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# # 5274816630 : MAJOR MEDICINE

KEYWORDS : ON-LINE HEMODIAFILTRATION / HIGH-FLUX HEMODIALYSIS / ACUTE KIDNEY INJURY /

CYTOKINES
WIWAT CHANCHAROENTHANA : COMPARISON OF CYTOKINE CLEARANCE BETWEEN ON-LINE
HEMODIAFILTRATION AND HIGH-FLUX HEMODIALYSIS IN SEPSIS-RELATED ACUTE KIDNEY
INJURY PATIENTS. THESIS ADVISOR : KHAJOHN TIRANATHANAGUL, M.D., CO-ADVISOR :
PAWEENA SUSANTITAPHONG, M.D., 95 pp.

Background: Effective removal of pro-inflammatory cytokines has been reported to improve overall
mortality rate in sepsis-related acute kidney injury (AKI) patients. Theoretically, on-line hemodiafiltration
(ol-HDF) which combines convective and diffusive solute removal in a single therapy seems to provide superior
cytokine clearance over high-flux hemodialysis (HD). This prospective clinical trial was conducted to determine
the percentage reduction and cytokine clearance of plasma interleukin (IL)-18 and vascular endothelial growth

factor (VEGF) between ol-HDF and high-flux HD in critically ill sepsis-related AKI patients.

Methods: Twenty eight sepsis-related AKI patients were included and randomized into each modality,
ol-HDF (n=14) and high-flux HD (n=14). The percentage reduction and clearance of plasma IL-18 and VEGF

as well as intradialytic blood pressure were determined during the first 4-hour dialysis session.

Results: There were no differences between ol-HDF and high-flux HD in percentage reduction
(-8.1£0.5 vs. 1.940.5, respectively, p=0.348), blood clearance (20.2+0.5 vs. 23.8+8.61, respectively, p=0.348)
and dialysate clearance (1.4+0.5 vs. 1.6+0.5, respectively, p=0.812) of IL-18. However, both therapies could
reduce VEGF levels when compared with baseline. This study was revealed that ol-HDF not only provided
significantly percentage reduction of VEGF than high-flux HD (52.6+47.6 vs.11.7+0.1, p=0.000) but also
provided greater plasma clearance of VEGF than high-flux HD (138.3£118.2 vs. 80.4+57.1, p=0.022). There
were no significant differences in intradialytic systolic blood pressure (90.4+14.1 vs. 74.9+20.8 mmHg in
ol-HDF and high-flux HD, respectively, p=0.095), diastolic blood pressure (54.0+14.6 vs. 43.0+11.9 mmHg in
ol-HDF and high-flux HD, respectively, p=0.101) and mortality rate between the two treatments (35.7% in

ol-HDF and 21.4% in high-flux HD).

Conclusion: On-line hemodiafiltration in sepsis-related AKI could provide better removal of VEGF with

comparable IL-18 cytokine clearance when compared with high-flux HD.
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gl lnamsanisgnenivianiaan a1AaRaNN1INIIUNLIENBUAIENTTLIUNITUNS
(diffusion) NAA1BARITLA1INENARATT  hemodialysis WATATTLAUNNINA (convection)
daealiinnsaniannia hemodiafiliration Husz@nsnwlunisudnaadide (uremic toxins)
al AE o al 1 1 % a
wnaulateniznisadnaisaeadsinianalug v ansiudiglulastnayau @,
micorglobulin) 1w

a = = P o o = .

RnuuninisAnelFeuiisusuanlasadaaadnisnianidaanluy  on-line
hemodiafiltration  TntiAN®IAUNINTEITIATN on-line  substitute  fluid ~ MENWFINTa

. . 1 oA a2 a dg/ a A A till o ' 2
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v a dal A dld o [ dl 1 o o 1 1
filnenmelunszuadenninialansdunau lnadadnnisadnaisfinanneanaininanie
1 < al a a 1 U o a a d’l = dda{
asi9adLazNlsrAninnwardanalinisafiulspnesnnsiadalunssidldanmiu  an

ARsnNaAANITNANINLATN9 AT luNgn

AN9197 1.1 ANANRAUEIENINAIHAdEN9TIN W (biomarker) KAZATMENIAANIGY

TA0afUNAY [10]

BIOMARKER(S) ASSOCIATED RENAL INJURY
Cystatin C Proximal tubular injury
KIM-1 Ischemia and nephrotoxins
NGAL (lipocalin) Ischemia and nephrotoxins
NHE3 Ischemia, pre-renal, post-renal AKI
Cytokines (IL-18) Toxic, sepsis, delayed graft function
L-FABP Ischemia and nephrotoxin
Netrin-1 Ischemia and nephrotoxins, sepsis
Keratin-derived chemokine Ischemia and delayed graft function
VEGF Ischemia and sepsis

1.2 ADINN15298 (Research questions)
ANDNUAN (Primary research question)

n1528man7 1L-18 Wddaefnde lunszuadenifiniaylnnesundu Tneisneniien
WUL on-line hemodiafiltration FANNWANAN9AINNNINENARAKLIL high-flux hemodialysis
visa
ANDNNSDY (Secondary research question)

NN395A8"3 VEGF  uazniailasuutlassesranusulafinssminenisweniaendoeis

on-line hemodiafiltration LaA38 high-flux hemodialysis AANLANFANaTWYTe 1



(%4 3 a . .
1.3 qmqﬂszmﬂmmmmw (Objectives)
1. ieAnwisauaunisadnans 1IL-18 ludthafnmalunszuaaanninizlnog
duwau laeAsneniaenluy on-line hemodiafiltration Waza8d high-flux hemodialysis
2. WaAnmFaLauns1dnans VEGF lufilhefnmalunszuainanndniaglanng
o [ % = ai o a 1 A 4 aa
Funau wazfFausunislasuilasrespansulainssudnaniswaniaanfaadsnen

\@BAWLIL on-line hemodiafiltration Wa¥AT high-flux hemodialysis

1.4 @NNRFIU (Hypothesis)
Usz@nBnmnsadnans IL-18 uaz VEGF lufilemnmalunszualaiiniinioylans
dunau Tnedgnanidaniluy on-line hemodiafitration Nunnndnn1snanidansaeda high-flux

hemodialysis

15 NFAULWIAIMNAA LWNFIAE (Conceptual framework)

l Infection

Coagulation

Abnormality

Baseline Renal

Function

Hemadynamic

Sepsis-Related

Acute Kidney Injury
¢ (i) Nitric oxide :
(i) Local mediator of

i Inflamammator ;
; Y ¢ vascular tone

Inflammatory Microcirculatory

i mediators Mediators Bvetincton * (i) Endothelial activation

e.g.cytokines

\ 4

Clearance study <

On-line hemodiafiltration High-flux hemodialysis

|
v

Early and effective removal show improved clinical outcomes

WRUNNN 1.1 NTDULUIAINNAR MIN1TIRE

au
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1.6 ABNITANLUUNIGIAE
1.6.1 gﬂuuumﬁé’ﬂ (Research design)

Prospective, (block of four) randomized clinical trial
1.6.2 28ALUUN1538lmagsa (Intervention)

o = I (% I L s dld

1. Andanngusatwanngiaelusaslsamenunaqiiaingnl anniaalnenining
a d’l A dl ¥ I8 aa o a dal A . .
At lunszldlaen a4l dnsin1sanasen 1sAn@a lNIzwalaanm N International Sepsis
Definitions ~ Conference faufuln1qgInanedunaunanugfasldsunisnaniaanwuy s
ABLiled (intermittent hemodialysis) lagldRanuninglnanadunay RIFLE criteria 192/
AINNTULIN F (failure)

2. dNABNNENAIDENATNULILILAY block of four randomization NeuLiLszang

o o 4

@ oA oAy ad = axl )
aaniilu 2 nay ﬂ@ﬂ@wimumﬁﬂmmummﬂmmmﬂ@mmmmm'ﬁ high-flux

hemodialysis (NgHAILAN) uazNgNAlAFUN1sWeniAaandaeds  on-line  hemodiafiltration

(Ngu intervetion)

3. WEeuauns19nans IL-18 waz VEGF aannisnaniaan lutlszainsisaasngalu
stlaa4 clearance study TnainsiiusaagnuaaanauLazndINIIWanaen Laziiusaegngmn
AlFannnisnanidan (effluent) M2991M12AUAIHNENTLIBIENT AU UERNIINITUTAZNT

as A :l/ as]
(clearance rate) 18433N19WBNARATNADITD

4. Pvvinazalnanisise

1.7 aN’NTUIAIUAsaE99H (Ethical Considerations)

- mslidayaaudievranisidnladluatsnuazfindulaatedasylunisliany
guganid1ganlunisiay

- s lesuANNEusaNTluANE AN DI NS (Informed consent)

o Ry = = wad a9 o 9 @ o = o
- ﬂﬂﬂuﬂmiﬁ@qﬂﬂq?ﬂﬂ‘]ﬂ"] ?Qllﬂ\‘]ﬂﬁ‘:qmmLﬂHQﬂ‘ﬂ\‘]ﬂUEﬂ"JﬂqggﬂLﬂU?ﬂ‘]ﬂ’qLﬂuﬂQ’]N@U

=8

TnuAntlats@nsaasdihailudAny uaznisiiiauananiddae aziiluningausesnisAnm

KX o

vene Wididudeyainauemayans  wazuuntiuindayaliddayanainnsnszyteo

Bilael
al
i

=] d” 3| =K dl ° v o [ %4 VYo A 1
- nsAnetiilunisAnninn lufilaandaousaniudeqldiuntseniaeawuuly

Aallaasedanisanidan on-line hemodiafiltration WAZAS high-flux hemodialysis #9nN1T

(%
ada

Waniaenia 2 Taiidugduuunisaniaenninisldegudafuilszdnaesnisaniaenly
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¥

[ aa dy o 1 c v
glhaniniazlnzeieialsnls lsananuiaainasnsal ananiaialve nelsnisgua

a

aglndTnaasunnduaznarunafnTaaudnuiy suieiduudelidfisneaeuniain
v 1 v dl Yar A 2 aa o 1 dl 1 a
nazwnsndenlar defiaanlafunisenidendaedsaenans Tamremdaelsaladinisnea
ANLFgnsastilulszannninen e il nlasadaiudibanininge usniniaay
a dl a A v o P4 o Y Y a o 1 v
Hanannle o) Zaiaannisneniaen negaduarlinisguainufidnsnidaedglnddauas
fuegauAnldans
aal A . . . . ac . . . 3|

- An1IantaaAluY on-line hemodiafiltration Wa¥as high-flux hemodialysis 1l
aal A dl o rd‘d ZJ/ aa d} s dld 1
Fsnneniaennainsnadnanslainanetinaieaesds deanslalaanasliduaisndagunn

a o [ % dl o % o a L a dglJ A 1
LAZHNLUNUINAN ﬂfy%%ﬂlﬂﬂﬂﬁ‘ﬂﬁLquﬁ‘ﬂsLuEﬂﬂfJEI[ﬂﬂ T luNTTLARaALE RS

1.8 YA’ MNAURINIGIAE (Limitation)

=

= pringy ao X oM v v A '
N@m?ﬂmﬁﬂmmﬂmm‘wu @qﬂq?ﬂﬂﬁzﬂqﬂﬁﬂﬂﬂmL‘WENﬂ@‘NQﬂQﬂWN@’]ﬂqﬁ‘LLNﬁ:uLL?Q

1
=

Lﬁmmnijﬂwﬁﬁmq:m@ﬁmL?E'alum:mLﬁﬂmﬁﬁmqﬂmwiuwﬁuéwé’w GRFRENESTIaRE

venideauuyline fleiivedlnifiesldi dounitdeciannsialiressennauaslsaitlsl

FULIINN
fulaefhdunguiszannssnetranawiugdaslureslsanauiaqinasnsal

AN nTe el

1.9 ﬂix‘ﬂﬂ‘ﬁﬁﬁﬂ’lﬂ'ﬁ’ﬁs‘lﬁ?ﬂ (Expected Benefits and Application)

dl (T Yo
uanAadnilagas sy

% [ -

Wintlszansninlunisguanisineninglanadunaunduiusiuniaznsfinime lu
A
NITUALALA

= . vo
N@Wﬂqﬂﬂﬂﬂ_}ﬂ@ﬁﬂi@ziﬂﬁ‘ﬂ

(% 9 o o [ as A . . . .
1@@’)’]3\12 ﬂ'ﬂwﬁ’]uﬁfy@’]ﬂﬂ’]??ﬂ‘]ﬂ’}ﬂ'JEIQﬁﬂW?‘V\I@ﬂL@“ﬂ@LL‘LI‘LI on-line hemodiafiltration

a3 high-flux hemodialysis Tugtlhananinglanadunay
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NUNIUITSUNTTNNL AT DY

o e

nglnaedunau (acute kidney injury; AKI) lunnazinulitias uasdigiFEnisnl
WNgaulunAzseiiaunn [11,12] dsznnnufesas 5 D9 20 aasfielunedileedngnasi
nazlanadunau  Inefesar 4.9 anfludeslasunisdnenauwnulea (renal replacement

o @ R Ao A aa L v > X o

therapy) AnLlunguiilaenddnsnis@adinganinninfasas 50 7198 A1MEUANTAINIS
Wanazlnonadunau 1eua nazfnme lunszuadidasn N19EIAaen LazNIRANTaz RN

= 1 £
AINANTVTR697 s

Iuﬁ@fvgﬁuﬁm?LL‘].i\ime::1m*w;|f§1_|wzﬁ“umm“&mm?m‘@wmim (glomerular filtration
rate, GFR) Nanadatinasaialuszavinaniludalueizedu [13,14]  3anq1 RIFLE criteria
519 2.1 N199719114284 LN AR AIUTAN TN TLIBITEALLATATIY (creatinine)  luAaAT
nnndnFeiay 50 ansrauiugiuneduiulianneeniaglnanedundu [14,15] wil RIFLE
criteria @8Ny 5 sxey TouA (1) risk; (2) injury; (3) failure; (4) loss of function; Wag (5) end

. . = ¥ o ' . :J/ -lf U
stage kidney disease wazin19iaRe L TA91 AKI uni ARF (acute renal failure)  7iail 19
A1 ARF - Tudlaelanadundunandudacldfunisinemaunulaminii [13-15]
aeialafinn lunenrlfiRdensldandn AKI uaz ARF ununiaglaoadunauluanumuie
NndAeeiu  Dawdan RIFLE criteria aziimanuiieanss (validity) 719 wazldsuniseansy
annangsunneialan weiluszazsannidfiaualild AKIN - unuw RIFLE  criteria [16]
AN9199 2.1 lunnsudeszaznnaglnanadundwiaiinaaiula (sensitivity) 289 RIFLE
criteria Inauusin i ldAn1adasuntasaesssauiasituluiaaniie 0.3 Naans/ ATaRT
Wl AKI s2e1si 1 (Wauwindy RIFLE-risk) [16] uwanannil l AKIN criteria flaldssezinani
48 daluafludaninuadndle AKI (wWreuweuduly RIFLE criteria Aldszazingn 1-7 4w)
wazanlinnglasunissnemaunuladly AKI svasd 3 (Wauwindu RIFLE-failure) d9lunng

[ %

Adeflar1ldian1uue RIFLE criteria LHUnan



GFR Criteria Urine Output (UO) Criteria
Increased SCrx 1.5 or
GFR decrease > 25 % or U0 = 5 ml/kg/hr
Risk absolute increase in SCr x6hr
of 0.3 mg/dL
High
Increased SCr x 2 or UO < 5 ml/kg/hr Sensitivity
Injur
ary GFR decrease > 50% X 12 hr
Increased SCr x 3 or UO < 3 mbL/kg/hr
Failure GFR decrease > 75% X 24 hr or
or SCr > 4 mg/dL Anuria x 12 hrs
High
Persistent ARF = complete loss Specificity
Loss
of kidney function > 4 weeks
End stage kidney disease
ESKD

(> 3 months)

51# 2.1 AN3AUNTLFLUN IS LNAURIN RIFLE (RIFLE classification)

2.1 NAURINIIEAALTA I UNSEHALARANN AR LA

a d’l = 1 % = . . a é(
naginmalunIzualannaz@Inall GFR  anad Lasinioy oliguria tNAYUAINNIT

al

UALRUAeadLEnYy tubular ¥3841NN19E acute tubular necrosis (ATN) gu#1 2.2 &ai
anwBdouliniu1aINN1ENIINAEeR LaznINanmagLEel) tubular TRelanIzLFaN
S3 segment waz medullary thick ascending limb (mTAL) MilusFnouiimaduaAanNsiadnig

NAWIUGY ANNAZINIINMENsIRRenRananaaziinlignisqrydedszqareaiaad (cellular

1 1
aa

. = o dl ] . = | a =
polarity) LATHNITINIANEITRNLEIAYAIU typical brush border FiluLiTanITuaniUaau
2849417 solute  WAT water  transport  nalnyianuaildenasinsanisilagunlas e
adhesion molecule (intrigrins) LL@zLﬁmmﬁ?LLﬂﬂﬁfmmLﬁ‘ﬂ‘]_c!vmarmn basement membrane

1 ! !
uananil wemadnugaasnidng tubular lumen asandaniy cellular debris uazlism



Tamm-Horsfall ¥in1#ifiAn19a314 cast aua1ain19gARUAATY LATAINARBNIINULIY LA

Hanasunau [17]

ANSI9N 2.1 N19ALUNTZALNNNE IRIsdUNAUA1N AKIN (AKIN classification)

Stage Kidney function Urine output

Stage 1 Increase in serum creatinine < 0.5mlL/kg/hfor 2 6 h
2 0.3 mg/dL orincrease to
> 150-199% (1.5- to 1.9-fold)
from baseline
Stage 2 Increase in serum creatinine to < 0.5 mL/kg/h for 2 12 h
200-299% (>2- to 2.9-fold)
from baseline
Stage 3 Increase in serum creatinine to <0.3ml/kg/h 2 24 h
2> 300% (2 3-fold) from oranuria 2 12 h
baseline or serum creatinine
2 4 mg/dL with an acute rise of
at least 0.5 mg/dL or initiation

of RRT

5191 2.2 nenBaTIIneIreInainn1zlnedunauaInnIILInLaen [18]



atelafinn lutlaqtiumedininzinaelunszuainandenasalninunalnnig
WeNBaTIINEIVAan Ae n1sldsullasestFunnudenn ll@esiln (hemodynamics) $anfu
m?@lﬂ&lﬁ&m@iﬂ autoregulatory  pathways LAim endothelial ~ dysfunction,  coagulation

abnormality waz systemic inflammation Ineinnsnszgunisaineanslalaaned, immune cell

