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Neutrophil gelatinase-associated lipacalin (NGAL)
Kidney injury molecule-1 (KIM-1)
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Angiotensinogen (AGT)

Liver-type fatty acid-binding protein (L-FABP)
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Fibroblast growth factor 23 (FGF-23)
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1. Neutrophil gelatinase-associated lipocalin (NGAL)
AuansMz NGAL™ aglunszga lipocalin protein 12
wendu BTP Wlulnalalysfiuzunaién Usznausensnasiilu

198 ¢ BPIALNANS 25,000 Madu funumlunssesu
\WouvafiFunguunsuauuazifanguinlsa asnsansawy
NGAL luiinidananeiininlnsiing wadsy oaddeysiey
\wadvasalApauasiimIazassasleiu udsisadidoy
gawie v ladaudan
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nnmsAnaungwoi s2éu NGAL Tuidsauazluilaanaz
davifladonnzlaneduwdu wafisseuin 26U NGAL
Tudsauarlulaanzdusdiameianwiitethelunsiteds
TsalaiZassulsn wu lsaguilulpnmiugnasa (autosomal
dominant polycystic kidney disease) lsaladniauangtla
(lupus nephritis) LLaﬂiﬂImmﬂﬁNQIuIﬂayauLa (I9A nephropathy)
Hudiu

wonanil sud NGAL luidenuasludiaanzansn
wennsaimasiulsnzeslsnln@esld Bolignano D wazan:™
MeuransAnsugisanmsnseveasnnnnimvdawniy
15 JaRANIFADUNTFD 1.73 MITNAT 31U 93 318 WU
fiifszdn NGAL Twdoannnin 435 wlunsurafiadans
Waseiu NGAL Tuilaamzannnin 231 winlunsudefiafans
fifnnmsnsevaeslnanasisiningiidseiu NGAL luidsauaz
luilaanizsninAdrsusgrefited dunada Taeszdu
NGAL Tuidanuasluilasmsfidiadu 10 nlunsusadadansiiy
Tomaidsslumsanaszasdnmnisnsaszaslawhiudnides
1.02 (95% CI, 1.01-1.03) wag 1.03 (95% ClI, 1.02-1.04) N
aeu

2. Kidney injury molecule-1 (KIM-1)

Aasneaz KIM-1" Hulusfiuluaszga immunoglobulin
gene wufimisiadvinln wiedu 3 dw Ao dudegly
Tolawandn drufiaglunioiaduazdiufingusnizad &
Tsinyumhitees KIM-1

NMIAnEIERy KIM-1 luilaaeduiusfuioia
MIPNLEULSINL tubulointerstitium 289l uaTIZAU KIM-1
Tuilofolnsansoldlumsitedelsnlndess sndewennanl
mafiulsald Waanders F uazmue'™® wuin seéiu KIM-1
Tuffasnzindulugiidulsalnanaingduuanainlsa
wvnuuazasanulsiulutlaann: msidanislueims
fsuUszmiunarerananfuLdeafidudessuy renin-
angiotensin-aldosterone 81130aA56U KIM-1 Tutlaanzle
Fonmsanavildiusiusinausayiuluilasnsianasugi
Dulsawnuaiiad 1 dae

van Timmeren MM WazAE' FIBIUNANIANE
Tugilésumsugnanela 145 518 wuh giiinsalmsgadele
vadumaszay KIM-1 hulaansiigetu Taonguiifisssy KiM-1
Tuflaanzgefigasidnydoswindu 5.1 (95% CI, 1.5-17.8)
fotfusedn KIM-1 Tuifaanazaansaneinsaimsgadsla
Tugldsunmsygnanelale

3. N-Acetyl-beta-D-glucosaminidase (NAG)

audnsar NAG" Wueuledafiowdds wuiilalslsy
Tuimadvinlnsudu awnwialuana 130,000 Aasu 3y
Tidaansansesimlnawagaals

PnmsAnszi NAG Tuflaamziindulugiifiany
AAUnAzey tubulointerstitium vavln WARTIBIWI TEAU
NAG Tuilaamziiniulugiifianuiinminfvaslnawegdmsuiu
manTanuszsu NAG Tuilaamzvsediifiulsalanniumiu
foudszozusnvavlsnduiusfusnniansasoesinfianas

PNMIANEYEY Kern EF uazamiz™® wud seay NAG Tu
HYagrzamrsaneinsalnsnsnanuusasyfiuvludaaay
mauﬁﬁﬂu‘[ﬁmmmmﬁﬁmﬁ 1 16 Msanavapvsziu NAG
Tuffasnzanius funsanavasvlSinuussyfiulutiasny
Wulieaiu KIM-1 agwlsimunmsanaiasedy NAG Tu
flaanzaragnsumulasszduthmaluifaani: dufuded
msfneisinsaly

4. Angiotensinogen (AGT)

auansuz AGT” aglunszna serpine gene ifulna
Talusfiufivsznausensaeziilu 458 & snaluiana 55,000-
60,000 madiu dulvaadwnnwasdiu dudbsaennisad
violnaudu alezfuiug awovuazden unumzey AGT
ety renin-angiotensin-aldosterone Tae AGT \u
miﬁv’\aﬁumaq angiotensin

nnmfnezsv AGT luilasmeduiusiunseangns
289 angiotensin Il luln duwhl#dnsnnsnsavaaslnanas
Tugidlsaladess fnenudh swdy AGT Tuilasmeifingu
Tugfidulsaanasuidengs fluszuumeiduiiaanzuay
mMzassfifufis MsFneaed Satirapoj B uazAuz® ‘lwﬂﬁ Hu
Tspunvmuiindl 2 155 118 wirh 32 AGT huilasmizifingoiu
fousszriinmalinuueayiuluiiaans wasifingedu
a&h\aﬁﬁﬂa‘hﬁmLﬁam’mwmmagﬁu‘luﬂamaz [sesy AGT Tu
aanzwiniy 63.44 (IQR : 22.08-174.8) Lay 398.38 (IQR :
205.03-673.68) w1lunusafadninvesaIusidulugd
avvanuueayiuluilasiziuna1y (moderately increased
albuminuria) HazJULIY (severely increased albuminuria)
AINEAL]

5. Liver-type fatty acid-binding protein (L-FABP)

AMANBMUE L-FABP” ag/lumszna lipid-binding protein
Ysznaudipnanezdlu 127 f waluana 14,000 Aasu
wusnnlulslawandnzevsas Tnsfiunumifeafunmsaudy
nanlatudasslueas wuadsusnlumassu SeFun liver-type
sonnuiaslueTerciug Iaun vieladudu ald
NITINILAINNT AUBaU Lazlan

PNNMIANIWY 326D L-FABP Tuilaanzaniwusiv
WA MISnEULSIN tubulointerstitium 2pdlALazy3ann
Tusauluilasnie nmsdneswui sedu L-FABP Tullaane
aunsawennsaimaiedinld 1wy msFneaes Nielsen SE
wazan? ugfiulsauwnvmnusiadi 1 277 518 wuin nguiid
ey L-FABP Tuflaanzgeiigeiisnsiduslunsidediawniy
3.0 (95% Cl, 1.3-7.0) wenannilgaiinsnideslunsasany
woayfuluilaansie

6. Periostin

AuansMe periostin® U vitamin K-dependent-
carboxylated protein ﬁmag"lunga matricellular protein
winluianayszanas 90,000 masu a5199nisadiiseu
gp9nazgn Aummiieiunsaiuazsenusuiieiie

NNMIANTLELUINWUIY EINIIDATIAINY  periostin
Talunszvrunswannlnaeisoulunssfuaznmsiifinnu
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Asunfivaslaluglval Tnewudn periostin enanszdumsifia
?Jmmaoqoﬁ'lLLazﬂ'ﬁa‘%NW“\iﬁmTuu%nm tubulointerstitium
289ln Satirapoj B wazamz® Ansnludildsumsgnaeln
42 318 WU w:"*?iﬁma: chronic allograft nephropathy #5¢6u
periostin Tuﬂﬁlﬂ’l’;zgoﬂ’h@'mﬁﬁm’az chronic allograft
nephropathy penviiiddy S9seiy periostin Tuilaanyil
fFuiudiuuFinalusiuluilaanny (@Eanduiusuindy 0.522)
wazuUsNNRUADSRIINNTNIavTedla (Aanduwus vinty
-0.431)

o A 35U NGAL Tuifien uazazsu NGAL, KIM-1,
NAG, AGT, L-FABP uaz periostin luilaamsiflushdiams
Framwlumsdszifiunsual§uees tubulointerstitium 209n
fisnansalslunsitadelsnlntess wennsaimadedinuas
madhglsalneseszazganald udmsdnwiftudmiin
sonanlugiiiilaalniFasedniva fumsfnmaunadnuay
Fofivsanauios yandvdefinneviathivdugiionadewasiaitms
ATl vhlinsuanafinnuaaiaiadouls
forfudaednmsdnendniin ufeiaunisnisnsame
vesujiamsliazainuazldunnsg wethanyszyndls
Tunwfifsaly
frianwianmlulsaladess Tasussifiuntsinuzas
maﬁt?ﬁaq%’u’[u (endothelium)

1. Asymmetric dimethylarginine (ADMA)

AMANEUE ADMA® flaseasondne L-arginine indu
yinnszrumswnalusiulusione ADMA fiunumsud
n3EIIUMEE$Y nitric oxide uwalisadidoyduluiiem
fnUnd ienlideslnanasuazifnlsaladasstuiign uonanil
ADMA hlifimsazanindslusameuaziianzanuaugy
Tulnawasdade

seiu ADMA Tuldeaanansawensaimafedinuas
msiiulseludiidlsalnidass sudediilésunsvanidande
winslatfioy 1wy m3AnuTey Fliser D wazamz?® Tugiidiu
TsalannanimnBuuenNWMIY 227 318 WU JRfsedy
ADMA luideageiimssfiulsaanhififiszsiu ADMA luiFansh
atheililddumeadn Tnednsndeeiingu 1.47 (©5% ClI,
1.12-1.93) sipsze ADMA ffindu 0.1 Tulasluasadng Tu
2nusfin3fnee9 Zoccali C uazanie® wui sediu ADMA Tu
denflintudniusiunsdedin [(Gaides 1.26 (95% Cl,
1.11-1.41)] lsawrlauazwaanidon [(Snaides 1.17 (95% CI,
1.04-1.33) ‘lu@ﬁiﬁ%’umﬂan \AandeAsavlafiy

v
o

foagl A sziv ADMA Twiden (Juddianedinw
tnennsalnssifiulsauazmsifedinludidlsalasesola

a va

uadaefinsfnsudnifnnsudayssyndlslunsd fua
dWasnnwudeiiafidid Ao sedu ADMA Tuidesdiudu

Telulsan3anmazdug AflennAnuUnfvevisadideysulusis

s Tamedhnmlulsaladads Tneyszifiuanaiaunignu
LWMUBAN (metabolic disorders)

1. Fibroblast growth factor 23 (FGF-23)

AausnHns FGF-23% agflusszna fibroblast growth factor
aywnnmagnszgnimssuaziun dansusdulndnying
Ysznausennezily 251 1 unumeey FGF-23 ey
mamuguazduLeaFonuazwaaaluden Tasfinaln doil

n. Uiy Kiotho wazdufensiuses sodium-
dependent phosphate cotransporters (Na/Pi lla and Na/Pi lic)
fadvislnsudu Huwalinmsganaureamialusinuiana

9. Sufen139euey 1a-hydroxylase 1unal
AANIEILATIZTINAUR

A, fufonsnaesedluunmsasoudansdounis
hIRRLL]

ey FGF-23 Tuidendufnunflisdnsmansaveey
Ttiarndn 90 finddnssiowndisia 1.73 maneumsuazuiagedy
muszezedlan MNNMIAnEIWLIN 52 FGF-23 Tuldaniigediu
FuiusiuanaiaUnfizesila Sofiudnsdeemadedin wu
M3AnTe9 Kendrick J uazanz? Wugiiiflsalnisass 1,099 5o
fmaduszpznaiais 29 T wuh sedu FGF-23 Tuidend
Wnduduiusiunafedin mahdenaunuls nadialsaila
waznasmdon lnenguiifissiy FGF-23 luidengefigad
Sanidsmadedinuiiu 2.17 (95% CI, 1.56-3.08)

Gutierrez OM wazanz® Anunlugiildsunaveniden
Faeedadlafion 10,044 18 wudh sy FGF-23 Tuidandia
Bausunsthdamaumiladniusiumsidedin lnonguiifisesy
FGF-23 Tutﬁamgwﬁgmﬁé’mﬂ,ﬁ'mwhﬁu 5.7 (95% Cl, 2.6-12.6)
athlsfienamut enafiiledudufisenasiasziu FGF-23 Tuiden
Wy 01 A 8 srauWamwaludenuazszAUInfius
Tuseme sefudoeimIudanastheszings o

doagy fe madnuanlnaveviziu FGF-23 Twden
Wendumswensainafedin msduiulse maiialsarla
wazvanaidenlugiidlsaladess udediildsumaeniian
faupdaslafion uwidaeiinsfnsaunalngfinidinuas
miammezieihdvfiorssumunsulananeufieahluyszyndls

a va

Tunfin

asu
myiadulnlnsesedaverdunsdnlssifiasmngs
swmeiiaziBon mdviEsnemeeslfiAnisiignees
wing Haginsmswdldduwoidiameiinwaneiis
AMANHOLIANZRY wifloniszsuasueiduluidon Gemseii
4) Tapiawesesy cystatin C Tuiden g L‘%'uﬁmsﬁwmﬂizqﬂﬁ
TlunsUfsRnnndu sthelsfinn eradaeiinmafneniieaiy
fadvanedanndenardisinluyszsnsineieludu
maAfaduuaznawennsailsa Warnugnieseasdoys
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v
v Ao =

a5l 4 agufdiameiinwlulsalaisese

AN ABE wAa a9 NSANEI AU
Cystatin C 1&9A wagnitieasa Tnsasa ganubhuazuiusunnninseiuadwaiiu
Tuiden
BTP vion Haany n auay wla 1 Tnsase Fanuhuazsiughannninszsiuas e
Todunds 20Uszamm Tuiden wdauniisesy Cystatin C luidan
NGAL viom Jasne iwaavislndudu Tamedundu >InFesy  Usziiunsvinouzeswis lnwazueie
ANINTULTITDYLIA
KIM-1 Haane aavia lnaus Tanedunwdu slasess  wuladanuiauUndlulawintuduiusiu
nsdniauly tubulointerstitium
NAG Haane waavia lnaIus Taneduwau slnEess  duiusiumssniaulu tubulointerstitium
AGT flaanz iaavialnaudu Tni505% fuiusiumseangniaee Angiotensin 1l Tuln
L-FABP  flaanne aavia lnau Tnsa%e fFuiusiuworanaznmsdnaulu
tubulointerstitium
Periostin  flaiane LBAANTERN ln5e%s wulefienuAnuUnAlulawhiiu deiug
Apou fuWeHaly tubulointerstitium
ADMA Ao mawwaaldsiuly  Inisese wennsalmamdiulsauazmsifedin
FMMY
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Biomarkers for chronic kidney disease

Theerasak Tangwonglert, Bancha Satirapoj
Division of Nephrology, Department of Medicine, Phramongkutklao Hospital and College of Medicine

Abstract

Chronic kidney disease (CKD) is a major public health problem in Thailand. Serum creatinine and albuminuria
are the sensitive markers of CKD progression in clinical practice, but these have limitations. Hence, early, more
sensitive, biomarkers are required. There are many researches to find novel biomarkers with the appropriate attributes
for diagnosis, assessing the severity of kidney injury and prognosis of CKD. The interesting biomarkers are cystatin C,
beta-trace protein, neutrophil gelatinase-associated lipacalin, kidney injury molecule-1, n-acetyl-beta-D-glucosaminidase,
angiotensinogen, liver-type fatty acid-binding protein, periostin, asymmetric dimethylarginine and fibroblast growth
factor 23. It will be important in future studies to validate the sensitivity and specificity of these biomarkers in a large
cohort populations prior to implementation into routine CKD management. This review article summarized the most
promising biomarkers for facilitating early detection and predicting clinical outcomes in CKD.

Keywords: biomarker, chronic kidney disease, glomerular filtration rate
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aIamemInmluilaanzuagnsidangnig
aamulanilgnatsedrunsunau

LATHEWS LATHENITE, YasIIn Fszduns
viulsale nguoegsmans sowewiassii

unnago
azssfulafignduethaduunduiuiladvsdudenymaivussslnlmivazszuznaegsanveviioe
meAtadunzdesulaluihgiudesandumanstudelaiiansamemensine msduwuimdamedanmiidanul
wazAaMETIzEansai i tadenmededulaldnasilasilisesihmanstuieln foduinansfifianuds
wazanaianmeunsndoudugihe naemafnniiiuanidmhaussiialuilaamsiiosiumaatsdunnzsasulald
Femansautvesnliiiu 4 ngu 1) IﬂiﬁumumeﬁﬂﬁﬂsaeﬂﬂuInaLuagﬁa T#uA o1-microglobulin (A1MG) Waz haptoglobin
(Hp) 2) TWsduiinmsaedusimnzdila Taud Neutrophil gelatinase-associated lipocalin (NGAL) (8% Human leukocyte
antigen class-Il (HLA class II) 3) Laulemﬁuﬂaamﬁa%wﬁuﬁ”[m Town T isoenzymes of glutathione S-transferase (TT-GST),
N-acetyl-3-D-glucosaminidase (NAG), alkaline phosphatase (ALP), g-glutamyltransferase (GGT) t.a< alanylaminopeptidase
(AAP) uae 4) wanlalatl/lolnlel LL@ZN’I‘SWuﬁqﬂ‘i‘iNViLﬁm?ﬁ'a\‘lﬁ'umiﬁ'ﬂ v [ WA tumor necrosis factor receptor-1 (TNFR1),
interleukin-6 (IL-6), soluble IL6 receptor (sIL6R), soluble vascular cell adhesion molecule-1 (sVCAM-1), LLAZ mono-
kine induced by IFN-y (Mig %38 CXCL9) Tae NGAL, IL-6, sIL6R1, TNFR1, sSVCAM-1 Laz CXCL9 fvanguaiuayu

v '
v Ao dda e o

iazduidiaifdmiunnzdasula agelsfimuenubhuazanuiimnesesidiamaiifroudromuazidumsdnm
dliensiludemhvingu Sududaviinad@nenludremhiidmsauaulunstusulssandnwseeid iamanilsely

Mad: nmessdulaivgndwathadounau, dihevasgndiele, dudidianle

davnssuwIauatuAnss way. iasegws iasegn1al wiseviulsala nguueegsmans lsewewas1via 2

nuuw;yﬂrl LPASITINT ANN. 10400 E mail: Jjsethaporn@gmail.com

n’l‘é‘i.l@ﬂmﬂlm (kidney transplantation) Wunnstain

'
a

naunulafidfigaswivgaslaneszazandie vl

fFnduendu Wnaunmd@inidioe uazanmazaldie
nnmaweniienszezen’ wimewasmsugnenslaeaiinnay
wnsndoumuan 1dud m3fiade wmu anaduLEange
uazlanaduwau

anzunsndauiinutesuaruuse Inaanenynsoy
sonvaslnlmiflésunstgnadne (allograft survival) Az
Tanesdumais (acute kidney injury; AKI) wuaqﬂ’ﬁmsai%’amaz
4-10 dwfunsdgnaneladildsuannguinefidin (Living
related kidney transplant) waz3paaz 5-50 shwsumatgndele
ﬁiﬁ’%’m’mﬁﬁmﬂlﬁﬂ%’?m (Deceased donor kidney transplant)®
mglanedunduiinnnuaeang Wy nmsfideanauly
Wwevlalmidnasenendvnsaadenlides (ischemia-
reperfusion) m3mashwosieme midadsuuafiGewie
Ta$a fwane manduifiushweslsalniia (recurrent disease)
wazsnwnfishdAe anzdedulaiivgnaiuagedendy
(acute allograft rejection) wudﬂquﬁfaﬁmlmﬁﬂ@nmﬂ

o o

st dsunauduildsddyaneiamaiuzasinlnduag
aneIyMIagIanTevle’ IAnANNAnUnAfiasdEI
onafinmzsadulaiiugnatwetiieidoundu Aa msfiszdy
FFua3usfiduiigefinndnnidn iilevandsuasusfiduide
Hiiananedszms’ ldun

1) ﬁwﬁgﬁu%vanmaﬂmmLﬁﬂuwﬁ’uﬁl,ﬁﬂ%umuﬁa
24-48 $2lag

2) fanubhiripeninszsiumvineueesla (Glomerular
filtration rate, GFR) #i&uwa Tﬂﬂ%‘?ﬂﬂ%uaﬁﬁu%gﬁuﬁaﬁ
anademeiiatuiulalyudnddosas 50

3) Fenusrmzsenssanmanglaem

4) lisnansauenannguussldaundnasiissivasidng
anziating (steady state) oldiaavanetu

thytumsitedunmsiasmlpdisvendenmsinztuiialn
(kidney biopsy) WanTanenen3ing doduinansfis
MIUALRUABII9MY (invasive procedure) TANANN L DD
msifaidanoen wazmIfadpsenimaivinonsléd® dihe
fifinmzsasulnatraduundunazlilFsunmssnenfiviumaed
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imsgey \denthitzeslslwiiSess (chronic allograft dysfunction)
suinnsgadelalud (graft loss) andeiowar 50 uaz
nsanmezesfiheduy 3 wh shiliuamdinmas uaz
WnAnINEIWENNaTL 4 Wh° demaiissdanamenenafnenuas

v
v o

NARNNAITIANIMEBNINW (biomarker) ﬁﬁﬂ’nﬂ’; (sensitivity)
LAZAMNTINIE (specificity) ﬁgﬁu Wasansagaeling
Fadpuaziimssnsnnmizlanedundulsviuined Taalidas
imansiuilolnuazadinramewensine dasmzdums
Aandvzasimeiiiulaie szaan dulduSinusnn Tuivinld
fmsumidusiesme uazaApuinuiaties SeiimsAnanseneg
Tuifagnzifemmdfafidteanuluazudugigedmso
mATedunzsadulasudszazuaniio

Fhd Yamenen vi3e biomarker waeds wad LAl
Tuana viemswasuwlasmeiugnssn Aduiedosiiogos
mfaduuazwennsallsn’ TasddTamemenwlutlasas
fifesfinnanAsoil

1) vvdFonensanwiliadulule uazaunsoszyldh
intudwliuzeln

2) lananT3590157 uazusiugh

3) un1snsranewesdfiiAnnsifiananuguen
(cost-effectiveness) 114 colorimetric-based assay, enzyme-
linked immunosorbent assay (ELISA) %38 nalAguLauin
Tuilaanie (urine dip stick test)

4) seeufinsranuluil aasduiusd funesanwi
Wndudunwaulule

5) fhuuismsafiuliauaznnizunindauiions
Andule

6) tesafulamssneivmnzanldiae

thetusdamedanmlullsamzdmsumsitedunne
sasuln erauvifiu 4 ngulua) deil

1) Wsfumnadniinsesriulnaiegas

2) Tusfuiiasedusimzila

3) oulsdfiadennla

4) waululptl (chemokines) wazlalnlail (cytokines)
sfvanswugnssuiiiedoeiumssniay

saluilaznanneaziBunvesidinudazngusnie
msfnsiieday

1. Tusfiuzunaidniinsessinulnawegds

ulsfufiaennisadeneg seviemedignizua
den faunaluanaideant 40 Alamadu gnnspvevdase
wulnawesda uazgnganduiovniivielnsusiu Tusiungui
Téun o1-microglobulin wa% haptoglobin MawusesiulUsu
Tufagniigedursuene nsdlusfumaniddauain
gnnsaviule vie winefeislavihauAaunfliannsogn
nauTUsfuwmshi e Tumzsadhule fnedney neunady
yowinla llusfumanilgedu SeimsAnsmhlsumani
wngheAiadanmesaiule

Beatrice Stubendorff uazaue® aTaialusiu 2 via
Tuilasge A ou1-microglobulin (ATMG) LLag haptoglobin

(Hp) Wl ifusdinnnzsadulastadounau Tnafnm
Tugihedildsumstgnanaladnnu 116 51 Usznaudie
fhsiildsumaanziuidslnfusuirdinnzdeduladou
58 518 uazgihefifinsiheueeslnund 58 318 wan1sfnen
wuh sedulusiulullssmzvesiihunguiidinizdesulnge

'
oA 9 o A

ninguifimaiuseslaUnfeeinbdfy fo AIMG 29.13
Weudu 22.06 Tulasnsu/ua. (p=0.001), Hp 628.34 \finuiy
248,57 lulasnsu/ua. (p=0.003) Msld AIMG ¥58 Hp fala
svildmsvatadunsdesuln wuilusfuiassdusd
Yafiiannlen Tay AIMG fianaluazamnusinziesay
65 LAz 80 MNENGU & Hp Hanuliuazanudmnz3aeay
67 uaz 91 suadu malElussiu 2 siafwiuionsam
amzdadulngieinanlvosidiadudesas 85 uasdl
anwudunzdopas 80 M3Anmil AIMG uaz Hp guifiauazifiu
fETamemenwiifsmsumAdadeuashusnmazdedu
Tnoghadounau usnmsnsidfidasiin wne Hp Dulusiu
TunszuaienfiduiugTulnadudas: wasndulysfuiiiaduly
amsfidmasniausesiemedae defu szeudlulnaduuay
AMZMIBNELTIDNTUNMIUMILLaNATBNIEFY Hp wananil
founs@nmdoundvivindudovinis@neuuulyde
nuazfin1smIuANLLIAT (prospective randomized
controlled trial) winfiuguivuszlezizas AIMG waz Hp Tu
Jaany

