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# # 5574164330 : MAJOR MEDICAL SCIENCE

KEYWORDS: ACUTE KIDNEY INJURY / CONTINUOUS RENAL REPLACEMENT THERAPY /

REGIONAL CITRATE ANTICOAGULATION
SASIPHA TACHABOON: IMMUNOMODULATION EFFECT OF REGIONAL CITRATE
ANTICOAGULATION IN ACUTE  KIDNEY INJURY REQUIRING CONTINUOUS
RENAL REPLACEMENT THERAPY. ADVISOR: NATTACHAI SRISAWAT, M.D., CO-
ADVISOR: ASST. PROF. KHAJOHN TIRANATHANAGUL, M.D., 80 pp.

Background Acute Kidney Injury (AKI) is a common health problem in
intensive care unit (ICU). AKI can also lead to increased risk of mortality in critically ill
patients. Continuous Renal Replacement Therapy (CRRT) is considered as a
treatment for severe AKI patients who requires renal support
from recommendation. Regional citrate anticoagulation (RCA) is an option anti-
coagulation for CRRT. RCA affects the immunomodulation associated with cell
functions improving survival. The aim of the study was assess effect of
RCA in immune response in patients with AKI undergoing
CRRT.

Methods This prospective randomized controlled trial was performed of
thirty AKI patients requiring CRRT and randomized into two groups of RCA and
control. Samples were collected to measure CD11b, HLA-DR, C3a, C5a and PAI-1 at
initiation, the 6 hours and the 24 hours during CRRT and follow
up.

Results The demographic data and baseline are not different in both groups.
RCA group significantly results in percentage of the reduction at 24 hours in CD11b,
concordantly with HLA-DR and PAI-1. Other biomarkers including c3a and c5a are not
significant.

Conclusions RCA in CRRT could reduce the inflammatory effects of the

immune system and mortality rate and provides potential benefits for CRRT in AKI.

Field of Study: Medical Science Student's Signature

Academic Year: 2014 Advisor's Signature

Co-Advisor's Signature
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Uay WU volume overload, metabolic acidosis, hyperkalemia, hypo-hypernatremia
anmnsonuldveslufieingn yiliuaedsnsinmsmefissniuainemsinde

useghelsimulundvasnissny nldeuiTuslinalaualuszozusniinueinisie

[
= =

e fveyalumslden steroids #1Milgns anti-inflammation aAnTsvaansNviliAnNTs

LAY TINUBATINITAGANNTU[L, 2]

70 7000
83 a1

80 = §7 6000

. -
50 47 2% - / 5000
42 [ ] g
¥ el / 4000 B
2 : o
3 ‘e
3 % 3000 8
B
=
20 _/ 2000

Lo+
/
10 |1 1000
e
.‘ -
0 — W et . = e JOR. SN ] o
1656 1961- 1966- 1871- 1976- 1381- 1886 1991- 1996-
1950 19565 1870 1975 1980 1588 1820 1995 2002
Year

UM 1 99NNsANwIves Ympa wagany kansdnsn1sdedingielun1iglane@eundy
TugUqeingm seninatl 1956-2003



NA9INTSINIRNENLINMBLRYUNAY

Kidney Disease: Improving Global Outcomes (KDIGO) ladnsainauainisifiady
Ingldinauainisitadene creatinine ludaaiuduainiiugiuuinnid 0.3 me/dL anelu 48
Flusdondeinnslinadeundy  wazliuusssduanugunseendu 3 szaulagld

.. A . < ¢ o ~
creatinine Tuldoauagurine output Wy Auanslun131si 1[3]

AN5199 1 wananaeinisItadunslanedaunauuae KDIGO

Stage Serum Creatinine Urine Output
1 1.5-1.9 times baseline OR 20.3 mg/dl (> 26.5  <0.5 mU/kg/h for 6-12
Mmol/l) increase hours
2 2.0-2.9 times baseline <0.5 ml/ke/h for 212
hours
3 3.0 times baseline OR increase in serum <0.3 ml/kg/h for > 24

creatinine to 24.0 mg/dl (2353.6 dmol/l) OR  hours OR Anuria for 212
initiation of renal replacement therapy OR, in  hours
patients <18 years, decrease in eGFR to <35

mUl/min per 1.73 m2

dnunvasnisiinnizlanedsunay

A I

Lameradenluifieils wudtieiiothivg Faden o uiennziling ane
ﬁﬁ’ﬂﬁlﬁﬂ ischemic kidney injury Faviliin endothelial cell dysfunction Wunalviiinng
#4579 nitric oxide anat wazad1e endothelin WinTu vlHAR renal vasoconstriction 1y
ualsinadenluifiedils uasvhliAn tubular damage Tufign mnamgnsuaienluides
filagislaisunss e1avhliAn cytoskeleton disruption Wiy uddmnnsuadenluidesle
ﬁ?mﬁw%ua&]NjULL‘Na’]?\]VTﬂﬁLﬁﬂ apoptotic  cell  death Wanmmsalin  renal

vasoconstriction uag tubular damage 1 ¥l glomerular filtration rate (GFR) anad[d]



2. AMEMIOULIlaunnIedaIn  nephrotoxinsguseansiiumale  evinuyse

Usgnaumeenfinguselul

2.1 gav3eansNvililAn idiosyncratic immune response laun 81UfTue
N beta-lactam g1uAUIANGY NSAIDs a1 enguivitliianeSanmilawuy

interstitial nephritis 16\

22 gwEeasiivilliin direct tubular toxicity laud e1ufduzngu
aminoglycoside W@z amphotericin - “a%1  gInguilviibAAnngEan A laLUY

tubular necrosis b9

23 g mseansnilnane glomerular hemodynamics agvinlin GFR anas

[

g1 naudl wusleidu 2 nqu fadl

231 g 3a1sivinlmian  renal  vasoconstriction laWA  @NSTAULAS

¥ % 1

(contrast media) EJWLL#’T‘LJ’mﬂEjJJ NSAIDs mﬂmﬁ@mumm calcineurin inhibitors

232  ewFeasiiiliiAn  renal  vasodilation  lnewavngludinves
efferent arterioles oA w1anANRUlafingengy  angiotensin  converting
enzyme inhibitors (ACEl) wag angiotensin receptor blockers (ARB) N13LARN1IY
lamedsunduanenguilsninluiheiiinnesdudonilafiuis 2 41 (bilateral

renal artery stenosis) [5]

3. AMEN15ONLAU (Inflammation) A$WUILAU cytokinestias chemokines LWHLIN
Ju Wunaliinnsuaimvsadudoniila (renal vasoconstriction), cellular dysfunction
WA apoptotic necrosis MMUAIRY UBNIINTNTINTAFRATOEEINTANTEAUY complement

system WIUNS alternative pathway unavilsiin cytolysis 1al6]

4. N7y oxidative stress AMIANAIN ischemic reperfusion injury N91AAATUN
lavseiedenvduy  Telluaviiiiin  cell injury #ilw  wenanlianzuinalufensgs

(hyperglycemia) §9villAnn1g oxidative injury laltulAgafiu [4, 5]
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Tunissuialszneumaeiivendelse wislassasaluananuszneuduluiuiolsn 39d

Y
(% ¥

wiadimnnzludelspnviingneg 159011 Pathogen-Associated — Molecular — Patterns
(PAMPs) f1881909U NUIUaaY8INIMUATILSBLATUUINAYY LPS, peptidoglycan ) ay 1A

48U (endotoxin)Receptors ¥4 innate immune response ﬁ%ui PAMPs 138A71 Pattern

1 '
= A

Recognition Receptor (PRRs) ag3uianiy PAMPs wiiu  Lisuiillaiionuies aeUsing

9EUURILYAGNIN macrophage Way dendritic cells ilewuifu PAMPs AIs1imzfaznszdu
Thwadvihmhildviuilaghifeaudsfufiudwou vie differentiate il effector cells
Wilauiu lymphocyte[7]
aausEnavvesgliAuiulaeidavielidimeg
1. syuuunAgusene (Barriers)
druiinuifugatnldteian Ae Aamds maduens weenmadumela i 3
dautlawunaqulusae epithelum  deiilesfunasn qadnazinudun Weoidn
UIAuHa Mi3eaUeIMS e o1mafimelaiinly Ramtiansnsadesiunisidn
yesgadnldidosandaumu wazdansadidgniviareqadnld wu wiedieen
MN3YNL Lazansivasndesiluiu dauludesios azais IgM MiFendn natural
antibodies  Fswuldlunszuaidon dedanudimzdeanslulawnsaiieglunisivad
UBIATIN vinafiileniafndedis Wy mafuemns mafumiela wagmaiu
e §98 mucous membrane 38y epithelium WugiuUNARu[8]
2. dwidusad (cellular defense)
viwthiduAuuazgesyinaisgadn (phagocytosis) uaviinausqadnliiy
ARANAULUUT Y
2.1 Neutrophils (polymorphonuclear leukocyte) Jusadefinusnitoan

2 v a A a a & a s a !
7\]'1ﬂﬂigLLﬁLa@@l‘UEN'UiL'Jmcl/lllﬂqimﬂlﬂja VUNIILDGRAITH receptor ANE)

WU Toll like receptors (TLRs)uae PRRs Edllu‘] Tneagld receptor i

[ 1%
v @ tY

Fumeduiugadn wazgarunsadulanvuingadniugn opsonized e
a a A a (3 1 =)
LeuRURR TomauNELIUY LagK1UNNe Fc receptor #38 complement

receptor MUa1RU NUUIzNAUAU (phagocyte) 1lUlu phagosome



wazgndosynateaigiaulednalevila 53U antimicrobial peptides
Fi9)928[8]

v

2.2 Monocytes Wag Macrophage UUR1L@adawil PRRs #1149 ﬁﬂaﬁug
PAMPs  21n9a%w uazdell receptor dmiusu3 cytokines finda9n
adBUSendsaIn macrophage 189 s?i'uﬁagﬂmxé:u AIWAINAT

UAugaTw wSoNIUNS receptor 199 Avznaewdu activated

macrophage fAuanansalunsdu iy eh uazdesvhanegalwldity

S1unandsans (mediators) wag cytokines #1139 U IL-1, IL-6 ey

TNF-0L anuiliiinn1insaldniau (inflammation) vinlwilidinlden

Y1IYUARIILU Lﬁasu%’m;a%wluu%nmﬁﬁmﬁm%@ wazidunsane

ﬂizél:uiﬁlﬁm adaptive immune response [8]

[%
=

2.3 Natural killer (NK) cells ¥nuthvianewadnfnaelisa e NK cells
gNNIEFAUHIUNNG activating receptor dzdin1snouauadld 2 WUy Ao
NK cells agvaslusiusneg 9nunsya wazlunseduioulaisinaginl
a . = P Y o Y] ~
LNA apoptosis #58 NK cellsngnnssauasasIwasiad IFN-Y Wald

o Yy v a ° & Aa
n3eFu macrophage Mdiadnuaunsalun1sduiusasyinaedelsniniu
WlulaRaue]

2.4 Dendritic cells {wwadnaunsanszAulana Te wag Tans1zaunse
UNAUDLOUAIUNIUNIG MHC class | %38 MHC class Il 1@ uagd
co-stimulatory molecules %ﬁLﬂUﬂmauﬁamm APC il® immature
dendritic cells SUFuoUALIUHIUNI receptor #7199 LU TLR Aaggn
nsrAulinatelu mature dendritic cells #n1suantoanes MHC
class Il WuTU wagipdoufludameuinnios Feagluinausioumiau
T Ty wenandl dendritic cells UN9FIEINNSONAY IFN  F99IAsng