=]

recruitment  waziilaaun IMIAAN9Y procoagulant  state [19] g% 2.3 sauvienng
wlasuulasnszuqaunig oxidation-reduction wa catabolic-anabolic activity auLNeLiANNg
evaeslnanastazaaunaliiiianindsangaduasiinazinaaus 1319819199 88AA

[-3 A ] a a
LAZINAALAAANNIUNALNFATNNN

519 2.3 nalnn13fin endothelial activation waz coagulation abnormality

(ICAM-1, intercellular adhesion molecule-1; VCAM-1, vasocellular adhesion molecule-1; IL—1B, interleukin—1l3; TNF-Q,

tumor necrosis factor-QL;)

o o 6

ANINLIARANYRA AT UL AN IR g R UNAUNE NN USAUALN 19T e 1Y

A . . :j/ o o oo d‘
NILLALABA (sepsis-related acute renal failure) Wuaz@uWusiy (1) naidasuidaseey
runnaenn ldidesln (hemodynamics), (2) AMNEALUNFYRIVARALARATUIALAN
(microcirculatory dysfunction), (3) ANNRALNRUBINILLIUNITUIIFIIDILAD A (coagulation

abnormality) ag (4) N98NLELLATNI9ANE (inflammation and apoptosis)
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2.1.1 msidagunilasrasifunaaaanlidiaasla

2.1.1.1 mavlAasuuilasuas intrarenal hemodynamics

nnzaudulaiinsninliin autoregulation 184 hemodynamics Tula vaeniden
afferent arteriolar aznARMAINA LENIANIIAARITAY capillary hydrostatic pressure WazaNin
perfusion 284 capillary beds 7lMiAAN1IanasLeY filtration surface WAZLAANIZLALNNS
reabsorption U84 interstitial fluid Lﬁ’h@j capillaries AMHNNN u@n@’mﬁ N@@’]ﬂﬂ’]ilﬂ?\l‘m%umm
1091@8asn1 197 extracellular  osmolality ALdLaAaNITIARe I8N aNANNIAd

(extravasation)

2.1.1.2 ansauANNAULAin (vasopressor) WAsNIELANLRUNAY
Tuanugiifia hypodynamic septic shock $19n1aazld@nunsaiis systemic vascular
resistance Tawel s denaliinng pressor desensitivity WAL refractory hypotension auly
a1u170iiA autoregulation  luadanzd1Atyld nneld vasopressor azinliAa systemic
. . ] [ o a dl v A dal o o [ %
vasoconstriction auganIsaINnsnAsEALANNAulaangenaliaenllievadaavddny

sinee iagene b sanvisnisiiaLFunnsaen lidesiila (renal blood flow; RBF) [20]

2.1.2 ANERUNAURINRRALADATUIALAN (Microciculatory dysfunction)
2.1.2.1 lunsnaanlds Buna (nitric oxide synthase; NOS)

Junaziilnanaiaenaziinag redistribution 484 RBF anniisians cortex lflaléatifiany
medulla 31NTy Lﬁ@ﬁ*ﬂmm@@ﬁmm?fzﬁumﬂ%mu‘luﬁﬂLﬁl@‘iﬁmm renal parenchyma 13
fANALANNTAANNINNIULEN tubule A9 NN9 redistribution VRARBARINANIGINA LERNNT
a519anslusTneanloAudnn medulla [21] shunalnnisa¥raenlesd inducible nitric oxide
synthase (iINOS) ﬁgﬂﬂixﬁuimﬂﬂmmﬂﬁmﬁm pro-inflammatory, tumor necrosis factor
(TNF) wag interleukin (IL)-1 3919813 endotoxins Fne7) [22] ¥l aannnsRnswLdanas
dusaienlsal NOS avan RBF luanziranuduladin mean arterial pressure (MAP) Fau
vnlianuAgIudn INOS e1adiunuanlunisineannataes RBF luszudnaisneneiniay
Aufulafinaannnsinlsiinnsenafaveaeniaen afferent arteriole  atinalsfinnu lu
A3 sonUEi ANz IvaiaesiannLdaniila (renal vasoconstriction) & %ﬂ 7
fnnsa¥raeulad INOS 1ilesannuasaseulo:d INOS a1atfasniiuasuainnae systemic

vasodilatation ﬁ‘ﬁ’ﬂﬁﬁm renal vasoconstriction 13J151'
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nsfudaanlad NOS azduwusiunisiia glomerular thrombosis LWAZNTAARIUE

creatinine clearance (CCr) TasidiaqdndunusiuAnaNiTA antithrombosis aadwawlal NOS

q
i v
o

v v
nlldudalfisensendnadaidensnouaziaad endothelium  sanvisdiuganalnnisinizngs

fuaaananiaen (platelet aggregation) [23]

21.2.2 n’l'iﬂ's‘/’mﬂ’l%‘gﬂﬂa’m (soluble and local mediators)

Endothelins i1 potent vasoconstrictor ﬁ'm%\ﬂmﬂmd endothelium, mesangium
uwaz tubule  HNUNNINTERUIBNANTIEINAEINGN pro-inflammatory 6197 LW TNF, 1L,
vasopressin Wag angiotensin Il (Agll) Liusiu endothelins M IENANIVARIIRINADA
\@an afferent waz efferent arteriole mu%\mfmﬁmmmmﬁmqLeﬁ@@‘ mesangium agNuIN
mmlﬁﬁmm?ﬂﬁzﬁumm%"m platelet-activating factor (PAF) llas thromboxane A, (TXA,)
11 mesangium ua endothelium ATNANAL yananE endothelins £laaisansfnnlsiAn
NN99EN8ATIaanLaan U prostacyclin, lusian aanlis (NO) waz prostaglandin E,
\lusiu [18]

lalnaney  definishndelunszuaidenaziinianszdunisaianslalnaneiing

[

lipopolysaccharide (LPS) Miazlilsusia waznszsu Toll-ike receptor (TLR) 4 RINANAL

1
a

[24,25] gUn 2.4 nisaduanslalnanaaiin cellular waz humoral 2@9519n 8 luN19EN

nsnaalunszuaidenil Wuiladady Sy TiRanT e ueesedaazsine Tusenieue
ad (cytokine-mediated  injury) U Imaadlngae WL4NLIA8 mesangium &
unumlunisaiianslalnaneings pro-inflammatory s WA IL-1, 1L-6, IL-8, IL-10, IL-
18, TNF uaz PAF iludu dwieniuimed uoule fianunsna¥sanslalnaaiiine Huss

% %

nnezauRng LPS [26] wanainil awudn LPS amnsanszsu PAF, endothelin-1 uaz iNOS

&l ]
d' d' o Y a . @ . o %2 o
TaLilasNN1 1N A vascular resistance WAXNNTLNAERLAAY endothelium N1 MAN1199N197%

193lAuaz RBF aAaININN3ANAWAANN9E oliguria tH lunga [22]

2.1.2.3 N15N5EAU endothelium

N19N92EU endothelium iipananslalnaiallunszlalaanuay activated
complement  @ailuna bnuanlunianianiaglnanadundunduiusiunisingelunssua
Ran  n7lasullasutinnaas endothelium Hazifluigasnaulinnlinnsad1eanssianana
dd 0 . . , , 2 Y X
Mneadeaiunisaniay (inflammatory mediators) Wis@1  N19N36U endothelium Hidunng

AOLAUBIARLTE pathogen 2893 9nteiiptuluszazusn M ldiRn1swilantin activated
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uaz adherent neutropils NILFMARNIENIELLALRATE  TATIMINANINIAUTIRY
endothelium WU azdanaliin endothelial dysfunction qAn17a519417 vascular
endothelial growth factor (VEGF) NN LL@::Lﬁmmﬁ?QﬂalLﬁﬂ vascular permeabilty IGERY

capillary leakage A1:uN [18] gﬂ‘ﬁ 2.3

gﬂ‘ﬁ 2.4 nsa¥alalnaneinnug lipopolysaccharide (LPS) wag Toll-like receptor (TLR) 4

2.1.3 ANl nAaInsEUIUNITUEIAIURILARn (coagulation abnormality)
a cadl a d’( [ % A a dgj = a
ANAAUNANIRATUA LA aen1ed tn lun19zAame lunssuaden wananniinain
N9 infiltration 489 mononuclear cell aWAAN microvascular thrombosis WA WUIINIT
WiANNsazdnaed fibrin luvaanlaan capillaries 284 glomerulus @119 1LAA
thrombosis oiuiu [27] Iaganuinlnfsanaiadaliladadaasnldnndngauannniside
au@@ﬂ‘mm endogenous anticoagulant pathways Fetlsznevusag heparin, antithrombin-

tissue factor inhibitor Wa protein C ansinel [28] gﬂ‘ﬁ 2.3

2.1.4 N1SANLALLASNISALURILERR (inflammation and apoptosis)

Wadnsismalunizidiann s19n1eazinan1Inalduadlnanisad19ans lainaiend

v
o 1

¥ 1 4
VANgH pro- waz anti-inflammatory AW NAAINNIIANEINLGINNIANTIUIDIANS lalnAne]

% v o o a

waHANAUS LSRN BRAYANANINLATIRETAR [29]  uaTRuANg IunLdIneinldeEAy

o—

Adnduaasanslataaeiflunszialnonanas ANRUSTUARIINN370ATINTIGT AN
UpdAtynneaid  nnaAnelu the Recombinant human protein C Worldwide Evaluation
in Severe Sepsis (PROWESS) WUINWAINTT I recombinant activated protein C (rAPC) N1

v T o

Tszdumnuidudunes IL-6 lunszudidenanas ANRUSTLERIINITANERanAs [30]
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AR uN13AnE 1 the Acute Respiratory Distress Clinical Syndrome Clinical Trials
Network szdunaudaduans IL-6, 1L-8 uaz IL-10 lunszugidenianasduiusiv low tidal
volume ventilation setting Wa¥ nonpulmonary organ failure ‘ﬁlﬁ@ﬂm [31] aei141l3nmN na
antagesnnaAnEn il 14y primary outcome 289NTANEN
seaupesanslalnaneflunscuaiaandunuimddnylunisnsedunisniaaesiaas
(apoptosis) N13ANEN IUERINAALITRY Imai WazARLY [32] WU4NTEAUAINNENTuaed IL-8
lunszuadeniigeiuiusiunismesessadifiey tubule 2eslalumuiilinistasmelauuy
“lung-injurious”  ventilation  strategy Lﬁﬂuﬁuuﬁié’%m@mww%LLmJ “convetional”

ventilation strategy wazwu31n15 13 antibody #ia Fas ligand #aiilufansedunisiianisnie

]
4

1eaRazyin WgadiEey tubule maanas Anliagdlfdnssduaannidnduaes IL lunszua

AANGIANRUSAUNIAEU99mas Uaz Fas ligand HununméAylunisiianisanases

AR b AKI

=1 s [ v a o @ e a & a
2.2 MsnumIraInzlanaUNAUNANAUsS A UMSAnLTalunszuALA A

o [~ dl 1o o ! o o dl o/ o 6 o a d’j

deldiflunnauwidalutiagiiudn nazlaedundunduiudiunisismelunszus
= C X o . S A ey A aa a &
inentuiszayN1sWWEn (recovery phase) agials luanmnidedngilaesendiinainnisfiaL
TULIIUTANIE multiple-organ system failure (MOSF) 1 n1sineuaastaaznauifuilng
wAaINnMsANEINLIN Feeas 40 aaedilaanguil aziinnsinauaeslnanadatieninsienan

° v 4 o ¥ Yo % d‘

anlsanenua wararuaugilbandifessy 14 andusedddiunisinenaunulaiiienan
anlsaneuna [33]

dl 1 =2 dw o v 1 dy ¥ KX o dqj o
fl’]’]ﬂ”lﬁ‘LL@ﬁN‘V]‘]_N‘Ll‘ﬂﬂﬂ\‘iﬂ’1’)5‘1/\]‘14!,[51']‘I.I‘ﬂ\iilﬂiuﬁq\llﬂ”lﬂimqqﬂﬂ@‘ﬂuﬂ@’mﬂ@\‘i VNN U

¥
a a

mmﬂfmzimmfﬁuwa"mmmLwﬁlu TasfiloaazfifFunnilaanosninuninau RGN
?xﬁm@wm%mmwwuﬁmﬂﬂuL,Lsrjmmmm{tubule ﬁﬂﬂ?ﬁﬂt‘ﬁd’] cellular dediferrentiation
state  uananG lusvaviiasinnsuansaanaes epithelial cell precursors NMNNNELUND
N1 organogenesis (phylogeny recapitulating ontogeny) %l‘w'] faufuinnsiie cellular
proliferation, migration WAy differentiation etenumudiniiinnisunady Taeaniy

151904 basement membrane [34]

Y a

3 1
ANNANATUN9ARTEN lusza il AANTTARARWATN1IFNENT

o o o

NAUTAUNIITANUTNUD

'
al 1

) Al g o P an v = = o & )
TWNE LWﬂlﬁim@qu?ﬂﬂ@Uﬂuéﬂqqzﬂﬂ[ﬂiﬁﬂqﬂmmﬁ @q@‘ﬁNﬂq?ﬁﬂ‘]ﬂqiu@merﬁﬂﬂqwuqq

q

N34 insulin growth factor-1 WAL hepatocyte growth factor mmaam:rﬁjumﬁ\mﬁwmim
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Ifatnefiilsc@nsnan [35,36]  atialsfiniu nnsdnmi randomized multicenter trial Tugilog

== = a v v o ' v, .

ninzlannedundunegluveaniuiagiloewiniu wudinasli insulin - growth factor-1
14 1 ¥

Ladlfinlinnevineuaeslnfau windunwudinguinladfutuiuun iulsuuidaaacanas

wazil GFR AMNINgNAILIAN

2.3 nesnendszAulseAaIn1NzlANEAUNAUNANNUSAUNISAALTD L UNTLLALADA

v o
AEN1SNanNLaan

a

nsinEnaunule waznszuauninliiaenlTgus (blood  purification) 197

q

=

o o -dl o o a dqj A & -dl
mq::immmuwmmw wusnunaznsAamalunszLalaan Naatlseasming (1) nALNUNIT

9

o dl o Co a a % v a dgl o [~3
neuaedlaianas (2)  Fnunangatmiedzane (3) nezfulimiianisusnnaslalneiio
uaz (4) AauduassiaiANAuIeNIeEia humoral response Ndsuasials  naznisfnLTe
Tunszuaidan liidnazag lumanuunngues septic shock, severe sepsis Wsa MOSF dauiilu
a aa dl 1 VN a N % [ % o 6 o/ o = dl
anmpaasnndadiannuteeludiliaveaiunadiaaniin AuiusiudnnisAsasRend
3 Eli/d v

Tl LL@szlummeﬁﬂmmmﬂﬁmmqﬂmmﬁuwzﬁ“uﬁwuﬁ@ﬂ [37] " WHKLAURI1NNY

Taanadunauludiloamin (AKI in critically il patients) A filndiAsanazinay
g1 M unuANuNgnE I fUnAUN AT Us A uNNsRA e luN I LaLARn  (sepsis-
related AKI) 181 [33]
mﬁ‘ﬁﬂ‘h’ﬂﬁjﬂw 1,753 A1 Tu the Beginning and Ending Supportive Therapy for the
Kidney (BEST Kidney) study [38] dstflunnsdnunlunguiilaenininglaanadunauin
ANuEAUNSE LU (acute critically ill) A115199 2.2 wWudnHgTANNsaINIafinN19E
TN UNaURd TS U AR e lunIsuaiAeni 833 aw (Fauas 47.5) Tnadusiug
[ % [ % aa dl % ¥ dll 1 a o a 1 dl a dal =
udnwugnpaingsasldiaTasdaannala daausulaiialined Tsnsnmaiaanuguuss
11N wazn19léiu vasoactive agents  andayanudilied oliguria  DeFenay 67 uaz
grifin1sninisdedinlulsanenunageisiesas 70.2 wWeauiauiugiaanlidininznissia
dalunsyuaneniasay 51.8 Anwl odds ratio (OR) 1.48 (1.17-1.89; 95%Cl) aginglanma
1 o o -dl o o 6 o a d” A = v é’ o ndl
wudNElRnadunNAUR R US AN R ae lunszualdan Tuua THNn Wi aaa laf
= ] A v dl |
ANdn uazanunsouganisnaniden ldilediiaaanainissnwenung
nsAnelu BEST Kidney study shanudnnisneniaenlunisneniaenuuulusfeiiia
(intermittent hemodialysis: IHD) finnnzAusulafinfnsewinaniswaniazaauinndinis

WanaamLULFABLIeY (continuous renal replacement therapy; CRRT) 04 2 win (3aeiay 24
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WAz 1.1 MINANGL) [38] Lmzmjuéﬂwmé’?ﬂmiﬂ/\l@ﬂLﬁ@mmeimﬁmmmmuqmm@
enidenlFunnningudilaeildiunisandeauuyllseiies %\11 fiflannguuseaaslse
NN ﬁﬂ%\imﬁmmxﬁmﬂmmmﬁﬁ logistic regression analysis Wu31n1INanALA
Lmum'mfimLﬂuﬁ@é”ﬂv‘iﬁmﬂmiﬁuﬁwmimﬂwﬁﬁmﬁﬁﬁmmmﬁﬁ (o = 0.001) Tned
Anednunndnsenidesuuyldseieslszunm 3 wh WHUDANSING 2.1 deandes

fUNN9ANE randomized control trial AauUNENTUeY Mehta LWAZANLY [39] N9181911491N13

o o o

WaniaesuuuAaliasduiusiun1siumiaaesnedeldadrAnynatanauiunisaniaas
oA “ o o d oA w
wuuldsialiias (NManen@esLuuseiiavlTaumausunsanidanuuylisaiiias uies

