993:147.

2.€ AAAN peAETN, avadpopikd HeAeTwVTAC agBeveic
TTou  umopdAlovrav  oe  digokd®Bapon - peE
OIdPOPETIKEC  HeuPpdveg, @dAvhke HIKPOTEPN
eTMIMTWON dpuAocidwong oTouc daoBeveic Tou
uttopdAAovTayv oe aigokdO®apon pe AN69.

Van Ypersele de Strihou C, Jaboul M, Malghem J, Maldague B, Jamart J and the Working Party on

Dialysis Amyloidosis. Effect of dialysis membrane and patient's age on sighs of dialysis related
amyloidosis. Kidney Int 1991;39:10712-10189.




v O Bononini kair ouv- peAétnoav avadpopika 122
aoBeveic amo 1o 1963 péxpr to 1993 mou ATav oc
TpOypaAUUa TeEPIOOIKAC  didokdBapong eiTte e
vepPpdvec KUTTApivhG €iTe OUVOETIKEC Kal Ogv
diamioTwoav diapopd oThv emipiwon HeTall Twv

OHAOWYV HE TIC O1APOPETIKE
the international
JOURNAL
OF
ARTIFICIAL
ORGANS

euppavec.

Bononini V, Coli L, Feliciangeli G, Nanni Costa A, Scolari MP. Long term comparative evaluation of
synthetic and cellulosic membranes in dialysis. IntJ Artif Organs1994,17:392-398.



epaopaTika,
JXAIOTTOINUEVEC avadpo
€1 eAdTTWON OTNH | :
20% oc 9-11% xpnouuonouwvmg ouves'rmec;
neuPpdveg avTi Kouttpowavng.

> ()oT600, 0t TETOlOU TUTTOU HEAETEC N avdAuon
TWV ATTOTEAEOUATWY TIPETTEI vd Yivel HE TTOAAR
TTPooOXA  yidTi TTOAAEC POPEC ocv
ouvuttoAoyiCovTal d1d@opol TTApdyYoVTEC.

» Ta amoteAéopata peydAwv HeAeTWwy, akopa

kai  ToUu NIH, é€xouv avTikpouopeva
aTmoTeAEOUATA, YEYOVOC TIOU KdAvel OUOKOAN
TRV akpIPA ouoxEéTion Twv HepPppavwyv
aiyokdBapon¢ He TNV VvoonpoTNTA KAl ThV
OvntoéTnTd TWwv aoBevwyv 0O TPOYpAHud
TeP100IKAC aigokdBapanc.

Locatelli F. Influence of membranes on morbidity. Nephrol Dial Transplant 1996,2:116-

120.
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Table 1| Improvements in hemodialysis membranes

Traditional membranes
1. Biocompatibility: New materials and chemical modifications of side
chains
2. Refining pore dimensions to enhance hydraulic pemeability and
middle molecule dearance

Innovative membranes
1. Microfluidics and membraneless systems
2. Nanofabrication with synthetic channels
3. Nanofabricated silicon membranes with slit pores

Living membranes
1. Endothelial cell-lined membranes for hemocompatibility and

durability
2. Tubule cell-lined membranes for active transport and metabolic
activities
httpz/www. kidney-international.org mini review

& 2006 Intemational Society of Mephrology

The future of hemodialysis membranes
HD Humes', WH Fissell' and K Tiranathanaglul1

"Department of Internal Medicine, Division of Nephrology, University of Michigan School of Medicine, Ann Arbor, Michigan, USA
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Dialysis and Nanotechnology:
Now, 1O Years, or Never?

W.H. Fissell® H.D. Humes® A.J. Fleischman® 5. Roy®

“Department of Internal Medicine, University of Michigan, Ann Arbor, Mich., and PBioMEMS Laboratory,
Cleveland Clinic, Cleveland, Ohio, USA
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Beyond the nanometric scale
?