\Ju antiviral cytokine JasiulililiSaudsidnaiels]
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v Av v oA 1 =

YanINTMAN phagocytic cell emumwamqwmﬁlﬂé’dﬂﬁﬁw
nsduinde mnudnseduliiinnngdnaulaenss fsulunguilldun
Toll-like receptors (TLR), NODs-like receptors (NLR) wag RIG Faduy
fuilansauenuezliin ueuRluikiiudundudulanyasuvielsl
(self or non-self) uaﬂmﬂﬁ?ué’qmmia%’uiuauaLﬂuiuﬂejuﬁt,ﬁmmﬂmi
yhanevendodeiumeessuieunannssnay nedonuoufiauly
ﬂzjuf:’iﬂ damage associated molecular pattern (DAMP) 91%il9u heat
shock protein, high mobility group box-1 (HMGB-1), cyclophilin
Jusiu Tag DAMP annsaflagiinainnisuiaiiukaznmsmeveseadiu
ai’msmmiué’ﬂwmwhmﬁ’uﬁy’ﬁ apoptosis,  necrosis  La¥/®30
autophagy [8]

3. dwiililviad (humoral defense)

Tushusinenfieengyiiiiotiouasvhanegadn

3.1 S¥UUABNNALIUY (Complement system)
Usgnaudnelusiiuvansyiin faftoglunssuaidenuasineguuinwad
Tusfumariinuuniaglivieuaundiasgnnssdu Gaagvieulaeii
winfdueuleflugeslusfusadaluliiaudedesiuludes
(proteolytic cascade) syuuARLNEUIgNNTEAULA 3 119 AB[9]
1. Alternate pathway
Fnsuuuiinnneomndiuuilsiugnnszdulasniieadvosnuaiite
Feliilusiuiimuaunisvheuvesneundiuu daiy wuaiiFefidnly
TupszuaidennazlunszAuasundwuilaensao]
2. Classical pathway

N13NTEAUABNNANUNLANIINLEURUBALUIUAUIATNVTBLOURLAY YN

9ifin antigen-antibody complex @9a13130NIEAUABNNAIUNLA N3

'
=

nsrAUBUULABUNALNUNILYIIMTNSIuA Y adaptive  immune
response Tun1sidniealsal9]

3. Lecthin pathway
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AeanTushiuiidu PRRs #iSendn mannose-binding lectin (MBL) R
\Ju secreted PRRs luduriu mannose ﬁagiuu slycoprotein finifawead
YBILUANILIH[9]

74 3 pathways 109n13NTERUTTULADNNALILY aziiEnaisudui
A9 LLazﬁqwumﬂzmwwqmiﬂizéju C3 Faazgndeseeniiiu C3a way
C3b Fudiu C3b Hwunelug) awdsnsineguuniasaduonain ua
a1usanseiulysiuvesnasundiuuididnly auludanisiia
membrane attack complex (MAQ) %Qﬁwlﬂﬁﬂﬁﬁmg%ﬁmﬁﬂwaa‘
Soduneundu it fiudiulsynouses innate  immune

response LAgnTI[9]

3.2 Cytokines ¥®4 innate immune response
Cytokines @31991n macrophage fignnsedusegadn Tagsums TLR
989 macrophage 7903 cytokines Ao i filusiRndedeans
sgnitwaadneg Tuszuugifuiunazyirliiinnisdntau a0
macrophage 9NN3EAUNIN U cytokines funnmediazeangnslui
lnaeenldld Wy lunmshndeuuaii3eriaunsuay LPS  azlunszdu
TLR UU macrophage 47u2uun vl tumor necrosis factor (TNF)
gnadatusuaumn @ INE  vildiAnduiengaduuasnasnidon
VA7 IAAR septic shock yonani macrophage ﬁgﬂ LPS n3zAU
faa¥ns cytokines B9 19U IL-12 i withdl nsedu NK cells T9imAd
IFN-Y @92gndusnnszéu macrophage ¢ [10]

3.3 Acute Phase Response Proteins
Wsiuludwdemaresdaiifinswasuulasaefinusaniniuly
sEnineiiiinisinde niesznineiinideazuieainlse 13unn1s

Wasuulasiiin §f acute phase response  wazidonlusiudiilseau

wWasuwlasluin acute phase response proteins @iulugjasisainsiu

laen15gnnTesuYes TNF-Q, IL-1 uag IL-6 segrsvadlusiuil lawn
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dusznouveIRONNALY, mannose-binding lectin Tivihwthiinszdu
ARUNAUYILAY lectin pathway Wag C-reactive protein (CRP) R
&111309unU phosphorylcholine Uuﬁasuaqﬁ;a%wLﬁ@lﬁgﬂﬁuﬁulﬁimEJ
phagocyte [10]

3.4 A159ALEU (Inflammation)

'
o

\u physiologic  response ¥83UiA3vmsUaUBINIdUTOUVDS

' ' '
A 1 S =

Weileradsinedunsie  (injurious agent) WarfolwadnioliloLd
LEYUIYNIONAT NISONLEULNILUULUNTU (acute) haghuuLsas59

(chronic)[11]

[

nsasukUasfidnn 3 ag19lun1sonau tawn

o

1.713988Fv0MaenLaen (vasodilatation)

NN NEVRIAITEBNANS  (mediators)  Mane¥lingaeRNgNsH
endothelial cell uwazwadnduilossuluriuiinasainiiedslasu
FUNTIYUATITIANNITAVLAUVBINABALEDR  (vasoconstriction) WU
RTINS 2-3  Fuiinseunduufiisen reflex 21nduIuAn
vasodilatation U84 precapillary arteriole punvilillloBausimuu
aa = a X a & .
faunalonmgliguuaziiifensnidewnn (hyperemia) [11]
2.113.UAsURUamNlATIa51990aRALERALANIINGNEYEY mediators
A9 AN ST UNTIiaeaLden  (increased  vascular
permeability) tiiaiin155lnavosreinalsenniuuoniaonLionlannaz
v a X 1% . ° v & A = 1%
Juniauntulazluatnas (stasis) vilidladenvamisaluaisoudn
1 lndusunidanasnaen (margination) aua1uNsagaLnNTy (adhesion)
fn endothelial cell [11]
3.Msindeumveiindenvieenuanasnlien
a1 udunauvedinldenv1iNazindoudioanuaniaonlion
(extravasation) lgiA

3.1 nMsideumveadindeninnsluasniien

3.2 ANslAReuUAINIUNTINaenlden  (transmigration %38

diapedesis)
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3.3 maladoudasnsedu (chemotaxis)
inflammatory cell #fian199 adhesion molecule uana1siuly
wazflanuanunsaiumainguinaiinssnauldwmnsiistugy
neutrophil Wwnandsusnaiifinissnaulurag 6-24 F2luswsnlu
YUzl monocyte unfidlu 24-48 Faluauslilosnn neutrophil o1y
Sunazmeatl@iZainiely 48 dalusdatnasny inflammatory cell
a2l du monocyte (monocyte floanuuenasndonsouiay
nanevdiu macrophage) Wiawinidenuadinisnizhin (adhesion) uu
endothelium  wéazunsndriunimasnidoniiiooongiiloido
(transmigration) [11]
msdnavazdinsilegaunszindelsagnidanualy dldaunsafdeldfaninnis
SnauFeds sty mssniauiaduruaunsuiisues innate immune response flazdanis
fudelsaidlulusiene [7)

pliAufuLuUIEAnTundnlasudsUanyasy (adaptive immune response)

Y

Y

fanudnmziariaiudi Favaesdewadiavilatiaineitesiusyugiiauiuy

o491fe antigen receptors WA co-receptors Naguulgaaiun1ITUIHOUALIULNY naon

1 1 [ 1

uisruaunsiveusaud lUluead nszduuasdsiadyniniisgaielueas wazds

[ -

doyanadlviiuwadaus wesiulledulunsasigifuiunitnizssieusiauiug6]

Innate immunity Adaptive immunity

\ YU 2
) :
@ ey
/rava
(7 B
|
PN
i
i
[
1
i
i
i
i
i
i

Dendritic cells |/

Epithelial barriers

Neutrophils Macrophages

s @

Complement NK cells

Hours ; Days

l (%
LYK%

3UT 3 uanIn19nauveesEUUQIAUTUTA 2 wuu [11]

q
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A2 LANURIUNEY LNUNEITANINNAEDEINANLTAAVIALEDALNANITANEUDS

waabm (renal ischemia) YliN1579UTB0 18R IRAUNALAEINITUAAINITADUALDS

ﬁaﬁﬂduaﬁﬂﬂisystemic inflammatory response syndrome (SIRS) Lfﬂumwﬁijﬂwﬁmi

dntauwnsnszanelunigiante aziiennisassaluiegnaties 2 1a[12]

6.

7.

QMM HIINNEL< 36 °C (97 °F) 38 > 38 °C (100 °F)

ans1laAL> 90 ASIRBUNT

951911819 11nNI7 20 ASIREUNT YsBAINNTIALAELLLEEANU P,CO, HounIn

32 Hadlunsusen

USunandadenu1i< 4,000 wadnegnuiridadiuns w3e > 12,000 wadse
fa a 9 a 9 1 a

ANUIANANAALIAT (< 4 x 10 1358 > 12 x 10" LwaanoanT)

dindonvidigeu (Ukuud (band forms)) wnndndesas 10 (dadonu1ie

(leukopenia),

< & a .

WIALEAYININLAL (leukocytosis)

mazLﬁamﬁl,ﬁmﬁammgmwuﬁ (bandemia)[12]

NINIANLTeUsENBUMENalndudouauisanseusEuugiAuiunnune Uade

VAN Aa N1FBNLAUAUEATINELAA septic shock multi organ failure[13]


http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%B8%E0%B8%93%E0%B8%AB%E0%B8%A0%E0%B8%B9%E0%B8%A1%E0%B8%B4%E0%B8%A3%E0%B9%88%E0%B8%B2%E0%B8%87%E0%B8%81%E0%B8%B2%E0%B8%A2
http://th.wikipedia.org/w/index.php?title=%E0%B8%AD%E0%B8%B1%E0%B8%95%E0%B8%A3%E0%B8%B2%E0%B8%AB%E0%B8%B1%E0%B8%A7%E0%B9%83%E0%B8%88%E0%B9%80%E0%B8%95%E0%B9%89%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%AD%E0%B8%B1%E0%B8%95%E0%B8%A3%E0%B8%B2%E0%B8%AB%E0%B8%B2%E0%B8%A2%E0%B9%83%E0%B8%88&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%81%E0%B8%81%E0%B9%8A%E0%B8%AA%E0%B9%83%E0%B8%99%E0%B9%80%E0%B8%A5%E0%B8%B7%E0%B8%AD%E0%B8%94&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%A1%E0%B8%B4%E0%B8%A5%E0%B8%A5%E0%B8%B4%E0%B9%80%E0%B8%A1%E0%B8%95%E0%B8%A3%E0%B8%9B%E0%B8%A3%E0%B8%AD%E0%B8%97&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%A1%E0%B9%87%E0%B8%94%E0%B9%80%E0%B8%A5%E0%B8%B7%E0%B8%AD%E0%B8%94%E0%B8%82%E0%B8%B2%E0%B8%A7
http://th.wikipedia.org/wiki/%E0%B8%A5%E0%B8%B4%E0%B8%95%E0%B8%A3
http://th.wikipedia.org/w/index.php?title=%E0%B9%80%E0%B8%A1%E0%B9%87%E0%B8%94%E0%B9%80%E0%B8%A5%E0%B8%B7%E0%B8%AD%E0%B8%94%E0%B8%82%E0%B8%B2%E0%B8%A7%E0%B8%95%E0%B9%88%E0%B8%B3&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B9%80%E0%B8%A1%E0%B9%87%E0%B8%94%E0%B9%80%E0%B8%A5%E0%B8%B7%E0%B8%AD%E0%B8%94%E0%B8%82%E0%B8%B2%E0%B8%A7%E0%B8%A1%E0%B8%B2%E0%B8%81%E0%B9%80%E0%B8%81%E0%B8%B4%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%A0%E0%B8%B2%E0%B8%A7%E0%B8%B0%E0%B9%80%E0%B8%A5%E0%B8%B7%E0%B8%AD%E0%B8%94%E0%B8%A1%E0%B8%B5%E0%B9%80%E0%B8%A1%E0%B9%87%E0%B8%94%E0%B9%80%E0%B8%A5%E0%B8%B7%E0%B8%AD%E0%B8%94%E0%B8%82%E0%B8%B2%E0%B8%A7%E0%B8%A3%E0%B8%B9%E0%B8%9B%E0%B9%81%E0%B8%9A%E0%B8%99%E0%B8%94%E0%B9%8C&action=edit&redlink=1
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Inflammation

