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# # 5874028030 : MAJOR MEDICINE

KEYWORDS: INDOXYL SULFATE / HIGH CUT-OFF MEMBRANE / HEMOPERFUSION / HIGH-

EFFICIENCY HEMODIAFILTRATION
NUTCHAYA KHEMNARK: COMPARISON OF REDUCTION RATIO OF INDOXYL
SULFATE BETWEEN COMBINATION OF HIGH CUT-OFF  MEMBRANE
HEMODIALYSIS  WITH HEMOPERFUSION  AND  HIGH-EFFICIENCY  ONLINE-
HEMODIAFILTRATION WITH HIGH FLUX MEMBRANE; AN OPEN-LABELLED
RANDOMIZED CROSS-OVER CONTROL TRIAL. ADVISOR: ASSOC. PROF.KHAJOHN
TIRANATHANAGUL, 71 pp.

Objective: We proposed a new HD modality which can be performed in any
HD centers with standard HD machine by using high cut-off (HCO) dialyzer in

combination with hemoperfusion (HP) and compare with OL-HDF

Method: This was a cross-over randomized control trial. Ten chronic
hemodialysis patients were randomized to consecutively undergo dialysis with either
new HD modality (HCO HD with HP) or OL-HDF before cross-over to the other modality
for 8-week each period. The efficacy including percentage reduction after dialysis of IS,
BZ microglobulin (BZm) and urea were assessed. Patient safety and dialysate albumin

loss were monitored. IS was measured by high performance liquid chromatography.

Result: The percentage reduction of IS were comparable between HCO HD
with HP and OL-HDF (52.0+11.7 vs. 56.3+7.5 %, p=0.14). The percentage reduction of
B2m did not differ (83.7+4.9 vs. 84.0+4.3 %, p=0.37). Two techniques provided
adequate small solute removal. Although the dialysate albumin loss was significantly
higher in HCO HD with HP than OL-HDF (4.2+2.4 vs. 0.5+0.8 g/session; P=0.004), there

were no significant long-term changes in serum albumin levels of both modalities.

Conclusion: Standard HD using HCO dialyzer with HP, which could be
performed in any HD centers, can effectively remove 1S, B2m, and small toxin in

comparable with OL-HDF and could replace OL-HDF where it is unavailable.
Department:  Medicine Student's Signature

Field of Study: Medicine Advisor's Signature
Academic Year: 2016
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1.5 NT9ULUIANIIUATY (Conceptual framework)

Fixed factor UF volume Convection volume

- Age

- Sex /

-KT/V

-Drugs Reduction Modality of RRT

i pnderlying Residual renal function [— ratio of «—— | - Hemodialysis

diseases indoxyl sulfate - Hemodiafiltration

Type of dialyzer l .

- High flux membrane . Hypoalbuminemia
- High cut off membrane » | Electrolyte abnormality
- Hemoperfusion l Thrombocytopenia

Cardiovascular disease

AN 1. BEAINTIULUIANGIUIRY

1.6 naniouszleviifinnninazldsuanaudse (Expected benefit and application)
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3. szuumla  Busen@adauiavilviianisasseendwiivawsalugadiioyvasn
A L b4 3 A a 14 dy a a a b4 A
Hon nszRuMTasuwadyraonienvianauilosey wasiinnsinizvesiuyuluduien
Tunynianudulaings® 9Nn1sAnwIves Lekawanvijit uazane Wl 2010 vins@nwilu
ny \eRnwInavesduenTadainndeiwaniila LAZONSNITNTEAUNITINLAUVDY
dufen@adainlaenull dufendadamninanserunisiiaialn (pro-fibrotic) NeAUNIS
“uIA (pro-hypertrophic) LLasﬂssﬁuwaa’é’mau (pro-inflammatory cell) ﬁ\immiﬂizﬁu

P38MAPK, pd2/44 MAPK uaz NF kappaB wuinsifiunisadieneaanay wasivadneinly

12 wazyihlmAnnsvusveswadnatuilemlala? sanini 2.

Gut microbiota in

large bowel
Dietary
: ‘. ST Absorb to circulation
3
Sulfated by sulphotransferase (SULT)-1A1

Dietary ] -
Tyrosine, phenylalanine
4-hydroxyphenyacetic acid

then carboxylated to P-cresol
Indoxyl sulfate 90% bound to

N Nls b

G% <: IAccumulaﬁon ICZI \ Impair renal clearance ] Normal renal clearance ‘

diesamelasulusiuviulanu sggnuuaiiGeludldngwdsududulas mnduaggnaadudrgssuudondiluiidiuazgn
o es - o e a
pondlad lay CYP-2E1 uazgmﬂu%mdﬂa sulfotransferase (SULT)-1A1 nanevdudusiendadacin 'luﬂuﬂnqunﬁuaanmﬂm T
v o a g a ;
amgiilavhnuanasiliaansdu iiansavauvedunendadamalusianie

oxidized to indoxyl by CYP-2E1

dissamelasulusiulvlstu uasitdaesariiu asgnuuaiiGeludldlngwasuiuiinives luonsigngaduriusld
28N cytosolic sulfotransferase waualavi 1uiinidavain Welinsavauvesduiiondadanin uas insvavanazdmaidorans
yhaweala syuuile wasvasadon

AN 2. anINNLaZNAYDIDURINTaTALWARDII19N1Y



= = a o a o A o & o o § va N
Lu@ﬂﬂqﬂNaLaﬂsﬂaﬂ@u@@ﬂeﬂaaﬁaLWGW]Q\TIUQTJ'JEJIG\?']EJLiai\i V]']IMN?’TNNWEJ']EJ']NVW%

LYY

° aa A = ] ° o v E Y a o

1 ﬂa'ﬁ%illﬂ'VlQI'Uﬂ‘UI‘lJﬁCﬂu@@ﬂ‘U']ﬂTNﬂWFJ ﬂ']'Vﬁ'UQﬂ'JEJIiﬂIWL5@353383q@1/]']8‘1m/|']ﬂ'137\|@ﬂ
- | v = = a a o ¥ a & a o aa =
Laa@l@% lﬂumiﬂﬂmmﬂisﬁ%ﬁmwmaﬂmimﬁmaumaﬂ%aﬁtﬁawﬂmimEnﬁmiﬂ/\lama’emLL‘UU

[

1 44' & = ] &
fi99 ieananslunquildsnisfnuseludl

mssué'fmmﬂuﬂa;u protein-bound uremic toxin

Lesaffer G uazmnsz levinis@nwiwuutiungy luusssnsnguieniiu (cross-over
study) Anwinsudnanslungu protein bound uremic toxin Tugthe ESRD #ldsuntsi
Hemodialysis 10 AU IagtUSeulisunislasinges High flux membrane Wiguiu Low flux
membrane wuitllannsaiunsvinans protein bound uremic toxins 9%

[V
v o

Rita De Smet kagAuy WMinnsAnwialUTeuisun1sieasesinieniu wagld
Juiulusiu Tngldnsessingjitay (super flux cellulose triacetate dialyzer) W3guifigy
o XY < . o = acal a v
funsldiinsesgian (low flux dialyzer) vinmiswenidenlaeisalulaezlada TugUae 11 57e
< o L4 VY Na av v o = Y o1 =
Juan 3 davt nwuindevaznmisanasvesansysiniliduivlusiu laud g5 uay
ARt LUSeufisuseninsiansasivaasyinliwansineiy  udansgsinnduiulusiuung
yilo wududendadaiinnudl Jesazmsanasainnisldmnsesslvgiewannniniingess
\dnegnefitiednfty (32.548.3 vs 24.816.5%, P<0.05) tnenuusunadayiiuly iheaeniden
nnnsldiinsesgingiawiniu 3.4+41.3 nfw/esimsen Tuvagnldwudayiiuluien
Wenidenannisldiinsesgian waznuszauvessayiiulufenteuneniionanasain

3.6+0.4 NFU/WATANT LD 3.4+0.5 NTU/1ATERNT (p<0.05) 1d191NYINNTHENLADAMBAINTDY

sty 3 dUam™
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Natalei Meert uwazmnue ovinsfnwwuutiungy  Tudsswinsnguideniu
= = o w N a Aa Ao oo = v M ve

