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# # 4674779130 : MAJOR MEDICINE (NEPHROLOGY )

KEYWORD: CRRT / Cellulose Triacetate / Membrane / Biocompatibility
WARANGKANA  PICHAIWONG: EFFICACY OF CELLULOSE TRIACETATE DIALYZER AND
POLYSULFONE  SYNTHETIC HEMOFILTER FOR CONTINUOUS VENOVENOUS
HEMOFILTRATION IN ACUTE RENAL FAlLure. THESIS ADVISOR : PROF. Somchai Eiam-
ong, M.D., THESIS COADVISOR : UDSDA LEELAHAVANICHKUL, M.D. 86 pp. ISBN 974-17-
6947-4.

Background. Continuous renal replacement therapy (CRRT) is a highly effective system for
replacing renal function in patient with acute renal failure (ARF). Nevertheless, the advantages of
CRRT over IHD are not firmly established. One of these aspects might be the costs of CRRT which
much more expensive than IHD. Hemofilter is a one of single item. A standard synthetic membrane

material used in CRRT is generally high efficiency, more biocompatible but very expensive.

The aim of this study was to verify the first data using a modified cellulose membrane in
CRRT. We focused on the clearance performance and clinical safety of hemofilter under condition of
CVVH.

Methods. We compared the use of cellulose triacetate (Sureﬂux®) and synthetic membrane
(AV—400®) for CVWWH in ARF patients. They were treated with separated CVVH system, conduct with
pre-dilution mode. Blood and replacement flow rate ware kept at 100 and 20 ml/min, respectively.
Ultrafiltretion rate was 1,200 ml/hr. Blood and ultrafiltrate were sampling at baseline, 2 hr, 8hr, 16 hr, 24
hr.

Results. Seventeen critically ill patients were included in this study. Well tolerated
hemodynamically. The seiving coefficient of small and middle molecule were similar. The loss of
albumin at 2 and 8 hr..of Sureflux was more than AV-400 significantly ( P-= 0.029 ). No significant in

complement activation .

Conclusions. Sureflux efficacy was excellent. The high permeability and sieving coefficient
achieved comparable with AV-400 . No side effects occurred during treatment. We provide the
preliminary evidence that cellulose triacetate may be good alternative to synthetic membranes in

continuous renal replacement therapy.

Department .....Medicine Student’s signature

Field of study...Medicine Advisor’s signature

Academic year.2004 Co-advisor’s signature
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Snunsnan1snaniaense bl 919unndndesaz 10 (4)  wdazAonudnquiinlunnstlaaiy
LaznnainEnaylnrtE gL AT IRaT L lulsaneUNa (Hospital-acquire  acute  renal
failure) mn%ﬂuﬂwﬁuﬁmm (10)

nsruquniendentlfanisfnewuulsvAulszaasniazlnone@sunay
qaxsunnglunisdiuudloannanesniaziniuefanaeswnialindugniazilnd  a1unsn
WlpNNARNNg1E 2 33 18un ARnnswentauumduaensn (Intermittent Hemodialysis — IHD)
LazAdnmanlauuLsaLieg (Continuous renal replacement therapy - CRRT)

¥ =

1 A.A. 1977 Kramer WugunidnnistindasneEanaununinglnonasasiazaslainey

L ' S B @ as R o 3 =
atvreeiludesluazdetiestu 6) HWisnisveanidanidinisdntiiuazseqi@aaanan
infuaeiluliacinedng Auasentsssulvaneulatinlunaenmenuazialalinin A
posmnzanludUaelaone@sundunininznislnanaulatinluag (7) Inisasuulas
srauandluadn (Osmolality) luidemiieaaniias al¥nazanaauinuazn1zau i

= i » J W, . =t X £% = v =KX o o
anpaaINNIINaniaen (Dialysis disequilibrium) LNATUTEE HANAAILARIALINTYINNY

yaslatn@nan (1)

gluuun19¥in CRRT

sUuuLNIe9in CRRT auegjiuiladendnt 3 Usznisdssteliiine
1. nalnlunisadnuaids
2. AN®UZANY vascular access

3. ALSI29N17 A7 A N 19RUaNI1e9NIe



1) nalnlunisaanuadids

nalnnisuanuasdagluniswaniaan (12, 13)

12 naln Aa N1sung (diffusion) WAL NNIWA (convection)
A dl dl a dld £ U 1 a dld
1. N13UNg Aa N9RAsLTITasansaInLsniaNdduNnlUgusnamy
pnsdindutias (N 1) lunisianiswani@ensaeds IHD axiinnsiarasmanidiun
fiansad (hemodialyzer) lufAgawneiuinlaezlaw@n (dialysate) THAMNLANANNLRIANN
L%’N%’umi[ﬁiwj(concentration gradient) TTUINUADA LAY dialysate AARAAINNENIUDY
hemodialyzer ¥ lNaRsIN1sIAATIRUALNINN4A  Adutlsznaulunn dialysate aziiAaw
% =) o A a L dl o ?/ a al a aa
AaepdenLdendnATegiaananign sedulaalnnanseise (urea), ATLARUY
(creatinine), T1ld@dein (potassium) waz Wagaws (phosphate) azipdaunandaaanligily
. = = 4 s . p = y
dialysate Tuanuen waarie N (calcium) wazluAFUBLUA (bicarbonate) aziAAAUNAINEN

dialysate lilgflaiaan

Hemodialysis

1= Pt
K+ Crestining

Phosphate

Creatinine Phosphaﬁ Ures

e 1,

Fram
patient

Ta
patient

Diabysis fluid Dialysate

U 1 nazuaung Hemodialysis Tdnalnnisunslunisadnaaaide
o 4 d e o da .
UNIILIE): §NATTHAPINITARUNTOA TN UAIN BT IUATILNTN SN I TUNS

BIANTHW



fa“mmﬂﬁiLLwémfmmi%%u@gjﬁuﬁ@ﬁﬂﬁwiﬂvl,ﬂﬁ
N, ANLANANNTENINGANNIE NG UL29817 (Concentration gradient) 351314LA8A
uaz dialysate 8unnHazduan IFNERIINTUNTRIN ANnTann
concentration gradient Al Tne s indsnnsvareaden uay e

dialysate

A

2. aluanaresans @1snNanInluanadnazaNsnunsEiNuLeEafaNges
v 1 dld 1
Iiandnansidawaluanaluny
o dSIl dl' o % ddgll dla e =3 o =
A, ANHIUZIBAULLIEBAINTEY 1INNUNRY WA solute permeability {nAazi il

3
ﬁmmmmwémnﬁu

/ A dl dl o %; | o o
2. n19NA (Convection) AR NT7LARAUNUBIANT e AaLNLTuAINLTIURaNNNg

a o o o 3 F (% o 3 dl o A o b4 go/ A dl
n&nAtylun19Mn Hemofiltration - 8t 13961 hydrostatic tNaKANYEaAWlFNIAREUNNIUg
o 4 = = o 3 o . . 1
NIANIBNAINTAN Hemofilter (HAINMUNLILAtIaN1 Dialyzer Tun13nn Hemodialysis EILTEN
ANaALLEa9aNNNIE LI UA13NN9NN AN TuaneNTieaeRniasi frictional force 35131910
WAz AN9AZANY [FINNIELIUNNIHEGT solvent drag i liaNsazaaniualuanaidnnang
n384293 hemofilter gnwnliidauigannugnseseanlliunl Ganuiuaisazaafiasn
HNUINTRIVEN hemofilter aanlidngamlaimsn (Ultrafiltrate, UF) wu31sansasii g lunisna
Hemofiltration @1xn3nganliansaza enN uinluanans 25,000 aasu gnadnaanly
1 = a a o i’/ =KX A o a dl 1 '

peNHUsTANEN I AtiuNIINIAIiAYNNaINNTn lunNsdRTeads MiduasTuanaluaingn

nsUNg (319 2)



Hamofiltration
Replacerment fluid

e

Phosphate Creatinine

To
patient

From
patient

Hermofiltrate

1% 2 nszuaunIs Hemofiltration ldnalnnisnnlunisadnueids

UNNEIE): gNATTILARINNTLARLTITEIAITHINAANIBNACNIUIATILNDNL NN UNNIWNTY

AU

o/ d,:, 1 Qs /. o/ 1 d”
amsnnsnresansazaueagiuiiadenssiallil
1. Transmembrane pressure gradient (TMP) TMP HAWNALNARN9921A914
hydrostatic pressure luils1aen (P,) uaz 89 UF (P,.) [TMP = P, —P,.] TMP
o 9 all [ A o/ 9,1%’ dll dl 1 .
nvrhnifluusananvisaau AR uNNI1INgEII09 hemofilter  @X19D)
A TMP iaaulataenisiva P, 1y INaRa s luataaaen visa an P,
) o . d ¥ A = g A a
v 19 pump; suction %78 waaltngaeiianslv P NAAAAL
2. ANHLIURIFNNTAENHNUNRY a2 water permeability N1nfiaznnlFlema
ANTWININTU
o & Y = , o = A Ay \
3. dmsnasinarasiaen dadnInasdasanlusauluaennlignnseeinu
hemofilter Ifaanldannusmiasuluaes hemofilter Badunnsilesiunng

aran1e9lsAunniafinuluaes hemofilter Aadananinlif water permeability

284 membrane lHI@BNAS



Convection vs. Diffusion

Convective
Diffusive Clearance

Clearance

@
L
=
]
L.
]

i

o

100 1,000
Molecular Weight

gﬂﬁ 3 ﬁmmmw@“mmLﬁmjmm‘im@qmﬁmimmim (convective clearance) LAY

N19UNT (diffusive clearance)

UANNITNI9IUURY CRRT

PANN19IN9IUIBY CRRT  @Aanszuaun1aniuudn unisinldiaes lvacinu
\atiafansesnilamuaniis W[1wlen (Highly permeability membrane) a13nilluiana
YUIALANAZHNN3UAA IALNI1FR1ABINITNENY (Diffusion) Aa1NLFR N AT AN NN

Tgusnunianudududenndt douansidawaluanaauiatwunanszalun (anndd

20000 ANaAY) aviiaEiasinnsesiiiuetinden duluianatasiaiiudant  Safunalni

a

NAIuALULLILAAEALNINFeIN U0 16 (Glomerular filtration) NINAgA  ASUANITHA

= = a

sneladdraningzy psleAtin WedulaTelauialuianauan A1 iy uiasldnsnisedn

a
v 1 1

. o g A, oy - 4 A ' oy A o
Wit fu Tegsinfdiueenuilennuileitefinseansenisendt  eans1lnsdu
k4 v
(Ultrafiltration) %ﬁmﬁmmqmmm UuaaNNILALYNNIAAN WATATHNITLANAITUIN AN
¥ da s 4 a g v o0 ¥ o4 4oy
Wil lurnaunisdananngaiuasazaranidoutsznauadeivluigen Gedauin
v ! v v

Fasnianndntiiiueenandadiagazainnsnnuuadasinisundiuazinaantdainig

1U5UAR31N17 1M 4N UBIA1TUNN ALNLYFAE AN U ARBNURID AR T NILAIN IHATNAN AL



ARSINITUANUDILALLUN1SNY CRRT

\H8991nn19911 Continuous Hemofiltration ( CH ) Mdnalnnisnnlunnsudnasads
o~ . . o .z
Toeliflin1sunsannniemn dialysis (Q, = 0 WAz Cy, = Cy.) A9l

K. 8m31N19990413 = (Que X Cup/Cy v, (1)

K = QU ... (2)