Stimulus

Sepsis —
Serial Theory

Hyporesponsiveness

Stimulus Inflammation

|

Pro-inflammatory
Mediators

Sepsis

Parallel Theory ge of immunohomeostasis

Anti-inflammatory

Hyporesponsiveness Mediators (inhibitors)

TIME =

a a a . = oA a vy . .
U 4 wananguivesnsiinn1ie sepsis ¥l 2 viqud] Mwn sepsis serial theory Way

v

sepsis parallel theory Tu sepsis serial theory —azlAANTEUIUNITONEU (systemic
inflammatory ~ response  syndrome,  SIRS)  UMUNNIADUATZUIUNITAANITONLEU
(compensatory anti-inflammatory response syndrome, CARS) Gumzmu sepsis parallel
theory nseUIUNIT SIRS g CARS %Lﬁm%ﬂuna%ﬁmﬁ’u[M]

nsmeUssadattlinvziidiuieadesiunisiin  immunosuppression lun1g
sepsis Msdunanunsaaweunsndeulaneulugdae sepsis dwaliigeiuin luaie

sepsis UoNANAZANATINITAISAEUTITULSBALAMUT L TULEY TMeddmeeufiassny

¥

aunavaINITReUANEMNNANANTY  (immunohomeostasis)  lagnalnnanisnevaues

(Compensated Anti-inflammatory Response, CARS) fiviuaanusiduguriy Wludngug

[y

N13RDUAUBINNYY ﬁmmﬁummqmmm (serial or sequential sepsis theory) Nna12fe N3

[y '

movUaUBINIANTUBENTULTUARRBY pdniudafnssezmanagig AUAUANLLN DU

9 9 Y

denaliinnsindounsndouluszozuds egnslsiny nuiudiadenuiannusnadianig

Andeiinsmevauswnaniquiuge lusasidaidenvnlududuguesaneegluniegn

Y

(%
&

ANNITNBUAUDY 6?1\1L‘UUﬂ’JWlIWEI'WEI'W&J‘*UEN’ENﬂWEJGLUﬂ’ﬁﬂ"I‘\]ﬂa’JUWlIﬂ’Ii(ﬂﬂL‘*U
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'
v A a

(compartmentalization) FsinlUanguin1snevausimmagifuiuiliniunouiu (parallel

'
o [ 1

theory) luraugifalifitoasuntnauimguglasfianafsenissnugule[15]

LYY <

n1sneuauaWNNAuiuiuTTUUYRINISUIsAvadanlunzlnneREunEdy

A 2 @ 2 P a ) P
A5AsULUAIYDISEUUNTS SRR danAnulun e lne@eunduy Usenaumie
1. msldsunlasvadviasmasnuuialdn (microcirculation) ANy unRaUng

2. mswaguwladududonvunndn (microhemodynamics) 81a3gyiliAnANuRAUNR
NPT BT NI TR L e sepsis e TngldtuduuSunandennlinaeides

(macrohemodynamics)

[

Azneendiaulu sepsisiinlalnganie Asli[16]

1. nsdsuulasveadaden (circulatory cell)

2. anuAaUnAves endothelium 1y mswasullasues nitric oxide NIIAIVANUDY
JrUUUsEamMSnluia wsen1sade glycocalyx

3. AuRaUnAves parenchymal cell lueiezmngelngnss Suenmaziilosnainay

HaUN@LUN19Y191UY89 mitochondria %39 flwadLes (cytopathic hypoxia)

nsudeivesdendiiinladiedu nsiinaesdadonisudedveauden Lilesann
ANNSUSNLAULAZAITINNTUYOY tissue factor 310 endothelial cell way monocyte &u
Lﬁuéfummaqmil,ﬁm Dissiminated intravascular coagulopathy (DIC) lun1MzNin1InTy
AUNIZUIUNTUTIRITDLEan 08 1R atlods Ny lmAnn sas v wivunduly
2 N = & = = A A Y
naealaen lnglanizesndsluraondonauinan Jeaswanssnunonisinarisulafiniluds
978720199 AWDVIINAANITTINNUTRAUNALAZAMZAUYAIT898T8IEAIUNT WonaNil
! @ @ I~ =~ v o ! [ @ @ &
N13N3EAUNTRTIRIVBNFERBY1RaLladlun1Ie DIC §ui Tndadelunisudeiveaden
11 coagulation factor wazindniden gnlutiuundunazenavin uyliednnizidensen
Haundsiuniele ludagdunuimesindauedniiy DIC tAnann1sviunluaunase

9177190520 UN5AT I HUS U ALY TuetinnsanasvreInN1syinaulussuuNISHIUNIT
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udafvedantaznszulunisaatsinusu 3 Inidanisazaulnusuniniaundlunasn

1Hen lawiisne41171 pro-inflammatory  cytokine U199l 813TUNUINIUNIINITEAUNTO

(%
LY ]

UEINNYINIUYBINTEUIUATITAGY aEi[17]lneds1891UA1UYNVBINITLAALADAREN

JuusdbunUae sepsis 131013 DIC Ussanausewas 5 fesegar 12[18]uan3anninanisAne

o w =

Tupmsdszinadanuan DIC wWuladuideandAynensidedinuasuly sepsis uazyUleiln

o

o

UaURAMARY19TULTS (severe trauma)lagi Ul sepsis 71in13 DIC TIUA8AzHENTINNY

q a

qammmaﬁluﬁmw DIC Uszunau 2 w1[19]

Infectious Insults (Sepsis) Non-Infectious Insults (Trauma)

[ Pamps | DAMPs

Y

v v

| Pattern Recognition Receptors |

[ TrRs | [ NRs | RLRs
MvD88 MAVS
TI¥IF ACS STING

v
Innate Immune-Inflammatory Responses
Cytokines, Chemokines
Vasodilation, Increased Permeability, Leucocytes Endothelial Cells Activation

Yy Y
Local Inflammation/Hemostasis SIRS/DIC
Redness, Swelling, Heat, Pain Tachycardia, Tachypnea, High Fever, Leucocytosis
! !
» Activation of Coagulation « Activation of Coagulation
+ Suppression of Fibrinolysis + Impairment of Anticoagulation Pathways
+ Suppression of Fibrinolysis
Fibrin-Mediated Host Defense/Hemostasis Microvascular Fibrin Thrombosis/MODS

g'ﬂﬁ 5 LWHUNNLEAIANUFUNUSVDIN1E DIC AUNISAMLAe [20]

suuldinnisnevausnegliduiuressneniaunfdusumguesnnig  sepsis

a |

Tnefimsfndevdasepnlumanszdu  msshwinne sepsis  laeniswdsundaanis

MeUAUDINNNNALNIYRINTY sepsis Tdinazilu nisaanismeuaueswes SIRS yistudiufl

Y 9

(%
LYY

udansiuivessenme dudainsvinenuues cytokines war complement Msudaniy

CARS wisonsanu3unad apoptotic cell TueToaganeg Jadunalananlunissnu [21]
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A5n155nw

Alrenmglanedeundy vhlvdvesdedwnnuaziss msmdnuvasdadodunis

aNNMNITABNLEULAZAE SIRS leaeg19d Taaldnisurianauwnulaluuseiios22]

asurvanaunule (renal replacement therapy, RRT)

TUsTluNTSNEA83TUNTanawnula[22]

1. Refractory volume overload
2. Refractory hyperkalemia

3. Refractory severe acidosis
4. Uremic symptom

5. Anuria , Oliguria

6. High BUN, Creatinine

nssnwmaunulanuulidelies (intermittent)fanissnunidvasiaveainluusas u

Lilsvinisshwisallewmasn 24 vu Genaviluredadisnvionaiieingffla[23]

Intermittent Hemodialysis (IHD) A®an15¥1 hemodialysis m"gqﬂﬂ‘iaj wazddsnIg

witlouiun19¥i hemodialysis Tugthelanesess Tdsveziianuszana 4-6 vu/a3 uay

U

finvintuiedlaiien Tnsordeunmduaznerualaiiesludoual23]

1Y

Sustained Low-Efficiency Dialysis (SLED) ~Aenssnuifidnwauzilugnuay
(hybrid) 581314 IHD fiu CRRT a1 AeldaunsnluayddsmsmlieulHD  uiandnsinisiva
Youdenuasinenlaiionas  uaziinszeziatlunsvi dialysis WWunan 8-12 wu. e

annsavilunainasduls IeeviludnilunesUieingm24]

nssnemaunulanuusaiilas (continuous renal replacement therapy, CRRT)

A U o 1 - < LY [J L L7 a
AoNsinwfivihvailewmasn 24 vilunavaneiu lagvinisinwlunegUieingm
agluanuguaresiindmihilunedUieingelassssuvifvesnisinwilunuudeilisanion

Aun1sHanUasuaI AT uRg e Usenouniey n1swingeu (diffusion) A5n1snlalunis
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Y o aa < i = 4 Ao Y = -
vinveadeniluanavuadnlusenitaniswenidennsenisenintdagate 3l CRRT (den
agluarnuvienalevuiadn lagalunieaiunisivavestiieinandeniitisonin dialysate
solution F8Msiltelvin1svdnveddeiiusednsnmegian LuanavevaLdagaTNIaINAIY
Wudugslwdenlugaududuiinitlu dialysate masanszuIunIsHoniien waznIsn
(Convection) #3aU19A3A58N 71 solvent drag Tdlun1sadnvendeisniluanasuinidniay
ng  Tage1deAnuuAnNAINY9ANANTENINNLAALAYEITUIMALYIY NITITEAI1
substitution solutions #28N1INIVBAFTIILULANATUIALENLAZYUIAIAQLAT DUH UL
N84 AUIUNTS solvent drag awyilAAANISITAVRUALOONINIEBA  B99RTINTT IRV

5 < ! ! a a & [ A o X
ansumawnuswiing USunaeudeiazgnuineenatnidenuingadu
AatugUlgazinnunsinieszauaufuladin (hemodynamics status) a@ufau?

wazaueadusnnIMsitanaunulawuuliseifios (IHD)25]

Continuous Renal Replacement Therapy (CRRT) Uun1ssnwmaunulaniinng
1Y) ' oA d a a X )~ = £ A ~ A
WAIUDY19ABL LD Januilesiiiugauiagiinsfnwanniuseys) LH891NLDN
UsEANSAIMNITMInURUELLABUIMIBANIIHD  wasdAuAsNIgmIL  hemodynamics

1119nA71 IHD[26]