Wiguiflgunisidaansgsiinunanan wazansgsiinifuiulusiulugienlasunisven
A = = a o 1 . = =
e 14 Ay lagwIsuiisuviinvesiinsessivg (high-flux membrane) uag wWiguiiiey
e~ = | ada a Aoy a Y a 5 i = o
Bmsvlenidensenindisslulasslada,  Waluleesilawdulagifivasumaununoutied
n3e9 wardselulaevilawdulaednansawnunaatiadianges nan1sAnwnudmsusiinges
sgvlindieniu  nsvenidenlaedsdlulnesflamduwuuivansimawnuisinnouuas
nasnsesaInsamInasiuiylulasinydu wavduiendadamnlauinninis aly

v o

InegladaogsidodAgynisada

Shun-Jie Chen uavanuy yimsfnwwuuludamd lugUleveniden 100 Au lag
AnmusERUTasEsgsinuIanaalaua taudy, hsCRP, wislngsesngesluy, duwmedifu
6, wiylulasinydu wag TNF-OL WSBuWigusenitensnendenmeIsuaiunsneniaen
Tne358llnozladasiuiufinsesgeduanseiin  wagiSmsnendenlaeisalilaeylata
oz 2 U ywwuigthelunguiildiunsrlenidenseituatuniswenidenlnes
slulnozladasiuiuiinsesgaduansysin flsesuresansis 6 vlinanas (31.34%, 20.58%,
12.77%, 13.47%, 13.88% uag 12.56% AUa16u) LﬁaLﬁsruﬁuﬁﬂaaﬁlé’%’umwlamé‘aﬂﬁw
Fallaorladadediuusltuiuiu (10.049%, 19.38%, 12.67%, 14.86%, 8.32% uar 6.67%
puEu)*
SowSeuifisunisanasvesansdufendadamn winylilaslnydu wavySesening

Fn1svenidennuuesulaudlulneslantulagRuaISUINALNUNEININGDY  kaY NSLTR

nsesgingiiavaninsaasulaniunisem 1. Fragnuinmsnenifeningiseaulal
slulperilawdulagifinasininaunundsionges fianuannsalunisidnansiuinyg

lulaslnydu uagdudendadawmnlaunnnimsvenidenuuuslulaeslagalaenisldfiingess

T
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GRERRHN $9UaYN1TANAIYRNANTYIN
Post-dilution HDF Anseagiviay ey
winylulasinyau 80 66
durenTadainn 50 32.5
8L 78 75.1

M19197 1. Wiguiiiguiauazn1sanasvasdnseilin sendnedsniswaniaenuuy

aaulaudlulnezNawsulaeiuasuinaununasnansas (post-dilution HDF) waznsldy

aansasglugiiiay (1Lna1591989 14, 24)

A1SANEIVBIIIABINTIIDNTHBNLE AR lEAIBINaNdRAUNANEILISNNTNENS

g3fnduiulUsau

lpegilawdulseaninmas

wagansgIinvuIanansla

luseeluninniswenidenniedsaly

Aatiusshdminsessnaiesanldluniswendeatuuuns

Sufunstdinsesgaduansgiiniveiiuyseansninnismdnansysindenan



unil 3 ALY
3.1 5UuUUN15398 (Research design)

nsAneililunsidedmaass (experimental study) anwiug therapeutic trial

LWUU opened label randomized cross-over case controlled study

3.2 52108U75n157998 (Research methodology)

U521 NAALAD NN I1TININUITY

npunaiiunisAaEandIuAny (Inclusion criteria)
1. fhelaneisesdissergarine Mlasunmslenidensiensadlaiisnuinnil 13
= ¢
LSV URINTO

a L4

2. wannnd 18 U uiysal uaglidiiu 80 Y

Y

a0 v

3. fUsunadaaniziesnin 100 &% noiu

4. Furlenidennliilu A-V fistula 38 A-V graft enansallasnsusudenlane 400
a aa a
UARARN /U

5. lasunsenidenmainsedlafiou 3 ASy/dUa1 wagdian KTV > 1.2

6. Huwmtinuite (dry weight) Mivunzaunsud1ulasenis lagldiaiesile Body

Composition Monitoring (BCM) Liula3eaiiefitelunsussiii

7 IS o = PN % € 1 Y 1
7. dyautinvazyinnisenidennsinasn 2 a1 AounTINlATINgg

12
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npLna9ttun1sAnEanaanaNNIsAnw (Exclusion criteria)

1. TsAwnsngaunfessnwgemu lown 1sadnte 1saAdudoniiila wasvasnian
melu 3 ey

2. WunziSaszazungnszane

4. Fyanadnasinisnendenlindiniely 2 &a

5. fidevnulunisldansiudonudsinauznendon

6. lianansoufiRmussfouisideld warliaunsounasndanulddeilomue
7. Ujiasasdeluludugoudninemise

wiatialun1sdudiag1s (Sample techniques)

Target population gUglaneisesantasunisnenidensieinsoslaiiey
Sample population fUielaneFesinlasunisveniden Tulssmeruiaginasnsal

Y1UNIN 1 Y

3.3 MsliAlienual)iansnldlusuidde (Operational definitions)

Combined high cut-off membrane hemodialysis with hemoperfusion
(FEuaunsidinsesginaiveusiuiuiinsemaduansgsiin) - vunedanisveniennes
slulnozladalaglidiinsesglueyiiay  (hish cut-off membrane dialyzer) saufiun1sleen
nyedgaduansesiin (hemoperfusion cartridge) lngldAnudadendifinges (blood flow
rate, (QB)) 200 LadANI/U, A emeniden (dialysate flow rate, (QD)) 800
fiaddns/unit Tu 2 Hlususn vdshnsesgeaduansysiindud thdnsesgaduansysiinesn
hnsenidensenieisslulneslada lngldaniziinsessivafivey QB 400 Taddns/wi,

QD 800 faaans/un? SIUNINUA 4 TILud INUIUNNSASUEIe8N (ultrafiltration volume) USU

AINUINTLALIAS (dry weight)
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High efficiency online- hemodiafiltration with high flux membrane
GElulnosiamiulszaniningy)  munedsmsnenidensneisesulatiElulnerilawndulag
et mawnundeanges (post-dilution online hemodiafiltration) lngldmnsesgivey
(high-flux membrane), QB 400 fiaaans/u1¥, QD 800 Hadans/ui SnsnaiinanTin
NAUNU  (replacement fluid) 3owaz 25 gesruEuden ShuiumsAaeanUiun

Pndnue Wuszezal 4 2lua

3.4 YUINA29819 (Sample size determination)

1%3§ﬁﬂmmsumm§hashﬂmaqm non-inferiority continuous data

_ (m_atry_g)?0?(1+%)
o (e—06)?

N = suInfiegafigainisAng
seauledfny 0.05, Za, = 1.96 wag Power 80%
INANTNUNIUITIAUATINYDY Rita de Smet (14) wua1 SD = 7.45
dlowndslifimsfnwunnieu Fsrmun mean of difference between groups = 10
Non-inferiority margin = 0.2, ratio between group =1, k=1

N=28

U3u1ad dropout rate 20% a9tiu N = 10
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3.5 YUABUNITALEUNSIFY (Intervention)

Adrelsalasesailasunisvlenideniilssmeuiaguiainsal annvinlngegisiay

a a o A 1% = o A v a
19 ‘UigL@JumqmﬂaLﬂm%ﬁLUﬂqiﬂﬂLaaﬂLGU']lI']ﬂﬂ'U'] LLa%ﬂaLﬂﬂJ“VﬂUﬂqﬁﬂﬂLa@ﬂ@@ﬂ EPJ‘IJ'J?J‘Vl

£
Y v

Wnaaiaglasunstniuliidnsiun1sane JUunaund

bt

[ I '
[ Y ¢

1. Fuasinguazasd Tunaun1TIde Uselendigid

v

19lAsenNIwaElaTu i
natrafesiionaiiniy

2. fiihpmmAdeduielludugemthsiunsyinide

3. yMs8nUsedn 91599598 AnvinanTianieesufiRnisdoundavesiinsiu

1ASINNTIUBE19RLLDEN

yhmafudeyaiuguvesdihodaususnidisammsfin THud
3.1 Fogarialy W eng e drugedwiinuits lsausedi ammvedlaneiFeds eniild
Juusedrszeznaiivendenteudisiunsiing vfinves vascular access
3.2. NNINTIVTNNY
3.3. Jsn1senidonnaud19IulATINg
3.4. AUNBLNEIYRINTITHBNLADA: sp KT/V (Daugirdas’s equation) or UKM, KT/V
3.5. HaN1395IWiRIUUANsnewdnTInlAsIn1slakA Complete blood count (CBQ),
BUN, Creatinine, Electrolyte, Calcium, Phosphate, Albumin, FBS, HbA1C, iPTH

4. Wwidonnnamaiesl fiRnsftedumiugiuteudisunide Wun
Complete blood count (CBC), BUN, Creatinine, Electrolyte, Calcium, Phosphate,
Magnesium, Albumin, Blood sugar, iPTH