C

gm3N1INTTesaa llanasne] azendeluianazeatindusiont fatii n13rdnves

i 4
ansaiianiie] Minulagguauntansniaaiupuduiugssudednanisivazesdanii

o

W (Q ) Audediussninganiuiduduzesanstuanaiu ludanfamsm Auaay
Y v dl 1 % A dl [ ] (% { = { - . d‘
dnduaasansnatluinaen SedndousnanaiEand) Seiving Coefficient (Sc) #1394%190
dusiansaseanunlfetivaaszazian Sc dilng 1 1Wesandnsinsadniae
Q ,* Sc i1 Sc AAlszanns 1 1 @N3g e ANt ARgIN19IAAU0L T AINANWINAL
AN Q - (14)
B W T (3)

TunsiiaedansazaanlavIn il N1IWIATgNaiAMILIILIAZNIBIUBY hemofilter
N139NERIN1929RT89AN9a N A TAEN19dRAT C,\ waz Cg 1293t tnmsaudarinly
wnuAaluann1In 1 a19aza1endauI A mninangnaasuas hemofitter 1 aloumin azien
S sz 0 AnunuazliinisadaRaTuas

Sieving coefficient (SC) lupnantifreatiasinsasiu nliasazanaaciiulu

a dl ] o % |-§’ o o Q}

PLIUNNINITNIR AT A iU FAansas wazaisazanalas Taelaauiy weadunldly

PUIUNNTN1INT (Transmembrane pressure gradient) UsaNUNIBIAINTEY LT FaNTRITRA

b

v
ISP 1

dl 1 Y . 1 o 1 %/ o o
PUINAN SC 78 Bz microglobulin 1M1NU 0.6 LAAIIN WINNTAINIURANNIANN AINTRIULN

o

AN NdINTLFeaar 60 valwaen  DednfangesiiAn SCu1nnan 0.5 lu dialyzer

g

7flAn SC sia 3, microglobulin g4 @1xnsntiaA WIEATINTIdRTasaNsTAELUNNg

R

Mass Removal Rate (Clearance) = UF rate X Sieving Coefficient

'
1o

TunngAnEin1uuald UF rate HANASAWNAL 1200 Radanssadalug
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AIUNNINNERANITHANATUIAAI 22N TZLIUNNT CRRT TUALANH U L9AINIR
(Membrane) AN IDILTIAA UL (Force applied-convection, diffusion, adsorption, or

combination) AnunanglRa19UMALNY (Pre versus post filter) udnAny

M990 1 419 Putative uremic toxin N2 lmanedaunai (15)

Small molecule (MW < 300 Da)

Urea, creatinine, guanidine, hemocysteine, phosphorus, uric acid

Middle molecule ( MW 300-1200 Da)

Beta-2 microglobulin, complement fragment , PTH, Prostagladins, Leukotrienes

Large molecule ( MW 1200-50000 Da)

Factor D, Interleukin 1B, 1Ra, IL 2, 1L 6,IL 10, TNF O

2. ANBMLARY vascular access

1 2 WU A arteriovenous (AV) 128 venovenous (WV)

1. AV access nnlnennsld arterial catheter 1dnl1llu femoral artery L‘ﬁﬂﬂﬁ
inaneanligasasuaninanig (extracorporeal circuit) TneiandtAauAulalis
ga9ftlatias uaz 1 venous catheter |inl1llu femoral vein iletiniAeandy
\dingsanng

famuag AV access An

n. ldfesande blood pump Lﬁ@ﬂﬁLﬁ@@@@ﬂiﬂ@jfmm‘u@ﬂéwmﬂ

9, lasinell air detector Tu9asUANI AL L‘fimmﬂm’mﬁuslunﬂﬁmmqwiu@ﬂ
$19nERzINNNdNANEULTsEnnnAas lifTanaRaziannn AN luleasuen

TN

daideaaa AV access Aa

n. e7anatyuaInngla arterial  catheter  1Tu ischemia, atheroembolism,

bleeding ka¥ pseudo aneurysm (16)
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o - X | o o a oy =2 A L o o o
1. dnsnislnaresiaanazavagiuausuladinuesdiaetslaonulaiuiuan vin1y
TdannsamuaNlszAnsninaesnisinmls uas dnsnislnasesiaenasziias
Tunsiundileiausuladinaviseillsnaasuaaniaanduguus vinlinsneni
1s=@nBANAN way ansudasnaesann luagasuansrenielidns
2. W access nnlaain13ld double-lumen catheter Wl lunasndanan
e 16un internal  jugular,  subclavian v3a femoral vein N194N
iaaneanligaeasuaniteaniusiasende blood pump  nsld internal
. . a U Yo dl
jugular Az subclavian catheter azitlalanialigilasanisanaaulig
lfazmannan femoral catheter winaznnlflAMAeRan1TAAN1E
pneumothorax, intrathoracic trauma VB hemorrhage (subclavian
catheter NAMNELNHANALT internal jugular catheter) — @aun131d
femoral = catheter = naznlillanadiinnia catheter thrombosis,
oy , , . . ool .
infection LAY recirculation #1NN31N1514 catheter  lunaw n19ld
femoral catheter A33 4 catheter ANANNENI8EN9TRE 19.5 1.4, Waan
nN9RANIAY recirculation (17) - lutlaqiiuniign W access iluntanii
[ 1 v 1
fuatinandneu919mINngn AV access
dana84 VV access Ag
a dl a ' - ¥ !
n. waniaeenIaneilyiannniela arterial catheter . az 1fn1314 double-lumen
catheter LANESALLAA
2. nsideneanlilgasasuaninanialagende blood pump  azinliainnm
o 2 Y ° 6 Yo 2 = o
PoURNSRINIsnatesiaanld uaz nalidnsnisluarasaeaimnuadiiane
A, WARINANNIINALIANERIINT MATDAA IHHAIINITININNG T8 AV access
= o vl a a [ 1 a [~ = v 1
e Rdssanananlunisinguanndn Mansidesasaaanluieasiiaandn
uaz Md3unuansinunisudefinreadantiaanan
2 al A
1RLALIUDY VV access AR
n. vinTiRA Mg senlun19n CRRT  1lasandasande blood pump UAY e
szuuineAnlasasiy Wetlasiuninianiag air embolism waz iaanaanlu

neuniniIngaaesdasaluseasuandtenie  sruuineaoiulasnde

Usznevsaeginenisine tiun
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®  Venous bubble trap chamber

" Air detector WianAUNITUU clamp  vietinAaeaNazndudngdilas
(venous blood line) LLlag mmmiﬁﬁmmm blood pump WULEATLIR
A .
WaNAINIA IUNATUaNTINNNE

" Pressure monitor WiaNTELLATY U UAAY

4. ugaaziszuusneianlaanie uadsatlaniainaniay air embolism LAY

A :j/ R aAa %
L@@ﬂ@ﬂﬂ‘ﬂu@uuﬁ‘ﬂﬂ\?’ﬂ’)ﬁﬂﬂ

3. ANLUUIARINIS LRI UINALNL

ALUtae9n19 a9 nAuNLlN9asuansanIel 2 Auule Ae 19l ANTHN
Y ) A . 3 1 o A ¥ ] o . .
naundn lluanein@anwes (arterial blood line) feutiiaanidingsansas (Predilution)
waz N9 a3 me LN LU lugneinaanan (venous blood line) T9LNABARBNANN HA
v 1
nsa4 (Postdilution) N3 198191 NALNUNATWMNUAIENUAINTEY (Postdilution) TdeanAa
al o o o al 1 d! 1 %3 v a 1 o‘d‘ A
ArNENIINIINITR TR A NIINHILTNNATIN S ARTI WA IN e NAaNYTDIHBIRINADA
o = v o = e ' Ny v A oA
neluFansed azdilAnudnduaasresdsyinn e AN lisenng  WARdeAes A LWNALIAN
1 al =3 %/ d’f o v A d’ ] % al v v AI é/
daulil Hnishetneanuinau i liiwannatnialudansas HANNLINTULNH T
. o Y. a [~3 (% A 7l o o o %
(hemoconcentration) N2 W iAANsITdF2291Aa A bagas bAd1e AT uIua898an5A-
Wowmsninsaseanin  satiulneialildnsinisnedansifomey  TueasNAwrlanaaeinu
o = | A a v o = o H .
fiansavadlimsiAiusesas 20 2998m3N7 IMaTeLAeA AUNTTIFEN TN AN UN
AwULanaudnfanges - (Predilution). arleninnisnidneadssanilanuae3uimnsues
o Y a £ 1 o 1 [ % 1 %3 dl U £ al A
FARFINIAIN HBLNITRIUINNAIEIUAINTEY IHENRINANMNLTNT 1D L NIRRT
FAEANTUINAUNUADUN U INTZUINAIN TR N W sz@nEnnlun1s1dnuealdeanaa
szannifasas 10-20  TagaeANiaaa1anauNILIdNINIZUIBNINAI4INITDAANITINANIY
. 2 1o KX o Y A 1 o o dl U
hemoconcentration 1§l usidmsn1shsdanF iamanlignania Gearunsoudlanisanas
a a o o al o 1 vy aa ¢al [ % =) o Y oa
189192 AN TN NN RURURLFINAN LF AREATN AN NIINIAITAREINILAINUNL
= . ° o o H A o P
N19ANE28Y Sigler LazAy (18) Wz IHAENNNT ITATUINAUNUNALNUSNB U
% o dd‘ % =) o Y a 1 a 1 o A dl LN =
dhsanses  Tunsoinsednisasdaniafamamuanngn 25 anssiadu vive Wadilaaiaau

dinduresiaennounisin CRRT  Aeudn9ge 1iu H9zfu hematocrit  11nndnFeuas 35
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aein9 13N ANNLINAN N0 IF A IUINAWNLLLL postdilution 1unTERNTN1359 UF 11nndn 60

Yy v A

any/ule d1N8RIIN17 INa1aARANINNGT 200 HA./AIN

CH
(predilution) RF
4 A
vV

\V4 4 4
. i r‘Al

2

UFE

gUN 4 2923013919 CRRT uguliuy Prediltution
UNEIME): blood pump aglsi@nZluaasfld W access  n13ka UF (Q,)

ANgiR: A = artery, V = vein, P = blood pump, UF = ultrafiltrate, RF = replacement fluid

NISAINNUAD RTINS LUAUBIDAASANILASTT U

NNNNUUASHIINIT LA aRTTILAIN (Q ) NGIAINIIDLNNERINNTaAT IR 16

aenafltlud1Aty Rondo wazmmiz (19) 1AMn13AN® Prospective Randomized Trial g
= o o YA o o aa o
Wraumeudnsnis aresdaniilamaniudnsaniasendsn Tnannsvin CVWH giluuy nng
I an s MALNUNAIUALIUAIIUAINTEY  LTHLALSENINNNINNUA Q, 71 20, 35 LAY
45 ua /daluenn. wognlungugilaeaelaiunisnauue Q. 7 20 wa./daTuy/nn. azilang

[

aa ﬂl 1 ¥ a 1 1 = o [ % ! o aa L 1
niranTanAIndnlugiesan 2 nquetaltdadnAny  dauensnssenTin lugilan 2 ngw

D

o %’/ 1= ' o o E/ = o uI/ | 1 4
M@QHNiNNﬂ’JWNLLﬂﬂWNﬂM PNUUAIATNINUA Q) 135 wa./Aqlue/nn. uaeetias



AN9197 2 N19911 CRRT suuuLFn9 (20, 21)
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SCUF

