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Smart practice in management
of anemia in chronic kidney
disease
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amglainaslufihelsalanedefeduiinnuddydosiniinadenisannuaimdin
voaffthe vilvianudeuedmdunniu uardwmarosnsmmwanimiasdedin (morbidity and
mortality) gnansanulaussunasesas 55.9 Iu;ﬁﬂwﬁm estimated glomerular infiltration rate
(eGFR %pena1 60 min/ml) L.Lazwumwiaﬁmwﬁgumﬂ (hemoglobin level faanin 10¢/dL) lg
fefovar 14.9" Inedienuveinilaiiniemeseau hemoglobin Weenin 13 ¢/dL Tugvne wisetey
1 12 g/dL Tugmds enlsfmaulasianglunsdifinnzlainanafusuusasdnmshausedads

haulafey AIsRTIEIWnTeINIElaineInNanedu neunagidadeingtheiinnislain

NnlsalaneiseTmnasy

annmna:wersiniamo:Tarneitugloolsalnoreisoss®
1. Decrease of erythropoietin synthesis

nNN3anaIes erythropoietin (EPO) dninduanvgndnvasnisiiannslainadlugtielsa
lameiFess wuiilugithelsalmedodedszduves EPO imniautnfivszanm 10-100 wh Tng
suU EPO avBeanatlulnmeFoduvesnds q muszdu® daalisnsneannsiin hematopoiesis
AU

EPO v slycoprotein aun 30.4 kDa iUty receptor ﬁagjuuﬁasuaﬂ erythroid progenitor
cells TulunszgniiliAnnisnszdunsifind vy (proliferation) nswamnuesans erythroid
(differentiation) waz Wun1siTinsonveudadonuns (red cell survival) EPO drunndngnadne
910 fibroblast-like interstitial peritubular cells Tuln LLﬁzd’JUﬁf@ﬂmﬁ%m%m perisinusoidal cells

Tudiu Ingmauausdnn oxygen 1N WaseAU oxygen Mss19aneazinisnseduliiin EPO gene
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transcription fkiusNTy (gﬂ‘ﬁ 1) Tnesiidu key regulator lun1siin EPO gene transcription

79 HIF (hypoxia-induced factor)
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JUN 1. wansbiiunalnnisneuauessiensadie erythropoietin Tusnane

Erythropoietin ]

l )~ Increase EPO gene
@ . transcription

PHD Lo
HIF-QL T HIF-QL _8’:! LH VHL — Degradation
PHD <
HFoL | ———— | HFa || HIF-B ——» FPOgene
2 transcription =

U 2. wansliiiudenisieues HF- O Tunngunfnarlun1izfivin oxygen™

TunmzUnd HIF-Q subunit 9% hydroxylated 81&8 oxygen 1ng proline-hydroxylase
domain (PHD) protein s proline-hydroxylated HIF-1Q azgn von Hippel-Lindau (VHL)-E3-ubiquitin
lisase complex ¥aneii proteosome Tun1azfiin hypoxia ax¥ili HIF-OL ldiiin hydroxylated
uay translocation 191g nucleus wag form heterodimer fu HIF-[ @sdufu DNA sequence
3N hypoxic response elements (HRE) yilAAN15AS2AUNTEUIUANS transcription U84 EPO
(Uit 2

aelsfimunmsiiatuves HIF complex Tudsdamadensiiiuns transcription 94 gene
u 9 WU EPO receptor, transferrin, transferrin receptor, vascular endothelial growth factor

(VEGF) uag endothelin-1” wana1nil angiotensin I Sinnusgaugavulugthelanesesa Favinln

HNANUUVDS reactive oxygen species dHalRaANIIVNIIUVDY PHD enzyme wazvinlidinsiia

e

Yuued EPO dawalimiin erythropoiesis ﬁqq%umwmmw
2. Impaired response of the bone marrow to erythropoietin

2.1) Uremic toxins

ansfive indoxyl sulfate (IS) 18y metabolite 84 tryptophan duduansiiiensenldenn
faudazlasunns hemodialysis Fawaldoes 1S SApusnaunn WU increase atherosclerosis, vascular
damage uag renal anemia lagais IS ilALAANTT suppression 983 EPO gene wagiinliannis