2. Tusdufiadrediusuwzila

LﬂuiﬂsﬁuﬁmwwumnmﬁLﬂsﬂzﬁmqﬁuqmm
(genomic WAz proteomic) Qﬂﬂ%’ﬂﬁﬁuﬁuwwﬁimLﬁaLﬁmWﬂ’l%
aNW Iﬂiﬁuﬂﬁiuﬁ T#un Neutrophil gelatinase-associated
lipocalin (NGAL), Human leukocyte antigen class-Il (HLA class Il)

2.1 Neutrophil gelatinase-associated lipocalin
(NGAL)

NGAL dulysfiusuialuiana 21 Alaniadu
a¥wiunninlasiiad wazisadidoylusieme NGAL fnth
fisndussudesngman amuaumsiesaivlnwosad uaz
msudsfvavisad uaziudunileegidusumuiiie
(innate immunity) dan1faldauLATiSE’ NGAL gnass
N 2 unadlveg

1) ¢ dhw uazialnsiladfignnazdu ey systemic
pool

2) I

NGAL sihumsnsesiilnaimegasuazgnganduivialn
sdhudu Tunmagiildfinssnisuaesiiene NGAL finsauniag
gnganduviain shilsimsaaliny NGAL Tuilaany Tunsdifiiin
azlaneideumdunnamnsine NGAL iy nugeiu
28NNV I loops of Henle LWa¢ distal tubule LY
pndufivmeilaame’ NGAL nusamstiasaansmelysfiu uay
gnasaanu ldmeesdffinng

NIFNEIANNG ARIUNITINEININUNIUITIUNTIH
athduszuudied dusael¥ifiuin NGAL sunsavianld
Aladunazlaneidsundustvgndeewsiug smsunsfinm
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Tuftheildsunmsugnanala mansawy NGAL luilaanay
wavjuinalauazgsulaamnsaviung delayed initial graft
function 16" " fmsAnmitauayuyssTomizes NGAL uilals
Fladuusnlanlaneduundufiinannnizdadulnaanan
amnBu uazaninsaldnsrefnmanansinunldde ioun
Wumadneuuuludenh

Ya.A. 2012 Nils Heyne uazams’ vinsdnengiuii
Sumsugnaneladnnu 182 e wogihefidamzlanedeuwsu
44 M Andudoras 24.2 Ta9TIVNA uazity 44 il
fanmglansnnamzsiaduladoondy 9 sy evaadudiy
metadslasnsanziudelanmamewnsine st
fimin 35 ﬂmﬁmlmmﬂmnf\mwﬁiuq Tdun amzznaasth
msfademvuilasme nafinde s (cytomegalovirus and
polyoma virus infection) ﬂm'lnmna;u calcineurin inhibitor
Tanedundusiin acute tubular necrosis MIANEIHWY
AiseguevIzdy NGAL Tuilaanizgeiueteiitsddn
Tunguifiheiifiazsiasuln (339 lulasniu/am) waznguiihe
Imwmnmmqﬁuq 9.1 Tulasnsw/ma) diawseudeuiv
ﬂzg’u@’ﬂmﬁﬁmiﬁwmumaﬂmﬁﬂﬁ (7.8 Tulmsnsu/ua.; p<0.001)
Tosnguiihedfimzaesulafsziu NGAL Tullasmzgeiign
dinldazsu NGAL 11 100 Tulasnsu/aa. Wudvihneaizse
sule wud NGAL snansavinnenzsiadulalagndes lae
fanulwihiudesay 100 wazAnudwIziUiasas 93
wasihelasumssnsmwussiy NGAL lulasnizanavatng
05 aeslsfimumsAnniidahianseiinsdadiopis
AMTMIONLEY (systemic inflammatory response syndrome)
pon ldmahlldvonsuwanadislidaia uananiiihe
drulnaflumsdnnificndiuedusifiuiidoudnegs Semravune
foifihefinmzdesulafirauinsguusiud hviaingUszaed
Mg TaiataeitadumaissasulasfousiszeziEuusn

fia.A. 2013 Junko Kohei wasAmus™® vin13dnm
dthefiugnanalannguineidiniuau 71 e femsass
a5z NGALTUEDA NGAL, interleukin-18, liver-type fatty
acid-binding protein (L-FABP) Tuflaanie wu 5y NGAL
ludoauazlutlganzduiusiunmsiianazsadulaainni
fdfadug onnaldsunisfusunsitadunnesdadule
Tnemsmnzduidiolanmanenendine msdneniiausdii
wanzanvaImAtaduameaasulngoil sziu NGAL Twidan
161.9 wilunsu/ua. Fefinnaldesas 67 uarAnuswg
Soway 83 (positive predictive value; PPV 3aa1as 44) wazsesy
NGAL Tuilasedi 60 unlundu/ua. Sefianwldosas 75 uay
ANNINWNZIDEAS 81 (PPV Sauay 45)

2.2 Human leukocyte antigen class-I1l (HLA
class Il)

fthefifinnzsiasulnevidsuwdunuinsuansesn
P99UBUALAU HLA class Il 5986y HLA-DR Lﬁugqﬁu
fisnasadifeyaln Tnsdwusadfiinsuaneanaey
HLA-DR Tuilasmzaaviiheiifinnzdedulafingedu 6 i
Weuiunguiifiennisvheueslnlviung’

Sigdel uazaue” Anmatelasizaeegie 3 naw
Toud gihefifemeisnsslalmidnd fiheifamezdesu
o wazftheganmwudeusslimaldsumavgndneln woiilussiu
9 #flafisrwzdemAtadunazsasule flusdiu 4 afialu 9
wiiafiAedaeiy HLA-class Il Tnsmsaawy HLA-DR Tuilaame
goulddious 5 Sueufiaziionmazasamesioduln los HLA
class Il fanuhuazanusnglumahunanmesesulaiosas
80 LAY 98 ANAI

3. wulssiluilaaniziadwanla

fanInuLNENMNAULITBYE LU NaUT B IR ET
vmhilasemamshile eoil

3.1 Tlisoenzymes of glutathione S-transferase
(m-gs1) Hueulmifadslulslowarafuvovsadiala
wangusiuayunah T-GST snléuszlemivieAtadbuenlsn
amzdaduln Jakub Kuzniar uazaus™ fnsmadgnidisle
filduuinanngidediasuu 60 18 Seutsesnidiu 3 ngu
Toun fiheidenmaiheuseslalwiung 26 e fihofinng
sodulaiilasunmstuiulainsduilo lnnsanewesine
22 78 uaz gthalanedsundu 12 M8 vamsfns o sy
T-GST luilaamegeiuatheiibddnlufihedfimesaula
17.24 Talasn3usidns WewFenifisuduginefidnmmhe
soulaund 11.95 Tulasnsusadng (p<0.0002) uazdiholame
Weauwau 11.71 lulasnsuradng (p<0.007) aeinvlsAmunsld
T-GST dufidadrin iilavandr TI-GsT Tuilaansiigedu
ﬁuﬁuﬁ‘ﬁmzﬂ:ummsmﬂLﬁammLﬁwmlmﬁaumiﬂgnmﬂlm
(cold ischemic W@z warm ischemic time)fag

3.2 N-acetyl-B-D-glucosaminidase (NAG) Rifn
wulesiiad1ean lysosome vavisadvia lnaudu frualu Lana
anndn 130 Alamadiu lunngifimahaesesadviala
Wiansdlfiinsvivuingusey lysosome 9wATI9WL NAG
Usnugsluilasne NAG fiushiiaiifianalenn saidiniud
Hhudads devnnildsudifsadnmipefiinniznudesadvialn
fmnansavinli NAG fiszsiugeiiu vihliausiwnzaes NAG s
wananil NAG feiidasinlunisifiuseteiiilgenuaziiu
woulssifiliadios mafnsfisnuswudn NAG fidssluziiang
Fadunmzlanedsunausnnnin®

Uia.A. 2000 Peter Kotanko'® Anmgiasiifunis
dgnaelannfuinadedindiuon 123 18 wodugie
fiimyvihessslafinndduiu 27 58 ufiieiiianie
sadulalagdfadeanmsanzdwislansranenendine
5978 LL@ZLﬁuﬂ'ﬂ’JﬂIm’lﬂLﬁﬂuwﬁu“ﬁﬁﬂ acute tubular necrosis
(ATN) 22 578 ngn ATN d@1 NAG Tu‘i’]ﬂmauﬁuﬁuqqqﬂ 0
12410 gila/Aiadlaa sevavsnAenguiifimizsiashuln 748 yiln/
fiadlua Fogendngugdoeiilifinzunsndoundenis
U@nmﬂlm (NFUAIWAN) 1.8+1 gﬁm/ﬁaﬁima RNl
(p<0.001 UaY p<0.01 mm"ﬂﬁu)‘lumiﬁﬂmﬁﬁ\ﬁwmulﬁwﬁu
ieniuseulusfiu neopterin Tuilaany wu neopterin gx‘l“ﬁu
ptefidnddnlunguiiinmzdadula 508+419 wTulua/
fiadlua WawSeuifsuiunguauau 270+126 wilulua/
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ARl (p<0.01) wazimThiausAdA&ILYBY neopterin LAY
NAG Tuilaanz (ratio of urinary neopterin to NAG excretion,
UNNR) awudn UNNR fienguiigalunguiiinizdasule fe
80 wilulua/giln wazdanuhazanudiwzlumaiiagy
mmizdeduladuiosas 80 uazdawaz 79 musddu aehls
fAaunsld UNNR fidahindwsudihefifismmahaugela
Und ilesnngihenguiaziiszdy NAG Tuifasnzsh vl
A1 UNNR gy iansudanaiiananaigiheinnezsasmule
Jakub Kuzniar uazaauz" fnwssauoulesiuazlysiiu
Tuilsanzeaeiiliildsumsugnaslnnnguinadedin
F1uu 60 118 Wuszdu NAG Tullaamzeasiiheiifiaizsde
ulndien 1,036.45 wlulua/an/mn spva3usiitugenigihe
Tanedpuwau 717.3 wlulua/ass/an aeve3waiiu (p<0.005)
wazgthefifimsihnuzeslaUni 382.41 inlulua/za./anaes
A3UBNLY (p<0.05) ueiouBuufioy Lawwzixwmmiuﬁﬁma:
sadulatungulanedoowdu wuihwadildlifianuunnd
pENHUBEIAL Larn13ANEYaY Sureshkumar KK wazaus'’
fidnmnlugihefldsumsgnanelasnou 20 518 §ihe 5 11y
IFsumaAtedsrnmaanziuilp lanmamemensinehiinng
sasula wudh msld NAG 7 20 fadgdie/an. tieitadunne
sadulmeevidsumauiinnuiidosas 67 wazanadwg
fi%oraz 73 whiu namsAnumaniuandliiiuin NAG Talls

v '
S da

fitafifdmiunnzdadulaidasananuiimnzdanig
sasulasi

3.3 Alkaline phosphatase (ALP), y-glutamyltransferase
(GGT), alanylaminopeptidase (AAP) Sutaulzsifiasvusiin
brush border 3avioad nMIAnTuzaveulsdwaniluilamay
WanuI brush border saviadiimsgninany msfnwifenriy
ulsinguilundsdindmivamededulndivos uay
HaINNIANEA KR LI TR eulsdmandseldd
AnnTwsnafiaziiusdTadmsunsdadiula™ Snit
wulsimarifidasialumaiiudennaissnnanuaiios
govaulssin vhl¥msnnaiensiigeenn Aedosiurinsme
melu 4 daluemdennifiusagnetiasias wazddusdaeidn
s FsumumautanasanlaensnIeasiu chromatographic
column®™

4. Chemokines, cytokines LLazaﬂsﬁuqnssuﬁ
\izadaefunissniay

Chemokines uay cytokines Julyusfiufivimiing
dedanumsiedivaziiulysfiunguusnidsgaidaiansn
nUAniimIsnay fwhfedosns Ujsuusssninvisad
HufinszdunszuIumIsniay uaznouauassionIfnLde

wwaAnvavmIfnelusiunguiifehanfumdia
mMzdedulpfuilsvunanssienmainanizdesulaaziie
NILUIUNTINLEL fiqnizéumaé Lﬁaqmaolmlﬁwﬁq chemokines
uaz cytokines tngiilaiaiisniu thlugmahaelaide
A dratfunismsra¥asdt chemokines Uag cytokines figy
Anunfienaushdianiasinssedula

iSHzLLSﬂLf]‘l‘lﬂ’ﬁﬁﬂ‘iﬂ’m’h‘mﬂ’]ﬁaﬂﬂ’ﬁlﬂ\‘iL‘ﬁaﬁlflla‘lﬂﬂ

aydimnzidssluiaomenns'™ wud iwadfignnszduss
interleukin-17 (IL-17) & 31508319 inflammatory mediators
19 interleukin-6 (IL-6) WAz interleukin-8 (IL-8) ¥il¥ifin
nManeuaLesNidutuman dfunsasanuseduzos
cytokines m\hﬁgqﬁmﬂﬂﬁawLﬂuﬁmmmﬁaﬂﬁmmm’h
finmzsasulnathadounauiniu

Tumor necrosis factor (TNF) W cytokine ffiunum
drdmannlunszuunsdniauuazmInpuauBIN N RANIY
TNF pangnanIussy receptor 2 #ilm @8 tumor necrosis
factor receptor-1 (TNFR1) &% tumor necrosis factor receptor-2
(TNFR2) nsdnsuieedunudn Tunazdediula TNF
aaNgNSHI TNFR2

Ta.A. 2009 U. Hoffmann wazaus™ Anwinsuandaan
109 TNFR2 Tutuilalmzeviihedldsunsugnieaugluiy
manaaavlumy wawudw%ulﬁaﬁv’omnmaﬁwLLazmﬁﬁm’mia
Frulafintuiimsusavaanses TNFR2 g@%u‘lumaﬁl,ﬁaqvialm
podocytes, B lymphocytes, monocytes LAY macrophages
peNATIEATY (p<0.001) MIuaAvaanTeay TNFR2 auWUsiy
mavievesla Aefiheiifsedudduaiuefifiugedufinuns
WaAveaNTaY TNFR2 gediuttuiu dafuevmansain TNFR2
Ao audnsuzzaviuinalalithony wa seefuine ssznm
finadenluidslniaumsignane smdsinnuiibinssiuzng
fWUENTIN (number of mismatches) lifinasiamsuanvaan
g8y TNFR2 agnlsfimanisdnenilosnuuuiudnsuside
Jianeiludrenth unumees TNFR2 sannzsamulndadu
WovansAg iy unomiuidaduiudeverdunisdinm
LU prospective controlled trial Lﬁamiﬂgaﬁﬁﬂﬂluamﬂm

Cytokines 81 fiFnelddusmdindmiunizsie
fula I&un interleukin-1Ra (IL-1Ra), interleukin-4 (IL-4),
interleukin-6 (IL-6), interleukin-20 (IL-20), interleukin-1{ (IL-13),
soluble CD40 ligand (sCD40L), tumor necrosis factor o
(TNF-@), granulocyte macrophage colony-stimulating factor
(GM-CSF) w82 monocyte chemoattractant protein-1 (MCP-1)
dulngidefuiResms@nenuuy cohort™ 2 msfnswuh IL-6
funlinorwidusdadmsunnsdadulnld usifomundese
mafgnimendiinfitusiuisnnaliuazanudime

7p.A. 2012 Stephen W. Reinhold LiazAnus® Anvnaasy
aunfgIuiingeiy oytokines Tullaansiigedutivdfonsfinmse
sofulnetadounay faunsnsIainsEdy interleukin-6
(IL-6), soluble IL6 receptor (sIL6R), tumor necrosis factor
receptor 1 (TNFR1) a2 soluble vascular cell adhesion
molecule-1 (sVCAM-1) luilagnizaasiiheiisumsugndsln
fuau 35 518 Tasudedtheaanidu 3 ngw nauit 1 Wugihe
fidamzdedulafintug anzsedulafatunmely 14 Su
wawnsugnenele (early acute transplant rejection) 11U 8 318
nqul 2 Wudheiifinndesulafadu 2-3 Weundsms
Ugnaeln o 9 1o Teevisassngudneduldsumstusu
meAfdadunnduidolamewsndineuaznguil 3 oy
ngumuax Wugihofbifinnzsasulafaduied 14 u uaz
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#i 3 Woundsnagnineln Fnnu 18 1w wuh Aedvzes
3 1L-6, SILBR, TNFR1 Uag sVCAM-1 geiiuneefitidnmy
1u&§ﬂwn@:uﬁ 1 Lﬁmﬁﬂuﬁu@ﬂwn@:uﬁ 3 (p<0.01) wsnanil
fhenguil 2 Aflsziu sILBR waz sVCAM-1 Tuilasnzgediu
ateiitba Ao uSufisuiungad 3 (0=0.042) lnwagy M3
\induraeseiy IL-6, SILGR, TNFR1 uaz sVCAM-1 Tuilaanne
sansnifiustedmaifinnmesdadulafiiAadus uenani
SVCAM-1 faifiushdiazasmsiianzdadulaiiaziindu
masnmeviasld Tnogihofissdy sVCAM-1 tingedudous
Fuit 14 wdsmsugnenele usifinmzsadulaiiedud 2-3 wou
mevdamaugniela usnanil sveAM-1 fuwnlthnhanldnga
Aamunamsinenldene Wasnawuin sz sVCAM-1 fige
Tufiheiifamzdasulnanasmendslinssnundoennagi
(p=0.05) PPV Ax (1 anwaniwne smisuenaes cytokine uaazs
Tumathanldidadunzaedulnegradounwau uaasld
Tumseit 1

§ WU chemokines WAy cytokines Auq fiimdng
memsfne [fun interferon gamma (IFN-y)-induced protein
10 kDa %38 IP-10 w3adndewiiefio CXCL10 waz monokine
induced by IFN-y 138 Mig v3adndaviledia CXCLO anwaula
TuldsiwisapssiiniiFudunannmsfinuaes Hu uazame? >
wudiansiludenh gedszasdievnddiafiuandenis
naussladousszazEuun Tasdnniihefisunmalgniele
duau 113 118 Afiheiifssdudiuaiusituiintuievay 20
nnAUnfduan 84 1o uaziugiifisziudsaiuefituasii
110U 29 118 WungumuAN euaszgnifiumetwilaan:
roufiezldsumsugnasln uenanildsfinguauaudnngamile
FodhuiifigamwudsussuazlildFumaignaelannauinny
19 378 wunilaazdszau IP-10 (CXCL10) waz Mig (CXCL9)
goiulugidnmesiosulnethadeumau wasgetulugiifinng
Trmuideumdunnmsfingslhia BK filads Tneionnlés
meAtadudsmanziuiidalansanewensine

Yp.A. 2011 Jackson wazAuy™ > Anwiludihin
wazg{naifildsunmsugnansladnu 125 518 wudisesy
CXCL9 uaz CxcL10 Tulamnzgeiulugiiinizdaduln
ptvidsumdunasiiiimsfaidelhia BK Alaiguiu

Ta.A. 2011 Ho uazamuz™ Ansisz@ninans CXCLI
waz CXCL10 wiaifusiiannzdniauilifiedussineiiinng
saduzeslaildsumstgndne Tae@nmeeilasnziuau
102 fpthezeviildsumsgnanelauazinzidalansiams
wenFInenauiu 91 My wdsgdhsinnmsfnsuduy 6 ngu
nasusAnaNaweNEInenUnATu 22 1o nguit 2 Wunga
ffoRnoevdade Reiuuasivelade (IFTA) 97191 20 918
nguil 3 (ugidwsiinzevideidoiisriunazivialadasiaiu

q
'

Suiinsdniauzaiala (IFTA and borderline tubulitis) 31171
13 8 nq’uﬁ 4 Lﬂuw;’ﬁﬁuﬁnﬁé’mawawialm (borderline
tubulitis) 1w 13 318 ngwit 5 Wunguiifnsdniauaes
inlalae [ifansmeaadin (subclinical tubulitis) 113U 17 578
waznguit 6 Wugihefifinsdniauzewinlasamiuiennsms

ARiN (clinical tubulitis) 91121 17 978 WL CXCL10 &30
wengedfianazisladnisusenangiiine1sinenvasin
Undils Sniedahdnsausswing CXCL10 fudsua3uafidu
(CXCL10:Cr) snldie wudneaae CXCL10:Cr i 1.97 wilunsu
289 CXCL10/Aaalnaznsa3uafidu TWanuhuazanusnmwe
goigaiiousngisivieladniay (borderline waz subclinical
tubulitis) aan'«nnpjﬁwamawm%ﬁwmma\ﬂmﬂﬂﬁ LAZAITDN
CXCL10:Cr i 2.87 nlun3uey CXCL10/Aindlnavavaiuafifiu

' '
aaa

\ueniidfigaiiousnszvinvdile subclinical tubulitis iy
clinical tubulitis M3An¥1PDY Ho uazAns Fhedudufivanals
99 CXCL10 Tumsthunldifiushdianssniauaslalvs

Yp.A. 2012 Hirt-Minkowski P uazans” Iduszynd
cxcLo antglumeadiin Tasdnsngiheilisumsdgnansla
duau 213 18 Gheldsumansdudelamaonsugnaei
3 uaz 6 Iioudu 362 A% weheLu 5 ngu M Banff
criteria [@un 1) Q’ﬁﬁﬂxuumﬂu 0 (acute score zero) 2) Iﬁ‘ﬁﬁ
inidenraunsniamizluduiieifolisaiu (interstitial
infiltrates only) 3) Qﬁﬁvialma”mamzﬁu t1 TwduinsonLay
U5oudu 4) @'ﬁﬁvialmé’mamzﬁu t2-3 MnAuinIBnEuLI N
fu uaz 5) gifimIsnisuiamsiivasaideawiniu madnni
\uilasmeiions1aszdiu CXCL10 uundpunds wanmsdnmn
wuhey CXCL10:Cr fszduumnsheiulunsdasngutofite
Ay IG]EJNZ\]?JENFYT]NLLﬁlﬂGl"Nﬁg\‘lﬁﬁ'ﬂﬁﬂﬁmﬂﬁ@mﬂﬁﬂW:ﬂ’.lil
fifimsfnidalasa BK wazfimsfaidemaiuiiaamzesniud
WusEAUYEY CXCL10:Cr ansnsaldienszvinegiidmsdniay
sawialmeananngiidliinmsdniaurawiola uazusnszving
fthefifiamanendtindugiheidelifioxnmameaadnldatg
filwady uenanilssduzey CXCL10:Cr fanudnwusiv
Anuquusvraemssniay Tne CXCL10:Cr fszduiigetuiios
mMasnLauanniu

pthelsfimuiomIAnmnees Ho uay Hirt-Minkowski
P funsAnmuuuiamalusremihiengailszaninmaes
CXCL9 waz CXCL10 lumshsnifuiadesiialunmsnsiamams
dnisuvdannzresulnvesleiildiunsugnaedifudesing
FnENLLUL prospective control trials LﬁuLﬁuViﬂIﬂ