CH

CHD

CHDF

Vascular access

AV %38 W access

AV 4138 W access

AV 4138 W access

AV 938 W access

fnsnslnazasiden 50-100 50-200 50-200 50-200
(Ha /1)
fnsnslnazes - - 10-20 10-20
dialysate
(N@./07)
Urea clearance + 12-36 14-36 20-40
(L/day)
fm9IN9Ae UF 2-5 8-25 2-4 8-12
(19 ./u9)
Diffusive clearance 2 = +++ ++
Convective clearance + - + ++

Hemofilter/dialyzer

highly permeable

highly permeable hemofilter

Low permeable dialyzer

highly permeable dialyzer

hemofilter
Wisnaveeianns |wihiulsuanii i mﬂndﬁﬂ?mmﬁﬁlﬁuagﬂu Lﬁﬁﬁuﬁuwmﬁﬁ{lﬁu@fg mﬂndﬂﬂ?mmﬁﬂﬁﬁumﬂu
n9Aa UF aglusamedily | seneflesiadunaity lugnamadilan fumefilaaiteduniadia
Ennunisadpvesdalaanis WHunmeednreadelnanis
I I
N7 IFANIUN AN - pre 38 postdilution - pre 938 postdilution
Us@ndnn Wdwiunaedoi | Siss@vnmlunisadanes |Tiss@vznwluneada | Siss@vsnmanniign

Wuman

Reidu middle Uaz large

molecule And1 CHD

Jasldgianzidly small

molecule

il
>

o al Y o Il
ﬂ’]@J’]iﬂ‘il'ﬂWH’rJ\‘iL@ﬂ‘Lﬂﬂ\‘iLLm

small auia large molecule

A18ia SCUF: slow continuous ultrafiltration CH: continouous hemofiltration

CHD: continouous hemodialysis CHDF: continouous hemodiafiltration




AM5197 3 AN NNNALFHUELIEUNIN9NIN CRRT suuuupneT (22)
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suuuura9In1s9in CRRT | ‘4 Blood | 4 Replacement Urea Urea Middle AN

pump fluid (RF) ¥i3a clearance clearance molecule ajunnsi’a
Dialysate (D) (L/day) (ml/min) clearance m‘:ﬂﬁﬂﬁ

Slow continuous 4 viza 1d Tad14 1-4 1-3 + +

ultrafiltration (SCUF) A 1s

Continuous arteriovenous Taild RF 10-15 7-10 ++ +

hemofiltration (CAVH)

Continuous venovenous it} RF 22-24 15-17 +++ ++

hemofiltration (CVVH)

Continuous arteriovenous laild D 24-30 17-21 - +

hemodialysis (CAVHD)

Continuous venovenous Gt D 24-30 17-21 - ++

hemodialysis (CVVHD)

Continuous arteriovenous laild RF + D 36-38 25-26 +++ +++

hemodiafiltration

(CAVHDF)

Continuous venovenous I RE+D 36-38 25-26 +++ +++

hemodiafiltration

(CVVHDF)

drutlsznaundrAnylunisin CRRT

1. Hemdfilter/dialyzer

IAuans hemofilter/dialyzer MUNNLANFNUTLNINN CRRT 13luR3199 4



A1519% 4 TRAURIFINTBINRNANNUNIZANAINSUNIINN CRRT (23)
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Inner
Surface Ko Priming diameter/
Ty Source Brand Membrane area (ml/hr/ | KoA | volume wall
) (m’) mmHg) (ml) thickness
(Km)
Renal Renaflow I1HF-
HF ab Polysulfone 0.7 15 53
Systems 700™
Renal Renaflow lIHF-
HF il Polysulfone O3, 4.8 28
Systems 400™
Ultraflux AV 400™
HF Fresenius b Polysulfone 0.7 48
Ultraflux AV 600™

HF Fresenius b Polysulfone 14 90 220/35

HF Fresenius F5”° Polysulfone 0.9 4.2 556 63 200/40

HF | Fresenius F6">° Polysulfone 1.2 5.5 660 63 200/40

HF | Fresenius Fg*"° Polysulfone 1.8 7.5 800 120 200/40

HF | Fresenius F40™"° Polysulfone 0.7 20 483 44 200/40

HF Hospal Multiflow 60™" AN69 0.6 15° 47

PP Hospal Hemospal™® AN69 0.4 13° 214 60

HF Gambro FH66" Polyamide 0.6 14 43

HF Gambro FH88® Polyamide 2.0 137

PP Gambro Lundia 1C-5H" Cuprophane 11 7.4 560 120

HF Baxter CA210™"° Cellulose acetate 2.1 10.1 911 133

HF Asahi PAN-06™"° Polyacrylonitrile 0.6 25 63 250/35

HF Amicon D10 Polysulfone 0.2 15

HF Amicon D20 Polysulfone 0.3 7.2 38

HF Amicon D30 Polysulfone 0.6 8.5 58

a: WNNZ&13UN1991 continuous hemofiltration (IagllawazlLLR L blood pump)

b: WNTZAIMFLNNINN continuous hemodialysis

c: Haminelulsymnalne

d: In vitro, blood, TMP 25-100 mmHg

KoA = mass transfer coefficient

ANgla: HF = hollow fiber, PP = parallel plate, K. = water permeability coefficient,
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2. LA3@9 CRRT

ANNTOULNTZULNNTNY CRRT LLuuﬁSL%‘V]NLﬁﬁLLazﬂﬂﬂﬁLé’uLﬁﬂmﬁﬂ (Continuous
venovenous Hemofiltration) 11 2 suluuy Gl

1. Separated system A8 blood pump, fluid pump ﬁi’N“ﬂu fluid balancing system
Wy @ﬂmtﬁﬁlujuﬂmﬂuﬁmzmnﬁu (gﬂ'ﬁ' 5)

2. Integrated system Af blood pump, fluid balancing system LLag Qﬂﬂ?mﬂfﬁluj EEN

Wusruuipeniuagluesesiin CRRT

gﬂﬁ 5 N19%11 CVVH LUy predilution Tuszuy separated system el blood pump
(1783 7401 Blood Pump), fluid pump (4394 Flo-Gard 6301) uaz 9Unsnlau

weInluadszaINi



ANFI9N 5 ANTNNNTLTRLRILTEIGNG separated system WA integrated system
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Separated system Integrated system
Blood pump Roller pump® Roller pump
Fluid pump Infusion pumpa'b Roller pump
NIAILIANANAATBILTHINL TiAaefmNTEms HANTENASS
i linnsdauaznisniuanlneinaing Idaz1n weighing vi3a volumetric control
Heparin syringe pump Separate Integrate
szuuinEnANLaansi separate’ Integrate
Pressure monitor separa'{eC Integrate
sruudty o niFan separate’ Integrate
nsalazamgaesilnym - L
IngAaINg IneATastaeiInN1sanszisaNiLyAaINg
LL@E?LLWJW’]\?W]?LL??TVL‘H
Heater separated Integrate
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N17UUNNT03ATBINTINEN IneAaINg JCHIGERN
N19LAUTLBILAAINS NNnd° Haand
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. . Haend) 11NN
wialulagiuuiy
Anldane tlszndianan UWNIN

a: 1e9a7n blood pump Waz fluid pump kaniduaaszainiu
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AURIUU AT pump ﬂujmmmmumiﬁ L1 811 blood pump MEIANINTU WE effluent pump
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wre lunanduduga RF pump %38 D in pump Meianaenil W effluent pump €9A9IN9TL
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b: N1317 infusion pump N1 1Y fluid pump & 15UN199N CRRT thlsirnsfinnnaieamss
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3. Blood pump ag fluid balancing system
Blood pump li&1131n1991 CRRT uuuild VW access blood pump AsHAMANITH
prasia il
= {14 roller pump
" fuudwiudle-daeses uaz dsuansialusaimaaii
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4. Fluid balancing system

sznausag 1) replacement fluid pump  2) effluent (UF 138 dialysate output)
pump  3UIULB4NN9911 CRRT aziflufaninundnunizaes fluid balancing system CH 14
replacement fluid pump waz UF pump

Fluid pump AL infusion pump ARURAEUENANNN 1T LAEeY
Flo-Gard 6301 (Baxter) (gﬂ*ﬁ' 6) 1170 WLl roller pump %'qLﬂumuﬂi:ﬂﬂumium'?mﬁﬁ
CRRT Lﬂ?:m Flo-Gard 6301 dsznaufag infusion pump 2 1949114 (dual-channel
volumetric infusion pump) SeineuLenuAgzaIndl  infusion pump  WAAZIRIN

ANNT0AERINTg94n LS 1,999 Ha /Ha TN

5191 6 1pTR4 Flo-Gard 6301

ds=lagiianan1sia CRRT
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=

N1391 CRRT Ndansnasialuil
1.1 An1329m1n uay renideeanaingtasetiedi was sedie
n. wH1zdmiugilaefining hemodynamic instability F9aziinnN19zAN

sulaiimanlaLasdnl@sun1nn IHD
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1. mMlFsvsuaeaiuadad luidanasundadneadntasviza b Asunlas
=S ] val &l dl % c v 1 o‘d‘ o v a
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711 IHD 11e9aIniiAn Ky iaeafiu n13nn CRRT axinWiszsiu urea aglu

dl oI 1 d’ a dgl 1 1 A ZI/ 1
an12zAeh LasAIN9 peak Mnazulutaeneunisnenidanaiasallae
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N19FNEIAILNI9YI1 IHD  Uazn1991 CRRT  uuy CAV-HDF  Inefiudeyanialudouaas

Anmoisnepdnnuazdeyantwiesdfifnas soudananlsziiuniuguusreslsalag

APACHE Il Score  Li@yinnaufaauieussndnangunudn g 1a3unisvn CAV-HDF udiazdl

a

= o P2

ANAUTATAATNNNNG WANNEHESITa9IANINNGT AFRENN I TRENIAINNINNGT U
o [ % dl o a 4 1 = % |
nauinisdnsnslasunlasrespnsulaiiadesndn  Anisudlaninzaanstunnly

wanua AN lNaNAaTanaaussiie WAndlemeuAunIeia IHD (28)

! =

Clark (29) WU N1 IHD 5.9 AfAedUm i (K = 160 HadanIsaun)

urea

NUsr@NENINNITATLANNIIZANINANAATEITTLLINABWSMELWINALN991 CWH i

1
1 o

Funadani il stui ldunn Usznnns 941 Haaans Aadqlue (K = 160 AaaanIsaui)

urea



23

WLFINM9MN CRRT dnnsaauannisilasuntlasaausulaialen vinliduaseseuy
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nsuaniazufingladnnnidn Wasainnisfanunsanruaumn ldetinseLiesnsinaannan
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anslszneumaglaaiiiiu Bioincompatibility 8114 avdaulnajilusiansesiildiunievin IHD
analuanmanssdulilfisanduans faliAnausuladingliainls (30)

~ = - P - o =8 =
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maznteasulsslatyiainn1syin CRRT
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Faste il (36)
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tTymduialauazuanniaan (Cardiovascular failure) MAnainalaiimanuinlng
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4195797 2189F3N984 (Membrane adsorption) 81A049ABNFNYIN HAAAIINAINITD
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Aanane  TuaziResiunin19nanssne] 81ani14n mediators  AanATGIEAN
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Chronic heart failure
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MATUNINTaUARIN1Ig9IN CRRT

1AUAANNINZUNTNFAUARINTTNT CRRT 1WA 6

A1519N 6 NNITUNINTALABINIINT CRRT (8)