@374 EPO receptor dawalyigtheiiin anemia Jusn® aannszuiun1sved HIF inanlitheiu Sud
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NIANBIANAUNUSTZWIN HIF 1ag IS U1 IS @m150nanseUIunIs HIF activation vinliannis
4513 EPO Tanguideniu”

2.2) Increase levels of hepcidin (functional iron deficiency)

wanaglizulaensgatuandildiaznsiinduanldlmionn macrophage Fsauaulng
91dD hepcidinSLuQﬂwlmwL%'va%’qwudﬂﬁmiLﬁuﬁumaqizﬁu hepcidin tiaanniinisanasves renal
clearance waznszAUNsASIINAUIRENTI inflammation YinliseNeaan1sandamnanainaild
warann1sTumdnesnain macrophage dwaliwdnildnuldascldifivmelunisiia erythro-
poiesis faugiszdy ferritin avguiieanainiy

2.3) Shortened of red blood cell half-life

2.4) Nutritional deficiency e.g. vitamin B12, folic acid, iron

Tugtheiilasunsenlaazdinisagadewminludszunn 0.5-3.0 ¢ el 91NN trapping Vo<
Woalun1svlenle 1@eneeni1eaInn1g uremia-associated platelet dysfunction %iefin1siang

danuasAsIluenlasunisneanta

Liver

Inflammation l

Erythropoietin ]

Macrophage \ \/

.\é) Erythropoiesis at

bone marrow

Kidney
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JUN 3. wansianalnnisfinniglafinanslugteniilsalanesess lnewdnuag erythropoietin &
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unumddgianlunisasiadnioaundulunsean
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ﬂ'lf):V'IﬂS'Il;!lhaﬂv'mﬂ']ﬂ:.[ﬂﬂ"IUISOS\'l
amgrmsenan ansanuldlugtislanesess JadutieddyiviiligUaslineu
auedrian13iNWIMY erythropoietin saudsdinnuddglunsmanmguesnnigvinsinmandai

lgnsasiaitadelseiduavinlisindanndatu i ussdld visunalumaduemsdudiu
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nMtadunzvIasIman Jadesiansaningiaedu absolute (storage) iron deficiency 3o
i functional iron deficiency 9namnfilsesunelidisiu Feiluuamanisidedouasnui
wAnenefiy
N9I39d8N180IRsRmAaN. @1115099I93 0T NLIRSEIU (gold standard) Taenisg
sdniulunszgn ogndlsfimaismssinaniazfuiBnisi invasive uaglivsnganluymanv fUR
Faus3mslaTeRansesu hemosglobin, serum transferrin saturation (Tsat) Wwag serum
feritin IneAn transferin saturation Ao Wedldudveamandidueeiumisiiannsadumanlfves
transferrin @eAuaadléann serum iron/total binding capacity (TIBC) x 100
1. Absolute iron deficiency anemia 3fasulaga Tsat Uounindesay 20 wag serum
ferritin Weoeni1 100 pg/l lugUae non-hemodialysis %30 Weoeni1 200 pg/l lugile
hemodialysis
2. Functional iron deficiency anemia 359sulaga Tsat Uasnin3oeay 20 wag serum
ferritin 111031 100 pg/l TugUae non-hemodialysis ¥38 11N 200 pg/t TugUqe

hemodialysis

v
A o !

agnslsfnuiidonsseislunisuuana iron study lugUhelameisesa wu ferritin 1u acute
phase reactant Ssansnsnifiutulugithelaneiioss 49 ferrtin AsazilBusuldreutredningae
fin1e absolute iron deficiency anemia uitgeaylianunsavenlaegrauiugringUaglaiiniieg
iron deficiency anemia Yilvdlagtunmsidadeluuiausis 196 Tsat uaz serum ferritin Aunnsng
fu Mnuuamenmsdnunnglaiinnduiiasleaneieds U wa. 2564 39ad functional iron

