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Hemodialysis Membrane Types
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Az A7 AT old Cellulose?l 712 @Y
E47) QA9 FHE o]Fx Utk

o EA7)e] FHE plate type(Killd), Coil
type(Kolff¥), Hollow fiber¥(FFAY) 3FFE
BRE 5 glon, B4r)e HFe %o fARAY,
#dn &= AP, 2edn Y 4 BHAS
&2t 9y wet 2ydct
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7] d3m, Aol =3, dAdgd BUAHe] A
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cellulose acetate, cellulose triacetate, hemophan)

4AE Cellulose{cuprophane,

9} Synthetic polymer(polyacrylonitrile PAN, poly-
methylmethacrylate PMMA, polysulfone PS),

Table 1. Types of Dialysis Membranes

Example

Membrane High or Bio-
Type M%n;l;:ne Lof Flux Compatibility

Cellulose Cuprophane Low -
Semi-synthetic cellulose derivatives

Cellulose diacetate Cellulose acetate High and low +
Cellulose triacetate Cellulose triacetate High + +
Diethylaminoethyl-substituted Cellulose Hemophan High +
Synthetic polymers

Polyacrylonitrile methallyl sulfonate co- PAN/AN-69 High ++
polymer

Polyacrylonitrile methacrylate copolymer PAN High ++
Polymethylmethacrylate PMMA High and low ++
Polysulfone Polysulfone High ++
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Hemodialysis Membranes

- Family Tree -
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Fig. 1. Modification and updated version of the family tree of

dialysis membranes.

The family tree o membranes

consists of a trunk with two major branches, representing
the classical cellulosic membranes in the trunk and the

modified cellulosic and synthetic membranes

in the

branches. Synthetic membranes are iscriminated by their
procedure of hydrophilization

ethylene viny! alcohol copolymer EVA)Z 7#%
4 9ltHTable 1, Fig. 1).

Cellulose T hydroxyl radical ¢] gl A+A
(hydrophilic)2 F7MA713, @uja Fapide] Hej
=

¥lHe] Synthetic polymer %2 AFA(hydro-
phobic) £4%te] A4 AFF7t g1 FA3 g4
7 w1 ed Fibo] AHE A4 Utk

£33 EA9e symmetric®} asymmetrice2 Y
T # dedl asymmetric & il F3ie] ¢
#4 hemofiltration.o| &3}c}

PANZ PSt M|t} o]z PMMA %4 fA
sk, BAgte] s B4, #ed3, dF, F&d
o3 AAHt

EAute] Fojdng e FEAAES WFd=,
hydraulic $343 oo w& diffusive F34do]
3o AL low-flux F49, ¥L A& high-flux
EMatolgln @t} high-flux £ HMF 277
Az FPuzrt AA BEAge] 2 £AAAT &
o]3led B s-microglobulin®] A& =t

HEMO study*lA & Bz-microglobulin® H 4 &
Axd we high-fluxE® =20mL/min, low-fluxe
<5ml/minZ ®7F32 Ak

Fluxt dd #8373 839 o5& Inzinz,
high-flux%2 high ultrafiltration® high sieving
coefficiency E43& 21 U&E Eoh

High efficiency %2 ¥ F&(blood fow
rate), & A9 WA bicarbonate FAWOZ 34
b o)E R FMAZME @I 1ES 89 FAHS
ojmjgict,

O
IT

1. Biocompatibility

gl EAsle Fode A9 dAgoz A%
A=A Axzg dojutes #He wes FAES 3
HaiA Aok AAHFAL o)A wr§9 AR uig}

AYPTT 2 5 A
ogd 29 3, T4 4% 2E, ¥EIA

o] 43, =W AA F2 Y E= dFo) o)
Yok Fol AAAYH e FH WA
TouthE RA% A AAAFYel 1Y F25

AR HiB o2 APHER 2z} XA F
Mooz zIYHe g A% 9% 94FHY
Aut 2L dod|A "ot

E45te T Jehs F4rje Ragoz
o HAuHtgel= 3A Type A(anaphylactoid)
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reactions2 FL#l7), 2%%, IE, 7|, 1EFIE,
BE, AYet Fol eI A F-¢ Alge] o]
27|12 g}

dAE F4A2 A 58 ol T FA] dojuyr]
T g2 54 Fdol 4R 208 U=
Lid= g

Yo 2 ETO hypersensitivity, Cellulose ¥
Aet, odd FA #xte] 744, ACE-inhibitor
with AN69 o} ot