TA.A1. 2013 Hricik DE hazmue™ Ansuuy multicenter
observational lasifiugiatgieilaanizdmauannnda 2,000
sseenngihefldsumsgnanaladuam 258 18 Wiz
cxcL10 Lifienuuanseiuszrinenguiheiamzsesula
wazgfiheiiinsiiaide uiszdu CXCLO sansalfusnamzsa
fulmethaideuwa Eudumsitedelasmanstuidelange
NMNWENEINEN) BanaNaN mq}ﬁ'uq YaemIvhuzes laRaUnR e
mslglusfiu CXCL9 $auiu mRNA asnsavanlamalad
mMzsamulnaenaiduunai (negative predictive value; NPV)
Ié%pvaz 925 sunguitdnnzsesulawundissiy CXCLY gediu
fousl 30 Junsufiusingoimameediniiimaiuedle
AnunA mMnAnausziu CXCLY i 6 ifpuvasmItgnansln
Jiifiszdiy oxcLo smfugdiisianuidsessionsiinnzsie
sulmathaideuwsulusunan sugiifissiu CXCLY geazmy
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visladnsunmansaduiemeneding athelsfimaan
mafnswuin msld oxcLe Wiedtiadunazsiaduladl PPV
Wivedenay 67.6 wintu agU msAnmilauayuysslomi
989 CXCL9 ‘lumﬂﬁuﬂnmawiaﬁmlmaaﬂlﬂmﬂmmaﬁuﬁ
v lnsvieureslafaund daudselenilunstangae
Afadunazsaduln cxcLo delifiuszansawiuiiiens
Suthanthiran M LLazAME™ INIANENLUL multicenter
prospective observational R52av326iU mRNA Tuilaae
unu 4,300 fedzesgidniumadgnaieladuu 485 T
Tnsmseanswugnasy 3 f [sun CD3e mRNA, CXCL10 mRNA
Wag 18s ribosomal RNA Lﬁal,l,ﬂﬂ acute cellular rejection AN
acute antibody-mediated rejection LL@:nE\js\l borderline rejection
Ftadennmamnzduielaaramanendine wuimsld
augnssismumdniulnefazuuumsiteded -1.213
(Fannseuaumuanmsliuenudse) fanul3suas 79 uay
paTnzFenas 78 fihedlisumsiteduindimizsesula
pinmsinzBuideanamemedine wrhssdumaiugnisuil
gedustmaEmaedUainewin acute rejection Wi
msfnmniwohmsasanansiugnssumanigesnn bisunsa
sl fiamailuld uazanahuazanausiwzaes
awugnssisanalumstisifiadeamzsiasuladash
Ansfnsanuduiusveeseiuaas luuuazlusfiu
naudLT siamsiiin acute rejection fe ilasaninisAnunriou
wihilfiwudn go$luu norepinephrine 91 uNUMNTEA U
fiA1EaATIWNIUMIFISY adrenergic fiinmadld wazne
ey EeseesfimauisuulapesaifipsosdeasTuuiidums
YNL@U (anti-inflammatory steroid hormones) [Uifuaifizsas
Foosluui dumsdurasnssnisy (proinflammatory steroid
hormones) 1) 2013 Stephen W. Reinhold uazauz® lanasay
aundguiAetulufiheifinngdeduladevieli Ty
MInTATAssRUMIiaduzey cathecholamine degradation
product Tuilaamz Feifluwamnnsa$y cytokine uazthlig
acute rejection laeAnmngihefl§sumsgnaneladnu 35 51e

o—

WUSZFUYBY normetanephrine Tuilaamzguiuntsiitnshdny
(p<0.05) Iuﬂajuﬂﬂ’mﬁﬁ acute rejection melu 2 davinge
madgnenele Wunsudufeunuimaes neuroendocrine axis
TNifmdpeivazsasulafiugnaeaedoondu usidals
snansavhsnlAtiadunmzsosulaignieatnedeunwduldads
iosnnfidmaneiladeifendesiunmwasuwlassdueesluu
WENEEIMIFNETEY Stephen W. Reinhold Tall&nsndeuay
Tilgfnseanuuuns@nsifesdasuyamenil
nanlapagumsfnsniiiodunivn urinary biomarker
wioAtladuamzsasulafiugnaatiaduuwauiuls:Tom
ptaannmeRdiin wastheannanzduiialn daithinans
fivnldAansuaduuasfinnudedlumsiiannsunsndeu
sogthnld agtiufimsfnmn urinary biomarkers siongulysiu
nnadniinsavsnulnamesda lsfufiaviumzile wulsd
fia$9mnln uaz chemokines/cytokines TaMeanawugnIw
fiAzdasiunsdniay souaaslumaed 2 nmsdnssneg
Alanaaiesdu wu urinary biomarkers wanpaiia lgun
NGAL, IL-6, sIL6R1, TNFR1, sVCAM-1 ez CXCL9 ﬁ‘wﬁngwu
afusyuimhazliedumzdesulafiugninuetheduumwails
ptvlafimuanulinazaudwizeny biomarkers wanil
faligeanntinuazifiumadnnuuy cohort winiu Tuanudn
Wivwas i A urinary NGAL 91aifiu biomarker Aiufiula/lé
annfigatumahansisitedumizsosula wosann faah
WAZANTIWNZEIEATULUTINN biomarkers Tovmaisins@inen
uazdvasufrdnmarsuivlulszimalnedfidnonmluns
A929 NGAL T¢ usnaniisiowuin ses urinary NGAL anadnay
Tesumssnen sefudvendldfamunanssnmlssae aeels
Anudairiafisdnlumaihanldnendfinaes urinary NGAL
Aasdl positive predictive value s LLﬂﬁLﬁuLﬁﬂ’sﬁ'ﬂﬁ"J%ﬁ'ﬂﬁ’ﬁu‘i
fotfuns@nmuuy cohort Wity detu au fagiiu dlud
biomarkers #lafifiUszAninmannweafiazauisanaunu
mazdudielald Sududeeinsfneuuy prospective
controlled trials afuduLszansnwaeimdinmsisely

A9199 1 Aanauiugh Al anudwne wae positive predictive value vavlslalaiudazafinlumsthanldidadonne
siafulnegduunwaumunsfngnany Stephen W. Reinhold

seAuTRIRAE IR ANLLNUEN anula ANTINE PPV
() mydtadanmizsosulpeadeuwauil 2 ﬁﬂmﬁwé’omsﬂgﬂmﬂm
sVCAM-1 0.32 ng/ml 0.92 0.88 0.94 0.88
IL6 20.43 pg/mi 0.92 0.88 0.94 0.88
sIL6R 1.46 ng/ml 0.88 0.75 0.94 0.86
TNFR1 13.85 ng/mi 0.85 0.75 0.89 0.75
(1) mPtadanmzdadulnetadeunwaud 2-3 Lﬁawé’\amiﬁgndwaﬂm
sVCAM-1 0.24 ng/ml 0.74 0.33 0.94 0.75
sIL6R 0.55 ng/ml 0.81 0.67 0.89 0.75
o mslgazsulalalmid 2 duamwlumainnenmssedulafifiadui 2-3 Waundsmsvgnaela
sVCAM-1 0.08 ng/ml 0.81 0.78 0.83 0.7

PPV; positive predictive value
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15197 2 MIANE urinary biomarkers 1WeAtladaazsafulnoeadounau

Urinary - v o 2o AMAl ANNTUWIE PPV NPV 2
AN R SEAUMTBIN ROC LaN§159 19D
biomarkers J (%) (%) (%) (%)
1. Tusduvsuaidniinsasiulnawegda
ATMG - Tusfiuwnaiin 2852 ug/ml 65 80 081 81 84 Stubendorff
40 kD B, et al. 2014
Hp (<49 kDa) 324 ng/ml 67 91 076 s 73 o etak20
- PPINAINIY tubular
ATMG MU Hp dysfunction 85 80 81 84
- Hp 219LWNIUI N
MIDNLAUTDIT NN
2. Tusdufiadwdusnmzila
HLA class I - ﬁmmﬂmaqmﬁuﬁuuu 6 1in 80 98 0.88 Sigdel TK, et
TEC maelmﬁﬁmaz NNANUNR al. 2010
ADFAULAATU
NGAL - i Tadnsy distal 100 ng/ml 100 93 0.98 Heyne N, et
tubular injury al. 2012
NGAL - shiindmiy distal 60 ng/ml 75 81 079 45 Kohei J, et al.
tubular injury 2013
3. wulmiluilaaniziadwania
Neopterin/NAG Neopterin 80 nmol/U 80 79 0.88 Kotanko P, et
- ABIARINGY cellular al. 2000
immune response
NAG
- lysosomal enzyme
- ABIARINGY proximal
tubular injury
- D19geIUNNNH
lesosomal activity
M-GST - cytoplasmic enzyme 17.24 ug/L Kuzniar J, et
- MTTARINSY distal al. 2006
tubular injury
- FuWUSHU ischemic
time A1
NAG - lysosomal enzyme 20 mU/mg 67 73 0.73 67 73  Sureshkumar
- ABTARINIY proximal KK, et al.
tubular injury 2010
4. Chemokines, cytokines uazmiﬁuqnﬁuﬁL?im‘z‘iaaf'i’nmié'nmu
CXCL9 - chemokines wﬁqmn 1.925x10° 85.2 80.7 086 676 92 Hricik DE, et
Lﬁaél,ﬁmﬁaﬂmn normalized al. 2013
WainmIsnLaunay unit
allografts Lag TEC
CD3emRNA - miﬁuqmiua%'m -1.213 diag- 79 78 0.85 Suthanthiran
+CXCL10mRNA chemokines, cytokines nostic score M, et al.
+18s rRNA 2013

A1MG; a.1-microglobulin, CXCL9; monokine induced by interferon gamma, CXCL10; interferon gamma-induced protein 10 kDa,

HLA class II; Human leukocyte antigen class-Il, Hp; haptoglobin, NAG; N-acetyl-f3-D-glucosaminidase, NGAL; Neutrophil

gelatinase-associated lipocalin, NPV; negative predictive value, PPV; positive predictive value, TI-GST; Tlisoenzymes of

glutathione S-transferase, Roc; receiver operating characteristic.



20

Review Article

1IoNaNSO10dD

1.

Quintana LF, Banon-Maneus E, Sole-Gonzalez A, Campistol JM.
Urine proteomics biomarkers in renal transplantation: an overview.
Transplantation 2009;88:545-9.

Premasathian N, Avihingsanon Y, Ingsathit A, Pongskul C,
Jittiganont S, Sumethkul V. Risk factors and outcome of delayed
graft function after cadaveric kidney transplantation: a report from
the Thai Transplant Registry. Transplant Proc 2010;42:4017-20.
Gwinner W. Renal transplant rejection markers. World J Urol
2007;25:445-55.

Heyne N, Kemmner S, Schneider C, Nadalin S, Konigsrainer A,
Haring HU. Urinary neutrophil gelatinase-associated lipocalin
accurately detects acute allograft rejection among other causes
of acute kidney injury in renal allograft recipients. Transplantation
2012;93:1252-7.

Ting YT, Coates PT, Walker RJ, McLellan AD. Urinary tubular
biomarkers as potential early predictors of renal allograft rejection.
Nephrology (Carlton) 2012;17:11-6.

Laupacis A, Keown P, Pus N, Krueger H, Ferguson B, Wong
C, et al. A study of the quality of life and cost-utility of renal
transplantation. Kidney Int 1996;50:235-42.

Lesko LJ, Atkinson AJ, Jr. Use of biomarkers and surrogate
endpoints in drug development and regulatory decision making:
criteria, validation, strategies. Annu Rev Pharmacol Toxicol
2001;41:347-66.

Stubendorff B, Finke S, Walter M, Kniemeyer O, von Eggeling
F, Gruschwitz T, et al. Urine protein profiling identified alpha-
1-microglobulin and haptoglobin as biomarkers for early diagnosis
of acute allograft rejection following kidney transplantation. World
J Urol 2014;32:1619-24.

Schmidt-Ott KM, Mori K, Li JY, Kalandadze A, Cohen DJ, Devarajan
P, et al. Dual action of neutrophil gelatinase-associated lipocalin.
J Am Soc Nephrol 2007;18:407-13.

Hollmen ME, Kyllonen LE, Inkinen KA, Lalla ML, Salmela KT. Urine
neutrophil gelatinase-associated lipocalin is a marker of graft
recovery after kidney transplantation. Kidney Int 2011;79:89-98.
Lebkowska U, Malyszko J, Lebkowska A, Koc-Zorawska E,
Lebkowski W, Malyszko JS, et al. Neutrophil gelatinase-associated
lipocalin and cystatin C could predict renal outcome in patients
undergoing kidney allograft transplantation: a prospective study.
Transplant Proc 2009;41:154-7.

Kohei J, Ishida H, Tanabe K, Tsuchiya K, Nitta K. Neutrophil
gelatinase-associated lipocalin is a sensitive biomarker for
the early diagnosis of acute rejection after living-donor kidney
transplantation. Int Urol Nephrol 2013;45:1159-67.

Sigdel TK, Kaushal A, Gritsenko M, Norbeck AD, Qian WJ, Xiao
W, et al. Shotgun proteomics identifies proteins specific for acute
renal transplant rejection. Proteomics Clin Appl 2010;4:32-47.
Kuzniar J, Marchewka Z, Krasnowski R, Boratynska M, Dlugosz A,
Klinger M. Enzymuria and low molecular weight protein excretion
as the differentiating marker of complications in the early post
kidney transplantation period. Int Urol Nephrol 2006;38:753-8.
Westhuyzen J, Endre ZH, Reece G, Reith DM, Saltissi D, Morgan
TJ. Measurement of tubular enzymuria facilitates early detection

of acute renal impairment in the intensive care unit. Nephrol Dial

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Transplant 2003;18:543-51.

Kotanko P, Margreiter R, Pfaller W. Urinary N-acetyl-beta-D-
glucosaminidase and neopterin aid in the diagnosis of rejection
and acute tubular necrosis in initially nonfunctioning kidney grafts.
Nephron 2000;84:228-35.

Sureshkumar KK, Marcus RJ. Urinary biomarkers as predictors
of long-term allograft function after renal transplantation.
Transplantation 2010;90:688-9.

Loong CC, Hsieh HG, Lui WY, Chen A, Lin CY. Evidence for the
early involvement of interleukin 17 in human and experimental
renal allograft rejection. J Pathol 2002;197:322-32.

Hoffmann U, Bergler T, Rihm M, Pace C, Kruger B, Rummele P, et
al. Upregulation of TNF receptor type 2 in human and experimental
renal allograft rejection. Am J Transplant 2009;9:675-86.

De Serres SA, Mfarrej BG, Grafals M, Riella LV, Magee CN, Yeung
MY, et al. Derivation and validation of a cytokine-based assay
to screen for acute rejection in renal transplant recipients. Clin J
Am Soc Nephrol 2012;7:1018-25.

Xu X, Huang H, Cai M, Qian Y, Li Z, Bai H, et al. Combination
of IL-1 receptor antagonist, IL-20 and CD40 ligand for the
prediction of acute cellular renal allograft rejection. J Clin
Immunol 2013;33:280-7.

Reinhold SW, Straub RH, Kruger B, Kaess B, Bergler T, Weingart
C, et al. Elevated urinary sVCAM-1, IL6, sIL6R and TNFR1
concentrations indicate acute kidney transplant rejection in the first
2 weeks after transplantation. Cytokine 2012;57:379-88.

Hu H, Kwun J, Aizenstein BD, Knechtle SJ. Noninvasive detection
of acute and chronic injuries in human renal transplant by elevation
of multiple cytokines/chemokines in urine. Transplantation
2009;87:1814-20.

Kim SC, Page EK, Knechtle SJ. Urine proteomics in kidney
transplantation. Transplant Rev (Orlando) 2014;28:15-20.
Jackson JA, Kim EJ, Begley B, Cheeseman J, Harden T, Perez
SD, et al. Urinary chemokines CXCL9 and CXCL10 are noninvasive
markers of renal allograft rejection and BK viral infection. Am J
Transplant 2011;11:2228-34.

Ho J, Rush DN, Karpinski M, Storsley L, Gibson IW, Bestland
J, et al. Validation of urinary CXCL10 as a marker of borderline,
subclinical, and clinical tubulitis. Transplantation 2011;92:878-82.
Hirt-Minkowski P, Amico P, Ho J, Gao A, Bestland J, Hopfer
H, et al. Detection of clinical and subclinical tubulo-interstitial
inflammation by the urinary CXCL10 chemokine in a real-life
setting. Am J Transplant 2012;12:1811-23.

Hricik DE, Nickerson P, Formica RN, Poggio ED, Rush D,
Newell KA, et al. Multicenter validation of urinary CXCL9 as a
risk-stratifying biomarker for kidney transplant injury. Am J Transplant
2013;13:2634-44.

Suthanthiran M, Schwartz JE, Ding R, Abecassis M, Dadhania D,
Samstein B, et al. Urinary-cell mRNA profile and acute cellular
rejection in kidney allografts. N Engl J Med 2013;369:20-31.
Reinhold SW, Straub RH, Bergler T, Hoffmann U, Kruger B, Banas
MC, et al. Urine of patients with acute kidney transplant rejection
show high normetanephrine and decreased 2-hydroxyestrogens

concentrations. Transplant Proc 2013;45:1503-7.



Journal of the Nephrology Society of Thailand

21

Urinary biomarkers and diagnosis of acute
allograft rejection

Sethaporn Sethakarun, Boonthum Jirajan
Division of Nephrology, Department of Medicine, Rajavithi Hospital

Abstract

Acute allograft rejection is one of the important factors that determine long-term function and survival in renal transplant
patients. The standard test for the diagnosis of acute allograft rejection is pathology of the renal biopsy. The
development of sensitive and specific noninvasive biomarkers for early diagnosis of acute allograft rejection and
to replace the protocol of kidney biopsy which is more risks and complications would be preferable. Many studies
presented new candidates for urinary biomarkers for the detection of acute allograft rejection which can be classified
into 4 groups 1) Low-molecular-weight proteins such as o1-microglobulin (ATMG) and haptoglobin (Hp) 2) Protein
specifically produced in the kidney such as Neutrophil gelatinase-associated lipocalin (NGAL), Human leukocyte antigen
class-Il (HLA class Il) 3) Urinary enzymes of renal origin such as TTisoenzymes of glutathione S-transferase (TT-GST),
N-acetyl-[3-D-glucosaminidase (NAG), alkaline phosphatase (ALP), g-glutamyltransferase (GGT), alanylaminopeptidase
(AAP) and 4) Chemokines/cytokines and genetic factors encoding cytokines such as tumor necrosis factor receptor-1
(TNFR1), interleukin-6 (IL-6), soluble IL6 receptor (sIL6R), soluble vascular cell adhesion molecule-1 (sVCAM-1), and
monokine induced by IFN-g (Mig or CXCL9). Among these biomarkers, NGAL, IL-6, sIL6R1, TNFR1, sVCAM-1, and
CXCL9 seems to be the promising urinary biomarkers for diagnosis acute allograft rejection. However, all of these
biomarkers have low sensitivity and specificity and most studies were cohort studies. Further prospective control
trials are necessary to confirm the potential of these biomarkers.

Keywords: acute allograft rejection, renal transplant patients, urinary biomarkers
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A9 1 narimAladerevnmzgydulsfiuuazwaseu fviualas International Society of Renal Nutrition and Metabolism
(ISRNM) w.f1. 2549 (AnLavain Carrero JJ, Stenvinkel P, Cuppari L, et al. Etiology of the protein-energy wasting syndrome

in chronic kidney disease: a consensus statement from the International Society of Renal Nutrition and Metabolism (ISRNM).

J Ren Nutr 2013;23:77-90.)°

naNLnU9ITeEds

ez

1. MIATIINN -
wasufiinmsiadinddin - -

seuupayfiuludon <3.8 niw/ma.
seiunsueayfiu vide transthyretin luiion <30 wn/ms. TudthelemeGesessasgavhe

Aldsumahanauwnule GeauludthslaGedessesi 2-5 fanuuanseiuduiudan

nsnsavzesln)

- swsulaaainasoalutdan <100 un./Aa.

2. 383198 (body mass) - fafiniame <23 nn./w?

- dwiinshanaslaulildaelaamivitin innideway 5 Tussusiian 3 Wau wia anni
Yapaz 10 Tuszezian 6 whsu
- wasidudvavaialviunesnmedasni¥asas 10

3. ¥@ananuLila (muscle -

mass) I8 6 LADU

magaznansuilannnidoras 5 Tuszeziom 3 Wou wie snnidoeay 10 Tussay

- MIBARNTENLRUIDU N LU IANISEALINNR AN IO LIUSIUAY (mid-arm circumference)
annindeeas 10 Wisuduemivnavaavasvdvandszanng (50" percentile)

- Creatinine appearance®

4. PBnauazdnaIuaIns -
NsulsEnIu

Pasnalusfiuisudsemusioiu
<06 nAIWING (nn.) Wi 2 ieu swsudthelasedeses 2-5

<0.8 n.AhwiINAY (MN) WU 2 Wau fmTugihenaniiaauan
- YSnamdenunisudsemusiatu daundn 25 Alawrasdalwiing (nn.) atnviloy 2 Wau

*M3Usz1fiuen creatinine appearance vhlalnemsineasuafifuluilaanziifiu 24 Flus waz Tu fitrate Asuinsee

wanidan visathawanlnfivassaanainzeeiiay
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mMsUsziuFnamdeny uazlsiudfihesunsznu
Tuwsaziu orailasnsdunsaldsnuuasdnsusdiu
Uszneupovenmsfisulssmuluusas Susehviion 3 Ju (dietary
interview and recall) vSpanavhlagdszidiunnnemsanauas
Unuiigihsaaiufinld usnaniimafuiiaans 24 Flu
ioasaiaryFelulasuluilasmzAaansothidunm

Usanaulusfufisudssmusiaiy (estimated dietary protein
intake, eDPI) 1 Tasnsdifasiluanzdiniifaniag
nenddnasi liagluannziidnmsaaewdsouuazlysiu
(catabolism) geniund gasmsemnaildiulaeily enald
gmﬂﬂgmwﬁwm Maroni BJ. LLlazAUY ¥3n Kopple JD. ag
AL

AFNN 2 gmﬁwmmmﬂi:mm‘[ﬂiﬁuﬁ%’uﬂizmuﬁaﬂ’u (estimated dietary protein intake, eDPI)

Maroni BJ. ’
Kopple JD.2

®UNA, urine nitrogen appearance

6.25 * (UNA® (g/d) + 0.031 * body weight (kg)

6.25 * (1.2 * UNA (g/d) + 1.74)

usnnniuuunassuifinsliezuuunazudefiag
Wunguanszauanguusezsvnsgaiislysfuuay
WA ulAuA Subjective Global Assessment (SGA), 7-point
SGA score, Malnutrition inflammation score (MIS), Dialysis
malnutrition score usiu awnsagnianldlumaitadouas
nsfinmumsiasuuassesgihemaslinadnmnle msfinen
THupumasay SGA uaz MIS ietsziiunmegadslsiuuay
waslugihelaneBoseszazganeiildunawenla woh

Weapvuuunassuianuuui lumsidadouaznsinnu
fheld uazifumsussiuivhldluszoznandu vhanudnla
I odedoyanmatnuss i aTaseme waznInsn
muipsUtAnmsivh diluFeanansahanldlumenaadnle?
#UNINTITATLAY cytokines AuA IL-6, tumor necrosis
factor oL (TNF-cv), leptin, ghrelin (fudu snadsldanansavinle
TunpUfnd Snviluswide

aeefl 3 Wisusuuuulssfiunzywlnsuims [dun SGA, DMS, MIS

SGA’
(subjective global assessment)

DMS"
(Dialysis malnutrition score)

Mmis"
(Malnutrition inflammation score)

- dhwinaslugng 6 e -

- MsudsEmuemg -

- flees aduld 0Feu foalds -
fifisn>2 e

- mavsznaufainsdazaniu -

- Tsahmdese Grundilasy -
msthfaneawnule)

- wengw/lafuuSuuwaanas -

- nédaniledy Fuuaw/dumn -

- wanfiih/an/Aunu

SGA dulnanauds

A - 1Unf

B - fimnadnviennevadniioy
C - A MsUNaN/AIN

hwiinanluze 6 1o -
MSuUszmuemns -
dfoenms aduld 01dou Houds -
fiflan>2 §ani
madsenauiainsdszaniu -
T3Asm30%9 (Fuuditlasy -
msthianaunule)

nongy/ B3 nuusu/ananay -
néanilody duuowduan -

Tsifinnssziiuisay Edema
Score 0-35 (WAazdDAZLLUUT-5)
ALLUUENINN AR ANNLRENIIABINS

whwiinanluzg 6 1Wou

MIFUUIEMUBIMNS

fieevs aduld 0Feu fouds

fifian>2 §Uani

mMadsznauiringlszaniu

Tsndmi50%9 Fnudlilasy

msithifanaunula)

wongy/[aTuusnaus/ananay

néanilody fuuow/duan

- aatlwaaniey (BMI)*

- szeuusayfiuluiden*

- sysuTIBCluLAeR (total iron
binding capacity)*

AzLULLFazds 0-3

AZLUUIIN 0-30

Azuuubsnniefirmnuidesnnenms

wensassdnenuoomozaryidalusdunaswaomu
Wadrenmeldsundsnuuazlussiulyiieone awd
nmsvsudmeaisinelasansvgnnszdulifiinanuidn
2ENDMNILALAANIESY leptin Uazifial ghrelin SzULENNT
Favimeldndsnuanas GTULLazImﬁmia%wngTﬂa (gluco-

neogenesis) Waznsnazdlu (aminoneogenesis) WnTu fusims
afousayfuanniu ndadeasfinnulsiedugduiiiniu
uazdmaaelusfiudunsaeziilu aenslsAmumsaanalusiu
nnndailpapasindulugoeszes 2 §Uaiusnaaens
andsenavniy remeesldlusfiumnetezneludu
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(visceral protein) nALNU ﬁwiﬂﬂLﬁﬂmigmlﬁﬂmaﬂﬁﬂmﬁa
uazazsuweayfiuludendend udthmamendsnuuazlysfiu
faifnathesaiflasemun Tnsewensdilésulysauipani
0.5 n¥uAhwing (nn.) azdimsaaeuas [osfuazas (ipolysis)
uaziilosuszanludiosy (fatty liver) maadolusfiunnwses
s Feinnnzgadelusiunazndenuluiign®

Turnziifianlsalafifadonarvysznsivihlviie
ANALLSUTIUIBIMIABLALRINNETTINETina1N ¥l
anudsvsiannzguidelysfuuaznasenannningszsng
Ml Sesnsnsaaqiuamevanld 2 ngu Aa 1) mslésy
wasnuuazllsfiunnensbiivewe uay 2) magydalusdiu
wazlsfuazannniund Tnsenainnnmsifissesdnnms
wnranwasUuas U viedimsgadsldsfiumnmawenla
(3ut 1) namlawagy Ae

1) anzlonns Wuwaanszi leptin uaz ghrelin
Tuswmegenhni Suiuasesiimsneususse ghrelin anay

e Leptin ﬂ%wmmmﬁalfialmﬁu (adipose tissue)
JAUDDY leptin ‘luLﬁamzq\‘iﬁul,ﬁaé’mwmimawa\ﬂmaﬂa\a
TasawzgislaneFessssozgaineilbiimsiaurela
fiindeat] (residual renal function) wd saluuilazlusangni
fad pro-opiomelanocortin (POMC) Tae/§uriu leptin receptor
MlWaneidudszam axon 20918 POMC fuavilwany
BENNDINIANAY LATSATIMIWINANEUWANIY wazlUsfuiagu
Wwnaln 1) Yanuase a-melanocyte stimulating hormone
(a-MSH) Iﬂﬂizﬁu type 4 melanocortin receptor (MC-4R)
2) finasudamsade neuropeptide Y (NPY) ﬁtﬂumsﬁqw%
NILAUANNBEINEIMNTURLAATATINTHINANYWRNY LA
3) fudamsade agouti-related protein (AgRP) %qﬁqwéﬁuﬁq
M38NaNE8Y a-MSH"™
e Ghrelin Lﬂuaaﬂuuﬁgnﬁﬁwwmnmmwwzmms

uazanldvuzioein uazanavasneTInEmReIUsEMUe NS
fiwauiuanuesne s fuussedueey ghrelin axgodiu
Tuginiifidninisnsaveeslnanas udsremeinisness
ghrelin uazlifimnouaussmuioonsmilouaudnd e
Ao lalfinsanavpey ghrelin wavdasmsseilfiinans
faans

