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o] EMolu B F8%S vwdrs] YsiMe Kuf (ultrafiltration coefficient), KoA (mass trans-
fer-area coefficient), H2& %9 5A4< vinsdA Hed A3 28 F ¥7F (blood flow rate),
EXN4F (dialysate flow rate), transmembrane pressure (TMP)ol wgl gto] W& £ glo=z @
£8 FATY vnE AAst Holh AL & Ytk EF RPEe AN A% A} in vitroolA o
A= AA YAolAN ALgEE | o= AR F2 AAHE Hole A%r) goemg EMq 3t
g vlamele o] L FEL ol At

1. Cellulose ¥$A{9} (Regenerated cellulose membrane)

Cuprophan (cuprammonium treated cellulose)2 tEHE cellulose $A%-& 1960 thel]l A= o

Hemodialysis Membranes
- Family Tree -
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Fig. 1. The family tree of membranes consists of a trunk with two major
branches, representing the classical celllulosic membranes in the
trunk and the modified cellulosic and synthetic membranes in the
branches. Synthetic membranes are discriminated by their proce-
dure of hydrophilization.
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Z27] §A "A4FEAe da o]g=Uct

Cellulose & E3jellA] dojxny, ERde] A% F2 hydroxyl 712 8 54 71 Yz,
ol e gt Wt ARz vj$ Andle] 2o FAZ 5 ymA Y 5 Yo} B3] 8
A Ze Fe B2 239 AA 3§ FHo) Ui

Iy EAAE g43A AdaT, AEFTEY JAYSE Holx AARAYA (bicincompati-
bility) & o719, FHEAEA (middle molecule)?] AA%o] FAdutel v AstA oz ALg wl
=7} Mol Aok Cuprophane] ®HEHE O3F B9+ endotoxin® @ FHE&5E AFMEHS lipo-
polysaccharide® AAAH AEZ {FAMSIY, 53] celiulose AL EATHA cellobiosed] 3]
hydroxyl 717} AAREAFAHS Fa AAY BA H=29 FA43tel Ay BHY Aoz gz Ay

2. MY cellulose A9} (Modified cellulose membrane)

Cuprophan™e] AARAFHE AMsl7] 98 HLPHYeH, cellobiose® F8 hydroxyl 71&
DEAE (diethylaminoethyl) 2 #1283t Hemophan, acetyl”]2 X183 cellulose acetate, cellulose diace-
tate, cellulose triacetate (acetyl), 28|31 benzyl 7|2 X &3} synthetically modified cellulose (SMC)
So] tEA eIt} (Fig. 2)". olel# 228 %3 cellulose membrane?] YALHETPL A HAHY 0
U, F3 B2 B2 AN o] MR Eagch

3. BMY9} (Synthetic membrane)

1970 Aol FA%e] FFENE /A7) 93 §4 $8A (synthetic polymer)Eeo] et =
71l 2 hemofilter 24 AMEEIReT 1% Y7L BAFEMo) AL g}

Polysulfone (PSu), polyacrylonitrile (PAN), polyamide (PA) & %9 3}49e cellulose ¥
Alute] vla) agAdolo] ] EMe o]&3taiW PVP (polyvinylpyrrolidon), PEG (polyethyleneglycol) 2
& H7/MAE E¥3819R, acrylamide, methallylsulfonate 2& A4S} o] Fgsldol g+,
thet ethylvinylalcohol (EVAL) =& #AJolojA 2oz AlRE 4 9t}

FALL cellulosed 71223 TEH 72727 d2og YAHFAY FAE A3 Ad=EQo,

Regenerated
Celiulose
Hemophan®
™ cH,0H M odd ]
Celltose u:/ H W
Acetate oAc 4 H N O
4 oid choac ©

Fig. 2. Modified cellulose membranes are derived by the substitution fo
a small, defined percentage of hydroxyl groups within the cello-
biose structure with chemical groups such as diethylaminoethy!
(DEAE), acetate (AC) or benzyl (SMC, synthetically modified
cellulose).
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PSuslAl H7HAIQ) PVPel 9% A 729 B43° PANOIA kininogen®) ¥4 Fo Ruslo} 3|
o). Y=L Kufb ¥3, HF (convection)® &% (adsorption) 59| 716l )& cellulose F4%
o wsted FHEA BAY AA%Fe $53tth