4, Type B ¥45-82 Type ARTH= F4o)
Atx gm BAAE 20-40% ARF F5I 8%
< 348A Hed dsie 123 ojud] A4
FHE A4 5 gith

olFd FA4L AMAE FAY E Substitute
cellulose acetate 9 AME-A] 2 WE7} AT

a2} H2 low-flux polysulfone® unsubs-
titute cellulose 28] Hja @FelA o]zt Yok
Burt 9ol RA {EUAE tE 2989, EE
acetate FA9o] BHE 9902 ALHPE 754
Atk

Sy-FMut ASER0| J|H
1. Complement activation

Yoo] EATn HE2EH YF o FHA o
Aol EAT AgsA =Ha Agd v 9l
T g@AEA ] A7 dojdrh A @Aze A
= A9 FHe wet g2

B #4(Csa, Csa, anaphylatoxin) alterna-
tive pathwayeol &3] ¢]fo] X&=d AHFHe] F
Aat 71gd Cellulose o] 713 @&#3lA4 HAE
843 A7 A4 =L cuprophane Hohs ¥4 9
HAE YAl ez dEA dn.

Ay H1i 43} FY AF 158 dovin
90&3F A&H.

FAo] JYHUA BA == T4 HEd 2
Z1de F oA AAE @Xg T4
fibrin® Y Csb T HA fragments? Eo)
Az 2% AY 75Ae] Stk

o] Bl Csb, 6, 7, 8 99 z¥A LA
membrane attack complex$! Csa-92 HAZ AX
243 HAo] #Astn AEEH lethal cell ly-

sis ¥ sublethal injury® 92d@ + 3.

Csa¥ leukocyte &AL A3 ARMF
neutropenia®} leukosequestration® €27]3, oxi-
dative burst activityE Z7MNA 23 &48 42
713, TXA29} IL-12e& |FuAAE AANI=
ztgo) Yo, olghzte] mAs} leukocyte® BAL
B4 ARAY HEAE, JYEE, o}y e
HEAYE ok7]E7]= @} Cellulose T {(cupro-
phane, cellulose diacetate) indirect BAAE &
ABAAA A AEel = ROSS proteased
AAEA Hol 7 AFE A gL s
"k e ggel gle AHedAME 23E %43}
' 98s @k

2. Cytokines

HYFHF cytokineo] FrHHE 7o ZE O
F7F A BAgae HE oFrie HAojck. oY

EXojoz 9§ enodtoxino] BAWNE Fi}sly
EolghA 98 TE |43 N7vEst 8431 2
7b @ Fo] LA cytokineAS FIAIYE
7ol Sloh

¥ cytokine(IL-1)°] $43}x] &&= WA AR
d gAeME F7HEY A ot cellulose
membrane FAFAAANE Mgtk Bl Qo]
IL-144 o7t AFde 93 RAelgtr] Hris &
Ao dojdtis AME A se 247 Ha
et H&o] AAMRAHFE cellulose Tt g A
A2 e polyacrilonitrile #4ZHPAN)AIEA] B4
3t E¢F cytokine(TNFa)o] ZAgcie Burt 9
.

Lipopolysaccharide(LPS) =}=e] glole cellu-
lose Tolut polysulfone@o]E zto] IL-183/TNF
a9 §4& zHPsAE ¥k BaE Yot

FH g2 dFAFANE FYH, FHses ¢
FE BAE o FSos 8% IL-18 E& TNF
a®x H37t gobe 2at gl

HE dPME g ARA g, BoEAga)
Y B3 F38 A cytokinesE F7HH
ot M BNEE fFHE AelA cytokined]
gge WA £ Q0. odd YAHA 9= 2
e Aeiagle] BASY wWEY 22 FAsn
A, @ Aoz Q% cytokine HE7 YAHY
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% etk @ PBMCol 98 A4AE IL-1°] #=8AZ
A @3 AEY EAGHESL A, v, Bd
o] ulMge] sequestered Hol FAHQ] AFES
ujHck @ A cytokine B #Hie @ADL
o} #A7F glo] ARAT HAFEMe|Mo] Fgy 4
1} wide] @|AZE gk @ ACEi, ZEadAe
cytokine®4 AFct © FukEPelY o)z
o, +9, AgddAA)c8AL cytokineF =l BT
& 3

shg AR @zi= IL-1, IL-6, TNF Fo| 47|
5o A, A7 EE delzlx T, AMFAHEG F
Mute] o3t A4 F71 ARA o YUz
€ #% glth )@ proinflammatory cytokineE-
CRP, amyloid protein, fibrinogen, lipoprotein(a)
leptin®] AAE F7HA713:, 4B APTLE F2
Rk

oJEL EF Lo o)EA, A&, =¥
Z8qAE 3471, atherosclerosisel® #g
o2 ALY ¥F, 28/24, A89H, JEEA
APL Yo AN THPALY olgdgT} Altge] F
< ujx7 €} w3 83 CRP2 cytokine level
& EAMgate olggn AMEEe Fa¥ S
o ANAR A= ot