2) nnztﬁaa’m'ﬁmnmmqﬁuq Toun m’a:gﬁﬂﬁq
lsnBaad1 guamlugesthnuazitu Jamlsamediuemns
Wuduy uenanitverndunaseissennissiinenis
lapamzmaiaindsladeaihiiihesdneiysmnsanas
vneianuidrlafiansaanudnalunmsifanuazdin
Uszinuazdnaiuaasomsunniiuly anaanuainvane
Tumsfudszmuswns wazifineadosmsluiign

3) Amensnluinn (metabolic acidosis) ¥ivnanaiilo

ﬂ’]ﬂﬁﬂ’]’lzﬁﬂﬁiﬂﬁu‘qﬁu (insulin resistance) wazylFaM ey
glucocorticoids nABxMNINlA Fefinadaae intracellular
signaling 28y insulin like growth factor-1 (IGF-1) N1
amafunsaludesioinliianssaelsfiulundsiioay
laglane branch chain amino acids K1u proteasome
ubiquitin pathway

4) mysmauluseme (inflammation) Fefinavilu
nédaiilaarsiinneiesdedugiuanmaidemavinauses
NADPH oxidase ﬂ’]ﬁtﬁuﬁuma\‘] inflammatory cytokines
UNHIA 15U interleukin-6 (IL-6), interleukin 1b (IL-1b), TNFa
¥38 tumor necrosis factor (TNF) related weak inducer of
apoptosis (TWEAK) Hudiu ﬁw‘iﬂﬁtﬁmmsgwﬁﬂmanﬁw
il mazladenseinldfinsasanvovsssiu myostatin (tumor
growth factor b superfamily of protein) FfJ'UFflg\i intracellular
signaling 289 IGF-1 upnaniinmizdnisuseiinadudonisade
upayiiu uazlvmIsaeuoaydu

5) amzwasasluumalnainalsy (testosterone)
fiqummm9\1aaﬂuumﬁﬂﬁ%ﬁaﬂﬁ’us‘lu’qmiﬂﬁﬂgmm myostatin
LRZNITUIUNTS apoptosis samtr s omsasuutas
299 mesenchymal derived pluripotent stem cell Wuizad
néanilase

6) nzaagasluususeus (thyroid hormone) £l
nunalnuida uaddoyausneissiues triiodothyronine
PaNNUSTUTEAUZRY inflammatory markers ﬁgx‘i"ﬁu

7) nszuaumswenla Qﬂmﬁlﬁ%umimmﬁamﬁ”m
winslafisnazimsgaidunsnezfilulyszuinemaenidan
Yszana 4-7 niusensezasnmanenidenlaeldfnsssin
polysulfone ffimsauazinduanldsn (reused dialyzer)
10-19 a%s™ upnanifaziimagaydmhmaluszwhamaveniden
usazads 14-19 nfwmnnldhemenideniilisinglaaifiudiu
1sznauLas Lwimmliﬁ'mumiqngLﬁﬂﬁwmaamﬂmam\ﬁmn
wanufise 2-8 nfu winldhoifianududurenglas
90 un./ma.* dwsuiheiienlamegesinsinlsideniiiiam
nsgadsnglea uisinazgadslusiu waznsnoziilunuioy
Fowiny Uhnuiigydeiuiuaumnifsedeysesipsndnie
6-8 N$/Au uaz 10-20 n¥w/Auzeslusfiudmiudeytasios
#l@ low WAL high transporter ANAIAL

8) lsasamuazanmnu wu lsauwmnudeingnng
ﬁyaviaﬁuyﬁu uazenawuil gastroparesis Tuuey lsaviaan
wanhlauaznmzialaguian chronic kidney disease-mineral
and bone disorders (CKD-MBD) ) hyperparathyroidism K
ATRIINITIWINANDY (resting energy expenditure, REE) ge%u
amzmedmiufivinaseruudoussmaendaniouasyilv
fnmzsniaulusrene Hudu
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. N . (+)
Inflammation P myostatin ¢
testosterone Comorbidity;
Uremic OTNADPH oxidase activify TWEAK CVD, CHF,
toxin () [ o1L-1, 1L-6 interact with Poor controlled diabetes,
) acute phase protein Malignancy, COPD, etc.
Metabolic v A U E I
acidosis Insulin N Protein
@ resistance breakdown hyperparathyroidism
< ()
A 4
Adrenal “) 3 *myogenesis . adiponectin
glucocorticoid > IntracS:'iaII:;iLIGF 1 Anorexia p
synthesis 9 9 X
Protein Tleptin
loss
»| Inadequate TGhrelin &
dialysis | TTTTTTT I TT 777X resistance
depression
Protein energy Wasting dialysis

s 1 nalnmafinnmisgadelusfuuasnasnululnlnGess

REE, resting energy expenditure; TWEAK, tumor necrosis factor (TNF) related weak inducer of apoptosis; IGF-1, insulin like growth factor-1; CVD,

cardiovascular disease; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease

msUJovrunazsnumozaryidalusdunaswaomuluwlos
TameaiSoso
ithelsala@asmnaziuamnaguussmsldsumsuseiiu
AmzulnguIMs (Nutritional status) iszeze aeedpeyn
3 ifiau MpnsduBalIsANLRSEREIUTYDIM TSy
Yszmuinfianuwsnzanuasiieawendald (@1519f 3)
m3fumeainMILazMInTeeme dud nmawisuudas
gavimiing n3TaiusauLen Aaiuieeduloiu
T&Rmly uazIdUIEUIUDY (mid-arm circumference) SN
NMIAAMNKNANIATIINABNUJTRANT 1Bu seAuLaayiu
luiden Ysmanfiadanvnisnuazoiinfiduand Indas
(lymphocyte) s n1slduvunaaay SGA w3a MIS
salunmstssifiuasiidnssiuanuguusszesnnsgy e
Tusfuuaswaonulsdneuiu e duwumelumslidusnm
uazmaguageld
matlaviunmzgaiellsfiunaswasnumsvhlugioe
Tsaln3asennae Tasmsiamadanadnlafigndaslums
Won3SuUIEmUe1s (nutritional education) WLaZENIAIN
FuduiiasfimsUssfiudussozg foudaclifidnsuzuans
wiawwliulumaianaziionn smdemssuniswenle
Tdeewe udlanmzanufunsaludenldszsulumsuaiun
agluinuaing (22-24 fiadlua/ang) way maudlalsnsansiie
i amagiledumad nafiade amasBued Hudu
wumemssnengeildSumsitedennsgude
Tusfunazwason Fuagivmmnuazszduemuguussoslsa
agwlafimna fhennaeasldsumassifiududuamnpes
amzdananaNe waslimsudle fmduisnisdug T

1. n1s¥numielazuinis lasadsidanisnng
susmweaniiusuduusn Tunsdifiguassudsenuoeld
Tdipane p1aldmelwenmslaedensiauazsumieiilals
manzaniugihewsiare dnsusasravansenssmiugie
Inioseenafianuunnswiuiuanuguussaaslsa wazlsadm
wu lsawwu Tsalsshudangs (mawd 3) mslamns
wnmemsuwndenadianuinduludiheuene™ Toun

o mmizfipoems Suvszmusmsliwdenuls
iipewe Wiatiound 30 AlaunasdAlhming 1 nn.

o USinoupavlysfiufisulssmunsazu (Daily
protein intake, DPI) Hasnin 1.2 nsuahwiing 1 nnludihe
Alasumathtanaunule wiedesndt 0.7 nduahwminga 1 nn.
dmsudihelaneEoserzesi 3-4

o szauusayiuluiioalasndt 3.8 n/aa. wie
sysuwiuoayfiuluiientosndt 28 an/ma.

o dindanasnnnd 5 Wesidud lugieia
3 Lhau

e SGA 3%9u B-C

o nswdsunyavanefdTanielnsuinis
(Nutritional marker) ﬁmﬁﬂquaﬂd'}ﬁmazgmLﬁﬂiﬂsﬁuuas
WANTU

WBmaliemaasamansunwngluilagiudl 2 35 fe
M3IWSULTEMU (enteral nutrition) wazmMsl¥mMeviasnidan
Teinmanani®en (intradialytic parenteral nutrition) fual
madnsuaavlszlemizevnmstionaiasuluiagiudlaus
anninfifunsAnmnuungy uazindimsfneadinelussosdu
s innadnszasmsfnelasldwasnssunm (surrogate
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outcome) TANWAAWSNNAATIN (clinical outcome) urdaya
ﬂ’liﬁﬂu’lluﬁﬁﬁuﬁ 11 meta-analysis Waz retrospective
study fiTuTmgtheunuwnnuacissirmzinalnewensy
aniladusunau WU cohort matched study lasiawnzmsls
propensity matched cohort study ﬁLLu’JIﬁNﬂﬁuﬂgumiLﬂ%u
pvnsmemaunnduanndalUnngasunalugifdnyuzaniy
guidelsfuuasndonuseiildnamly Stratton RJ. wazans”
Tsvihms@nenuuy meta-analysis wuimslewnsiasulaems
Sutssmuseiinszsuueayiuluidenld udliTosansasins
Fedin agwlsfimunsdnelu meta-analysis fifumsfinen
uppguiies 5 910 18 MsAns waslszeziaimsfinmnu
dulvaifiee 1-3 oy wenmniudsmaasuinszning
fisnsumsvanidonaansaandnnnsidsdinlugiaslane
szpzganele Mafnsuuudaundouuy propensity matched
cohort study 91§33 2 ngiw Ine Lacson E, Jr. uazAniz™ uaz
Weiner DE. uazanuz™® Susimsinmudihefisnsumsvaniden
sahiaseduIu 28,611 T WAy 15 LHou Uaz 2,556 18
wued 14 Weu muadiu wuhmsiawnsiadumemsiwme
loehifavhindnsusgasennssmsoandanmadedinas
szinmuifouas 30

dwsuiihelame Fassssozgavneilésumaveniden

filesunsUsugnInmsfisulsznuuaziadnemanems
wwndudaldaansautlzainsuazeinsuanvzevnizgay
Welusfiunazwaseuld aafesanmsiiasemnmeaunu
nviasaldandIzinmavaniden waliuushliEulddu
FBmsusn desnnbifivdngusiuayuinduszlomise i
annimsliuuusudsemu weludusannsseadin uas
mswasuwlassesihmiing uaayfiu wiueayiu wud
ngmw%’“m %asgaﬁnn French Intradialytic Nutrition Evaluation
study® Berfums@nmuuuguiSeuifisunsldewnsiaim
napALdaAm Iz MIWanIdanESNTINAUMS IR NI LEEN
Tasmasudszmu funguiiliiaduuuniudssnuiissetneiien
Tugiheweniden 186 Mufussza 1 U waasliiuh
Tifanuuandvaeednnmadedin waznmsiinduzesni
wind uaayiu wIueayiuiay Kamofsky score 389§1e
W19 2 nau usnniunstionaiedumeviasaideadmifiums
Wansomsdsinasnnlussezinmau 4 dalug ldiams
WasuuUavasssuunaI e emeselUnnadsinen
fidnlddege wazenainamzunindou Ifun midade
amzthmasudensweniion wie reactive hypoglycemia &
Fomaienlinsilunsdisuiu

397 3 AuuzthySsnalysfu Wiy dazinfdausidavnssatu

Ussianansemns Tsalni3aseszusii 3-5 vanidan wWanlameginevine
Tusfiu 0.6-0.8 n3n/Nn./u >1.2 n3w/nn./ >1.2 n3N/nn/
\uthe 1.0 nw/nn. \oygeiesdnigy > 1.5 nf/nn.
WA 30-35 AlauAsed/nn./Aue
BT, 1,800-2,300 §n./4u
TwunaBa <40 an/nnnslssaulwunadenluidange
noanp3a 800-1,000 an.uaz Wenduiuweawesa nadifiszdunaamaluidengeninuni

* luggengdianssnies uwush wivnu Alauaas/nn./u

2. #1 (Medication)

(a) Anabolic androgenic steroid w:'ﬂ'mlmw
SoFesznzgavnesindseiy testosterone Tuidansninaulnd
mafnuuuguSeuisumsli oxymetholone fuenviasn
(placebo) ‘[urﬂﬁwﬂaﬂLﬁaﬂﬂulwmﬂuizﬂmm 24 e wun
ngudle3u oxymetholone fmsuiinaavsanedlalelesiu
(fat free lean body mass) @muLl,%\amwmnﬁwmﬁaﬁi’mmn
handgrip strength uwazwuMILWasuuUavzavTasnaNLie
apIfinsiNTevUSi ey myosin heavy chain, IGF-I,
Az IGF-Il receptor’’ wananil M3l nandrolone decanoate
TugiholmBasuszusi 4-5 91w 29 My 3 ieu Auaaenah
fimIufingey lean body mass wuiu? aglsfaumsld
pnguilenadinadnoidse Idun msvinduresdulsdiy suan
Tsangwiilawala (cardiomyopathy) uziSesiu sedvlodusiia

HDL anav® wusthasldlussesduiieninidoonadnoies
AINE

(b) aaslaunsdunsisdaiiule (Growth hormone)
fnwumsldenlufihelaneFasoiniliindugeld dwu
Tugthelanedlvaiildsunsonidaniaunsarilwszay
woayfuluideauazananduidefiaiu® udliansrmmadedin
£19%38an C-reactive protein(CPR), homocystineld ™

(c) ﬂﬂni:ﬁulﬁ%tymwﬁ (Appetite stimulant)
15U Megestrol acetate TIBLANTZAULBY neuropeptide Y was
anILAL IL-6, TNF-0."® dronabinol siffpsnaniiyanasngnd
HeRNANNBENNENT thalidomide TapannssnLaLTuhme
(anti-inflammation) cypoheptadine, melatonin tlag ghrelin %7
n3zfulaiems pdvnadeduiiieens@nenzunnian
TugihelsalamnoFessiifinzguidslusfunaswionu
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(d) Mm3guasniuUNIANLEY (Anti-inflammatory
intervention) 2y A9ayausnviinisld omega-3 uaz
cholecalciferol @ asaanm3dniaulad® pentoxifylline &13
FUNMIONLEL etanercept (anti TNF) IL-1 receptor antagonist
fafavsomafnsnmnaluaiilssnm PEW TugihelmioiFass

3. n1seani1adne (Exercise)

m3saanfainmeuannazdisannsiialsailauay
vaaaiden asiwviinuddviaetiostumizguidsTisfunas
wagsuls MIsanmasn @IS (resistance exercise)
twanmsamslsiunnniadeuaznszumsaendaide
nnnmMIsenmasmaualsia

asu

amrguielusfiusazwdsenu (PEW) Tugihalane
Sosefuileduidoeiidduuszmamisiidnsanmeuazamna
dutheiiasnsatlosfunaz3nnle Ssmsidnlafenendaisinen
g99mM34fin PEW 19U mstdeenns matnwanamelusieme
fivfingu madniawieineme nnenselulden madesedugiu
s iiionsguadnunassanmnazsisanmsinnsgade
ninwilpuazwadsnnmamneenild dafumsitadeluging
fiasdrinonafinzymlnsunmsuaziulimsguasnniisnii
zavnailiaumwiiniia andamnanuiduiheldfininunsnm
iesglumizansewnsnnudy mssnunlutlagiufiduush
TWsuuszmulysiunazwdonuiiisswore Tuuazvanidnens
valnalusiuiinniiudmuusih msvhludihelanedasomnse
iieflasiunsiin PEW uazmisliawnsiasuludiheieslu
enadssdainmzywlasunnisuds (Huasilduad azan
Uasadb uazsangn dumsinmduiionadivszlomiiguen
fisaeiaduasandaide anmsaaelusiiu wohiieddiams
Tnsunmsiiadu uddedipssamsfnmniinmawadnsaiiei

Faeuiazannduihusaly
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Review Article

Protein energy wasting in chronic kidney
disease patients

Aksara Kajornkijaroen, Kraiwiporn Kiattisunthorn
Division of Nephrology, Department of Medicine, Faculty of Siriraj Medicine, Mahidol University

Abstract

Protein-energy wasting (PEW) syndrome is a common and significant comorbidity influencing quality of life
and mortality in patients with chronic kidney disease (CKD) across the spectrum of the disease. A multitude of both
uremic related and non-related factors have been demonstrated to be involved in pathogenesis of PEW, including
ageing, comorbidities, anorexia, diet restriction, inflammation, metabolic acidosis, and multiple metabolic and hormonal
response derangement. Increased catabolism of muscle and protein in CKD patients is resulted from leptin- and type
4 melonocortin receptor- mediated process, and ubiquitin-proteosome proteolytic pathway as well as insulin/ IGF-1
resistance. Accompanying with nutritional intervention to increase energy and protein intake, decreasing uremic toxin
retention and correcting metabolic are also the keys of management against PEW. Anabolic hormones, testosterone
and growth hormone, may improve some biological markers and well-being condition among patients ongoing dialysis,
however, patient survival has not been definitely demonstrated yet and their adverse events should be considered
for a long-term exposure. Novel treatments medications are still under investigated and elucidated.

Keywords: protein energy wasting syndrome, malnutrition, chronic kidney disease
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muﬂumwmuaaﬂmﬂﬁimu (oncotic pressure) ‘lmaaﬂm
Wanisnalumainsssumsihlunasaien uazgisfvhan
AIINTEMINIEAE (interstitium) Tt anTuviaeniden lae
gasainUsinahlunasadenldfninanhesadaasus
Yszanm 3-4 wih dlFludBinuwii swnsauteansi
Aoaaufpan(fiii 4 Uszim [aun (1) waniu (gelatin) (2) uih
(starch) (3) LLﬂagﬁu (albumin) wag (4) WNBLNTU (dextran)
athlsfimuanheiatdfinmgenhammheiadaasss
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isuiumslianheiadaassdifisetnodeluginefaide
Tunszusdanguuse wanadnswuilugng 7 fuusnAaniudon
|08y (mean arterial pressure) ma\‘lw:ﬂ’mﬂﬂ;s\lﬁlﬁl,l,aayﬁu
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nenliunwe wazanansadfivsnenldazain Tasdulnaguwngd
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ToiRe 14 139 142
Twunadon 140 4 42
LARLTEN 0 12 13
wnndliden 20 0.7 0.8
AR50 4 108 108
Tum3uaiun 10 283 24
WadWm 106 5 2
HaLne 17 5
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A13197 2 uaavAnENTRALazaulIznauIavI AT RaaLAntinsne

fianlaslas 0.9% NaCl Lactate Ringer’s Hartmann’s Plasmalyte Sterofundin

lziden (mmol/L) 154 130 131 140 140
Inunaden (mmol/L) 0 5 5 5 4
Aaalad (mmol/L) 154 109 111 98 127
WAALEEN (mmol/L) 0 2 2 0 25
wnniidan (mmol/L) 0 0 0 1.5 1
Tum3ueiun (mmol/L) 0 0 0 0 0
WaALAN (mmol/L) 0 28 29 0 0
ELAN (mmol/L) 0 0 0 27 24
nglawn (mmol/L) 0 0 0 23 0
818N (mmol/L) 0 0 0 0 5
AN LD 5.0 6.5 6.5 74 5.1-5.9
poaluaN3A (MOsm/kg) 308 273 278 295 309
dnsuloifousananlsd 1:1 1.19:1 1.18:1 1.43:1 1.14:1
In vivo SIDa* 0 26 25 47 17

*Apparent strong ion difference (SIDa) = [Na* + K'] - [CI + lactate] waitlaasueiadaasaid1gsnmeuaniamnazgnilasu
duluesusunderinld SiDa = [Na™ + K'] - [CI] FviSaniiiu In vivo SIDa fumsne

gIazapLanenIvinasisulsznousasuaneandvay

¢l o

gninlulavifidulasaviunsnglaiilonwdaiosas 70 uas
PuNMIEaNFindu (oxidation) $paag 30 Foanvzuiunsi
aziinnsadalalasiaussnausanannuantaniazinlfiia
maadsluasuaiuaiumn Tunmisfidurivudnfissazaiy
waAendeines 1 ansezadeduhmalduszinm 10 fadla
win 1.6 n3w uazavluaiueiunlflszano 29 Aadlua gihe
fisimavhuzeeiulffeavssTomainnneidamdunsnan
waARnenE uenMnilussacarsuanendvinaasinuwmaidoy
aguszanw 5 fadlua Feusazlinn uslunnglanedeuwau
filififaamzonansWiinanzlwunadunhuFangeld athals
fanamunnzlwunadonludengennainihaiadaassdid
augazasdianlnsladldioannidasannasthilliidnlya:d
madensluduzesiusniadetvgni) maAnmnuugalu
Qﬂfmnﬁﬂmﬁaﬂmﬂﬁa (thabdomyolysis) Ailghinfeusiianie
MIALANEUAAANENINESAEERT 400 fadanssiadaluenui
seeulnunadoamaldash Hifanuuansieiu nauilel
gIazansuantAnIvinesinnsanaveoeniuafilulaiug
(creatinine kinase) L37n7uazwuIUSunaunsiglafew
Tuasuawalunssnentasnin nM3fnsAENLUUEN
Iu@'ﬂ’;ﬂmﬁﬁ’;’]uﬁﬂﬂ’l’;xﬂmﬁﬂ (diabetic ketoacidosis)
Wisuieussnitemaldihindsussiatuwaranlad wudh
vdsnnmsliiansth 12 Salusnguiildwanamnladfiszduly
rsuaiunludangenusndudszsuinunadoaludanmni
(3.9 fadluadednslaivuiy 4.3 fadluasednslunguils
Windsusisa, p<0.05)°

amezidaadunsaanaaslsdiiu (Hyperchloremic
metabolic acidosis)
mzidoafiunsnaneaslsdifuranefenmasiifisssu
Tuasuewnlwdsnanay Aaslsiady uazuweulossuunn
(anion gap) Und Beflawemaenszms wu amzidendiu
nsannyiala (renal tubular acidosis) nzlane vipvide
mMslensnazily (amino acid) Myviaaaldanm waznslasu
gahfifieaslsdusinasnn Wy hinfoussifaderhliiie
mMzidaadunsnannisi3aay (dilutional acidosis) Liusu
Wiasmeiiensiuthednsdewanssnuiele deidu
o¥rzddalunsmuauanhuazdianlasladlusiene
Wansviuseslnanavazdenalidulafieonuazanslsd
gannndemelsioua iilodenuazaaslsfasluione
finmsfnanniuiiuaasliiudonaidooeenisliasihild
aselsdigsdariliAnnmzidanifunsamnaaslsdiiu (Mol 3)
atislsAmudlifidayafidaiauiinnzdenaiduius i
msindananuiuheviadannsideiinvesiioe st
dowansznusadnmanuduthesseiidoinfinalisnn
fimsfnmuandlidiuhnelmbndeussialursnasnn
(50 fadanssailansulunan 1 Flu) unesnadasiiganm
udsuswhliiiinnmizidendunia Jasmeesntiouad inenms
1heatiey AduldaFen wazanANNEINNII0TDIENEIIUNNT
vhowdidudou udemswmanilielugiheilésumsazans
uaaandeined laaanmeidendunsannaaslsdiiuannnms
Thindeusfiamansnaveyldnansdalueusiluaaasing
figrnudouss swgiiianizfendunsaiesnndnau
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savlmiivusionas lsdluthindeusiiadenivhiunds Sednth
ashesadasesdifiaugavevdidnlnsladifidndiuses
Tsidsnsnnaalsdvindy 1.18 & 1.43 Tuvuziluwanaand
dosuzavlafensonaslsduii 1.38

MsAnET99 Rehm a2 Finsterer* Tugihefisemsnnen
sawinslnihelFsnhindausiia 40 fiaddnssailansuwuh
syAuman s indungviilshdAaan 105 Hu 115 Aadlua
fiDfinT uazAANLAY (base excess) anavdsziios 7 Aadlua
sinAns MIANH8Y Scheingraber UazAML® §uIzHiNTIH
ihindeuafiaviemazansuantanivinesludnm 30 faddns
soflandusiada luslugiheildsumsmdameniing wuhngud
Issunhindsusadenfiesuazlumiueunluidananas il
seduaasladluidaainduninniinguiildYuaisazais
waALanIvinasotAusAymIaiA

MaAn¥8s Hadimioglu uazane® Tugiefidniy
nmadauwdsulalefeudsusznimsliiindousdia
wansnlad uazmsazaeuanen3vinasludng 20-30 faddng
snflanfudadaluslutnidin wudmdndasziuaaslse
Tuidengeiigauazafiarluidendfigalunguildsinhings
uadiia Tavfiszdunaslsdluidaniinduands 212 fadlua
deansileiisuiueneurda Tasgiheldsuiindsusdia
TuSnauedswniy 2,868 fadans deiulSinuiideani
mafnedug (M 3)

mafnsuUaundveey Chua wazan:z® lugihe
wwmnuiidAlngadednsumsnnluvagihoming i 22 e
Wisufisuszniemsliwaanladinhindeussifa wudh
sansauflanmzdeadiunsaléidinlunguiildsumanasnlad
Topnudszauluasvsunludengniiuazszduaasladiu
WoarmniegitdAundenssnm 12 9alue wazdowui
Usnauilasnzlugie 4-6 Falususnassmssneannniingu
flasuwaranlad (700 finddasiisuiu 205 faddnslu
na;mf'lmﬁaua%ﬁa, p<0.05) NIANE1VDY Van Zyl wazAuy’
Tugthewmwuidialadasuou 57 neguldszniaiinge
UBSTAUAZATAZAILUAALANTILNDS [NNUANNUANGINT DY
szpznanlumsudlennzidendunse Tnunguildsuans
azasuaaem3ainefauthmalinduanundlddininngud s
suhindaussifa

