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AR AT g NP YAFeR gly-
coprotein hormoned] erythropoietin 2&2.
2 I3 YT Aake] g SRR E, AR
ol erythropoietin-g £yl 71& wde] w4
o] v &3H e}, Erythropoietin®] AR
7] Aelle &3] WE 287} oo, u
5 £ A3 AP IRl 240 949
ek " AR A B 918L normocytic
normochromic anemia & 2 $13)& o& 7}
2 £.910] gl AEEH  erythropoietin <]
Ak Zhas, AL o) A nEEA e ery-
thropoiesis, ¥# % gike] =, AP 5o
2] =E-50] Slck (Merill, 1979). WYARH 3
AN WIde] e QEZo] Ao} Hlds}e]
AR, EARdE Altsls 7ol T4 9
T FY &Alo] ML o o3} LS 9}
d AR FRlollA BE wdEe] Ao 223 2
ol erythropoietin o 23 HY7 JA4
efloln], Aeld £& 7)5A AR BFo] AY
7 34 Aollol] 7Bt T2 29 oJER AR F
< HATA e r AE 2E AgE wAs)
oo} g}, Erythropoietin®] 142.7] o=

HEEEE YR I’ "B I3t £A)7) 5
e, dAls G4 gu)uke |3 gl

Erythropoietine THJA1HA ale] W1¥ A&
o] ¥=]Q] Wslg 7} =4k, erythropoietin
2|8 Wbgo] AV F2 3A4E datellA A5
YA == o]F FA}ellA ®iE erythropoi-
etinl] ¥t AL oje) 7}x] Lalo] Aefshs
Aoz &d#A] gleh. Table 1 oA R nje} 2+
o] ¥ Ay A7) 71t EaA B dlo),
2 elel] 4%, 4, AT B A% §
A%, ¢FvlE el 29, vigw B2 2F,
g4t = Fo] gt} (Fishbane & Maesaka,
1997). Erythropoietin &% #tx 9= e
Y AP ZE AFe FHES 43%-90%
7}A] Bl gl g)e v (Fishbane & Maesaka,

Table 1. Causes of resistance of rHUEPO
therapy.

Iron deficiency
Inflammation

Infection

Malignancy
Hyperparathyroidism
Aluminum overload
Bleeding

Vitamin B12 deficiency
Folic acid deficiency
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1997), ©] AL &8l W¥ x5 HEo
A% AUE A s Fle] dvpg Fe3RE
Yebi glet. ofF Fxjell A dE A 4
7t AL gAY wl$ AL ASE QatellA A}
T AYs HER o)F Fxle] HEYAE o3

sk Agel sk 2ol wi¢ Fesih
1. HAM0l19| HECHAL A ferrokinetics

AAAele] s AR 272k dlEgF | mg 22
HAAE SN 3] FeE (HE AFH =
10-15%7} 55D, 933 53 AH F=
= AW A At Gw) Pl (Bothwell et
al, 1979). A4<le] F AW AR k2 g AT
Kg% 40-50 mg (2000-4000 mg)e]w, fer-
ritin® hemosiderin A}e]e] H3-& {8tz
sich, F A HEL 2 7kr] e AAEF Y )
=4, sl storage iron pool & & AUl A
7 Ae) 1/3& Ax|skar glem] & 7} ulA, F
Fofl e A AE g AE ¢ s}
a1, o83k Ao HE-L ferritin @ hemosid—
erin®] el SAZc} BN A (RES)e] 9