3. Cellular mechanism

BA S se) ATe}l vpztAR FA st 237D
o] AHYPEoZ A AMxe] Aol Yojdrtes
& Artste Z717F ok H2 A7 A ACA mono-
cytes¥HAde] wa IL-1, TNF2| 44, platelet@A
o] W& Thromboxane B22] #2x¥ Neutrophil
o] #Ho] FH44H9 upregulation, proteinase,
ROS, leukotreiens, platelet activation factor®]
28 Z7H7¢ wastgn’.

Neutrophil& cellulose membrane2 2 442
158 Hnze FaHD orjede BA @A 3
A4 @A e Aes B3 gtk NeutrophilZ
Csb, Csa, CD11b/CD182] +&#7} loiA] CD11b/
CD18< neutrophilfrel BAsE= EAAEH CD
11b/CD18 & Hygez s sHEAHTY
AbpAe] Yol leukosequestrationo 2 YA|H o2
leukopenia7t 2= ZHeoltt”. MMAHFY FHL Y
Aol Ba@Ade] okaElo] UAA leukopenia?t #
g

2438 monocytes IL-1& fFAA TE,
neutrophilia, B2-microglobulin®] 2|, acute phase
reactant®] IHHIE F7H71E AEe] dn 25

Bacterlal-derived Acelate

endotoxins bufler
L

Dialysate

DECREASED

‘Q csa J\ csa ?;‘:l
¥_C3la Cla X

+ Adhesion molecules
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Fig. 2. Influence of dialysis membrane and dialysate on immunocompetent cells. Role of
activated cell-derived mediators in long-term complications of dialysis(from
man NK, Zingratil J. Jungers P. Long-term Hemodialysis. Kjuwer academic
Publishers. Dordreeht-Boston : 1995 with permission).
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W titel] Fgth EFF monocytels HA AHE
o] FEATE Aol BAS) &49%= IL-1, TNF 9
transcriptiong Z7M1ZIt®. Lymphocyte: B2-
microglobulin@4 <& 714712, IL-2 receptor®:
HLA 28L& ZAAMNAM vaccined] tigh whgol 7
AH AGHEE #FAAZY NK cell =% lym-
phopeniaZ f¢38li malignacy? WEZ F71A)71
the 2317} JAoP(Fig. 2).

4. Coagulation®} Kallikrein pathways

A AT loiA BAA L 43 ZB o]gq
izt FAute] Y& A thE pathway’t 8435 €
7Fedel Utk EA FAgo] & FMde] u3
o] thrombogenic % $AA] heparin AHE L E o]
of T dtg TF3A 3/Ix A5t Hageman
factor(factorXID 843t FHAAN FA9sHe] v|E
A7 AFellA PAN o] ©h& FAMgte] ula] kalli-
krein®] AAEE v|Fo] Mol Hageman factor®
o @43 APE HAFn gtk o] Y= &
humoral substance’t 588 X 9loJA sheepE
2d2 3 dFNMT AnEYE wls= thromo-
xane® 2 prostaglandine 84 &3] TAEHE 21
1 goHo,

5. SRy 013 EZ(Protein Catabolism)

iz EMat 7he] A3zt o3 Ty B
o BEAug BE olnixile] 4AAHE AT 9
g 9 ozt #Zgol F HA Eoh

Z QEZ RAA 7} catabolic statec]l FAoz
oy olztatgo] FREh
T ARAeA oy alEe] @i ol AL

#ol shed %2 di3dl FA4E FaAd,
Jd&d FL Y oo HEAHAE FIH

8% "7 ozl FRE ZAATIYE, A
T ES 559 F8 o3 24 gdeg A4g

£ B k&

EAute] 2etE S wat g Eajo] ol
e 9Pl t2oh AXRAYENY FS TS
hydroxy717t oM  hydroxy”l7F 1= 49
(PAN, PS)HT 83 BN HZFoz Q¥ mo-
nocyte/macrophage@A3l2 Cytokine®] {& 5
SH02HE oAt {2 E F7t AIFIA "Bk