Ms@nEe9 Boldt wazanz® Tudiheiidhsumssinga
souiay Tasgulisznineihindeussdatuaisazans
wanavdsinaslaslimmhluriinasnnde 1 8 ansluies
wdnuaz 10 Anstutemdasnda wohlunguiiléthindousia
fszsuaanslulAonLazmaang (base deficit) 7t 24 F2Tus
wavs AR INgud lfSumsazarsuanandeinasasned
Toddy widiafnaulud 48 dalaendesndandulsing
anuuanssevsziunaslsdluldsnszivdihefioaasnga
aumsnowidunsado

dalwbindaussdauniine 1 ansesvilvsesuly
miussluEsnanavsvan 2-3 Aadluasedng usasiinase
aferluidansadasziuasuaulasanladludon (PCO)

a

Tildanasmumies maiaamziReadunsaanaaslsaiiu
ofnuldnnaumsangannuifunsase Jeiaumsiisdn
2 gums laud

ANNTVDILBULADS HU-LLBFLBALAA (Henderson—
Hasselbalch equation)

#1950 Henderson—-Hasselbalch equation fatiiusunis

anasguiillumeediin Taefigduuusansie
pH = pKa + Iog[HCOs’] /(S x PCO2)

gunIipsuednszdumfueulaoenlos (PCO),
Tumuaiun (HCOs’), AN apparent dissociation constant 98y
nsaA3uaila (pKa), LazAmsazaushzavasuaulaeanlss
Tunszuaion (S) fnasdadienluifanlapssiuanugunse
?Ja\'imwLﬂunim'ﬁuag’ﬁ’mwmsﬁLfluﬁiwmw%mﬁu (base
deficit 30 base excess) ¥ ntipaiievla FavmnefeUSunm
shavidansafidesifndhivluiden 1 dnsudwilhidendisiies
nduanegil 7.4 fiszduanfueulasenlsdluidanasiiviniy
40 Andwnasen dielihindousstaysinasnniindousla
zlFonehliszsulumivenluidenanas dengnias
Wi derlulionazanavsiie

ANN15VDIAIIN (Stewart equation)

Tull .. 1983 Stewart [dnanfvanuddeaeen
ANNLANFNITBIBBBUNAN (strong ion difference; SID) law
namszsuaadunsassludoaduiuiledy 3 Yssms Ae
(1) szeumsuaulaanlodlunaiaan (2) MANNLANAINDDS
Topaundn Fevanuieanuumansineszwinslossuvanidyszy
1n ldun Towden Twunadon wunilifon uazuaadon uay
Tossundnfiiuszaau Idun maslsd samin uanan uazdusg
waz (3) wa‘nummL?Tuiumaomsﬂi:ﬁgauﬁﬁamauﬁﬁL'fJu
nngau (Atot) [fur woayfiu Inaydu uazweanasa Stewart
equation s’\l’lu'l‘ml,%tlu‘(u;ill?la\‘l Henderson-Hasselbalch
equation (@B

pH = pKa + log[SID - Atot / (1 + 10pKa — pH)] / (S x PCOZ)

Stewart equation uaavlFifiuANNERYTRTWINDS
uazFAMNUANATeYlpaaunan demansnasneninais
Womunsamnihindeusitalafini1 Henderson-Hasselbalch
equation dlosmmbinfeusfiladisemuunnsheaslosaunan
wihiu 0 (IzAen 154 Aadluadpdnsuazaanlsni54 fadlua
Andns) Mm3lrihindousidaswildeanuuandvaaslosau
wanluifenanas Mngasiilar SID anavazaunalieiien
luiRananavuaziinnmzidendunsanneaslsaiiu adls
fmumsbihindous fiaezdenaliszsuusayihuienanas
funafnAn Atot azanavuasldafiendndudnion
miamawmLLaayﬂuﬁmmﬂumm@;ﬁa%mﬂ'j']mﬂmm’s:ﬁaﬂ
\HunsailiAnanthindsussiadeliquuss

\finoB1nedy Stewart equation Sldashasasasass
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fiflaunarasdianlnslad deinfienuuansvsasloaauman
TaisennluliaamnnAsyszancu 40 fadluadofnsFeduualdiy
ey AN zRanLusne Morgan waz Venkatesh [§ifnuan
Fenenauansvaslassuranmsegiiszinm 24 fadlua
Aodnsiavanidsenniziioadunn adrslsfiauaad
Piaaapudiifiangazesdidnlnsladifiansuszausiindunsd
(organic anion) fébidrgieme (in vitro) azfidanuuan
svaeslepsunaniiy 0 wuiy widudrgieme (n vivo)
wdwamusadugsvasmaniasiineanuuanshesesloasu
nanuazaneasluansfivavansazasad

Stewart equation danududeulumsihanldudanansa
ilitvredulasmathiamsasmdninduin fe loifiow
Twunaden Aaslsd wazuanuam Sonaunsvsiii Apparent
SID (SIDa) Tow

Apparent SID (SIDa) = ([Na'] + [K']) — ([CI'] + [lactate])

MapdaNnslud1ezidu Stewart equation %38
Henderson-Hasselbalch equation tufianuuansefiuluug

wnAn Iae Stewart equation lifuanudmdyzesluansusiun
walWanuddiuAIanuLanaseads lpoaundniiunan
§7U Henderson-Hasselbalch equation l#anuadwiy
TuaSvawadundndwianudilalddionin ud Stewart
equation azfiszlaadlunisedursdsngnisainivadiin
fifudausnnn

nndayannmsdnmneeg uaastifiuinmslihings
upsdahiiiianmzidondunsauazaanlsdifuannniinig
TWashesadasssdiifdaunavoedidnlnsladeteiniaulag
duiudiuUinusnhili edhelsimaimiihelifnnzlane
sy amsdeadunsndenas lsdiuidsulnafituldio
meluszpzna bivdssnnlnamnsodulsfouuazeas 56
oanlulé 3BudlaAomavgelihindeueiiauazwasuiumah
wilpfiinasladiiounit dnlisndusodlilumsveiuanaunu
wnzluasvamiianasiunannmsdenewinti Ysua
savluasusuaivnnaludiuenisadlaldanay was
Tuamuiussswsinulumsvammesnduiindudedoan
masdvluasuswadulndantwinesililyslumiusiun
maluizaa

a19efl 3 MsdndnglSsuiisumaiannizideadunsannnsliiindeusidauazainiasafansuddaugaze

Sidnlaslad
. y  asnlse  luendusium  ddsneidiv . o
YInraua1sun A o a ATNLDY
rn - ¥ aree s lwdsefi  Tuilendi  (base excess) _ «.7axe
msAnE ngugihe  wuezavEsdn nlasueds | s d crxe % VAOLASY
T (ml) wasuulas wWasuudas  waslasusisin -
(mmol/L) (mmol/L) (mmol/L)
Cieza9 §heai1juls  Lactated 6,250+1,390 +4* +4.4* Lifidoya 7.33*
NNTBITN Ringer's 6,510+2,470 +8 +1.9 lifidaya 7.27
Normal saline
Waters' el Lactated 6,871+1,100 +2* -2.2* -2.2* 7.40
LEULEDALAY Ringer’s 7,000+1,750 +9 29 3.8 7.35
douiovlihway  Normal saline
Boldt8 Wthendntoies  Lactated  5966+1,202 +3* lifidoya 0.4* lifdoya
Ringer's  5,333+1,063 +8 Lifidoya -5 lifdoya
Normal saline
Simon" gihudiabetic Plasmalyte lifidoya +8* +9.5* lLifidoya  lifidoya
ketoacidosis Normal saline  Lsifiaya +16.5 +7 lLifidoya  Lifdoya
Boldt'2 dthwsdaila Lactated 5200+610  lififoya  lafidoya -1.2% lifidoya
Ringer’s 51504570  lififoya  lafidoya -4.4 lifidoya
Normal saline
Van zyl7 Hihndiabetic Lactated lifidoya +3.58 +9.29 lLifidoya  lifidoya
ketoacidosis Ringer’s lifidoya +9.71 +7.52 lLifidoya  lifidoya
Normal saline
Boldt'3 Hiheen Lactated 40104410  Lififeys  Lifidoys 0* lifidaya
viapaioawila Ringer’s 54504560  lfifoya  Lifidays 6 lifidaya
Normal saline
Boldt'4 Htharein Lactated 50004750  Lififeys  Lifidoys -1* lifidaya
vapaioawila Ringer’s 50504680  ififays  Lfidoys -5 lifidoya

Normal saline
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fiédnlaslad (sa)

a1l 3 madnesii3suidisumaiiannsideadunsannmsliiinfoussifauasarnihaiadaasudnfiangavy

" r  panlsn  lumfusiua  Adedneiiu " a
USaaua15un o o ANNLDY
. v o ¥ drve d Twidann Twidaan (base excess) o 5 o
mMsAnNE nauyilae FUATAIEITUY  NEAULRAY g 4 wlas, Y waslAsy
(ml) wasuudas wasunldas  waslasuansua J—
(mmol/L) (mmol/L) (mmol/L)
Scheingraber® {U8H16AN Lactated 5,159+1,386 +1* -0.3* 0* 7.4*
UINY Ringer’s 4,828+952 +12 -5.1 -6 7.3
Normal saline
Hadimioglué  iew iR Plasmalyte 2756+800 297 +0.5* -0.56* 7.44*
Ugrm"l vln Lactated 2770+820 +3.3* -0.71* -0.98* 7.42*
Ringer’s 2868+780 +21.2 -4 -4.29 7.36
Normal saline
Young' VIRV Plasmalyte  laififaya +4* lifidoys +1.6 7.41%
normal saline  lifidaya +11 Is\iﬂ"fl'ﬂga -15 7.37
Hakan'6 Fhemmhiian Plasmalyte  [afifaya +0.6 +1.0* lifidaya 7.43*
Vievgnidu Lactated lifidaya +2.6 -0.4* lifidaya 7.41*
Ringer’s lifidaya +4.1 -1.6 lifidaya 7.36

Normal saline

*p<0.05 \laiSeuifisuiungaiiladsuuninfeussia

wavoomazdoailunsamnaaolsdinunumsrmuvovla
aanlsdidudianlasladfigndusenilaidundniads
azgnnIavennnUszann 19,440 Aadluasiatu usgngada
ndudonay 99.1 widsUszanw 188 fadluafignduaananlu
flaame aulvgjzeveasladazgadunduiiviolnausu (proximal
tubule) n3Rns ludninaasenudn Aaslsddnaninld
apaidanlavad NLIIFuNUTasraanidenln andn
MINT89TN LA (glomerular filtration rate; GFR) aan139y
Toipnuazansziuisivluifon usnasnaaiarasewanis
aadnlinmin mafnlumuaasiiuhmslilsdesaaslsd
lemnasuldonsesmygeiu uimnuduienseaaiiung
Weliledenluasusiun msdnnludeseanyiesuany
Wiiuifinsanasoovszdusiunaslihiinfoussialyiu
szpzian 30 WAz 60 Wi waszaulsiuezlianaenls
Tsidonlumfusiuauny mmzasiusaaguldhmmeuauss
pvansudnnuazszsusiuiiennnsldsulnfesnas e
dinnnwazavaaslsidunanbildnnwaveslsfio
nmafnlasnsinenssdaiuusminlusanaiag
flasuhinfoussia 2 dnmudn f5nmslnazesiion
Tunasadonuasiitdnla (renal artery) uazidendiluidse
iiolnshuuen (renal cortex) anavilaiipuiunsldsumsi
iasaaeudiiannavasdidnlnslad Uniluvislnesinguisadi
BunhuaNAAaLALEN (macula densa) By Lﬂumaéﬁqwﬁ\a cortical
thick ascending limb LLa:Lflud’nuﬁﬁﬁwﬁ’]mumimm-ju
tubulo-glomerular feedback Hafiuinsziuaaslsdluvialn
fianwshdeylun1smuan tubulo-glomerular feedback 3nnri
seiivlowdon mstiannhiifinaslsdgeasihinasladgnnses

gonwluvinlanndu wazasslsdaziuidnluluisadvey
unagaauaviliiindlnalsiodu (depolarization) 289
\eoviuiwaddnuy basolateral membrane HLYNITBIARD[5H
(chloride channels) ¥nlwaziludu (adenosine) navannuan
unpgattauadeazlunsedu A1 receptor udwihldiAams
nafzevlduLliannanadn (afferent arteriole) vnlHERM
m3nsevsaslaanay duguil 17 uenaniaaslsdanalunszdu
MINAITEINIONUBNLEY (thromboxane) SevhHLduLADANAG
wazaaiwalifiduidannavauavsaansivihliidudonavasm
ndu

nmsfnswazesnisliinindoussiauneraaiag
Fudousewuivhiiaemsvwludsifessrieeadunnnd
mslimmhesadansudiifaunasesdidnlnsladuazasazas
hmarmudadudosas 5 (5% dextrose in water) laifluaseny
ifunlgavieduagFualganemldlinn wszamniu
dlavamsnnanaviliiinusanaifoasiaidaln gavieded
mIanavapLdenfianiissuaziiinsiouanasld #0013
Ansludonuinnisin Dauadgalunzlauasiiinanmsl
sahUsiasnny i asazeeninnduuasnavieueey
Tnfidu

Winfeussiadioasluadfuiiy 308 Andsealuase
ans lusnsiisnheasadaassdiifaugauevdidnlnsladbun
U SazaneaALanSYnasioaaluanifwni 273 fafeedlua
fodns uaziloansazasuanavdeinasidngemusaaluanis
azanavlUmde 254 findeaaluasednsifiavainmaianig
wANsYavlaaay (ionization) ﬂaiaumniumn&homnﬁuﬁwmﬁa
uasilafiiamsunnszaslesauldaysal nszasiudaifion
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fuluwanaundviioaaluatsd 285-295 fadsaaluadoding
gazasuanenivinesTieasluadimninluionlusus
fhindeussiatonaluaifviiuviageninludenidnies
NMIFnEEey Williams wazaus”® Tuaranadinsfiudouse
wuwdelasuasazasuananiunadzfidasnzeanisinh
dawpuiulasuiingeussia Fvaraduwmzasazais

wanendeinaivlvesaluadiluidanmavsnnnindeduds
N191dY antidiuretic hormone vinl¥laduifaaazaanun
1#5nd wudefumsfnszes Reid wazane™ wuoinan
fiFndilaamzazSinilunguildfumsazarsuantanione’
wazasmziieensnfeaaluan3fmnifiofisuiunguilésy
Winfoussia

1. Hyperchloremia in afferent arteriole

9. | Renal blood flow and perfusion

7. Vasoconstriction (A1-receptor mediated)
8. T Afferentarterion (A1-receptor mediated)

10. ] Glomerular filtration rate

4. Entry of chloride
intomacular densa

5. Depolarization of
basement membrane

6. Release of
adenosine

11. | Urine and
sodium output

2. | Proximal tubule
reabsorbtion of chloride

3. TRenal tubular
chloride

] ' - N ¢ ' v £ ' ' v = < 7 ¢

sUfl 1 wanssnusislannameasslsdludengs Bunnasslsdgnnisvesnintwis lashusunnduuazrislnsusugeduraslsfiosas senaliiaaalsd

Uiy thick ascending limb snBuFvgngadnlyluunagaeusuaznazsu tubulo-glomerular feedback vhividutdanuaslprz g vas
sunalignrmansevzaslaanay @audasinienarsdivdavineias 17)

Msfnwoy Boldt wazae® Tudthedidsumssing
Havislinuanuuansiuesinailsanzuassziuaes
rduaiituluidenszinediheiildsuasazansuanianisines
vidol@subhindeusiafivdsnanida 24 dalue Bnmadnmn
Tugihogeongiidrfunsadailalinuanuuansssasns
vhuugesln™ uazilednmulaudiy 60 Yundvrindndans
Tinuanuuanseiuzasaasuefiduluiianwnas neutrophil
gelatinase-associated lipocalin (NGAL) i:ﬂ’iwﬁv’\‘iﬂaeﬂ@:u”
mMsfnuzes O'Malley uazanz® Tugihedidriumsundn
Ugnanelamuinguiildsnhindeuasiasinnzideaiiunin
wazlwunaeshudeagennnguiildsumsazansuantaniomnas
swpiilwunaFesluidengenininziinnnanzideniu
nsndenaliiwunaidouindousonanisadaniu wsliwy
PNNLANFNTBIMTTIUTDslanAsnde Tusmsiinadnun
999 Hadimioglu wazanz® Tugthefidrfunmsugnaalanui
nauitldsuhindeussiafitiasizasnannniinguildsn
gIazatsuantandvinesuazwatanlad wdaaIuefdu
Tuidananashiunnseiu §idudemigunemafuwszua
gavhindeussiiahlinsivusesledldsuUgnieituau
aansnlvusnaesaanlsdidnala uazenafunzla

fildsudgnarslifiszuutszamBuwimanandseielaiin
tubulo-glomerular feedback

M3fn¥8s Bellomo uazAuz?’ LiiagnawoInsls
amhiifieaslsdsifisuiuaaslsdgshumegihoinudifiuns
W3sufiBuiy historical cohort Aa%MLABU NUAWUS Tiv
oAy A.7.2008 Idashiifiaasladge dud thindoussifa
gIavapleafuldniuiosas 4 (4% succinylated gelatin
solution) waransarapdayiuidniuiasas 4 (4% albumin
solution) wavavIINLABURNNAN A.6.2008 Wudulazlfiamz
mahiifinaslsdsuiniu Idun ssazansenimuau wanasn lad
uazanIazaedayiudniiiosas 20 fifinnalsdish (chloride-poor
20% albumin) uaziiudayassrinuidien nuanius fv emax
A.A.2009 WANISANEIWLINANAAETDINITANTUDBIAD
A3LaNTAUDDY ”ﬂ’;ﬂ‘luﬁmﬁwmiﬁﬂﬁﬁﬂadiﬁgo Lﬁu‘*ﬁug\m'ﬁw

U
'

Tuzheildasihndmaslsdsde 0.25 Wsudu 0.17 fadnsuse

'
a

IABAAT (p=0.03) qﬁﬁmmﬁmmmmﬁmlmwmﬁﬂuwﬁuizﬁw 2
wae 3 whiudoaway 14 Wisunudouay 8.4 (p<0.001) (gﬂ‘ﬁ 2)
dnsmsvenlawindudeeay 10 Weuiusaeay 6.3 (p=0.005)
urneslsfimalinuanuuanmsasdnnmsfedinuazseey
L’Jmmaamﬁmsﬂwapjﬂ'awﬁn
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< 1.00-
<C
2 2009
5
o 075+
§3 2008 N\
P 050+
= Log-rank P=0.001
=
S 0254
S }
o
o
& : : |
_ 50 100 150
No. at risk
2008 761 205 98 56
2009 772 280 134 74

s 2 uaavmafinlemedeuwdussesi 2 wie 3 sewiwfegluvedihemindanmadalanodounwaulugid aa. 2008 (dmnhfidaaslsige)

¥
¥

waztwl a.a. 2009 (Idashidaaslsdnm) (@aulasannienasdedevianeias 21)

nnmsfnesineg fenavevanhiiiaaslsfsanis
upaslaufasiidayaludainaasvifinailvnshem
299 [ARARINNNMIAFITEIRBALADANDE LAIINNTANE
Tunyuddslisansoagualéddamuihmslimmhiiinaslsd
gefiwavihlimsvhousesladonandofisuiumsisnhid
aaslarsn Tnssulnawuhammsivuzesinliuanseiuas
wanseiurelusseznafiduiaansesndetsinuilaans
winiu Tnanazeveasladise lnoadasudiiosmnnmsivhinge
upsTatumansninysinanhlunasaidealduinninash
Aiaaasudfifiannazevdianlasladegifindes Fovhlitmnu
Wenldiilasnnnindewalinasionsviuseslndannaiu
SnilyvuilvAsnstanmsinusesiaanmadnensuiva
inldea3uafifiudeiitiafavavatviifinadad1a3uadfiiu
B Usinaundaniledsmyianasutssmuenasswaniilode
s waznheeduefilussdudasldnamionmavhouzesia
Foudenltinnuds wimsdneildsuedaug Afanmevhau
209ln 19U NGAL FaifusteifudsuuavSudaiialame
Weuwaudeasinuanuuansednia

wagoomazideailunsamnaaolsdinunudas
msidaBda

Wuiinwiuiinameideadiunsaasnsaiiiinnny
unsndusingt musn e aenslsimandunsenniiazaginnne
unsndeutiufunannmzidandunsalasasevie funann
nwvdalseiinalfifinnmzidanfiunse InsAnunuSou o
sewinenstithindeussiasnsazasuanianisinesuay
asazarsutlviifiaugazesdidnlnsladlunyiifnide
Tunszuaidasmuisannsidedinseemlunguiildsiniinge
ussauaznguildsuamsazarsuanianisinaslifiaau
wandoiy uanyiildsuashaeasssdiidninisdedin
vioufign

M3ANHPDY Lowery uazanz? lummafidhinasnsy
FuauuSeuifisuseninenguilldsuthindeuasiaviams
azasuanan3eines inuanuuandrvlududasnmade

#n nafinsuuuguasrivnsldasazarsuanianioneivie
thindousfifaes Waters uazaniy' Tugthefidniumsnda
waandnnuavtouinelawseiiau 66 e liwuanuuansy
ludhuszeznaiilaedasemelaszeznaieglumeding
wilndnsnsidedin uazswudnguildsodindeuasia
filsamzaaninniussnavhouzeslalduanseiv

MIANEUWUUEINAZEY Shaw wazAmz® lugiae
fidsumsindngasios wuinguildshindeussialugag
7

(=]

windindnnnmadedinsaas 5.6 sauzinguilssuwarasnlas
fonmsRedindouay 2.9 (p<0.001) LLazﬁﬁwudng'aJﬁ
Tanmanladddnanisindendesirdadannsiialane
deunwduiidesldsumavenidenauazdnnnmaiianiziden
unsashninguitldsuhindsussiasdwitsshdymonia
MIANHNTDY Gunnerson LazAmuz> HumsAnmuuudaunas
Tugihslunediheminduou 9,799 51u uasiivdayadie
fiflnnzidonfunsemnanwneie Bnaziiannannnsauandn,
strong ion gap, 3aAAB5ALAU wudﬁa”m'm'ﬁmﬂg\aﬁqm
Tu@ﬂ’mﬁ wondlunsaannnsnuanin Govazse) Tumusi rgﬂwﬁ'
Anmuiieadunsaanneaslsaiuiisnnsfedin apaz29)
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The effects of intravenous fluid replacement
on metabolic acidosis and kidney function:

comparison between normal saline solution and

balanced electrolyte crystalloid solution

Wuttikorn Siriplubpla, Kajohnsak Noppakun, Vuddhidej Ophascharoensuk
Renal Division, Department of Internal Medicine, Faculty of Medicine, Chiang Mai University

Abstract

Intravenous fluid resuscitation is one of the most important treatments for hypovolemia. The main reason for fluid
resuscitation is to increase blood volume supplying essential organs. Crystalloids remain the replacement solutions
of first choice because of its low cost and equivalent treatment outcomes compared with colloids. The most
commonly used crystalloid is normal saline solution. It has been observed that an excessive use of normal saline
solution results in metabolic acidosis and may be associated with deterioration of kidney function due to high chloride
load. However, the morbidity associated with this condition is debatable. Much attention has been given recently to
balanced electrolyte crystalloid solutions. However, there is no evidence to suggest that the use of balanced electrolyte
crystalloid solutions can reduce morbidity and mortality. This review aims to compare the clinical outcomes of
normal saline solution and balanced electrolyte crystalloid solution. We found that hyperchloremic metabolic acidosis
is an adverse effect commonly observed in the administration of large-volume normal saline solution, which can
be explained by the Henderson-Hasselbach and Stewart equations. Nevertheless, the effect is moderate, relatively
transient, and there are no large-scale randomized controlled trials showing significant clinical effects of hyperchloremic
metabolic acidosis from normal saline solution. In conclusion, based on the authors’ opinion, there is no significant
benefit of balanced electrolyte crystalloid solution over normal saline solution. Thus, the decision to use which type
of crystalloid solutions depends on patient’s condition and its components.

