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# # 5774085630 : MAJOR MEDICINE

KEYWORDS: P-CRESOL / ONLINE HEMODIAFILTRATION / HIGH CUT-OFF MEMBRANE
WANJAK  PONGSITTISAK:  P-CRESOL ~ CLEARANCE ~ OF  HIGH  EFFICIENCY  ONLINE-
HEMODIAFILTRATION VERSUS STANDARD EFFICIENCY ONLINE-HEMODIAFILTRATION WITH HIGH
CUT-OFF MEMBRANE; AN OPEN-LABELLED RANDOMIZED CROSSOVER CONTROL TRIAL. ADVISOR:
ASST. PROF. KHAJOHN TIRANATHANAGUL, 36 pp.

Efficacy of Newly Innovated Standard Efficiency Online Hemodiafiltration with High Cut off
Dialyzer on P-cresol Removal: The Randomized Crossover Controlled Study. Wanjak Pongsittisakl ,
Supeecha Wittayalertpanya2 , Khajohn Tiranathanagull , Kearkiat Praditpornsilpal 1 Division of Nephrology,
Department of Medicine, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand. 2 Division of
Pharmacology, Thai Red Cross Society and Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand
Background: The P-cresol (pCS) which is a protein-bound toxin were recently spotlight because it could
not be removed by hemodialysis (HD) and obviously correlated with persisting high mortality of HD
patients. High-efficiency post-dilution online hemodiafiltration (OL-HDF) using high-flux dialyzer and
required high blood flow rate was a novel modality that added the convective to ordinary diffusive
clearance. This modality could enhance pCS removal and reduce mortality rate by 30% in recent clinical
trials. Unfortunately, the majority of the HD patients could not reach that high efficiency because of the
limitation of their arteriovenous (A-V) access blood flow. We innovated the new online HDF modality for
these patients by combination of standard efficiency pre-dilution OL-HDF withnew high cut-off membrane
dialyzer (HCM). Methods: This randomized crossover control study was conducted in 9 online HDF patients
to determine the efficacy especially pCS removal between the two week periods of new modality of
standard efficiency OL-HDF with HCM and the high-efficiency OL-HDF. The removal of small and middle
molecular weight uremic toxins as well as protein-bound uremic toxin removal were determined and
compared. The pCS was measured by high-performanceliquid chromatography. The dialysate albumin loss
and patient safety were also monitored. Results:This new standard efficiency OL-HDF with HCM was safe
and no any adverse event was recorded. Its pCS removal efficacy in term of pCSreduction ratio (RR) was
comparable withhigh efficiency OL-HDF median 59.5 (IQR; 49.1, 62.6) % and 54.7 (IQR; 48.6, 58.2) % (p-
value = 0.441), respectively. BZ—microglobulin was significantly removed by new modality more than high-
efficiency OL-HDF. Two techniques provided adequate and small molecule removal demonstrated by urea
clearance and KtVurea. No patients developed hypoalbuminemia even the higherdialysate albumin loss in
HCM used(dialysate albumin loss per session; 5.51 + 0.72g vs. 0.51 + 0.31g, p=0.008). Serious adverse events
were not observed. Conclusions: This new standard efficiency OL-HDF with HCM which was innovated for
themajority of dialysis patients that had limited blood flow rate could provide effectively protein-bound
uremic toxin removal comparable with high-efficiency OL-HDF and could potentially provide the

comparable good long-term survival as well.

Department: Medicine Student's Signature
Field of Study: Medicine Advisor's Signature

Academic Year: 2015
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high flux membrane dialyzer)
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Duration
RRT

Residual renal function

Renal replacement
therapy

Convection
velume
Dialysate
flow rate

RRT
modality

Blood
flow rate

|Generation

~ Sex

Age

Diet

Drug (esp. antibiotic)
Underlying disease (eg. DM)
Genetic predisposing

clearance

P cresol in ESRD

Cardiovascular disease | infection ‘ | inflammation |
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1.6 AdenadalJiinnsnldlunuian

Hemodialysis tdun1snenidenlnald3ISn1sunssnu
(diffusion) vesansazansfiegsenitudoyiinses (semipermeable membrane) daagflusi
nsewloniden (dialyzen) Tnsfuuvsssninadenidunluiinsoslendontuihenloniden
(dialysate) Ingansazanefiivunadnningniesues semipermeable membrane A¥UNSH1Y
091 9 ﬁmmvﬁuﬁuqﬂﬂé’dﬁ q fanududuvesansiiniy

Hemofiltration tdun1snentdenlaeldisnisnn
(convection) v sa5azatar1uLieydinsoslufinsesronidonlaeldnisiai
(ultrafiltration) \usmansazarsaniladensiudeyinsesitludnimils Feduiilefinng
ﬁqﬁﬁaaﬂmﬂﬁ’sé’ﬂwLﬁawmﬁazmaaaﬂm Jedeaiinsifnansasanefidndudnlunawny
(substitution fluid)

Hemodiafiltration \Junsrenidenineldvurunisie 2 38
115AU AD NITUNTNIY LAz NITIT VIaNTazaIe

Online hemodiafiltration (OL-HDF) Aia laisn1sneniden

A1875 hemodiafiltration lagdsn15im3ey substitution fluid 31AN1SYIUIUTENSVRLATEN



ey (hemodialysis machine) TneldtievanidoaniudinsestssAnsaings (ultra-
filter) wdariuvindu substitution fluid Wenawny ultrafiltration fieenky

Substitution technique A 75n15MALN substitution fluid
TAgLUIRINAITNALNUIT NALNUNDULTIAINTDINDALEDA (pre-dilution technique) ¥
Na9INOONANAINTINBNLEDA (post-dilution technique)

High efficiency hemodiafiltration Ao N15viINBALRDARAE
75 hemodiafiltration Tnadiusuna substitution fluid WUy post-dilution technique 111N
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Standard efficiency hemodiafiltration mwwmmaqﬁi%’a
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high efficiency hemodiafiltration lnglsinaliinduianandusinseslonidion

1.8 5UuLUUN53RY
N153981F9nnassdnwaly Therapeutic trial LJu Open

labelled randomized crossover control study
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(new modality: standard efficiency pre-dilution OL-HDF with high cut-off membrane
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11.4 fufsaunsidedesasuinluatednualdnes (informed
consent)

11.5 fiirsumsidefiavsiazaeusnanlasaimsidelaglidesuald
ANFEVNY YI300NALIAENITALATNE