E% A3 SAuUY gFug A4 A%
224 SA4(porosity) W ¥4 BA wAA o
3 agol Belshe Fa aglo)th

A7 WARHBAANA FYPE olBE} A}

ghgo] QS HAE F8% Yoz wulm Y

HFol He @Ae AT HUY F4E 2x
AE FANME Bl g 9N o HH Fo
gojdrt

High flux A% low flux F4% Bo £4
dogel oppjxAl 4ol o AW AAEHA B+
ot % 44do] Ak

—_

mAMato] ojAE I}
1. B|Aoo| YPUXKpyrogen) F4A

RE BEAge o dd EMAAM FHldlE cyto-
kine-inducing substanceo] F3Ado] UAT Fx
49 Axe uAER TN ge} dad F 1|
g webq FEAete] pyrogenFIgelH Aelst
2lejA] PBMCo A 2] cytokine &3] pyrogen ¥
A G5 gdel o] "ot =3 4 high-flux
F492 Jow-and hgh-flux cellulose® 2%} pyro-
gen 3o At 2= low-flux 9] pore
A7]7} Fhi pyrogen FHAA-E FolAY «ud
= ¢gd ¥4 H49L hydrophobic domain®]
glold LPSEE lipid AZ2 lipid-like pyrogen®
F&geozs gl pyrogen FHEE FLAT)
= B4l Urh

2. #d

AAFAHEE FAGS Zgd A ZF4 S
7te] AT/AE dAE ZL FAEAEL Qo
°olEE HAIANAFE Y4AY 2AE Atk Levin,
Hakim, Vanholder %9 low-flux A%z
low-flux AAEHEere] AFATRE A ¥4
AHE TN A el Wi el FUHEE AAEEA
ok 2y ARG AgRgE o2 a9l
vascular access, @3 gHY 59 2ol FFe @

Fe FE JAFS 471E Yast A,
3. HUNH
oz ZEe 4A7 B2y 4R WA B
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AZb d&e FEHA gtk SHHHE  curpro-
phane™el A AN69TO 2 WAALRA] Z71EE AA}
= Bavt Jok & mBo S8 a5E3
AAZL g29 ge] A& FIATIL AFHAHLRE A
Zol FFAEe] wln F=za HFHUt Forso] EF
grule] FIPo 2N ol@ET Altgol TaE vt
EA4o) the Aol B&o] cellulose™ FH&
g og o)3gS F/AA DAY FUPAE
& Yo7jA dch

Guteirrez 52 Ikizlers} Itakim3} vl37kA 2 9
Fureg BAATNA F FAue] vsA AA
Bague BAAE FHFAA il oje g F
AT FAFAFD. RAu) we Bid o)z
Zhgel Fole FAT A M, dHTe Y3}
9} o]d) w& cytokined] fulol 2§ Z{AH X
N o8 EATY GHe]ge] F7tE A
Aoz FAHT Yok

o] BB cytokineo] W o] A
Hd ol& AgYgst: BHoY F8A 9 down re
gulationo] doju} o|E9 &AMV} AR Yrie FF
= e,

4. MEA OlEE
U47) ARH @AY o|qE&F AMFE FE €

2 EQENAEZ o BYEY AFAEI B
A7t 3 o]E& ¥F XA 99 o]i(high LDL,
low HDL, high TG)9) A#=2 <aiA" 1ok high-
reflux FA %o 93 F4e nAAHQ F&3 T
ARGl F& ¥t ol &R £F9 AA
&o] ol ¥F FAXNEAE A= FAHo o
=4 low-flux polysulfone®54e FA4X3AE 7
2ANFIR g Hoez Hold AAMEHFY RHu:e
high-flux WEQ A& B,

High-flux® o] oW 7|Hoz A7|ARH &
Ze] AA o4& MAAF L BFEHAY ol@E&FH
AlE & AARAFeA dE AT 3 Holop &
T}Ajoct.

5. Amyloidosis

A717te] WHEA AN HAHE FHEE fF
ALZFL  Br-microglobulin( 8,-MG)e]  amyloid
foril 37 F-bo} Yt FAEAY Y F-MG
e AAAEG 25-354 FUiEe] QoM F=2
carpal tunnel syndrome, bone cyst, chronic sy-
novitis, destructive spondyloarthropathy %<&
gAY 2ok ofvet FAEe AAAHA FAF vis-
cera@’|& A¥3rI= @rKFig. 3).