RRT MODALITIES

VAN

INTERMITTENT CONTINUOUS
VRN VRN
IHD SLED /EDD PD CRRT

rf I

SCUF / \ CAVHDF

CAVH v CVVHDF
cyyy  CAVHD
CVVHD

glh'?i 6 Lansriinvanonssnuurianaunuls (Renal Replacement Modalities for Acute
Kidney Injury). CRRT, Continuous Renal Replacement Therapy; CAVH, Continuous
Arteriovenus Hemofiltration; CAVHD, Continuous Arteriovenous Hemodialysis;

CAVHDF, Continuous Arteriovenous Hemodiafiltration; CVVH, Continuous Venovenous
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Hemofiltration; CVVHD, Continuous Venovenous Hemodialysis; CVVHDF, Continuous
Venovenous Hemodiafiltration; EDD, Extended Daily Dialysis; IHD, Intermittent
Hemodialysis; PD, Peritoneal Dialysis; RRT, Renal Replacement Therapy; SCUF, Slow
Continuous Ultrafiltration; SLED, Sustained Low-Efficiency Dialysis[27]

wdnnisuazseandeavesismatidainvmaunulauuudafiessin - CVWH, CVVHD,
CVVHDF
Continuous venovenous hemofiltration (CVVH)

wann1svin - CVVH (gﬂﬁ?) WMipuAUNISNN  continuous  arteriovenous
hemofiltration(CAVH) entiusasld extracorporeal blood pump Lﬁaﬂw@m flow rate Tu
s2uUU M3l blood pump ¥l blood flow AilddAAs wu ongUheil 56U hematrocrit
Uszannd 33%  plasma flow rate 167 wa/unfl e filtration fraction $esae 10 9l
walAn UFR Winfu 16.7 wa/univievszana 1 das/auvde 24 ans/fudediasdndy
aefodldisu fluid replacement @adwnnusTlidu predilution 2zl urea clearance
anasBnUssanaidesas 15 Inevily water exchange Uszanas 20-30 3ns/Juazifissne ud
fiftaefiamy  hypercatabolism  vhl#f  urea  load WiuAu  wazenaadeinis

waterexchange Wit 40 Ans/3u[28]

Qy (1,000-4,5000 mL/hr) Post-filter replacement fluid

| Qs
L 2

Q,. =Q, (1,000-4,500 mL/hr) +

Q- (0-1,000 mL/hr)

SUN 7 LERINANNISUBY continuous venovenous hemofiltration. Qg, blood flow rate;

Y

Qg, effluent flow rate; Qg, replacement fluid flow rate; Qug, ultrafiltration flow rate.
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1NN5ALS1A@UN50M9AT blood flow rate wazausavinlitinisiiiy ultrafiltration rate 1

o

Tilewyin CWH 11nndn CAVH lefeen1sn1sudn solute 1udidty lnaanizgUaend

a Y A

hypercatabolic stage #3a%iszsiu BUN %1as[28]

Y

Continuous Venovenous Hemodialysis (CVVHD)

CVWHD #1990 CWH ai5sil CWHD asil dialysate wariusansessu dialysate
part JsavyiliAnnsunsvesansuiovendesneiiu dialysis membrane 1 efficiency
89 CVWWHD agiiustfifu blood flow rate (Qb)  881slsfinnu f1 UFR wasnsi CVWHD o
ligundioufunisi (WH dsunisedniilusnsnisvesgiheassiniinisin W Tuvas
fiazld solute clearance fiunnninClearance rates 483 CVWHD s'ﬁyuaguiﬁu blood flow Way
dialysate flow rate Fazdushvenaududuiivansiesfuresanssening 2 compartment
i Qb 1N 80 wa unfimrandudures solute Tudu dialysate azfisgndusa (A
dutuwes  solute u dialysate axwhiulu plasma) laedSinsiiisdesnisiiazidia
clearance w4 solute 15 daaLiiy dialysate flow rate (Qd) 910 1 1Ju 2 /w00

Wiy Qd Mafle 2 dns/vu. 1513enunsaiasiiia Qb ieliin  clearance rates la (JU7

8)[28]

Q,, (1000-2500 mL/hr)

Qs

Q]i — Q|) (1000'2500 mIJ!hr) * QU"‘ (0'1000 mUhr)

U7 8 wansmdnn1sviauues CVWHD. QB, blood flow rate; Qp, dialysate flow rate;

u

Qg, effluent rate; Q, ultrafiltration rate.[28]
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Continuous Venovenous Hemodiafiltration (CVVHDF)

CVVHDF aglaveauiuns diffusion wag convectionhln1smanuadde 350159

AAEAUNSYIT CWH @eddld blood pump eRudanidng extracorporeal circuit

1%

Taenaluni5vinistags

a

Un blood flow (Qb) Haus 150-300 1@ /unfiuas dialysate flow 1-2
dns/vn.  (3UR 9)eunsalitldlunisin CWWHDF liigsenn wisauail blood pump 3
separate infusion pump uaﬂﬂﬂﬂﬁuiuﬂﬂﬁgﬁuﬁﬂﬁLﬂ%"aﬂ,uiw‘u intergrated systermn 1
annsovinlay  1e3eq Aquarius  (Edward), Prisma (Hospal), uag Acu-men

(Fresenius)[28]

Q,, (1000-2500 mL/hr)
Qy (1000-2000 mL/hr)

Qs

Q;; = Qg (1000-2000 mL/hr) + Q;: (0-1000 mL/hr)

+ Q;, (1000-2500 mL/hr)

g‘U‘ﬁ ULAMINTNNITYINUVDY CVVHDF. Qg, blood flow rate; Qp, dialysate flowrate; Q,

effluent flow rate; Qg, replacement fluid flow rate; Q, ultrafiltration flow rate.[28]

YUIUNIHIIRVaL A lusEnIenIsUrITanawnulatuusawiag

@ o A A
1. guunsudvveadennislurasnidon
<Y A 1 A ! 1 a v 1%
PUIUNTUTFpdanlusznInnswenidendiulngaziidnvusaaisly
1 4 = J =3 4 = ! = A v
FIMeNyed wadlanuuaniadntes Ao Tuseninamsnenideanuiniinsnseiu
YUIUNTHIIFIVBUFDAUINTY Ldvidng IUNUIIENISIRLNITYINNILYDS
antithrombin Il A3UAU coagulation factor lla $AUVIHA1TVINIUVBS protein C
1INTY INFI2N1INBNLADAAINTOVINENTNADETUSINTOAIUNITVIUYEY  protein

C Tiamadla [29, 30]
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2. vriumskdaivesdenniousnrasnidenuazinaiden
Tuszminmsvleniden  wuintnssuveuniadonzwans1aaniuuyed
wmseniadonlisndudesondedudon VWF findsain endothelial cell wsinns
5’JZJ§1J’J"UENLﬂ%ﬂLﬁafﬂ%Lﬁﬂ%uiﬂamiﬂﬂﬂﬂﬂﬂiﬁuﬁaéﬂLL‘Uaﬂ‘UaalIGi’N6] Wy AN
viooradunaninnsdsuulaedlusiuifnegiidanses Wudu 91nns@nunil
wuilussmiumswendeniinsiintures VWWF finden endothelial cell ae
psranuauAendld  Tnendedendiegluenavasedilusudiuinniuan
Sununindondiegludenanasiinmm  wazdmuindnisnsgiunsihauveanie
Fon ilidaasunsinsivenniadonuinty (29, 30]
3. YUIUNTAANEAOULEDN
gunsldvdnfeudeniintulnsorfoarsneluden fo plasminogen
miﬁ%gnéaaamdm tissue plasminogen activator (tPA) Toinaneidu plasmin‘?iﬂ
lpuandfannsogevaaenowdentd  Tussnineniswendeanuiinisaansfiou
Lﬁaﬂﬁmiﬁwammﬁu Immﬁﬂmﬂmwé’a tissue-type plasminogen activator 310

endothelial Wy kaunuInlunistesstunsudsiveadandsliwldn[29, 30]

EXTRINSIC

INTRINSIC : t
(Trauma to blood or (Tissuc trauma)
exposure with collagen) viI
b e ——— 1 Ca++, Tissue Factor

~a— High Molecular Weight Kininogen, Prekallikrein

] Vila

Xl ———m=XIa

\

IX - 1 Xa
+
v - = VIlla, Ca++, Platelets
Thrombin X1 ———————p=XIlla
(lla) Cas+

Stabilizes Clot
X —— Xa 4——X
Va, II (Prothrombin) . : x i
Ca++, Platelets = [l (Tcharf_x;nbm)—b Fibrinogen —————= Fibrin —#= (F;llg[tm

COMMON PATHWAY

FIBRINOLYTIC SYSTEM

Plasminogen ——= Plasmin
Streptokinase,
Urokinase, tPA

=] < o A 1 o w 1 P
E‘U‘VI 10 LLﬂﬂ\‘isUU’JUﬂ’ﬁLL“UWI'JGUENLﬁ’é]ﬂiﬂﬁ%ﬂ?]"lﬂﬂ']'i‘U']UGW]ﬂLLVIUiGILLUUG]E]LUE]x‘i[31]
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astastiunmsudeiavaadendildlunistdanaunulawuudaio
anstudenudailuszninanistiiavaunulawuuseides  (Anticoasulation  for
continuous renal replacement therapy) Favurumsuaiveadenluseninemsiaida
mLmulmLLuwiaLﬁawzﬂé’wﬁ’wmumiLL%@é‘hﬁuaaLﬁamius'wmawwé wiilasniunou
myvddudioniideniifveadesnineeninanidudentngaedadeauaziinges  an
yesanedudenuarfnsoavariiduasiunnmeaniledovemasndentni Sesndudos

PONWUULATRIDIAMILNEEN WU MSiaguvaddanmsiranassiilifndn  Tau

AuvnunIsivasuretdeniussuues Willdunisiidennyaila [32]

Action of
warfarin:
vitamin K

. amtagonist
| Intrinsic pathway | | Extrinsic pathway inhibiting

clotting
factors |
D — xia e

| Tissue factor + VIl + C* |
]

Low maolecular
weight heparin,
fondiparinux

L

W, Ca™

L
[x]
p'huspimlipid
| Prothrombin o

Thrombin

Melagatran

Ximelagatran

Unfractionated
heparin Antithrombin 11 Hirudin

JUT 11 wansnsvihauresansiudenudusazadalunistidamaunulanuuseie]33]
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AuaNUAvaLEN1TY (heparin)

\Juans anionic sulfated mucopolysaccharide figauauURaunsaduiu cationic
lysyl residues a3 antithrombin Il %115 antithrombin Il ¥heusiusnaiundse 1,000
Wi Seanansaduds coagulation factor II, IX, X, XI wag Xl ifmﬁ”’qa“’qamﬁaﬁuaﬁmqﬂiu
\&0n LU heparin cofactor, histidine-rich glycoprotein, platelet factor 4 wag vitronectin
fefuatavrensuisinvendenld wenainid heparin eflgvdnseduruiunisaasfiou
Fon (fiorinolysis) fisTuiliiewdesiiiniuudrdarofaiéitu  heparin Usznause
polysaccharide fifivunalanananiey awuinu uagviin Tnedvualinanaunnsatusaus
2,000 - 4,000 (@88 15,000 - 18,000) 3sii¥ei3en heparin 8nvg1931 unfractionated
heparin Ingrfnunruaiusalunslesiunisudiivendon heparin Wunieelin lng
heparin 1 giln nu1gis YSuas heparin fanunsadlostunisudadiues citrated plasma 7
laan@eannzdiuiu 1 Jaddns nasiniuasazatouaadounaslss (1:100) asld 0.2
fiaddnslaunu 1 ludlaeund heparinl Sadnsu & anticoasulant activity Usgangs 100-
120 gﬁmﬁa@’ﬂwlﬁ%’u heparin Wgnszuafen %mzmafﬁmzLLaLﬁamﬁ"ﬁ'NmﬂmaIunm
3 Wil wdgnudnesnainnIzuaiionat9sIngilag reticuloendothelial system @1 half-
life ¥84 heparin luautnAuazgthelsaln lauszana 30 - 120 unii ielnsideUszanu
50wl wiilesngtaelsalafildunisiriamaunilauuudeiionssl  volume  of
distribution wag clearance ¥89 heparin WasuwUatlgaonaviiliien half-life ves heparin
lufiihe end-stage renal disease s1anIAuUnAl[3aINaAnE ALy heparin annu
wugnanatlgyunlunisliden heparin wianetlsznag Thelennznsfaniazunsniiewicly
srpvduuazsrezany Wy nlifinnnzideseendnendind  nmsfinnnzniaiensin