+ ferritin®} immunoradiometric assay®
ferritin Abojefls= AT A BAV} 9, EF
ferritinX|= AW HBE A FHE & wbsh=
Hog <A il A ferriting A FEY
nonerythroid & A7 FEo)A Fashs, A
A AEI HYE o] FHA AR AP A
Hkedgie}. 2 ol B oAM= RES labile
pool2 o] FAsA =l o|2i3 A4
7t A leh, ofej’t = ¥A ferritin A
7} AL T 27t gled dEEE, HE
+ WAFHLE FA5A FFIHIF e ¥
T o g &3 Ivt $85o A& F43
A g o dofid 5= gt o]l el &
S 97} sEe] A S s
77 el Wijt he-os BH ferritin o] ¥]
AAHer F71E of A4 JEE "k
%3t} o}E sy functional iron pool & #
& cofactor® AM83shs @ 9 A ER
TAE glet. #H2.2 hemoglobin ©] 713
Fashe F A AR o] 65%F A8l
ek BEL 2 7hx] 73 Alo]elA] wFho] o]
v @Al glycoprotein & transferrin

1000 mg

> RE store

I

Absorption

4 mg

Tissue
200 mg ¢ ’

Transferrin

1 mg/day
4+—P> Gut

!

Erythroid marrow

loss
1 mg/day

I

RBC
3000 mg

HD related blood loss
«— 3-9 mg/day

Figure 1. Body iron distribution and pathways
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o ofafjA ukxle} (Figure 1). o] I XA
A B2 A transferrine] o] 9 HEL
% A AE2] 0.1 %= ¢=E= 3 meell B33}
A5k shF) 10 3] o)A A= o]HF o] F=
A "] 5 sk A vk o
Al 24" g gt Ao wo] "ad AEE
AE EHe transferrin $LAE wWo] v 4]
#AA transferrin®} A& endocytosis e}
(Skikne ef al, 1990), A=k AF-o] HEgor &
ol7b A EE apoferritin A& F7AA A
E& AA E3AQ) ferritin 2.8 FolEch HE
& 3ol e 1 mgo] £AEHER ofe AejE
Sl 1 mg& Fshd =, dul Aojd) =
gEle] = HE (= 15 me)< ©] F& dH
Z3sle] Fo g17] wlEell HE A3t HE3te
AR BFo] dojuxl= gt AR = 71,
S5 J}2E T S| wo] So] glom] 2z A
o] 2147} AR FA (jejunum)ellA F4F 2,
HAatel viela] C ol oA F57t FRE,
SAEoIY A AAFHA F7t A=
(Schiffer et al, 1965; Murray & Stein, 1967).
A¥e] F55 24 AR 71he & deA
A kA9t MESL HE FFE AT AL
| apoferriting] &g 7471} (Hartman
etal, 1963). A EE EojL HEL ferritinS &
AR 3 A A 27} AR el vrbd &
A} wbde) AR FeE FVMACK T ER
7} &= AEY transferrin ©] 7} §2A
AEE Aoz o)FAIE AE FAg
(Huebers et al, 1976).

2. QR RH 2Rt ERCHAL

o4l

utg AR ol 4] QA% erythropoiesis
sz 22 A AT} g, e 1 A
} zz)o] 2AlE]HA] erythropoietin A4ke] 7
=, Al 23 v ARl B oz
2 A FYo] Wlsl=A, L5F 7
erythropoieting] #3l¥l HAuk3A, 8550
2 18l Aol 4% erythropoiesis SAE3

o] ¢J3F erythropoietin® AT A= uk-L-2
F3} Zo} gie} (Gutmann & Schwartz, 1990).
HE 353 AT (ferrokinetic study)ell 2Js}
H 2 EZ 3a}e] erythropoiesiss Aol A}
ozt Frbsle] glvha s, 5% xS WY
2} Bohs go] FhiEe] gle ALR e
(Bothwell et al, 1979). o3 HE] eryth-
ropoiesis7} WZE x| iE-e] FREL
A £EE FA3H, SEIRL 20% HE
AR Zlo] Rgolrt. o]g #AllA A&
A|&s)lH Z4] erythropoiesis 7} Folx] =] ut,
FAFdE d=rla] RUF <EEH, oY
AR Fel 2o AR I8t A B4 7
% 35, 4F AAAE (erythropoiesise] 7

2, androgen % erythropoietin 2o (ery-

o _94
NI

b

thropoiesis®] F7})%5°] erythropoiesisell <
gk& n]3le} (Merchant & Gokal, 1992). Table
2 © WIANA #xbe] njAA HE dAE 2
okslgle} (Fishbane & Maesaka, 1997).