Nanometric size increases the specific surface, which
Is often used to enhance well established properties at
macrocale:

-Bacteriostatic properties of silver nanoparticles
«Catalysis of oxidation reactions in fuel cells


http://www.google.gr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=cyM6tLQkDiXylM&tbnid=yKRljfN8oW7-OM:&ved=0CAYQjRw&url=http%3A%2F%2Fblogs.davita.com%2Fallen%2Findex.php%2F2013%2F10%2F31%2Fasn-2013-the-global-kidney-care-community-meets-in-atlanta%2F&ei=d3AlU5K4GeWa0QW05YDQDA&bvm=bv.62922401,d.d2k&psig=AFQjCNGpinUvmtFPEODT6UOjOKIUt3hthQ&ust=1395048933450590
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Nanoscale provides selectivity

for

propylene/propane separation

Selectivity (Propylene/Propane)
R ER RN

Time {(howr)

-

=

Propylene propane
selectivity of a Ag BF4-POZ
membrane
poly(2-ethyl-2-oxazoline)

The selectivity decreased from an initial value of 52—-31 after 150 h
and, concomitantly, the size of the silver nanoparticles increased

from 14.75 to 27.75 nm


https://www.google.gr/imgres?imgurl=http%3A%2F%2Fwww.abstracts2view.com%2Fasn_2013%2Fimages%2Fnav%2Fconference_art.jpg&imgrefurl=http%3A%2F%2Fwww.abstracts2view.com%2Fasn_2013%2F&docid=rZjnNpri-sIrjM&tbnid=APmrbfj9OEpqIM&w=305&h=300&ei=snAlU6SPPKev0QXd_YHICA&ved=0CAMQxiAwAQ&iact=c

Beyond the nanometric scale:
the nanometric structure
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Particles with a controlled
nanostructured have much
better properties than
standard ceramic or polymer
films

S
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O, Permeability (Barrer)

Typical laciar T.-S. Chung et al. / Prog. Polym. Sci. 32 (2007) 483-507
sieves
Rubber polymer

Glass polymer
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Mixed matrix
(nanocomposite) membranes

A Galve ¢ al. / Journal of Membrane Science 370 (2011) 131-1
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®

Fig. 5. SEM microphotographs of the skin region showing sieve-in-a-cage morphology in mixed matrix hollow fiber membranes incorporating Ultem™ “sized™

HSSZ-13 zeolites.



Polymer

Ideal morphology Interface woids
Case 1 Case 2
; Reduced pemeability
Rigidified polymer layer region within slove
Case 3 Case 4

Fig. 8. The schematic diagram of various nanoscale morphology
of the mixed matrix structure.

T.-35. Chung et al. / Prog. Polym. 3Sci. 32 (2007) 483-507

— Very few papers can be found on the mass production of defect free nano-engineered
Materials. This is one of the next challenges in membrane engineering:



Mimicking natural beauty...

Aqgquaporins= water channel
through bilipidic bi-layers

Agre P, Preston GM, Smith BL, Jung
JS. Raina S, Moon C, Guggino WE,
Miglsen S (1 October 1993).

Am. J. Physiol. 265 (4 Pt 2): F463-76.

1000
commercial
desalination 167
1004 membranes

36 LMHB

S =

productivity (um/s/bar)

2
0.22 I 0.22
o1 : __ I
FO RO EE-EQO ABA AqpI-ABA

Fig. 5. <Comparisen of reported permeability values for polyrmaric mam-
brares to those obtaimned in this study. FO is a commercial forwardosmosis
mairbrana with data wom MoCutchaon and Elimealach (27) at 20°C RO0s a
commercial reverse-osmosis desalination mambrana with data fromMatsura
[28) at room temperature (sssumed 25°C). EE-EC is a polyethylethylene-
palyethylene oxide diblock pelymer with datz from Discher et 2l (13 at 207C
ABRA represents the polymar wesicles used in this study with permeakbility
calculated at 20°°. AqpZ-ARA reprosomts tha palymar vasiclas with inconpo-
rated AqgpZ at 1:50 molar ratio used in this study at 200, Data for ABA and
Agpd were obtained at 5.5°C and caculated at 20°C by using E, values.

M. Kumar, M. Grzelakowski, J. Zilles, M. Clark,
W Meier, PNAS,, 104(52) (2007) 20723—-20728



Nanostructured particles: ideal
candidate for desalination membranes ?

(a)
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Fig. 5. Effect of zeolite loading on (a) surface properties and (b) separation
performance of synthesized TFC and TFN membrancs. Note: TFC data are
plotted at 10~ fce convenienze.

Next Generation
Water Purification Technology

NamoH:z0 leverages the benefits of nanotechnology to create advanced
membrane materials for desalination and water reuse
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Jeong B.-H., Hoek EM.V,, Yan Y., Subramani A., Huang X., Hurwitz G., Ghosh A. K., Jawor A., J. Membr. Sci., 294 (2007) 1-7.