(heparin — induced thrombocytopenia) AnRaUnATasrzaUlusiluEen n1sudasa

Hp1nfveasaduazwA (priapism) LATN19IABNTBINIZAN(osteoporosis) HIWAW[35]
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Fnsviannzd (Regional Citrate Anticoagulation, RCA)

ASYINITUYDITLATNLANET)

Y] o U [ . . 2 J 44 . .
Turvrunisudssvesdenindudesody ionized Ca” luden ol trisodium
. Ao va v o . . 2+ = I3 . . a X
citrateNaauanUaTuiv ionized Ca~ Tudeanateilu citrate - calcium complex iRy
° v, . 2+ § v . . v O 'Y
197 ionized Ca” Tuidananad Wialinng arterial blood line aglUdudanssuIUNITUT 167
voudenly arterial blood line wagminsesla (uuien dialysis solution Aeslifiumalou
NAY) LIDLEANIUAINTBILALINNTW calcium chloride 119 venous blood line nau

& YRR Al o Y . 2+ a ¥ o PR S o g v Y
deanduiingiUheiiieususeau ionized Ca” Tuidenlindugund Ballnavilinisudsiives
denlusunegUisegluannsininaeanisirdanaunulanuuseliies medssansnimues

citrate @1115031ANAN1TTIAUNSHTMYREANIENFINTBY YilNaT AsINaZIAN

AENAILA[35-37]

INTRINSIC EXTRINSIC

PATHWAY PATHWAY

Contact Sstem
X Xlla vl Vila
X Xia
» / Ca,
1X IXa Platelets
vill Villa X
— | —»f
COMMON
PATHWAY \
Ca™
Prothrombin
Xa Va
1 Xllla X
Thrombin
Fibrinogen Fibrin Fibnn Cross-linked
Monomer Polymer Fibrin Polymer

JUN 12 uanInsvhuresfinsnaneiduiu caldum senisduganssuiuudiveaion

[38]



Uselprtivosdimsnianizd

1. Jostunsudesveadenlussninenisiidanaunulawuuseiio3s, 39]
2. 5nwszuutnieslusiesnie[4o]

3.Mdneananseneliegasinsilal]

4.Lﬁmmqmﬂ%mmaaﬁu dialyzer[34]
5.ansnsdssron1siidensenssninemsthvanawnulauuuseiiedl]
6.8AN12N15ONLEU (Anti-inflammatory)[41]

NALAYUDITLATVLRNIZN

1.Hypocalcemia[29]
2.Hypernatremia[29]
3.Metabolic alkalosis [29]

4.nmzilasuinUunivsevenlea[29]

Calcium
infusion

/ QB 100—
180 mL/min Spent
dialysate

J

UM 13 uanansiedsasnisiddmsnianignluesiidanaunulauuusieiiies(d2]

27
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Joafuni1sudedivonden wuzilvlddmsym unnn1sidasienisy wanslmudauselovl

fan1ssnuLuag9m[39]

A5199 2 LAMINANITIUSHUMBUTEAINNIS LT ENIS ULAS TRATNLRNIZA[41]

Heparins

Citrate

Clinical
Anticoasulation
Risk of bleeding
Circuit life

Metabolic control

Metabolic derangements

Understanding

Life-threatening

complications

Clinical outcome

Biochemical

Anticoasgulation

Regional and systemic
Higher
Similar or shorter

Good

Easy

Massive bleeding

Heparin-induced
thrombocytopenia (UFH
>LMWH)

Critically ill patients
exhibit heparin resistance

due to:

+ Low antithrombin (high
consumption and

degradation)

Regional, not systemic
Not increased

Similar or longer
Good if well
performed

Greater risk if not well
controlled

Difficult

Cardiac arrest due to
unintended rapid
infusion

Possibly better patient

and kidney survival



Proinflammatory effects

Anti-inflammatory effects

« Acute phase proteins
and apoptotic/necrotic
cells bind heparin (UFH
>LMWH)

Inhibit the anti-
inflammatory properties
of antithrombin (UFH
>LMWH)

Trigger antithrombin

degradation by elastase

Release
myeloperoxidase,
elastase, platelet factor
4, superoxide dismutase
into the circulation (UFH,
LMWH)

Increase in
lipopolysaccharide-
induced, LPB-dependent
IL-8 and |L—1B secretion
from monocytes (LMWH,
UFH)

Inhibit thrombin
generation (UFH, LMWH)

Its use prevents the
release of granular
products from
neutrophils and

platelets

29



Phagocytosis

Bio-energetic properties

Block P-selectin and L
selectin-mediated cell

adhesion (UFH, LMWH)

Decrease cytokine
generation in vitro, not in

Vivo

Bind to apoptotic and

necrotic cells and may

delay phagocytic

clearance (UFH >LMWH)
Provides energy
without needing
insulin for entrance
into the cell
May protect against
mitochondrial

dysfunction

30
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a

ANSI97 3 LAAIHAUITELNEINUNTIIRATNRNIZAHIULT  AINANSANEIVDINTIITLATN
Wuanstudeandalun1syin  continuous venovenous hemofiltration  (CVVH)AUAL

UaandeuarUseaniamanieunanudnsinismevesiisteea

Circuit life
Bleeding Survival
(hours)
Reference Design | Citrate | Heparin | Citrate | Heparin | Citrate | Heparin
RCOT 70 40 n=0 n=1
n=20 | (44 to (17 to
Monchi and
140) 48)
colleagues[43]
P <
0.001
RCT 125 38 RR 0.17

Kutsogiannis n=30 | (95to | (25to |(0.03to

and 157) 62) 1.04)
collegues[35]
P < P =
0.001 0.06
RCT, 0%, 33%
Betjes and
n =48 P <
collegues[d4]
0.01
RCT 27 26 6%, 16% 52% 37%
Oudemans-

n =200 | (13 to (15 to = =

Van Straaten
47) 43) 0.08 0.03

and
NS

collegues[45]



http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3222015/#B63
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3222015/#B63
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RCT, 375+ 26.1 + 14.5%, | 5.70% | +30% | +43%

Hetzel and 23 192
collegues[d46] | n =170 P < P = NS
0.001 0.06

[

AUEAYNNIAGInvaIRatIanIsdInmluszuunifuiuTuniglnnelleunay

VESSELS

%9
Complement: mediators of inflammation, WVLP‘*—’
elimination of microbes stz proiain
Clotting factors and kininogens: \ﬁ;—b and cells
mediators of inflammation Fiboblasts

JUN 14 uansenuduiusvesiiziameatnainiunssniaulunnelana@eunduar]

CD11b

Jnaglungu ve9 Bointegrin family @ u150uaAIRNUURITIAGVDY leukocytes
UsgnNaUAIY monocytes, neutrophils, natural killer cellsiiaz macrophages lagdiniing
AIUANNIT adhesion WAy migration \enavausssansonEuLazidy opsonin receptor
293 iC3b [48] TauA1zn1sentau (inflammation) Huazduiusiunisianzlanedundu

A L% 1 [ = . U Y d' a
wiolddslaunsuuudda 21nn15AnYIes Rinder  uazAME WU’JWQ‘U?wmﬂm’Jﬂmw

JUNAUNGIINNTHIAR cardiopulmonary bypass surgery (CPB) v 2wfiusunas CD11b &4
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.Uu neutrophil  adhesion receptor fingenIgUrenilidiinn1azlanedunduseiadl

Y

HedAyn1eadif[49, 50]

ﬁ]’lﬂﬂ’]iﬁﬂw’l“uaﬂa.“u’i}'ﬁuazﬂmz W‘U'j']ﬂ"lﬁﬁgﬂaqiﬁlqﬂlaflﬂl,aaﬂmqj
(Polymorphonuclear  cell degranutationﬂuﬁﬂ’saiﬂqmﬁlﬁ%miﬂ’]ﬁ’ﬂwmLLﬁnulm
LUURBLED933 continuous  venovenoushemofiltration (CWH)Tagl4@msnianizi 3
ﬂ%uqmaﬂaﬂiﬂﬁmﬁjﬁﬁﬂﬂ MPOﬁdaiﬁLﬁﬂﬂ’]'ﬁélﬂLaUlé{[S1]uaﬂﬁ]qﬂﬁugﬂaqﬂqiﬂaﬂﬂgﬂqm ‘,LSU

Tnlavvia IL-6 wag IL-8 Fadu pro-inflammatory lunistrdanaunulawuuseiilosse [52]

HLA-DR
aglungu MHC Class Il Usznaulusie HLA-DR, HLA-DQ uag HLA-DP agwuluiana

294 class Il UUAI9adU0e antigen presenting cell #1499 1AKn monocyte, macrophage,
dendritic cell, B-lymphocyte vnuti#1du exogenous peptide Tu endosomal L7u
peptide UBAWBLUATISET macrophage Jufiunazdosuwadly endosomal sandiiwad

\iodase CDA+T cells [50, 53]

AINNSANWIVDY Massimo  de  Cal  hazAuNzs189uINNEiane@eunaull

U Y ¥

aUANsainsAnauazuzisullownnszuuifuiunssAuNIsnauaUDIsan1TNEU Lin

q

ANulilannasEnInnIshanteanved HLA-DR  uwayn13anevawad(apoptosis) N15U1U0n

naunulanuuseilewinuiisenfiudinses(membrane) 111500 IEAUNTUAAIBD ALY

IWIUBUVDI caspase-3[54]

& Yad o o oA a ¢ v
UBNIINU ﬂ']{LGU'Jﬁ‘U"IUWV]WLLV]UIG]LL‘U‘UWEJLu@ﬂa’]ﬂiqiﬂa@ﬂilﬂml"?ﬂﬁlﬂu‘ﬂigﬂaU@'ﬁﬂ

IFN-Y, TNF-QL, IL-1, IL-2, IL-4, IL-6, IL-10 and IL-13 538189 HLA-DR flanasagnsfifaddsy

AUNISSAW [55]

Complement 3a tag Complement 5a

C3a way C5a 9aduans anaphylatoxins F9@131503UAU receptor Ud mast cells
wag basophils nsgauliAn degranulation lnelifase1dy IgE uazUdeos histamine wag

mediatorsNINaLANNITNARIVDINA1LLLBLIOU, WINNITTUNIUTDIVDLAR I UaBRLEDR BN
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& . = v v .
U chemptactic factors mmmﬂu phagocytic cells lnglaniz monocytes Lag

neutrophils Tlpdaunlugsusuniinssnaul9, 56]

Usunamesneunduuvilusisnieduliniveu Jedenarvededmaliiinnis
WasuuUasesUSinueoundiuuy lnslangaeunduusignadianniy anlsafndeunsd
MsSMLEUANe FauAnanmsindues IL-6, TNF was |FN-v%aazmzéjﬂﬁﬁmia%ﬂ acute
ohase protein 1ndudne [5713suanelaneBsunduanunsany c3a uay c5a luusunad

]

gawazilduyilviennisudasegreditdudfey [58, 59]

Complement pathways

Classical pathway

Mannan-binding lectin pathway

Alternative pathway

v

Y

y

Antibodies bind antigen following
invasion. The complex is
recognized by some complement
proteins, which immediately bind
and activate a cascade of events.