Clinical Technical
Bleeding Vascular access malfunction
Hematoma Circuit clotting
Thrombosis Circuit explosion
Infection and sepsis Catheter and circuit kinking
Allergic reactions Insufficient blood flow
Hypothermia Line-catheter disconnection
Nutrient losses Air embolism
Insufficient blood purification Fluid balance errors
Hypotension, arrhythmias Loss of efficiency
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necrosis) (45) wazannn1sAne ludninaassnuintuanstladaiiataniliauounisnisg
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Dialysis modality
Intermittent hemodialysis
Continuous renal replacement therapies:
Continuous arteriovenous hemofiltration/hemodialysis
Continuous venovenous hemofiltration/nhemodialysis
Peritoneal dialysis
Dialyzer biocompatibility.
Dialyzer performance
Efficiency
Flux
Dialysis delivery
Timing of initiation
Intensity of dialysis

Adequacy of dialysis
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Flansas (Dialyzer /Hemofilter) iludauilsznaunitsndacndadyluasasnian
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1. Unsubstituted Cellulose
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Polysaccharide(46) Hdautlsznauiugiuiiluag glucosan Fesariududunss Wetiuen
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iaglaaliiiuauaunisinliusgnsuazinliiduidunse fiber iaz3andn  Regenerated
cellulose angmaidlAnIaNiTRLIY hydrophilic polymer saxfun i TuszauTuiana (317 8)
d’lo/ 1% (3 o o vl a 4 ]
anstidedsznavlidaagnees (pore) 18N AuaunnnTIN IR AanTR lun s lRan 9619
durulin Inananstuanaluny wu aloumin ldaunsodud il annisgoydailsiuly
A = < o v Q/Adl o | .
wan  HANnunIuLdanss vinliiauantEnmunzanlunisindy semipermeable
membrane #u1snaia IR UsRNERINNg 1A
dl % d‘ a 2 =KX o . .
iHasanniassaiaediansessiinigaglaaazadieafdeiu lipopolysaccharide 199
o & d91 a a d’l =K 1 Y a % a v c
HiIAR UM IauLANTENATI@a) AenaliinaAnIInIsiussuLAa NN uT LAz ITUL
IS4 14 ] oA { = = a dl a dgj
nasunuld senawudningulansand (hydroxyl ) agddsruuinresitiansasini

[ all % Y a aaa 1 v al | d91|
Lﬂu@WTWﬂﬁ‘ZﬁlulﬂLﬂﬂ‘].]{]ﬂ?ﬂqﬁ]ﬂU@uﬂﬂﬁlﬂﬂiﬂﬂﬂqﬂim bTEINAT NNIZUIT NN

¥ (R4

. I = a A~ = Nl
Bioincompatibility  eILANAIN membrane ﬁumumﬁmgﬂmmmuﬂmﬂmq

kT

510 8  n19uAR cellulose membrane  cellulose M iiaNAINgsINTIAAazgnNlHLEgnEUAY
UN1AEAE  @sTlAaEgnsaNIw spinnerets Wazyial31i precipitate MawaINUAL

P liinpangzanaundatinldiasinaanilugm
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( \ @ 0.25 mm Dialysis capillary

S e z;,-.rﬂt«s.r.L ﬁ?
0 0 OH

—_— e — 0 1 - }i\ HO
—_———— qu 2|:| 2\ 5
‘--._______._______
= X0 !
— .4.':'7*1:5*-» ,.q:ﬂ?,, CH, OH
Orientated fibrils Cellulose hydrogel Glucose

5UN 9 uansdaulsznauaes Cellulose membrane

2. Substituted (Modified) Cellulose

doutlsznaudnAtyaeidaglas Aa cellobiose Alpssa¥rafugiasumauied
lansand 3 ngu (U7 9) Gdlansendilludanddryfivnly iwaglaafinnuauii hydrophiic
ngulansandmaniianansnnsziiu biochemical reactivity dszwinsnisweniden winlsk

1%

Hanwnuzily bioincompatibility membrane AtuasEN171 U 39lAT9a59284 cellulose gl

nisienTuanadudnliunuil hydroxy group wWadll Iaenisuinngs acetyl Ununngs
&l dl 1 a % a v '3 o Y a dl
hydroxyl uwifiansaaciaglaa  avliinmuantifinisnszsuszuLaaunawul Mnlifete
n3a9Tiln cellulose acetate (CA), cellulose diacetate (CD) Annsunuiings hydroxylilszanm
70-80%, Uuaz cellulose triacetate (CTA) AN1sunuil pgu hydroxyl 1Naw 100% HaNga3il &
aa : A A R o 1y A v &
AMUANTTR hydrophobic innndadiansesuuuiaglaging AadnnsnsesusrLLAaNWALTWY
teandnlunguimaglaa  wanaIniinisunuiisag ngu.acetyl f9vinli pore size Hawnlngy
g 1 =) 1 bdg al dé/ dl a %
T A19A97ANHN T membrane | MHATN - AAdnaisnsnluniIngesaTie i uiy

unsubstitute cellulose (47)
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3. Synthetics membrane
duitlansasildansidamsciulaelsifidouilsznevaestaglas itanseaiiai
Aamsnzsinnann polymer Hansantianyin e ulARIeaINH Pore size aua ) dn1g
y . G, | @ o | = 9 v vl
n3fu Bioincompatibility A1 usidAauudsussasndnaaglaadssesaireliiaonumun
Walinudeusedugeldl aramanid laun polyacrylonitrile (PAN), polysulfone,
polycarbonate, polyamide uaz polymethylmethacrylate (PMMA) Tnaifiansasdainsziasil

n1snszfusTLULcomplement uaziiALARENIALIHaE NI NTasT A Tag Tag

Hemophan® Synthetic Synthetic DIAPES® HF800
no visible membrane membrane 3 layer and
porosity foam-like macroreticular | foam-like

anisotropic

519 10 gusnsdeliaressionsesatingng
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519 12 pmwiingedsanseTindainszininmie :
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Group Membrane Structure
Cellulose Cellulose Glucosan rings with free hydroxyl (OH') groups.
Cuprophan Dissolution of purified cellulose in ammonia solution of cupric
oxide.
Substituted Cellulose acetate (CA) Substitution of increasing proportion of OH with acetate results in
cellulose Cellulose diacetate (CDA) CA, CDA, and CTA, respectively.
Cellulose triacetate (CTA)
Hemophan Substitution of OH with diethylaminoethy!
Excebrane Synthetic block polymers covalently cound to OH'. Additional
synthetic surface containing oleyl alcohol and vitamin E.
Synthetic Polyacrylonitrile (PAN)
Polysulfone (PS)
Polyamide (PA)
Molymethylmethacrylate (PMMA)
Polycarbonate

AN919N 9 MTLFRLNE L9199 cellulosic membrane iU synthetic membrane (48)

Chemical composition Cellulosic Synthetic
Structure Homogeneous Asymmetrical
Porosity Hydrogel Microporous
Interaction with water Hydrophilic Hydrophobic
Thickness Small Large
Biocompatibility Low High
Electrical charges Mixed Negative
Hydraulic permeability Low flux High flux
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g1l#l 13 @nwaug Hollow fiber dialyzer
Biocompatibility

Aoenudnginsaindudautlsenanlungasnisnenls  Gafludswlaniasusie
$19n1e eralua i Wisenieiaauniseuanessiedelantlasn inUfsansdniay

1 4
Wnmnnaurld Fanniazaenanadn Bioincompatibility (49)

1
a

Biocompatibility  +lun1asfseneliinljizeansdniauseansganinaaings

%
=X

1 1 1 dl 1 dgj % v a aaa o/ a
ulandaausasisnis bbB LN@’&’]?LM@’]H@’]N’]?Gﬂ?t@MIMLﬂﬁﬂgﬂﬁ‘ﬂﬁﬂ”lﬁ‘ﬂﬂL’m_l LNAUL

azirandnnNqe Bioincompatibility

o a = £ v e A a %
Fongassiin Cuprophan JA2NANN90 NN ANIZLLABNNALIWE 1AaATIHN WY

v 1 v
NTANRANNIATHTUAILURITTUUADNNALTLE ALY (50) FansatnadILATITinN

ANAINID lWNNINIFUsTULARNNALT ALY Fansae PAN wAndulainusndiniaifisu
TR9TudIuIe T IUARN IR Anidend Inadiuianses SuRnantaingmantfnag
pafLEudauRana1E

finnsAnen iy Randomized Study wudnnglgRnNgesrindaianzi PAN, PMMA,

Polysulfone  ldHat9an193 N ANGINg M Fansasatinmagiaa (51, 52, 53)
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1 = N d‘ 1 a a dll Vv a s . . 1
wudneAnE lugiaefiaglun1aeings Weldnisinsnziiuuy Uni variate wud
n131dFansaaNd Bioincompatibility  lunnsWenlnegdra@eundu IHD - Huansznuse

nan19ine tneliauA s tvANguussrasisn (54)

b a/ o s &l a ot
nalnlunszuaun1snseAUNIsANIALAINNNSRNNANURIAINTDY
luaneinendudaiuiiediesanse vize lddnazifluanslsznaunzaansiniisiie
Tuasash i lunszusunisveniden  danudawsdneiduansutlandaausiesianie a1unsn
nezfuszuL N U wIesiNne U fiseneuauesseatsulantaantiu i ivludau
28A97¢UY  humoral pathways G EENT complement, 7ZUU coagulation, WaETEUL
kallikrein LL@:ﬁaﬂizlﬁ’ju cellular pathways Taun neutrophils, monocytes, lymphocytes LLAg
3 A dl Yo =2 A ¥ | 1A v o o
niamen  sruulAFunasfinenangalduiszuy complement wWudNHAMNANRUSTL
£ a v -dld " T
ﬂ'n:Lmanmuummumlugﬂwmqu bioincompatibility

!
=

al ) | A
M159N 10 ?:ZU‘LW]Qﬂﬂ?xﬁluslu?zﬁqq\?ﬂqﬁv\]ﬂﬂ LARA

Pathways Products of activation
Humoral
e Complement e (C3a,(Cha, C5b-9, CD11/CD18
e Coagulation e Thrombin, fibrin split products
e Contact e Kinins
Cellular

e Neutrophils
e Monocytes
e Lymphocytes

e Platelets
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1. Complement Activation

Tull  A.A.1980 BudN19RIAUINIGE biocompatibility  Tnamsaanisnszfuseuy
complement NMIWLHARA T8I common pathway (l6un C3a, C5a flusiw) Taeluny
a o o . & 1 | 1 dﬁll ' = ¥
NARATWIURY classical pathway (lun C4a) wunnstemdninasinnensysuszuy
complement {1144 alternate pathway Lunan (55)
iElafansausarainilAvnNaINIsn uN1enNsERusTLL complement Taivinil widn
\EBNTBILLIL cellulose  acetate  Ua cuprophan m‘zrﬁjmwu complement ﬁ;uLLNﬁzﬁm

TARINLINTZAUC3a dadunanineias C3a lunaranigeganielu 15 (10-20) Wi

desArg
wgaanGunan@en WAIRTABE] ammwﬁwzﬁuﬂﬂﬁLﬁ@ﬂﬂﬂﬂ@mﬁ@m (56) ansasriin
cellulose triacetate, hemophan Lm:ﬁ@mmﬁqLquﬁmmmm:ﬁmxuu complement 16
YaandnfiansedsssuTnn cellulose acetate LAY cuprophan @m@uﬁﬁmmﬁm@mﬁﬂudqu
nazdiu Iduridaunes Polysaccharide 1eviagtan filungslansandiiung
AYNANATYNINARTNTAINARAIFIAINNIINTEAUITUL complement L1 C5a
170N IANA leukopenia (Lﬁmﬁmmqﬁh) Lﬁmmﬂm:ﬁu adhesion molecules LR
284 neutrophils TN platelet activating factor @17 anaphylatoxin (C3a lay C5a) @14190
M fAan1ansalnaiden (Ischemia) ap cardiac output Aad pulmonary hypertension
waznMiinN19z hypoxemia AINNTLH AInNN1INsERW  mast  cell Wvda histamine(57)
uaﬂmﬂﬁmmizﬁm‘zuu complement 884385t VN WANN13Ns w61 neutrophil  naliinng

o . - < o g . A a X °
“adoxygen radicals, o] proteases 9911 Wilcatabolism wa9TUsAUNNTY waza1ani