3. 2k AMEH EXjoMe HE &

Jl')l

/\

L
o 25%

g Wlo] AlsE] 7] el 1960 HeflA 1970
2 A FAREA A AR At
G wkAd A el ol £z HPo] REF

Table 2. Abnormal iron metabolism in end-stage renal disease

1. Increased external iron loss

Blood retention by the hemodialysis filter and lines
Frequent blood sampling for laboratory testing

Occult gastrointestinal bleeding

Accidental blood loss from the hemodialysis access
2. Sequestering of iron in storage tissue with decreased availability to

erythropoietic tissue
3. ? Decreased iron absorption
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2Alole|| 2J3l|a] o] Bl At (Loge e
aol, 1958). A EHEA Qo] APE]7] x|#}5}
WA dE e B AR A ¥ Y
99} BA)e)] Folr] 2AEE H AAE 9
A 2AEE g, S S 2AEE
ol ol oA AR AY ezt = get o]F
A 245 dhef k& e 5HFel] 10cc &
I (2.5 mge] H¥o] E3E g1F), FEHL
& 315 SAEe i) o4& O E3F 1 mg,
oIz} 1.5 mg & Fh&d|, 3] LAEE F A
¥o] ke ek FAl 3.5 mg, 94} 4 mge] ).
o ok A AejellA FEE e % H
A e oz fx] Y FAL e A= &
e AR Hy$ ARl (Cook & Finch,
1975). #2 Fxy A7} s1F 10-15 mge]
RS AFshe Aol olF 20% 7t F5Ecia
715k ulad 0.5-1.5 mge] o] BajetA =
BE o)E A o] RPo] sl |44
) Hrk BA Al §HFA Ix) B AL
ko] 2 7¥Iv}, FA e Baldls AR-E 3%
L8 v ARE Ebe] AEsislod w=
£ AR IEeE doI7E sl "] 3
B3P} 5 FAES HAske] Byl AEe] zhoju}
Ao 3¢ A& B Yok AFE HES T
sl A A vl Fojo} FdsA &9
7} g Ao] dEAwA o] FxlEellA 7
FFodof ojt "R BZFo] AA=E Y} (Gokal et
al, 1979; Van Wyck et al, 1989). A} -2
AR AeE Brsked oM, ¥4 H, F A
ALS, transferrin L35 o] &AL A8A 3
Aol A gslz] ¢t F9 A WL FF
Ul AR AR A B Ao, 84 fer-
ritin®] °]E3} AltAleo] )b, €A ferritin A
ek RESe) A=) gl HEE kst
IV EL2 0)FEA AL g deA 9l
(Gokal et al, 1979). wehA FA] $zlellA A
B B3 29Le ¥H ferritin & FAHste] F
of 3 Hilo] BE]F Aol g3k AT
AR Folrt Q8 3)c}.

Sore ool

2

4. =g Q1 erythropoietin(r-HUEPO)
XNEE LN Us UMMEH SR HE

£0f Y&

Erythropoietin Xj83¥ "9t AR 3ka}e]
HE x5l & 714 ghon, o)F Fate] A
o A7 71A grtk olg AN FEE F
@ 5 A shglar, gkl AS Y el
% 59 &Y 9 %5 759 A, e x|
715 8, A71S #4471 o FA ol
Erythropoietin *]&9] A3 1h8-& 47 $
AL A7l 215 2ok sk 3,
nkgo] theksla §3F &, A, H3} F
of W] 9A] AR Foje} FAsA AFH 0
o, A, Fo] HlEE Fof e w2}l A
o, ], A3 1S 47) Heixe SER A
U AL AR e dasta, oA, ogkr] ¥