Keywords: crystalloid solutions, normal saline solution, acute kidney injury
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LA ferritin

Transferrin saturation ratios

(iron saturation ratios)

JZAY iron

Reticulocyte hemoglolobin content
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EBPG=European Best Practice Guidelines, NICE=National Institute for Health and Care Excellence, KDOQI=Kidney Disease Outcomes Quality Initiative
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sodium ferric gluconate NVABALEDATUIA 250 Nﬂ.ﬁqﬂﬁﬂm‘ﬁ
Tovundn$s 1 36 118 waznguildsy ferrous sulfate TuA
325 un.auessse o 42 fu madisduzevszsusTulnaiu
Tiuanssruszvingu Tasnguillsmevasnidon i
ot witudAumeadif (p<0.01) wazdlulnadulunguiildsy
wianmemasniianazisnnmsundlulnaduiininguiild
Sumenasutaenu seiy TSAT uay ferritin Wingusnnn
ptddBEANNanaA

1) w.f.2557 f§ns@nen randomized controlled trial
(FIND-CKD)"” wisuiisumslimdnmeviaaaidaaiunions
suvssmuluginslaZe sl ldsunmahianaunmele
Aealals ESA F9l4 ferric carboxymaltose (FCM) Suiflumén
flvial ﬁ@ﬂ’mﬁv’\mm 613 118 Fumavhuzesls < 60 Na/
w7302 lulnadu 9-11 n3u/Aa. 526U ferritin tandn 100
wiatiound 200 [ulasndw/ans uaz TSAT deaniniewas 20
utviithoaanidu 3 ndumaihmanuwesszdy ferritin nguuan
Aanga high ferritin (target a ferritin 400-600 aAN/A.) @5y
FCM 1,000 Nﬂ.LLazﬂ@:Nﬁ 2 Aianaa low ferritin (target a ferritin
100-200 NAN/a.)azlAsy FCM 2u1a 200 &IﬂIﬂEJ‘VqIﬂ 4 §en
loanga high ferritin 9zld FCM 8n 500 wn. uazngw low
ferritin 92 16¥U FCM 21na 200 in.8nadunguii 3 An nguill#3u
mANNIINMISULTeulasy ferrous sulfate 2uA 100 NN VDY
winaevadeseTudiuna 52 dai Taelugne 8 fuaivasan
naguuanguazlifimslv EsA viaideneniiuusiaizisesu
wihtiu wuhmsifinduaesdlulnaiulungs high ferritin snnn
naufildsumanMImsulszmuethsiitd dmeadia soiu
ferritin ‘Luﬂf,ju high ferritin W&z low ferritin dszavgeniings
AlgsumdnmenssuUssmustiiiusduneadi uazsedu

TSAT uiaannduiie 3 ngu Taenga high feritin tiasnNA
ngal oral iron aensiitddmeadaluSasansnasadelng
Wiviuivanangy Taenguillésumanmemssuysenuding
9LALeAD vipuyn Veulds ANNAULEEAFY A1ITUIN
dunguiildwmdnnevasaidande mMizuan AafuFEng
mafndenaiduilaany

Tasanmafnmite 2 mafnumiuwut Tu@ﬂ’mlm‘%a%’\a
Aldldumsidanauwnumslansiivanmemasaidond
wnlilumainseduslalnaiuldis uazifinannniinsli
widnmemssudsznu Tapsnansauiasziy serum ferrtin waz
TSAT I§finheenefituadmymeatia Seowadheidesliuansheiu
fouanslumaeil 6

nmslimsnmevasadanlulaiZaseilaildunminin
mslaiildsy ESA

INM3fnEzey Stove el al.” Tull w.a. 2544 Huns
@NENLLUL prospective randomized controlled trial 'iai\‘ll,‘flumi
Anwuan leaduns@neFeudisussninislininmens
Susemnu wasmalimdnmevasaidealugiihe lnFaseilails
sumsthifemeledifisziuasuefitiuannnit 250 dadlua/ans
(2.83 un./an.) fiavim 45 1o FedEluTnadutioand 11 nsw/ma.
amuduszuzaiedy 5.2 weu Tasudefiheeenifiu 2 ngu
nauuangthaldsy ferrous sulfate MIN3SULsEMULING 200 N,
fuszmu 3 adedetu uaznguil 2 1630 iron sucrose My
waanLianzINA 300 1n.fefiou Insi3u ESA 3u1n 2,000 giln
2 afsdaduad wamadnsmuh nsiindueedTulnadulal
uansaiumeaia dusedy serum ferritin sfulunguilésy
wminmeviaaaidenfiszdy serum ferritin WaFUINNNIINGN
fldnrvnissudsemustrefituddunieada (330 uay
95 Tulasn3w/ans) finan 6 ey TuwmeiivSinaumsld ESA
Talumnsineriu

mM3fnsued Agarwal et aluazane™ Tutl w.a. 2546
umawSeuifisusswivmsliminmensudssmuiisuiy
movasadantugiheladoseiigolildsummanaunmela
Tagvinafnenlugihe 40 Medfisziululnadu 5-8 nfw/ma.
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wazuiiveaniiu 2 ngu Fevia 2 ngu 2zl ESA 2,000 gl
2 aSasadinni naN A azl65U ferrous sulfate 2u1A 200 WN.
3 ooty dungs B azld3y iron dextran Mevianaiien
gu1m 100 an. Hudnnu 2 afsdedeu szuznanhmsinm
3 1w wam3Anmwuh seuaTulnadurisannduivasengy
otheiifuddmeadn Taenguilld iron dextran fimsiiindu
AnnNaevitiifAUNETA LaLIZAL serum iron LLAE serum

ferritin Iunﬁiuﬁlﬁmﬁnmomﬁuﬁizmuama\aaEh\‘iﬁﬁm&"]ﬁng
NNENA N"Juiuﬂ@'u iron dextran 9@l serum iron, serum
ferritin, TSAT WAz iron stores Tulanszgniifindustied
Suddymeada Tasaqannmsfnnid uanshennmsinm
289 Stove laumsAnsany Stove AMIUSL ESA muszév
slulnaduielildinaeifidvun wilums@nenibifinsusu
2110 ESA wazfiszsudlulnadufidesnd

a3l 6 MsAnmiuSsuifisunsiimanmevasaidansumstimdnmemssudssmugihelaFaseibildsumsthsemeln

wazlulesu ESA

P PO P ssﬁ"uﬁ Ts:\T Ferrjtin
mafnE q(mﬁn) (38) ﬁ[u[nauu 1aae 1aase WANISANH
Wiy (NSu/aa) (Souaz) wilunsu/ua.)
Agarwalet al. 1: sodium ferric 36 10.5 17.2 725 - szsudlulnaduifiaduie 2 ngx
W.A.2549 gluconate 250 . - Taunguillémeviaanidenwntiudiia
2: ferrous sulfate peAtsdAUNINadA (p<0.01)
UM 325 an. 39 10.7 17.9 66.4 uazliuansesswitngu
(Sﬂ%v’\i/dfu) (42 ) - 3ufU TSAT ua ferritin lANTUINNNT
Tunguitlésumevasaideniiio oy
nguilesumemssudszmuatined
s Aneaia
lain c. 1: dhvianeaey ferritin g9 153 10.3 16.2 57.7 - mavinduzesdlalnatulungy high
Macdougall 65U FCM (muvinanldsn) ferritin uﬂnnﬁnn@:uﬁiﬁﬁu WRNNINMS
W.A. 2557 1,000 §N. SuszmustneiltiuaAnvais
(FIND-CKD) 2: Wwisnuwes ferritin i1 152 105 16.1 56.4 - 356U ferritin Tunga high ferritin uaz
: 56 dUai T#5u FCM (maviaantian) low ferritin ﬁs:ﬁug@n’jmajuﬁiﬁ%’u
200 NN, wanNMTSUlsEueseilis A
3: Ferrous sulfate 308 10.4 155 57.3 NNHRA

100 NN.YDIMAN
(2 AS9/ 1)

- S¥AU TSAT WuandIue 3 naw
laanga high ferritin tN3ANT
naa oral iron aeneliiEAMNYEAR

Charytan uazaiz'™ yimsinunlull w.e.2548 Fnm
Tugtanladaseiigeldldsunaiianaununslnsiuiu
96 Tedifslalnadutiaendt 105 nsw/ma. TSAT Haunin
$amay 25 uay ferritin ¥ound1 300 wrlunsu/ua.lae
wivaanifu 2 ng ﬁanq’uﬁiﬁ%u ferrous sulphate (TR 325
un. 3 ﬂ%y’\wia"iu) e 29 Ju Lﬁﬂuﬁunq’uﬂﬁ%ﬂ iron sucrose
PUIA 200 WnNAUMREIUN 5 %o Iﬂﬂﬁv’eaa\mzﬁmzﬁfﬂﬁ
ESA 2,000 gila dalifawilsynduamiifiuiuou 6 aouas
finsuszifiunail 14 YundsanldSumadsgarie namsdnm
wuhmanduzevszsudlalnaduliunnseiussrhenslésu
ferrous sulphate LS iron sucrose Lwiﬁn’mﬁuﬁuvmﬁuﬁu
otheilifdhAymeafnte 2 ngu uslunguilld iron sucrose fi
fasuzavmeiissiualuTnatusnnnd 11 n3w/ma. Souas 54.2
Feannningu ferrous sulphate Aa $awaz 31.3 atheiitiuddty
veadd (p=0.028) Taelugthefiszd serum ferritin tian
100 wilundu/ma. wud Tunguilld iron sucrose tfu
sluTnaduiedoifindu 1.4 n3w/ma.ifisufungs ferrous
sulphate #i8 0.9 n3w/ma Inefinsfisdusnnnieghediied oy
e laengw ferrous sulphate wWuwadnaLABgMINNLAY

PN Ao Viouyn AUl uazeniFeu

M5ANE1PBY Van Wyck wazamie' Tull w.r.2548
\fium3@nn randomized, controlled trial Anunlugihelni3ne
ffaldlgsumahdamaunumelaszes 3-5 15 8lulnaiu < 11
niw/ma. TSAT <fopay 25 uag femitin < 300 wiluniu/ua.
Tawl@5u erythropoietin unaaviingaldls erythropoietin Tu
49 8 dainewdhmsAnmuazliinmswasuulaszwing
mafnen Tnouviediu 2 ngy Aenguitld iron sucrose Meviaen
WEonzunn 1,000 un.uistilu 14 Sunaznguiild ferrous sulfate
memsulsemusng 325 unawadvsiotu Wiuna 56 u
nansAnswudn lugiaeieman 161 518 wiaidungy
Iifumsnmevasniion 79 1b waz nanldsumenasudssmu
82 38 wuhlunguld Suwmanmevasaidensimsifinduses
glaulnadu >1 n¥w/ma. snnnieefitesmdumeaifidiafiou
Aunga [F@sumemssudssmu($esas 44.3 uaz 28% , p=0.03)
wazfimsuiney serum ferritin Tunguldsumanmevann fen
wnnInguldsunemssudssmusgviidedrAynieain
wuiu wadreidsenedumeiiuenanusnnlunguldsu
MMSIudszmu
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Spinowitz wazaniz"” Tul) w.a.2551msnnugie
Tndeseisalildsunmmitanaunumsln Wy phase Il gihe
viovn 304 18 TeefulaiFesesves 1-5 wedhesaniiu
2 ngudnndan 3 de 1 Ao nauiildsumAnmeviasaidonde
ferumoxytol TIUIU 228 318 % ferumoxytolgunm 510 dN.
aavaielugav 2-8 Ju uazngudild ferrous fumarate
MIMIsulsEMuIng 200 un.awassiefiduna 21 Tu
lasgiUandavld¥u erythropoietin gurnaeiingelaulasy
erythropoietin LazszwInemsAne lifinsysvaua wans
Ansmuindnsisduresslulnadunnudulungaildsy
winmenasadaaxnninguldzunenisiudssmu (0.82
ey 0.16n54/Aa. ,p<0.0001), m3finTuzey ferritin Tun@:uﬁ
T#sumannnasaiien(Fadssiy feritin ANy 381.8
wlundu/ua) 1nndngu oral iron (6.9 wiluniu/ua.)
pedTeE AN INEHRRA (p<0.0001) LAZAN \afy TSAT fifindu
Tun@:uﬁiﬁ%umﬁnm\maamﬁaﬂ (WnTudepaz 9.8) annn
nuildsumaEnMIMsUlsEnu (Wndusesas 1.3, p<0.0001)
wadhoiAsslunguldsumemssuszmumusnnninngaiildsu
manMvaenalien (3auaz 24 uazionas10.6) laswuiuiu
ViesynuazanFeuusulval

Qunibi wazaue™ Fnwlull w.a2554 vhmsdnsnlu
QﬂqﬂmL"”;a%\‘iﬁﬁmnﬁﬁm‘numadm <45 wa/wfi/1.73%2
flulnadu <11 niu/ma. TSAT <3apaz 25 uaz ferritin <300
wluns/ualanit 19 ESA sunaeil wieldld ESA fghe
viovsa 250 318 wiseanifiunguiilél ferric carboxymaltose
nuviaaaLdanzing 1,000 undaluian1s wif lasenawfiagn
500 sn.flusuaug asefiszacvng 2 ofing & TSAT <Spuas 30
uae ferritin <300 wlun3n/ue.(147918) leifisuiungy ferrous
suffate MIMTSUUsEMUNA 325 3N anapdose T Winm 56-5u
(103 318) nmsFnEwL Fdnnugiheisuay 42 ey ferric
carboxymaltose 11N 1 A%e uasmaintusessssuslilnaiu
> 1 n3w/ma lunguitldsummasaidoniiiuauiesas 60.4 Tae
I lFsumMImssudssnu Senudseas 34.7 penediiandty
meadd uennilunguillésumemvanaifeawuszdi serum
ferritin Uz TSAT Wingusnnnngaiildsumenssudsznu
ag i dumvaianadiaidesiinudiulvafe RN
FowuannlunguiildSumenisudsemuldfedosas 17.5
esuiunguildisunevannfeanwudosas 1.4

148) w2551 1613 systematic review was meta-analysis
Tae Benaya Rozen-zvi wazanie Ineldsiusasmsfnefiify
randomized controlled trial'® Lﬂ’%ﬂmﬁﬂur’]@iuﬂﬁ%’umﬁnww
vaaadoafunguilesumanmemssulszulu hemodialysis,
peritoneal dialysis wazlmiFoseiisvlaldsunsthianaunu
mula (GFR < 60 wa/and) Inesusiumsneldiiovan 13
mafnnlpeidumsinsnangdihelaZaseiigsilFsunmmina
naununela 6 n1sFnEn wudimainduzeedlulnaiy
ngasudulungunguilldsumdnmonasaidonfindu
mnndwmﬁuﬁlﬁ%umﬁnm\‘m'ﬁ%’uﬂizmu 0.31 nSN/Aa. (95%
Cl 0.09-0.53) atwiUpsIALUNNENA T2AU serum ferritin

windulunguilldsumanmevasaideasnnninguild3uman
nMenasudssnufe 213.35 wlunin/ag. (95%Cl, 56.5-370.2)
ot dynvadn uazsedy TSAT Tunguiildsuwmdn
menasntdeafinsnninguildsuminmnenissudsenu
fnsouay 9.45 (95%CI 1.9-17.1) adnfdbpdAunIvaif
Tnoiidnsdsdinlifianuuandvluiivassngn uazwa
Frodesninmaldmanlaifianuuansei

Tu T w.@. 2555 Cochrane review® 33U3INMIANEN
nslanguitldsumanmevasnidenluginelndaseislungy
hemodialysis, peritoneal dialysis waslai3aseficalailasums
thifemaunumsle S 10 msAnsnfidumsdnsnlunguln
Beeiieslildsummanaunumelawuth tunguildsuman
nuvasadaaiimaindusesszduslulnaduladunnd
0.9 n¥w/Aa. (95% Cl 0.44-1.37) wazdnnugiieiifsziy
lulnafuiadusnnnindawiniu 1 ndw/masnnninguilésy
wisnnM3sudaznu aedl Risk ratio 1.7 (95%Cl 1.36-2.12)
wazszsy ferritin lungudldsumanmevanndoniidiode
iindusnndndiefisnfunguitlédsumdnmensiyszmu
A 243.3 Tulaan3u/ans (95% Cl 188.7, 297.8) uazazsiL TSAT
Wiannnindepas 10.20 (95%Cl 5.56,14.83) winsn1san
geemnAnILAzMIMgANsls ESA vieansngalsunnseiiy
Fonasiadnnmadedimiomn sanmadsdinnnlsamla
waznadhoissnnindnaoii 2 nguAliuandeiu

Tl wa. 2557 Ams@nmniiSoudsungailldsuman
NviaaALAan” 2 e A ferumoxytol LAY iron sucrose
Tughennzgaannmamamanlungs hemodialysis way
In3asviigeldldsunsihanaunumelaifie Anuifisug
UszanBmwuazamavasadozeseii 2 oiia 1y phase I,
randomized ,open-label, active controlled, multicenter clinical
trial Tapswsmgiheiiovun 162 518 uvesnifiu 2 ngu
Ao nguiilsl ferumoxytol TuIA 1,020 un.F WU 80 T
(2 a%a aFaaz 510 1n) uaznguiild iron sucrose A 1,000 3.
F1uru 82 18 MneviaaatRaawuut (10 ASeEny
hemodialysis 4az 5 A%9 &1WSU non-dialysis) Toegied
glulnadutioandy 11 nfw/ma., TSAT tpanhieuas 30 uas
amavihvuseslavipsandn 60 waandi/1.73x8° Wil
gasnaniumsliensoadvnns ferumoxytol An 50 3wl uaz
Tungat iron sucrose @e 7.9 Wil (474 3unil) wadhaiAealsiuen
seifuia 2 ngu mavinduevElulnafy, TSAT, ferritin uaz
serum iron laiuansneifuits 2 nau

nnnsAnnfidumsiwSeufisuszwinemslimdnms
vasaLdsafuM s nanmemssusemulugoied il
matemaunmelauazldsu ESA fevun 6 madnmui
nsliwmdnmevasaideassnsainszauglulnaduldnani
mslymemssudsemu usnantinuinsesiu serum ferritin Waz
TSAT Winduwnnniegeddoddumeada Tnewasansls
ESA tiufiviefiansnsoasunazes ESAlduasiifmnafiuansheiu
sewhona 2 35 Sonadhoidesaaeio 2 AFhidanuuanseiy
soagulumaedl 7
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asefl 7 msdnmiuSouifisunsiimanmevasa@aasumslimnmemstudssmugihelaEaseibildsumsihdameln
uazldsu ESA

STAL Ferritin
nsAnu nauwﬁnm Fuou  dlulnadu I:g; Lady NRSANEA
ESA (wan) (518)) E‘Qﬁﬂ G (wulunsa/
(N3N/AR) " AR.)
Stove el al. iron sucrose 22 9.9 NA 100 mavinduresdlulnaduliunnsnoiu
W.A. 2544 UM 300 NN, NNEHA

: ESA2,0008{lm faLAnU (5.217ADN) serum ferritin qumuiunauwlmiu
(z/mjmw) ferrous sulfate 23 9.7 NA 74 ‘m\maamLaaﬂmnn'sﬂnauwlﬂwwnﬁ
- YSuauna ESA UM 200 WN. Sudsgniu am\muﬂmﬂmmuanm

Sutsenu 3 A% (330 uay 95 INTﬂiniu/am)

AU (5.2 LHpw)
Agarwal et al. ferrous sulfate 20 6.26 63.56 190.27 i“muaTNTnauuqumnmumamnau
W.F1.2546 U@ 200 NN, peRduE AN INEDA .

: ESA2,0008ilm 3 ANADIU Tmﬂnau‘vﬂm iron dextran RMILANTL
(2/z\°fﬂ A% (3 Lhpw) 3NN ferrous sulphate aghviipan A
- lsifinnsUSuzum iron dextran 20 5.83 59.78 181.44 NNEDA
ESA NNVIRBALADA ngu iron dextran AU serum iron,

(100 ain. 2 ATY serum ferritin, TSAT WAE iron stores
ApLfian) Tulanszgndanindusgrefidodfny
NaiA (ferrous sulfate anavREINH
Ha AN INENA)
Charytanetal. Ferrous sulphate 48 9.7 16.2 103.0 mavinduzaviduslulnadumnn@udu
W.F.2548 (325 an. BEJ’]\?NUHN’W]UJV]’NNE‘IGW]\‘I 2 ngy
: ESA2,0008in(1/ 3 Aseradu) 29 Yu nsfindusovszaudlalnaduly
aﬂmw) iron sucrose 48 9.8 16.1 125.0 LLmnm\‘muim’n\a
(200 qn. wnﬂﬂmw namﬂm iron sucrose HaAFIUVDY
S 5 A%) i’]ﬂm”muﬂu‘[ﬂ@uumnm’] 11 nSu/aa.
Souay 54. 2 “ﬂ\m’mﬂ’nﬂau Ferrous
sulphateﬂa Sopay 31.3 amquuﬂmﬂm
NaDA (p=0.028)
Van Wyck et al. Ferrous sulfate 82 10.1 16.7 103.8 naulﬂ Suwminn1evaealdoniinng
W.6.2548 . (325 . vinduvasElulnadu > 1 nfu/ma.
: ESA 2unaAgi 3 ANADI): 56 TU mnrmnmﬂmmmomﬁuﬂszmuaEm
iron sucrose 79 10.2 16.4 92.6 Nuﬂmﬂmm\iﬂmﬂ (Gopay 44.3 uaz
(@17, 1,000 HN. 28%, p=0.03)
urilitlu 14 Ju) NALNYEN serum ferritinuas TSAT Tung
Tx5umsnnevasntdaasInnings
Tesumenssudsemueeneiifoddn
NNEDNA (p<0.001,p=0.04)
Spinowitzet al. ferrous fumarate 76 9.96 10.1 143.5 m‘iLﬁN"ﬁuﬁJa\‘JSINIﬂ afuanisudu
W.A.2551 . (20Q 3n. Tungaiildsumanmamasaiiansnnh
: ESA 2110 Aviia8 3 aNEedu): 21 Ju ﬂa'NIﬂi‘lJVI’]\‘m’]‘Si‘iJ‘iJ‘i“Vl’lu (0.82 uay
Tailésu ESA ferumoxytol 228 9.96 11.3 146.1 0.16 n3/AA., p<0.0001)
WA 510 wn. MILANTUDeN ferritin LAZTSAT Tungy
govnslugig ilesy manmwaamaammnmwnz\?u
2-8 U oral iron amwuummv‘amwwﬂnm
(p<0.0001)
Qunibiet al. ferrous sulfate 103 10.0 15.8 104.8 mafisturesrsudTalnadu >1 n$ves.
W.F1.2554 (325 3n. ‘lunauwimiuwwqwaamLaaﬂummu
: 56 Ju(A) 3 AseAadu) Sauaz 60.4 lapninndnl@sumenis
ferric carboxymaltose 147 101 154 111.8 5‘1J1Jiu‘lll’]‘Ll°15\1‘W‘LIiFJEIF,\]w 34.7 pel

(1,000 .
Aaluran 15 wifi)

HesANIEAA

S2AU serum ferritin LAz TSAT melu
Tunduill§sumavasaidansnnniings
flFsumenasulssmuaeneiiiosaty
NNADRA
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watiAssnnslimanneraaniian

wianiuasiidrdyderiminfiiwiesndaululy
Waiaauasuazizaddiulvnalusemedududdnlung
§59 adenosine triphosphate @vlumenduiumandifivsanm
wniiuiufioafanadesesemeldauinamzimin (ron
overload) fimsazanaauwmaniuidioiie Tnsnmzuniluseme
424l hepcidin (uhamuasmsgadumaniianld uasdeeiulsi
TiAanzwdniiuluseme mslimdnmevasnidanazyih
nalnnamuawlay hepcidin (iU Fvldagudunmaainmsli
Wi asndmiulifiAn?

1. amzmaniiu (Iron overload)

Tnsmsdnsaulna)idugiaedivenidaanievana
dan Wisrhnmanmanduwsimanwiwudd T1 contrast and
T2 contrast MRl WU hepatic iron overload Tuszaviiaeie
uussduiunuiiviovas 84 lnewuindussduquussiviesas
36 FanuRenudniusfuruesesmsniilinimasaiion
Wunanummansuasldluyiinuige uenanisonu
fievhms autopsy °1u&§ﬂ’m‘17iﬂam§amm\maaﬂLﬁamwumas
hepatosplenicsiderosis $puaY 36 WATWUINLIDAANASAN
Tustoasnnln dasnhivios uasten usswurBinaniosd Wil I
ey Auaau

2. n19LAA oxidative stress

N17% oxidative stress fidauLipataviuaiig
atherosclerosis uazmstinlsamla lasfinsfneluny®
iieguarasmsliianmeviaanidonlus lipid oxidation
wazmsatesas (cell injury)Imﬂif proximal tubule 989y
LAY human proximal tubule WU WdnuAazLuuinsiin
lipid oxidation wiiauiulaefinudn iron sucrose vinlsinns
ﬁm’mmaémnﬁqm JONAINIAB iron glucose LA iron dextran
wazEIWLTT aortic endothelial cell #MIua§y wasialni
wuidimsAnsluginelsaladen wodwdsannldiminme
wanaiionazd sedulusfuludasie wWindu Taewuain
Tu iron sucrose walugihelsalniZeseszozgaing wuhieu
ANWUSVEY common carotid artery intima-media thickness
Foiflusiiuediniin atherosclerosis UUSNUYeNsRIMAN
filsmeviaanidonuazssiy serum ferritin®® fnsfnenfivinlu
ithefinenidaameasaidoalasmslimdnnisvann dannwy
56U oxidative stress RNTY

nalnudnzessmedildtlasiumsiin unbound iron
@ hepcidin, transferrin ferroportinilaz ferritin fimM3@nun ek
mannerapALRanfAe iron sucrose 100 un.lusednfinui
§1 unbound iron :NTUGS 4 Wh wasWUR superoxide generation
fu¥puay 53-70 lae free iron @wnsavl#LAa hydrogen
peroxide WRZEWNAMWALAR hydroxyl radical Fogssiiiana
Jufingein denature ¥8Y lipid , proteins waz DNA {inans
reactive oxygen species (ROS) AT

3. maiinlsaialauazviasnidan

diavnmsldmsnmenasadesaviliiin oxidative
stress aWWAFBD vascular endothelium LiANNIE atherosclerosis

mnﬁu LLazﬁmiﬁu’lﬁuma\i carotid artery media-intima e
fimnuduius fudasuzeseuamdnilinimasaiionly
wiazd?® Taawudnfdanudnius fsenineysanaundniu
protein oxidation product Tu atherosclerotic plaques Lag
J26 serum ferritin ANNFNAUSTUUSINUTRIUAN LAY lipid
oxide Tu carotid endarterectomy specimens angtheiinme
atherosclerosis®

4. nsAnde

wisniusnsfidvendelaaiildlumasadivla ms
T msnnienasaiionerai i idalsnasyifvlanndu
wenanfinmemaniiugevilfAnmIzCDa+ T —cell depletion
induanusisiasiinnaz immune dysfunction Tugihsln
Besvszurgaineildsumssnndenslimdnmevasaidon
loewuhnsimannmeasadeasuageihlvinaln phagocytic
activity uazausasalumsiasdelsnanay Taefing
Anw ey Parkkinen wazans® Tugihewanidesmmasnidon
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Intravenous iron supplementation in anemia
of non-dialysis CKD patients

Siriwan Nakwan, Paweena Susantitaphong
Division of Nephrology, Department of Medicine, King Chulalongkorn Memorial Hospital

Abstract

Oral iron therapy is commonly used for iron deficiency anemia therapy in non-dialysis chronic kidney
disease. The response rate is still not well. Intravenous iron supplementation might be alternative choice. This strategy
remains controversial for anemia management in this population. This review demonstrated that intravenous iron
supplementation had significantly increased serum ferritin and transferrin saturation ratios. Intravenous iron therapy
could quickly reach and maintain hemoglobin level more than oral iron supplementation. However, the safety of
intravenous iron still had unclear clinical relevance from this review. Therefore, Intravenous iron therapy in anemia of
non-dialysis chronic kidney disease patients may give some benefits such as delay or reduced the need for other
anemia managements including erythropoietin therapy and blood transfusions.