11.6 »uiseiildauasnlumnududiufiuas $nvianuduly
foyaiililunside

11.7 amirulasansududensausyvivatetitliomedudunis

Y

Y

Andulavesidniulasainside nefineudiiuninannunousunsiy
av A& aw a o = & @ (=]
NuITeilillunuidenyiinisAnwineaeslunyed Geludsneau
ameunsndeuainnisliisniswendensieiddedsdnau uregalsinumeideladntnd
Patient safety monitoring ka# N1351891UAIBUNINTRU Ingdanauselovivoiinsiu

o w

lasansmaideduddey



undl 2
nunIuITIAUNSIUAEIYes

annpdrdglunisidedinvesdiislaineiedassesgarie Ae
Tsntlauazvinaniden (cardiovascular disease) Tsnfinitie uaslaauzida(l, 2) ftonguild
TemaAnlsarilauazvasnidengsnitaumly 10-20 Wh(2) awvndiinlsaialauazmaen
Fengeninaushluidesanniingidsafinulaluaumlufiazifialsaiilauazaoniden
(traditional risk factor) 191 vy Anusuladings lushiluidengs eny wazdeildedeides
dududnananglamededdmalfinmsdwosasgtifloniglusnenis (uremia related
risk factor, non-traditional risk factor)(3)

a157iwgSLile (uremic toxin) Usenaumig 3 ngu fe @13

=)
@
e
Nl
g}
o™

=)
@
(as]
an
pmd
(e

YuUALaN (small water — soluble compounds; molecular weight < 500 D), @13

YU1ANa19e (middle molecules; molecular weight > 500 D) wag a@siiwgsilenduiulusau

Y

[~ | A a LY

(protein — bound molecules). @15 protein — bound uremic toxin @etdunauNnT U1

q

1 o

Tuanatieandn 500 anadu widuegiulusAudanaraidulianasuinlvginlivdneenain
19MemeISnsHendenladsuades(d, 5)
fi-r3vea fihwinluana 108 aasiu WuasgSilielungy Protein -

bound uremic toxin tAna1NNITIUASULUAIUBINTAD ALY tyrosine Naﬁj(ﬂﬁm‘{lzgﬂ

'
a

Wasmdu P-cresylsulfate findadldlnonuafioUsesndu uay P-cresylelucuronide 7ifu
(6) dnsfinuluriesufuinmsuazludninaaesmuin fi-asrealinnuduiusiunisnsedude
Fesumlivhauanaduasenyadassannt uasneliAndoynasaidensniau(7-9) wu
muduiugues P-cresol fumsiinlsalauazvaeniden nsinde msiindurendond]

Auduupalfeiniziasiuiy wag Wudnsnsdetinlugielnneisese9-16)

P-cresol and clinical outcomes in hemodialysis

B Bammens kazAfz(10) B1n15ANYIDIAUAUNUSYDITEAU

v W A

serum free P-cresol fugnsinsaglugilelaineseseilasunisneniden wudiseeu

a o 1Ia = [y v f v W

serum free P-cresol ﬁqandm%awﬁﬁ’u 1.97 4aan5unoans AINUFUNUSAUDNIIATT

AeTINNUINTU 2.28 (95%Cl; 1.12 - 4.64) 1N pgNANLAPUNIADRA

<

= =

Sophie Liabeuf wazamz(12) virn1s@nendeniuduiusvesseau

serum free P-cresylsulphate ffugnsinsidedinlugelaeszey 3 - 5 audatielaineg

v o 6

dy U dl Y o U ! U a0 dn(
Soselasunistitanaunule wuinszau serum free P-cresylsulphate UANGIVUHUNUD



fuszeglanemiuiiniu dususiunisanaswesnisinauaesle (glomerular filtration

[ '
A v A

rate) wazdlArgaantudUaslaneiseanlasunisuirtdanauwnule A1 serum free P-
cresylsulphate #1gendn 0.5 Tadnsusedns TugUielannessee 3 - 5 audithelanesess

(% v 6

AlasunisuindanawnuladanudunususnsINsid@eTInAuInIu 4.675 (95%Cl; 1.940 —

o

11.260) wh oghailfddgmieedn  laenudilufthelmiedededildsunmsidanauny
lnSovay 53.5 d5eAu serum free P-cresylsulphate @in31 0.5 dadniusieding

BK Meijers wazmaz(13) ¥in1sAne1ianudunusundseiu serum
free P-cresol fun1siinlsaialanasaenidon nuin serum free p-cresol fiunnniwse

Wi 1.97 fadnsusiedns ludirelanesesilasunmsnenidenuazliiluummiudiaiy

' '
a =

LWHE97LLNALSANILALATAABAADANLSUMNNTY 2.04 (95%Cl; 1,10 - 3.79) 1911 28193

WedAgyneada uwidgmglunguanlimiuumniusaglasuniswenidantdundunuin

v Y

(%
a o 1a o

S¥AU serum free P-cresol fiunnnIusewindu 1.97 fadnsuredns dulddwmaliiiuds
amnudefiazinlsailauaznasaideniiduninninnguiisesiu serum free P-cresol oe
N1 1.97 Hadnsunoans

-WenWu wazagg (16) ‘1/‘hmﬁﬁmmmﬁqamqﬁﬁlmwm’%a%’qLLasléﬁu
nsnandenluusemaldniunuinseau serum free P-cresol kag serum total P-cresol &

o w

AMNFNRUSAUNSIARLs AT lALazaALEen LagdnIINITANY 98 1TEEAYNINETR

P-cresol and Hemodialysis modality

Andres W. Martinez hagAagdz(24) WUI1n15%1 conventional
hemodialysis #§n31A5vdnTi-r3weatiies 20 + 4 faddnsdeund WeifisufunisvingiSen
g4tla 260 + 20 Tadansseun?l wardmuiiii-aIgeaduagiulusiuieiesay 94

Bert Bammens WazAmuz(17) Anwin139dnansi-asesea tun1snan
Bonseds (Modality) fisinaiu fie hemodialysis with high flux membrane dialyzer ey
fun1591 hemodiafiltration Wui1 n15%1 hemodiafiltration @1unsaviinnsudnansi-a3
goaldininegafituddyn1eada 1nes7ialy hemodiafiltration fia pre-dilution OL-HDF
with replacement fluid 60 liter (P-cresol clearance 35.2 + 6 ml/min) Wag post-dilution
OL-HDF with replacement fluid 20 liter (P-cresol clearance 26.8 + 3 ml/min)

Tun19ndunu Detlef H. Krieter Lazamz(18) lavinn1sAnwinisudn

@15 Protein bound uremic toxin #HdluduilN-A3w0a Inefgusening 2 fanseantaen

wag 2 33n1seniden fansesiildfe PUREMA® (sieving coefficient albumin 0.002) ffu



PUREFLUX® (sieving coefficient albumin 0.003) lagauy@giuin dialyzer 13l sieving
coefficient albumin g4n31119¥YdAa15 protein bound uremic toxin LAANIT wag
W3ULigyu hemodialysis fiu post-dilution OL-HDF wan1sfinwnui1vienislddinsesnen