TiAansuaRusaatia wuls insnauld  n1snsedu monocyte MINIRRNNINAS

cytokine waza . B -microglobulin ~ Geielifinnnag amyloidosis. Tuntswaniaanlugilog

Taonazasale
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A919N 11 NNINITHUTARUAZHANITNUNNATWHBNANINIZAUITLL complement

Target cells | Mediator(s) Actions Potential clinical
consequences
Mast cells Histamine Increase vascular permeability First-use syndrome
Basophils Leukotrienes Smooth muscle contraction Pulmonary edema
Peripheral edema
Hypoxemia
Neutrophils Leukotrienes Relaease of Bz-microglobulin Neutropenia
Reactive Polymerization of B2-microglobu|in Altered immunity
oxygen species | Jpregulation of adhesion molecules Tissue damage
Proteases Platelet activation
Platelet Phagocytic abnormalitites
activating factor | gndothelial damage
Platelets Thromboxane Aggregation Thrombocytopenia
Prostaglandins Degranulation Bleeding abnormalities
Adhesion to endothelial cells Clotting abnormalities
Coagulation
Monocytes Cytokines Qmm\‘i‘ﬁl 12 @mi‘%‘i'ﬁl 12
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=

\HaiANNINILFUIZUL cytokine

Biological actions of interleukin-1

Potential clinical consequences

Fever, sleepiness, anorexia, myalgia, arthralgia,

headache, gastrointestinal disturbances, hypotension

Fever, sleepiness, anorexia, myalgia, arthralgia,

headache, gastrointestinal disturbances, hypotension

Proliferation of vascular smooth muscle cells
Stimulation of platelet-derived growth factor

Atherosclerotic plaques

Accelerated atherosclerosis

Synthesis of collagenases
Osteoblast activation

mRNA for phospholipase A, and cyclo-oxygenase

Bone and joint disease

Suppression of albumin gene expression

Hypoalbuminemia

Muscle proteolysis

Negative nitrogen balance

Muscle wasting

A5 13 HATRINNINTTHU Complement tABHAU Alternative pathway (58)

1. Release of anaphylatotoxins ( C3a, Cha ) leading to

Smooth muscle cell contraction
Increase vascular permeability

Release of histamine from mast cell

2. Formation of membrane attck complex ( C5b-9 )

Activated of neutrophils

Degranulation and release of granulocyte enzymes

Production of reactive oxygen-species

3. Increase expression of adhesion receptors

Enhanced arachidonic acid metabolism ( LTB,)

Activation of monocytes

Increased transcription of IL-1 beta and TNF- alpha
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1\\ .

Factor X1

Csb. Cﬁ, C?. Ca, Cg

- rf
Factor X1l a<=— (HF) Surface
Kininogen HM@
- l Alternative Pathway l
€ Kallikrain Prekallikrein
e Bacterial Wall
ax-macroglobulin - Palysaccharide
ACE Kinins Fragments surfaces
Kininase Surface
bound Cay
D
Fragmenlts B
T C
Ca Ba
CapBb
C4 convertase
. G e
[Gutean]« 22—
I
. (CapBb)y
] Ci—_’/
i
' [ "Membrane
i i \Attack sequence”
i
¥

(:—Aggregalion-(-————— X - [_Cr—|
Thomboxanes<—— Platelet o=
Prostaglandins <— Eu-g
Gp llb = 1lla
PAF
T Bom release TDegranulation -]
T Endothelial damage | qgm TROS <— Neutrophils
1 Phagocytic ability TAdhesion receptors ~ <—
T p,m polymerization TRelease of LTB,
T Bronchoconstriction Histamife :
T Vasodilation Basophlllls
L Inotropy (SRS-A) Leukotrienas. ~———1 Mast calls
T Venous permeability T
ETO
i T TNF-o
L <
r:feﬂrenslcn T Interleukin-1 |«————— Monocytes

Em:iolc:)(in/T T T~IE--Giucan

Acetate

———‘-l Lymphocytes i—b
S NK cells

Fig. 1. Schematic diagram of multiple pathways involved in blood-membrane interactions.

T Bom Synthesis
LIL-2(R) ———

1 HLA expression

1 response to vaccine
L immune response

T incidence of
malignancy

1 activity
Lymphopenia

519 14 luansdumeunisdndasyudnuaeniuiiiaitiasonges (58)
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2. Contact pathway activation
Coagulation wag Kallikrein pathways
= =S dgl 1 = =K 1 dl a %
annsAane Ty 2 scuuiladann  AunsnisAnenwuditiansasunsaiinanunsans s
AnanL@aen (thrombogenic) dxnnddensesriingy  nsFeudeudiansasriin PAN
ANNNINILHY Hageman factor lduanndatiansesttingy  ea1aiiesuianniilszqau

o a 1 ¥

1 ¥ 1
Psnnnunuuiozendonsesaiin Gededluafianansesu kallikrein - waE bradykinin
1 aa % =] o & A a o s % .
NnNNINUNFEanAag mmm:rﬂumﬁmnmmmwmmmmmmmmmim:@u prostagladin
1 -lj( dl s/dl dI 1 V a .
b thromboxane mnmul,uﬂimmmmma@ﬁm gana linanN1e pulmonary hypertention

AN

4. Cellular Pathway
3.1 Neutrophils
a / ¥ = A vy A A o
LNANIIT neutropenia VL@@H'T\‘]?Q@L?'JJY]HSLU 2-3 U LLﬂﬁguLL?fl@‘mV] 15 UINURIN
P = ¥ A 159 PR D) a
L?NW‘ﬂﬂL@@ﬂﬂQﬂLﬂﬂﬂ?@QLsﬁﬂﬁiﬂﬁlﬁﬂJ Lu@\‘i@qﬂﬂﬁ‘zﬁluizuu complement UUNIUB
neutrophils  NA25U& 15U C3b, Cha, kay CD11b/CD18  @ainendesiunsyuaunng cell
. o Y a o 1 (=3 A A
adhesion nlfiiannsdunguaesdaiaanananis lunaanidaanlules  (puimonary
leukocyte sequestration) Nualiiiia leukopenia as hypoxemia AdNEALNAMaNTaz
' aX o o o = = o o a A &
ﬁ‘ﬂﬂ“’l ﬂﬂlu'ﬁ@\?ﬂ’]Luuﬂ']ﬁ“l/\lﬂﬂL@ﬂﬂiuizﬁzﬁuﬂLL@zﬂﬂ‘]_lLﬂuﬂﬂmLN@ﬂﬂq@WﬂﬂL@@ﬂ

o

HARATUIIAINNIINIZHW neutrophil ﬁzﬁf]mﬂé’m reactive oxygen species (léiun
0, , OH , uay H,0,) #lfAinnstianamaduaziteidiels Huang I liifianens
AN N9 myocardial ischemia: AT reperfusion, cerebral ischemia, Wa¥ pulmonary
fibrosis iluEu. wazenaaziipaudrFniludiaeiivi chronic hemodialysis fagniansasaila
bioincompatible
3.2 Monocytes

N19N3¥AL monocyte 5T nN3uda interleukin-1 (IL-1) 820N IL-1 @913 19

NaANNEnUnAR N wu i, daaent1aannnae, In13@319 acute-phase reactants ann

FLANTY, LazinImasans [3,-microglobulin 1naiu daunalnnisnszsii monocyte a1aLin

a1N complement eI LURITAS AR FUIBINARSTLTIURS complement Fagl
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3.3 Lymphocytes

A ¥ dl a ¥ 4 oI/
ﬂ’]?‘V‘l‘ﬂﬂL@‘ﬂ@@’)ﬂm’ﬂﬂ?ﬂﬂmuﬂm@@ﬁ@@ @WN’]?ﬂﬂ?Zﬁ@MI‘VI lymphocyte NRIET

B2—microglobulin 61

'
A a

A919N 14 uaNiaTuHaANIINIZEUIZUL complement

Blood components Biological responses

Humoral components
Complement system Alternate pathway activation

Anaphylatoxin (C3a, C5a) production

Coagulation system Factor XlI activation

Intrinsic pathway activation

Increased tissue plasminogen activator

Cytokines Equivocal increased circulating levels

Cellular components
Platelets Platelet activation
Increased platelet adhesion
Thrombocytopenia
Thrombocane A2, adenosine
Diphosphate (ADP) and platelet factor 4 release
Erythrocytes Hemolysis (rare)
Neutrophils Leukopenia
Increased expression of adhesion-molecules
Degranulation ‘and release of protealytic enzymes
Release of reactive oxygen species
“Exhaustion” and decreased
responsiveness to subsequent stimuli
Lymphocytes T-lymphocytes activation
Impaired T-lymphocyte proliferative response
B-lymphocyte activation
Monocytes Increased intracellular interleukin-1
mRNA and protein expression

“Exhaustion” and decreased responsiveness to subsequent stimuli
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ANBUENARTNAINRATaINS L8 asansag
1. Hemodialysis-induced hypoxemia and pulmonary hypertension
FLAUURY partial pressure 224 arterial O, tension (PaO,) azanadlszuind 10-15
un gem luszuinenislaniaen Tnslanizatadedaeifionsas cuprophan uAnTues

dl ¥ dl o s o o a . 7 A o
Welfilansasdaunse  Avzszdnsedsluniaifinniay hypoxemia lugilaaniilsaialauas

o

Tradenegian AndngIun1sAnELNT911192 bioincompatibility tiuawgdiAtyaesnias
hypoxemia nalnd1Anyinainnianazsusziu complement way humoral factor Mnliifin
N17¢ pulmonary leukocyte sequestration (thromboembolism) wananiganudniniag
pulmonary hypertension hugilannaniaenlaaldtonseqaaglas  wsldnulutiansas
Fupmed dounalneesnnag pulmonary hypertension WU31815 anaphylatoxin @1:190
% va o/ v é’ = o % v %

nszsuliinisussreananitlateulilnanss uazdsnsesuliiinisa¥1s thromboxane way

. = v 8 val o Y X P Y, X
leukotrienes Tanszfulidnnsuasagenan e asnan liansoe wanannu

anaphylatoxin €L vascular permeability WAz b transient pulmonary interstitial

edema 161



A1599 15 Ufisenisuiiiansas (Dialyzer reactions)
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Type A — Anaphylactic

Type B — Mild

Incidence Rare (< 5/100,000 dialyses) Common (3 - 5/100 dialyses)
Onset Usually first 5 min, up to 30 min 30— 60 min
Symptoms Moderate —severe Mild
Anaphylaxis Chest pain, back pain
ltching, urticaria, cough, abdominal cramps, dyspnea, burning,
collapse, death
Causes - Ethylene oxide (previously commaon, now rare; patients - Unknown
often have IgE anti-ethylene oxide antibodies) - Compliment activation?
= ACE inhibitors and AN69 membranes (activation of
bradykinin system by membrane amplified by ACE
inhibitors)
- Bacterial contamination of dialysate in high flux dialysis
- Re-used dialysers (bacterial contamination, endotoxin,
unknown causes)
- Heparin allergy (rare)
- Acetate dialysate
Treatment - Stop dialysis immediately - Exclude other causes of chest pain
- Clamp lines and discard - Supportive
- Cardiopulmonary resuscitation if necessary - 0,
- Intravenous antihistamines, steroids and adrenaline (SC or - Continue dialysis
IM) if severe
Outcome Can be fatal Symptoms usually resolve after 30 — 60 min
Prevention - Seek cause - Change from cellulose to modified