Keywords: iron deficiency, intravenous iron supplementation, chronic kidney disease
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Efficacy of adjusted and fixed dosage of calcium

carbonate regimens as phosphate binder in
dialysis patients: A randomized controlled trial

Norrawee Pumchandh, Janjira Prapakorn, Ouppatham Supasyndh, Amnart Chaiprasert,
Naowanit Nata, Bancha Satirapoj
Division of Nephrology, Department of Medicine,
Phramongkutklao Hospital and College of Medicine, Bangkok, Thailand

Abstract

Background: Hyperphosphatemia contributes to cardiovascular disease in dialysis patients. An inadequate relation
of phosphate binder dose to meal inorganic phosphorus content may be one of the important factors for uncontrolled
serum phosphate.

Objective: To compare the mean changes of serum phosphate and calcium levels between the adjusted CaCOSdose
regimen (AD) group and the fixed CaCOa dose regimen (FD) group.

Methods: We conducted a randomized controlled trial comparing the AD regimen with the FD regimen in dialysis
patients for 12 weeks. The adjusted CaCO3 dosage to dietary phosphate intake was an individually prescribed AD
regimen. The mean change of serum phosphate, calcium and bone biomarkers and the side effects were evaluated.
Results: Seventy patients completed the study (35 AD, 35 FD). The average daily doses of CaCO3 (2.1 g/day) were
similar in both groups. Serum phosphate level at baseline was 5.44+1.17 mg/dL and the mean change in serum
phosphate was -1.01+1.59 mg/dL in the AD group. In the FD group, serum phosphate level at baseline was 5.15+1.30
mg/dL and the mean change in serum phosphate was -0.26+1.35 mg/dL. A significant difference was found between
the mean changes of serum phosphate in both groups (p= 0.035). In addition, a significantly greater decrease of
serum calcium levels was found in AD regimen (AD; -0.52+1.05 vs. FD; +0.53+0.77 mg/dL, p <0.001). Serum intact
parathyroid, and dose of vitamin D analogues did not change in either group throughout the study. Incidence of
constipation significantly increased in the FD group (17.1% vs. 2.8%, p=0.046).

Conclusion: This study indicates that the administration of AD regimen in patients receiving dialysis is effective for
controlling serum phosphate and calcium levels and this regimen is safe and well-tolerated in patients undergoing
dialysis.

Keywords: calcium carbonate, phosphate binder, dialysis

Background

Hyperphosphatemia is intimately related to the common
development of cardiovascular disease risk in chronic kidney
disease (CKD), increased fibroblast growth factor (FGF)-23
levels, and secondary hyperparathyroidism."? These adaptive
endocrine alterations are a potential concern because high
circulating levels of intact parathyroid hormone (intact-PTH) play
an important role in the development of renal osteodystrophy,
and elevated circulating FGF-23 concentrations are strongly
associated with increased cardiovascular mortality and renal

failure.*® In the setting of hemodialysis patients, comparing
serum phosphate concentrations between 4.0 to 5.0 mg/dL
(1.29 to 1.61 mmol/L), an increased relative risk of death
was noted for serum phosphate levels >5.0 mg/dL (1.61
mmol/L). The relative risk increased gradually from 1.07 to
2.02 at serum phosphate levels of 5.0 to 6.0 and more than
9.0 mg/dL, respectively.® Among dialysis patients, the Kidney
Disease Outcomes Quality Initiative (K/DOQI) guidelines
suggest maintaining serum phosphate levels between 3.5
and 5.5 mg/dL (1.13 and 1.78 mmol/L). By comparison, the
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2009 Kidney Disease: Improving Global Outcomes (KDIGO)
practice guidelines only recommend lowering levels toward
the normal range. Two principal modalities are used in an
attempt to prevent and/or reverse the hyperphosphatemia of
renal failure. The first is restricting dietary phosphate intake
and the latter is the administration of different agents, named
phosphate binders, to bind ingested phosphate in the gut.
Many clinicians use calcium carbonate (CaCOS) phosphate
binders initially for all patients who are not hypercalcemic with
careful monitoring of the serum calcium and phosphorous levels.

Calcium carbonate as a phosphate binder effectively
reduces intestinal phosphate absorption, but is mostly dosed
inadequately in daily clinical practice.”® The typical fixed
dosing regimen, such as CaCO3 (1.5g) half of pill for each
meal, does not take into account meal-to-meal variations in
phosphate content. In addition, patient compliance is often
poor including complete neglect of the phosphate binder pills,
inadequate timing of phosphate binder intake and inadequate
ratio of CaCO3 to dietary phosphate intake in each meal.

For the first time, this study tested the adjusted dosage
and the fixed dosage of CaCO3 regimen within a randomized
controlled trial. We initiated the dietary phosphate count by a
three-day food record method to guide the dietary phosphate
intake per meal of the patients to adjust the dosage of CaCO3
in each meal monthly for three months of study. Compared
with the fixed dosage of CaCOs, it was hypothesized that
serum phosphate levels of the patients in the adjusted dosage
of CaCO3 regimen would be significantly lower.

Materials and Methods

A 12-week open labeled, randomized, controlled
study was conducted in patients undergoing maintenance
hemodialysis (MHD) or continuous ambulatory peritoneal
dialysis (CAPD) at the Dialysis Unit of Phramongkutklao
Hospital. The study was approved by the Institutional
Review Board of the Phramongkutklao Hospital and College
of Medicine. Treatment protocol patients were randomized
by a block of four randomizations. Inclusion criteria in the
study included age, 18 years or older, treatment with MHD or
CAPD for at least 3 months and serum phosphate more than
4.5 mg/dL. Exclusion criteria included primary or tertiary
hyperparathyroidism, postsurgical parathyroidectomy, currently
using noncalcium-based phosphate binders, patients with
adynamic bone disease, persistent hypercalcemia, patients
with gastrointestinal problems and patients with psychiatric
problems. All patients gave informed written consent and
joined medical interviews. Eligible patients were randomly
assigned to two groups. The tablets of CaCO3 (350mg) were
prescribed for the patients in two groups for 6 tablets per

day orally. The dosage of CaCO3 in the adjusted dose (AD)
group was adjusted to the dietary phosphate intake per meal
(Example: 1 tablet orally with breakfast, 2 tablets orally with
lunch and 3 tablets orally with dinner when the amount of
the dietary phosphate intake at breakfast was less than lunch
and lunch was less than dinner).In contrast, the fixed dose
(FD) group applied in CaCO3 (350 mg) for 2 tablets orally
three times a day. The primary outcome was the change of
serum phosphate between the adjusted CaCO3 dose regimen
and the fixed CaCO3 dose regimen. The secondary outcomes
were the change of serum calcium, intact-PTH and the side
effects of both treatment regimens.

Dietary Phosphate Intake Count Method

A Three-day food record was completed monthly
to assess the dietary phosphate intake in each meal for all
patients. The dietitian calculated the phosphate count by
Immucal Program based on the National Phosphate Database
of Thailand, Mahidol University.

Clinical Laboratory Measurements

Laboratory testing including serum phosphate, serum
calcium, serum albumin, serum intact-PTH, completed blood
count, blood urea nitrogen (BUN) and serum creatinine were
performed in both groups at baseline, 4 weeks, 8 weeks and
the end of the study.

Safety Monitoring

Adverse events that were or were not considered to
be related to treatment were monitored every four weeks.
The patients were questioned each time in a systematic way
about their experiences concerning adverse events during
the previous four weeks.

Statistical Analyses

Statistical analyses were performed using SPSS 16.1
software program. Continuous variables between study and
control groups were compared with unpaired t-tests.
Continuous variables between baseline and at the end of
study for each group of patients were compared using paired
t-tests. Chi-square test was used to examine the categorical
outcome. Statistical significance was taken as p<0.05.

Result

Subjects

A total of 100 patients in the dialysis unit were
screened for possible study enroliment. Seventy patients were
eligible according to the entry criteria. Thirty-five patients
were assigned to the FD group, and 35 individuals to the
AD group. No patient was lost to follow-up or drop out from
this study. All 70 patients were 100 percent adherent to the
treatment prescription based on pill counts. The patients’
baseline characteristics are shown in Table 1.
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Table 1 Baseline characteristics of the study population

Parameter Adjusted dose group (N=35) Fixed dose group (N=35) p-value

Male (%) 68.8 714 0.794
Age (years) 54.4+11.7 54.8+12.5 0.883
Dialysis type (hemodialysis, %) 51.4 48.6 0.564
Duration of dialysis (years) 44434 41+4.0 0.563
Nutritional vitamin D dose (Wg/wk) 75,100+30,300 37,300+20,200 0.308
Active vitamin D dose (IU/wk) 1.7+0.4 1.6+0.3 0.903
Underlying diseases (%)

-Type 2 diabetes 371 48.6 0.334
-Hypertension 97.1 97.1 1.000

Data are mean +SD

Blood Measurements

Blood chemistry profiles of the study population at
baseline are shown in Table 2. The baseline characteristics
and the adequacy of dialysis of the AD and FD groups did
not differ. At the end of study, the mean change of serum
phosphate in the AD group was significantly decreased from
baseline at 4, 8 and 12 weeks (-0.68+0.87 mg/dL, -0.90+1.25
mg/dL, -1.01+1.59 mg/dL, p=0.001) and significantly
decreased when compared with the FD group at 12 weeks (the
AD group -1.01+1.59 mg/dL vs. the FD group -0.26+1.35 mg/

Table 2 Laboratory characteristics of the study population

dL, p=0.035) (Tables 3 and 5). Serum calcium was significantly
decreased from baseline in the AD group but increased
from baseline in the FD group (the mean change of serum
calcium at 12 weeks; the AD group -0.52+1.05 mg/dL vs.
the FD group 0.53+0.77 mg/dL, p=0.001) (Tables 4 and 5).
Serum intact-PTH decreased from baseline in both groups
but not significantly different (the mean change of serum
intact-PTH; the AD group -109.33+357.99 ng/mL vs. the FD
group -65.16+176.61 ng/mL, p=0.531) (Table 5).

Parameters Adjusted dose group (N=35) Fixed dose group (N=35) p-value
Serum calcium (mg/dL) 9.06+0.91 9.28+0.67 0.255
Serum phosphate (mg/dL) 5.4441.17 5.15+1.30 0.328
Intact-PTH (ng/mL) 475.1+405.3 399.1+334.2 0.400
Serum albumin (g/dL) 3.7+0.4 3.8+0.8 0.635
Hemoglobin (g/dL) 10.8+1.6 10.7+1.9 0.837
BUN (mg/dL) 56.6+14.9 52.3+20.9 0.318
Serum creatinine (mg/dL) 11.243.1 11.8+4.1 0.195
spKt/Vurea (hemodialysis cases) 1.7+0.3 1.6+0.2 0.496
Data are mean +SD, spKt/Vurea: single pool Kt/V urea
Table 3 Mean change of serum phosphate* (mg/dL)
Duration Adjusted dose group (N=35) Fixed dose group (N=35) p-value**
Week 4 -0.68+0.87 -0.20+1.15 0.058
Week 8 -0.90+1.25 -0.60+1.48 0.350
Week 12 -1.01+1.59 -0.26+1.35 0.035

Data are mean +SD, *Mean change of serum phosphate
phosphate, ** Unpaired t-test

Serum phosphate at the end of study — Baseline serum
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Table 4 Mean change of serum calcium (mg/dL)

Duration Adjusted dose group (N=35) Fixed dose group (N=35) p-value**
Week 4 -0.19+0.66 0.09+0.78 0.106
Week 8 -0.34+0.89 -0.16+1.73 0.570
Week 12 -0.52+1.05 0.53+0.77 0.001

Data are mean+SD, Mean change of serum calcium = Serum calcium at the end of study — Baseline serum calcium, **

Unpaired t-test

Table 5 Serum phosphate (mg/dL), serum calcium (mg/dL) and iPTH (ng/mL)

Parameter Duration Adjusted dose group (N=35) Fixed dose group (N=35) p-value**
Serum phosphate (mg/dL) Week 0 5.44+1.17 5.15+1.29 0.328
Week 4 4.77+1.14 p=0.001* 4.95+1.12 p=0.310* 0.508
Week 8 4.54+1.21 p=0.001* 4.55+1.43 p=0.023* 0.957
Week 12 4.43+1.29 p=0.001* 4.89+1.38 p=0.267* 0.150
Serum calcium (mg/dL) Week 0 9.06+0.91 9.28+0.67 0.255
Week 4 8.86+0.75 p=0.092* 9.37+1.09 p=0.500* 0.028
Week 8 8.72+0.81 p=0.031* 9.12+1.81 p=0.600* 0.234
Week 12 8.54+0.84 p=0.006* 9.81+0.94 p=0.001* 0.001
iPTH (ng/mL) Week 0 475.1+405.3 399.1+334.2 0.400
Week 12 357.84253.6 p=0.094* 334.9+406.5 p=0.036* 0.777

Data are mean +SD, *Paired t-test (compared within group from baseline), ** Unpaired t-test (compared between group)

Dietary Phosphate Intake and the Dosage of
Calcium Carbonate

The total dietary phosphate daily intake in both groups
did not differ (Table 6). All patients in the FD group took
CaCO3 2 tablets oral with meal three times daily. The dosage
of CaCO5 was 1 tablet orally with breakfast, 2 tablets orally
with lunch and 3-4 tablets orally with dinner for most patients
in the AD group.

Safety Profile

During the 12-week study period (Table 7), three of

Table 6 Total phosphate dietary intake per day

the 35 patients (5.7%) in the AD group developed symptoms
of dyspepsia and nausea/vomiting. These adverse events
were unreported in the FD group, but showed no significant
difference in both groups (p=0.151). Seventeen percent of the
patients in the FD group presented constipation whereas this
adverse event developed at 2.8% in the AD group (p=0.046).
The percentages of the patients with serum calcium between
10 and 10.5 mg/dL were 42.8% in the FD group compared
with 2.8% in the AD group (p=0.001). No patients dropped
out from the study due to serious adverse events.

Phosphate intake (mg/day) Adjusted dose group (N=35) Fixed dose group (N=35) p-value**
Week 4 653.19+218.99 597.73+217.37 0.397
Week 8 693.54+227.71 574.88+186.27 0.069
Week 12 657.26+251.71 568.96+196.14 0.267

Data are mean +SD
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Table 7 Adverse Events

Adverse Events Adjusted dose group N (%) Fixed dose group N (%) p-value*
Dyspepsia 3 (5.7) 0 0.151
Nausea and vomiting 3 (5.7) 0 0.151
Constipation 1 (2.8) 6 (17.1) 0.046
Serum Ca 10-10.5mg/dL 1 (2.8) 15 (42.8) 0.001

* Chi-square test

100 patients were eligible

16 denied participation
14 not met the criteria

70 patients underwent
randomization

il

Adjusted dose group
N=35

y

Follow up 12 weeks
35 completed the study

Figure 1 The study population

Discussion

The present randomized controlled trial introduces a
novel concept for the management of hyperphosphatemia
in dialysis patients. The adjusted dosage regimen of CaCO3
significantly improved serum phosphate levels and decreased
the incidence of hypercalcemia from the current treatment.
The adjusted dosage regimen decreased the mean change
of serum phosphate within group and between groups. The
inadequate relation of CaCO3 to dietary phosphate intake
was a critical point of management of hyperphosphatemia. In
clinical practice, CaCOgis preferentially prescribed as a fixed
dose regimen, such as one and half tablets of CaC031.5 g
three times daily. . This pattern is based on the assumption
that dietary phosphate intake is relatively stable and predictable.
However, our analysis of the dietary phosphate intake revealed
a strong meal-to-meal and day-to-day variability pattern. The
dietary phosphate was higher at lunch and dinner in the most
patients on dialysis in this study. With regard to this variability,
the CaCOsprescription in fixed dose regimen is obviously
inappropriate offering no possibility for CaCO3 adjustment
to the actual dietary phosphate intake. Therefore, this novel
regimen empowered the efficacy of CaCO3 to reduce serum
phosphate in this setting.

it

Fixed dose group
N=35

A

Follow up 12 weels
35 completed the study

The junior PROPHET study'® showed the power of the
innovative Phosphate Education Program (PEP) in the self-
adjustment of phosphate binder bases on the eye-estimate
meal phosphate model. This model was applied for real time
dietary phosphate monitoring. Serum phosphate at baseline
significantly decreased after 12 weeks (6.00+0.71 mg/dL to
5.19+0.92 mg/dL) by this model. The mean change of serum
phosphate of the junior PROPHET study was similar to this
present study in that the mean change of serum phosphate
at 12 weeks was around 1 mg/dL. The calcium based
phosphate binders and the noncalcium based phosphate
binders were applied in the previous study. Additionally,
the long term effect of this real time adjusted dosage of
the phosphate binders failed to demonstrate the efficacy of
this regimen after 12 weeks of the study period. The dietary
phosphate intake revealed a strong meal-to-meal and day-to-day
variability pattern the same as the present study.

Serum calcium in the fixed dose regimen was higher
from baseline in contrast with the adjusted dose regimen
where serum calcium declined from baseline significantly.
Some patients in this study did not consume about 10%
of dinner. In addition, the conventional fixed dosage regimen
of CaCO3 increased the probability of the exposure of CaCO3
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without meals. Many patients take their CaCO3 pills three
times daily without considering mealtimes."" However, the
synchronization with mealtimes is crucial for the adequate
binding of dietary phosphate. Unsynchronized intake of
phosphate binders significantly increases the absorption
of ingested phosphate when compared with concomitant
intake of phosphate with meals is well established.' *In this
regard, the adjusted dose regimen offers conditions for more
adequate timing of CaCO3 intake by relating meals directly to
avoid the side effect of CaCOS, hypercalcemia. The incidence
of the patients with serum calcium in the range of 10-10.5
mg/dL was higher in the fixed dose regimen.

The symptom of constipation developed for 13.4% of
the patients, who were prescribed 1.2 g of CaCO3 daily to
prevent osteoporotic fracture.™ In this study, the percentage
of dialysis patients with constipation was 17.1% and reduced
to 2.8% when we applied the adjusted dose regimen. The
timing pattern of CaCO3 supplementation in the mentioned
study produced similar side effects with the fixed dose regimen
of CaCO3 as phosphate binder in this study.

The cost of treatment of hyperphosphatemia with
the novel regimen of adjusted dose CaCO3 is only six baht
daily. When compared with the higher cost of the noncalcium
based phosphate binder, the cost of this treatment regimen is
reasonable to apply as a bridging therapy for dialysis patients
who develop both hyperphosphatemia and hypercalcemia.

The limitations of this study included no real time
dietary phosphate intake monitoring and no determined
major outcomes from hyperphosphatemia such as vascular
calcification, cardiovascular events and mortality. The
three-day food record could only predict the pattern of the
amount of the food and the dietary phosphate consumption
of individual patients but it could not represent the real
dietary phosphate intake in each meal. Further study needs
to explore the composite outcome and long term benefit of
this novel adjusted dose regimen of CaCOa.

Conclusion

This is the first randomized controlled trial using the
novel adjusted dosage regimen of CaCO3 as phosphate
binder in treating hyperphosphatemia in dialysis patients. The
benefit of this regimen when compared to the fixed dosage
regimen included the reduced incidence of hypercalcemia
and side effects of CaCO3 such as constipation.
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Free light chain in peritoneal effluentand
bacterial peritonitis in chronic
peritoneal dialysis

Karn Wongtuntakorn, Thatsaphun Srithongkul, Nipa Aiyasanon, Pensiri Srisuntorn, Suchai Sritippayawan
Division of Nephrology, Department of Internal Medicine, Siriraj Hospital, Mahidol University

Abstract

Background: Free immunoglobulin light chains (FLC) from peritoneal effluent were shown to inhibit some neutrophil
functions. These effects depended on the level of FLC. A small previous proteomic study also showed a correlation
between the level of FLC and peritonitis rate.

Objective: The aim of this study was to demonstrate the value of the FLC level and excretion in peritoneal effluents
as a predictor of bacterial peritonitis in chronic peritoneal dialysis (CPD) patients at Siriraj Hospital.

Methods: Fifty-three CPD patients having standard peritoneal equilibration test (PET) performed before developing
peritonitis and followed up from 2009-2015 were enrolled in the study. The peritoneal effluents at the end of a standard
PET were stored at -70°C before kappa and lambda FLC assays. Peritonitis events including type of organism, duration
on CPD and standard PET data were collected to determine the association between variables and FLC data.
Results: Fifteen patients had peritonitis(5 gram positive and 6 gram negative bacteria, 4 no growth cultures). The
kappa, lambda FLC levels and kappa:lambda ratio were 5.8+3.5 mg/L, 2.7+1.6 mg/L and 2.1+0.5, respectively. The
kappa, lambda FLC and ratio in 4-hour excretions were 15.249.4 mg, 7.8+5.2 mg and 2.1+0.7, respectively.Forty-one
patients followed up more than 18 months had no difference in total FLC levels (7.7+4.5 vs. 8.9+5.6 mg/L) &
excretions (20.1+12.5 vs. 23.4+14.8 mg/4hr) between peritonitis & nonperitonitis groups.Gram positive peritonitis
patients tended to have higher total FLC levels (10.7+3.8 vs. 7.0+3.3 mg/L) and excretions (27.9+10.2 vs. 19.2+9.5
mg/4hr) than gram negative peritonitis patients.FLC levels and excretions significantly correlated with the Dcr/Pcr
(0.561 and 0.529, respectively, p<0.01).

Conclusion: Peritoneal FLC levels and excretions, both kappa and lambda, depended on peritoneal solute status
and could not predict the risk of peritonitis among chronic PD patients.

Keywords: peritoneal free light chains, peritonitis, peritoneal dialysis

Introduction free immunoglobulin light chains (FLC) and peritonitis rate,

Peritoneal dialysis related peritonitis is one of the
most important causes of morbidity and mortality in chronic
peritoneal dialysis (CPD) patients.' Peritonitis effects damage
to the peritoneal membrane and can lead to discontinued
peritoneal dialysis and switching to hemodialysis.2 Therefore
the preventionand rapid treatment of peritonitis to terminate
inflammation is the most proper alternative to preserve
peritoneal membrane function.

M. Haag-Weber and colleagues’ isolated and characterized
the kappa and lambda light chain monomers and dimers
from peritoneal dialysis effluents(PDE) obtained from CPD
patients, that could inhibit the phagocytotic functions of
neutrophils. Furthermore, the proteomic study of Sritippayawan
and colleagues® showed the correlation between the level of

that is, CPD patients who had peritonitisafter 1 year follow
up tended to have higher levels of immunoglobulin kappa
lightchain VLJ region in their PDEthan peritonitis-free patients.
This can explain that both kappa and lambda FLC can disturb
the essential neutrophilfunctions, including chemotaxis and
activation of cellularglucose uptake, and can also attenuate
neutrophil apoptosis.’Therefore, the free immunoglobulin light
chains level in PDE is one important factor contributing to
enhanced risk of infection in CPD patients.

The objective of this study was to demonstrate the
value of the FLC level and excretion in peritoneal effluents
using Nephelometric assay as a predictor of bacterial
peritonitis in CPD patients at Siriraj Hospital.
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Materials and Methods

Setting and Study Population

A retrospective cohort study was performed in the
Peritoneal Dialysis Clinic of Siriraj Hospital. A total of 53 CPD
patients who had standard peritoneal equilibration test (PET)
performed and followed up from 2009-2015 were enrolled in
the study. All patients were older than 18 years and free from
peritonitis before the study. Patients who had hematologic
malignancy were excluded.
Data Collection

The following clinical anddemographic data were
collected including age, sex, comorbidity disease (Charlson
Comorbidity Score, CCS), residual urine output and peritoneal
small solute clearances determined by weekly peritoneal urea
clearance normalized with distributionvolume of urea (pKt/
Vurea). Peritonitis events including type of organism, duration
on CPD and standard PET data were collected for studying
the association between variables and FLC data.

Sample Collectionand Measurement

The peritoneal effluents at the end of a standard PET
were stored at -70°C.We used the Nephelometric assay with
Freelite Human Kappa and Lambda Free kit to measure kappa
and lambda FLC concentration (reported in mg/L) and
calculated the excretions of FLC, both kappa and lambda,by
multiplying with the drain volume in 4 hours (reported in mg).