1% ] a

\don PUREFLUX® uagz n1sWeniaenaiadd post-dilution OL-HDF linwuinaunsavdnii-a3

Y

YoalaiuIuagelidyda

(%

AINGRG
P-cresol clearance and High-cut off membrane

Japanese society of dialysis therapy 2006 wuUssnTaNon1TWON
\don (dialyzer) 17 7 9iinnie dsuanslunisneil 1. laedanses high-cut off membrane
dialyzer aglunduy 5 Fafignsesvuinluglagde1uann p2-microglobulin clearance

11NN 70 NaaaNSADUIN

A15197l 1. uananIsuUswn Dialyzer 114 Japanese society of dialysis therapy 2006

Type K B2-microglobulin (m{/min)
| <10
I 10 - 30
Il 30 - 50
\Y 50-70
V > 70
VI Hemodiafilter, > 50
VI Flat plate type (AN69)

Rita De Smet wagAME(25) WUl high-cut off membrane dialyzer &ins
vinanslungy protein bound uremic toxin 1MnYueEiidudAy o isuiungs low flux

membrane dialyzer ainiswenidenmeiniadlaiisulaenisnanidonsieisuinsgiu
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TuvziddddnisAnwifanisvini-rsvealaeldisslulaesNawmdu

321U high-cut off membrane dialyzer

unil 3
BANTUNITINY
3.1 JUlUUMIY
nsenuidunuueia open labelled randomized crossover

control study.

3.2 52UgUATNSIAY
Uszansiidnen (Study population)

ngenauetlunisAaiand1sn@ny (Inclusion criteria)

. feloneinsssszaraninedlésunisenidendeiniaslafioun
w1 6 Wouillsmeunaginaingal

. 911NN 18 Yusysal wazluiiiu 75 1

. dunlenidon (vascular access) Al u arterio-venous fistula (AVF)
%30 arterio-venous graft (AVG) 7§l vascular access flow 11nn31 400 Haddnsdaund
Uszilulnegds ultrasound dilution technique

. Wenidondiaiadeslaiiey 3 aSy/dUa wasddraruneiios

single pool Kt/V ea 21.2

. iaaneiounin 100 FasioTu
. TUMTINLAY (dry weight) MuNNzaNnoud1TINlATIUY
. dygradnauzitnisnenidonniiaaon 2 §Un19 noul19u

1As9NTS

nLnauilun1sAnianaanaINN1sAne (Exclusion criteria)

. A5ALNINTOUNABINITNITINWILITIAIU bALA L5ARALTD, TsALdU

Wanrlatazvasadannielu 3 hou



11

. DunzlSeszesunsnszang

. fansss

. 101 NLAYUINIT

. fifeviulunisldansiudenudsivuzeniden

. finsnaunuazdgnanelnnigly 3 heu

. Llansaufiinuszsdeuisidelanazlianuisouingiafaniule
serilosnule

. Ujasasteluludugeudinsunmsise

YUINATDEN

lEBMwINIuafeglaggns manuwandasRaieiuls 2 i il

Judasesiatu (mean difference between two dependent sample)

v et e

1A8AINNITNUNIUITIAUNTINVDS Natalie Meert uazmuz(20) wuan P-cresol
reduction ratiolagle3s post dilution OL-HDF with high flux membrane dialyzer fiaadey
Jouay 40 uaz drulusuunnsgu (standard deviation) 8.8

AUA power 80% wag type | error (Q) 91 5%

A 'Y ' a = ' =~ o . .

WesanndeladipeiinnsAneiuineu 39A19UA magnitude of difference
Winusesag 25

AIUIUINAIDY LA

[(1.96 + 0.84)8.8]°
(10)2
N=7

Uszanas dropout rate 20% fetiudsiinvuangudiegiandu 9 au

3.3 JUNBUNI5YINIY
1. FuArTInUszaed Tunaun1Tide Yseleviigidniinlasanisideay

195U 52uDNaT0ALINBNANTU
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2. FiinpumAteduieluludugeudisiunsiiide
3. MN3ENUsEIR 9599519018 AN InansI19n1aiBIlfuRnisdounds
Yo TIlATINTITe0g19AzIBEn
Baseline characteristic
yhmsifiuteyasususndsaunisdin dud
. Fogafiugiu léun 01y e daugs tmdnuia 1
Uszd amnuedlanieiFess evilfidulsed szeviaiienidennoudniunisine

a Y Ay v -
YRaEUNLINaNE D9

. ToYaNaN1INTIVTNY
. Dialysis prescription before enrollment
. Dialysis adequacy before enrollment: sp Kt/V es

(daugirdas’s equation) or UKM Kt/V e,

. Laboratory baseline review l¢iA complete blood
count (CBC), blood urea nitrogen (BUN), creatinine, electrolyte, calcium, phosphate,
albumin, fasting blood sugar (FBS), hemoglobin Alc (HbAlc)

4. nEmntuizdeansameiesjunsitedusiugiunoudn
59115398 LawA CBC, BUN, creatinine, electrolyte, calcium, phosphate, albumin, FBS
5. vhmsdusegauiadu 2 ngulnes block of four LileiFesd1iuis
Woniaen
ﬂduﬁwﬁq (protocol 1) vinn1sWentaann83d high efficiency
post-dilution OL-HDF with high flux membrane dialyzer (HE-HDF) 3 adssaduaiiiu
svavnen 2 dUandt ndsantusiesae standard efficiency pre-dilution OL-HDF with high
cut-off membrane dialyzer (SE-HDF) 3 adssaduaidiusseazinan 2 dUn Tneiitng wash
out period flawEuiIN1sAn® 1 §UAW warseninaldeu modality 1 &Uasi Tnevae
wash out period vhn1Wenidon 3 asieduaniuiu fuandlusuil 2
mju‘ﬁaaa (protocol 2) yin1sWentdenn83d standard efficiency
pre-dilution OL-HDF with high cut-off membrane dialyzer (SE-HDF) 3 adireduniiiy
svazian 2 §UnWi ndsandusiedne high efficiency post-dilution OL-HDF with high flux
membrane dialyzer (HE-HDF) 3 aSsedunmiiuszoznan 2 &Uansk Tneiieae wash out
period flouiiuyNIsANY 1 §UA% wagszninaudsu modality 1 a1t Tngvnse wash

out period yin1INeniden 3 AsssodUAALTUAY
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Modality prescription