deficiency anemia 7i Tsat teanin¥osas 30 uaz serum ferritin Hoen31 500-800 pe/l

ms§nuagoen1a: iron deficiency anemia TulsalnneiSasy
ns¥nwfthenmenasgmin fussledvluuditisanmsiuiden fauanernsiiinn
Azlafinang (anemia-related symptoms)
Whanenissnsnngrasiamanlulsalaoifefalegudshifideasuuta dufute
LuzIAULAAE T8989 W 19 European Renal Best Practice suideline w.e. 2556 léuuszti
fiaviifnasn nande szuuzthiBudunsinwidle Tsat Yesninfesas 20 wag serum ferritin oy
N1 100 pg/\® #39919 Kidney Disease: Improving Global Outcomes (KDIGO) W.#1. 2555 Wizt
Fusunisinwdle Tsat tendifesas 30 wag serum ferritin toend1 500 pg/l uay AMuuztina1ge
917 Renal association clinical practice guideline ... 2560 WUz lin155nElagRna1NAT serum
ferritin laitiu 800 pg/!® ietestulydly iron overload Fsen1eavdwnaliiiin oxidative stress,

(10

tissue-iron deposition wag LuANUEsluA1SAnRe " @anndpsiunLLInIINIsSAwINIzlainaNg

TugUaglaesess U wa. 2564 munns1an 1
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ased 1. Jevsmslimdnanuuuamenisinnangladnasludielanesefuassmelneg
U .. 2564

- 4ousturiueu (absolute indication) Athelasun133tiad absolute iron deficiency
anemia: Tsat WouNI1308ag 20 waz serum ferritin Yo 100 pg/l
- Soudidurvs (relative indication)
1) §Uaglasun15iliade functional iron deficiency anemia: Tsat Weenin
Sovay 30 Wag serum ferritin Yaana1 500 pg/l
2) gtheldsunsitadelaeiianSesasuas HRC (percentage of hypochromic
red blood cell) 41nnN71 6 %39 reticulocyte hemoglobin content (CHr)
198n71 29 pg

yinvassminin aunsolildfaguuuuiuussmusasmadudend (V) Tufthedlsilden
1o wawidu absolute iron deficiency anemia aunsaldgusuusuusemuld Tnwideseuiieu
A5 IV iron sucrose LBUAUNNTFUUTENIU ferrous sulfate HANULANAIIUDITEAU hemoglobin
0.3 g/dL oglsfimunmaiiatuvesziu hemoglobin fena1ie1aarlilldnadndnendiniiuansa

fuegsdnauruisthededinsasdeniesuinan’”

gnssianaiiasuusznu lunsdiae
Fuusenu ferrous sulfate 325 mg 3 adasiaTu AU89z195U elemental iron Uszanas 200 mg siadu

dithesoldsunmsvlenlaainane violdsunsidaduilu functional iron deficiency
anemia M3elinauauaINTIULUUTUUTEMUMATINSUUSEN LY 1-3 Wow wusiildluguuuy
maduidendmauny Jelnuddeiesigioninu (meta-analysis) wuin guaedildsunsents
athiauefiusslemilunsiiusesu hemoglobin wagld erythropoietin anasldagnafituezddynis
add®? wazdenAsevnalngivilufieilssunslenlaainaue PIVOTAL trial wWisuifiey
AMSLYUUIA iron sucrose AU 400 mg AaLfiou (high dose) Wag iron sucrose UM 0-400 Mg 7o
Wou (low dose) WUIHAaNSIIUYBY nonfatal myocardial infarction, stroke, heart failure
hospitalization Wag any-cause mortality Aninegelidsdfgluads wagiuTuiunisly
erythropoietin ﬁﬁaﬂﬂ’iﬂuaéu iron sucrose high dose"” agnslsfinuilagdu IV iron finanewiia
Juuunnddainsan ogndlsfnudemauiisuinengsaasieu uagU3um iron concentration
dosnnuansstuseniluuasslinnunsnsd 29 ndsniunusinfenunadenuasvigali

wian e Tsat wnn31¥aeas 40 waz serum ferritin 41nA91 800 pg/l
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M19199 2. kaARIBaIUIRET iron 14 intravenous Alglutagiu™

Iron concentration
Medication Loading dose Maintenance dose
(mg/ml)