Az 92.3 WAz 59.4 AINAIAL) A nuAngawianatiameastlddinisaniaenuuusieiiia

1%

! v a o a ° I A £ { o o o db o

AaliiannzanusulainasendnanIaniaantiaanaen LL@Z@NWHﬁﬂUﬂ’]?WHWﬂI@Q1I§]
! A [ Y

unnanneniaesiuL limeiiag

agdlafinu mnfiansaunaindeyaiugiu nudinguusransueaisasinisAnmili

o Ly

griRnnsainaianrlaadundunduiusiunnznisisdelunszuaimenlinedeuay 50
4‘ 1 Yy a ! L a dg/ I ¥ i’/ 1% )
geanaliainnn esunalunguithefnaalunszuaden ldvioiun  wazdiuinfiaisun

o o =

= . Ao o ' P A |
AINNN9ANET meta-analysis [40] V]ll@%sluﬁ@fﬂuu ‘W‘LI'J’]FNMNM@ﬂﬁﬂuLWﬂdW’aWﬂmqﬂm

a9
v

A 1 dl G A [ dl v a 1 o al a [~
AnsandaALLLAaias wrantaniaasuus lddaiiaciuandiiy Tnaafanineailssif
o 2 = o 2 = \ \ = \
prun1sdlasaninginslunisneniaeauuLsalilasninINng) wAAINN1TANHIA1EA
wudnfutladesananadusladeianizusazanitiu  delugdnriunldauinaasnisaniaan

AAAINNT 20-25 Radang Nlaniy/ dalue Aazwudiinigldninenngy lus1gainnisnan

o o 1

wanuwunlisioned [41] Tneagy luilaquiudsldideysativayuinniseniaenuusieiied

¥
=

A [ dl a 6 o 1 L o dld a = 1 o
mmmuium@Luﬂmﬂ?:‘ﬂmuﬂun@uaﬂqwuﬂmumqmmLmﬂiuﬂizmmmﬂmﬂﬂu

24 wasasTULYRANNUARINSSNEIMawnulalunzidalunssudidan (Potential
immunological effects of renal replacement therapy in sepsis)

tlaqtiunisAnsneaiunisfiamalunszuainen dadulinaiwnaesnisiin MOSF

14

fesantennazlaonadundn wudiuenaniladeniasiiu hemodynamics W @159 7

1 1
a b7 o o 1 o o

Weadasiunszuounisdniay NdsuasessuuiAniuaessaniafidunuinindldny

q

1 1 v 1
Tnaannzanslalnana uasiananesine) Mngedesiunisfinige (septic mediators)  @9lw

AN UATILAY A19TUARENNTnAYANe AR 1IN (soluble  mediators) L1 azanelu
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naranle  waziindngunuanstannidullddinisednatsman ity duaaudndu

lunszudlaananaaiugdanansasanieinesn

] 1 1
A15199 2.2 Ansnirdeyaiugiuredthelanenldfunisinenauwnulalunisfing BEST

Kidney study senananguiilaeniinnsfinmauazldinisfissialunszuaiaon

CHARACTERISTIC TOTAL SEPTIC NONSEPTIC P VALUE
(N =1250) (N = 596) (N = 654)
Age (yr) [mean (SD)] 61.6 (15.4) 62.1 (15.4) 61.2 (16.6) 0.32
Male sex (%) 64.6 64.9 64.4 0.86
Weight (kg) [mean (SD)] 75.3 (18.2) 75.5 (18) 74.2 (18.3) 0.78
Surgical admission (%) 50.6 42.5 57.9 <0.001
SAPS Il [mean (SD)] 50.2 (17.7) 53.8 (18.1) 46.9 (16.7) <0.001
SOFA [mean (SD)] 10.9 (3.4) 11.9 (3.2) 9.9 (3.3) <0.001
Mechanical ventilation (%) 80.2 89.2 71.7 <0.001
Vasoactive drugs (%) 73.9 82.5 66.2 <0.001

SAPS Il, Simplified Acute Physiology Score; SD, standard deviation; SOFA, Sequential Organ Failure Assessment

WHUYRNSINT 2.1 Anwaiznsn inverted Kaplan-Meier uananisiugnzaslnainniozan
WwanfaeAtn1INananALLLARLEeY (CRRT) NandilawFauiiauiunisaniaasuuyly

piaiies (IHD) lufilaannzlannadunau
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a 1

ANNAFIUAEAALNNINARA LTS (blood  purification) fenAtiagie tne

q

©

v
[ [ %

ArilefennsmeLauestedsrULg AN TN LRensRinTeauliuesfanaifsndny il
dafuldineniadngangadnierzuunfAuiusianig (mmunohomeostasis) Taeisa
[42,43] g1l91 2.5 esannluszazusnresnsindelunszuaiden s1enmeasiinas
AALANANANE pro-infammatory innate immune response ﬁ‘ﬂﬂﬂﬂqz‘ﬁdﬂ SIRS (systemic
inflammatory  response  syndrome) uﬁwmi’fmxﬁnwmmumé’w anti-inflammatory
response G?f;lﬂﬂﬂz‘ﬁfiﬂ CARS (compensatory anti-inflammatory response syndrome)
et s lfienadndangaduesssungiduiulnaasduiusfunanisinenfia us
wntaeslisenieetlussas CARS wiuazinAN1ag “immunoparalysis” 294 GRAINERTY

N19NA MOSF

SIRS
Pro Anti
CARS
Pro Anti
Pro . Anti
Homeostasis

% o

51N 2.5 09aNAaEM19szULYHANTUINNNE (the pendulum of immunohomeostasis)

Q

SIRS, systemic inflammatory response syndrome; CARS, compensatory anti-inflammatory response syndrome

'
a

NWIUNT Ronco LAY Bellomo  [44] mmuﬂmumﬁg’m “peak concentration
hypothesis” §# 2.6 1Mn19adnanslalnAneiiuazianatsdu] ludaeszes pro-inflammatory
193n19RnTalunszuAlAen AaxandnIINITRAN s RNANIWLATIATRN  atinglafinn
a d’l 1 % v 4 o o o o ¥ v Ly o d’l dl
anuAg Uil A nd Ay dussdupnuiduduresanslainaneiuarianandluilede

(interstitial WA tissue level) ANNUANNNTAINATIN AIRNIMUNZLLLLIN ST AANTINE 9
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IAUFNNUN13I9AANTANTU (F8N91 high-volume  hemofiltration (HVHF) Waz very high-
volume hemofiltration #tjlugiluas hybrid therapy 16iun high-permeability hemofiltration
(HPHF), super-high-flux  hemofiltration  (SHFHF), hemoadsorption LWa% coupled
plasmafiltration and adsorption (CPFA) ilugiu sandenisliunlasupuaniimnianianin
uaznnaAilu adsorptive technique IGISAEY driving force Tunszuqunig hemofiltration
| v Yo v ¥o . & v aia py = Y '

fann AN Niaan1914A191 adsorption  iflunisldnne Wasannidenlildluaniu
semipermeable membrane UATLFIUIEIN1TIARTRUAL T I IARAAINNNINITLIUNNINA

LAZWINAY oncotic [45]

Extracorporeal modality

519 2.6 N1329RA1IFINA M INANNFAFIU the peak concentration hypothesis

ECR, extracorporeal removal; SIRS, systemic inflammatory response syndrome

s
a

anNAgINgiunIinRenliL3gnsdngUuuy Re “threshold immunomodulation

9 U

hypothesis” [46] gﬂ‘ﬁ 2.7 Tagualng Honoré asEandn “Honorl ] concept” ANNAFIY

[ % o

X | A A oo - X o o o
RUATZUUIHNT AR AYRaaALa1 VI WAaANAATHINAL Iﬁﬂgqﬂﬂqﬂﬁyﬂﬂﬁ‘gﬂu

|
A A

AN NTLaa9ds A suasfanateluiilelde (interstitial WA tissue level) WaNNNT
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YAGIHINAAUNITZAL “threshold point”  aiedazlilafudunseanansianatsdn

at19lafinn lunangdfumduniseiniaznaudnlugasszudenisaniaenilalaiiqn

o =2

o 1 ¥ 14 Y @ 1Y a o aa
ANNQATILLAT LLZ\]zﬁ@ﬂﬁqu@qﬂﬁﬂqﬂﬂqﬁﬂﬂﬂﬂﬂLLN6’1\‘11‘1/1Lﬁu’i’]ﬁﬂﬂ']ﬂll’ﬂm?']ﬂ”l??@ﬂmqmLL@Z?

°

hemodynamics ATwald HVHF  sanDasziuaudnduresassnatsluiieitioanas
audvszAvliiludunsesieiietie [47-49]  uianumg uiliaimnsnesunelidimelang
ANANHIUNANRNAUNUTLAUAMN TN TUIRIR17F A TUNAN AN TIAwINAN 1TWn1g
X . 4 . X 4 an - . v 2 e

WNTUNEnAinN1TuNURTa9IdNIFanadaniiatiavirall warimannanugaafinemns

o A o ax o . v A \
ﬂq?m@mﬂl'ﬂ\ﬂ@ﬁlm\?ﬂ NaNTEAU threshold point LLZ‘]Q‘M?@%J

519 2.7 113399 @19FINANMINANNAFIU the threshold immunomodulation hypothesis

ECR, extracorporeal removal; HF, hemofiltration

a4/ Alexander [50] 15!@1&@@3\13\156@’11& “mediator delivery hypothesis” gﬂﬁ 2.8
198 “Alexander concept’ Tunpuidndudecldisnisenidenuuy HVHF Geazlinalu

o o ] Ddé’ dl £ %; a 1 nI/ ¥ !
N1329AaN959NA19597 ALY Wasarnnisiasinfiunnman (35 anssiedalug) 1ing
franeazinlinszuatnwaes (ymphatic flow) WNTW 20-40 winanniAn deualinisuuds
AN3AINANY LaTaNs lElRANEINNNIZ LA IMABIAINIEALILBLEAAANNINIZUALRD ALNNTIY

1 v
(flow drag) [51] a@luilaqiimsudn wanmtaannnisadnanslilnanetiviangs pro- uas
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anti-inflammatory  4&9 HVHF £4413190247 endothelin-1 (Taifuarinauanaesnisiia

. a d” A . . =
pulmonary hypertension Tuszaizusnaesniazinime lunszualasn), endocannabinoids (T
Lﬂummmm vasoplegia LL@Zﬁqw%ﬂmm?ﬁN’mmm myocardium) Wag platelet-activating

inhibitor-1 (PAI-1) %uﬂummﬁ;mmﬂmﬁmmaz disseminated intravascular coagulation

£

(DIC) lun1azdnimalunszuaraan

519 2.8 N1939RAIFINANANANNFAFIU the mediator delivery hypothesis

ECR, extracorporeal removal; HF, hemofiltration

1 o

ag1elsAinin ludaqiiudeliivdnguatuayuiuannisninannigiulngnies

d49

NN mwmmmmuwmqnmqma‘mﬂmqﬂmﬂmmmmm vunRANTulaasange

[52]  WINAANIEUNIAINNA NN WNNENBATIINENT89ZUULILNNINWANIABABIANTNN UL

o [ % o

a vy [ ' ' = o ! 16) & a A dl
QN@Nﬂulu?’W\iﬂqﬂ ‘W‘Lmmmm:msluﬂ@ﬂ-guumuslumﬁlumm'mﬂmﬂ‘ummuﬂmsvxl@mmmw

o

ANN9I0AAA1TFINAN Y9 IUNGH pro- uaz anti- inflammatory aMnszuyluaRuNaeALADA
wazalaraasnanne 1eun hemodialysis (continuous high-flux), hemofiltration (high-flow
38 ultrafiltration), plasma therapy Wag hemoadsorption g @;ﬂium%"nﬁ 2.3 Uup

dl o 1l =3 al G U 1 A 1 = al
WasanndalidnisAnelsaumeauvsadennasian (consensus) Sguuuulawmiiandnvized
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Uselamiuinndndiu wazmniarsanneansdulyls (feasibility) wazainisalunisdnie

o DA = . . . . P o
‘?J@\‘Ig‘ﬂ’m RENUINHINLINITNANLIARALLL hemodialysis WAz hemofiltration nunsldee

u

wazgthaaunsndnngle

A1919% 2.3 ulsumaugluuuaesniswaniaani idulsyaludiaanaglaonadundun

@ o G a

v
FuWusiunqznisAaEalunszLdlaan

MODALITIES PRINCIPLES P PARAMETERS COMMENTS
BALANCE
CVVH Convection Ultrafiltrate Qg 50-200 mL/min | High Q . needed to
replaced by | Q: 20-35 mL/min achieve meaningful
replacement | K: 12-36 L/24 hr cytokine removal
solution
CHFD Diffusion and Replacement Qg : 50-200 mL/min | Limited data in
convection not required P.: 2-8 mL/min sepsis
Q,: 50-200 mL/min
K: 40-60 L/24/hr
CPFA Plasma filtration Maintained Qg 50-200 mL/min | Requires plasma
(convection) and P : 20-30 mL/min separation
hemadsorption
TPE Plasma filtration/ Replaced with | Qg :100-180 mL/min | Sepsis with
exchange donor plasma | P : 39-82 mL/min hematological
and other plasma-
borne humoral
diseases

CHEFD, continuous high-flux dialysis; CPFA, coupled plasma filtration adsorption; CVVH, continuous vennovenous
hemofiltration; K, clearance (urea); P;, flow of plasma filtration; Q,, blood flow; Q; flow of dialysate; Q. flow of

ultrafiltrate; TPE, therapeutic plasma exchange.

pouauaNtRdoulunjaesanslalnateinelugldass ldsausaiullemu (non-
protein bound) araeinlén WlwanaauiAnNaie (8-51 Alasnasiu) uarndrAtyragndy
aanaNFNNIEnele faapuantmwaniinlinszuaunis hemofiltration Wiazifugiluuy
o o e 1 o = o = P -1 = |
nalunnsrdnanslalnene] sondudwnuasivayuau Wun nasinmelunszuainenly

21117008 Ue IAPauANNNTlALNENUANNILAEY (one-hit model) WARANFUFaUNNLAEH
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¥ '
a K ] = o

o - W v o Ao A |
ﬂ’]?ﬂﬁ'q\‘]@qTVLsﬂImﬁf]EULﬂﬂsﬂum@Lu'ﬂ\?m@@@m@f] 1M1muﬁlQﬂ@ﬂdmﬂﬁﬁELII@EIIFIN%%@Lmilﬂl LL@$13~]

o
v 1

o = o = =2 = = y o P
A11190n19 N LREIATLAEY Aal AN zaniarldgluuunisadaanssie e
(continuous mode)  wananil WiasannnisRaalunsziaan A ndNRUSALNNNAN9Y
Tanadundl AUz uuu199n1999na1939A TR A INAIN TR TUNTATLIANTN LAZ IR LA

165 Toelidenamasziumusuiain

1%

aginglaimn nanaanfaeas hemofiltration  ARUAANAANARININITNANLADA
1 d‘ % o/ 1 v [ [~ a‘dl Ut
wuusawas warldninainsdaudisuan lddraziiluyaainsmisnisunneldlunisgus

FLUINNIINBNIARA WTRNIF AN THMALN LT NN Tunaniaasia s LN a4 Aaas

WReiNeane [39] A1519N 2.4 WAz 2.5 WALDNuEINN AN lENASAIINTI9RANT

!
=

ARNANNINNGA a1unrannlaengiN ultrafiltration rate Vi3eLa porosity 424 membrane

R

1
aal

@9 Ronco uazAy [53]  uuztidnannnalulatindag luilaqiiu nnsiiiy ultrafiltration rate
nazlddselagiunnnda Tnaaniznisiiuseay hemofiltration i1 high-volume
hemofiltration lNBLANEATINTUIAATABNAN elgin1sAne ludninnane uay
o = . a‘%’/ & dld = o o a ] :j/
n13AnE pilot  Tunyediulinans [54] warnisAnundapsanitiusaludu phase I
randomized controlled trial  widayaaNuaIENIIANHINALNLIINIINeNIAe AT
hemofiltration tiuldanunsnrdnanslalnmeflunszuadanls (53]  Deugdnazld high-flux
synthetic membrane (estimated industrial %198 nominal cutoff point 30-40 ﬁiﬂmﬂﬁu,
estimated in vivo cutoff point 15-25 Alamasiw; cutoff point Hanuann convention 71 sieving
coefficient  0.1)  uazNUdIN192IRANTEN) wanmllaainanslainaieifdsldnminnaes
wanaNH gHluuunisweaniaanyia high-volume hemofiltration Uax high cutoff hemofitration
faflugtunundasldninensuniyaaing wsesile wazAldanangannn
T v o A Y aa . oAy 1y & . oA
diuAeaiuiuNIIaniaensaeia hemodialysis Nfasldgtuuunisaniaansaiio
= v Qdd”d o dld 1 %
waznsnaniaenArLR s RNANAINNsD TuNITdRa N H TNanaru AN ula A esdls

L%

(= 4 o A 9y ax ) ,
13~I@ nwamauiunITWaniaaAnLas hemofiltration
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AN9199 2.4 W rauiaudenuazdeaaningeiinaniswaniaaawuyl intermittent hemodialysis

WAL hemofiltration

ADVANTAGES LIMITATIONS
Intermittent High clearance for small molecules Hemodynamic tolerance
hemodialysis Patient’s mobility Abrupt osmolality variations
Several patients treated per day with | Fluid management over short period
one machine Dialysis dose not predictable
Low or no anticoagulation, low Microbiological dialysate safety
bleeding risk Nurse training
Lower cost
Hemofiltration Good hemodynamic tolerance Anticoagulation and bleeding risk
Continuously adaptable metabolic Low patient mobility
control Frequent unplanned interruptions
Low osmolality variations (coagulation +++)
Better fluid management One monitor needed per day for each
Removal of medium-molecular- patient
weight substances Fluid storage
Sterile fluid bags Nurse workload
Higher cost
25 nsvaniaanwuylsifaLiaaaedd high-flux hemodialysis Waz on-line

hemodiafiltration)

nananidenuutlliseifiesdaedd high-flux hemodialysis Aan1sanideni s
ﬂimﬁ'ﬁ@m@uﬂﬁ high permeable membrane iQNﬁU?$UUﬂQUQNﬂ‘EZU')uﬂ’1? ultrafiltration
Favu srunasesdinnafausaduiiunn dialysis compartment [eaans1uILees
ultrafiltration LL@:;WJ‘LIﬂ&lﬂﬁﬂ‘ﬁ@’]?‘ﬁﬁ%ﬂLLVIHiSﬂ‘ﬁN’mLﬁuiﬂ uaziflesanndnunsiiiu
perculiar structure 284 hallow-fiber dialyzers N1lingzUaUN3 filtration NALITIILEIUAL
Y94 filter  WAIAR backfilration  MLFn@Iulane  Fetil NsTLUNNT diffusion  WAE

convection aziiATINAUAINHATAS backfiltration NUFudaulanall masked high filtration

v
Qddll [

rate ANALFNUAIUAUARIAINTAS NTNANIARAI TR INA A AN TUINALNUINIY

v v
ATLUNUNNITIUNALR AU filter Mnwnaln backfiltration
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A15197 2.5 Whsunsugluuunisinemaunulausazaiio

SCUF CAVH CVVH CAVHD CAVHDF CVVHD CVVHDF PD IHD

Access A-V A-V V-V A-V A-V V-V V-V Peritoneal V-V
catheter

Pump No No Yes No No Yes Yes No' Yes
Filtrate (mL/hr) 100 600 1000 300 600 300 800 100 1000
Filtrate (L/d) 24 14.4 24 7.2 14.4 7.2 19.2 24 1-5
Dialysate flow (L/hr) 0 0 0 1.0 1.0 1.0 1.0 0.4 30
Replacement fluid (L/day) 0 12 21.6 4.8 12 4.8 16.8 0 0
Urea clearance (mL/min) 1.7 10 16.7 21.7 26.7 21.7 30 8.5 200
Weekly urea clearance (L) 16.8 100.8 168 218.8 269 218 302 85.7 144-336
Cost * 1 2 4 3 3 4 4 3 2

TCyber can be used to automate exchanges, but they add to the cost and complexity.