Statistical Analysis

Descriptive statisticswere calculated for all variables
of interest. Continuous variables were expressed as the
mean+SD and categorical variables were expressed as number
of cases and percentages.Correlation was used to assess
the relationship between the peritonitis event and the kappa
and lambda FLC level and excretion in peritoneal effluents.
ANOVA was used to comparethe kappa and lambda FLC level
and excretion in peritoneal effluents and type of organism,
duration on CPD and standard PET data. Analyses were
performed with SPSS software, version 20.0. P <0.05 was
considered statistically significant.

Results

The baseline characteristics of the 53 CPD patients
are depicted in Table 1. About two thirds of patients were
men and diabetes. Residual urine output was preserved
(620 mL/day). Dialysate-to-plasma creatinine ratio (D/PCr) by
standard PET held high averages of the peritoneal membranes
of transport rates (0.67).

Table 1 Demographic data of 53 CPD patients

Parameters CPD Patients

Age (years) 64 + 13
Men (%) 32 (60.4%)
Body weight (kg) 57 + 13
Diabetes mellitus (%) 64
Charlson Comorbidity Score(CCS) 71 +23
Residual urine output (L/day) 0.62 + 0.44
D/PCr 0.67 + 0.11
Weekly pKt/Vurea 2.13 + 0.56

Abbreviations used: D/PCr = Dialysate-to-plasma
creatinine ratio, pKt/Vurea = peritoneal Kt/Vurea

Peritonitis Events and FLC Level and Excretion in
Peritoneal Effluents

Fifteen patients had peritonitis including 5 gram
positive, 6 gram negative bacteria and 4 no growth cultures.
The kappa, lambda FLC levels and kappa: lambda ratio
were 5.8+3.5mg/L, 2.7+1.6 mg/L and 2.1+0.5, respectively.
The kappa, lambda FLC and ratio in 4-hour excretions were
15.249.4 mg, 7.8+5.2 mg and 2.1+0.7, respectively (Table
2).When we compared the FLC level and excretion between
the peritonitis and nonperitonitis group, no significant
difference was found of FLC level and excretion between
two groups, Moreover, the peritonitis free group tended to
have higher FLC level and excretion than the peritonitis
group (Table 2).

Table 2 Peritonitis event and the kappa and lambda FLC level and excretion in peritoneal effluents

Total (N=53) Peritonitis (N=15) No peritonitis (N=38) P value
Kappa FLC level(mg/L) 5.8+ 35 49 + 238 6.1 + 3.8 0.291
Kappa FLC in 4-hr excretions (mg) 15.2+ 9.4 7.7 + 13.0 99 + 16.0 0.301
Lambda FLC level (mg/L) 27+ 16 26+15 28+ 16 0.772
Lambda FLC in 4-hr excretions (mg) 7.8+ 52 41 + 6.9 55+ 82 0.466
Kappa:lambda ratio 21+ 05 04 +19 06 +22 0.071
Kappa: lambda ratio in 4-hr excretions 21+ 0.7 04 +19 0.7 + 2.2 0.210
Total FLC level (mg/L) 8.8+ 5.1 42476 5.4+49.3 0.277
Total FLC in 4-hr excretions (mg) 13.3+23.0 11.6+20.0 13.9+24.2 0.312
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Table 3 Subgroup analysis of the type of organism and the kappa and lambda FLC level and excretion in peritoneal effluents

Gram positive Gram negative = No growth cultures P value
Kappa FLC level(mg/L) 6.9 + 25 46+ 2.3 3.0+ 2.7 0.282
Kappa FLC in 4-hr excretions (mg) 6.9 + 179 6.6 + 12.7 7.3+ 7.6 0.266
Lambda FLC level (mg/L) 3.8+ 1.5 23+ 11 1.7+ 1.5 0.218
Lambda FLC in 4-hr excretions (mg) 3.8 + 99 3.1 +65 41+ 41 0.342
Kappa:lambda ratio 05+19 0.5 +2.0 1.7+ 0.2 0.289
Kappa: lambda ratio in 4-hr excretions 05+ 19 05+19 1.7+ 0.2 0.604
Total FLC level (mg/L) 3.8 + 10.7 33+70 41 + 47 0.233
Total FLC in 4-hr excretions (mg) 10.2 + 27.9 95 + 19.2 1.7 +11.4 0.217

Furthermore, subgroups were analyzed for the type
of organism and the kappa and lambda FLC level and
excretion in peritoneal effluents. No significant difference
was found in FLC level and excretion among gram positive,
gram negative bacteria and no growth cultures groups (Table
3).Gram positive peritonitis patients tended to have higher
total FLC levels (10.7+3.8 vs. 7.0+3.3 mg/L) and excretions
(27.9+410.2 vs. 19.2+49.5 mg/4hrs) than gram negative
peritonitis patients(Table 3).

Duration on CPD and Kappa and Lambda FLC
Level and Excretion in Peritoneal Effluents

Forty-one patients followed up more than 18 months
had no significant difference in total FLC levels (7.7+4.5 vs.
8.9+5.6 mg/L) and excretions (20.1+12.5 vs. 23.4+14.8
mg/4hrs) between the peritonitis and nonperitonitis groups
(Table 4). Moreover, the peritonitis free group tended to
have higher total FLC level and excretion than the peritonitis

group.

Table 4 Duration on CPDand the kappa and lambda FLC level and excretion in peritoneal effluents

Duration on CPD< 18 mo.

Duration on CPD> 18 mo.

(N =12) (N = 41)
Peritonitis No peritonitis Peritonitis No peritonitis

(N=2) (N =10) (N =13) (N = 28)
Kappa FLC level(mg/L) 46 + 0.1 7.0+ 3.6 5.0+ 29 5.8+ 3.8
Kappa FLC in 4-hr excretions (mg) 0.8+12.1 8.1+ 18.2 8.3+13.2 10.5+15.2
Lambda FLC level (mg/L) 27+ 13 32+ 1.8 26+ 16 26+ 1.6
Lambda FLC in 4-hr excretions (mg) 3.8 +7.3 3.9 +8.1 4.3+6.9 8.2+ 6.1
Kappa:lambda ratio 09 +1.9 2.3+ 0.7 04 +19 2.2+ 05
Kappa: lambda ratio in 4-hr excretions 09 +1.9 08 + 2.3 04 +19 21+ 0.7
Total FLC level (mg/L) 1.4+7.4 5.2+10.4 4.5+7.7 8.9+ 5.6
Total FLC in 4-hr excretions (mg) 4.6+19.4 11.4+26.2 12.5+20.1 14.8 + 23.4

D/PCr and Kappa and Lambda FLC Level and
Excretion in Peritoneal Effluents

Peritoneal membrane transport in our study was shown
as D/PCr 0.67. All CPD patients were grouped as high (H),
high average (HA), low average (LA), and low (L) transporters,
which were defined by dialysate/serum creatinineratios
during 4-hour dwell time (D/PCr) as 0.81-1.03, 0.65-0.80,
0.50-0.64 and 0.34-0.49, respectively. When we compared
the FLC level and excretion and type of peritoneal membrane

transport, we found the significant relationship of kappa and
total FLC level and excretion was higher in high D/PCr than
high average, low average, and low, respectively (Table
5). Posthoc multiple comparisons of the type of peritoneal
membrane transport revealed kappa FLC level and excretion
significantly differed in all types of membrane transport but
lambda FLC level and excretion had no relation with type of
membrane transport and total FLC level and excretion
significantly differed except in LA and L transport (Table 6).



Journal of the Nephrology Society of Thailand 65

Table 5 D/Pcr and the kappa and lambda FLC level and excretion in peritoneal effluents

H (N = 4) HA (N=32) LA (N=12) L (N =5) P value
Kappa FLC level(mg/L) 10.9 + 41 6.5 + 3.2 39+19 19 +05 P=0.000
Kappa FLC in 4-hr excretions (mg) 11.8 + 28.4 84 + 169 10.2 + 5.6 49 + 11 P=0.000
Lambda FLC level (mg/L) 46 +17 30+15 22 +12 1.0+ 03 P=0.001
Lambda FLC in 4-hr excretions (mg) 47 + 12.0 46 + 8.2 57 + 35 6.9 + 10.0 P=0.177
Total FLC level (mg/L) 5.7+15.5 4.849.7 6.1 +29 45 + 42 P=0.001
Total FLC in 4 -r excretions (mg) 16.3+40.5 12.2+25.2 15.9 + 85 11.8 + 10.8 P=0.001

Table 6 Posthoc multiple comparisons of D/Pcr and the kappa and lambda FLC level and excretion in peritoneal effluents

H vs. HA H vs. LA Hvs. L HAvs. LA HAwvs. L LA vs. L
Kappa FLC level(mg/L) P=0.015 P=0.000 P=0.002 P=0.012 P=0.000 P=0.004
Kappa FLC in 4-hr excretions (mg) P=0.019 P=0.001 P=0.003 P=0.014 P=0.000 P=0.007
Lambda FLC level (mg/L) P=0.052 P=0.006 P=0.002 P=0.089 P=0.000 P=0.008
Lambda FLC in 4-hr excretions (mg) P=0.127 P=0.012 P=0.388 P=0.097 P=0.794 P=0.806
Total FLC level (mg/L) P=0.034 P=0.001 P=0.012 P=0.022 P=0.030 P=0.368
Total FLC in 4-hr excretions (mg) P=0.029 P=0.001 P=0.016 P=0.021 P=0.027 P=0.410

Table 7 Peritonitis eventand the kappa and lambda FLC level and excretion in peritoneal effluents based on D/Pcr group

D/Pcr < 0.67 D/Pcr > 0.67
(N = 26) (N = 27)
Peritonitis No peritonitis Peritonitis No peritonitis

(N=28) (N = 18) (N=7) (N = 20)
Kappa FLC level(mg/L) 3.8+ 25 42+ 25 6.2+ 2.5 7.8 + 3.8
Kappa FLC in 4-hr excretions (mg) 10.7.4+1 11.16.8+ 16.47.1+ 20.4+10.3
Lambda FLC level (mg/L) 1.9+ 1.1 21+ 13 3.4+ 16 3.3+ 16
Lambda FLC in 4-hr excretions (mg) 55.3 +3 6.85.6+ 8.1.449 9.3+ 5.3
Total FLC level (mg/L) 5735+ 6.93.9+ 9.0.4+7 11.5+ 5.7
Total FLC in 4-hr excretions (mg) 15.310.7+ 17.99.9+ 25.4+ 10.9 29.7+ 14.8
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Scatter plot showing correlation between D/PCr and the K and A FLC level and excretion in peritoneal effluents. A show K show FLC

level, correlation oefficient (r)=0.638, P=0.000. B show A FLC level. r=0.573 P=0.000. C show tatal FLC level, r=0.581, P=0.00. D show
K FLC in 4 hr excretions, r=0.611, P=0.000. E show A FLC in 4 hr excretions, r=0.459, P=0.001 and F show total FLC in 4 hr excretions,

r=0.529, P=0.000

When we divided the peritoneal membrane in 2
groups based on the mean D/Pcr of our study, D/Pcr <0.67
and D/Pcr >0.67, and we compared the peritonitis event and
the kappa and lambda FLC level and excretion in peritoneal
effluents of the 2 groups, we found no significant difference
in the level and excretion of kappa and lambda FLC in the
peritonitis and nonperitonitis groups (Table 7).

Figure 1 demonstrates the correlation between D/
PCr and the kappa and lambda FLC level and excretion in
peritoneal effluents. We found the kappa, lambdaand total
FLC levels and excretions significantly correlated with the
D/Pcr (p=0.000)

Discussion

This is the first study to demonstrate the correlation
between the value of FLC level and excretion in peritoneal
effluents and the bacterial peritonitis in CPD patients. The
previous proteomic study had shown a correlation between
the level of FLC and peritonitis rate’. In contrast, our study
showed no significant difference of FLC level and excretion
between the peritonitis and nonperitonitis groups. Furthermore,
the peritonitis free group tended to have higher FLC level
and excretion than the peritonitis group.

Peritonitis due to gram-positive organisms had
asignificantly better outcome than peritonitis due to gram-

negative organisms®. Gram-negative peritonitis have poorer
resolution rates than gram-positive peritonitis’ and gram
negative organisms appear to be an important factor of poor
outcome of peritonitis. Our study found that gram positive
peritonitis patients tended to have higher total FLC levels
and excretions than gram negative peritonitis patients. This
might be from the contamination with gram positive skin
organisms and related techniques, so chronic inflammation
might have an FLC level higher than the gram negative
peritonitis.

The duration of peritoneal dialysis has been associated
with alterations in peritoneal membrane structure and
peritoneal macrophage function®. Many studies® *have
shown inconclusive results on the duration of peritoneal
dialysis affecting the outcome of peritonitis. Our study showed
no significant difference in total FLC levels and excretions in
patients who were followed up more than 18 months between
the peritonitis and nonperitonitis groups.

High peritoneal membrane transport indicated
high protein loss in the PDE. Similar to our study, higher
peritoneal membrane transport were significantly higher for
the kappa, lambda and total FLC level and excretion. When
we compared the type of peritoneal membrane transport
and kappa, lambda and total FLC level and excretion
with posthoc multiple comparisons, only kappa and total
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FLC level and excretion significantly differed in all types of
membrane transport. However, lambda FLC level and excre-
tion had no relation as kappa and total FLC. Consequently,
we can conclude that peritoneal membrane transport is a
significant factor to predict the kappa, lambda and total FLC
level and excretion.

Conclusion

Peritoneal FLC levels and excretions, both kappa and
lambda, depended on peritoneal solute status and could not
predict the risk of peritonitis among chronic PD patients.
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CPC-Clinicopathological [@elgiiEiEiglefs!

Rapidly decline renal function in patients
with respiratory failure and pulmonary
hemorrhage
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Vital signs: Body temperature 36°C, pulse rate 80/min,
respiratory rate 22/min, blood pressure
140/60 mmHg

GA: An elderly Thai woman, stuporous, and

tachypnea on ET TUBE

HEENT: Moderately pale conjunctiva, no
icteric sclera, no oral ulcer, no malar
rash, no discoid rash and no
lymphadenopathy

CVS: JVP 3cm above sternal angle, pulse full
and regular, PMI at 6" ICS MCL, normal
S1/82, no murmur

Lungs: Crepitation both lungs, no wheezing

Abdomen: Active bowel sound, soft, liver span 10 cm,
no splenic dullness on percussion

KUB: Not tender at both sides of CVA

Extremities: No pitting edema

Eye grounds: No diabetic retinopathy

Neurological: E3V4M6, no neurological deficits

wamsasoomvRovUUamsIGovdu

CBC: Hb 12,6 g/dL, Hct 38.6 %, WBC 48,200/mm”
(PMN 84% L 6% M 5%), Platelets
430,000/mm®, MCV 82.7fl, RDW 16.5%,
Reticulocyte count 2.6%

UA: Clear, yellow, pH 5.0, sp gr. 1.011,
protein 2+, WBC 5-10/HPF, RBC 10-20/
HPF and RBC casts

Urine protein 24 hr: 1.62 g/day

BUN 142.4 mg/dL, serum Cr 6.4 mg/dL

Serum Electrolytes: SerumNa 132,K4.0,CI 83, 00231 mEg/L

Arterial blood gas: pH7.21,p0283.5mmHg,pCOQ82.9mmHg,
HCO3 33 mEq/L, FiO2 1.0

Random plasma glucose: 321 mg/dL

LFT: Albumin 2.7 g/dL, globulin 4.4 g/dL,
total bilirubin 0.7 mg/dL, direct bilirubin
0.6 mg/dL, AST 13 U/L, ALT 5 U/L,
ALP 156 U/L, LDH 484 mg/dL

CXR: Diffuse alveolar infiltration at both lungs

Renal function:

and no cardiomegaly
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Ultrasound kidneys: Diffuse increased parenchymal Serum C3: 0.4 g/L (0.9-2.1)
echogenic pattern of both kidneys Serum C4: 0.1 g/L (0.1-0.4)
without hydronephrosis. The right  Anti-dsDNA antibody: Negative
kidney is 10.3x4.5 cm with 1.9cm  ANCA (P-ANCA): Positive (1:100)
cortical thickness and the left kidney  Anti-MPO antibody: Positive 3+
is 9.9x4.2 cm with 1.7cm cortical Anti-PR3 antibody: Borderline
thickness. Anti-GBM antibody: Negative
asudrymuvoowUod HAMIATIIN NN EInenduiiala (giJv"i 1 u8g 2)
1) Progressive dyspnea with respiratory failure and Light microscopy shows multiple glomeruli with
hemoptysis crescentic formation in multi-stages pattern (cellular
2) Progressive rising of serum creatinine crescents, fibrocellular crescents, fibrous crescents) and
3) Type 2 diabetes mellitus necrosis. There are vasculitis and fibrinoid necrosis of
4) Hypertension small blood vessels. Immunofluorescence show strong IgG

linear glomerular capillary loop staining without granular

wamsasIoIWUIGU deposits. There are also positive fibrinogen staining in
ANA: Negative necrotic area. Electron microscopy show no electron dense
Rheumatoid factor: 20.9 IU/ml (0-14) deposits.

31]"7; 1 Renal pathology: necrotizing proliferative GN with crescentic formation and necrosis; vasculitis and fibrinoid necrosis of small blood vessels.

-

gﬂﬁ 2 Immunofluorescense staining shows linear IgG deposits in glomerular basement membrane.
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ms3uoaalsn
ANCA positive glomerulonephritis and anti-GBM
glomerulonephritis

onusd

Mheneilfseiald seuwmds thwinan veuwiles
uazlpaanifenthannan 1-2 1feu Aasndmsieiusesla
anasluzvszeznadudat Whlddunmzlanedsowdu
Foswlnaazldsumsitadedndu acute tubular necrosis
wﬁ’\amiﬁmﬁal,l,m'gul,n\a uiflovnnmedaranudinideauns
RBC casts ialionsn uazlysuluilaaziemasinde
NENDINST acute severe glomerulonephritis ¥3an&ax rapidly
progressive glomerulonephritis (RPGN)ﬁﬁm’iaﬂﬂwmms
oulaunnnin¥esar 50 Tugvnandudand Taedinensd
amwmelaii crescentic glomerulonephritis ﬁﬁﬂ1ﬁLﬁﬂ1m
Noduuwdy uenaniifieneifvssifvasnmemeladu
wian leeanifulfanuazanuiinUnfzavnmisiinezevien
Jemsiinden1iz puimonary renal syndrome lnafisnispey
ngNeIMIAIMTNT 1

M990 1 #1L1AVDY pulmonary renal syndrome

Goodpasture syndrome

Systemic vasculities:

Granulomatosis with polyangiitis (GPA), microscopic
polyangiitis (MPA), allergic granulomatous angiitis (AGA)
and systemic lupus erythematosus

Other vasculities:
Rheumatoid vasculitis, Behcet disease, cryoglobulinemia

Other causes of acute kidney injury and lung
hemorrhage:

e Pulmonary edema with acute kidney injury

e Severe pneumonia (in particular Legionella)

e Paraquat poisoning

e Renal vein thrombosis with pulmonary emboli

mnmm@mmnz\jummi pulmonary renal syndrome
finaan Tugithesedifufiieogunnndn 60 9 Fehli
Anfly RPGN 210 systemic vasculitis %38 Goodpasture
syndrome Faifiauimangsenn1s RPGN sudnuauzmstioain
immunofluorescense wyvlgaail

1) Type | RPGN-anti glomerular basement
membrane (anti-GBM) glomerulonephritis @8 mMstianfn
immunoglobulin (IgG) Wunwpsafiaeny glomerular
basement membrane (GBM) Sushulvajacliinauinsta anti-GBM
antibody 1inann138519 antibodies 6 non-collagenous
domain 98y type IV collagen ﬁ\iLﬂud’Juﬂszﬂaumm GBM
Wafismametendinsieazi3anin Goodpasture syndrome

2) Type Il RPGN-immune complex glomerulonephritis
fin M3dianAn immunofluorescence Wiansue diffuse granular
pattern W‘]JI@‘luWIﬂ’JEI lupus nephritis, IgA nephropathy,
post-infectious glomerulonephritis LWas cryoglobulinemia

3) Type lll RPGN-pauciimmune glomerulonephritis
#n m3fion immunofluorescence Antienidntis wisldfnias
uazaulnallvinauinsa anti-neutrophil cytoplasmic antibodies
(ANCA) luiden Fv13unnguilin ANCA-associated
glomerulonephritis IG’]’LLﬁgranqumatosis with polyangiitis
(GPA), microscopic polyangiitis (MPA), Churg-Strauss
syndrome v3ailagiful3andn allergic granulomatous angiitis
(AGA)

flaqiufimsuisnguiisdumunanmsnsiaden uaz
wendanmla Fesnansousnguitheiinlésn 2 ngude

4) Type IV RPGN \innsdniauaaslanniunmaien
WU ANCA Wag anti-GBM antibody Lfuuaniieg 1Sungiiae
nguiii double positive disease Fofiwennsailsaiaruaing
anti-GBM antibody-mediated glomerulonephritis LLazddna
miﬁﬂﬁugdﬂﬁ’m ANCA-associated glomerulonephritis

5) Type V RPGN Lﬁmmié’ﬂmwa\ﬂmmﬁaun@
pauci-immune glomerulonephritis WazATILRBALINY ANCA
L%ﬂﬂﬂﬁg:uﬁ’i’l idiopathic crescentic glomerulonephritis

foiugieneidfdenmadoaiemaminvongs
91115289 RPGN 196U WU Wa anti-GBM antibody tHuau
WAKWAN19M39 indirect immunofluorescense (uwauln
98y perinuclear staining (P-ANCA) Wa¥HANMIATINAILID
direct antigen specific assay 310 ELISA Thwavanse
anti-myeloperoxidase antibodies (anti-MPO) #vifiun1s
7137391 antibodies Viﬁ’]ﬁﬁﬁ%mﬁia myeloperoxidase antigen
melu granules 289 neutrophil Tnaldnauinfisimizianzas
dwsulsa systemic vasculitis 390 MPA, AGA LLa¢ renal
limited RPGN' Fulimsifiadeniladuifiu ANCA-associated
glomerulonephritis wazldviinisnsaduiiialaiieduiu
mAtadulsa wazneunumssnmnealy

Nnuangdanmlnas§iassiny necrotizing
glomerulonephritis $787U crescentic lesion laagaufn
QWY linear IgG staining My GBM Felimsitadelsadiu
anti-GBM mediated glomerulonephritis 59810 ANCA-
associated glomerulonephritis 13801791 double positive disease
#30 type IV RPGN Fefinennsailsaiariruade anti-GBM
mediated glomerulonephritis warddnNIsATUFIARIY
ANCA-associated glomerulonephritis

NWNANIATIA anti-GBM antibody Tuideafiuavlu
fhened uwdnawssanmladnldiy anti-GBM mediated
glomerulonephritis tABUNLTENIUDON Salama LAZAMS WL
#Yw Goodpasture syndrome 3 M liwaidasniduause
anti-GBM antibody AIBN1IATIIR Y enzyme-linked
immunosorbent assay %38 Western blotting techniques
usiflonasauthdismInTIaieds highly sensitive biosensor
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system Twavin wazwawensanwlndlddy anti-GBM
mediated glomerulonephritis Imﬂaugﬁgﬂumaqwamimw
anti-GBM antibody lutdaaifuauareifunamnan?

- 9¢fU anti-GBM antibody Tuidasfizunasman
Winlsa IﬂﬂLQW’]ZﬁS’]EN’Iu‘LunQN double positive disease®

- MIELENTEY anti-GBM antibodylulasiuiumnn
lwansaionduay

- pawdsundae epitopes wazlas9as19209
uaufauLY GBM gy laiamnsansiawudieds ELISA iy

- ANNNRANAINYDNINATIANITATITA anti-GBM
antibody

futiudsmanmanendanwlalugieynneiaeds
anti-GBM mediated glomerulonephritis 38 double positive
disease Wiom7Afadelsafiusiug uazdmzinzavsnly®®

AANNNIINBY Type IV RPGN %38 double positive
disease Lﬁa\‘mnﬁwmnim‘Tiﬂﬂﬁw anti-GBM mediated
glomerulonephritis LazidnTmMsmi3uaane ANCA-associated
glomerulonephritis®™® fatuuuzilisnunlugae induction
therapy WUU anti-GBM mediated glomerulonephritis A
MITNEIAIBN9N plasmapheresis AUNINTEAU anti-GBM
antibody Tuidamazvnely saudunislien intravenous
methylprednisolone 500-1,000 xn.faYulutlvauiunsn
MmN prednisolone 1 an/nn. fatu Wunaegetisy 2
fuai udsuanmnesmaslsrasuRnsamgansluna
6 LADU LAz cyclophosphamide Sulsgmuung 2 un./nn.
satudunaiyszann 3 Weu TaenssnedenanaissEs
iudi Tmmjﬂwiwﬁﬁiqﬁmmﬁw plasmapheresis tJuian
7 u $miumsen intravenous methylprednisolone 1,000 .
foYu Anraiu 3 U wazuwulien cyclophosphamide
o wAfifamldge Samdueimsveninidestnequuse
guzvimssnslulsewenuna Felailédlden cyclophosphamide
uazgeinedsiinmahanamzindounsndau dennseeu
#he double positive disease flsnuang U 27 T8 flamsle
aaniiondorar 44 guledesldsumstdanaununile
IUzUINFUSIUAT 68 WauInsa anti-MPO 3ppas 82 uay
saulvaiwunedanmlnguussuuy extensive glomerular
cellular crescentsuananuamssnswud lifinsiusaenis
oulandenisine wazidnanissendind 1 U ey
Spuaz 52°uaA LU m’azﬁﬁmwmul,nwaﬂiﬂgq uazLiey
densidedings Taiamzlsalafianuquussiouditadelsn
sethuisniudevitedelsn wassnulsndeusszazuan®

asu

type IV RPGN #38 double positive disease RPGN
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