A4 v}l (Eschbach, 1991). Erythropoi-
etin 85 sh=Fell AR P& T o=
ARt A, FAE vk s A o
T 7R o]foll olsiA] MW o] HE=
Abefjol | B4, erythropoietin A BFol= |
Well Al #io] AR oA AEF P&
S5k djzk ol 5t He). wEb HE Ag A
B A A die] BEFE s, A
FEEA] okl dARcE webA o]H 7§ o)
S FAES WA wdste] o HE Fol
F Aldghs Alo] wlg Faslt.

1) A=F ¢ erythropoietin 2|85 ¥l ¢}
© 54 Ao AR 7= AA=(ron re-
quirement and stores in dialysis patients
on r—HuEPOQO)

a) ¥ L% (Iron requirements)

Erythropoieting Fof3}dA £4 8%

25l FAke] AE 872 AE AlRF Bl
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HRZEAA], EX ARIZR], Yo SAH
S &g} Cook ef ol (1986)9)] o}sh 43
ARERY 1 g/dl & S7M7IEY ) AR
o] k& =k 150 mg °|BE Q7EE HEe &

& o YL A4 B Yo

Iron need(mg) = 150 X ( t—~Hb-p-Hb)
Cooke] 34

t~Hb : Target hemoglobin level
p—Hb : Pretreatemnt hemoglobin level

Eschbach (1991) ¢ #¥ &7F Alal (Y

F4E AYstn ge B3

o) 70 Kg patient, r-HuEPO A &%,
Het. & 20%914 30%%. 100 Fqtel Z7}
A7) a3t

RBC Vol. 1000 ml at a Hct. of 20%
Het.% 30% 2 57} 2171819 RBC7} 500
ml {or 500 mg iron) L%

Blood loss through the GI tract (100
mg iron) & dialyser (200 mg iron)
utel AW AR 3L 4 800 mg 9
iron°e] 22%

oF 80%2] AH-o] RBCe) °)&EHEZ 1000
mg ¢ o] 27¥

Cooke] &2l o3l AE 277E A4}

b) A A (Storage iron)

A7 Ao ok §lolA AF7E whe) Fe] ¥
A ferritin x|¢} A @A) =ob, 28y @
AR ZAellA] A Aele] =x] (12-300 ug/L)
& 22 Agslele SR e 2 ol%
i AREA #xpell A vl E-&A 4l erythro-
poiesis 7} $7}Vs}7] wj&o|t}. Gokal ez al (1979)

L

o] B3e] ol3pd A gxlell A HE AP ¢l
AxE Jeh= 84 ferritin X% 50 ug/L ©)
, o] A7) Sl AR A Aele) Ak o]
Fohz sgleh. Cook ef al (1986)]] 21314 1 ug
/L 84 ferritin A= 8-10 mg?) A% Ao 3
35, ferritin X7} &5 A #4417} v)Ad
4 AAE depdeka shdel. olg wAle) 2
Hate] 7HE-3F AT AR o FA ol ofsfiA

75 gieh

i)

Iron reserves(mg) =
400 x [log(p—ferritin) — log (50) ]

log : natural logarithm

p—ferritin : pretreatment ferritin level (ug/
L)

400: empiric constant

50 : threshold of ferritin for iron deficiency

in dialysis patients

Net storage at completion of target hemo—

globin = Iron reseves — Iron needs

Van Wyck et af (1989)2 ¥ 3% AelE o
7Vel7] A 2RaFE o) gslglen, BX R
SEAXE Aol FAte] x84 sEFEY Y
ferrintin X5 ¥4 X]83e Ixle] HE AY
2 o) AHE 5T & ek 3t 45
g HE 29 A 55 AE FAHeR 4 7
371 AR}, A7) FA A AEF AR L)
Bl ke Aie] g8 9l W= 200 mg
o] o] EAF wle A7A AR BFo], o] B
th o o] Exl™ A5 vy HE BFol
8 3}c}.