5. vhmsguimegaundu 2 ngulaeds simple random sampling Tagl435 box

randomization
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naunuile innswenifenmeisslulaesladalagldiinsesglugfivey 2 Asyduas
aa Y] 1a 1 (9] Ly o aa 5 [ & &
wagdsnaunsldiinsassugiausiuiudinsesaduansysin 1 asyduav Wunan 4
FUa9i wananaadu 1 ASY/2 #1990 4 dUan9t 52U 8 #UAY wazudsanntusanie
saulatflulrerilawdulpaiiuasumaununds §inses 3 Asy/dUmmdussezian 8
dUan9i Taedleae wash out period feusuyiMsanel 2 dai wagseninaddsunguan 2

dUanai

ngufides vhmsrlenidenseisesulaislulaesftawdulnauan st maununds
fanses 3 adydunni Wuszesnan 8 dUai ndmntusiofenislenidendies
8lulnoglatalagldmnsesslnyfiay 2 ay/dnni uayiBnanumslifnsosslvgfiey
Swiuinsesgaduansgiin 1 afy/duad Wuna 4 dUansi wdreraadu 1 asy2 dUans
3n 4 dUani sy 8 #Unvi Tnedivas wash out period flouBuvhnisanw 2 dUaii

wazsEninsUasungudn 2 e

Modality protocol
- High-efficiency online-hemodiafiltration with high flux membrane
wnedis Msvlenidensieizeeulavslulrerilawdulnodvasimeunmdinnses
Iﬂai%ﬁaﬂsaqgimj (High flux) A® HF80, vascular access AVF %58 AVG, blood
flow rate (QB) 400 $addns/u1¥, dialysate flow rate (QD) 800 Hadans/ui,
Sasnsnaunuasiidosas 25 vee OB, sTeziaan 4 Faluwie 1 A%e, Usnanisis

AN5UNUSUAUUNIMIN LIRS
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- Combined high cut-off membrane hemodialysis with hemoperfusion
mnedia nsnenifenlagisslulnesladameadinsessinafimulaglddinses PES-
170H Safumsldsnsesgaduansesiinlaeld HA130 Wuan 2 F2lus QB 200
Jaaans/ui, QD 800 Hadans/w1¥l vascular access AVF #38 AVG %8991nASU 2
Hlunidhgeduasgiinoonuaginsrlenidenseisalilassladamesinsess
Tnejfiteuse 1Ua QB 400 Jaddns/unil, QD 800 ladans/u1i szuziiasiy 4

Fluasa 1 A9 USU1aun1smeasunuSuauuInt nwiig

- High cut-off membrane hemodialysis nefisn1snenidenmeisslulneslada
Inglddansesslivaifivay Ingld PES-17DH vascular access AVF %38 AVG, 1Un
QB 400 fiadns/unfl, QD 800 fiaddns/wfl svazanmseniden 4 Faluwie 1
st UsinaumsisansinuSumamdnus
- Wash out period
Ainsunsnwaglasuniswenifeameisalulaesladalagldmnsessing
vascular access AVF #39 AVG tUn QB 400 diadans/u1i, QD 800 Liaddns/ui,
sveziian 4 Folusde 1 ade UsinansisansinuSumamdnuis
6. sewhhmsneniden gheaglasunsinanuduladingn 30 wil wazlasunis
Ehdunnornstiafssiivsintu wu rauld 01deu asvesy Sunten Heufisue miniia
g nsianaIfUasaslasunisguanuiinsgu waglasunissesudugufinisal

TiaUszasd
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7. T32aU Indoxyl sulfate, Beta 2 microglobulin, CBC, BUN, Cr, electrolyte ,
Calcium, Phosphate, Magnesium, Albumin, Total protein, Blood sugar, iPTH ﬁlﬁﬂmﬁﬁ
1, 5 uay session nvievadLsay modality Tnemsanzideniiedinsanounswenidenas
Auanndufiunsiny AVF, AVG Wenendeniufl waznisasiadesndsnisnenstinisiiu
Iqummsﬁﬁmifw, Un Dialysate pump an Blood flow rate tde 50 daddns/ui
Useanad 30 IUNFineuMSNUEEANIRTII

8. UszillumnunaLiiesvasniswonidonlaeld KT/V (Daugirdas equation) findausn
YosdUAT 1 uaz 5 vosurayia

9. INULEBANTINSHRIUHTRNS fannd 3



washout 2 wk.

Treatment period 1

washout 2 wk.

Treatment period 2

-
nguii 1

- HD with high cut-off membrane
3wk
- Combinedwith hemoperfusion

1:week for 4wk then 1:2wk for

- HD with high cut-off membrane
3hwk
- Combined with hemoperfusion

1:whk for 4wk then 1: 2wk for 4wk

QOL-HDF with high flux membrane

3veek for 8wk

QOL-HDF with high flux membrane
3hveek for 8wk

W

Baselne 4 weeks 8 weeks Baseline 4 weeks 8 weeks

Combine High cut off membrane hemodialysis with hemoperfusion (HP)

wk 1 2 3 4 5 6 7 8
HP HP HP HP HP HP
Lab A A A A
Lab B B B B

High efficiency online-hemodiafiltration| with high flux membrane

wk 1 2 3 4 5 6 7 8
Lab A A A A
Lab B B B

Lab investigation:

A — Indoxyl sulfate, Beta 2 microglobulin, CBC, BUN, Cr, electrolyte, Calcium,
Phosphate, Magnesium, Albumin, Total protein, iPTH

B — Reduction Ratio of indoxyl sulfate, Beta 2 microglobulin, KT/V (Daugirdas
equation), serum albumin, albumin loss

i 3. uansunuTunislinisshendUaeiidnineuidde uagnisnsiameviselfjifinis
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= dl U ! L L4 o U U o U
%3&ﬂ15Lﬂﬁﬂum3ﬂﬁ@ﬂTﬁan]4-3U®7W AT NINITINDFATINTITNIIANUDY

'
a (% a =

dudangadas weylulasinydu seavdaylivluden Ysuadayiundslluiiemlen
& ~ & Ay Yo ' A A |
LH9A LAY ANUNDLNEIYDINISNENADATUENIEFINTBIL N15LANLLABANEEINTIVNDU
NoNAanEYNIN1SAULEDAKIU AVF %38 AVG 1a8agiAULE0a Ui ndaunaidy
FFnsdudennTanasinniswenidentasane Uan13meansun (QUF = 0) Un
Dialysate pump (QD = 0) an Blood flow rate 50 faddns/u1¥ (QB= 50) Uszunal 30

JuiinautaenNdInsa LAuAeanTIRsIas 15 49

10. S3UTTBYALALYINNTUATIEINNGATA

N15U52UN151139Ya9&a15 (reduction ratio)

msUszfiunsindndudendadama way nsidaudylulasinydu leenisiiu
Fonils arterial port ilodnTIvsziudufendadaumn uaziudylulasinydu Tnsdsmsia
neaunswaniden (Cpre) uagnasnisnenideniasa (Cpost) Insdadennsianainiswen
Lﬁaﬂl,a%faﬁawqmﬂﬁﬁqmifﬁ (QUF = 0) Un dialysate pump (QD = 0) an blood flow rate
50 fiadans/unf (QB = 50) Uszanas 30 undinewiuidonsndsnsin Mgasiiterdun

percentage reduction ratio (RR)"

Percentage of RR = (1 — Cpost-crr / Cpre) x 100%
Cpost-crr = Cpost / {1 + [(BWpre — BWpost) / 0.2 x BWpost]}
Cpost—crr: Cpost ﬁQﬂU%JUGI’IJJ extracellular volume change Usziiumnimindumdn

1PUANINANNITAILERS

BWpre: imitinfouneaniden (Kg)

BWpost: thuiinnasneniaon (Kg)
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N1301523N19¥iBsUURANIS

- YT indufendadainmeaieds High-Performance Liquid Chromatography (HPLC) Tag
9x3in15 validate reliability and accuracy fausudiuymsisy dwsafinadsndaiven
ATUINVEAIERS INBNTAUUNINSY

- mamwmaﬁaaﬂﬁﬁ’ﬁmsé"m 1 CBC, BUN, Creatinine, Electrolyte, Calcium,
Phosphate, Magnesium, Albumin, 32-microglobulin, iPTH @m339esUfjUisAn15ves

L5ang1u1agnIaINsel

AuauiAvaIRINsalglun15338 (Dialyzer Property)

Fansesiildlun1sisedu Hollow Fiber Dialyzer Tneiy Membrane «Ju Synthetic
Mernbrane 781 Biocompatibility membrane dmsuiinsessivaifivey (High Cut-Off
Membrane Dialyzer) 1% Surelyzer TM PES-17DH ¥83u3®w Nipro wagsinseaiva) High