11 = least expensive; 4 = most expensive.

A-V, arteriovenous; CAVH, continuous arteriovenous hemofiltration; CAVHD, continuous arteriovenous hemofiltration with
dialysis; CAVHDF, continuous arteriovenous hemodiafiltration; CVVH, continuous venovenous hemofiltration; CVVHD, continuous
venovenous hemofiltration with dialysis; CVVHDF, continuous venovenous hemodiafiltration; IHD, intermittent hemodialysis;

SCUF, slow continuous ultrafiltration; V-V, venovenous.

o o a Y aal . o . = P A ey

ANMTUN1INBNLAAAIEAT on-line hemodiafiltration umnAtiANIIWaNLARAN 1GN1T
Wanaenguuy  hemodialysis  §9NfU  hemofiltration  HuWFINgRINNAMANLF high
permeable membrane Mnliausnadnatsiiiuanaswialugls el ultrafiltrate 10-
15 @mssianianeniaenld naideauuuilsiasldansimaununiuangaduininaesgilos
(patient's weight balance) Tnaianaldiilugenanvzaszuuasulal

fugureenIsinniswenidenssuuildnszuaunisung (diffusion) BeadA8ns uremic

. a Qid [~1 =] 1 . v dld

toxin wmwmmmimL@qm@ﬂimmmieﬁumu semipermeable membrane AMNATUNNAITN
dindunnnldgduniaanududuion uaznszuaunisw (convection)  T913AANT uremic
toxins  AHATHIANATUIANAINAINNITEIUBANBIU (ultrafiltration)  uaziialunILA
132@n5NINN1339A41T uremic  toxins TR middle molecule lHNINTW  AINN1IREILA
aa 1 v al 2 é’ % QI o e
AEn196197 Wanuasniunszuoun sn lANInTu  Taueiafadinunsafy (positive
pressure) WIBLNNLINAIAA (negative pressure) NNAIUANIUN (dialysate) WFaN3 AU

= @ . ) . dl = 1 . . .
NALNU LAZANBBNNINANY dialysate sl,ugﬂ%\i ultrafiltration €9L38/N31 hemodiafiltration
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2.6 N19ARLANBININTIINENTRITNEFAagluuunIsHaniaan on-line
hemodiafiltration
naglanssunduuaylnineGesadudinatanisilasuulamiedainen luuans
seduda Idun Lsﬁm‘f%ummé’@mauq A UaeAlaen Lazedady HuAu Inglanizninie
8NNN3AINANIZ uremia MAAINNNISAZANTBIENT solutes ﬁﬁmmmﬁwﬁﬂiuL@qwmnumﬂ
waneidifEnus $nns19aannImentdeauuy standard low-flux hemodialysis fuating
WNFVANE Lwiuﬁamﬂﬁﬁmiﬂ?uﬂgqﬁmmﬁfsm@ﬂﬁlﬂmmu high-permeability membrane

vaal

aaln1sld38n sWen@amluL high-flux  hemodialysis WAz hemodiafiltration N3
udsanniu lundossed 80 Tl cold  steriization  Te4dNINERLNTELIIUNG
ultrafiltration  gszuLnnsWaniaan Tmﬂﬁ@mmuﬁﬁﬁ'éﬁ StyAa sterile WA nonpyrogenic
intravenous-grade  solution @uﬁﬂﬁnniuﬁ on-line hemodiafiltration  1fugtlutiuniswan
AendlFsun1steniu wazinsldetnaunsvane [55]  luilaqiiu nmewenidendaeda on-
line hemodiafiltration  hAaRzexufuiTslanllunguiiaelanaides fiuanainas
Lﬁumiﬁmmi uremic toxins LLZ’Q’QET\?L‘WIN convective clearance ﬁlﬁ’ﬂﬁ dialysis efficiency
Fadudae A mFudiayared online hemodiafiltration  lugjtlaelaanedundudalad
nsAnEn luseazidaadn sz lamiize lneednels  whainnisAnENazednIeaniaen

[

. . . . dld 1 a vy 1 = = e
WU on-line hemodiafiltration NUABDTISULNANNUTINNILNNTITAAAITAIADNNALNUN-A

o

(complement D) #dan1sWeniaan  dausdnnaniesuadnneslldnan  widunnsufu

b

' =

ATNABNNALNU-A HUNUIMIUNNINIZFUNITLIUNIABNNALNUWI (complement  cascade)
uaseffanszaunng degranulation 2895AABAT1¥TNRA polymorphonuclear cell flazsinlsy
WiAN1s8nLaLLazasauyaaaselugenig yanaNil flawudniinsanasreagnslalnanesl
ﬂzg':u pro-inflammatory CD14+CD16+, C-reactive protein (CRP), IL-6 Waz TNF-0L UAINN
nnanenidendaeiaa on-line hemodiafiltration et Faufisuntsenidendaea high-flux
hemodialysis [56] %quum?: naledN1INanLaan#leAa on-line hemodiafiltration %113
N19% uremia aAAY sALUANNENTUTasANslalnAsTlaza Uy ARy uNIzuALARARAAY AR
N2rLUANINN9BNLEL LN TAgIaNnE microinflammation sansielsiuansynLassialsa

sanvasdfilag [57] gul7l 2.9
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al a a ' =~ v  ad . . .
gﬂ‘l’l 2.9 N19AALARBINNTIINYIFBNITNANLABAALIT on-line hemodiafiltration

ROS, reactive oxygen species

2.7 gilununiswani@an on-ine hemodiafitration lunspdfinfiAsadasiumsioida
lunszuaiaan

Tuilaqifuniswaniaanfaeda high-flux hemodialysis Aniusnmsgunisinegilas
Taeaname e mu%\i;:Jﬂqamqzimwéfuwa“uﬁwuéquﬁumiﬁm%@stummmﬁ@m
58] annnsAneszAuANdtutes IL-18 lunszuadestesdilaaninylanesuwsu
FFunnavlenidendaniasnan wodmdeainniswanideniduszezion 4 Falug msaany
Filaafsraumauiduduaes IL-18 Tunszuaidenanasfenay 2.5 Alaniudedianang
wWrauieuiunieunisvanidaen  [1] dwheaiuniseni@andoadsnisWaniaanuuy
on-line hemodiafiltration ~ {NMFANHINUINNTIARAANT IL-18 nASlaFUNIsWaniAaa LTy
FLHULLINNUY 6 Lﬁ@usluéﬂqﬂmé@?\a 17 A flAnadgreanisaauutas IL-18- SAraa
dndulunszuaiaananas 76.77+56.9 WiAnfusadadans [59]  at9lsfinin aannis@Ans

¥
WU NN9AAAIUBITLA LA NT WD 1L-18 (2unlaana 18 Alanasy), IL-6 (1WA

Tuana 26 Alannasu) lunszuadenlinanseiuduiuseduanududuass CRP (au1n
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1 14 v
a K o =

Tuana 23 Alanasiu) lunszuamenaniinay v avsdinisasuudaslyluiiAnianaaiu
1l89a1n CRP  Hawialuianansening IL-6  uaz IL-18  uazdiladunisgnnazsuuay
| ) a9 ] o = 9 o v o
paLANEIsanInzsne Nadtaaaaiy [60] aseiadlulllddnanesssduminudnduans
IL-18 Tunszuaidannanasiilunaainnisa¥ie IL-18 Nanasnessingiloeieg
49/ o a =S a aa o A v ac .
uanaNi §alnMIANETMNAABITN LT UNAN NARRINAAINTTNENIABAAILAT on-line
hemodiafiltration  Tugtlhedndalunszuaidannininzlaonadunauinuiy 123 Al wu
ANRRALERTINITRATINGREAY 54 [61]
] [~3 dl a =) o v dl ai o 1 & o A 1
atielafimy iWearsunatladafiuauy AduRusAun1sneniden wudn
Use@ninmaasn1sdnedasaadanisaniaaniluy on-line hemodiafiltration Nuualvun
witlandnaanani@anuuy high-flux hemodialysis tdanaiflunisudnansaesdeluanaluny
Ang1 waznsilaumlasaessaudulaiiandesndn [62-64] vinlluilaqifudsldainnsn
agilfdn3snsWenidanuuy on-line hemodiafiltration lugilasndniazlaanadunausonmiu
ns Aemelunszualafimiuandniananiaanuuy high-flux hemodialysis W3ald  sauviael
laifinnsAnElTaueLn1519nans IL-18 waz VEGF s219193an1sneniaenyiadasian

o I | dl a o deldl = ada A .
AMMLURNAAINATD Wunuaesnisideinauladneasnisnaniaanluy  on-line

hemodiafiltration ‘lugilaenintnglnsdunduduiusiunisindalunszuaans wasann

1
[

Wuguuunisvaniae sl uaniifmuaeanszuaunsung  uaznswidmlinissdnues
a e A a a i’/ [<3 o 1 IS
Aauazanslalnanend Nisz@nininisansTuianasuinidnuazanianand Inandediad
A [ dl Y 1 A 1 dl % . .
AnsaNRnIsrdnansh ides lindintsweniaenuuusieileddaanszuaunis hemofiltration

[

wazdaunsnldgluuunisaniaeauuulisaiiasldonson  wenainil dafluguuunig

u

o

A dld k7% ] | o 1 v 1 ) dy dl % o
Waninaaninisldatsunsnanalullagiiuagude TneaniznguiiaelnEeisngdesiunig

S auNule

2.8 @193 RARENTINTNTRINIEIRNARUNAY (Biomarkers in acute kidney injury)
wanannazlansdunduasiiunaainnisaiiuaealsnsie ‘me:ﬁgmmuz’iq
F_quudf]Lﬂumﬁ'Lﬁmmﬂmmmﬁﬂmé’fmmvﬁ“@miﬁmj WAZFNEAILNITHIRANANE
1szunn oA n19lE@19NU59R (contrast media) ln1smngan1esad@anegn 13 ldeaRinge
Tnaanizenlunga cisplatin - nsendavaandaniiala (cardiopulmonary bypass surgery)
Lmzmishﬁmﬂ@ﬂﬁmimﬁLﬁmﬂ'\'sﬂmwﬁuwﬁumnquischemia reperfusion  injury

| ¥ 1 < =X L o = o o 1 1 ¥ 1o A
1lupu ‘ﬂil']\ﬂ?ﬂlﬂ’]il mLmqﬂuﬁwuu%umwmzuuﬂiumfamqnmwwmu WLAMENH
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1 |
a1y

A1 lEnNs NN ImasunauR At ARl Wesannlddauisansaanuaiiniaginone
v . 2 y do s . pad < @ A 4
unauluszezBuusn sufluscaznanlinanisinen ldangs aadunuivesaaunenaiud
aa o = [ % o al dl % dl A dgl [~
ALPIATIRATANITININARINE ImNadundulusra s U waziialdipTaaiaiiiily
AAGENAULRINIIANEINA NN BATIINEN10an 1T InN e A UNAURINAUNRFNST]  [65]
1HA9AIN AT NARENITINTNUNNTLAR AN HIRNIZIAZATULT I UN N AN T AN TNUA
widatlp (nephron) 1) [66] §U% 2.10 agUinguszasduaanisdnsduadiansiiadenig
= o o d'
FoN1NURINEIANEFTLNAY LanalANs19N 2.6
wananil a1sauadunisdanandsgniinunldiiu surrogate endpoints 499n19ANA
clinical trials WAL RURARNNNANIISNHINNZIAINEFTUNAY TIF1TIRASENITININAR

o/ v o a

FaaRANNANAUSAUNAN19AATIN (clinical endpoint) A28l [67]  ANHELLANNITURIA1IA

a o o [~3 1 F7N 1 A = al
ANTNAN®RLEAYR (1) HLddmsaledng i n1epsaden vizetldaanay; (2) Hdunaunisnsa

1
v o Y vl/LQ/dQJ

priv A oy ~ o PR ~
Nladududau anusansiadn ANANQLRENEqel m@”Luumﬂgumm@mm&rgm; (3) Hzuy
[ dl dl A 4 :J/ ¥ ¥ = T o
nsmaedannIIadauwaziIanals sanialdinandes; (4) Haanula (sensitivity) Tunsmeaadn
LL@:mmmLL‘]_i\‘]izc-‘Tummqw,mmmmmﬁ‘mqmaﬁﬂié’; (5) AANAUNNZ (specificity) LAz

anunsaulisaanesnazlnonadunduls; uaz (6) H31anldune wazaunsannlalunnuia

al a 1 dl nl/ Qi | aa o = <3
;a:ﬂ‘VI 210 U?L’JM%@QVU’JEiﬁW]M@Q@’]?VILﬂu@qﬁ‘qu@@ﬂ%qﬂﬂQﬂWWIuﬂqq?.Z‘LI’W]L'Q‘]_I?I‘ﬂﬂilﬂ
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AN9199 2.6 2BLUATBINIT ATIRNADENITININTBINTE IMIBFUNAY

Biomarkers are needed to determine:

1. Location of injury (proximal tubule, distal tubule, interstitium or vasculature)

2. Duration of AKI (AKI, chronic kidney disease or “acute-on chronic” kidney disease)

3. AKI subtypes (prerenal, intrinsic renal or post-renal)

4. AKI etiologies (ischemia, toxins, sepsis or a combination)

5. Differentiate from other forms of acute kidney disease (urinary tract infection, glomerulonephritis or
interstitial nephritis)

6. Risk stratification and prognostication (duration and severity of AKI, need for renal replacement
therapy, length of hospital stay and mortality)

7. Defining course of AKI

8. Monitoring the response to AKI intervention

Lo

ﬁlcjmmﬁmﬂimﬁﬁﬁm‘fﬂw’m%fmﬁwmmmq:imqwﬁuwﬁuiummﬂgﬁﬁ@m
unsnang taeanizn1s Ll neutrophil gelatinase-associated lipocalin (NGAL) L‘Wlmu@faf;l
nnzlannesunduszaFuusn wudn NGAL Sanuduiusiunisianinglanasundiann
NN9UNALABA (ischemia) LL@xﬁwmﬂmﬁzﬁ'qmﬁi@im (nephrotoxin) Tmﬂmmmmq@wuiﬁ%\a
TudenuasilaazudainnazlnnasunduluszazGuusn [68,69]  atirdlsfimu @1unso
A3anL NGAL ”Lmumfatz%'uj 16un quﬁm%mm@:uumqLﬁuﬁaquﬁ‘ﬂimzuuﬁluj
2189574908 (systemic infection) M’f'mmq:mwamﬂﬂﬁmmimﬁLﬂu@gjrifau (pre-existing renal
conditions) 1AL AN N1AUNL 1L-18 %uﬂuuﬁﬂumﬂaﬂmmﬂﬁﬂ@;u pro-inflammatory
Lmugﬁgﬂmwﬁ 21 WATANEIN 2.7 Warwudn IL-18 TunnnglmnasundussesGuum
fig¥19m1aNnL3ians proximal tubule fAMMNANIZARN1E AN ESUNAUANNAN TN AIAD A
uazgtuuLau 909 ATN fiail amaunes IL-18 Ae lddiugiunnslntess vianiasin
AevassrLmiaAuTaany [70,71] n1Tm39a cystatin-C lwaesidua1siiasanieianin
989019y monadunduanafiania fdanulaunlunisidadadnladl GFR anad uaz
ﬁuﬁuﬁ’ﬁumiﬁqmﬂmqﬂmwﬁuwﬁuﬁimdﬁ?zﬁuLm‘ﬁﬁu‘m@@mﬁlumﬁmﬁﬂqwﬁﬂ [72]
23”]1/15“/‘]_|ZQ’]ﬁﬁ@5?11’1"1\1%'331’]W"]Jmﬂ’VJ:1&1%’]Elf{ﬁ_lw5uﬁwudﬁﬁﬂﬁ‘ﬂf;l°ﬁuﬁluudLLEIﬂZQ’]LWFl?J’mﬂ’VJ:
TRnadunaud prerenal, intrinsic renal 39 post-renal R kidney injury molecule-1

(KIM-1) @41{l14 transmembrane protein Ainuli de-differentiated proximal tubule cells 1ng!
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agldnulunngnlnnianulnf  adnelsfnin KIM-1 Sannlaluniadadaniaylmansidas
n31 NGAL 38 IL-18 (12-24 dqlus wlsaumauiu 2-6 dalus lufilendsindanaaniaen
o o o o o dl A zv = o 1

wla muanay) (73] agUAnudnAtyaeaeseslatianie@annaadn1sinauaes ausay

1A 1A 2.8

weudHsUn Wy 2.1 a15lalnaneiiiimungy pro-inflammatory uaz anti-inflammatory

LASUUN E”IIN L@QZ\]; CRP, C-reactive protein; IL, interleukin; MDF, myodepressant factor; MIF, macrophage inhibiting

factor; PAF, platelet-activating factor; sTNFR-I, sSTNFR-II, tumor necrosis factor receptors | and Il; TGF, transforming

growth factor; TNF, tumor necrosis factor
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o o

A9199 2.7 anslalnAneifdusiusiunisinde lunseugiaen

Cytokine Effect Primary source (s)
TNF&x Pro-inflammatory Innate immune and T, 1 cells
IL-1 [5 Pro-inflammatory Innate immune cells
IFNY Pro-inflammatory T, 1cells
IL-2 Pro-inflammatory T, 1cells
IL-17 Pro-inflammatory T,1and T, 17 cells
IL-18 Pro-inflammatory Innate immune cells
GM-CSF Pro-inflammatory T, 1cells
MIF Pro-inflammatory Innate immune and T,, 1 cells
IL-6 Mixed Innate immune, T, 1, and endothelial cells
IL-4 Anti-inflammatory T, 2 cells
IL-10 Anti-inflammatory Innate immune, T, 2, and T cells
TGF[3 Anti-inflammatory Innate immune, T, 2, and T __ cell
Chemokine Target
IL-8 Neutrophils
CCL5 T cells, eosinophils
MCP-1 Monocytes, T cells, dendritic cells
TNF = Tumor necrosis factor; IL = Interleukin; IFN = Interferon; GM-CSF = Granulocyte macrophage colony-

stimulating factor; MIF = Macrophage migration inhibitory factor; TGF = Transforming growth factor; MCP = Monocyte

chemoattractant protein.