Avoid ethylene oxide sterilized dialyzers and rinse all
dialyzers well, with increased volume

Stop ACE inhibitors, especially using AN69 or PAN
membrane

Change membrane type

If occurs with different dialyzers on several occasions, try

heparin free dialysis

cellulose or synthetic membrane

- Re-using dialyzers may help
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2. UfAFaamsunieiansaq (Dialyzer reactions or hypersensitivity reactions)

wivdfsanswiidensaseandy 2 ailn 98a¥ 1 (Type A) HANguussaumnli

\in anaphylaxis WAz anaphylactic shock I wsnulddasuin qiiAnisalfesndt 5 assie

|

niswaniaan 100,000 A3 dauttini 2 (Type B) iun1suilaiguuss wuldasndiatiauem

v
Ly L

giAn1enitszann 3-5 afasianisvlaniaan 100 ALY

v

v dl a o a 49{ = =X a o ]
NIFHNLEBNTANTUATULLTI (Type A) 1naziinTun1alu 5 WINWINAUD 30 WINFULE

QI A v = o 2 dl dd‘ a é’ [ a
[FuN1Ianiaan Eﬂﬂ’)ﬂ’ﬂ'ﬁ“ﬂm\l‘ﬂ’]ﬂ’]?ﬂu ll‘ﬂ apnies vaLwilies NNUaNNHIR AuALlalis

= 1

X A o @ v ay v = 9 1% A
ﬂfwfﬂwﬁﬁluﬁﬁ‘ﬂm’ﬁﬂﬂﬂiﬂ UWQ?WH@W@@SN1‘H ﬂ@ui’&ﬂﬁlﬂilu ANLUUNUIRN TIENHBINIT

£

o 1

- = = | X o nya
JULIININAEHNNE shock Ngnuseaniaunaden ls anwaizainisiuantidldiy
hypersensitivity reaction  lug{tleunsaeaziianisuiiie ldsonsasmtinmaglaailuaiausn
R aAgya aaa Qlﬂg"l Frc: b o 1 o =K dls o
A FenUNen19uAga “first  use  syndrome felinsudanaansniusionag
dl 1 v a aaa Y a g
e lifinlfise nsuiTiinguus el

doutizenatinlaluuss (Type B) finaznuldnielu 30-60 wiudsaniEuniswan
A 1 1 = I3 1 v A o U o 1
wan  a1nngarliquuss iy Jenigauudunthanvsedaauds Wlusu  delinsunaln

daaudninainazls doulugjainasasmalaesnislu 30-60 wrnasainls O,

NAUR9 Biocompatibility AuA12zlRnalaaunay

AN17ANINLIINITAeN LR LERAINTIBILARTTHA HANNANRNUSALNANITTN 1A

naglmanensuna (60 — 64)
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a =S dll . e o o ] a %
A1F9N 16 ﬁ]’]ﬁ"]\‘]’s‘iﬁ;ﬂﬁl@ﬂ’ﬁﬂﬂﬂ’n?@ﬂ Biocompatibility AufanTasuAastinlisau

o vy Ao a o
NANTTTNIN Qﬂ’)ﬂ%ﬂﬂ’]’)ﬂ&l’)’]ﬂLﬂﬂUWﬂu

Patients (n) Age* (y) APACHE Il Score*
Publication Trial

Author Year Country Type Type BCM BICM BCM BICM BCM BICM
Schiffl et al 1994  Germany OA RCT 26 26 64 65 24 24
Hakim et al 1994 USA OA CT 37 35 50 52 29 29
Schiffl et al 1995  Germany OA RCT 38 38 60 63 23 24
Kurtal et al 1995 Germany OA CcT 25 32 65 64 21 23
Gastaldello et al 1996 Belgium A RCT 89% 45 NA NA 24 23
Assouad et al 1996 USA A RCT 26 25 NA NA NA NA
Himmelfarb et al 1998 USA OA CT 72 81 57 58 28 26
Jorres et al 1998  Germany A RCT 84 76 62 56 24 23
Albright et al 1998 USA A RCT 33 33 NA NA NA NA

Abbreviations: OA, original article; A, abstract; RCT, randomized controlled trial; CT, controlled trial where dialyzer
assignment was performed in an alternating order; NA, not available.

*Mean values.

tPatients were randomized to either a low-flux (n = 41) or high-flux (n = 48) polysulfone dialyzer.

nsAnETinudannldsnsasiily. Bioincompatibility a1a8HaRLERINNNII0ATAA
visananissnmn teun  Schiffl H (60) ﬁfmwﬁﬂwﬂuéﬂwﬁ'ﬁmqﬂr;mﬂLf‘iﬂuwﬁuﬁLﬁm'%u
wEINsEN AR AAENs TN IEFUNInan@enuy IHD. 52 3 ulBauiaunisldfansessin
biocompatibility 1A AN69 Tusnsasadaaglags Alulsuny (Cuprophane - CU)
bioincompatibility wmff]tliﬂfm%\izvmﬂ@juﬁﬁﬂwmzﬁugqﬂﬂdwmﬂumﬁ 87 AYTHTUKI
vaslsn lduansnei wudadileslunguildfngas CU Fdmenissegendn (35% versus
65%, P = 0.052) H9zALa8 C3a waz Leukotriene B, §9N91 wAzWLINERIINI9AELTAAIN
m's:miﬁm%ﬂlum:lmLa'ﬂmn,ﬂuml,uﬁ;mulua&i lunguéitlaeld CU (46% versus 15%, P
=0.02) Lﬂmmﬂmamiﬁﬂmﬁqmﬁmﬁﬂﬁﬁmmmmiﬁﬂmiﬂﬁ@uﬁwum

Hakim et al (61) 1HMNN12AN UL Prospective Controlled Trial Iuéﬂfmﬁlmm’m
WULUNAUAINIY 72 $1e WIHLWMEUTINENNNNT I Flansadkuy | CU kazsansaatile
Fuageid (PMMA) ARanwausidlu Low  flux AR AR T F AN &R e WU SR
nsegsanifinuuansneiu uiludnguiild cU nudninisusanisinauseslatieandy
(40% versus 85%; P = 0.003) lufftlefifiilaaazeani (non-oliguric) gumileuas|fiy
UszlgariainnisldFansasaiin PMMA unnndn (80% versus 40%; P = 0.01) atalsinnu
WUANEAM PMMA warnsnssesiuldiunisenidenednedes 1 Akt dveraidausinli

e N el TauiaunfsAnen 1o



47

Himmelfarb et al (62) ﬁﬂmiﬁﬂm@ﬁﬁﬂﬁqzimqqﬂl,%ﬂuwﬁu 153 3¢ Iaein3 146
nsed Low  flux mudlu Biocompatibility  l&uAd PMMA,  Polysulfone {igufiufansas
Bioincompatibility CU Imﬂr:liﬂ'm%mmmjmﬁﬁﬂwm:mqﬁaﬁﬂﬂé’mﬂﬁqﬁu W17l
N9047iEl Biocompatibility 86m31n1370ATIANINNIN (57% versus 46%: P = 0.03) Lasiamsn

nMsnuFaN1I1eIueeslnAndINgu Bioincompatibility (64% versus 43%; P = 0.001)

1
=

= = d’g 1 1 dl . . dl Y o . T
AANHITIHAZLALANINTY WUQWIuﬂqquﬂu non-oliguric ST EREGRN Biocompatibility

|
oA

o Aa A o a N o L. . WM
HamsIn19entdnuarn1siuaaaeglaanInaunldaansas Bioincompatibility wsilingui
Tdfitlaanazvselilagnazeanies (oliguric) wudauan s ldunns1eny  ednelsfiniy
NN9ANHIFINANIIAN1ANANNANALN (Bias) HAATUAINNITLANAN8FINTDY LHasann lEunns]
aralsnleniudiinuanasiaanldionsaies wedspadAutmatelaiiasanniiy
n13ANE1lAEINN999UTINANNNAILED T WIINAY (Multicenter)

Tuanueiinnsdnu ldaduanianyfgauaenans  dnaienisdnsfinudn neld
o A . y 4 v N aa
siangasniili Biocompatibility laiflnaiugnIInN1798ATIR

Kurtal et al (63)  lamnisAnediaaniniazlaonadaunduinuou 57 3¢ Toe
wWreuaunisldfiangas Low flux - Biocompatibility A8 CU Ay High flux -

v
Bioincompatibility A8 PA Hilnevivaeinguiansnien9aainadnaadeiu usddaimsnisdy

|
o

laaneuansneiu wodadieelunguinld PA - Hawmnasdulsoisainasusulaiine
NINNIN (40% versus 22%) daulunguinldsianses CU Aawnnisiiulaanaainanunnnan

(22% versus  12%) NISANBIFINAIINLINIAATINTIAATIA LALENIINTN WU IR T

]
o a I ¥

ARINUANENNTY  usiAena1and19Fu uddnlunisAneildilisariaaugunsaasisn
1 1 o 1 @ 7 -dl o v a = = [ Adl a v
Tadunnsinaiu wiaziulddinsnensallsaninlfinemniag Imaei@s unauinnannnis L
| = - a @) = o g a o
grazin snennsaiaasisaandnnsdulana@aunauainausulainm
Gastaldello (64) BmaAnulugdaaninnazlannauanunu 134 e Taavinlu
prospective, randomized, controlled study WTeLiAeUfanseedRATEd 3 8la lHun
Low flux A8 PS , High Flux A8 PS Tailufiansasi Biocompatibility [iuiAenfi was
Aonsessssntnfalinimaglaalaas@ion wan13AnHINLIIERIINIIAET 60 U
Taiumnseii
Assouad (51)  wnisAnuludianinnarlaonadnuan 51 9a Taavindu

prospective, randomized, controlled study WFeinausansesdaumzf 2 aflla Ae
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wiaglanasdiny (Cellulose Acetate-CA) U AaN3estiindain?nz PMMA Wud18mnsnissan
FAR 1T AULAN AL (64% versus 58%) Nsuiatesla i uansinariu (60% versus 429%)

Albright  (65) ﬁﬁmiﬁﬂwﬂué’ﬂwﬁﬁmqzvl,m’mﬁmfm 66 378 Iaannlu
prospective, randomized, controlled study WIsugusansasdaAsd 2 aila
A8 Low flux A8 CA fiu High Flux Aa PS WLTERINNsIRTARUA N HLes AT 30 Fu
TP NUANFANAY (76% versus 73% , 57% versus 39% AMNAIGL)