Mannose (sugar residues on
pathogen surfaces) binds leptin.
This binding triggers the activation
of serine proteases that initiate the
complement cascade.

Pathogen surfaces spontaneously
lead to complement activation.

Y

Activation of C3 produces comple

Complement activation cascade

ment proteins with 3 major roles:

v v v
Chemotaxis and inflammation Opsonization of pathogens Membrane attack complex (MAC)
C3a, Cha C3b C5b, C6b, C7b, C8b, C9b

A

Y

Y

Recruit phagocytes to the site of
injury/pathogen invasion.

Tag pathogens for destruction by
the phagocytic cells.

Peptides adhere to cell surface and
disrupt the phospholipid bilayer,
leading to cell lysis and death.

JUN 15 A15194aRANUNTNIVeTsUUABLNGLIUN [57]

Plasminogen activator inhibitor (PAI-1)

duaszanniniaden lngraieanunain Ol-granule

NSLUIUNITALANUALLADANED

< I~ [ v U O
YDININLADA LUUNILUES

Iaeduiiu tissue-type plasminogen activator (t-PA) uaz

urokinase-type plasminogen activator (u-PA) Tugnsiaau 1:1 vinlaAan1sduginisiaeu
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plasminogen Ulu plasmin Feaunsadudsnisararsfudonnie naraiiuls winsyau
v83 PA-1  Tunszuaidenganinundazyiliiinnisazaeduifenndivietesnitung
(hypofibrinolysis) #sazgnuatesnuviauanteenunfuiiieendothelium fin1siuagunlag

WiB9aNnNISONLEU[19, 60]

uananinszurumsaaisliuiudgniudilunne bIc Wesndnisdiutures
5¥AU plasminogen activator inhibitor-1 (PAI-1) Tuwaiaun Tnewua1 TNF-Oluay IL-1 Ja
M UNTATILAZNTEAUNTUAT PAI-1 910 endothelium(20, 58]agiiulaa DIC laily
Tsalamzuniunngifinndsaunalunsruiunsuisiveadendalunaiilewnainlsa
yiannzunUsznavests SulummulmAnnisnseaunszuiunmsassiiuiu venand

Faillsarsan1izduniapatinfionany DIC s7ule [61]

Up-regulation of
procoagulant pathways
(T monocyte/macrophage TF)

Pathogens

n @
§ (
Inflammatory
mediators Suppression of
fibri pathways
(" PAL-L, T TAFI activation)

1 v o ¢

3UN 16 uanspnuduiugsening PA-1 funnizinidel62]

o

Tutagtudsladl deyanisfnwinalnnisidsuudamsiiuduylulagvesnisindn

naunulanuuseiieatugihennglanedeunduldasdnsmluasiudoaud wiuanizi

(% ]
= 1 v a

agdmau nsdAnwddsamisiaslunisfinwiusnivszandldiiedaslunisnissnwm

3

UdamaunulalugUlelanedundu
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unN 3
ad a o
5015938

Uszvnsuaziaegns
Usgrnsidvane e gUrennsvtinluvethedngeiiinelanedeunduuasiive

Uaaaslasunsiidanauwnulawuusieiia
Usansmegnede gUasluvedUlsingannseninnizlanadeunduiasiveusd

podlasunisindanaunulawuudeitioluwiungUigingm dagnssuings CCU, JUagingm
CVT, 1830554 1 uag 01850558 2 L3ne1u1aguaensal

ngsnauailunisAnEendIuAne (inclusion criteria)

1. gtheluveriiginganilveusilunisvenidion

2. 9glydsindingt 18 ¥

3. Jirsundedesaeluludugenidniiunside wnenmsuinunlilansoasie
TuluBugeu aunsalvgAdutiouwnuls
ngLnNailuN13ineenaINNIANY (exclusion criteria)

Llsadusniguagnguusanioiinzlsadunta

2. AILLEBABBNUIN

1Y

3. aelases vuneds yurenlidnuaizeenslaogmilily 2 venalyil
38R

1. yheniinnglaiaunfuiuinneiuiu 3 weu viadylie 9139

nsasvedl (glomerular fi ltration rate, GFR) Anun@vsaluile nnglainun@vaneia 4

ANwuLANUYD YN IR LUl
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1.1 ATINUANLRAUNRIINAIATIIVEENILD9UDY 2 AT TUSEELIAN 3 Loy

1.1.1 asanulusiululaany

1.1.11 mﬁunJ’JEJLUuIiﬂmem LagAIIANY microalbuminuria
1.1.1.2 ffthelailadulsauimiuwagnsia wu proteinuria 11

AN 500 Mmgnaiu #3auINNI1 500 mg/g creatinine
1.1.2 asnudindenunslulaane (hematuria)
1.2 @29NUANURAUNANI9S 1@ INeN
1.3 A929NUANNRAUNANIILASIAT 1IN BNYIDFN N

A . 2 a v a = =i
2. E‘\JIU’JEW]‘M GFR U831 60 mL/min/1.73m §aaanuLlnuy 3 LBy 1ne1181997539

wuurselinunisessesvaslarnaun@nle

4.01ENIATIA

ANSATLIVUIAAIDES (Sample Size Determination)

n/group = 2(ZA + ZB)2 PQ

(P1-P2)’ Q= 1P goufupupanwieuld Souay 10
Amualy ZA = Z 0.05/2 = 1.96 (two tail)
Power 80 % ,B = 0.2 = ZP = 1.28v0u5UANUAIALAEY
P9BINATNUYIUITTUNTTUUDS Massimo de Cal uazay
gn3 n/group = 2(1.96 + 0.84)2 x 0.12525 x 0.87475 / (0.25-0.0005)2

n/group = 6.8 AatuLiiAUTARUYetayaarly n/group = 15
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AatunsnITelinaman 30 au
L ' A < '
aranasinsazgnguionidu 2 ngu
nau7 1 4 % Trisodium citrate 500 mL (Inggudusnalainaninivinlng)
naud 2 Heparin %39 saline flush
N1359UsUtaya (data collection)

ananasinsiinsnlunsidesgnadunuadu 2 ngu A naunlasudwmsmiungui
Lilesuamaluszninanisyin CRRT IaeS block of 4 randomization {vinn133deasiiu

HoAUTIATIENN 3 90 1381 AB LIANSUAY, 1 6 Talus uashl 24 Falua
A1sanNALazN153n ( observation and measurement)

1. dayaiugiureseraadns laun e o1 dnldn dgs anvglaine n1sidadelse
Ingunneidrveald APACHE Il score SOFA score mMsldiasastiemela

2. Yeuafidnen 1@un seeu CD11b HLA-DR C3a C5a PA- 1 3 9m 1181 e 1a1sudy,

Y 9

a

71 6 Hlus uagit 24 dalus, e1gn1sldauveaeas, electrolyte luidon léuA Na, K,
Cl agHCO;, Renal function Tawn BUN, Creatinine ag Total Calcium, Liver
function lAun Total Billirubin, Direct Billirubin, SGOT, SGPT, Alkaline
phosphatase, Total Protein uwag Albumin, msmmmmamuﬂia}uamﬁmLﬁaﬂ,
Arterial Blood Gases loun pH, PO2, PCO2, HCO3 wag lonized Calcium,
nan153ne e Aanunissne 28 Jutuansudumsiidanaunulauuuseiiios
, ANMAVBINSLABTINNTDRENAINLTING UG, szoznaildsunsiianaunule
wuuseLiies, waxnmﬁagﬂwa@ﬂw%ﬂqm, swzLaawﬁuauagujiuiﬁqwawuwaLLaz
Renal function kA BUN wag Creatinine vasgUemnouganiannlsanegiua

3. uldlunisinanssingg

[y [y =]

® daszAu CD 11b way HLA-DR Tu lagldmaila Flow cytometry 199U56% W

g uoa loans ﬁﬁﬁﬂﬂﬁuﬁiﬁﬂjﬂﬂ’TﬁLLaﬂx‘iaE]ﬂGUE]ﬂLL’e]‘L!aLQUUULﬂjﬂLa@WU’TJ



39

[

® Jnszau C3a lngltinaila Sandwich ELISA, Biotin-conjugated antibody
Y9UTEN Uscn Life Science Inc. @snsaiasgilugisuTuna 0.156-10
ng/mL

® Jnszau C5a lngltinaila Sandwich ELISA, Biotin-conjugated antibody
Y89USEN Uscn Life Science Inc. @1315036A5129luy39USU0 78.13-5,000
ng/mL

® Jasyeu PA-1 Iaeltimaiia Solid Phase Sandwich ELISA 989 US®w R&D

SystemsaN130LATIFALUTIUTUIU 0.312 - 20 ng/mL
® n5¥AU lonized Calcium

®  a57991ATEN electrolyte Tulden laun Na, K, Cl LagHCO3-, Renal
function lawn BUN, Creatinine wag Total Calcium, Liver function Town
Total Billirubin, Direct Billirubin, SGOT, SGPT, Alkaline phosphatase,
Total Protein uay Albumin, 1130 539ANaNY0InEen(CBC) Ingds

M379 YU JURNINANN TW.AWIAINTA

Regional Citrate Anticoagulation in RRT: general principles

ISOTONIC OR HYPERTONIC RCA-DEDICATED DIALYSATE STANDARD OR DEDICATED
CITRATE SOLUTION (cvvHDfCcvVHDF) OR REPLACEMENT FLUID

STANDARD DIALYSATE (CVVHDF)

(cvvH,/cvvHDF)

Citrate flow-rate according to Qb, citrate Post-filter sample for Calcium infusion to replace calcium
solution concentration and target citratemia circuit ionized calcium (target losses and to maintain systemic
(3 mmol/1) 0.3-0.5 mmol/l) to modulate citrate ionized calcium within the intended
l flow rate target {0.9-1.25 mmol/l)
|
\d
-
Newer generation CRRT monitors
keep citrate dose stable,

automatically modifying citrate flow Citrate and calcium-citrate complexes

in the returning blood represent the

rate according to any variation of Qb

citrate load to the patient, that can be
estimated by RCA-dedicated software
in relation to RRT parameters and

Citrate and calcium-citrate complexes are
partially lost in the effluent fluid in a
proportion (30-60%) which can be modulated

modulated according to clinical needs
by modifying RRT dose

SUN 17 LanINIS BN ULaERAANINNITS NEUaLATaIUUANanUlakuusailalaelttinsy

u

Wuansiudeaundaanizn[63]
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nsiiudeya

Auieghadonkiuninss CRRT Tavdwmadonsiedns Taeis 2 ndu 379
WA electrolyte Tuldon lawa Na, K, Cl wagHCO3-, Renal function l@wn BUN,
Creatinine wag Total Calcium, Liver function lawn Total Billirubin, Direct Billirubin,
SGOT, SGPT, Alkaline phosphatase, Total Protein wag Albumin, mam’mmmaugﬁai
voufladon(CBO) , CD11b, HLA-DR, C3a, C5a wag PA-1 13 9a1ian Ao La1Fudy, 6
Falua uay 24 dala

nsaTdeya

1. deyaiildannnisfnwiazegluzy mnatszaAdosuuninggiu (Median(IQR  1-
IQR3)) NMssUTeuLiguseniengulng Mann-Whitney U test n1siSeuiisunielu
naulay paired t-test