2.9 Interleukin-18 (IL-18)

o

WA IL-18 4nLilu interferon gamma (IFN-y) inducing factor iwlAgiy IL-12 WA

o o o

WANRINNATUANLANANNUD SIUANBULN AR UNNANNIRATa lUNTELALann AJPYNLLENBARNHN

i 1L-18 daauluilaqiiu - 4n 1L-18 Wluanslalaaneiings pro-inflammatory cytokine i

q
o 1 o = o [ 3

ANANATYNINTLLLNNANAUFINNILYIUY innate WA acquired  Hunumdndnylunis

Q

U

23

1nilag host mnuu?um:maﬁmﬁ@r}mj WRINIRNLEAS macrophages ﬁgﬂﬂiz
. o de Y ¥ o ed
(activated macrophages) @fmmLLﬂ@ﬂﬂ@@umm’]Q?Nmﬂ N ENNLTAA DU BNNINNIE
TugnanneRduRusAuN1IuanIaan (expression) 284 IL-18 18uA  mononuclear  cells,
keratinocytes, osteoblasts, intestine LaZ renal epithelial cells, Wag dendritic cells sy §

$1891U97NNT neutralization  srAuees IL-18  TwdealFidulnidqanisan antibody [74]
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ANl exogenous IL-18 binding protein (IL-18BP) [75] YEG miﬁué\i caspase-1 [76] Ay
aANIaiANTEUAUNIIANLALLAsTlasiunIafin liver  necrosis i lun1snaaasluny
Tnaan1zn13li exogenous 1L-18BP flafisnaanudniunisinen collagen-induced arthritis
ﬁﬁﬂizaw“ﬁmwhuwm@m [77] sawaiednazan ischemic dysfunction esndnniile
#alalu suprafused human atrial myocardium model [78] LazannszuauN1ganLaL
theumatoid arthritis [79]  favii aanmsAnEnTifenfunnsdud 118 vavuail Aaduian
109daa3197 1L-18  Hunumidu anssananaluniazsine) lAun ischemic  AKI, intestinal
ischemia, cardiac ischemia, brain ischemia waz arthritis tT4siw LL@zﬁL@uiﬁﬁﬂcaspase—1
ﬂ?:[ﬁ’jﬂﬁmﬁﬂulﬂu mature form [24] gﬂ‘ﬁ 2.11

Caspase-1 (Lﬁﬁd%@ interleukin-1B-converting enzyme v3e ICE) Hanaxiiu
fonszsuanslalnmnatingy pro-inflammatory cytokines 1w IL-1p uag 1L-18 [80] wWud1lu
m&wmmﬁlmm caspase-1 aziiin ischemic AKI A1NN13ATIATATZALILATANL LAZATUIDIAN
acute tubular necrosis score figaifiaFanfieuriunguaruan [81]  etnslsfinm luan
fiwudn 1L-1p Tl funuamlu ischemic AKI lumy [82] n&LWL41NN3918 active form 284
IL-18 AMNKAYB4NI9T caspase-1 deficiency vinligliAn1sainisiin AKI lunyanas uay
IWnalndiAaaiunnsinenfian IL-18 neutralizing antiserum Tunyilnf (wide-type mice)
Aeufiazil ischemic  AKI [81,83] LﬂimﬁmﬁumaﬁﬂmLﬁ@“l,aimumf:sluugmim IL-18
binding protein transgenic mice ﬂ@;uméf‘fu binding protein W7angx IL-18 deficiency mice
AauATUAYWIN IL-18 1Tua19AaNa19289 AKI [84,85] ugnanii ﬁqwudﬂuimmmﬁﬁ
mMazlannedundy fnnsuanseenaes IL-18 WinsnTuuaznsdud IL-18 daedlaaiulailis

AN IS UNAU [81,83-85]

! ¥
a I~

NARNNUANLNITANHILAANINANA NN UTILUd1aN Iz AN sRama lunsL LA LAan
WAYILAUANNITNTUYRY 1IL-18 TunTualaanNnuau FANTIANANNUT AN UL
~ X o A e = o o Y o Py
NN9AAITE WATERIINITALTIR [86]  AINNIIANEITATEAUAMNNTNTUIDY IL-18 Tugtlaehni
NITLIALALTUUS (multiple  trauma)  wazFn@aluNIzuAIADATUINAEAT whole  blood
cultures shumimzéju ex vivo #ag Cowen strain 284 Staphylococcus aureus AL

lipopolysaccharide (LPS) wudndszauaauiduduaas IL-18 Tunssuaiannaaingunaaeddl

v
o o Y

11NN uazlianunsngnéugasnaiaulsd caspase-1 Wisuauiunguilszanslng [87]

v o

nisAnzaumanlugton 13 au wudnszduaududuaes IL-18 Tunszuamenduiusiv

o

ANAZLUL Acute Physiology and Chronic Health Evaluation (APACHE) Il agineiltiudnAty
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aa =8 v dld a dlzJ A 1 o
NWANR [88] maﬂnwﬂu;ﬂﬂfm 9 ﬂuVINﬂ’VJZﬂW'EMQL‘ﬁQIUﬂ?ZLLZQL@@mE‘ULL’N WLANTSALAITH

a

WntulunszuAaeAUa9 IL-18 WA 1,122+259 WiAnsu/ Radang Weaumauiulssanslns
6 AU ATz AUAMNITNTLIlUNI LA IRaAURY [L-18 1Tlu 191442 Alansu/ Nadans Nszdu

dgl =3 U . . dld .
p<0.01[89] uanaInNu m'a“ﬂm:r’fluaﬂfm meliodosis 31 AU NNKWA Burkhoderia
pseudomallei \Juuanainnismnzldeluiaen wudniAudnRusiuszAuaANdnduIag

IL-18 Nigalunszuaiden uavszauluaendiaiaguuia 72 4219 [90]

INF-y

Natural
Killer
Cell

Microbial

Agents\

Toll
Receptors

ICE (caspase-1)
Pro-IL-18—*> Mature [L-18

Monocyte@crophage

g1l71 2.11 11363519 IFN-y 290 1L-18 UAz 1L-12

ICE, IL-1B-converting enzyme

2.9 Vascular endothelium growth factor (VEGF)

lueRn VEGF fdai3andn vascular permeability factor daifhudeildGanmdadumnyly
Uar 1983 [91] uAsa ntulud a.a. 1989 AU VEGF uasnLdmaesraansifieniiy
waziippuantRlunsnsrgunisaiadieyremaenideniual (angiogenesis) 1ldsiann
fin2ulaauannAngn vascular permeability factor Nl VEGF [92]  ilaqifumwudn VEGF
17 19m l@wA VEGF-A, -B, -C, -D, -E, -F, uaz placental growth factor (PIGF) Faanunad]
@m@uﬁﬁmwﬁﬁumnmqﬁu el VEGF-A 189a£lanaunaunnsinafuan 6 isoforms (Aa
Y 121, 145, 165, 183, 189, Lar 206 amino acid residues)  VEGF-A Funumluniaie

NN3TLNLTBINARALAAAKIUNNINIEFUBas luFsnaan las Fuma (endothelial nitric  oxide
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synthase) HAnaniifLlu antiapoptotic effects 494 endothelium Lazid rypailuans
fananafidn ATYTRINN9IAA vascular permeability lunnzidinisinidelunszuaiden (93]
WATH AN AN N UET ‘memﬂ'ﬁmqunwmmwLL@zﬁmﬁm?Lﬁﬂ%ﬁmLﬁlu%u [94]

VEGF wisanuradideyaemmisglndeusiengusniiaauiesedlug ANNAFIUIH
Wi fendaetunstenumndruiunnEUaesiagle [95] Tunnmmaaes in vitro AT in vivo
Flanszfuliaad bule innnaz hypoxia wudnfiniaudsnes VEGF ity uie P
svfuANNId LT Ted VEGF lutlagnizanunsndedeniiznisiie hypoxia gaaiing | lEE
W F NN AReREELUNGY NsRiniTe lunsEuAEen LarnILlnneS NG [96.97]

nsANENANNANNUSTTudneszAuANdnduaes VEGF Tutlaanqzuazludeniu
nsvasueadlalunguiszansdilaed ldiduwnmanu wadnezladnianain A
nephropathy (IgAN), membranous nephropathy (MN), focal segmental glomerulosclerosis
(FSGS), warmembranoproliferative glomerulonephritis  (MPGN) LL@zmjuﬁﬁmeﬂﬁmﬂ

[ %

UNAUAINNITINARDA WLINTEAUANN N U9 VEGF Mialutlaannzuazluiaanudsaneiu

o

UAN creatinine clearance (CCr) [98]
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FAI1TN 2.8 A17IUIARUNINTINN (biomarkers) mmmimmummimwm AN

Protein Description PSTC References
Calbindin Calbindin D is a vitamin D-dependent calcium-binding protein of 28 kDa that is found predominantly [99,100]
in the epithelial cells of the distal tubules of the kidney
Nephrotoxic drugs and diseases involving the distal tubule have been shown to change calbindin
concentrations in urine
Clusterin A glycoprotein first isolated in Sertoli cells Yes [101,102]
Is present in most tissues, Is synthesized after tubular injury and protects the tubule
Urine concentrations correlate with tubular damage
Cystatin C 13-kDa extracellular inhibitor of cysteine proteases. Serum concentrations are independent of gender, Yes [103,104]
muscle mass and age
Is freely filtered, reabsorbed and catabolized by the proximal tubule; there is no active excretion
Urinary cystain C concentrations are elevated in patients with tubular injury
Cystein-rich Is a heparin-binding protein that is secreted and associated with cell surfaces and extracellular matrix [105,106]
Protein Was found to be secreted in the straight proximal tubulus only a few hours after injury
(Cyr-61) It must be considered a limitation that urinary concentrations were found to decrease over time
although kidney injury was progressing
Epidermal Growth EGF is a 53-amino-acid peptide that is produced by the ascending portion of Henle’s loop and by the [107,108]

Factor

distal convoluted tubule

It seems to modulate tissue response to injury in kidneys with tubule-interstitial demage
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Protein Description PSTC References
o-glutathione- Cytosolic enzyme in the proximal tubule [109,110]
S-transferase (Ot- The appearance of -GST is due to leakage of cytosolic content into the urine, dying cells or
GST) due to shedding of viable or apoptotic cells into the urine
Tt-glutathione- Cytosolic enzyme in the distal tubule and collection duct [111]
S-transferase (Tt- Is released into the urine likely via the same mechanisms as a-GST
GST) Has been used together with 0-GST to differentiate between proximal and distal tubule damage
Interleukin-18 IL-18 is a pro-inflammatory cytokine and its 24-kDa precursor is cleaved in the proximal tubule [70,112-114]
Urinary concentrations predict delayed transplant kidney function and acute kidney injury and
correlated with its severity
Seems most sensitive to ischemic injury as well as sepsis-related and seems less (or not) affected
by nephrotoxins, chronic kidney disease and urinary tract infections
The association between urinary and blood IL-18 concentrations is unknown (some data showed
correlation)
Kidney injury A type 1 trans-membrane protein not detected in normal kidney tissue Yes [115-117]

molecule-1 (KIM-1)

Is expressed at very high levels in case of dedifferentiated proximal tubules cells, after ischemic or
toxic injury and in case of renal cell carcinoma

A soluble form of cleaved KIM-1 can then be detected in urine
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Protein Description

PSTC

References

Microalbumin Established molecular marker defined as urinary albumin concentrations between 30- 300 mg/L

Although originally believed only to be a measure of intra-glomerular pressure and/or structural
changes of the glomerular basement membrane, there is evidence that glomerular membranes
normally leak albumin and that albumin is retrieved by the proximal tubulus and thus may also

be a marker of proximal tubule function

Yes

[118-120]

B2 -microglobulin Itis the 11.8-kDa light chain of the MHC | molecule expressed on the surfaces of mucleated cells
Its monomeric form is filtered and reabsorbed in the proximal tubule

Has been shown to be an early marker of tubular dysfunction

Yes

[121-123]

N-acetyl-B- NAG (> 130 kDa) has proximal tubule lysosomal enzyme sensitivity; subtle alterations in the
glocosaminidase epithelial cells in the brush border of the proximal tubule result in shedding of the enzyme into
urine

Increased NAG concentrations in urine have been found after exposure to nephrotoxic drugs, in
patients with delayed renal allograft function, with acute kidney injury, with chronic glomerular

disease, with diabetic nephropathy and following cardiopulmonary bypass

[124,125]

Neutrophil NGAL is a lysosomal enzyme that seems to play a role in apoptosis, triggers nephrogenesis by
gelatinase- stimulating the conversion of mesenchymal cells into kidney epithelium and, in the kidney, is
associated lipocalin mainly located in the proximal tubule

(NGAL) Its size is about 25 KD and it is protease resistant; it is filtered by the kidney and its plasma/urine

[68,69,126]
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Protein Description PSTC References

concentration relationship will require further clarification
There is evidence that NGAL may be useful as a sensitive and predictive marker of ischemia/

reperfusion, acute kidney injury, nephrotoxicity and chronic kidney disease

Trefoil factor 3 Mainly expressed in the gastrointestinal mucosa; the trefoil protein family is typically involved in Yes [127-129]

cell protection and repair; in the intestine, trefoil factor 3 protects the mucosa from the degradation
effect of HCI by stimulating the goblet cells to synthesize mucin

Although the exact role of trefoil factor 3 in the kidney is not yet published, it can be expected to

have a protective role in the kidney

Vascular endothelial Vascular endothelial growth factor (VEGF) is an important stimulator of angiogenesis; circulating [130-134]
growth factor and urinary VEGF levels have been suggested as clinically useful predictors of tumor behavior
(VEGF) VEGF is also a mediator during inflammation

Urinary VEGF seems to be of advantage over plasma since venepuncture activates platelets and
may release cytokines, including VEGF, artificially elevating measured VEGF levels
VEGF concentrations in urine were found to be associated with alloimmune process against

kidney transplants

VEGF may be involved in remodeling after injury leading to increased urinary concentrations

PSTC, Predictive Safety Testing consortium; eaziden European Medicines Agency, Committee for Medicinal Products for Human Use
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3.1 gduuun19398 (Research design)

Prospective, randomized clinical trial

I = [
3.2 sz1ila128n15298 (Research methodology)
3.2.1 UszansnAns
v dl Yo aa o A a dlf A = o [ dl
gilaenlafunisafiagudninisinmelunszuaiaan  uazininzlaonsdundun
fludealafuniseniaesuuyliseiias (intermittent hemodialysis, IHD) Imgldfieanu
n1zlaadUNAU RIFLE criteria MezAumnuguss Fuazldinousinnsitiadunishinaaly

NITUALARAMIN International Sepsis Definitions Conference [135,136] m%‘wﬁ 3.1

A9 3.1 INAUTINNINAdan1RnEa luNILLALAAAMAIN SCCM/ ESICM/ ACCP/ ATS/ SIS

International Sepsis Definitions Conference

Infection, documented or suspected, and some of the following:

General Variables

FeverT (core temperature >38.3°C)

Hypothermia"' (core temperature <36°C)

Heart rate >90 beats per minutet or >2 SD above the normal value for age
Tachypnea

Altered mental status

Significant edema or positive fluid balance (>20 mL/kg over 24 hr)

Hyperglycemia (plasma glucose >120 mg/dL or 7.7 mmol/L) in the absence of diabetes

Inflammatory Variables

Leukocytosis"' (WBC count >12,000/uL)
Leukopenia"' (WBC count <4000/uL)

Normal WBC count with >10% immature forms T

Plasma C-reactive protein >2 SD above the normal value

Hemodynamic Variables
Arterial hypertension (SBP <90 mm Hg, MAP <70, or an SBP decrease >40 mm Hg in adults or <2 SD

below normal for age)
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Hemodynamic Variables (con’t)
Svo,>70%

Cardiac index >3.5 L/min/m”

Organ Dysfunction Variables

Arterial hypoxemia (PaO,/FI0,<300)

Acute oliguria (urine output <0.5 mL/kg/hr or 45 mmol/L for at least 2 hr
Creatinine increase >0.5 mg/dL

Coagulation abnormalities (INR >1.5 or aPTT >60 sec)

lleus (absent bowel sounds)

Thrombocytopenia (platelet count <100,000/uL)

Hyperbilirubinemia (plasma total bilirubin >4 mg/dL or 70 mmol/L)

Tissue Perfusion Variables
Hyperlactatemia (>1 mmol/L)

Decreased capillary refill or mottling

L Lﬂmsﬁﬁ@ﬂﬂ“ﬂumﬁﬁﬂﬁ; aPTT, activated partial thromboplastin time; Flo,, fraction of inspired oxygen; INR,
international normalized ration; MAP,mean arterial pressure; PaO,, arterial partial pressure of oxygen; SBP, systolic

blood pressure; SD, standard deviation; Svo,, mixed venous oxygen saturation; WBC, white blood cell