Layer-by-layer fabrication or
modification of membranes
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Polyelectrolyte multilayer films as backflushable nanofiltration membranes with tunable hydrophilicity and surface charge, W.
Shan, P. Bacchin, P. Aimar, M. L. Bruening, V. V. Tarabara, Journal of Membrane Science 349 (2010) 268-278.

Poly({diallyldimethyl ammonium chlonde) (Mw = 100,000-200,000), poly(allylamine hydrochloride)
(Mw = 70,000), and poly(styrene sulfonate) (Mw = 70,000)



Design of ion channels by
supramolecular chemistry
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Scheme 1. Structures of the cation-carriers 18-crown-6, 1 and 15-crown-6, 2
My— My and of the phenylureidoarene anion-carriers 3-5.

Mixed supramolecular cation-carmier and anion-carrier facilitated transport for the selective alkali
cations transport, C. Amal-Hérault, M. Michau, M. Barboiu, JMS (321) 2008.
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Supramolecular membrane transport: From biomimics to membrane sensors
Fyles, T.M., Lee, J., Rowe, R.D., Robertson, G.D. 2008
Journal of Membrane Science 321 (1), pp. 31-36



Beyond the nanometric scale: Let's scale-up!

An interesting example at the University of Twente... at the microscale

— —m
A8 G902 w2644 14 DECDG 1237 L9/DEC/ 84

Fig 2. Fibers spunwith dope D1, using air gaps of (a) Smm, (b) 12mm, (¢) 32mm and (d) 58 mm.

Microstructured hollow fibers for ultrafiltration, P. Zeynep C_ ulfaz, E. Rolevink, C. van Rijn, R. G.H.
Lammertink, M. Wessling, Journal of Membrane Science 347 (2010) 32—-41



Concluding remarks

Membrane technologies are at the nanometric scale
Membranes not yet involved in (litterally) “nanotechnology”

The interest of the “Membrane community” for nano* is still
growing fast.

Papers on membranes in sensors or “lab-on-chip” (the
smallest scale devices so far in operation) are published
elsewhere (Small, Lab-on-Chip, Nano, ...)

Promising perspective for membrane technology:
— Properties of nanometric particles
— Self assembling molecules or supramolecular architecture.

Next challenges are CO2 capture / Water supply and
treatment / Gas purification / Fuel cells for ground
transportation etc...:

— = mass production is the issue
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If I have seen further it is because I
have stood on the shoulders of
Giants”

Sir Isaac Newton
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“One must not stay within the lines”- Eric Carle




Back-up slides



What is dialysis?
Dialysis is a membrane process where solutes (MW~<100
Da) diffuse from one side of the membrane (feed side) to

the other (dialysate or permeate side) according to their
concentration gradient. First application in the 70’s.

@ General Principles

* Separation between solutes is obtained as a result of
differences in diffusion rates.
* These are arising from differences in molecular size and
solubility.
» This means that the resistance increases with increasing
molecular weight.

86
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A typical concentration profile f r
boundary layer resistences

itains low-molecular-weight solute, A

ermediate size moleculemdBa colloid, C




In order to obtain a high flux, the membrane should be as thin
as|posstble




Membranes

Dia Iys 1S @ homogeneous
@ Thicknes: 10 — 100 pm

@ Membrane material: hydrophilic polymers
(regenerated cellulose such as cellophane,
cellulose acetate, copolymers of ethylene-vinyl
alcohol and ethylene-vinyl acetate)

@ Membrane application: optimum between diffusion
rate and swelling

89



The solutes separate by passing through the membrane that

bel@ﬁalf@js filter and separation occurs by a sieving

action on the pore diameter and particle size
(i.e. smaller molecules will diffuse faster than larger molecules).

Transport proceedes via diffusion through a nonporous
membranes.

Membranes are highly swollen to reduce diffusive resistence.

90



Semipermeable
membrane
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Dialysis soluton compartment

Dialysis

Inside the Dialyzer

Blood from your body
enters the machine
and flows past one
side of a membrane.

The membrane is 8 ~——___ -t

barrier that keeps
blood and dialysate
from mixing, but lets
waste through.