High efficiency post-dilution OL-HDF with high flux
membrane dialyzer (HE-HDF) %#u188a post-dilution online hemodiafiltration Tagle#n
N599NBNLADATNN high flux membrane An HF80 v89US¥M Fresenius, blood flow rate
(Qg) 400 mU/min, dialysate flow rate (Qp) 800ml/min, post-dilution substitution
technique 100 ml/min, net ultrafiltration volume U5un1y danifnuis (dry weight),
svezaa 4 Vilusde 1 ase

Standard efficiency pre-dilution OL-HDF with high
cut-off membrane (SE-HDF) #u18fi¢ pre-dilution online hemodiafiltration Tagld @
nsoenidenviin high cut-off membrane A9 PES-17D, blood flow rate (Qg) 300 ml/min,
dialysate flow rate (Qp) 800 ml/min, pre-dilution substitution technique 150 mU/min,

net ultrafiltration volume USumuUMtinus (dry weight), szeziian 4 Falugee 1 A

Wash out period

| =

WNSUNSANYIALLASUNISNENLADAA LA DI LALAEUA 28

eXp

33 high flux hemodialysisludUniiusnuesn1sfine waz §Ua% 4 (lowriinig cross-
over) UBINANEN
Sunoufe ;:IL%i"mmsﬁﬂwwzvlﬁ%umimﬂLﬁam’ham%mlm

WsuseIsantaonu1nsgIu (hemodialysis) sufuldsiinsesnenidanwiia high flux
membrane Tngsa blood flow rate (Qg) 400 ml/min, dialysate flow rate (Qp) 800 ml/min,
net ultrafiltration volume USumatmiinuis (dry weight), szeiz1081 4 Falussie 1 sy

6. vauinswenidendiinsiunsidealasumsindyayadin was
2INSRAUNRA LU PEATD, %L%uﬁiwmﬁya, wiuniien, lady, ﬂ?{uléfmﬁawqﬂ 30 W9 N
AneuRaunAgidnsunsfnwazlisunisguasnwimuninsgiu waglasunissieaudu
guinisallufiaUssasd

7. 9% P-cresol reduction ration Wag R2-microglobulin reduction ratio i
session WINVBIEUANAT 1 waz 2 vesusaz modality

8. 1AN1599Aa15 albumin, B2-microglobulin n198818719lnvin g

session LINUBIEUAIAN 1 ey 2 VaduAag modality
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9. Uszliu Adequacy 1agld single pool KT/V e, (Daugirdas equation) i
session WSNUBIEUAAT 1 uay 2 veusiaz modality

10. ldennravsiesfifinisuansdiesud 2 faduluraanmsvaas s
az15n15WeNLARAILI1N13IA Reduction ratio 983 P-cresol tag B2-microglobulin 9ins
50 2 adadlovnmeAnasvesuarisnsrlendon

11, 93U53dRYALALYINMTATIEINN9ATH

standard efficiency OL-HDF with standard efficiency OL-HDF with
. " high cut-off membrane Wash out high cut-off membrane
Wash out Wash out
HE-HD HF-HD
—>

bigh efficency OLHDF with high effciency OL-HDF with i

high flux membrane high flux membrane :

Dlay o | Waek 2 | Week & | ‘ Week & |

| \ 1 I I \ \

A: P-cresol, 32-microglobulin, CBC, BUN, creatinine, electrolyte, calcium, phosphate,

magnesium, albumin, total protein, blood sugar
B : KT/V (Daugirdas equation)
P-cresol reduction ratio and (32-microglobulin reduction ratio

dialysate for 32-microglobulin and albumin
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5UN 2. uans Timeline ¥8991W37Y

3Ensnsdeniiodinsaa
Mssidenfiedinsivtounendenazyinisiidenandufiung
KU AVF %58 AVG iavinisienidenlnsazfiudeniufindaunad
IFnsdadennsiranderinnisienidenasane Ua ultrafiltration
pump (Qur = 0 m/min) Ua dialysate pump (Q, = 0 m/min) an blood flow rate (Qg) 50

mU/min Useanad 10 Fun7nauyinnisuaenindsnsia

ANSATUIUN LY IUNTSANED

n15U52L8U Reduction ratio (RR) 984&135

n15UsgLiu P-cresol reduction ratio hag pR2-microglobulin reduction
ratio ¥I1lag1Ldane9n21nNY Arterial port 17523 P-cresol ag B2-microglobulin
Ingdmsraneuiinisnendeon (C,.) wasndsinisnenidoniada (Cu.) 38N15d08000599

o o a & o a1 vy v A o . .
wawinsrlenidenasanainailiteiu ansiived1uins Reduction ratio
RR = (1 = Coostarr/ Core) X 100%
Cpos'c—crr = Cpost / (1 + [(B\Npre - BWpost) /0.2 x BWpost])
Cposterr: Cpost NanUsumu extracellular volume change Usgiiiuann
Y

inndundn Tnefnanaunsaaand

BW,re: mitinnaunlaniion (Ke)

BW o HatinuaInanidon (Kg)

N15UsEUUSIN AN NepnunuLNeNenaan (waste dialysate fluid)

Autheendendiniunswenidenuds (waste dialysate fluid) Tneld T-
way connector wUtnen waste dialysate fluid §188751 10 fadans/uil améuqmﬂm/\laﬂ
Hon waulrgiy ﬁwduﬁaﬁq@m’mvﬁu%’maq albumin uaz R2-microglobulin n&santy
fmnamUsinuasiauasenisweniden 1 ads e

MTD = Cd X Td
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Mrp: Usunuansvianunly waste dialysate fluid sion1sweniden 1

Cy ANITNTUVDIES U waste dialysate fluid AAUNIU T-way
connector
Ty USunad waste dialysate fluid vi9uun

N15A1UIA single pool Kt/Vurea

Uszifiuanuitesnelunisvdnansiuvgsidevuadning spKe/V e,

Ineld Daugirdas equation

Kt/Viea = - IN(R-0.008 xt) + (4 —3.5x
R) x UF/W

R = 1 - (BUNpost /BUN, o)

t: nafldlunsreniden (i)

UF: ultrafiltration volume (G#9)

W: dhudnudaeniden (Rlansu)

BUN,: fi1 blood urea nitrogen fiaunaniien (Hadniu/inians)
BUN,ost: i1 blood urea nitrogen ndsnanifen (Hadniu/inding)

ANSAYI urea reduction ratio (URR)

Usziiun1svdngiselag urea reduction ratio AUIUIINGAT
URR = 1 = (BUNpos: / BUN) X 100%

BUN,: fi1 blood urea nitrogen fiauneaniien (Hadniu/inians)

BUN,ost: A1 blood urea nitrogen ndsnanidan (Hadnsu/indans)

N13ATIAINeBURURNS

P-cresol concentration

¥

M1nN1501529TMA875 High Performance Liquid Chromatography (HPLC)

I AUMIBEINaUAINTIIN-ASYRA FD

® Blood samples from each patient were collected in plain vacutainer tube 6 ml.
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® Centrifuge 1900g at temperature 4°C, 10 minute.
® Serum from each sample was aliquoted into three microcentrifuged tubes.