Iron dextran | 100 mg g weekly x 10 weeks 25-100 mg g 2-4 50

(250-500 mg x 2-5 times in CKD weeks

or peritoneal dialysis)
Sodium ferric | 125 mg g hemodialysis x 8 times | 125 mg g 2-4 weeks 12.5
gluconate (250 mg in CKD or peritoneal

dialysis)
Iron sucrose | 100 mg q weekly x 10 weeks 100 mg g 2-4 weeks 20
injection (250-500 mg x 2-5 times in CKD

or peritoneal dialysis)

Fanrssrislunmsldmanluzuuuumaddandn ™

1. Non-specific symptoms 1t wiuntinen oufiswe pauld dunus wugilvingaen
wazdaunmeIns 15 Wil ildfamnsalisels lneusuanmnuiilunislianaciosay 25-50

2. Mild infusion reaction léiifl 81115 non-specific symptoms sauAUTiAY urticaria
wuzihlvvgnen wavanunsalienlalug lnededlingaann steroid or anti-histamine

3. Moderate infusion reaction o tachycardia, hypotension, LLﬁuMﬂﬂaﬂaEJ"mquLLiﬂ
wugilvinegaen suiuly hydrocortisone 100 mg wag anti-histamine $auAUNTUlvIEN
Tuguuuudu

4. Severe infusion reaction l¢in anaphylaxis TSI ULALARU anaphylaxis

wavnuldlumanluguuuumaduidenddnsely

ms§nm@t’loalmwlgos'?\lﬁaamns:ﬁwﬁmﬁamlm erythropoiesis-stimulating agents
(ESA)

ms¥nwidtaelaneidediesnsydudiadonuns SaUszasdifionaunu endogenous
erythropoietin 7ilillfieswe donadasiunmsinauredlafianad®® Tnswuzihdulinsshuiisesu
84 hemoglobin fosni1 10 g/dL Tneitlsifanvndueduresaiinanlidisiu Wosnivarsnu
WenuiUiearinunmdin (quality of life) oot Tugfthefiilszfuves hemoglobin aglutaa 10-
12 g/dL egnalsfimusossziaseidumslflugireifsauzSeiidsliaansonuauilsals vie

(17-19

Usgifveuduidentuauasiiu iudu"™ Is1eeulu TREAT study wuindileineldsunisiiiade
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dudesluauesiiu aziinnudsdunainduienluaosudiuusalasu ESA gistesay 8%
Tngdiidmsnglunis$nuli hemoglobin agluyas 10-11.5 ¢/dL apadadiuawide CREATE study
ﬁﬂajmﬁaaéwﬁizﬁu hemoglobin 10-11.5 g/dL W3sulieuiu 13-15 ¢/dL lufianuunnsneiunig
luan cardiovascular event Snisgnsuunlunguitheildsunisenlafiouazisngnisiia
cardiovascular event figsniilunduiiegsiifiszdu hemoglobin 13-15 g/dL fifutiagtuiiwane

Tun195nw1mu KDIGO Fauuziinszayu hemoglobin Tugag 10-11.5 ¢/dL™”

A19199 3. UaUansi erythropoiesis-stimulating agents A3LWINIINTSNEINIEIaRR

TugUaglanesesuiaseinelng U w.e. 2564

- wuzi3uld erythropoiesis-stimulating agents Wiesziuvas hemoglobin e
10 g/dL

~ Whwvsneves hemosglobin Wity Uszanas 1-2 ¢/dL siewiiou audisd hemoglobin
Wiy 10-11.5 g/dL

YUIRYT ESA mﬁﬁz\fﬂ’w wuzthi3uduld short-acting ESA (epoetin alfa wie epoetin beta)
fanuanexlimeFesuvisssmealne wurthnsldoun 50-120 unit/kg dedunsi Tuftaeill
Tasuniswenlaisy wieawIsalUs 2-3 ﬂ%y’ﬂuﬁﬂwﬁmﬂlmﬁam dm3u darbepoetin alfa 13uil
3un 0.45 pg/kg dUariazads d181989m1 KDIGO azuuztililduunn 20-50 unit/kg 19 3 pdasle
&Uni uay darbepoetin alfa Buftvuin 0.45 pg/ke dUnviazads Fwwwmeilaildunnsnsarnd
wuzihvesanalaneFesuisUssmalnenntn leddmaneves hemosglobin HiuUszanas 1-2
g/dL seifteu Tnsndedthsaziislliusyan 0.7-2.5 g/dL delfiou Forfunsifingures hemoglobin
EvFedmdannnnsld esa Stadownnsnaiu Jadeiifinavilinevaussde ESA THlR laun e
wds, fUse TR cardiovascular disease, finzvinsguman uagiindniAu®