FAHDEL cellulose Toll vla] AustA Zainz, BHxg do FFgE Adr] AMHE B4
o] cellulose B¢l 8-1084Q) 40-50 ym FEZ FAol §t}h 1 B2 2L FUAE 7ML dx §F
X719 =77 o 33, Ze §39 AAT] #AE F Y

F49%E Zo|M 7b Bo] 2olE PSust PA e vl&# EA4E bR EF hemofilter2 AE
5911, AAZE A54olth sk thEAQ YEEL FAS A8 FAL AAAFe] ook da w2
e 2349 AA%o] Bk 12U PVPE A7tete] #itat difel g E3AATol AMHAUS PSu
s} PAE 2Ex) 2 12Z 7hgon, PSu %& @A TIE pored] 2719 AFo] o] &7bs 3

Mol £5 I 239 0|F
1. =N 0|52 =} H$ (ultrafiltration coefficient, Kuf)

ENS £4 529 o5 AFg % 24T o]FojAH 7 EAwe FRAATE 2AH
A% (Kuh2 deban®,

Kuf® transmembrane pressure (TMP) 1 mmHg7} 22 %1& o ol A3 FA4g T3 AAH
= 2o 9 (mL)e2 YEd & itk AAZ Kuf & TMPA weh tizhe) Apol7} glomz X2
o2 549 78 vng dols 3 Ae) TMP7E 224 #Q3teof @rh

Kuf #tels S48 29 E43 FA4ute) Yolst o] wgsglenzg £49% A9 ¥ F34A4
S 7] YHME KufE FHAHoZ U e He Aol o £¢ F Uk TMP oj9d= 3Hriea
Ax, BAv g oYy g3 Fol o3 gro] AE F Urh

2. 230|S7 HAR®. KoA (mass transfer-area coefficient)

Exute] RAESE Foluy] HHAME AR, FHEA 22 FoA dEAA EH9 Hie
(clearance)g T8l ¥k F48e 54 F 85% FHARZ w) ¥s2z 2L vud ge
5% SAA{Fo] e glaof At

Mass transfer-area coefficient (KoA)E £4%e] 7958 348 + Qv 8§39 53L& dEsd,
a9 242 B8 § @ SH9t KoARe 7ee 8533 SA9FZ4Y HIHY 82 Fa
&olth. KoA#t# 37% FAAFZS 99 84 H48E 78 & 3ok

fMolg S8 B3 0159 By

EMque £33 239 o]%9 7)A-e 4 (diffusion), HF (convection)go] flon, HIe 85
z 229 AA 2ol F3 (adsorption)”}Ho] FE-L @m v} (Fig. 3). 85F 549 A7), 334
EXd wa AAHE 7]Ae] 2o cellulosed 7IEC2E FAute] us] @A 2eln e FHUE
& ey 3L 3 S8R AL AAN o £& 4% JEhiE drh

1. &b (Diffusion)

gae gAe] EEaole] o3 Yol EA ojFolh EaE 5000 ¢l3te] ARAEHL Fick's
law o) w2} B zole] & o|FHH, 1 ATE FAAS (diffusion coefficient)?t =He] FA 9] ]
o wat %, 2o Fr/} FSFE A go] Eobxoh 1970 dlel AHE-3tY 16 ym Cuprophan %2
2% 150 mL/min® 2AF4ES 2437 A8 1.6 m’e] ol BagAW, 19843 H¢d 5 um =
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. o
plasma protein ./

p2-microglobulin €1 » o

Solute

Blood Membrane Dialysate

Fig. 3 Model of the mechanisms of solute removal by dialysis
membrane.

e @z 05 Mm% Yo% sbsstA HAh aeEz A4F tozn EuHAHT I
Faotg BE & o

g oz AxIAEAME AL EFY olF 54S &y HH, o AkotEd, At 59

g

ZJH 1FES

g 71z o2 aFEY Bz 94 FAEE 43 o] AEE A KoA (mass trans
fer-area coefficient) #t& T3tk KoAt FAY A9 o]5EA9 A He]W KoA oz EF F4
Agels 84 284S T £ Yok 196090 F49%e] KoA &2 1 m® % 100-300 mL/minolA
500 mL/min2 Z7Hden, A&d wiep go) FAe Fyjo] 7hiel BAU MA QHA TIAG A
o2 B@rrec

2. iE (Convection)