® Stored at temperature -80°C until analysis.
198NTEUIUNTITITNAlUNISHUAIDE ARz lasTUNISYINATeTY 30 w1d

en1sinanudutuii-ateeanie HPLC(24) gnitmuiiazUSuusalaeiiy

® Serum sample (150 pL) was mixed with p-ethylphenol (internal standard).

® Acidified by 25% w/v perchloric acid (75 pL).

® P-cresol was extracted in ethyl acetate (300 uL).

® The mixture was saturated with NaCl (100 mg).

® (Centrifuged at 860g for 5 minutes.

® The supernatant was injected on an octyl reversed-phase column, Merck
Lichrospher 60 RP Select B5y, 125 mmx4 mm at 30°C.

® P-cresol was eluted using a 0.7 mL/min isocratic flow of acetonitrile/water 40:60

285 nm; A 310nm

ex’ em’ )

(v/v) and measured using a fluorescence detector ()\
® The retention time of P-cresol was 5.1 min.

® Determine P-cresol concentration.

<Chromatogram>-

=

5UN 3. seeUii-ATYea 81unain 5.1 u1i

N1315231WpUURNN5AY 9
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CBC, BUN, creatinine, electrolyte, calcium, phosphate, albumin,

R2-microglobulin dsmsIvpsuuRnsvedlsmeIuiagiainsal

qmauﬁ'ﬁmaﬁansmﬂanLﬁaﬂﬁ%’ﬂumﬁﬁa (Dialyzer Property)
Dialyzer #ldlun153sendudu Hallow Fiber Dialyzer IngiaMembrane
Ju Synthetic Membrane 713 Biocompatibility  waziiUszansnng Loy High Cut-Off
Membrane Dialyzer 14 Surelyzer™ PES-17DH 903U3% Nipro way High Flux Dialyzer 14

HF80s vaauTem Fresenius AavanUAnanandlunigan 2.

3.4 M35uTIUdaya

anuniiudeyalaun mielsala lsameruiaguiansed

£ Y v A

FLAvTeuaLazEUuTintoNafe H
Y Y Y U Y

[J

WHUN15ITY

3.5 M3Aszidaya

nnsuaue Baseline characteristic Unauaidumsny naansdayai
IadudeyadeUsna Jahavedoyadu Auedoavadanardiulsavuninigiu

NSNAGRUANNAFIY: NsUSeuisusEIsaeInguly Paired T-test
(normal distribution data) ikeig Wilcoxon-signed rank test (non-normal distribution data)
o [ [ v 1 £ £ y . . . .
ANTUTUAIIUFUNUSVDIVDY ald Pearson’s correlation (normal distribution data)
Spearman’s rank correlation (non-normal distribution data) Ain%ua p-value <0.05 f1971

N v

RGN

1Y

ANIEDR

<

TlUswnsuALINNIEDRAelUSWASY SPSS version 17.

A1519% 2. LARIANANURAUDIRINTDY
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Property PES-17D HF80S
Membrane Material Polyethersulfone Fresenius Polysulfone
Effective Surface (m?) 1.7 1.8
Ultrafiltration Coefficiency 80 55
(mU/hr/mmHg)

Clearance (mU/min)* :

- Urea 267 248

- Creatinine 246 225

- Phosphate 234 220

- Vitamin B12 178 155

- Inulin NA 120

- Myoglobulin 82 NA
unil 4

HaN13ATITTRYS
nguUszrnsimAne

ihms@nwgUiglanesesessuggaienlasunisenidenivieananiien

Y1 I

mielsale lsaneruiaginainsal ssnitaseuliguisy 2558 89 Unsiau 2559 dUae

Y

WNAUNNISAALADALIINITANE 13 AU laggnAneanaINNITANYY 4 AU L8N An13edn

e 2 Au UfiasasieBugeuidniiniin1side 2 au duanslugud 4.
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13 potential eligible patients

4 patiens excluded

2 infections

2 denied consent

9 underwent randomization

L

5 patients: protocol 1 4 patients: protocol 2

5 included analysis 4 included analysis

g'dﬁ 4. wang eligibility, exclusion, randomization

Protocol: see explanation in text

a v

H1U1990338 9 Aulasunisdulag 5 Aud protocol 1 Aa vin1sraniden
A1875 high efficiency post-dilution OL-HDF with high flux membrane dialyzer (HE-HDF)
3 pdaoduaniiduszozinan 2 §Uanst udsanniusiesae standard efficiency pre-dilution
OL-HDF with high cut-off membrane dialyzer (SE-HDF) 3 aditoduniiduszesiaan 2
dUa 9 way 4 AU protocol 2 Ain vin1sWenLaenfI1875 standard efficiency pre-dilution
OL-HDF with high cut-off membrane dialyzer (SE-HDF) 3 adidoduniiduszeziian 2
FUnk videniusiede high efficiency post-dilution OL-HDF with high flux membrane
dialyzer (HE-HDF) 3 adsteduniiusyezinan 2 §ani Tnevi 2 protocol it wash out
period fauSWYNISANY 1 #UA warseninaUdsy modality 1 &Uan Tneuaz wash
out period yhn1sweniden 3 asseduniltuiy fiinsiunisAnus o ausgauduan
n13AN®Y

Y

v =] Y
Yayanugiunue

<9 u

1 =

Wrsaunsfnwinludeis 5 auainianun 9 Au Auadeeiy 61+ 9 U

e>2p

aAv Yo o w v & a = v oA d'
igﬁgLﬁa']V]VL@ﬁ‘Uﬂ']ﬁ‘U']U@VlmLLVIU"L@@'JEJﬂ'ﬁW@ﬂLa@@LQaEJ 66 + 33 LABDU ANNYUUIANYLRAY
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20.80 + 3.38 Alansusionsnauns anvsvetiniteisess laud lsaiuimiu 3 au lndniay
(glomerulonephritis) 3 Al AUAULAAAZY 1 Ay wag linsivawme 2 Ay YnAulasunis
Urdanaunulneieds high efficiency post-dilution OL-HDF nauid1siun13@ne doya