WWINNNSAAALNITINBMEIN I ESA Lugdliiinn1usedu hemoglobin 1n 2-4 &Uan
uldszsu hemoglobin suthmnevdsminty vhsaadu 1-3 Weulnefiuuamanisusu ESA anud

1. Hemoglobin Heendn 10 ¢/dL: wiswunen ESA Yoz 15-30

2. Hemoglobin 10-11.5 ¢/dL: Tenauimifa

3. Hemoglobin 11.6-12.9 ¢/dL: anvung1 ESA Soeag 15-30

4. Hernoglobin 101 13 ¢/dL: vigm ESA 1-2 dUan wdntudueilmidle hemoglobin

10.6-12 g/dL uazanvuInel ESA Sovay 50

TugUaeilasunssne ESA ddinasnuldvssfiesyiures hemoglobin igedumudh

°

nnefdoanstadunildluadedfndmanonisifiadu cardiovascular risk waydnsIN1sdeTin
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Naglamziiensediu hemoglobin Iuteeninfesas 2 ndwinmssnulu 1 heu 9

\38n91 poor ESA responsiveness fedaitd1fgyuanannsuurung ESA Aemsmanmvnusenauy
au « NidanalviUae poor ESA responsiveness #aguil 4 Lilaaanuisaimaanunsasnuila a1lasu

aa v do 1 oA
N1IUIRYNNUN NN

Poor erythropoiesis-stimulating agent responsivenass

aTIsdeUAIgNFauAzAAEualunsly ESA

dansraiiiemananse poor erythropoiesis-stimulating agent responsiveness

- Reticulocyte count :

174l reticulocytosis : #913047%1 blood loss uae § blood smear Tnfidnwugdnlsiiv hemolytic anemia niali
il severe reticulocytopenia (absolute reticulocyte count < 10,000/ 91504791 bone marrow disease
Taeaniz pure red cell aplasia

- Serum VitB12, folate : #fig3mn replacement

- Iron status : Tsat, ferritin : fi915a07 replacement

- Serum PTH : 51w hyperparathyroidism

- Underdialysis : sl dialysis efficiency

- ACE/ARB : finnsaianuuiaen wie wasildewuudu

- Calcium, bone survey Tustefifionnisasdelsa plasma cell dyscrasia

SUN 4. LuIenIsauanIIg poor erythropoiesis-stimulating agent responsiveness
v Y

s 9 WeTheifiunisnouaunise ESA iuﬂﬁ]ﬁ;ﬁuﬂ?u wansle androgen, vitamin
C, vitamin D, vitamin E, folic acid, L-carnitine uag pentoxifylline Ty Falifivangrududunudn
TAhefiun1snuauasie ESA feuiaedl meta-analysis iuansliiiulselemiaed vitamin C lunns
Freifiusedu hemoglobin lugfthelameidessildsunmaents uinuidesindniianuuandes
Uszmnsluanuddproutiaunn Jeldanunsoaguusslevilaegauudn

112 pure red cell aplasia (PRCA) #&s91nn1514 ESA

PRCA mewmdsnsld ESA 1finansneanieadne antibody 7idufu ESA uaz endogenous
erythropoietin denalitheiinanns@nasednesinss lnsanizidUleiinsanaives hemoglo-
bin Us¥anad 4 g/dL Aelu 1 iieuwazd absolute reticulocyte count Haeni1 10,000/ul wuld
0.02-0.03/10,000 Uszw1nsneU® Inednnulutie 6 1hou-2 Yusnndeainnisly ESA®Y
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UM 5. uansdianisnsanlunsegnlugthensunisidadelse pure red cell aplasia AwInMAsEe
1000x