HHE 7Y o5y i dojue B9 olFor F2 EAY Arrt ARdA Edd @57 Ao
Q) FUEAEZA (middle molecule)?] ©1F 7[dolth HEHoRE FUHEAEHS] oS H7IE7] 4
3 vitamin Bz (MW 1.2 kd), inulin (MW 5 kd)9] 48] 2gov} 19851d4 A 2-microglobulin
(B2m) AT FRETo] TAH oYz o] JAATANN FHEAER ol% Hrt fme] HAgol
2o} Qo

3. &3 (Adsorption)

A £28 2ME €3 o 855 54 JE5e] AAY 7 deov FE ARAMT JHF
ity F3e 71de EAMda Al alo]o] A3} (charge)u} van der Waals forceol 9J3 Ho=
az#ld glon B.m, BA), erythropoietin, IgG, fibronectin, lysozyme, endotoxin $°] &2 23] A
Ad & i F2e B9 Il AZe 85F 548 AAsE &£V%0] YA B PAN F4
utoll o] 3t erythropoietin®] #AAY} 2e F715%E AL 5 A

D28 (High-efficiency) £M8t IR (High-flux) FM9

k=

A& FAute] Hols #gysEel A gou, 7% 300 mL/min o4, FAAFZF 500 ml/min
ol4el Arefell Al KoA kel 600 ]l A+2 $8&53 slon, ofg zdoME 84 Y28 200

T
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mL/min °o|4< 9A4% $ gt A4 ALHE URrEY FANE dF5FN Y 5 oW 1EE
Mg # 5 ok ZEE FHE 3 T 4§ oz 2 ZAAE U £ oy, A¥EA
9] BetAA, AW 52 59 BAR Ay} e A= gt

EMute] f3¥e 2EAHoR FEAATE dudgoy dAE FERGE FAEAELY FHYe
Z F4ol $AA At d5¥og WHF FAWLL Kuf &l 20 mL/h/mmHg o141 A4E AH&
Qo 8Fe fym Hagol 20 mL/min 0|4 A2 viRoiA D itk 1HEZ 2{HF FAROE
25344 (high permeability) ¥4olglz AAs= o] Bt} AEsi FFHOE IFFFHoE AY
sz 3

ARFEA G 22 FAYo] AHEHT AR cellulose FHHE AHRE & otk THFRALE A
frEEAue Hgld AEAEAY F4LEES Aolrt glod, FTEAEAY AAS] dF AMHANUG.
LHFEA) ETRoNN FAYo)A] WAooz Jai7} (backfiltration) BF 22 endotoxin®] #UB
£ o=z HHF TMPE $X31 =& &4 (uitrapure water)E AHE-3lojof o).

NEE, BHFFE FY At 7S A AT FEe AA Amr}t 2ekd  glenz B Y
A Fojstoiof goph

MAXYAM (Biocompatibility)

AAARYL YA oA A EEte) BE FFH 4348 st? B4 GAojre T4
B ABE JFPY, wARHS 2L PA2AE v Pt

1. MAREMo) XNEZM 2HY 2579 M43t

Kaplow$} Goffinet7} 1968'd %2 cellophane®o2 FANE & o dAAQA HYILHRLFO| Y&
Rg 2ARHY T, 19779 Craddock 5] ¥ o] cellophanestst FZ3td w7l gA4ssln AP}
He) mAEgAd AFETT B vk AHY. olF AR AR AFEA BolEHR
A ARt

A AEHA R e BE EA9Eo] €35 A Aoz 424 dew 1 F cellulose
EAdto] alternative pathwayE ¥ RAAE FHFA7= AL 2 48 dow HE¥He {73
hydroxyl 719] 747} C3 84% L AAGE AL =89 A7 P = Hemophan % 8
hydroxyl 719} 47t © A& cellulose acetate™Br} B #4318 dA)7l= Wi, cellulose triace-
tate =& cellulose acetate®tBEt} RAGAZSE d ANk FALLE RAGAHIE E A7l Aez &
#}A g2, cellulose triacetate =3} BAEAY 5ol FFEEAN HAd BN A F8 hydroxyl 7]
7} fedE BAY gAssEE 71Ae # geA Ax gov AHsiA Sl g Aoz Azdr
AN6S 2t C3a A7} 71 @2 Acz d4A gled 1 olfe AR A3 C3art FAT) F2 s
7) wgol®.