FAEA {AEFY w¥/1de tgsitiTable

HO-Duration(years)

Fig. 3. Incidence of long-term complications among chronic HD
patients as a function of HD duration observed in a
nationwide surve on their quality of life which was

performed in 1991 in Japan. These data were obtained
from the analysis on 4857 chronic HD patient based upon
the replies from the patients and those from their

physicians- in-charge.
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Table 2. Biocompatibility Factors in Develop-
ment of A2m Amyloid Bone Disease

A. Cellulosic membranes lead to an increase of
synthesis and release of 8.m by MNC.

B. Cellulosic membranes lead to the release of
proteases(gelatinase elastase) and ROS which
favor polymerization of B.m into amyloid.

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

D. Biocompatible membranes favor matintenance of
residual renal function and endoenous AB:m
excretion.

2. B2-MGL FZ Aoz wjde7) wie AR
AA 57t FUHEAT A Aoz F
Aoz AAHA & B ohe} o33 AN H
A3 cuprophane® AR dlols AR ¥4
I g¥g, IoMAXe] g4ty 9% IL-1,
IL-6, TNF- 2, B:-MG% A4ks XAz,

o] 9} &43l¥ neutrophilel A W& HE pro-
tease®} reactive oxygen species(ROS)o| 9% 8-
MG®] polymorization(F )3 Wz I
A7 AT B BAXNEE ¥r)He o
QARAZF ol&7|7ke] 1 AN FHEFO) U
TS Bastn glo] giEA] 4 O zpAe] oAt
LAE ¥& o2 AZEy gt

AAAA high-fluxF42HPAN, PMMA, PS)
& B-MGS AAE FIMIA ¥ B4 zhH
9 FF 4 HarEEo Fo} FHTE 4 EF S
g 5 YoH®

Amyloid ##H2 o)A Fdm AAHA gorz
B2-MG AA EAAUA FARE AHgstd 23 H
Zg dqMEteE Aol HXMolok FATA FUEZTE
Z doyl= aeR 1) 8539 #Fy7zhL 2) 10
d ode] v £43713% 3) &R ol (504 )43
4) AARAYE B ALg Fol Y. Had:
acidic B2-MG®] advanced glycation end pro-
ducts(AGE)®] &9 o) vi7i= o] monocyte]
choemotaxis& Z 3 A|7]3 macrophage® A=319
TNF-4, IL-18, 1I-6& #vA T22ZH osteo-
clast¥43A]A bone resorption*l7]3l collagenase
#4572 bone matrix T E dotE 7HAe]
ANET Y,

6. OlZHE1t AlE

HAFEA G2 o]#-g7} Abggel BE A A
A gy FAe] Fre] #g v A Jd7En
£ AAAEAE F490] celluloseTErt o]#g2} A}
B AA7bsAdel &S HAFn vk 19824
Chanard 5& AA HIFA W Algo] A, Y4
de F& %L AL Yeldloy, AlgEdds 3
°l7b g8e¢ HaE u Q. 1991¢ Levind}
19923 Hornberger & high flux$4]¢] AP}
low-flux cellulose®, low-flux PSZH} AlGE 3}
2a3E b A¥E0E $5E 2ug bk oy o]
g Adst A AEY add 4 glevt high-
fluxst Kt/V9 Aold 7HsAdE wAg £t dude
oA sMel ozgo] A, 19949 Hakim %
9] cuprophane, semi-synthetics(diacetate, hemo-
phan), synthetics(PS, PAN)2. 2 FXg #xzte
AdH Al EEE 47 1.33, 1.05, 1.00104.

Lowrie EG %% NMC(national medical care
system)olA ] 3405448 EAZAIA}E high-flux
polysulfone® Al%-&°| cuprophan®el] B3] 0.72%
tH{p<0.05).

Polysulfone®< cellulose®tell H]34A] high-flux
FAola BAHFFl UAM FUEAR] A2 &
o] 1 YwtHog EMu guizo] A 849 A
Agol vt oA vzt olad 89F oW
800] AE A Aoz o FaF LS
AeAe 433 goh 9x F EAEY AAE
olE A S mHE Zolte ATAHU 2A
7t AT 2AAAN %S vHE Aolge 2A
= ek

A #) A A o] neutrophil, monocyte, lymphocyte
g4d A 4T zaEy o AP 54
o] olF AM}EY FoF IFE v+ ez 2
bz F3stn Yo

o]29 dZd3+= Cuprophane® e semisyn-
theticEE synthetic AH&7F9 AEEo] v|&3 A
=2 F4ck 1 ofre AA AP Ex high-flux
HEd & Aot AAAYA HBohs high-flux g
A Aoz B # ok wekM high fluxs) &%
2 Bd AAEE A A HFA Ao B
AT gardel Uk
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