2. nmswWSguiisudeyalagly SPSS version 20.0



a1
Ui 4
NAN153Y

NEUILTMUA30 518 01838138 22-90 T iluwe 12 518 wd 18 578 lisunis

Aaduanglanedeundusaziadldsunisiitaveunulawuusioidies wialu 2 ngu ngu

av 15 Au lasanwevanaiulngvesnnglanedeundu Ao neiae Jeyadiulnginis
Susnulududeuslunisundanaunule APACHE Il, SOFA, seauastefitiuiiugiy, sviuy

= U A aa A a v v a g ¢ U a a _a ) ¢ ° )
L38, 53@U5L@WUUW§!@L5@J@U, 38@‘1_]@[;@?‘111/]51@@, IENUUAAIUU, 53@UL@U1?]3Jﬂ’]5V]'N'WuGEJ@QWU

U

YY) [y

a = [ &) J P 1 { =]
ICAUDAYNU, IEAVLAFLYLU wazsrauaudunsa-a1e Tuldensening 2 nay laifmu

WANGSAY AIUAISTIN 4

A13199 4 LansdnwE U IUNIAGENYeIeaalAsY 30 518

Citrate Control
p
N=15 N=15
Age (years) 71 (60-75) 66 (50-69) NS
Gender (M/F) 8/7 5/10 NS
Weight (kg) 60 (47-63) 60 (52-60) NS
Etiology of AKI
Sepsis (%) 43 40 NS
Ischemic ATN (%) 14 20
Cardiorenal syndrome (%) 7 10
Multifactorial (%) 36 30
Indication for CRRT
Refractory severe acidosis (%) 43 50 NS
Refractory volume overload(%) 34 58

Refractory hyperkalemia (%) 14 0



Anuria,Oliguria (%)

High BUN, sCr (%)
APACHE Il score
SOFA score
Baseline sCr (mg/dl)
BUN (mg/dl)
sCr at initiation (mg/dl)
Electrolyte
Sodium (mmol/L)
Potassium (mmol/L)
Chloride (mmol/L)
Bicarbonate (mmol/L)
Total billirubin (mg/dl)
Direct billirubin (mg/dl)
SGOT (U/L)
SGPT (U/L)
Albumin (g/dl)
Alkaline phosphatase (U/L)
Total protein (g/dl)

Total calcium (mmol/L)

pH
Pao,

PaCO,

HCO;

43

29
19 (13-23)
10 (8-12)
1.22(0.87-1.90)
31 (26-47)

2.5 (1.9-3.5)

140 (133-143)
3.8 (3.7-4.4)
107 (100-113)
17 (12-22)
2.01 (0.75-3.91)
0.89 (0.61-3.36)
142 (52-534)
24 (8-76)
2.6 (2.4-2.8)
116 (92-179)
5.6 (4.4-6.8)
8.1 (7.4-9.1)

7.3 (7.3-7.4)

80.8 (37.5-133.6)

34.6 (31.5-43.1)

21.5(15.8-26.4)

40
18 (14-19)
9 (7-13)
1.35(0.73-2.14)
58 (37-84)

2.9 (2.3-4.1)

140 (139-144)
4.4 (4.0-4.9)
100 (98-103)
18 (12-21)
1.76 (0.52-3.59)
1.09 (0.64-2.64)
278 (97-835)
41 (11-113)
2.9 (2.5-3.1)
113 (88-263)
4.8 (4.6-5.0)
7.8 (7.0-9.0)
7.4 (7.3-7.4)
102.5 (59.1-
155.9)
32.8 (26.3-35.3)

19.2 (15.2-22.1)

a2

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS




a3

$ovazvoinisuantean CD11b lungquitldfmsvitgasudunisuramaunule 1u

a

Youaz 5.15 (0.91-18.96) 71 6 lus Wufeway 4.23 (1.83-12.56) uaxil 24 d2lus (Hufovay
2.56 (1.51-5.13) vauzilunguiilalifimsmnudosazueanisuansesn CD11b iufevay 554
(2.61-9.74) figasusunistrtamauniln Yevaz 5.0 (2.63-8.09) 7 6 $2lus wag 4.95 (1.13-
7.47)7 24 Halas WewFeuifisuserinnguiliBinsnuaznauitlllifnsm wufesazveinis

Y

uaneen CD11b anasoe9ltydn ”fﬂuﬂfjuﬁiﬁ%tmm il 6 (p< 0.05) wardlusil 24
(p< 0.05) (Uil 18)

YovarvesmaiUAsuuas CD11b 531319 figaFudumsdrtamaunulauasdalud
6(0-6 hours) uagszninaaLEuFunTiITanaLUlauazdalasi 24 (0-24 hours) Tunguld
FnIN Ao Sovay -6.42 (-9.1-8.96), P = 0.04 uaziowvay -41.5 (-55.51-8.13), p < 0.05
pwdiy  vardilungulillifinm fovazvosmaiUdsuulas CD11b senitegaEudunsg
Uramaunulanazdalusd 6 (0-6 hours) Aeseway -13.28 (-18.61-0.74), p > 0.05 uag
semingaEudunstanaunulauazdalusi 24 1Ju (0-24 hours) Feway 7.11 (3.13 -
17.47), p <0.05 dlessuifisudosazussnisiasunlas CD11b swdwﬂzjum%l,t,aﬂaﬂ%’%
1ASN NUALUANAAANZTENINgAELAUM T TamaunUlanazdalusil 24 (0-24 hours),
p <0.05 (Uil 19)

Yovazvosnsuanionn HLA-DR lunguiilifinem fgaiudunsirdanaunle 1y
Yovay 13.5 (4.-21.0) 71 6 9alus Ludesay 16.5 (6.88-27.92) wagit 24 luadufesay 8.4
(4.1-19.9) TunguiilailiBimsm fovaz13.0 (2.9-26.0) MaisuduMsTITanaunulnieay
18.5 (4.3-20.0)7 6 $las wagdevaz 17.1 (2.1-27.6) 7 24 Halua erFouifiouszwing ngu
Mmnmuaznguitlali@ingm wunsuansoenanaswes HLA-DR egrsiifiudfyiidalued
24, p <0.05 (3Ul 20)

Yovazvaimudsuuvas HLA-DR Tungulddinsm sewinsgasudunstdamauny
Tauazdalasdl 60-6 hours) Ae $evaz 14.1 (1.0-28.5) uavsznintsgadudunstdanauny
lawagdalusdl 240-24 hours) Ae Joway 5.2 (-11.5 - 5.1)  lungulalld@insm Sevazvesnns

WaguwUas HLA-DR sendnsgasusunisundanaunulawasdilasdl 6 (0-6 hours) Aa o

8% 43.3 (2.6-59.7) wazseninagasuaunsUdanawnulauasdalusi 24 (0-24 hours) Soe



aq

'
[y o

alutlusdi 6, p <005 e

a o

ag 35.6 (2.1-47.7) wun1suansesniiuduegeiityd
Wisuiiguiesazveaniswdsuudas HLADR  sendnsnquitlduazlild@ingm wuainy

uwaneesEninagaisuaunsUITanaunulauasdilusi 24(0-24 hours) egeiltudndiy, p

<0.05 (3Uf 21)

10

% CDI11b expression

0

T 1 =2 Control

L
(1] G 12 1% 34 . .
Time (Hours) Citrate

JUN 18 Sosazuainisuaniosn CD11b wWisuieusenitnguitlduaslalld@mm * p<0.05

daSeuiieunelungy ** p<0.05 awSeuiieuseninangy
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54

25+

=2+ Control

= Citrate

% CD11b change

&)=
Time (Hours)

JUN 19 egazvain1siudeundat CD11b senitgasusiunsuidanaunulauasdlud
6(0-6 hours) wagseningaLsusunIsUIdanaunulawazdiluesi 24 (0-24 hours) * p<0.05

WaSeuiisunislungy ** p<0.05 WeaSeuiiguseninangy

=
=
=
s
&
.
=
-
=
-
=
,,_l‘: w*
=
&
0 . g . | =0 Control
1] [ 12 15 24
= Citrate

Time (hours)

UM 20 Sovavvaenisuandean HLA-DR  wWisuifisusenitenguilduasldlddmsn

<0.05 WiatUssuisunelunay ** p<0.05 WaSeuiieuseninanay
p i p ]
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SiS
'f ---------- il — L -
.-" D
— -”
2 Fa
il
£ /
=R
[*] ] T T Pibesis
K T 12 i
? == Citrate
-
= -25-
=5 =

Time (Hours)

=

JUN 21 Sorazvain1slAsuwdas HLA DR seninegaisusunmsidanaunulawasdilusd
6(0-6 hours) kagseninagaLsusunIsUIdanaunulawasdilusi 24 (0-24 hours) * p <0.05

WaSeuiisunislungy ** p <0.05 Wallsuiieuseninnay

a v

USnaunsuansoenves C3a lunguilld@insm fo 1.5 ng/mL (0.6 - 3.3) figaiFudu
mstidanaunule 1.3 ne/mL (0.8 — 2.2) 7i 6 Hlus waz 0.8 ng/mL (0.2 - 1.1) i 24

Tl lunquildld@mmas 2.1 ng/mL (1.1 - 5.6) Myasusunsiianaunula 1.7

'
=

ne/mL (1.2 - 3.2) 71 6 Flua waz 1.5ne/mlL (0.9 — 2.2) i 24 Falua liwunsuansesn

ogaiifoddynelunasevinanguiiliuaglaliBimsm (o >0.05) ('gﬂﬁ 22)

YovarvesnsiUdsuuvas C3a lungalli@inem sewinagausadunstdamaunule
uazdalasdl 6(0-6 hours) fie Fowaz -16.42 (-29.1 - 33.96) warszminagaBuFuNITUTa
nounulauazdaluadl 240-24  hours) Yeway 245  (-55.51-8.13) Tunguilaild@inem
Wesdudnisidsuulawes C3a seninsgadudunisirdanaunulanazdalued 6 (0-6
hours) Ao ¥eway -9.21 (-27.7 - 7.39) wazszmingadudunstianaunlauasdalued
24(0-24 hours) ¥ovar-7.85% (-10.83 - 41.13) linun1sidsuutasesneiifeddynnely
wazszrinnguilduarliliBingm (p >0.05) (Uil 23)

USnunsiandoonves Csa Tunguilld®insm Ae 33,000 ng/mL (14,100 -

'
a

234,900) igaisudun1siidanawnule 35,900 ng/mL (13,500 — 124,700) i 6 219 waw

9
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25,900 ng/mL (9,800 - 93,800) 71 24 las lunguitlali@insmae 19,500 ng/mL (10,000
- 39,200MaiFusuMstTanaunula 22,300 ng/mL (9,900 — 55,0000 6 Halus uaz
25,100 ng/mL (9,600 - 56,900) 71 24 #3lus linunsuanseenegaifoddunelunay
syyienguiltuaglili@inm (p >0.05) (5Ufl 24)

YovarvesnaiUdsuutas Coa lungalli@imem sewinagausadunstrdanaunule
wazdalusil 60-6 hours) Aia $ewa 9.92 (-13.22 - 13.27) uarszwinagadudunisida
naunulauagdalusil 24(0-24 hours) $osag -1.2 (-10.90 - 33.79) Tungulaili@insm Jevay
yesnsilasunlas Csa swdw«gmL'%'mﬁumsﬂwﬁwml,mulmLLassﬁ"ﬂmﬁ 6 (0-6 hours) g
Yowas 8.5 (-17.65 -34.67uavszningadudunisirdanaunulanagdalusil 24 (0-24
hours) ¥eeay 22.63 (- 25.0 -47.13) linunsiUasuulasesnafdideddynislunassening
nauilduarlaldBinmm (p >0.05) (§UT 25)