WUFIUDU 9 AILAAINITINN 3

dayan1sinwrignisnaniien

[

fidrdmunsideis 9 auldsunmsditaunuladeinisenidonnuild
ﬁwuﬂwﬂiui’huauyjiiﬁﬁ'a standard efficiency pre-dilution OL-HDF with high cut-off
membrane dialyzer (SE-HDF) uwa ¢ high efficiency post-dilution OL-HDF with high flux
membrane dialyzer (HE-HDF) Tngdayanisnlonidonsaeindoslaifioniis 2 38 dauanslu
AN597 4

AdsvasU3una substitution fluid waz USuu total dialysis fluid (na32
299U310 substitution fluid, net ultrafiltration fluid tag net waste dialysis fluid) msﬁu
Wn1InentaenLuy SE-HDF unnai HE-HDF A9 32.92 + 2.01 8aT wag 227.23 + 1.49 ans
iU 20.89 + 1.72 8nT Ay 214.84 + 1.99 8aT AUAINU A1 single pool Kt/V e, V8IN1TN8N

@AWY HE-HDF 11nn31 SE-HDF Ao 2.38 + 0.32 Liieudu 2.03 + 0.24 ageitsd1Agnia

@nf (p-value 0.02)

M19197 3. UARITRLATIUTIUYDILTNTINNTANY

. oy 3w (Fowaz) use
Yoyanugu o4
ANLRAY (AAULUBILUUNINTIIY)

918 (V) 61(9)
LA (Ue; A) (%) 5 (55)
Yninusis Flans) 54.99 (7.74)
stinanie (Alansu/am1s1auns) 20.80 (3.38)
Ui (s1awums) 1.57(0.12)

awnlanesess; Ay (%)

- VUMY 3(33.33)
- Anuiulaiings 1(11.11)
- lndniay 3(33.33)
- lamsvanveg 2(22.23)

szuznanUanawnule (How) 66 (33)



nsUUANALNUlAABULTNSINNSANY
Online-hemodiafiltration; Al (%)
sllnveudunaniion; AU (%)

- Arteriovenous fistula

- Arteriovenous graft

TsAUsea@; Al (%)

- WYY

- ANUAULGDAES

- ladiludengs

- AoumISu RN AnUNAvTlaY RN

szaudayiiuluden (NSu/nddns)

9 (100)

6 (66.67)
3(33.33)

3(33.33)
5 (55.55)
5 (55.55)
3(33.33)
3.8 (0.31)
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A15197 4. Uansteyan1IS NN

¥ 1

137UNTT

FlasulunsaziSnisnenian
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Standard efficiency HDF with  High efficiency OL-HDF with

high cut off membrane high flux membrane

Blood flow rate (ml/min) 300 400
Dialysate flow rate (ml/min) 800 800
Substitution

® Technique Pre-dilution Post-dilution

® Rate (ml/min) 150 100
Duration (minutes) 240 240
Substitution volume (liters) 3292 + 201 20.89 + 1.72
Net ultrafiltration (liters) 2.30 + 0.80 2.39 £ 0.77
Total dialysis volume' (liters) 227.23 + 1.49 214.84 + 1.99
Weight loss (Kg) 2.03 £0.82 2.15+0.70
SPKE/V, e 2.08 £ 0.24 2.38 £ 0.32°

nan1sAnEIUTEANE AN

4

NaNISVIAT-A3Tea WuINIsHendenselE SE-HDF fidneds P-cresol lu
Wdeaneun1sneniden 11.41 £ 5.61 lulasnSuseiiadans nasnisnenden 4.82 + 2.41
lilasnSusiefiadans drunisnendensieds HE-HDF Siaads P-cresol Tuidennaunisen
dem 11.27 = 4.34 lulasnsusiedaaans nasn1sweniaen 5.07 + 2.95 lulasnsunediadans
TneAnsiseg 1y (median) 189 P-cresol reduction ratio Wilevinniswenidonde3s SE-HDF
Winfugesas 59.5 (IQR; 49.1, 62.6) waz Wievinisvendendi83 HE-HDF winfudesas
54.7 (IQR; 48.6, 58.2) %qiaiLmﬂ@iwaﬁuaéﬁqﬁﬁaﬁﬁﬁymaaﬁa (p-value 0.441) Asuanslu
A15197 5 way LLmuQﬁﬁ 1

M3uda R2-microglobulin wu31 NMsvlenidendeds SE-HOF fiaeds R2-
microglobulin luldaanaunisweniden 30.84 + 3.95 Taaniuneans nain1sneniaen 4.62
+ 0.7¢ fiadnSusiedng drunisnenidendeds HE-HDF fidiade (2-microglobulin luiden
naun1sWenden 29.31 + 2.17 adnsusedns naen1sneniden 5.60 £ 0.97 Aadnsuneans
TngAnsiseg1u (median) R2-microglobulin reduction ratio tieviniswenidendaeds SE-

HDF whifuSosay 84.8 (IQR: 82.1, 86.6) Faunnninilevinniswenidendle™s HE-HDF wirfu
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Youaz 81.5 (IQR; 78.1, 83.2) agudlfudAyn19adf (p-value 0.011) fauanslunisad 5
uaz wHundi 1
U3anas p2-microglobulin fignudnsenuilasinainiiemeniden (waste
dialysate fluid) wuin Tunisnentdenniedd SE-HDF dunnninniswenidennieds HE-HDF
ognaiitfudAayneadn na1afe 260.13 + 47.56 fadndusieniswenidon 1 ase uas 212.69
+ 15.85 fadn3useniswleniden 1 a3s (pvalue 0.013) Fauandluusugiivl 2

n35vdngseUsziiulag urea reduction ratio wudn Nswenidenseld SE-

a

HDF wihiuSosay 82.2 (IQR: 80.1, 84.9) Gatiognitnnswenidensieds HE-HDF 1l urea

[

reduction ratio 398ag 85.2 (IQR; 81.6, 87.8) og19luud1Agyn19ada (p-value 0.021) 69

a

wanalunIg199 5 uay WNUEN 1

1%
a [y o

YSuudayiiunagdsuniudiginenidenlunisieniiensieds SE-HDF

o

2
A U

WINAU 5.51 + 0.72 nSusan1sWanasn 1 A3 11NNIANSNenaenn18735 HE-HDF Fannu
0.51 + 0.31 nsumenIsNonaen 1 ASY sgelidedrAyNI9Eis (p-value 0.008) Asuandlu
WHUQIT 2

1Y

EAUD a uiuLaamﬂauLLamaawmiwgmaaw 2 dUn1ina838 SE-HDF

WINAU 3.91 + 0.34 NSUABLAZANS WAy 3.73 + 0.21 NSUFADLATANT d115U35 HE-HDF A8

2.88 + 0.26 NSUABLATANS WAL 3.73 + 0.26 NSUADLATANT

* Concentration of uremic compounds: plus — minus
value are mean + SD

T RR: reduction ratio (%) are median (IQR1, IQR3)

* p-value = 0.011, ° p-value = 0.021; p-value by
Wilcoxon matched-paired test.