Tunn9Adeil [inausinisnasensingelunssuadaniies 2 4a lEun
1. flenms amsuans vdenaneteslfifFnag 2 lu 4 devesnaziesielilil
[ goumndseniaunnndd 38.3 v3a taandi <36.0 avAmaLios
0 #nsmaduaedialaiinndi 90 Axy unfi
[ §msnnssnglasnnndn 20 A5y 17t vide
A1 PaCO, Watingn 32 Naaimaslsan
O [anuudaiaenenqlunssudi@anuinnan 12,000 aa/ Naaans visatias
n41 4,000 wad/ Ranaans vse Niadena1aluszeay band form Nnnndn
Spaaz 10
2. ﬁuﬁﬂgmmiﬁmL%ﬂﬁu@wzuumﬂ Tusrenng
(HamNZTaluNsTuaIADA N3fay Gram stain TedaNuy, Tdanny, Wieansda
m‘mm Tufennglinauaniilu pathogenic microorganism; WreluANgIUAUMINTB4NNS
Radadaias 19U ANavnnsananaTeddn 1l (ruptured bowel with free air or bowel contents

found in abdomen at surgery) ¥38 H1uaILTLIALNA LTWsY
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3.2.2 N lunIsARLAanLANANE (Inclusion criteria)

vy e X A R o~ o o o o 2o "
1. Qﬂ‘mmmLﬁﬂslum‘::lmL@ﬂﬁ%dﬂﬂﬂﬂﬂqqﬂﬂuwau LL@E:@’]Lﬂum’ﬂ\ii@?Uﬂq?W‘ﬂﬂL@ﬂ@

2. filhevizagunulpemeusssunaiunn lipnutiuganidnsoun1sAnm

3.2.3 NN bUNISARRANANNNNSANE (Exclusion criteria)
1. ftlhendenymindd 18 T
siRduaevedunulseausssunainnsaliandusandndaunisdnm

gihandan niraniglimunzanlunmeniaen

A WODN

- frhanlaFusnszguninusulaiia (vasopressin) faust 2 aiinaulil

3.2.4 MIANUIUAUIARA2DENG (Sample size)

Han1uua s AUANNITEaT W 95%

Lo = 7.0.05/2=1.96 (two tail)
ZB = 7020 =0.84 (80% power)
gran = 2 (Ly+Zg)0 |

uo' Lh
ANE19R9ANNNIANHI8Y Kuo HL [59] WU O = 64.9; L= 344.21 uaz
WL, =267.44
unuA luannng

2[181.72/76.77T

n

11.21
dll 1 = L a aa K QI o o 1 %
1WA lusenINnNI9ANEN Eﬂ‘ﬂ’]ﬁlﬂ'ﬁLZQEIT']G]’N?.I’ﬂLWNQWufJuﬂﬁ‘zﬁﬂﬂﬁ‘ﬁlrJﬂEI"NT@EI@A‘?

o = X | o \ Ao = o '
20 UuAfa Iuﬂ’]?ﬂﬂ‘]:f’]uﬂ’)?ll‘ﬂu"lﬂmrJﬂﬂqQVIV]qﬂ’]?ﬂﬂ‘]ﬂ"]?"lll@ﬂ']\?uﬂﬁl 28 AU (ﬂ@]ll@gf 14 A)

3.3 N15ALUUNSIRE

3.3.1 28015948
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v dl Yo aa [ | a dg/ A dl = o [
E;J‘IJ'JEI‘V]LLGW?Uﬂ’]ﬁ‘qu@@lﬂ')’?ﬂﬂ’]ﬁ‘ﬁlﬁLﬂﬂluﬂﬁ‘gLL@L@‘ﬂﬁ eﬁ\mmqﬂmmmuwau

wazaflusesldfunisanidenuuulisediasulsmeuiaginasnsnl

v

1a5uAMNiusaniuatadanenidnes (Informed consent)

Exclusion criteria l Inclusion criteria

1% Dialysis with conventional low-flux hemodialysis (run-in period)

A4

Block of 4 randomization

' !

Dialysis with Dialysis with

on-line hemodiafiltration high-flux hemodialysis

a a aa a2 o
LLN‘NQ&IE‘]JI]’]W‘VI 3.1 96N19798

3.3.2 1AsRINALAAENNTANEN
isaanlani@en : Nikkiso®
N384 (dialyzer)1®4 Nipro §1 PUREFLUX-150H PUNANUTATY 1.5 A3
8n2N7 IMaT891aA (Q,) 300-350 AadARTAEUNN
svazinanlumsrlaniden 4 9ol

=~ L aa . . . . a % ¥ o
N15WaNLARAMIEAE on-line _hemodiafiltration NIFLENANTUINALNWNULNAINTA

(pre-dilution) Taafidnsnislfanninaniufenss 40  w09snsivecdeniiileld
dautlsznavaastinenlneylaiag (dialysate) iszneudag lHAeN (135-145 mEg/  AR9)
unalen (3-4 mEg/ am9) WAATEN (2.5-3.5 mEg/ ans) AaebId (105-110 mEg/ @an9)
lupFuawum (30-35 mEq/ am3) wazLunidan 1.2 NaanfusAedans an3IN17 IaTes

e laezlaiaa (dialysate flow) 800 NAAAMIFHALN gﬂﬁ 3.1
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519 3.1 n19nani@ensaeds on-line hemodiafiltration JLWLLINFNATHIMALNUUTINFY

N384 (predilution on-line hemodiafiltration) [137]

nsWan@aAWLILAE high-flux hemodialysis (NgxAuAN) ldFansasuULLRE9TY
> o | o A % o o 2 Y aa .
2ANNIALANAILL A 7 Aennanaunudqliiulauiuniswentaensiaedn on-line

hemodiafiltration

3.3.3 Aauilsluauian
- 92AU interleukin-18 (IL-18) lulaan
- 92U vascular endothelial growth factor (VEGF) luiaen

'3 =
- 9YA1 Urea MALABA

o a

o A
- svpudayiuluann

u

1% a

- sxfudayiuluinetainldainnisnaniaen (effluent)
3.3.4 N199M
lunnsinnnnanden luiazase azin1anuFaasiNasadl
Auaenanduidendiulany iedinsaadaseavlainanes IL-18, VEGF way
. C d _ dd o A
52AU urea NAUNINITNENLARA (baseline) wWazndaluan 4 (end)
- AUReAANENLUNLARALAY (arterial  blood line, prefilter)  WAZA81UARAAN

(venous blood line, postfilter) #a988NAINFINIAY TINHINTTALAR8E N9 LFannsnan

@an (effluent) AauNIN1INaNAaA (start) wazAdaluad 4 (end)
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- wellaluniaiuiaensaesinefidqlnedl 4 (end) 1993 slow flow technique [138] Ins
n151la dialysate flow Wazam ultrafiltration rate 91 50 Naaans/ d4lue a1ntiuam blood flow
rate 91 50-100 Hadans/ ol Wuseazioan 15 Wi udagaiuiaanieflusietivfends
;3999 arterial  needle 138 port %A blood pump  WAIAINHUALTUTURBULNS
disconnection AMngtlae

o o | A Ay vy a5 He ¥ oW M ve o Wy

- fed1aaeni lddensaa vsetuuendsudndeldldfunsnmanui Inaaziiuls

Tugifiuguugi -70 esAnaaLiaa iNedensaanieriasdjiAnisanuanizildnvuald

STaN!

3.3.5 1A3RNTIALATAB NS AANTEALANNIE NTWT 1 IL-18
3.3.5.1 LA3RINA

FavA@aLl Human IL-18 ELISA Kit
3.3.5.2 NNSLASUNAT reagents

1. Wash solution
A8A19A13A¥A"Y wash concentrate 100 HadaRs Freninnds 900 HaAARS
feazannsnifulifignugi 4 esrmadesldung 2 dUad
2. Conjugate solution
1A0A9ANT peroxidase conjugated anti-human IL-18 monoclonal antibody
AaadNTazant conjugate  diluent Tudmd@u 1:101  Tnannsuanans peroxidase
conjugated anti-human IL-18 monoclonal antibody 10 lulmsans Tuansazany
conjugate diluent 1,000 lulAsans
3. Standard solution
WTENANNENTAZAE assay diluent
3.3.5.3 N15LASTLNANTAIDEN (sample)

\aBa"9 sample #agl assay diluent ldmsdau 1:5 Taald sample 50 luiAsans nas
lu assay diluents 200 lulAsans MEsANTALAN NN samples AmtauEaLiaaudangay
standard 114 polyviny! plate 96 ¥1q: ANNATFL
3.3.5.4 NSNARAL (gﬂﬁ 3.2)

1. NNINANANTARENN (Sample incubation)
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1.1 11thalm multichannel @mﬁﬂm sample 100 lulmsans lalungu microwell 7
# antibody LARELIBEAUATY
1.2 Incubate figaugfivias 20-25 esAaiFagidunan 60 Wil
N8N (washing)
@m{iqm@@ﬂ WAZAN microwell "%’]”‘l 393 4 AF9EE wash solution
N1INANANT conjugate (conjugate incubation)
3.1 4tlim multichannel @Jmfmm conjugate 100 tutasans ldlungu
3.2 Incubate igninniies 20-25 asrnaaieaiungn 60 uif
N17AN4 (washing)
@m{iﬂﬂﬁfaﬂﬂ WAZAN microplate %”1“] 393 4 Aadat wash solution
NNTNANANT substrate (substrate incubation)
5.1 14tlilm multichannel @Jmfmm substrate reagent 100 lulasans lalungu
5.2 Incubate Hgnumnives 20-25 asrnaadeaiungn 30 wif
miéuzgmﬂﬁ‘ﬁ?m (stop reaction)
1tlilm multichannel @]m{i’]m stop solution 100 lulmsans 1dlungu
Y LG optical densitometry (OD) Anelluszeiziaan 30 Wi Toel9pAuLa
194 450 wiluiums vl limuaaaiaifiasiranem semi-log firnuunldiunu Y
{uAn absorbance wazuny X WuAtA NNy (mibhaduiniandy/ Naaans)
WHUDANTINT 3.1 Serrsziunuiduduses 1118 109 samples fignuldannna

Aa9AMAYEAT dilution factor NAUTIENIUNA



gﬂ‘l‘?‘i 3.2 N3M9R3EA interleukin-18 (IL-18) lwaanlaedd ELISA

WHUDRNTINT 3.1 Fivet NI MNIATFIULLINNIIA IL-18

3.3.5.5 ANA1NDITEAUAMNITNTULRY IL-18 ARIAMAAaL Human IL-18 ELISA Kit

ANGI4R (maximum) = 257.8 filAnfu/ Nadans
ﬁhfﬁ'mm (minimum) = 36.1 NIANFN/ HanamT
ﬁ’]l,'aalil(mean) = 126.0 WIANFH/ NaRART
ﬁi’uﬁmmummﬁsm (SD) = 44.5 NIANFN/ Hanams

ANLade+3 ANDEULUNIATTIN (mean+3SD) = 259.4 WiAnfu/ Hadan7

46
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v
o

7195 Human IL-18 ELISA Kit #An intra-assay LAY inter-assay fp8InY 7.26 LAz 7.53

ANHAN AL

3.3.6 LASTAYNALAZIBNITIAAITLALANNLTNT WA VEGF

3.3.6.1

3.3.6.2

\A3R9sa
fanaaaL MILLIPLEX® map VEGF
FRNENUNANAREL LUMInex® xmap® Tecnology
NN5LATANENS reagents
NMTLFATENANT Antibody-Immobilized Beads

NAN/ 1UENE1T beads Tuumay vial Tdnii 30 3w wazanatly vortex Lilu
a1 WA mﬂﬁu@mﬁfmﬂuuﬁi@: vial bead 13u1ms 60 TlasAnsasluaamuland
wisen 3duunan (mixing bottle) {Ratnen bead diluents 153193 2.7 Hadansls
1p3umI998 3 Nadang wazkan lidniusae vortex
ﬂ’mm?ﬂummm’mmuam (quality controls)

\A84149@17 quality control 1 WaY 2 FastnnauLFunms 250 lulasans naw/
e Iuilameatiugae vortex aniiuseneldifluean 5-10 Wil
NIHAFENANTATANE wash buffer

Anansansazaneidudi 10X wash buffer 30 fAART utnndu 270
faaans telflEinen wash buffer 300 fiaaaARNT
NNIFFENANTATANE serum matrix

\A8419417 lyophilized serum matrix luriandy 1 TaAaRs naw/ wenanslE
S e
NNSLFATLNANTAZANE human cytokine standard

NANANT human cytokine standard Tutinnduiiunns 250 Saaans e lilE
AN DY 10,000 WIANTHN/ NaAART NAN/ einansWieniuiieiRaafudas vortex
I4a19a2a78 human cytokine standard Hiusnrazansdadunadudi 10,000 @
1ANSN/ NaRamng
NMILATENANTAZANE working standard

LUK INUUIAAN AR polypropylene microfuge tube AMUAAINN

Wt 2,000, 400, 80, 16 WAz 3.2 AlANTH/ HaRART LANANTAZANE assay buffer
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5nm9 200 lulrsansluwsiazvaan 4tinlngasisazane human cytokine standard
ANHNITNTU 10,000 WiANFH/ Hadansnmran1FFTu1ms 50 Tulasansuanaslunaan
NAABINNAMNITNTU 2,000 ATANTN/ HARART ANTUNITINANE N 400, 80, 16
uay 3.2 Alansy/ Haaams alidlsanraranaiananelusdnaNdiuanasmINan s
51 3.3 %l azldansazananiaonudiudugegn (high standard) lu 10,000
a o a aa dld % % ol a o a aa

WlAnSN/  HadARs wazasavananiaonududusigadu 32 Alanfy/ Hadans
agnalsinn Aasnuualdiaisazana 0 Alansy/ Jadams \uw background %78

zero standard Aagl

gﬂﬁ 3.3 N1TLRRANETATAE working standard

3.3.6.3 NsnNAFaU

1. WisaNAN9azae assay buffer 3nm3 200 lulasdns aluusiazngy

3

I dd‘ a v 4
L e 10 UIMNYPUUNNNUR] LA ALAN

.

A17ZANLADNAIE vacuum

2. ANA19azane standard 138 control 5unm3 25 Tulasans asluwsiazigu

.

3. FNAn9AYAnY assay buffer 151169 25 Tulasansaslumgu background wag sample

.

4. \Rin sample 13u1m9 25 lulnsans aslungu sample usiazmigu

.

5. 1RNa1Tazant matrix 15u1m3 25 Tulasdns aslumgu background,

standard LAz control



49

4L

6. LANA1T beads A3 lULARZIQH

\ein incubate overnight NEMMMNN

Pod 4 aerTaifea  wdeanmiu

ARLBIANTATAIEDANANE vacuum
UAZANNANYANTAZAE wash buffer

v 1Funas 200 1ailAsanT $1191 2 A%

7. WN@1sazang detection antibody 1snnms 25 Tulasans asluusaziga

187 incubate 1fuan 1 $aTug 7

ﬂ QRN

8. RANANTAzaANY Streptavidin-Phycoerythrin 151163 25 Tulasans asluusiuazug

e incubate 1981 30 WA 7
UUNHTIRY  MAIRINTUAALDIANT

ATANEAANALE vacuum LAZANAIE

#1982A"8 wash buffer UTu1m9 200
v lulAsans 41wy 2 A%
9. ANa1Tazant sheath fluid 151103 150 Tulasdns asluusiaziigu
@i incubate (11980 5 10 7
@ LIV X
10. 11 plate dLATed Luminexe iiaguea

v
o

(Famn138 ueaNnU3Nmg 100 TulAsamns was 50 beads fia bead set)

11AN96L median fluorescent intensity (MFI) Aladnllsunsudisziidaya Taald
weighted 5-parameter logistic 38 spline curve-fitting method TunsAuniA Nl Ndw

YDIANTFIIDEING

3.3.6.4 ANBINDITTAUAMNLTNAULDY MILLIPLEX® map VEGF

a

AL@AE (mean) =220 AlANFu/ Nadams

o

W&t (range) = 62-707 NIANTN/ NARARNT
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Y v

7195 MILLIPLEX® map VEGF AN intra-assay WY inter-assay precision 5a81a2 5.8

LAY 7.9 AMNAAL

3.2.6 NM1TATUITY
- ATUWITUAN clearance rates 189817 MlRA IL-18 LAz VEGF lunszuaiaanann
Aaunng [139]
Clearance = C,Q, - C, (Q,-UF)
C

a

AR 1% C = AN NI UIR9A1INSA LA N AW arterial line (afferent)

(WIANFH/ Haaams)

Q — M35 IR arterial line (HARAMT/ W)

= blood flow rate (Qg)
C, - AU aNITIA R IATA UL venous line (efferent)
(WIANTN/ NaRamg)

o

Q = §R31F89A TN AWML venous line (HARART/ WIH)

blood flow rate (Qg)

UF

ultrafiltration = 0 (Lﬁmmﬂmm ultrafiltration WUzLAL

o 1 A a aa
FIDENNLARA) (HARABIT)

ilAa Clearance = Q, (C-C,) (Nadams/ w1f)

C

a

ANUITUAN clearance rate 189477k IAATA] IL-18 way VEGF lwinfileannnisnan

\@am (effluent) anaNn13sasialilil

Clearance = C,V (Nadans/ ud)

Ca
e 1 C, - pnududuresansfidn i@l effluent (WIANTN/ Nafams)
% — 1Bumsveain effluent (Naaamng)
C, - prudiuduesansfisnldRAum aterial line (afferent)

(WIANFH/ Haaams)
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- AUINASeaazNNTanade9ans kinANes] (percentage of cytokine reduction)
AINENNNT

% Reduction of cytokine =(C__- C

pre post )

C

pre

x 100

a

Aualil C . = Avudnduzesansidnlineunisneniaen (Wanfu Nadans)

C. . = Anudiuduresansiinlduasnisnaniaan (Wiansu/ Jaaans)

post

%ﬁ‘ﬁﬁﬂmﬁ%gﬂﬁﬁmLﬁﬂuﬁmmuﬁuﬂ?mmma‘ﬁﬂﬁﬁq@@m’mﬁqﬁﬂw (ultrafiltrate)
Tnannssinngusog (Het,, - Het,,)

- AR3LALAINAY mean arterial pressure (MAP) uaziifuinyn 30 w1 suva sy
mmm;mmzﬁum’mﬁui@ﬁmmﬂé’ﬂwﬁmmﬁui@ﬁmf;ﬁm Tnefnwnen MAP  wnnndn 75
Naaumslsan