Tunsdiftasdonmedenan axdudiumsidedelnensianglunszgnazwudnune near absent
294 erythroid precursor cell #58WU pronormoblast (@nAsv) Tnefifinsanasues maturation
U3 erythroid precursor cell (‘E‘Uﬁ 5) aeialsfinnu PRCA mmsmﬁmléfﬁnﬂwmamm@mﬁ'u parvovirus
B19, autoimmune disease, lymphoproliferative disorder wag erythropoietin ﬁﬂl%miﬁﬂéfm
Pudunsitadslaunisas anti-EPO antibodies 1ng3% immunoassay %30 surface plasmon reso-
nance method® Tngmsvigaenieudadennsivetnetios 2 dUnmifletosiunaauiiion
n135n¥1 PRCA
1. neneviuiinasdolnedilisndudiossena anti-EPO antibodies
2. "Luﬂsa'jﬁé’fqﬁﬂns%mang'mmsa"Lﬂi’f synthetic peptide-based EPO receptor agonist
(peginesatide) \Hueniild amino acid Auaz sequence U recombinant EPO @11130
Tinaunuls
3. T¥enagil (immunosuppressive agents) \ievawan antibodies ﬁagﬂuiwmaﬁﬂﬁtﬁm
msﬁuvjmm erythropoiesis Tusnne Tnetinaznouausslszuim 3 Inoundin1ssnwl >
a. Corticosteroid Tnguugziisusudie prednisolone YuU1A 0.5-1 meg/kg/day
b. Cyclosporin A TnguugiiSuduiivung 200 me/day

4. msshwilausgavsnndanfienisugnanele lunsaiigUheanunsadnfe®”
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5. Tainuziiinisly ESA Tl ilesannilsteaunisndundugives anti-EPO antibodies®
wivnensfnwiuansliiiuiinsnduald ESA ludlaefiddrelinduududmasmn
#5793m anti-FPO antibodies wamauau satunisnauuidlug aunsaldlalunsdl

VleQd o = |y E] K Y ' e-[’ va (29)
HUITNITINTIDU LAFBILNIITUAISINDYIILNAYR

mssnugloslaneosiioenisiiuidon
ns¥nunnglafinadludtaglameFess uenannisld ESA Arensifudonuas ag1sls
fimudeauauiieuszninsUsglevivaziveainnssnw wu fheneiivse iiilududonluaues
AuAdoeseislunsld E5A v fihenaumlumsugnanela fesseiasefilunisiudenvoeiiiosnn
Winanudeslunisiie allosensitization 16 3u8an15iAin transfusion reactions du 5 o aller-
gic reaction, hemolytic reaction, transfusion-related acute lung injury (TRALI), anaphylaxis,
transfusion-related infection fstiuntsfuidenlugihelaneFossdsiosdinnusziinay fdunsies
Suidontos Tauusninsiudendarelul
1. ABIN135NBIN1I2TABEN9LTIAIU 19U acute hemorrhage, unstable myocardial
ischemia %ﬂﬁﬂ’lﬁﬁ’ﬂﬁwuﬂ’wgﬂ’m non-ST elevation acute coronary syndrome 8751
mMadeTinfigeninlunguifiiefiflszfuves hemoglobin Atfosnin 11 ¢/dL™
2. Feansinwanazdansudrfumsinga Tnouuzihifiaevily Wiisedu hemoglobin
1N 7 g/dL viFelugthemnandssgs (91gu1nnd 65 T, Tlsa cardiovascular disease/
respiratory disease) T#ilszau hemoglobin 11N 8 g/dL

3. TudUhenlinnazdaisediniiannisananiedadenad Inenideulunisly ESA vie

1% ESA udlilmevausaduiu IneAn hemoglobin delaifiduurihfiuddnliusenaunis

sndaulaTiuiveInsvesUe

asu

[
A v o

msshwinnglainansanlanesess Jawvenisdiandn 2 Usens fenisvinsigminuas
n13aARIvRY erythropoietin faun1siadevmanvauaznisindulanssnuiangauagyinly
fthefiomsitu dwalinunmTinduisfituuaztisanameunandoudy q wu cardiovascular
event Huwlighedetinld Inedinsiodinniun1ssnewninseduves hemoglobin wag iron
status WulumuiimnefiFeansudel viliunmdannsausunmsinvimiesssmanizunsndeu

au q WigUaegldegramunganunian
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