Dialysate is a special —————

fluid that pulls waste
from blood. It flows past
the other side of the

membrane.

Waste, extra fluid,

and chemicals move
through the membrane
into the dialysate.

Clean, filtered blood
goes back to your body.

Dialysate
with waste

dialysate




Blood from the patient is
circulated through a
synthetic extracorporeal
membrane and returned to
the patient. The opposite
side of that membrane is
washed with an electrolyte
solution (dialysate) contain-
the normal constituents of
plasma water




Kidney International, Vol. 44 (1993), pp. 484—494

EDITORIAL REVIEW

Clinical implications of hemodialysis membrane
biocompatibility

Table 4, Biocompatibility factors in the development of f;m amyloid
bone disease

A. Cellulosic membranes lead to an increase of synthesis and release
of B,m by MNC

B. Cellulosic membranes lead to the release of proteases (gelatinase,
¢lastase) and ROS which favor polymerization of f;m into
amyloid,

C. Low flux cellulosic membranes do not adsorb or clear B;m from
the circulation.

D. Biocompatible membranes favor maintenance of residual renal
function and endogenous Bm excretion.



http://www.nature.com/ki/journal/v85/n3/
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Clinmical relevance of biocompatibility. « The

material cannmnot be divorced frorm the

device»

H. Klinkmann (1), D. Falkenhagen (1) and J. H. Courtney (2)

1) Klinil far Innere Medicine, W-Pieck University Rostock. Republica Democratica de Alemania. (2) Bioingineering Unit, University
a Iyde. Glasgow, Reinoc Unido.

Table V. Possible clinical relevant, Biologica Table V) Possiblities to dimin vl
y ' . Possioilites to
activity of complement activation he complemen[ ?IST;: EI:]Ed?Ef'lI\S/iaS[IOH of
Acute : y y
——_.._______________—
— Anaphylatoxic reaction, _ T
— Smooth musclerii);tl?a[::tion. Membr‘ane Modicaton,
— Microci(culary disturbances. — Reduction of Surface Area,
- [ e - et
Chroni — Decrease of Diyste Temperaue
~~ Pruritus, deficiency of host defence mechanism. — Application of Complemem lnhibiting Anlicoagulati o

~ Disturbances of protein metabolism.

— Production of amyloid like substances, -




EDITORIALES

Clinical relevance of biocompatibility . « The
material cannot be divorced frorm the

device»

H. Klinkmann (1), D. Falkenhagen (1) and J. H. Courtney (2)

of Strathclyde. Glasgow, Reino Unido.

1) Klinil far Innere Medicine, W-Pieck University Rostock. Republica Democratica de Alemania. (2) Bioingineering Unit, University

> (C5a -

Monocito I
Endotoxins ——g @3\? -4——— Polysaccharides
(gram™ bact.) / ) \ .

Muramyl dipeptide

Acetate?

1-4 h

%

INTERLEUKIN-1

Metabolic Immunogical Inflammatory

- Fever ~ Lymphocytes — Fibroblast and
® T-cells — IL 2 Collagen Prot

Hypercata- ® B-cells = AB T | ¢ ‘Carpal Tunnel
" bolism ® NK-cells Syndrome
® Protei activity ® Arthropathy
dro € ® Peritoneal
egra- fibrosis
dation

® MNuscle
proteo- ' PGE 2] Vaso-
PGl 2, dilation

Organo Oficial de la Sociedad Espafiola de Nefrologia
L Version integraingiés y espatiol en www.revistanefrologia com |


http://www.revistanefrologia.com/revistas/P1-E565/P1-E565-ES.pdf

T-S. Chung et al. | Prog. Polym. Sci. 32 (2007) 483-507 503

Rigidified polymer region Polymer matrix F¢

P..~P/B e
Bulk of zeolite Py,
Zeolite skin affected by
the partial pore blockage / The first phase
Pric=FPp/p (palymer matrix)
i :
! %
: ; Zeolite 4A
= |
".‘.\ /: Polymer chains
U z

The third phase [the second phase
(dispersed phase) + the nigidified
polymer region (coniinuous phase)]

The second phase [the bulk of zeolite
(dispersed phase) + the zeolite skin with
partial pore blockage (continuous phase)]

Fig. 15. Schematic diagram for the modified Maxwell model simultaneousdy considering both zeolite pore blockage and polymer chain
rigidification [67].
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