2.5+

g
(]
1~
\/
/
/

- ——
-
e T
———
-—— -
————

._.
W

o
=]
1

Concentrations of C3a (ng/ml)
7

-O- Control
-k~ Citrate

0.0

0 6 12 18 24
Time (hours)

JUN 22 Jowazvaenisuantean C3a Wisuweussninnguilduaslaldfinm * p<0.05

WaiSeuigunglungy ** p<0.05 WawSeuiieuseninmay
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254

C3a change (%)

-50-

Time (Hours)

a8

=0+ Control

-4 Citrate

JUN 23 FogazvaensilAsuulas C3a seninegasusumstdanaunulawasdalued 6 (0-

6 hours) uagseninagalsusun s tavaunulauasdaluen 24(0-24 hours) * p<0.05 Lile

Wisuisunelungu ** p<0.05 WatSeuiieuseninangy

-
-

300004

250004

Concentrations of C5a (ng/ml)

20000

0 6 12 18 24
Time (hours)

-O- Control

-k~ Citrate

JUN 24 Jowazvaenisuantean Csa Wisuweussninnguilduaslalldingm * p<0.05

WaSeuigunglungy ** p<0.05 WawIeuiieuseninmay
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50+

25+
S O
|
o = =77
Y]
S ' . T =O- Control
= 6 12 18 24
) -4~ Citrate
w
Q
2254

-50-
Time (Hours)

JUN 25 Sogazvaensdsunlas Csa seningaisudunsUrdanaunulaiazdaluen 6(0-6
hours) kagseninaaisuaunsiIdanaunulawasdilusi 24(0-24 hours) * p<0.05 1ile

Wisuiisunmelungu ** p<0.05 WeSeuiiieuseninangy

USinaumsuansesnves PA-1 lunduitld@iasm fie 230 ng/mL (66 - 250)i
agmﬁméfumsﬂwﬂ’@mmulm 200 ng/mL (68 — 247) 7 6 ¥lus uaz159 ng/ml (61 — 262)
7l 24 Halus Tunguitlilld@insm 286 ng/ml (194 - 481) TigaiEudunsTamaumule 200
ne/mL (68 — 247)i 6 F2lus uay 363 ne/ml (205 — 489) 7 24 Falua linunsuansesn
ogsiitivddymelulassevinanguiliuazbli@imsm (Ui 26)

YovazvoamaUdsuntas PA-1 szmrinsgaisusunstiamaunilauazdalued 6(0-
6 hours) e $eua 7.12% (-12.65-24.39) uarszninegaisusunstdanaunulanagdalu
7l 24(0-24 hours) ¥evar 21.41% (-14.16 - 47.33) lungulaliBimsm Yevavvesnis
Wasuwas PA-1 sgrrinsgadudunstidanaunulauagdalasdl 6 (0-6 hours) Ao fouas
-17.2% (-45.51 - 8.13) warseninegaisudunsidanaunulawazdalusil 24 (0-24 hours)
Yovay-18.92% (32.38 - 13.07) WlewTouifivunmsuasuutaswes PA-1 seninangulduay

CYC)

Tld3wmsn wuaruwansnsludalusdi 24 egefituddey (o < 0.05) (gﬂﬁ 27)



50

500+

—_—
£
S~
e0
= 4004
S
I I
300 il
T O e
g s,Oo
2
= 200
1
—
=
@
2
S 1004
@)
. r . ) -O- Control
0 6 12 18 24
-4k~ Citrate

Time (hours)

=

JUN 26 Sovarvaamsuanieen PA-L Wisueuseninquitlduaslald@insym * p <0.05
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Requiring Continuous Renal Replacement Therapy
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Clinical Record Form

Study eroup: 1 (sepsis AKI +CRRT +citrate) 2 (sepsis AKI +CRRT -citrate)
Date...oeeeeee (First date at reach CRRT)

0 hours

Patient Characteristics

Initial PID

Gender L male [ Female Age yrs
Occupation

Hospital admission date ICU admission date

AKI diagnosis date

BW kgs Height cms

Nutritional status (BMI):

Underlying disease/ Co-morbidity

LI om O 11 O pyslipidemia I HD - O pvp O Malignancyd HIVE cva
[ Atcoholismd Chronic liver disease[1Other: define

Primary diagnosis at time of onset of AKI

Indication for RRT
DRefractory severe acidosis DRefractory volume overload
DRefractory hyperkalemia CAnuria, Oliguria

Cluremic symptom DHigh BUN, Creatinine
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Patient status

Pertinent physical @Xxamination: ...
Respiratory Support I Non-invasive......... Cinvasive : Mode.......cvooocceeeecceese.
Baseline serum creatining: ........cccoevvvieuennen. mg/dl

Acid —-Base, Electrolyte at time or prior to start RRT
Electrolyte:Na'........mEg/L, K ........... mEg/L, Cl............. mEg/L, HCO; .......... mEg/L
ABG:pH ...... PaO2...... PaCO2 ...... HCO; .......

Other Laboratory

CBC:Hb.....g/dL, Hct......% WBC.......... /UL, PMN......... %, Lymph......... %,

platelet.......... /UL

Renal; BUN......... meg/d|, Cr......... mg/dl

LFT:TB.....g/dL, DB.....g/dL, SGOT.....U/L, SGPT....U/L, Alb.....g/dL, ALP......, TP......... g/dL
Total calcium.......... (mmol/L),lonized calcium............. (mmol/L)

APACHE Il score: ...............

SOFA score: ...
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CRF : 6 hours
Patient status

Pertinent physical @Xamination: .......c.cciec e

CBC:Hb.....g/dL, Hct......% WBC.......... /UL, PMN......... %, Lymph......... %,
platelet.......... /UL

Renal; BUN......... meg/d|, Cr......... mg/dl

LFT:TB.....g/dL, DB.....g/dL, SGOT.....U/L, SGPT....U/L, Alb.....g/dL, ALP......, TP......... g/dL
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CRF: 24 hours

Clinical status
Progress NOTE & ..

Patient status :

Pertinent physical @Xxamination: ...
Volume status: Intake/Output ... Y. ml net= .. ml
Respiratory Support ] Non-invasive........ [ invasive : Mode...oeeeeeecceeeeecee

CBC:Hb.....g/dL, Hct......% WBC.......... /UL, PMN......... %, Lymph......... %,
platelet.......... /UL

Renal; BUN......... mg/dl, Cr......... mg/dl

LFT:TB.....g/dL, DB.....g/dL, SGOT.....U/L, SGPT....U/L, Alb.....g/dL, ALP......, TP......... g/dL



CRF : Outcome
Day 28 Outcome;
DSurvive; Date

Ddialysis dependent upon discharge
Dyes O no
Cpeath
Cause of death & .

] Dialysis dependent upon death
Dyes O no

76
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AANUIN A

WARIIBN1TMTIATEAU CD11b waz HLA-DR aae735 Flowcytometry (118191573983

U39y Beckman Coulter)

waaiudenneanading denszgniunendu plasma arsthuinsiaviui

JUNDUNITATID

1.

Yuden 50 ul AUL1871CD11b wazHLA-DR aghsas 10 ul waulddniu Aslilud

p 15 w9

Wa1e1 BD FACS Lysing 1 ml waalliitniuiisld 10 unil

(%
o

WlUTu? 1,500 rpm 3@ 5 w1l Sula@IUULiie

[%
o

Auansavans PBS 3 ml waulsidniu wnlutlud 1,500 rpm 187 5 U Ui
AIUVUNI
laansavans 1% PEA 200 ul

PlUdnseau CD11b wag HLA-DR aglu 7 Ju

sheath —>

hydrodynamic focussing

fluorescence
stained cells
:I scattered light
light source

droplet generation

@‘deﬂecled droplets

g . gsorteli cells
waste

wmellan1TIAsIzAaane Flowcytometry

www.cell.com


http://www.cell.com/

78

AMANUIN 3

WEAAIIDNITATIFTEAUIDY C3a, Cha  (31nUSEN USCN  Life  Science)nl83s

quantitative sandwich enzyme immunoassay technique

va v &

v & A o a y 3 <
RAUNULADANINNDIFTANUAT Laamzqﬂ{lmwmﬂu plasma Lﬂ‘Ul’JVIG]LEJ‘U -80 939AN

Y

walea wavieeninliNgumgivies (25 esrwaed) Ussana 15 uniineun1snga

Y

JURBDUNITNTID

1.

a

1d standard, blank 38 sample USua 100 ML asluusagvau vuilgamnid

Y

379C 11 2 Flalg

Anansluvaueaniivun Muans

a

1d Detection Reagent A U3anau 100 ML asluusiagngaiafigaumgil 37°C 1an

Y

1 T

anansluvaueanlviviawazaneeae Wash solution Usunas 350 ML vianun 3

A9 LAELNAN DAL

a

1d Detection Reagent BUSu1as 100 MLadluusiagvgu vuilgamgil 37°C 1ian

Y

30 U

anansluviqueanlyivuauaranele Wash solution USuna 350ML visnum 5

ATI LANZLNAYILIALIAG

a

Td Substrate solution asluusiazngy Vs 90 ML Usilgaumndl 37°C 1aan

Y

15 - 25un9 usilaiensiiu 30 Wi
1d Stop solution asluusingvay waulvid1iud

DIUNATIAMULTILES 450 nm
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AMANUIN

LAMIIDTNITATIVILAVVOIPAL-L (31NUSEN RED  Systems) A7835 quantitative

sandwich enzyme immunoassay technique

o & A o & y &, & yyva v
RAWNULADANIINDIATAUAT Laangﬂﬂuuamﬂu plasma Lﬂ‘Ui’J‘V]@LEJL! -80 ®9AN

waldea wavineanunliNgamiivied (25 sarwaidud) Ussanal 15 uiinaun1snsia

Y

1. 1d Assay DiluentU3unas 50 ML asluusiasviay

2. 1d standard, control %38 sample Usuas S0ML asluusaznau aeluian 15
Wi nasnuuunliigamgiviesaan 2 dalus
3. gaansluvaueenlyivualazaiane Wash bufferusuna 400 ML viaviaa 4 A3

LANLLNAYILALIAS

a v

a. 1d Serpin E1/PAI-1 Conjugate U3unas 200 MLvdsaniuvaliigamniivios

Y

1981 2 Tkag

5. gaansluvquesnlvivanlazananiy Wash buffer Usuna 400 ML viaviaia 4 A3

LANZLNAYI L9ALIAS

6. ld Substrate solution Usunas 200 ML UliNgaumgiivies 30 wnil nanidesnis

Y

TAULES

7. 1d Stop solution U3una 50 ML val¥figamniivies 30 undl vanidesnislou

U

(13N

8. DTUNATIAINNYNILET 450 nm Anelu 30 U7

AP - Antigen Conjugate A
Sample Antigen ®

o

Substrate -

_

Primary ) ( o ] ® ) q ° s" PY
Tl | ol > | SA0 >
v i g

I Wash I

Well Coated with : .
Affinity Purified Antibody Priftsary IncUbation Color Development Read Plate

quantitative sandwich enzyme immunoassay technique

http://www.enzolifesciences.com/platforms/immunoassay-and-assay-

development/immunoassays-elisa-kits/
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