IQR: interquartile range



25

10
300 :l standard efficiency
8 HDF with HCM
high efficiency
6 200 OL-HDF
4
100
2
albumin B2-MG
B2-MG (mg)

Albumin (g) %

azunsndouiiiatu

1aif serious adverse events Wintului 2 F3nsrlenden Wnmuduladia
mvnuzrenideon (intradialytic hypotension) iinluvaizldsunisrenidendae3s SE-HDF 3
(%owaz 5.56) Adsanmsrlenidoniionun 54 ads uasinlualdfumswendendaes HE-
HDF 2 ($owaz 3.7) aSsanniswenidoniioun 54 ads Faldunnenefusgrefitodfyni
87 (pvalue 0.564) ladfinsiinaruduladindiaudedugoculifnvimlulsimeuia
AzA3 (muscle cramp) Aaluragldsunswenidendeds SE-HDF 5 (Gavay 9.26) ASea1n
nsrlenidontiomun 54 ass wazieluvarldsunisrlendensieda HE-HDF 6 (Savay 11.11)
afrnmsvenideniionun 54 A%q Faliumnanstuegnaifoddansads (p-value 0.317)
dmaludondvazronden (ntradialytic hyposlycemia) iinluvaizldfunmsweniden
#2635 SE-HDF 1 (owaz 1.85) ASaannmswenidensianun 54 ads uazliintuluaslasu

N15NeNLADAA875 HE-HDF
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lanunzunsndeudu q laun ulduntiien veuwiles ladu aauld

a Yo v Y} U a o = & Yo = & aa =
298U 17]9]'33@14 AUATNATI INLIYUATYE LAY ‘1{]@@ IummglﬂiUﬂqi‘W@ﬂLa@@WQ 2 795 (M1

6)
Gl’]i?\‘i‘ﬁ 6. muzLmaﬂ%auﬁl,ﬁmsﬁmmzﬁwmiﬁm?ﬂ
Events (%)
Adverse events

SE-HDF HE-HDF
Serious adverse events 0 0
Intradialytic hypotension 3 (5.56) 2 (3.70)
Muscle cramps 5(9.26) 6(11.11)
Intradialytic hypoglycemia 1(1.85) 0
Chest discomfort 0 0
Dyspnea 0 0
Palpitation 0 0
Nausea and vomiting 0 0
Fever 0 0
ltching 0 0
Dizziness 0 0
Tinnitus 0 0

unil 5

aAUseHa d3UNAN13IY uaz datauauuey

5.1 n159AUs8NA

nsWenidennieislnilil Ao standard efficiency pre-dilution OL-HDF with

high cut off membrane dialyzer (SE-HDF) uansUssansainlunisadnii-aseea lduansig

NNIINONLEDAAETS high efficiency post-dilution OL-HDF with high flux dialyzer (HE-

HDF) Tneil P-cresol reduction ratio (RR) $a8ay 59.5 iafisuiunisdnuilang Natalie

Meert (20) wua1 nMsWentdenae3s high efficiency post-dilution OL-HDF with high flux

dialyzer and substitution fluid 20 liters 3 P-cresol RR §0&ay 40 wag pre-dilution OL-

HDF with high flux dialyzer and substitution fluid 40 liters &I P-cresol RR Soway 42 Way
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31nNsANwIlAeY Martinez (25) wuinlilin1svdnii-r3geaiaslngiznanidenluuuinsgiu
&1 high flux hemodialysis & P-cresol RR $98ag 20 ity

nsldinsoslenidendifislvgfiiavanusafiunsvinf-aivealsd uifiras
Lillén1sdedneideniinauiges nsvlenidendaeds SE-HDF 14 Pre-dilution technique
d1115U substitution fluid Wy post-dilution technique WilazaAUTLEANTAINVBINITUNS
(diffusion) usifinaseUszaNSAMN1IN (convection) tos Fusuiinusyansnmlagnisiia
U33164 substitution volume Fuuszanos 1.5 WivesiBunss evaweUseavsnmilide
U dofv99n15149 pre-dilution technique fiean filtration fraction nMgludinsesneniion
16 siliianseslonidenifnliiinniseasufausiinezdadontuiinsesnennauniaid
a1y ewisuiuisnisrenidendeids pre-dilution OL-HDF with high flux dialyzer and
substitution fluid 40 liters a9 Natalie Meert wui1U3unas substitution fluid #ildunnnan
35 SE-HDF annnsAnuniluszunas 8 8ms usndunuin P-cresol RR 183 SE-HDF w1nndnds
Yoway 20 inawataziduan SE-HDF lddnsesenidoniiiisnsedlvginin wandliiifiudi
Taderurunngnsesiinadenisvdnii-asgeauinnidt Yader1uu3una substitution fluid ag
Fulddnainnisineaiisansesiondenaia hich cut off membrane il protein wa
albumin gayidsoonu1anineenidenyTunureudiann fudeulituivisvondon
A28 standard efficiency pre-dilution OL-HDF & albumin 111y drereniden (waste
dialysis fluid) 5.5 n¥usenisweniden 1 ase mefideidednnisuinfi-adseafiiutudiy
wilsnnainnisudalaenssanlusiuiiiii-A3seainizet (protein bound uremic toxin) gn
viniisly Bnsendosuinsgldfinsesmendoniifiznsosuindnuazlinisuinves
FelaeimsunsvithiFwunuliausavini-ssealdias