Flux Dialyzer 19 HF80s 909U Fresenius MuR1S17 2
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Property PES-17DH HF80S
Membrane Material Polyethersulfone Fresenius Polysulfone
Effective Surface (m?) 1.7 1.8
Ultrafiltration Coefficiency 80 55
(ml/hr/mmHg)

Clearance (ml/min) PES-17DH HF80S
Urea 267 248
Creatinine 246 225
Phosphate 234 220
Vitamin B12 178 155
Inulin NA 120
Myoglobin 82 BA

M13199 2. uaneRuaNUAvaIRINTassIvieiilAY (PES-17DH) wasfansasglng SF80S

In vitro performance: QB = 300 wa/11%, QD = 500 Wa/u¥, QUF = 0 ua/u1i
AuaudRvasansneaduilu Disposable Hemoperfusion Cartridge Ju HA130 v@3uUs¥w

Jafron Biomedical

3.6 NM1337UTUYaya (Data collection)

Nudoyannuiielsale lsmeunagniansal

Y]

Nutoyafio §Anluniside wasdUuiindoyafie Hanliunisidy

ey
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3.7 M3Aszvidaya (Data analysis)
1. msthiauateyafiugiudthedunns nednddeyafildidutoya
BeuUFina diaueludnunzvesinadesuiuanidenuunnsgu vieasdsegu
SaifuAfidy Jufudnuurnianssaevesdowua
2. MIUIgUIUTRYaYNTaNaIvesEnsENve@adlslY Pair t-test 38 Wilcoxon
test Futumsnszevesdoya
3. unltunsasuulawemwadonvesthefiunnniaesqaliisnsienidenien
1% Repeated Anova
4. MISBuTiBunILANFeINaLieR TN AR IgATE I sER T

Generalize Linear Model

lngldlusunsumuiumneata SPSS version 20. dmsu window Tumisiiasienideya

3.8 9aNA1504IN19938555U (Ethics)

Y Yy (%
v a o =1

nsismnuIdeluassilnseguuiiugiuvasnisiasnlunislvamgugeudn gy

1p53n19338 WnedUaennauidnsiunsidedesasuuluaiednualdnys (informed

¥ dl ¥ =

consent) dsnTigii13lasinsITelasudeyangnasaiieane
Litatidayaneiuanudesiiensazinluseninamside Wideyaniduenaiswn
AiinslasimsIdeihndulusu vieusnwnand viiegnlinddansudndula i
lasimsielgndngesigeniadudng warliavsnazaouianlasimidelaglinesuald
ANAEYNY Y38QNALIAUNTALATNY
a v dy 2/ < ! v [ [ ¥ a a v
nudeilldanuasnluanududiudiuasSnuenuduludeyaildlunsidy

wenniaglidnsnlasinsidedute wieUseiuateiiile wWetudunsindulaves

Adn39ulA3eN533e Inednenudiiusiuasununausunside
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¥ '
av A av A o =

nuidpiduamadeniinistnynaaeduaywd Glifnenuanzunsndounn
msldisnsnendensiedsiognstnau uwiegslsinuneideladnlid patient safety
monitoring k& adverse event repot Ine8araussleyivesiinsulasinsidedudiy
/1 £ 4 a v [ o ! ! L
mNEIeRIN1seanINNUIRY Nansansevilalalaglinsenudenisguariae
lunsaingUiefianansenu visensanstayaiiuiiuiine vesiulasinsidy

anunsoRnsoiugYinIdefe wey.alguen Wuuie weslnséwy 0813761403 lanasn 24

CRIET

3.9 993MNA MUY (Limitation)

nseEnetidunisAneanuaiuisalunisansysuvasdufandadainnludsnved
AUaedleldisnsnwanasiuinty Jadunisfinwidusiu uidsldanusodliiudmaly

Seaz8be

3.10 wansauszleviiand1azlasuanauide (Research benefits and application)

Junsmanuaunsalunismidnansdufendadamnuaziudylulasinydu lae3s

nanunslifnsessivgivawsiuiudinsesgaduasesin delidndusdeddiniealonident

2D

Usgansnmgs mnuan1sAnwinuinanuaansatunismdnasisaesiilinesninis
slulnegilawmduussaninimas wavanunsain3sniswendenlnitdunldnelviin
Usgansnnlumsidaansiaesyila Geanunsailuldlugudnliiiasesdlulnesiamduy

Usgansnmasle



\esnduiendadainiinasonisiialsamlawagviaoniion SIUNURNERNIINTG
a aa L2 dy (% o A v ! 1
deotinlughelsalasess mnannsaimanenidensentauinlussese1n Uiavdmaan
mainlseilauazraeniion Fannsfnwlenaludeyaiiievhnsfnwvuneivauas

fAamuNassezeIsall

l:l a lg J a o
3.11 9UasIANaNRATUTENINNNITIY uaznnsn1slunsuily (Obstacle)

Weannsindufendadainndalisl Commercial available kit 393udusasdn
v a wa o a [ =1 ya o [ gj = o < v o =2 dl' %
WesUfuRn1sadunsinlaefiugide dwuidindudesinsindulunisasiaiella

ANUYNABIRAZ WAL MNNTIAN

3.12 NMIUIMITUITY Uazm1519Uf R (Administration & Time schedule)

Ynmadnau 2558 2559 2560

fanssu 9 10 |11 12 |1 2|13 |4 |5 6|7 |89 011|121 ]2 |3 |4

Lanwuedenau [ X | X | X | X | X [ X | X [ X | X | X|X|X

2. swnudaya X | X% | X | X |x

3. Awazideya X | x

4. TIWNUNENTT X X

VMRRL]
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3.13 quuszanad (Budget)

s

AdanaunIal
fN309v1A High cut-off membrane, PES-17D (2,000U1%/1611)

2 dialyzer/1 participant x 10 participants 40,000 U
fnsoeviin High flux membrane, HF80S (2,000U1%/1617)

2 dialyzer/1 participant x 10 participants 40,000 Um
$NT99%UA Hemoperfusion, HA130 (5,000 U/1612)

6 dialyzer/1 participant x 10 participants 300,000 um

AR5 IS + reagent (500 vn/ada)

10 sample/1 participant x 10 participants 50,000 v
AM929 R2-microglobulin (500 vn/ada)

10 sample/1 participant x 10 participants 50,000 v
ﬂ"maamﬁawﬁﬁamiaﬁum@m (1,500 v/As3)

6 sample/1 participant x 10 participants 90,000 um

AMBULVIUYAAINT (MBI18)
ANMBULVUNEIUNE (1,000 UIW/1 participant) 10,000 U™
AmBULVUTINIMATIANISWWNE (800 UW/1 participant) 8,000 UM

571 (10 Aw) 588,000 U
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= awv
UNN 4 WaN1599Y

nnsdnwiugiiglsalaFedinlasunisveniionn sw.amasnsal 1w 10 578

AauAu 1 wawaew 2559 893uil 31 uns1An 2560 Toyaiiugiuvediie wuinludiae

el Y

v a

W18 2 518 (Aavdudesaz 20) WudUrends 8 518 @aludesaz 80) o1gwady 609 Y

o

e

(SD =9.7) ﬁ’]mﬁm@ﬂi’iﬂi@ﬁ’]&lé@%ﬂ lainsrvann 4 51e (Aardudesay 40) 91nUIMIY
2 578 (Avdudesaz 20) mnAnusuladings 2 18 @Eadufesay 20) annledniau 2 518
(Anlufeuay 20) TlsavUssddaduanudulaings 7 18 Ealufesas 70) v 2 518
(AnduFevaz 20) weldsunsugnatels 2 e @Eaduesas 20) svezandsegiulunis
Wondan 83 Wiiow (IQR 49.5 - 167) fdrarnunewiisnadslunisneniden (KTA) 2.75
(SD=43) n1siiuvesasaldendusunentdenilnl1uisa 915 Jaddns/uli
(IQR 740-1,058) fUreilainudulasinyueiiladudn (systolic blood pressure) 135.1
fadwasusen (SD = 14.1) mrusulainvazialanatada (diastolic blood pressure) 73.3
fladnsusen (SD = 9.1) Yimindade 57.0 Alandy (SD = 13.8) NansAsIvATNTY
[den (Hemoglobin) 10.6 n¥u/AnTaAS (SD = 0.7) Tneilanadsszfuiudylulasinydu
(B2m) 28,395 lalasn3usiedns (SD = 5,368.6) sedudufiendadalaiade 40 fadnTuse

An5 (SD = 20.7) ABUAUNSANET AILAAIIUAIIN 3.