- AUITUAT Acute Physiology and Chronic Health Evaluation (APACHE) Il [140]

WarA1 Sequential Organ Failure Assessment (SOFA) [141]

L4 .
3.4 N1999UsINUDYA (Data Collection)
¥ ?:/ = 1 Yo o K [~ b U o
IRYATNUNA LAZNANITATIALADAFI" azlgFunistiuinasluwuuivdeyalaadide

[ ¥
\lugfsausan

a d v .
3.5 N199LATIEUUBYNA (Data Analysis)
nnsagtdeyaiall deyaiEasuan dnauaglaieas dadou Souay ARatLad
a ! dl 1 d‘ . a =
ARAEANDELUNIATIIN ARRE geometric mean WHUARZLNN waznsmiFeLEL
a o . 1% 3 Y o ¥
nsnaaeLaNnAgIu 14 Chi-square  wndayaiivldiifdudnwaznimzanadeya
1nF (normal distribution) 7ald Mann-Whitney U test lunstiindeyaldiiludnwmuznis
nszanedeyatind AuueAtiadAtynealiain 0.05 uazAszAuANTaTUNTas A 95

anAAUaene 113NN SPSS version 17



UNN 4
NANISIAE

B & X a v =~
4.1 mﬂgawugﬁumﬂdﬁdﬂﬂﬂwLmﬂifaualuﬂ’l‘iﬁﬂﬂﬂ

1
=

o v = ~ o - ! o " Y aa
gulaednsannisfnuninanun 28 9e wlafungunlaiuniswaniaansneis
nMsWanaanLLL on-line hemodiafiltration uazAWanidanLLL high-flux hemodialysis Ngx

Az 14 918N WHUONFUNINWG 4.1

Enrolled patients (n=28)

First time 2-hour conventional hemodialysis

Block of 4 randomization for intervention

Dialysis with ol-HDF (n=14) Dialysis with high-flux HD (n=14)

weuRgUnIwh 4.1 filaefidndanniafine

OI-HDF, on-line hemodiafiltration; high-flux HD, high-flux hemodialysis

frlaemnae lFumsiadednfinfiadelunszuaiden saiufiniaylaanasundu
pw RIFLE criteria #szdupnnuquusy F uazdndugeddfunmenidesuuyliseiies
(intermittent  hemodialysis) Tmﬂ‘wudﬁ;Ziﬂqmqfmﬂﬁﬂ’]f;z%’éfmﬁuﬁuﬁﬂgmmiﬁmL%fﬂu
nszuaiden wadufiefiadeuuafidaunsuuan 1 9e Aadufenas 3.6) uazide
wuARBeLNTNAL 27 9 (AAudesas 96.4) NS UL AN T IR L N SR AT 8L

MaARtlaane 12 98 (Andluiasas 42.9) ssuuniauauingla 3 98 (Aaduiasay 21.4)
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1 1 dgl alld a d” ] = a dgl A a 3| %
wazlianunsnsdssuuninisBindeusnuinsfindalunscuaden 13 9e (Andlufenay
46.4)

L 1 dl Yar A % as A . . . . =
filhanguinléiuniswaniaensosdiniswanidanuii on-line hemodiafiltration da1¢)

Yo aa

wALNINNdFUengunliiuaanen@anuuy  high-flux hemodialysis A8 62.6+14.6 UAY

¥ 1
N o ]

56.6+18.8 (p = NS) uanaINi dnsdaureqinaAnesamariaesiaengunlasunisman
‘Aenfaedsnnsnlandenuuy onine hemodiafiltration Sxnnndngtlaangui liFudsweniden
WUL high-flux hemodialysis A8 1.8:1 WaLiauiy 0.75:1 ANAIAL
wm'f];:Iﬂw%\mmﬂ@juﬁ?zﬁwmuL%J’m%’ummlﬁfam (hemoglobin), ATUIUTALABATY
(white blood cell count), AMulNAAIAan (platelet count), sxAugFalulnsal (BUN), A3
Aty (creatinine), C-reactive protein (CRP) waswagdm (phosphate) Tunseuaidanwnnsng
fuaeng it dnAyunieadd mnsied 4.1
LﬁuLﬁﬂqﬁmzﬁuquumwm‘[mﬁﬂizLﬁumﬂmiﬁmqmrﬁh Acute  Physiology
and Chronic Health Evaluation (APACHE) Il WazAn Sequential Organ Failure Assessment
(SOFA) Wudﬁéﬂfmmjuﬁiﬁum@mﬂLﬁ@mﬁqﬁ%mﬁmﬂLﬁﬂmmu on-line hemodiafiltration
fiAn1aAL99 APACHE Il uaz SOFA il 24.547.2 uay 9.9+4.9 GarnninA1aAs APACHE
Il uaz SOFA luflasnguit IFFuiananidanuun high-flux hemodialysis ild 23.6£5.1 uas

9.6+2.4 mNaAL ae19lafifIN A1 APACHE Il Uy SOFA 2a3viaaaangu liiaauwansng

Aulun19ans
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M1519N 4.1 @ﬂ‘iﬂrmmmﬂawuﬂﬂummQL“M?QN’MH
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On-line HDF High-flux HD

(N =14) (N =14) p-value

Age (years) 62.6 £ 14.6 56.6 + 18.8 NS
Gender, n (%)

Female 9 (64.3) 6 (42.9) -

Male 5(35.7) 8 (57.1) -
Systolic blood pressure (mm Hg) 110.4+16.1  116.9+10.8 NS
Diastolic blood pressure (mm Hg) 69.0 £ 12.6 705+ 11.9 NS
Mean arterial pressure (mm Hg) 80.6 £ 14.9 82.4+14.8 NS
APACHE Il score 246+ 7.2 23.6 £ 5.1 NS
SOFA score 9.9+4.9 9624 NS
Hb (g/dL) 96+1.6 96+14 NS
WBC count (X‘IOS/},[L) 16.0£9.2 15.8x4.4 NS
Platelet (x103/ML) 1499+ 86.3 17451749 NS
BUN (mg/dL) 83.5+£49 86.8+£5.2 NS
Creatinine (mg/dL) 6.7+1.2 6.9+14 NS
Sodium (mEg/L) 138.8 +4.8 1354 +55 NS
Potassium (mEg/L) 48+0.7 4.4 +1.1 NS
Bicarbonate (mEg/L) 129+4.3 13.7+4.2 NS
Phosphate (mg/dL) 58+17 59+15 NS
C-reactive protein (mg/L) 75.9+65.6 71.2+515 NS
Fever, n (%) 14 (100.0) 14 (100.0) -
Hemoculture, n (%)

Gram positive 0 (0.0) 1(7.1) -

Gram negative 14 (100.0) 13 (92.9) -
Sites of infection, n (%)

Respiratory tract 1(7.1) 2 (14.3) -

Urinary tract 7 (50.0) 5(35.7) -
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3

a ' o Y = Y Y 1 A
A1919N 4.1 (Aa) @ﬂﬁmzﬂl@a@wuﬁqusﬂ@\‘]EJ]L?H?QNQ@E

On-line HDF High-flux HD

(N =14) (N = 14) p-value
Indication of hemodialysis, n (%)
Hypercatabolic state 7 (50.0) 8 (57.2) -
Uremia 4 (28.6) 3(21.4) -
Severe acidosis 3(21.4) 3(21.4) -
Blood flow rate (Qg) (mL/min) 327.8+14.6 322.1+11.5 NS
Ultrafitrate (mL) 1,3946 +177.3 1,215.3+1384 NS

APACHE I, Acute Physiology and Chronic Health Evaluation version Il; SOFA, Sequential Organ Failure

Assessment; NS, Non-significant statistic

4.2 HANITANEN
4.2.1 nsUINAS LElaAed interleukin (IL)-18

lunguiiheflgfuniswenidendaeds on-line hemodiafiltration ANRAHTRITZL
a7lalnanesd 1L-18 ‘ﬁmmzﬁ;uﬁuﬁ@u (baseline) wazuad (end)n13neniaen 1,287.5+852.6
uaz 1,389.6:004.9 Alansi/ fadans muadu lusasfinguitsafildsunsenidendas
3% high-flux hemodialysis fiAiaAsrasszduanslalnaned IL-18 funEudutounazmds
nnsWaniAen 890.9+729.2 uay 749.3+662.2 Rlansw/ fadans Auandu Andludieassas
ATURINTTAAAILRNANT b ImAneId (percentage of cytokine reduction) IL-18 Iuﬂzﬁmﬁjﬂqaﬁ
I#5uN1Inenaenfaeas on-line hemodiafiltration kA% high-flux hemodialysis 134 -8.1+0.5
WA 1.9+0.5 AMNATAL (LAASHALIY geometric mean) (p = 0.341) mswﬁ 42 ua
WHuDANTINT 4.1

Lﬁ@ﬁqm'ﬁixﬁusummiﬁgﬂﬁm’mmimﬂLﬁ@m%m@ﬁ%mﬁﬁmmmﬁmmmﬂﬁm
1949817 (clearance) wuan ldfAuuAnAsiueelidadnAtyn1eain Fann28mensesaly
NITWALADA (plasma  clearance) LL@ﬂMﬁ’]ﬁiﬁ%ﬂﬂ’]ﬂ\l’ama@m (dialysate  clearance)

159N 4.3



ng/mL

p = 0.341
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wHUDANSINT 4.1 nMalaenulasaessyiuanslolnaned interleukin-18 MNszaIZIAINIS

Nanaan

A1919% 4.2 nnasuudasiaziesazrean1sanadteeseauans i inAesl IL-18,

VEGF,
= A
CRP, ¢/i38l LAz ARINIZEZIIAIN1INENLADA
Relative Change
Values at Baseline Values at End
' p- p- (%) p-
Variable
High- value High- value On-line High- value
On-line HDF On-line HDF
flux HD flux HD HDF flux HD
IL-18*
1,287.5£852.6 | 890.9+729.2 0.336 | 1,389.6+904.9 | 749.3+662.2 0.115 -8.1+0.5 1.940.5 0.341
(pg/mL)
VEGF*
774.2+389.1 502.4+439.3 0.854 405.9+165.3 434.1+£315.9 0.141 52.6147.6 11.7£0.1 0.000
(pg/mL)
Urea
83.5+22.9 86.8+24.8 0.646 29.9+20.8 33.8£13.8 0.301 65.6+16.6 | 60.9+12.6 | 0.383
(mg/dL)
CRP
75.9465.6 71.2451.5 0.854 12.5+3.3 36.6+28.3 0.001 83.6+30.2 | 48.6+£35.7 | 0.000
(mg/L)
PO,
5.8+1.7 5.9+1.5 0.854 3.4+1.0 4.2+0.7 0.017 | 40.1£11.5 | 26.8+12.2 | 0.005
(mg/dL)

* 9na9unaLtly geometric mean
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A1919N 4.3 é“mmmafﬁmmﬂsﬂmmaﬂ||_—18 way VEGF lunsvualanm (plasma clearance)

wazluinnldannnisneniaen (dialysate clearance)

Plasma clearance (mL/min) Dialysate clearance (mL/min)
Variables High-flux High-flux
On-line HDF p-value On-line HDF p-value
HD HD
IL-18* 20.2+0.5 23.8+8.6 0.348 1.4+0.5 1.6+0.5 0.812
VEGF 138.3+118.2 | 80.4+57.1 0.022 N/A N/A -

* 91a9unaLily geometric mean

N/A = 22 LANNNIE NI L9810 ANANNN Ta N0 R L6

4.2.2 n15UAm4d19 vascular endothelial growth factor (VEGF)
Tungueilanlafuniswaniaensaeis online hemodiafiltration HANRALIB9TLA
@19 VEGF NunuzBudunaulasuaan1naniann 774.24389.1 way 405.9+165.3 WiAnsw/

a aa o o P ' ¥ AN yor A ¥ as . . . =
Haaans Aanatau uanennaugilianladunisnaniaanfaeis high-flux hemodialysis

Q a

a v 1 o

ANRALUBITLALAT VEGF NI BNAUNULATUAIN1TNandan 502.4+439.3 WAL
434143159 AlAniy/ Fadans mNaAU AnluANRAN5RAT1R9N1TAAAIURI4NT VEGF
Tunguiiloanldfunisneniaansneas on-line hemodiafiltration W&z high-flux hemodialysis
W 52.6447.6 uaz 11.7£0.1 mNa1sL (wansualili geometric mean) (p = 0.000) M19199
4.2 AT WHUDANTINT 4.2
IHBUNANTEAUTA9A1INYNTAAAINN1THANLABATINABIIBNIAUIIMNEATINITIAR
1 A % aa . . . . a o [ A
2849417 WUIIN1INBNLABAAIEAT on-line hemodiafiltration  H8ATIN1TU9ATUNTIZUALAEA

o o

nNNIINNINantaansagas high-flux hemodialysis aENNTE&ATYNINETH (0 = 0.022)
ati1glafinn annsAnE g NI RIEAUA NI NTWaa9477 VEGF  Tulutinnlgainnng
Nantaan N1 LA NITDAIUIUINIEATINITITAURIAT I UTNA Laa NN antaan 16

A1519N 4.3

4.2.3 sEAUANMNAULANRTEININITNantaan (Intradialytic blood pressure)
nguiilaadlauniswaniaensoeds online  hemodiafiltration  uaz high-flux

hemodialysis NAN@AUR97zALAMNAUTATR systolic seudnantInanden 90.4+14.1 WAZ
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74.9420.8 RadLumIUsaN AMNA1SU (p = 0.095) LAYALRALIBITEALANAWIATRRA diastolic

2¥UINNNINANLADA 54.0£14.6 LA 43.0211.9 RAAWATLIAN MNAIAU (o = 0.101)

pg/mL

p = 0.000

WHUDANTIND 4.2 n9ulasuutlase9szfuans VEGF muszazloain1snaniaen

4.2.4 msaandslglamiaid CRP, WasiWe uazei5e (urea)
R Ay ve = P . Lo . a = o

ngugthanlazuniswaniaensaeis on-line hemodiafiltration HANLQALUDITLALIANT
lalnAne] CRP NUnUusBNAUNAULAZUAINITNaNIAA 75.9465.6 WAY 12.543.3 Naaniy/
ang pnaiy Tuansingugtaanldiunsweniaensaeds high-fux  hemodialysis
ANRALUANTLALANT I IAANEI] CRP MU GNAUNAULAZUAINITNANIAAR 71.2451.5 WAL
36.6428.3 NAANTN/ AMT MNAFL AAILANRALEREAZUIBINIIANAITD9217 ki lnAneL] CRP
Tunguiilanlazuniswaniaansaeis on-line hemodiafiltration L&z high-flux hemodialysis

\flu 83.6430.2 WA 48.7435.7 ANNANAL (p = 0.000) A1919M 4.2 UAT UWNUDANTING 4.3

Turnsznngugiloanlafuniswaniaansaeis on-line hemodiafiltration HAL@ALUDY

'
a %

seAUNDANANUUL BUNAUNDULATNAININANIABA 5.841.7 LAY 3.4+1.0 HAANGN/ IATART

1 ¥

ANAAL Turnenaugilaanldfunianiann@aeia high-flux hemodialysis HAQAL204

Q a

I
a % 1 o

syAuNaaN AN ENAUNeULATUAINIIWENIAeA 5.941.5 uaz 4.240.7 NAANTN/ ATARS
pNa1Ay AntluAedieaazaesnisanastasaaalunguiiaefldiuniswaniaensae
3% on-line hemodiafiltration LA high-flux hemodialysis {14 40.1£11.5 waz 26.8+12.2

FANAIAU (p = 0.005) N7 4.2 Uas Lmugﬁnmﬂﬁ 4.4



59

mg/L

p < 0.001

WHUDRNTINT 4.3 nisulasuutlasaessyiuanslalnanesl Creactive protein (CRP) £y
=
T2EZANNTNANLADA

mg/dL

p < 0.005

WHUDANSINT 4.4 nsilauulasesssiuneamnanszezinaInIsaniaen

L ey Al ve " Y  ax . o . ~ P o
ﬂ@;ﬂgﬂ'}ﬁlﬂm‘umm@ﬂL@ﬂmmmﬁ on-line hemodiafiltration NANRALUABDITEALRANT
A A A v .

gl NIz ETNAUNaULATUAINIINANIABA 83.5£22.9  UAY 29.9+20.8 NAANTN/  IATART
puaay Tuaneingudihanlazuniswaniaansaeis high-flux hemodialysis HARALIIE

FeAUANTYFEN UM INAUNBULATUAINIINENIASA 86.8+24.8 LAY 33.8+13.8  HAANTN/
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an o o a | 1 dl v = 1 N dl Yaor
ATARNT ATNAAL ﬂﬁL‘ﬂuﬂWLﬂ@ﬂﬁ“ﬂﬁl@:‘ﬂ@\‘lﬂqﬁ?@ﬁ@\‘lﬁl‘ﬂﬂ?ﬁ’]?%L'J??;I&Luﬂ@‘NE;JﬂQEW]LL@?Uﬂ’]?W@ﬂ
\@BARLEATE on-line  hemodiafiltration A% high-flux hemodialysis 1014 65.6+16.6 WA

60.9+12.6 AMNANGL (p = 0.383) ANFIGT 4.2

4.2.5 miﬁuﬁwmmiv‘hmumaﬂm (recovery of renal function) e8I 1UY
Tsanenua (length of stay) LazansINN9L&8TIn (mortality rate)

annsRAmNNIHEATaIN I uTeslafisraznan 21 Su udsandanisineg
wuinguthed FFunswanidensasda online hemodiafiltration fidwaugtlaafianunsn
wganisweniden 7 91e Aaidudesar 50.5) lweasfinguithaefildsunisendensaeis
high-flux hemodialysis ﬁfeﬁfﬂmu;ﬁ;ﬂfmﬁmmmmmmﬁ?‘vxlﬂmﬁam 5 378 (ApLilusesay 35.7)

szazinatuaulianetuialunguideadléfuniswenidendaadd ondine
hemodiafiltration  #ANLeAY 32+15.6 51 lurmringuitaefildfuniswenidensaeds
high-flux hemodialysis flﬂ"waal?_l 38+11.2 94U (p = 0.071)

SaenndeTang 28 Su wdsandinisine wudnguitaeildiuntseniden
#0835 on-line hemodiafiltration VA uaugila@eddn 5 9e (Aailuiesay 35.7) T
nguitlaedldFuniswanidendaeis high-flux  hemodialysis fidruaudilasidedin 3 se