Jorres (66) w"qm@ﬁﬂmiuéﬂfmﬁﬁmqﬂmﬂm"ﬁmu 66 918 laaniwilu prospective,
randomized, controlled study t/saLiNe UfaNTR9dLATIZ 2 13im Aa Low flux A" CU A
High Flux A& PMMA #u419539019900T5 5 lHAIHUAN AN WITHd 19aedngy

d

al = = a o aa v dld
AnnsAnEnsAnEanzlnane ulainLazensIN1778ATY mluaﬂfmmum%imw

= o Ay ve = ~ Y o A o - A Yy
LREILNANL VI1@?UHW?W@ﬂL@@@ TmlL‘LI?‘EI‘LILWHUﬂW?I%WQﬂ?@WH@MLﬂ:ﬂz‘w @@\‘1"11%@1@“31

b

=

fangad PAN  @aiiaaaiduilszqauunnnd a1xnsansssuans bradykinin liuInngn waz
Fansasailn Polysulfone INszqiilunans lainszsu bradykinin - wan1sAnm L e ldsn
%’/ a = [ a dl o | = a a
nsagvivaesriinarimnuiulainlnaiaanniadluged 6 winwsn Ussunns 1-3 Hadunstlsen
79 LN AN ULANGEINTUITNTIFINTDIVIAITHA WLIIERINI990ATI6 Lllunnsinaiulumi
apangu 1Haldn13tiAsnzil multivariate WUAI8RIIN1790ATIRATANRUSTUAIINTUILINTY
T9m (APACHE 11 Score) A2 MA@9N13N19 LN TUNIERunaanaen ANRALNAT89N3
NIIULBIAL (67)
(=3 P = tﬂl =3 P2 1 =2 = 1 o

azwiuladn nsAnmnLansunaziuladn uaaznsAnedANLansNiuNanly

AUBBIAUIUELNE AneRien9AATnTeeEiae NNIRAMINNANITINY AnEurssANEAIN

'
a o =

19969n984 (Flux. Property) Asenaldd@annsnasilisdaiinaesonsasiiiilu Biocompatibility

= L. . = o aa = | = =< o ° v Ay ve
%178 Bioincompatibility NN@W@@W?’VH??@@?QW%?@VLN mmiﬁﬂmmuumwﬂuaﬂqmimu

nNsanaaALLL IHD winilu ldinsdnsnirlunisnan i CRRT
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ANFI9N 17 AT INUARIANEIUEAINTRLAAZINA lN13ANEN 39 Biocompatibility

o vy Ao = o
B\I@mﬁ‘ﬁ‘ﬂw’]@ﬂfaﬂwmﬂmﬂmw LReITINANLS

BCM BICM
Author Year Dialyzer Material Size (m?) Flux Property Dialyzer Material Size (m?) Flux Property

Schiffl et al 1994 Biospal 2400*  ANG9 1.0 High-flux Disscap 140E  CU 1.0 Low-flux

Hakim et al 1994 B2-1.5H filtryzer PMMA 15 Low-flux FoCus-120 Ccu 1.2 Low-flux

Schiffl et al 1995 Biospal 3000*  ANG9 1.0 High-flux Disscap 140E CU 1.0  Low-flux

PAN150 PAN 1.0 High-flux Lundia TC4N* CU 1.0 Low-flux

Kurtal et al 1995 Polyflux 130 PA 1.3 High-flux Alpha 600* cu 1.3  Low-flux

Gastaldelloetal 1996 F60 PS 1.2 High-flux  Altraflux CDA 1.7 High-flux
F6 ! 1.2 Low-flux

Assouad et al 1996 NA PMMA NA  NA CA110 CA 1.1 Low-flux

Himmelfarb etal 1998 B2-1.5H filtryzer PMMA 1.5 Low-flux FoCus-120 Ccu 1.2 Low-flux

F6 PS 1.2 Low-flux TAF12 Ccu 1.2 Low-flux

Cc121 Ccu 1.2 Low-flux

COBE-300 cu 0.8 Low-flux

Jorres et al 1998 NA PMMA NA Low-flux NA Ccu NA Low-flux

Albright et al 1998 F80 PS 1.8 High-flux CA110 CA 1.1 Low-flux

Abbreviations: PAN, polyacrylonitrile; ANG9, acrylonitrile 69; PMMA, polymethylmethacrylate; PA, polyamide; PS, polysul-
fone; CU, cuprophane; CA, cellulose acetate; CDA, cellulose diacetate.
*Flat plate dialyzer.

AINSBINIUTLNI1991 CRRT

fansasfinaniuuaaenIz LNt CRRT taaaaniiniflusnsesriadananzs
fislAanumunu wuﬁi@Lmﬁu‘ﬁ'@qL‘W'ﬂm”nﬁu’Lﬁ’TuLmqmmﬁﬁﬂhuﬁﬂmmﬂuLaqmmmnmq
wazlvnjaanlulsl (High Hydraulic Permeability) 1uaLAuUNNINITWN HANAIUNIUNNT
IuaBeAanR" (low resistant to blood flow) nlansluanauunadnTNEBlAR (Nsuns
Diffusion) #e1gnnsldanuuay a5 nuAesd atugangedlinnn  (ow priming
volume)-. & Biocompatibility- & HN3897108 NILLLAANIZANMIUNA99 1 CRRTANET AN

GRIT e
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] o dl a = A @ . d‘d o Y a
mummmwmmmmmgim u@mmuumﬂu Semipermeable N/ MlFAANIg

a

wws LR Hutiaung (szannd 6 — 15 um) TauduanauiiBNANIN189AINI899 N ITHTNA
wrira N L sansesRanaa liansanusie transmembrane pressure g4° Wd@qanilu
lunsfnendldanqunis convective 1undn @4 synthetic membrane azRNIaMLINGD

KX A <

cellulose membrane (N1NN91 20 pm) RILAMNLDIULI NUNIUNIINN

uaNaNi @nsansssHERiaN dagnunsanszAulisensinalise neuaues
(Bioincpmpatibility) 181 Lﬁ@Lﬁ@mmq;:Iﬂwﬁmﬁmﬁm@jmmﬂamfaﬂ%ﬁLﬂuzﬁ'quﬂizﬂ@uiuﬁq
N7 @:ﬁﬂﬁlﬁmﬂﬁﬁ?mmmum?ﬁﬂmuﬁgmmLmzwuﬂﬂﬂmﬂﬂ'jf]fﬁTfmi@wﬁmﬁqmm:ﬁ
(Synthetic memebrane) Tnflaqriuldinsimuinuantifvesonsesainaaglaalog
NINAUNUNAN THATRNTAIANIALTLAN %'qﬁfadﬂLﬂuﬁqm:ﬁ’juﬂﬁﬁ?mmimmu@wm
$19N18 {N'\‘]Naiﬁéﬁdﬂﬁﬂﬁﬂﬁﬁ?ﬁﬂﬂ’]ﬁ‘ﬁlﬂuﬂuﬂ\‘iﬁiﬂgﬂLLﬂ@ﬂﬂ@@Nfi@ﬂm FINTRITUA
waglan lnsesdiem dufnsesidansasesianuniingalansendnome  aninliins

= !

¥ aaa o ! % ! = v . . dl
ﬂ?:ﬁﬁ]uﬂ{]ﬂﬁ‘ﬂ’m’ﬁ‘ﬂﬂL@U?Iﬂﬂﬁ")\‘lﬂq?;luﬂﬂﬂfﬂ LATNATUANLIF Hydraulic Permeabilty n1AN3N

nsAnENEINUAINTRITURALEAglaa bl uN1SYI CVVH

AnsAnelinnnfiianisfne Widansesaiiamag laann l4lunszuaunnsyin CRRT

o o

Ronco(68)  l#vinnnsAnmIfansadaInsssaasin laanistliuiqsnuaniid uisonsasaiin

¥ o

wiaglaalnsasian a8 UT 700 (Nissho — Nipro, Osaka, Japan) NRWWAnting® 0.7
Hadwns” NMnsAnEUsrdAnnan Inenisvia CWH - ishudautesiiesdfimnisnAnm
Tusnu hydraulic flow resistance; hydraulic permeability LazdaA Sieving coefficients 184
1 ° o/ 1 A o v o o v A v a
a19i19  InasdnsvedeiaenunaInyArae1a1adAs wastinrin iR liaNq InATe
IndAzadszaane 30 wWafdud — Aenududwedsrecddsinluides dszun 6 nfuse
wians - anuldsiiaeanifedniuaeas CVWH wudszannd 3 dalas nnuualsiensinng

' =

uare9a9a WAL 200 RARAMNIADUNT  HANITANEINLINLINA Hydrostatic AWM
% = o [ o o A % dl o ] dl v a 1 1

Fianses  NANANRuSlnenseiuensnnsuazesden ludionses Teensdiwi ldEandnan
ANNATUNILIBINNT INATRUA DA (ANAK / 8ATINITINA =  AINAIUNIN)  TIAIALIN

Fnuniunig lnaradaansanann Wuanaansulalunismi CVWH
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Uktrafiltrate port clamped

Pressure 150
(mmbg) g5

200

175 Uitrafiftrate port clamped

Pressure 150
(mmHg) 125
100

75

50

25

0 100 200 300

g‘l.lﬁ 15 Inlet and outlet hydrostatic pressures (end-to-end pressure drop) at different
blood flows with zero net filtration (upper panel) and spontaneous filtration (lower

panel)

i D8
b3 } (b= 300 mifmin

' "
0y /Mr

. LI
o OKF = 207 mibinntg |-
K = 28,6 mihimmHg ||

0 il L] i 0 m

Transmembrane Pressure (mmHg)

gﬂﬁ 16  Ultrafiltration rates at different transmembrane pressure gradients. The ratio

indicates the hydraulic permeability of the dialyzer.
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¥
o o

UANANUTINLLN UTunuaa Ultrafiltration  RAN&uAusiudnsiniglnaadaan
lufansas A@ALaa9 Ultrafiltration  coefficient 138Nl 29.6 Raanssadalug JaALNAT
1san WA (RIusens N1 vanauiaan 300 Aadans AW WA transmembrane

pressure 20 — 120 NadluAsLsan) A1 Sieving coefficience HANdNING 1 Waandnwly

120 wd dailudrnlndiAsiuaAtaesdonsessiia high -  flux daunisAne lunyws
A o Yo v aa = o o vl o = | o
s g iuglaaniniaglaonaaeunau nnnualiidnsnisluazeunen fiusanses

1
= I |

Naan76auN wudlu 24 dolue (@adunainniua liinisasusansaasialug)

—_
(&)
(@)

fansagtiaginisaneulamning luddoniainnisudedqaediaan da 8170195 w00

o

1
a | o

Ultrafiltration 114 65 an3a 24 Galad uaz 48 ansredalas 1 pre-dilution waz post-dilution
AINAAL wein1sAnEAInana e i dayalud1ues Bioincompatibilty  1iaanianilady
¥ o Yo dl 1 a a 1 =2 o J A o a

arudaflaenedlun1nrangd deaslainnisAnmadenaiche Aansesrlingaglas

Insadian anu1ran18dlgna CVVH 163

ridmin 3 Pre-dilution

100

50 Hl Post-dilution
80 -
0 :
60
50

w I

i_’ =l i
20 [ b
o ‘W |
0 | B
Base 12h 16 h 20h 24 h
Hours of treatment

gﬂﬁ 17 Ultrafiltration rates in relation to time in continuous veno-venous hemofiltration

(CVVH)  with pre-dilution and post-dilution modes.
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200
= Raseline
1.80 —
4
160 24 hours
1.40
1.20
1.00 = : .
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o0 =’ & :
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0.20 - e # =
: s & :
0.00
BUN Creat P Uic A Ma K (] Ca
SOLUTES

gﬂﬁ 18 In vivo sieving coefficients for various solutes at the beginning of continuous

veno-venous hemofiltration (CVVH) and after 24 hours of treatment. Sieving

values were obtained in post-dilution mode.