Baseline characteristics 10 patients

Male (%) 2 (20.0%)
Age (years) (mean(SD)) 60.9 (9.7)
Cause of end stage renal disease

- Diabetic nephropathy (%) 2 (20.0%)

- Hypertension (%) 2 (20.0%)

- Chronic glomerulonephritis (%) 2(20.0%)

- Renal calculi (%) 0

- CTIN (%) 0

- Unknown (%) 4 (40.0%)
Vascular access

- Arteriovenous fistula (%) 7 (70.0%)

- Arteriovenous graft (%) 3 (30.0%)

Vascular access flow (ml/min) (median(IQR))

915.0 (740 - 1,058)

Dialysis vintage (months) (median(IQR))

83.0 (49.5 - 167)

Underlying disease

- Diabetes mellitus (%) 2 (20.0%)
- Hypertension (%) 7 (70.0%)
- Dyslipidemia (%) 3 (30.0%)
- Coronary artery disease (%) 2 (20.0%)
- Autoimmune disease (%) 1(10.0%)
- Peripheral artery disease (%) 1 (10.0%)
- Previous kidney transplant (%) 2 (20.0%)
Systolic blood pressure (mmHg) (mean(SD)) 135.1 (14.1)
Diastolic blood pressure (mmHg) (mean(SD)) 73.3(9.1)
KT/V (mean(SD)) 2.8(4.3)
Body weight (kg) (mean(SD)) 57.0 (13.8)
BMI (kg/m?) (mean(SD)) 222 (5.2)
Lab
- Hemoglobin (g/dl) (mean(SD)) 10.6 (0.7)
- Platelet (1,000/mm?) (mean(SD)) 222 (75.0)
- Calcium (mg/dl) (mean(SD)) 9.1(0.6)
- Phosphate (mg/dl) (mean(SD)) 4.5(1.5)
- iPTH (pg/dL) (median(IQR)) 397.5 (62.5 - 591.4)
- indoxyl sulfate (mg/l) (mean(SD)) 40.0 (20.7)
- beta2 microglobulin (ug/dL) (mean(SD)) 28,395.6 (5,368.6)
- albumin (g/L) (mean(SD)) 4.0(0.3)

¥
=1

M13199 3. ayanuguvasuiglaeisedindisiunisinm

&9

28
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AurelasuniswenidenisusumedsnisneniuuUng (High flux hemodialysis) #ae
o (= U L4 & [ ! [d ! !
mnseginaidunian 2 @ami (washout) annduunusUlenuudy WWuaengy nquag 5 518
TnegUaenguit 1 azlasumsnenienmedsiaiunsldfnsessinaivius uduiinsesn
%’Uﬁﬁg%ﬁﬂ (combine high cut-off dialyzer hemodialysis with hemoperfusion) 1Uutaan

8 dUanvineu wiasuiunsnenidenmeiseeulay slulaesilawduiisgnsosvuinlvg

(post dilution online hemodiafiltration with high flux dialyzer) Wuan 8 dUavi lnevin
nswenidenkuuUnd megnsesualng 2 damisenitanswiswisnisweniden §Uae

oA Yo = Y aa ¢ o a O v ' Y
nqui 2 lasunsnenifenmeisesulall Slulnezilandumesnsesvuinlvgiou uaids

aduluniswenifendiesnaunislddnsesslngievsuiuinsesgaduansysiin

Wisuilsunmswenideniiansds nuiszerinailunswonidenlngisnaunislds
nsesslvgfilavianiusnsesgaduanseiindanade 237.1 undi (SD = 2.5) wag 35nsvlen
LammmaaaﬂauﬂmlmauwgﬂLm%umasﬂiawm@imj Anady 237.5 undl (SD = 1.5) %9
Taiwnneinanu (p=0.728) Usnaumsasinedousazadweiniswenden  (net ultrafiltration)
ﬁuamﬁmmumﬂ%mﬂsaqﬂmmwmmamumﬂsaqmmumi 3nilAaae 2,269 1aaang
(SD = 480.8) mewﬂmmﬁwgﬂLaaﬂmmaaaulauaiulmaummummmawum’mwj
Auade 2,319 Jadans (SD = 476.2) Fwiaesialisniy (p = 0.716) USUIMUMTNIUBIAIT
(convective volume) lag3snsnenidensigisuaiunisidiinsesgingfileusauiuiinges

ARTUATYT immaaa 22.0 ans/%s (SD = 1.82) Tnemsiiiuduresimdnslusgninamsven
Bonurayasaveaaedisldiauuandsty (2.1 + 0.4 way 2.2 + 0.5, p = 0.732) AdlaAs

Tums9n 4.
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Treatment characteristics Combine HCO HD + HP OL-HDF P
Dialysis time (min) 237.1 (2.5) 237.5(1.5) 0.728
(mean(SD))

Net ultrafiltration (ml) 2,269.8 (480.8) 2,319.3 (476.2) | 0.716
(mean(SD))

Convective volume 2.3(0.5) 22.0(1.8) <0.001

(L/session) (mean(SD))

Interdialytic weigh gain (kg) 2.1(0.4) 2.2(0.5) 0.732

(mean(SD))

= = = a 1 aa a a Yo '
M1319 4. Wisuigunsweniaenseningdsniswenifenlagdsuaunisldfansasglng
WAy SuUAINTBIRAdUE3EIHN (combine HCO HD+ HP) uasisn1sWaniianiaeis

sauladlulaasiamdudegnsasvuialvg (OL-HDF)

TANTANAIVRITEAUANSYIINNUIN Sevavmsanasvasdunendadaing (percentage
reduction ratio of IS) :MnMsHeNFeAMmEITNaUNsIdRINTessingiiayiuiudinsegn
dua1sy3in dAinduiesay 52.0 (SD = 11.7) Wiguifiguiuiniswenifeauuy
oouladlilaesflawnduieiidosaznisanasvesduiendatamniosay 56.3 (SD = 7.5) Bl
uane1afiy (p = 0.281) Sovaznisanasvaauiylulaslnyduvesisanisliunndrafiy
(83.7+ 4.9 \Wigufiu 84.0 + 4.3, p = 0.748) Fevarnisanasvesgiselunisneniionnieds
waunsltFnsesslngfilawsamiuiainsosgaduatsyIanilanindu 82.1 (SD = 4.9) &

wuindatssninniswendentuuesulaudlulaezlawmdudsdavigy 85.8 (SD = 3.7) (p

- 0.015) wauandlunng 4.
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The percentage reduction ratio

*
80
70

Indoxyl sulfate B2m Urea
B HCOHD +HP & HDF

3

reduction ratio (%)
s 8 &8 8

-
o

o

a o

A9 4. uansSarazn1sanasvesEnsEsiin dufendadainn(is), waylalaslnydu

C%

(B2Mm), 8138 (urea) * doyaniiuvdn

[

WN9EDA (p < 0.05)

WevhnsiamuAafsvessyaududendadainnneunisianiden lagseninems
WonideauuunaIunsidiinsessingiiaysiuiuiinsesgaduaisgiinnaen 8 dUavi

NUI NEUANN 1 sEaudufenTadanda1winiu 40.0 Tadansunadns (SD = 20.7) dUau

o I a

i 5 51 42.4 fadanSusiedns (SD = 17.9) a7 8 Sl 34.9 fadn

o I a

Unoans (SD = 12.4)
Faflwunliiuanas evhnisimszilaeldadfuuy repeated anova linun1sasuulas
agnafitfuddyn1eeda (p = 0.2) dmsuitnswendenuuueeulaydlulreslawmtuilsesu
SudendadamlndounisnendendUaid 1 wiiu 42.5 fadnSusedns (SD = 21.8) &Uai

= 1y

7 5 §lA 36.7 SaanSusiedns (SD = 17.1) a7 8 Sl 43.9 fadnsusedans (SD = 19.9)

o

Wevinsiaszilagldaia repeated anova lunun1sivdsuuUategeditedn

[

UNIEADH
(p = 0.052) wazlileavinnsiIsuvisunisiudsuulasvesszaudufondadainmnszninenis

Wonifenuesvsaosisineldaia generalized linear model lidAuAuLans1s0g19d

e

bddy (p = 0.915) Fanndl 5.
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1S levels between HCO HD+HP 1S levels between OL-HDF

~
P

~

o
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t=] =3
w @
o o
.
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|
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—

IS level {(mg/L)
b3 8
|
|
|
= |
E=
/
/
[
IS level (mg/L)
8 &8 &
— &
w

=

o
=
(=]

o

week 1 week 5 week 8 weekl weeks weeks

A1Wd 5. wanan1siUaguLUavaesERuYaIdufandadannauniswaniientu 8 dUnnv
szrdnamswenidaauuunaunslidinsasglugiresiuiudinsasgaduansesiin

(HCO HD+HP) wazniswenidanuuusaulay SlulnezNawntu (OL-HDF)