2. cytokine 7Hi

4 Folv $2¥Y monocyte’t TAZERE FAV ddow, a2 JHeRE C3a, Coa’t AA
monocyte® HABAANAWR?, backfiltration, backdiffsiong $3 gAEHo = Zol2 endodoxin
Ao Z7to] AL = Ae Ao gayA G,

43t monocyter TN dod FIdE& 2 = YR, ol FHIAE Yoy Bmd A#
g FHESS] BAdE Bosle Aoz ddA U
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JA0p MEj0) A0 Z|EF DT AL

A7) chepg Ao £ATe] ASUVsET Zzte) RAme Ygize Fuiel gons Ro% 4
gol A, Ha8, FEFHE odoE oldst Be AFES Testolol B

1. BHE

EWAe ofn H2g3t Kufd) Adel o) 9o 1 AM2A Fo3kA gou}, Be EEE 2
HebE EWAo] 4245 AALHGHl vehd HsHel Hold fel¥ + Uk

2. 3719 MF (fiber)Q] HYX]

4718l @Z7)E FWHO wel xejrt glow, AAegdAFa BAVE dok F47] He YFe
100 mL W9 AEQd w3 (249 ¥A=H o] PAFL 160-170 mLolZE F4{7]9 F7= & 9
e gtk BAw g9 Af iR BMdo] nEd BXY 4 JEE ngEojof 30, 4TE A
9] X E 93 spacer 8L 3 A& ¥E 72 U0k

3. &5 WY

=xate] A% WHE ethylene oxide (EO) gas, gamma irradiation, steam &% F9 Wgo] e
o o]F EO gasE o|€8 A= gas AAZL 2 25X gow, “first use reaction”®] A& + Uk
steam A%o]\ gamma irradiation®] % ¢tAs} £Aue] iy HE4E § R A0 Aok

EO gast PMMAE 9§ ZE o] ALEE 5 itk PMMAE EO gas9| reservoir §#2 317
2o Al4¥ 4 ¢lth Gamma irradiation2 WREES FAute] ALY F 9lon, steam £F2
cellolose acetate, PAN, EVAL, polyamide, polycarbonate $42e]A ALg& 4 ich?

4. H 8

HHUHEE o) celliose® 71202 @ FA% noh g 97t BTk FATY oy S3HuoE
AAH 2del  Fa% A7 A & ok

#$ FAOlo] WA WE (Future development)
1. NEXHEAS MA

KyVE 12 ol4eg #817] 9slM KoA gto]l & FAgeo] Hasith KoAE 3A 387l AsiAe
BEUAE 3A 87 mass transfer coefficient (Ko)E AA ¥ Hrh 28y ZFHAHE 71§ AL
priming volume$ &1 £4329 AFo] Axz A7 Uch £ FAYo] AAFE 24AA &
go] Zasted), ol Al AASZ BN B¥yt 123 £3l7] gRo|tf, Bty EAE
2o} gl 9+ F dohd Ko &8 3A & + U& otk

2. SUEXEEAS HA

B:m# 2L FHEAERL AASE ¥olV] daiMe FM9 oo A7)E B2 50 kd7HA9] &
Fo] AAL F JYEE Eaol sl TA gRuy e I s wAUYtE AL #E F Uik
gt oj2lg MeEAe zF7] M P A 2o #stE F4TE grEe]ok v (Fig. 4).
T3 nES, THE FHME dAd A9 BAT Az AAHA ¥A ¥ & gemm &

A 544 wEEE BEaRe] AMd AW EEL ol nFHFE HYS A B 5 Ao
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number of pores

pore size

B:-M
(11800) (66000)

Fig. 4. Comparison of the pore size and distribution of Fresenius
Polysulfone and Helixone. Helixone has a more homo-
genous distribution of pores with a larger average pore
size, in a narrow size range distribution.

opAlgto 2 £Aute] ARE M 85F9] WHdee 8% F4o ¢4 FaA diF Ao
yAEejol gty FIHEAESAL] AAE delyd F_E7N? FHED AIGES AAdE FUHEAEAY
azle dokglzy? A gte] Aale ojmsjof erl? A Algdle LFF FAYe] Ego] HUE F
DEAZFANAA 2 AL obd AAAFAY MM 2)F 3A7? Bmelvt AGE (advanced
glycation product)®} S4¥3] ZAgstA HE immunoaffinity columne]l =&°] Hv ZHAHA + e
71?2 ol4te] AEo| thF AEo] ook Bt ¢ F& FAute] MdE F UL Aot
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