AN 18 TEIATIALIATUBIFAANTAINIAAITUA

RINTAY Sureflux -150 E AV-400
FUAURIMembrane Triacetate /hollow fiber dialyzer Polysulfone
Ultraflux
Hemofilter
NUAUTIGA ( m2) 1 0.7
Priming Volume( ml.) 90 52
8791017 MAURI81I8 AR NLLAN 2050 1300 ( mL/hr)
(-mL/hr/ ( @B 150 cc/min,
100 mmHg) TMP 70 mmHg)
Uffsenismeuaues Hlannaialduanngn Hlananialsdasndn
271AN 71ANYN FIATUN
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Solute
Plasma urea 60 daltons
creatinine 113 daltons
Uric acid 168 daltons
Inorganic phosphate 31 daltons
protein and albumin 69 kDA
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28015948

dgzansNAnE

iszanaifiivag (Population) A Hiaafiannazlmnaiaunay

iszmngsianeiiy  (Sample population)  Aa  filasndnnzlaonu@aundu Ty

TssnenunaqginasnsaiantusaslddunissneuuulssAnlssrasineddnisvaniaen

inawailunisAn@angilag (Inclusion Criteria)

1.

Wugilaeninnaznnsrinanua e laLNWIaLILIRILNAY WTa HsvalAT ANl

IRAANINNINUTANNTL 2.5 RAANTNAALATANT YTaNINNINTeFLLNRaa9YIn

%

. eudludihandniaznaslianauaesaens darnsuladinaauinngi 60

HanNmslsan

N IWN12ARABAN (Exclusion Criteria)

1.
2.

Q/dl Yar d‘ I o/
QV]LLQ?‘]JF]’]?L‘}J@EIHGWEI@QEI’JZ
v -dla Aﬂi’ [ o
giloefame lafadusniay

v Q;d a Yy o I
KU e NN NANAULNNTS

11AF2A2INg (Sample Size Determination)

1. 11991 Pilot study Hilaganuaw 5 918l

2. ﬁﬁmmﬁﬂLLaszﬁmLuummﬂm NIANWI DAL AR BEIN

ANGAT
NV=12(Z q+Zp) 207/ 1 (X1 =X ) °
O”= Pool Variance
= (N~1)S,+(N,=1)S /N, +N,-2

HanIzAuIlAngNset1e ngNaT 8 318
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un nsiudeagyaainanstiisetwaini@eniazinnlsainnisaniaenlae
1) fihawdazsaazlffunisnmananuazinildainniswaniaan
(Ultrafiltrate) WNANIERMIINIFIAAUBILRLANNAINTDILA AT
LA WA LAIA2E1NUAA AN NI NI ADANAULA AR
o ?\J/ — 7 =3 [~1 90, dl ¥ A
FanNgaNiTNNIATIAY 5 NAAART LaTAUa131NNlFaNnNWaniaan
U3u0u 10 Hafams
™, - . = , o = d
2) NANTLNULARALATAITHIAINEN BHAILANANTAINGNA 0, 15 W9, 2,

8, 16 Ay 24 Falug

nMsALsILsINTaYS

1. dayaviall loud wa, a1g, n1satadelsn, nisilsziiuaninguussnesisald
Apache Il Scoring System IagnnENNIN1579e

2. dauaTERINNISNEIsasnITnaniaan

a

FunnTlnaBeulalin  TANAMNAIUAANR LA BUAY 15 UnTIvEs
Bu, 2 dalug, 8 dalus, 16 dalus, 24 dalie  anussulnafinnstiudin
o fineinu, fannnadulafinfifiuiay, Shnnsdureniala

3. mafivdeyanaiildannisinm

1) 92ULRIUBINTT T HINTRIUAASTHA

2) N379ATIRUAINITTNEN
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Replacement fluid

Blood
Blood to patient

from patient

Ateria Venous
sampling port sampling port
Ultrafiltrate
sampling port

Hemofilter

Ultrafiltrate

519 19 giluamsngasnnsluananialinuasAuntanisiusiaesnauaen

N5ILATIEUTaYA

QQdI ¥ o va U o/ o ] [ 1 dl 1 dl
adAn i Nuua liluansdgnsIn1329na73luanasi1e) iudeds £ Andeauu
NIRTgIu  douananiduansaranunnssazldnisAauanision ANCOVA,  Repeated

measeurement anlsunsnAaNNamas SPSS” @ailunislFaunausAndaluisazdaanan

o o

YBILAREHAINTES NUUAM p-Value < 0.05 WUAAAIANNTATLA1 AN 1A A

o
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1. dayanalyl

o S

7 dld = -dl 1 é’ o [ v
Ia‘]J’JEWmﬂWQ?JVLWJ’]EILﬂil‘]JW@uVlﬂJ“ﬂ@‘Uﬂéﬁluﬂ’]??ﬂH’] uuutszAulszmasnaniinan

v
6 o 1

A 1 1 d‘l dl A =K A o =
inanet1esaiilamisaneuIaginaensnl ASLARUNINGIANAUNNARUTUINAN 2547 §
o ¥ L A | 1 A I dl Yar A 1% o
A1uu 17 nedngdannisfnen utsdiaenilu 2 ngu Aenguinlafunisnaniaensdausionses
wipanglaslnsay@iam Sureflux A1uau 8 378 uazNgNTIlFTUNIsnanidensaesiansas
FUARUATIZI Polysulfone AV-400 {1191 9 918l
o 4 v A A ~ a .
filaavivaasnguiieng e AMNULIITe9l9AN19EIiNAIN APACHE 1l Scoring
o = A o % a A v o L2 o o I
System svauyireluaen seaudaysulugenlnanesiy  guaenaeiunisinuegluve
v a a dl ! 1 1 o a a = o o !
gilaen1aeangd sedoulvnges lvediaanngdngAununengsnssy Ansinsinoninisla
° o A Ao \ 2 o o ~ ) : 4 A
anadmiunaniaanNauLNARAReAANUIUNY (Femoral vein) HINNd1Ma0ALREATNIAD
(Internal jugular vein) szduAtgasdslul@aan (Blood Urea Nitrogen) WayssmuUATIafiy
Tuiaan (Creatinine) lunneneiu Arpausulafinnz BN sAne ldunnsnsiuiangs

( AN9197 20 WAz 21)
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A15199 20 AnmuriigILedduenaINsanseusa T

SUREFLUX AV-400 P-VALUE

W 18l (AL) 5 2

LN (A1) 3 7
a7g] (Year) 63.6+15 60.3+23.2 0.73 (NS)
3¢AU APACHE I 21.88+4.5 20.67+4.2 0.57(NS)
mqmﬂsﬁmum?{ﬂ (%Tw) 19.245.5 19.06.0 0.93(NS)
szAUg e (BUN) ri@ul?s'mﬁwrmvxl@mﬁ@m( Aaaniusandans) 70.38+34.4 | 81.44+38.8 | 0.55(NS)
sLAUPTIORTIU ( Creatinine ) AauGuMINaniRen( TaAnusianians) 442 1 4.36+0.92 | 0.65(NS)
seudayAunaunisneniden( niusaIATARS) 3.46:0.88 3.28+0.34 0.59 (NS)
?:ﬁummﬁuiaﬁmm?{ﬂ( NaaLmgLsan) 76.7+11.1 86.5+30.3 0.4(NS)
welaeAng A WaNAINUNWN (AL)
27YINITH 4 7
AReINgIn 3 1
a1g3ngsH Teaniala 1 1
Awlanisldanananidan (Aw)
WA ARMLFIMNUIL(Femoral vein) 7 7
LﬁuLa’ﬂﬂﬁ’]‘].l?‘l,’mmmlntemal jugular vein) 1 2

o | aa , N o = 2 o o A P
T@Nﬁ@ﬂq@ﬂmLLmﬂ\?LﬂuﬂqLﬁ@ﬂi ﬂqmquLUﬁl\?LUuN'}miﬂqu Vi?'ﬂu']_lLﬂu@qu’]uﬂuquWNﬂqﬁ\?zu%
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As9N 21 Ansuansdeyaiugugiaausiazee
adudl | e | a1y | afiasanses BUN ANMNFULTIVDY nsatdaae gmsld | wan1sinm
( mg/dl) TsmApache I el
Score
1 TN 65 Sureflux 102 23 Congestive heart failure 14 Death
2 N 50 Sureflux 64 15 Hyperkalemia 9 Death
3 ael 47 Sureflux 37 23 Fulminant hepatic failure 17 Death
4 Al 46 Sureflux 86 20 Peptic ulcer perforation 24 Survived
with septic shock
5 ANl 74 Sureflux o19) 20 Bowel gangrene with 22 Death
septicemia
6 filald] 69 Sureflux 95 22 Ischemic heart disease 24 Death
7 Ael 89 Sureflux 117 31 Severe pneumonia 24 Death
8 ELIN 69 Sureflux 29 21 Massive lower Gl 20 Survived
hemorrhage
9 m‘ljd 90 AV-400 46 25 Coronary artery disease 10 Death
10 WU 87 AV-400 62 28 Aspiration pneumonia 19 Death
" filald] 31 AV-400 162 17 Nonhodgkin lymphoma 24 Survived
with sepsis
12 V3TN 43 AV-400 91 18 Lupus nephritis with 19 Death
septicemia
13 WU 26 AV-400 86 18 Lupus nephritis with 24 Death
nocardiasis
14 Al 75 AV-400 54 24 Septicemia 8 Death
15 LN 54 AV-400 50 17 Septicemia 23 Death
16 EIIN 66 AV-400 56 17 Chronic arterial occlusion 24 Survived
17 BIN 7 AV-400 136 22 Severe Pneumonoia 20 Survived
uansLlFauvay

1. HANNTANEIANUANNAINNTD lLN132dR R aAe

et AN aluanas1Lg A1 Scresluanauialan iianuuAnsiaii

AILAAITUANTINN 22 UATUHWARNTINT 1-4




AN9199 22 AN9NLERYAT Seiving Coefficient 189ANTUAASTNA

Feans GRIRERN Foluait 2 | dolueii 8 | dalusefi16 | daluedi 24
BUN Sureflux 0.9 0.92 0.89 0.98
AV-400 0.93 0.86 0.91 0.91
Creatinine Sureflux 0.94 0.98 1.02 0.93
AV-400 0.93 0.88 0.91 1.0
Uric acid Sureflux 0.85 0.88 0.99 0.98
AV-400 1 0.85 0.91 0.99
Phosphorus Sureflux 0.91 0.88 0.77 0.73
AV-400 0.9 1.03 0.98 0.97
Calcium Sureflux 0.63 0.63 0.65 0.61
AV-400 0.6 0.66 0.63 0.62
Magnesium Sureflux 0.77 0.8 0.79 0.79
AV-400 0.68 0.64 0.77 0.73
Sodium Sureflux 1.01 1.01 1.01 1
AV-400 1.01 1 0.98 1
Potassium Sureflux 0.86 0.9 0.88 0.88
AV-400 0.79 0.82 0.96 0.9
Albumin Sureflux 0.016 0.014 0.0172 0.0006
AV-400 0.0002 0.0002 0.0001 0
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Sureflux AV-400

mmrama?éuzgmm@ﬁﬂmmmﬁqmm (A1)
finnznnsivaisuradenlained (Hemodynamic unstable) 4 4
ﬁﬂ%‘éu@mﬂﬁiﬁﬁmuﬁﬁﬂm’]LﬁﬂﬁQﬂ?‘ﬂ\i(Spontaneous failure) 1 2
Hweaniludeanganiavicauneunai(Elective discontinue) 0 1

o ( Renal Recovery )

ﬁmi%ﬁqmiﬁwmmmim ( Renal Survive) 2 3
aimnstiugreentsvinauandls ( Death ) 6 6
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