= o a LY £ % a ! A ! A
digvihnsinmuszauuaylalasinuiuneumsneniten senitniswenideniuy

a

Haun1sLdiInsesslngliausiuiuiinsesgaduansysinaaen 8 dUavinui &Uanoidt 191
sefuLudnylalasTnyduiidu 27,530.1 lulasnSusiedns (SD = 4,067.5) dUn1widl 5 fin
25,175.6 lulasniusrodns (SD = 2,786.0) #Ua19i7l 8 fif1 24,968 lulasniusedng
(SD = 8,398.3) leviinishaszilaeldadf repeated anova linun1siudsuuasesnad
fodAmneadd (p = 0.3) dwmdumsenideauvuesulatdlulaesiamdusyiuiudygly
Tnslaydu AouniswenideniidUansid 1 windu 28,966 lulasn3usiedns (SD = 7,625.0)
FUpnsii 5 8en 29,210 Tulasniuredns (SD = 8,119) &Uawil 8 fid1 26,065 lulasniuse
am3 (SD = 5,699.0) lovhnsnszilagldada repeated anova limunisdsuulasedig
HldAyneana (p = 0.3) LLazLﬁaﬁﬂmiLﬂ%aULﬁaumimﬁamwawmisﬁuLUéfvamim
Tnyauseninenisvenidenvesiaaesisiag 19add generalized linear model liianuaana

Y

waneiseg1aiitiadAny (p = 0.849) AININT 6.
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B2M levels between HCO HD+HP B2M levels between OL-HDF
40000 40,000
35000 35,000
= 30000 - 80,000
£ 25000 — ¥ 25,000 28,366 29,210
2 27580.1 . = 26,065
$ 20000 ! 24958.0 ? 20,000 :
5 15000 5 15,000
o 10000 3 10,000
5000 5,000
0 0
week 1 week 5 week 8 week 1 week 5 week8

AR 6. uanInsdsuwlasassEiuiudylulasinydunauniswenidenly 8 dUa

szrdnamswenidaauuunaunslidinsasglugiresiuiudinsasgaduasysiin

(HCO HD+HP) wazniswenideauuvosulail slulaezNawmdy (OL-HDF)

a

WensraUsuadayiuidseenuitutiemenidennuin Adlsegiuvedayiiunide

luigeniiananisnenideatuunaiunsidiinsessingfitausiuiuiinsesgady

ansginwiiy 4.2 nfuseniseniien 1 A%y (Wdy 2.5 - 5.7) FauinninA1dsegiuves

1
v a =< a 1 I

oay fuidslulutemenidenainisnendeauuuseulay flulaevilamdu Feilavintu
0.5 nFusan1sWanaen 1 AT (Wde 0.12 - 0.88) ag1elitdud1Agyn19ada (p = 0.008) LiD

Anmuszauvesdayiulufensenitamsnenidennigisvienifeauuunaunisiininsess

[y a

Ingifitewsuiumnsesgaduansesinnuii seaudayiulufennduavin 1 &amin 5 waz

Y

dUn9ifl 8 HAade 3.9 fadnsusondans (SD = 0.2) windunasaniswenden (p = 1.0)

diuseivvesdayiiuluidensenitenisnenidaennieisneniionuwuy

[y

soulaudlulaesilamdu wuirseaudayiug AeUawid 1 flaade 3.9 fadndusielndans (SD
= 0.3) &UA9N 5 A easwinnu 3.8 Naansunawdans (SD = 0.2) wazdus1vi 8 fiAade
Windu 4.0 adndunen@dns (SD = 0.2) Weldn1simsteilaelegaia repeated anova Ll

o w

nudnsasunlasegeltudAgseda (p = 0.2) Aslansluniwi 7

>
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Serum albumin levels between treatment

5.0
4.8
4.6

s
=
£ 4.4
Q
= 4.0 _ I 4
H 38 } _i } —+—HCO HD+HP
o —-— -
E 3.6 =—OL-HDF
H
@ 3.4

3.2

3.0

Week 1 Week 5 Weeks P

—+—HCO HD+HP 3.9 +0.2 3.9+0.2 3.9 +0.2 1.0
—=—Q0L-HDF 3.9+0.3 3.8 +0.2 40+0.2 0.2

P Y v a = ' o Y
AINN 7. ﬂi’W\lLtam’izﬂ‘tmaﬂaaguuimaaﬂ ’i%WJ’Nﬂ’liV\laﬂL’aaﬂLLUUNa'mn’I’ﬂﬂlﬁl’m’i’eNfg

TngyiitAwsauiudInsasgaduansesiin (HCO HD+HP) uaznisWaniianuuusaulall §

TulnosHawntu (OL-HDF)

MNNSARAIUNTIUADUKUAIUILNULNGD LALATULIANIYTENINGNITNENLEDARE
Wendoauuunaiunislisnsesglugfiveiysuiuinsosaduasesinilunan 8 dUans

lanwupnuuanaeslning (57.2 + 3.49 Wiguiu 57.7 + 14.0 Alansy, p = 0.13) uag

[y

wilunane (22.4 + 5.15 Wisuiu 22.5 + 5.23 Alansu/umnsennnasass, p = 0.157) @l

seI9nNIsHendanmeIsNsHendealuUkuUeaulalslulnas ALty WULNISIALTUVDY

Y 1 a v

Umtinsegiidudnynieads (57.2 + 14.49 Wieudu 57.5 + 13.49 Alansu, p = 0.005)

LAENUNSILTUYBIATTIIANI8IIN 22.3 + 5.07 Alansu/msamng viandu 224 + 5.06

Y

Alandu/msauns egNldudAYNeads (p = 0.005) ALEAIIUAITIN 5.
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Combine HCO HD+HP OL-HDF
Week 1 Week 8 P Week 1 Week 8 P
Body weight (kg) 57.2 57.7 0.132 57.2 57.5(13.49) | 0.005
(mean(SD)) (13.49) (14.00) (14.49)
BMI (kg/m?) 22.4(5.15) | 225(5.23) | 0.157 | 22.3(5.07) | 22.4(5.06) | 0.005
(mean(SD))

A15199 5. LanIN15HUASULUAIUBIUINUNLNAY 519NN BNLEBAN8ITNEIUNIT LU

nsaevgiiiAYsuiuAInsaspaduasesain wazn1swenifaauuuwuuaaulal gl

lnesiawmyu

dmsunnzunsndeudiistuluseninaniswenidendieiinendenuuunaiunisly
fansesglngiiavimiudinsesgaduaisy3induian 8 #Uansi wulimnudulading
18 ¥ Felslumnansanniswenidendisiswenidenuuuesulavslulneyilawdu wuiay
fuladine 17 ade wWlevhnsansnsiglunisidnansiiesnainsienie seduanudulain
AduULAST Ldnunzunsndausuwseseninanisveniden nugdle 1 1ede1nsAuniy

$19NN85EUINaNsNeNdanAe s NeandenwuUasulaudlulaesiamty 2 A9 Luwull

[
= =

wazlifineaudulainiiseninaty onsamasianiueuiul wazliintudn 4
A8 1 sreifaduifend miuniseniiengadu (arteriovenous fistula) 5¥1319n159eN
HenmeiananidenwuuraIunsleRInsassngiiaysuiuiins ssgaduaisysiin uag

aunsalviaUnanaalayinniseilulaenisyiwadlonanan
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o o a = Aa v iy o .:4' o ¢ aa
RAAITINNINTIIOAANTUNALABDANVNLINA U LLﬁ%au’q@ﬂqiiﬂ‘HqV} 8 dUm11 91n35n15NBN

a [y

\HenalgIsnenifenluuNauNsidmnsassngilawiiniufinsegaduansgiin seau

Y v oA & A a a o aa =% A a 44'
YBIAMULVUVULADALUALADALAIUAILRAY 10.4 NTUABLAYARNT. (SD = 1.2) GILUDAANTUN

¥

duannissnunidszauanududuladenunaads 10.1 nfusonddns. (SD = 1.3) Faldnu

APNLANANSAUBE1ITEEAYN9ERR (p = 0.49) AnnuAglsagIusEAUINAALENNDY

A 4 1 1

SuAY waz? 8 dUanit lunuanuwanasiueg1slited1Agn1sada (196 (Wdy 171 - 299)

a o

Wiguiu 253 (#dy 161 - 375) x1,000 iegnuieniiladiuns, p = 0.12) wazlilofnn1useau
wAaLdey Waaws wazseaunisltnsesdsasluy Nsuduauduaan1 snwsiedsnisnen

Hoandeddnenidenuuunaiun1sieiinsessingitawsiuiudinsesgaduansysin

[y

Tinuanuvdsuulaseg1elidudrAgnieana lngseauuaaldouiiniiede 8.8 Jaansure

Y

WTENS. (SD = 0.6) Nduann153nwTANYINAY 9.0 TadnTurelndang. (SD = 0.5) (p = 0.36)