(Apiludeaay 21.4)

Qs Q 1 1 J Qv o
4.2.6 ANNANWURTZUIN9AT APACHE I, SOFA wazn1sNumAa9In1sinuaadsle
ANNANNANRUSILII19AN APACHE 11 kAT SOFA NRABNTIINUFAIUEINITNINUUD

1 1 v
1TANUINAT APACHE |1l 91t5a8in91 19 uazA1 SOFA fdatndn 3 Haduduiusiuni1snusn

o o

299N19919 11289 IPa e RTRIA Ay 19ats ununansINg 4.5

al aa

4.2.7 ANNANWUSTZUIN9AT APACHE I, SOFA WaZansINISIALTIR

] o

ANNANNANRNUTIZUINAT APACHE |l WAy SOFA NRAadRIINA8TIANLINAN

APACHE Il #11NN91 29 wazA1 SOFA ANINN91 11 HANANAUSAUSAIIN1TRe TR

a o o o

at NNTRIAATYN9aDHR WrUDANTINT 4.6
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WHUDANSIND 4.5 ANNANRUTITUI19AT APACHE Il uaz SOFA Nidnasianisiusaaednis

N191uad e
p =0.00
40
[ ]
[ ] [ ]
[ ]
[ ]
30 *
le p = 0.00
z 0 2
i)
E [u] [n]
i)
< 20 o o
[u] [n]
fa) fa) [n]
o
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10
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' o

WHUDHNSINT 4.6 ANNANRUTIZUIN9AT APACHE Il waz SOFA NilsednsIn1siaeTin
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anUsgna Lazdaldauanus

5.1 @gUuan1s3aE

n1srleniaemdagianswenidaenuwLy  on-line  hemodiafiltration NN13UKAANT
lalmanesiaiia vascular endothelial growth factor (VEGF) way C-reactive protein (CRP) i
Andnnslanidendaedinisani@enuuy  high-flux hemodialysis luanuzfin131dnans

lalnaaydaia interleukin(L)-18  ldfAoruumnsnaiuadeldadAynisadfszndng

ad A Zj/ ad
1EN1INBNAAATINARNIT

5.2 anusiananisias

a o d”dl | a o dld P a [ %
n1masunaLunim ELL‘IﬂV]ﬂm:’r"]L‘]J?‘EILILV]EI?.I@ELLZQN‘LIﬁlﬂqiﬂ]'ﬂﬁﬂlﬂﬂiﬁqﬁ‘iﬁiﬁlﬂf]ﬂﬁiﬁ

1
v o Ay o

o a X " PR o o
duasfamalunszuamanniniazlaonsdundau aanarnaulasadidaigeasnisiiien
3annsWenidenluL on-line  hemodiafiltration  @adnnsldaeudalualfimalugiaelaong
X o A = = o o P o a P = Iy
Fafe eAnEnenuantRreIn1srdnanslainanal neldanumgiundiniswenidensdae
3% on-line hemodiafiltration  #aiNalNN17UAAITHIVATZUIVAINA (convection) FNAL
NTTLIUNNTUNG (diffusion) WrazRinngadmanslilnAfeinInndIn1sneniaansaeia high-
flux hemodialysis NRNNAINN1TITAANTENUNIZLAUNNTUNT  WATNTTLAUNNT back filtration

agialafinn wudinisadnanslatnaned IL-18 dadudngisrassuanueanisideiu Tdwy

=<

ANHUANANIZUIWNNIINANLADATAIVINADIID TINANMANIAN
a dlzJ A [~ dld dl 1

1. aaznnsiae lunszuaaeniun1tzniinnsidasundasaesssuusiie lu

$19NEUAABALIAN (dynamic condition) N13ngaadaANslatuwlasaesanslalnaneingg
dJ = g’/ = M ¥ @ % dld =S a a o

nanlanainiafsaaiafan a1aldlddusununfnlun1sdnunlsz@ninnnnsrdnaesans
AINAIIAINTINNNE

2. nnsanaanaqena on-line hemodiafiltration 1£113an199n1918% substitute fluid
Tnamsadnauny ultrafiltrate NeanainsagilogTulfunsiuanis 20-30 anslunisineus
AzAT T9aNansEsulisaIn198niay (inflammatory process) lusnannelidnalaeanis

I -dl-al o 1 1 % 1 N dld a dal = o £
ﬂ')ﬁlVIﬂJﬂW’)iﬂ’]?‘ﬂﬂL@Uﬁlu?q\‘m’]ﬂ’éﬂﬂ‘ﬂﬂuLLZ\]QL‘ﬂuluﬂjﬂ’)iﬁlmﬂ’]’)::ﬁlﬂLﬂjﬂluﬂﬁ‘ummﬂﬂ NI

©32e

F9NNEHNNTADLAUAIAT NN T IRATefIURAaALNaT R9nalANSataN17aAAIURIENT
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' |
o

Talnanen] IL-18 Aaluefiddiefeufunaunimendeniuu ity (8R3IN1UTAUR
AnstiaaningnInnsaineresans) Weflausuniswenidendaeda high-flux hemodialysis
@ﬂﬂﬂi?ﬁmqmﬁmﬂﬂﬁﬂﬂdﬂﬁLﬂuLﬁﬁlQ@NNaﬂ"}umﬂﬁu Tagladnwudninnsnsefunszuaunig
gniauannsldaaniswaniden onine hemodiafiltration lunguiilaglaitefsiianuses
lFun1sneniaen lunienssiudaunisneniaensaeds on-line hemodiafiltration ‘lugilae

nguAINaIINAUNLLIANNsanasan1sdniauluseniaattsdaaulananiaaniiy

1
A o

A a =3 a o AI a K A v aa .
ITUZNATUIU 6 1AAY TUAD AITNNITANTIIRELNNIANINHATAIN1TNANIAAAAILAT on-line

1
al

hemodiafiltration NiFanszUauNsaniaLlusnaaesdilanguiinisfiamalunszuaiaen

%

3. nsdnaananslalaaedlinedudamdnlunisids (1L-18) tudaualuanainlyl
gdanalAALANA197z1I19aN1INaNIaeMA9838 on-line  hemodiafiltration  Waz high-flux
hemodialysis naqAa aslalnaeid IL-18 Hauialuiananansngnadnlinsaaniswan

@aAKLL high-flux hemodialysis aglsfinuiiunnsuinanslalnaeiinifinannavauss

ga931ameifisenisinideiuiluining wazdaulngdauilaualuanauin dafumn
fa17001970Na INN11U9AAN 109N 1IN ONIADAREAT online  hemodiafiltration 714
A4ALTENALLBINTIZTLAUNTTNA UNAZAINITNUNAGNTAINAD FANIINITWENIAARLEAE
high-flux hemodialysis

duFuASesazniranadreddns kinaAnesl VEGF, C-reactive protein (CRP) La

WagmmniuaanadeiunisAnsInIsWaniaansaeis on-line hemodiafiltration lungugilae

1
o o o  ar

dgj L4 Vo A dl o 1 A o Aadl
lll?]Lﬁ"ﬂﬁ‘\?ﬂ”‘\]’]Lﬂuﬁ]@\?iﬂﬁ‘UﬂWiW'ﬂﬂLf\]@ﬂ NNUARTINITAAANTDY CRP At MNNULANATUNINADAN

7

]
=

6 1haw aanaludayanatiuayuinnisldanslalnaned 1L-18 1w aralluaishdaualuana

a ' 1 =3 ° o v 1 R 1A
VIiNLMN’]Z@N ﬂil’]\ivl,ﬁ‘ﬂﬁl’]ll @WM?U%@H@“H@Q?@H@ZW‘I?@ﬂﬂﬂﬂl’i’NW’ﬂ@LWMWWUQWN%M”I@INQ@

1
1=l

ANNT7 IL-18 1w neRdaRANing Neawmninuantinisaee A ludausne 289

g
1 a o | . o Ul 1 a % A
TN ANE Y multicompartment Vl’]lﬂiﬂ@’]m’]ﬁﬂ‘ﬂﬁﬂ’miﬂﬁ'lﬂgﬂ LUUNIINaNLaan

WLLISUNAU (acute hemodialysis) 16

5.3 AA’NNAADIIUIAE

1
aa

dl v a o d’j wm v 1 L 1 dl
Haliannnsiaas arnnsndszans i lSneenguiaeniainisluisuuss Waeain

Unanininznisiadalunszualafinnininglnnadundusinsae Nanuisasunisnan

232

anNaslaifian (in-center hemodialysis) 1A daunilediaslianinzialilaasienauas

EY

ToAn T guIIaNIN THAAINNNFIR LWL AR LTI ALA NI TadtsAR NN T a2 LdY
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fngl Acute Physiology and Chronic Health Evaluation Il (APACHE 1l) kas Sequential Organ
Failure Assessment (SOFA) Wuéﬂqmzﬁuﬁiéﬁumwd@ﬂLﬁﬂmé’qﬁ%m@mjﬂ@@mt,uu on-
line hemodiafiltration ﬁﬁ%ﬂgﬂﬂjﬂ\‘] APACHE Il waz SOFA ilu 24,5472 uwaz 9.9+4.9
AL wazludlaanguildnAaven@enuuy high-lux hemodialysis SALaAE 23.6:5.1

UAY 9.622.4 AINANAL

5.4 TALAUDLUL
5.4.1 n1gul 1 luE el {15 (Implication for practice)
nnsanaansnedaNIINanaaALLl on-line hemodiafiltration 1T14n1999m uremic

o

. dl v o a dl v aca 1 aa a oA
toxins Wﬁlﬂ@Lﬂﬂ\iﬂUﬁﬁ‘iNﬂ]’]ﬁlﬂI’ﬂ\ﬂﬂ F9192NAUALITNITUNTIINALATNITN Tmﬂlum\iﬂgum

1
o o

A aa o { = ¥ ' ' v ﬁ” A
naneniaaniafanataiinisldedeunduarelugiaelnFeisniunismeniaenninslunany
anntiu A luanntiunldianiswenidanuuiy convective-based hemodialysis agjudn ¥n
anunsnianlszandldlugiloglaosdunau Iaaenizdilbaniaonuaniunazdelaiy

¢ = 1 v Qid a é’
nnsadnansaeds anslilaanadluauialuanasuiananadulugilaanininsfaiae lu
A 4 1 a 6 1Y 1 k73 o dl A dl
nszualenuda aznenaszlamiuifilasedsmin uazilunsldninensesesaniaoni

1 1 ¥ ! as

= v a dl v a o d” s A v . .
Haglatinefue nndedanainldainauiaail nnsldianiswaniaansaeis pre-dilution on-
line hemodiafiltration Taalef substitute  fluid AeauANTRINLIRdaANA N1TON1UUA
ultrafiltrate  l8mANxFaIN3 wazldiianisgasuaasdansasinaaInnisnAtANdnduaeg
& X o ! o A Ao Ay | )
IADAEITU NAUNLIINATBIN9I3R e AeNHauA N aTuIananei i lugunn w118
Bulinaniunnaneainnisldasnisweniaanuy high-flux hemodialysis T4a1ainaINNNg
WNTUTDIN1329AT04 88 AL ENNINIAINNNTIANAL1NLSI T Ultrafiltrate  BNUFaNTRa1TY
B ' v v a ° o A . i ° v
Haandniranasaasanudnduresasreadaannnini liiaaansees substitute fluid
[ al aa 1 v o K o o = ¥ ac
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a

NINNTIFUANFAN (NFRUNUN) WLNATNNGH pro-inflammatory  Uaz anti-inflammatory  Uay

muﬁm‘m@q@; CRP, C-reactive protein; IL, interleukin; MDF, myodepressant factor; MIF, macrophage inhibiting
factor; PAF, platelet-activating factor; sTNFR-I, sSTNFR-II, tumor necrosis factor receptors | and Il; TGF, transforming

growth factor; TNF, tumor necrosis factor
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MANUIN A

CRF (Data Sheet)
d‘ a v = =) [ 4 l Aax = 4 =S
‘H@Iﬂix‘lﬂﬁi'f]ﬂﬂ L‘]JﬁEJ‘]JL‘VIEJ‘]JﬂTiEU’I]ﬂfﬂﬁUl“ﬁi@'lﬂ"lf]l!ﬁ%ﬂ’JTQU‘HﬂTﬁV\Iﬂﬂ!ﬁ@m!ﬂ’]_l’t’)ﬂuulﬁu )

v Y v
Tulaegilamsdunazitnmsdendeauvuilszaninmgaludihoaadolunszualaianil

Az lanenuwauy

o v AY Y 1 = = A o A
MAVNFVITINMIANY # P11l heu e Juiueulsaneinna
Y

Wninad A lansu daugq FUANAT

NARALTNTY Hct %, Hb__ nSuiagans

WBC___ x10ML(N__ L M___E__ %)Platelet___ x107/LLL

BUN___ daansuiagans, Cr___ daansuaagsans, Albumin___ g%

Na K Cl HCO, mEq/ an3,

Ca Naansuiagang, PO, uaansuinFans

aa o a & A d'd [ v 1 14
ammmazmwﬂumz!amaaﬂﬂumaz"lmmﬂuwammmﬂ

e
=D

Uu

_ SiaReanzaadolunszimien
1. finmedaio i 2 do mndauiaua 4 9o
[J BT >38.5°C or <35.0°C ] HR >90 A¥a/ wii
[ RR >20 A%4/ 117t 130 PaCO, <32 aamasison
[J WBC >12,000/LLL,<4,000 cells/LLL, 138 >10 % band forms

= [

Y
2. inangiumsinanzaaie 1ndunisses 1sa/ o0y

Y Y

b4
- ez lanedundy (szez Fyed RIFLE): Un1zasae liidaua 1 vovull
= Q’ dg} 1 dy A A [ U 09;1 ]
O] imsiniuaed Cr > 300 % MNAAUFIU H3olszaua1 Cr Aua
A a o Aa A A A 4 ' ] A a o
40 Haaniu/aFans nIelmanNIUedaties 0.5 Naansu/
ABANT
O #flaeny < 0.3 Hadans/ dlansy/ 24 ¥21u9 ¥M391n1I2 anuria

U 12 ¥ 104

Yousrlumsnentaoa
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msnenaeanssna 835 conventional low-flux hemodialysis (run-in period)

[ [

= ° Ay Y 1 =
UN AAUNAVITIUNTANH #

MIfuenmve1
HD W
Pre [ @eaney start HD @1 BUN, Cr, albumin, electrolyte, CBC

Post [0 1@eanas HD 1ag3F slow flow stop pump @49 BUN, Cr, albumin

Y
Predialysis  hmindadienouvlen nlansu
BT °C BP HR RR
BUN yaansuiagans  Cr Haansunowdans Albumin___ g%

Na___K__ CI HCO.__ mEqg/ans

Hct_ %, Hb nSUAAKANS

WBC___ x10UL(N__ L M___E__ %)Platelet___ x107/LLL

Dialysis data: (UUUEUU Dialysis Sheet ﬁaﬂ)
F2e2A1 ¥ T4 Net UF Uaaans
BFR Jaaans/un  DFR yaaans/unn

Complication

Postdialysis  mindadilendasvlen nlansu
BT °C BP HR RR
BUN vaansuiagans  Cr Haansuiaagans Albumin___ g%

Na___K__ CI HCO.__ mEqg/ans

Hct_ %, Hb nSUAAKANST

WBC___ x10UL(N___ L M___E__ %)Platelet___ x107/LLL
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[
v A

A
minentaeanIanans

[] On-line hemodiafiltration [ High-flux hemodialysis

[

A
UN

[

AY Y =
'lﬂﬂﬂﬁdlﬂl'li')ﬂﬂ'liﬁﬂﬂ'l #

Do

<1 A U ]
M3NUReAN DL
HD m
Aa Aaa 1 4 y <
Pre [J 1@ea clot blood 20 Hiaaans nou start HD e iluuen serum 1A -70°C

[ @eanauisy HD a4 BUN, Cr, albumin, electrolyte, CBC, CRP, calcium,

phosphate
mﬁﬁf L] Lﬁ’e‘)ﬂﬁ sampling port 1A Lﬁ@“ﬂuuﬁlﬂ serum A1 -70[1C
(no UF) [] Lﬁamﬁ sampling port 1{1!,314 Lﬁf)‘ﬂuuﬂﬂ serum i 7001 C
WIA7 10 1 1@eafi sampling port 1A @1 aloumin i BFR_____ faaans/uni
(no UF) [] Lﬁﬂﬂﬁ sampling port ‘L{WG‘LA 4 albumin
1 Effluent dialysate 1fiu 5 u1dl a9 albumin # DFR_____ fiadaas/undi
Post [ 1@ea clot blood 20 jiadans was HD 1ag3T slow flow stop pump Lﬁ@‘i‘lju
1en serum A -70°C
[ 1@eavaa HD 1ae33 slow flow stop pump &3 BUN, Cr, albumin, CBC,
electrolyte, CRP, calcium, phosphate
24-hr (1 1@oa clot blood 20 fiadans nds HD 24 hr titefuen serum ifiy -70°C
Predialysis data: ﬁwwﬁﬂﬁaﬁﬂwﬁaumﬂ nlansy
BT____°C BP_ HR__ RR
APACHE Il Score SOFA Score______
Inotropic drug(s) Dose
BUN____ Jadnsuiadans Cr___ daansuiasans Albumin___ g%
Na___K__ CI HCO.,__ mEqg/ans, CRP____ liaansu/ans

Ca Naansuiagans, PO, NHaansu/nsans



Hct %, Hb NSUNATANST

WBC___ x10VUL(N___ L M____E__ %)Platelet___ x107/LLL

Dialysis data: (G ANT Dialysis Sheet 51}’.181)
F2ezA1 ¥ T4 Net UF Uaaans
BFR Jagans/ N DFR yaaans/un

Complication
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Postdialysis  mindadilendasvlen nlansu
BT °C BP HR RR
BUN Haansuiasans  Cr Haansuaagans Albumin___ g%

[

Na___K__ Cl HCO,__ mEg/ans, CRP Haansu

Ca Naansuiagang, PO, uaansuinFans

Hct %, Hb NSUAATANST

WBC___ x10UL(N___ L M____E__ %)Platelet___ x107/LLL
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2540-2546
2546-2547
2547-2549
2549-2552

2552-1a91iu

2546

2552
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