Hudidrauladnnisuda g2-microglobulin (32-MG) 3 nnsnenidendieis
SE-HDF & 2-MG reduction ratio Seway 84.7 wag Usui B2-MG lu waste dialysis fluid
260 fadnfusionisweniden 1 ase Fannin HE-HOF egredldeddymeadn dewfleuiu
N15AN¥1999 Natalie Meert (20) Wu3a1n15NanNLEaaAA875 high efficiency post-dilution
OL-HDF with high flux dialyzer and substitution fluid 20 liters & 2-MG RR 3eovaz 77.8
wag pre-dilution OL-HDF with high flux dialyzer and substitution fluid 40 liters 3 R2-MG
RR Yoway 67.2 Jetfeaniniinlenidondiy SE-HDF Swhanlunasinnislddinsesleniden
%M high cut off membrane Iﬁﬂiuﬂﬁﬁﬂmﬁmﬂﬂ%ﬁﬂw PES-17D @i 2-MG clearance
80 faddnssaunit (A Qs 300 mU/min, Qy 500 m/min) Wiawfisuiudansaanenden hish

flux membrane agiiA1 (2-MG clearance 581119 30 019 70 Haddnsaou1y (71 Qg 300
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mU/min, Qo 500 m/min) sad1efunisvdai-areaindadusuruinsnseadinaninnii
Yadeauuiunal substitution fluid

d1m¥u urea Fa1dufunuos small molecules uremic toxin wagn
ihunlglunisusziiuaaunsiiissvesnisnenidenlaeld urea reduction ratio (URR) uag
SPKt/Vyrea ﬁLﬁuu’]mg']ummﬁw LuUzU1YDY  KDOQI Clinical Practice Guideline for
Hemodialysis Adequacy: 2015 update (26) Wu11 n1sWONLEBAMI8A5 SE-HDF & URR S8
% 82.2 WAz spKt/V,e, 2.08 Jatioaniinisnenidendaed HE-HDF 7ifl URR Seway 85.2
WaE SPKE/V, e, 2.38 88N9lTBdAuM9ana pe19lsAinunsnendonnaeds SE-HDF Anu
wnsgrueumeliisdunisenidensmeiaiedlaiivuiuuzihlvidan URR snnninfesay 65
WAy spKt/Ve H101037 1.2 A1UAUzU1999 KDOQI Clinical Practice Guideline for
Hemodialysis Adequacy: 2015 update (26) n1599A small molecule uremic toxin CREY
YUIALBNELNTOLNSEHIY semipermeable membrane vasdansasrlenidanlade Fatunns
y¥nazdundu siinves semipermeable membrane F3danamduuszaninisvin (KoA)
A lunsdaudenniuiinses (Qg) AEvenimloniden (Qp) Tunsalvianiswen
Aende33 hemodiafiltration azmuinluudunas substitution fluid Aiiniu Pre-dilution
technique 9£1in159499 small molecule uremic toxin Heynq1 post-dilution technique
Fdlududiiuvanlainnsrenidens a3 SE-HOF Fdldnisdadendudansesiidinii uas
1% pre-dilution substitution technique 2%il URR kay spKt/V e, Uo8n31n1508NE00A8
5 HE-HDF

PNNsFnETRIuInaziuldinsezfiunsuiefi-a3vea Fudufunures
protein bound uremic toxin g [32-microglobulin FoduFunuves middle molecule
uremic toxin 18laenn514 danseanonidendifignsesaunnlug sinnnsvonidendiis
hemodiafiltrtaion waz 14USunas substitution fluid fisTy (AsINAT 20 As)

N5l high cut off membrane dialyzer Lﬁ'aﬂfmﬂﬁgﬂimmmyjﬁmw%wui’l

[y a

#9ayiu (albumin) geydeunfuniswentianuinnii high flux membrane dialyzer #4310

n1sAnwrinuinnisneniienni8ds SE-HDF &1 albumin gayldeuniu waste dialysis fluid

5.51 NSUFaN1SHBNLEDRA 1 ASIFININNIINISBNLADAMI87D HE-HDF Niltfies 0.51 nSuse

a o [

nsneniien 1 assegnlidedAynieada wilinuirdgidrsiunsdnuiidyndayiuly

o

Fensn (hypoalburninemia; serum alburnin < 3.5 ¢/dL) laiwu serious adverse events i

WUAIEUNINFRUDY 9 MAANINNTY HE-HDF neideiedndayiundsluiunisvieniien

a U

2w a ada a a Y v X o Y Ay yo a a
Judayfiuniarsivesdledued dgUaslanesesissesgaineilasunisnenideniinig
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Tnwunsiia anansasuuszmiuensle s1amoazaiiedayfiulnifalifiasivedislon
naunulea dn1551891ulae Tsuchida K wazanz(27) wuinnislddinsaswaniden PES-210D
Jadu high cut off membrane dialyzer figayfiugadsuniu waste dialysis fluid 7 n3u
semseniden 1 A% Aamadusvezina 3 U ldwuanzunsndouiiiiesdestunisen
G ldwun1sifin hypoalbuminemia wag wuliigsdseAudayiuanas 0.2 nudainTans

lngasunisienidennieis standard efficiency pre-dilution OL-HDF with
high cut off membrane dialyzer 'ﬁﬂizﬁw%mwﬁﬁiumTué’ﬂmiﬁiﬁg%L:ﬁaﬁy’a 3 91l A9 P-
cresol, p2-microglobulin, urea wag dslinunnzunsngdousg1etniau

s luyszgndld msfideiaueniswenidonsaeds SE-HDF 1Huwndls
madeniinaeiivsslonidmiv QfuslaneEeisszaniedldsunisienitendie
high efficiency post-dilution OL-HDF agjLLé’aLLazﬁ{]mmL%aLé’uWaﬂLﬁamlajmmsadaf\ha
donmenusIgakazegseninsensuiludurloniden wie llanusaudluldudaindise
Fdunenidenlnl wiedesfunis rebound of uremic toxin (Z)Qﬂ’mlmwm‘%}a%ﬁiwz

gavineilasunisvenidontuuuinggiu feenisiinlszdns nnlunisvinvendangy

protein bound iL&¥ middle molecule uremic toxins

5.2 @3Una
nsAnwduansliifiuinnisnenidennieislmife standard efficiency pre-
dilution OL-HDF with high cut off membrane dialyzer fin1sviaf-a3gea laldunnaigain

nsenienmeds high efficiency post-dilution OL-HDF with high flux dialyzer

5.3 WSsuigunun1sANEINaURLNNAEARNEN
Wesandalufinmsfinenisadaii-aigealaaldiinsesweniden high cut off
membrane 119UAUNSNENEBANIEIS hemodiafiltration Febdianunsalseufieula
5.4 JaRvaensAnwil
= aa a v 1 . o a
52108U35nN1539810u randomized cross over control study ann1saLaes

Iuﬁaﬁayjaﬁugmlﬁ 3 wash out periods tiean carrying over effect

5.5 9afagupInN1sAnEIl

a

SEEElIAINITANAINLAREISNISHENE DN 2 dUn1Y onatesludiusuns

AnmusesnIsunIndouniinty §33efnuiua surrogate marker @elyilauansuanispdin
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MANTUIUTEELENIIEIUITNANTNTINNSLABTIN NI1SLAALTATILILALNABALADA LAY NISAN

ok

—

5.6 Yoiauauug

- msAnwamusverentu Weganizunndeu Ysslewdlusvezem

- wadnde hard outcomes 1P 1y Shsn1ndeTin maAnlsailauay
WuLGon

C ANIIUIUUTEN SRR B IAUINTY
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