Y

sEAuNamaNSUAUNISNwRA LAY 5 Jadnsurowddns. (SD = 1.1) uasidugan1ssnw

%

fifady 4.7 fadnfudeindans. (SD = 1.0) (p = 0.48) ALlsegIUVRITLAUNIT INTOUA

a o

gasluuisuAuliAl 566 AlAnSudawn@ans (Wdy 363.8 - 1,376) wasNauannissne

Asfsoguintu 881 filansuseindans (idy 587.3 - 98.39) (p = 1.0) fauandlunssi 6.
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Hemoglobin (g/dl) 10.4 (1.2) 10.1 (1.3) 0.49 9.9 (1.4) 10.7 (1.1) 0.19
(mean (SD))

Platelet 196 253 0.12 238 212 0.26
(1,000/mm?) (171 - 299) (161 - 375) (177 - 323) (160.5 - 311.5)
(median(IQR))

Calcium (mg/dl) 8.8 (0.6) 9.0 (0.5) 0.36 8.9 (0.5) 9.0 (0.6) 0.69
(mean (SD))

Phosphate (mg/dl) 5.0(1.1) 4.7 (1.04) 0.48 4.9 (1.6) 4.3 (1.1) 0.17
(mean (SD))

iPTH (pg/dl) 556 881 1.00 619.1 353.0 0.59
(median(IQR)) (363.8 -1,376) (587.3 - 98.39) (414.8 - 857.8) (92.0 - 493.8)

]
a wa =

M157199 6. UAAINANTITATIINWIIUURNSNAUAT 1 uazduanviil 8 vasniswen

wanaledsuaunsldiansassingiiiawyiauiudinsasgaduaisgiin uazn1sweniien

wuvuaaulaudlulanaslamu
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dl a o =Y v
UNN 5 d3UNan13998 aaUINeNa UasUaLaUuDLUY

#3UNan15Y

MnuansAneidnuludtiefiviinslendon 10 s wuihdesazmsanasues
asBufenTadamn  uasiudylulaalnydu Mnnswendenmelsnaiunsldinsesgivg
fuerwsiusnsasgaduansgiinldsanmswenidenseisuuuesulatslulaesfiawndy
WAT0EALN1TANAIYEIELTEINTINTHENITEAMIETINAUNNSITRIN T Inafikaws i uda
nsesgatuansyIindationnit  uailefsusyiuvesdufendatan  uaziudy
lulaslayduil 8 &Uni ndsnsrlenidenusiaziswuinlifianuunnsisainieunisweniden
faetiin  ludmesnsdesayiulumemendeanuiinisendendeiiuatunmslim

% a 1 a o

nsestneiieysiuiuinsesgaduanseiininsdedayiv wnninegraldedAgnieaia

Y

Tud1uYINMILENINGDUY WUINIADIID kil wANANeiUY

AUIIENA WATUDLEUBLUY

[y

nsenwilidunsfinwiiielSeuiiguesaznisanasvesansysiniduiulusauly
ArenlasunsieniuuesisEnInsenidennieisnaunstdRInsessnefieusumiu
Ansegaduansesin  waznswenidensigiswuveaulauslulaesiiawdy  nsAnwi
AnmuduRendadams iszdeyatdagtunuinseiureduiondadainn duiusiudnsinis
a aa a a N & <Y U dg" ¥ 17 ! aa
deotin nsieiiuyuinizluifen uasvaenidenudidludUielsalazess! diuvesansysiin
YUIANA4 (middle molecule uremic toxin) liARMINsEAUYBLUAYLIlAsINYEY LTBa9N
LY Y

wiusiugnsIMadedin®  uardnsinainesluassladaluiiielsalaiinenifensess

(dialysis related amyloidosis)
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NAINNITANWIVBUITINUI

1. Jewaznisanasvesansdusendadauin waziuiylulaalnydu 91nnsweniien

N a

megIsHauNsldiinsessingfiayiiuiuiinsesgaduansysin Ialideundinis
venidenseisuuuseulatElilaorilawmdy
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(ﬂW”Ifﬁﬂi]“H) Comparison of Reduction Ratio of Indoxyl Sulfate between Combination of
High Cut off Membrane Hemodialysis with Hemoperfusion and High Efficiency Online-

Hemodiafiltration with High Flux Membrane; an Open-Labelled Randomized Crossover Control

Trial

Participant number I:I:l

Date of participation | | | | | | I_I I | |

Date Month Year

Investigator I_l I_I—l | | | I_I_I_I_l—l | I_I_l
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Participant No. IZD

Part A. Patient profile before enrollment

Al. Age ED
A2. Gender D 1. Male D 2. Female

A3. Etiology of ESRD

1. Diabetic nephropathy
2. Hypertension
3. Nephrolithiasis

Glomerular disease

5. Chronic tubulointerstitial nephritis

6.  Unknown

LOOHOo

7. Other

>
c

4. Underlying disease

1. Diabetic mellitus

2. Hypertension

3. Dyslipidemia

4.  Coronary heart disease
Autoimmune disease

6.  Peripheral arterial disease

7. Malignancy

8. No

LOOHOOHO0

9.  Other

AS5. Dialysis vintage (months) EI:D months.

A6. Modality of hemodialysis

(] w
D 2. HDF
D 3. OL-HDF

A7. Session per week D /week

AS8. Vascular access |:| 1. AVF |:| 2. AVG location

A9. Access flow |:I:| ml/min

Physical examination

Vital sign: BP (A10) ED:' /(A11) EI:D mmHg  Pulse (A12) I:I:I:l / min
Respiratory rate (A13) ED /min, BT (A14) ED D C

AlS. Anemia D 1. Yes D 2. No

A16. Edema D 1. Yes D 2. No

Al7. Body weight D:D . DKg



[T e

T i A R o o o o ¥

(date )

B. Lab investigation before enrollment

Hematology (date )
Hb (B1) g/dL WBC (B5) /uL
HCT (B2) % PMN (B6) %
MCV (B3) fl Leukocyte (B7) %
Platelet (B4) *103/uL Eosinophil (B8) %
Chemistry (date )

BUN (B9) mg/dL Total protein (B19)
Cr (B10) mg/dL Albumin (B20)
Sodium (B11) mEq/L Total bilirubin  (B21)
Potassium (B12) mEq/L Direct bilirubin  (B22)
Chloride (B13) mEq/L AST (B23)
Bicarbonate (B14) mEq/L ALT (B24)
Calcium (B15) mEq/L ALP (B25)
Phosphate (B16) mEq/L Cholesterol (B26)
Magnesium (B17) mEq/L Triglyceride (B27)
FBS (B18) mg/dL HDL (B28)

LDL (B29)

Other (date )

B2-microglobulin(B30) Ferritin (B33)
iPTH (B31) Serum iron  (B34)
CRP (B32) TIBC (B35)
Adequacy unit date
KT/V (B36) -
URR (B37) %
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Part C. Medication before enrollment

60

medication Yes No name dose Duration (months)
m | @

Anti-hypertensive
ACEI (@)
ARB (€2)
Beta-blocker (C3)
CCB (€4
Diuretic (C5)
Alpha blocker (C6)
Other (e0)]
Hypoglycemic drug
Sulfonylurea (C8)
Biguanide (C9)
TZD (C10)
alha - glucosidase inhibitor (C11)
DPP-4 inhibitor (C12)
GLP-1 analog (C13)
Insulin (C14)
Other (C15)
CKD-anemia
Erythropoietin stimulating agent (C16)
Intravenous iron supplement (C17)
Oral iron supplement (C13)
Other (C19)
CKD-BMD
Calcium base phosphate binder (C20)
Non calcium base phosphate binder ~ (C21)
1-OH vitamin D (C22)
1,25-OH vitamin D (C23)
Other (C24)
Antiplatelet
Aspirin (C25)
Clopidogrel (C26)
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medication Yes No name dose Duration (months)
D ()]
Lipid lowering agent (C28)
HMG-CoA reductase (C29)
Fibric acid derivatives (C30)
Bile acid sequestrants (C31)

Other medication




Randomization: Group

Schedule for modality and laboratory investigation

D Groupl HD+HP = OL-HDF

Combine High cut off b ! lialysis with h -fusion (HD+ HP)

week 1 date

2 date 3 date 4 date

HD + HP He

HP

LabIA 1.1
Lab IB 1.1
High efficiency online-hemodiafiltration with high flux membrane (OL-HDFi
week 1 date 2 3 4 date 5 date 6 7 8 date
LabIA | 2.1 .
LabIB | 2.1

I:l Group II

High efficiency

OL-HD = HD+HP

online-hemodiafiltration with high flux membrane (OL-HDF)

week 1 date

LabTIA | 1.1

Lab IIB 1.1

week 1 date

HD + HP HP

Lab IIA 2.1

Lab IIB 2.1

Lab investigation:

A — before renal replacement therapy: Indoxyl sulfate, Beta 2 microglobulin, CBC, BUN, Cr, electrolyte, Calcium, Phosphate,

Magnesium, Albumin, Total protein, iPTH

B —after renal replacement therapy: indoxyl sulfate, Beta 2 microglobulin, urea, albumin loss, serum albumin reduction ratio
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Group I:  Patient schedule

Weight

Other

Group I Modality 1 Duration
(min)
Washout 1 HD+HF
Washout 2 HD+HF
Washout 3 HD+HF
Washout 4 HD+HF
Washout 5 HD+HF
Washout 6 HD+HF
Week 1/1 HD+HCO+HP
New
Week 1/2 HD+HCO
Week 1/3 HD+HCO
Week 2/1 HD+HCO+HP
Week 2/2 HD+HCO
Week 2/3 HD+HCO
Week 3/1 HD+HCO+HP
Week 3/2 HD+HCO
Week 3/3 HD+HCO
Week 4/1 HD+HCO+HP
Week 4/2 HD+HCO
Week 4/3 HD+HCO
Week 5/1 HD+HCO
New
Week 5/2 HD+HCO
Week 5/3 HD+HCO
Week 6/1 HD+HCO+HP
Week 6/2 HD+HCO
Week 6/3 HD+HCO
Week 7/1 HD+HCO
Week 7/2 HD+HCO
Week 7/3 HD+HCO
Week 8/1 HD+HCO+HP
Week 8/2 HD+HCO
Week 8/3 HD-+HCO
Average 1. ‘ (I11D)

(Iw)

(I11DH)
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Groupl Modality2 Duration
(min)
Washout 1 HD+HF
Washout 2 HD+HF
Washout 3 HD+HF
Washout 4 HD+HF
Washout 5 HD+HF
Washout 6 HD+HF
week 9/1 OL-HDF
New
Week 9/2 OL-HDF
Week 9/3 OL-HDF
Week10/1 OL-HDF
Week10/2 OL-HDF
Week10/3 OL-HDF
Week11/1 OL-HDF
Week11/2 OL-HDF
Week11/3 OL-HDF
Week12/1 OL-HDF
Week12/2 OL-HDF
Week12/3 OL-HDF
Week13/1 OL-HDF
New

Week13/2 OL-HDF
Week13/3 OL-HDF
Week14/1 OL-HDF
Week14/2 OL-HDF
Week14/3 OL-HDF
Week15/1 OL-HDF
Week15/2 OL-HDF
Week15/3 OL-HDF
Week16/1 OL-HDF
Week16/2 OL-HDF
Week16/3

Average ‘ (1.2D) 1.2W) (I.2IDH)




Group II:  Patient schedule
Group 2 Modality1 Duration
(min)
Washout 1 HD+HF
Washout 2 HD+HF -
Washout 3 HD+HF
Washout 4 HD+HF
Washout 5 HD+HF -
Washout 6 HD+HF
Week 1/1 OL-HDF ]
New
Week 1/2 OL-HDF
Week 1/3 OL-HDF
Week 2/1 OL-HDF
Week 2/2 OL-HDF
Week 2/3 OL-HDF
Week 3/1 OL-HDF
Week 3/2 OL-HDF
Week 3/3 OL-HDF
Week 4/1 OL-HDF
Week 4/2 OL-HDF
Week 4/3 OL-HDF
Week 5/1 OL-HDF
New
Week 5/2 OL-HDF
Week 5/3 OL-HDF
Week 6/1 OL-HDF
Week 6/2 OL-HDF
Week 6/3 OL-HDF
Week 7/1 OL-HDF
Week 7/2 OL-HDF
Week 7/3 OL-HDF
Week 8/1 OL-HDF
Week 8/2 OL-HDF
Week 8/3

Average

‘ (I.1D) (IL.1W)

(IT.1IDH)

65



Duration

(min)

Weight

IDH

Other

Group II Modality 2
Washout 1 HD+HF
Washout 2 HD+HF
Washout 3 HD+HF
Washout 4 HD+HF
Washout 5 HD+HF
Washout 6 HD+HF
week 9/1 HD+HCO+HP

New
Week 9/2 HD+HCO
Week 9/3 HD+HCO
Week10/1 HD+HCO+HP
Week10/2 HD+HCO
Week10/3 HD+HCO
Weekl11/1 HD+HCO+HP
Week11/2 HD+HCO
Week11/3 HD+HCO
Week12/1 HD+HCO+HP
Week12/2 HD+HCO
Week12/3 HD+HCO
Week13/1 HD+HCO
New
Week13/2 HD+HCO
Week13/3 HD+HCO
Week14/1 HD+HCO+HP
Week14/2 HD+HCO
Week14/3 HD+HCO
Week15/1 HD-+HCO
Week15/2 HD+HCO
Week15/3 HD-+HCO
Week16/1 HD+HCO+HP
Week16/2 HD+HCO
Week16/3 HD+HCO

Average

(I1.2wW)

(I1.2IDH)

66



Part D. Lab investigation after start experiment

Group I
HD+HP (LAB A1) OL-HDF (LAB 1A2)
Lab A Weekl Week 5 Week 8 Week 1 Week 5 Week 8
Lab IA1.1 Lab IA1.5 Lab IA1.8 Lab IB2.1 | LabIB2.5 Lab IB2.8

Indoxyl sulfate (1)

B2-microglobulin (2)

Hb 3
HCT )
WBC (5)
PMN (6)
Leukocyte 7
Eosinophil 8)
Platelet )
BUN (10)
Cr (11)
Sodium (12)
Potassium (13)
Chloride (14)

Bicarbonate (15)

Calcium (16)

Phosphate (17)

Magnesium (18)

TP (19)
Albumin (20)
AST @21
ALT (22)
ALP (23)

iPTH (24)
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Group 1

Modality 1. HD+HP (LAB IB1)

Modality 2. OL-HDF (LAB

Lab B 1B2)
Week 1 Week 4 Week 5 Week 1 Week 4
(LABIBI1.1) (LAB IB1.4) (LAB IB1.5) (LAB IB2.1) (LAB 1B2.4)

Indoxyl sulfate (pre) 1)

Indoxyl sulfate (post) 2)
BZ-microglobulin (pre) 3)
BZ-microglobulin (post) 4)
Urea (pre) )
Urea (post) (6)

Albumin (pre) @)
Albumin (post) (®)

Body weight (pre) )

Body weight (post) (10)
Albumin in dialysate (11)
Total effluent (12)
Total albumin loss (13)

RR = (1 — Cpost-crr / Cpre) x 100%

Cpost-crr = Cpost / {1 + [(BWpre — BWpost) / 0.2 x BWpost]}




Group

1I

OL-HDF (LAB I1A1)

HD-+HP (LAB 11A2)

Lab A

Week1
Lab
1A1.1

Week 5
Lab
1IA1.5

Week 8
Lab
11A1.8

Week 1
Lab
1IB2.1

Week 5
Lab
1IB2.5

Week 8
Lab
1IB2.8

Indoxyl sulfate

(N

B2-microglobulin 2)

Hb 3
HCT 4
WBC (5)
PMN 6
Leukocyte 7)
Eosinophil 8)
Platelet )
BUN (10)
Cr an
Sodium (12)
Potassium (13)
Chloride (14)
Bicarbonate (15)
Calcium (16)
Phosphate 17
Magnesium (18)
TP (19)
Albumin (20)
AST @21
ALT (22)
ALP (23)
iPTH 24)




Group I

Modality 1. OL-HDF (LAB Modality 2. HD+HP (LAB 1IB2)
Lab B 1IB1)
Week 1 Week 4 Week 1 Week 4 Week 5
(LAB (LAB (LAB (LAB (LAB
1B1.1) 11B1.4) 1B2.1) 11B2.4) 11B2.5)
Indoxyl sulfate (pre) (1)
Indoxyl sulfate (post) 2)
BZ—microglobulin (pre) 3)
BZ—microglobulin (post) 4)
Urea (pre) (5)
Urea (post) (6)
Albumin (pre) @
Albumin (post) (®)
Body weight (pre) ()]
Body weight (post) (10)
Albumin in dialysate (11)
Total effluent (12)
Total albumin loss (13)

RR = (1 — Cpost-crr / Cpre) x 100%

Cpost-crr = Cpost / {1 + [(BWpre — BWpost) / 0.2 x BWpost]}
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