2) AR X 8e] =29 9 Route and amount
of iron therapy)

Erythropoietin 2|85 AlshdA 4% 3l
Rl Akpo] dod wjd] A7 HEFAR
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L B 2 7E I AV AHE =HA
e ofe] A4 Bl o) AT ARFeie

Ao HYP& 5|7} ol FAeg FHql =gl
383 (v A HE Tl AR A
2+ttt (Eschbach, 1989; Macdougall ef al,
1990). ®¥|ATA " Fo] AAZLE iron dex-
tran®] o] A}8E]51 g1} Table 3 oA K
T vheh 22 BAbg-Eo] A7) EH, Fof uhy
< DOQI Guideline®)] 2 7]&5¢] gle}, WA+
A AP Fo AAZE iron dextran ©]e]e] o
#7427} 2§53 gl iron dextrin, iron
hydroxy saccharate, iron sodium gluconate,
iron chodroitin sulfate colloid 5°] ¢l2.
7} vghatel AN 7hsdE AR Aljle] gleng
dolE Loy} givh AU HES T4 A
Sol] F-ofskel] upet HAZ A A7} 22
2 o] 8343 AN Je® AAE Adsie R
oo} Ik} (Table 4) (Macdougall, 1999). 7
T AR Fojo] &4 A=l o EAHL 43l
WellA Aito] zhel HASA FE =t sl=A
o] B Ao slct. Ara] FAE o
o] ARA REL Afo] AF Ao 9
v -G ko) HES F4 5 givhe Ao
t}. Anastassiades et al (1991)¢ll 2]s} 80 =
ool A AR P}, CAPD ¥ hemodi-
alysis Al A7 HE Tl WY 87}
7bsslgl e, v] A3A AR o4 AYF
A& A Hod W ko] A7A AHE Fo
£ AR Fshe F3] dF FAtelARr dad
Zeg Ruslgie), 2euh 2o Rt ofshw
(Kooistra et al, 1998) ] H& F7} 3
o] lvhe Rz} olck. Aejrix] $5e AT A
& A7} x| sol] 0] 31w (Table 5), ©]
Zol A ferrous fumarate$} ferrous sulphate
7} 744 elemental iron content?} &7] wj&-el]
who] o] &-¥| 3 gle}. AEAA FJA] ascorbic
acid & FAld Fo3d AR F55 FA4)7]
22 Hg5oqr} 7hesla, wbde] aluminum-
containing phosphate binderie F4]o] £
s AR F47 Mg s He] F).

dubd o 2 ferrous fumarater 3 €4 A+ &
& A% elemental irone] 200 mg *35
o] gemg o] 159 v} F5Ectkw AAgE A
$-oll - 30 mge] #Hio] FrEHEE AL 4
H A gle Aol E FEEE oke] Aol
THECA 5 olv} BRI #Afell M A
AR Folo] FAHLE 23 A5 Py
(nausea, hearburn, bloating, diarhea)°l 2|
& AE Folo Ao ofche A A
29l (dlEgEd, F5A Foslof deheEx], A
e} FAl Feelz] k= Fo] FohEA], ¢
AR} Fel AE EobEAD A’ HE F
2] Zofle]l gt wbebA AT HE T o
712 Abgtel] Srefshi Al ool dh=d], AA,
A7F el FofstAY &7 SAEeY
AHFA Fofoh= 2 A7k o)A 7HEE FaL o
sof s, B4, ] AAEE Holmu)e oduls 3
o] Foisx] elof she], A, FH27 31Fel
200 mg2] elemental iron& F&sfjo} 5, Yl
|, enteric coated iron AlA= Falof 312, o}
A, vlElel CE 100 mg °]4 Eg3 A A
A& oxalosise] H&EA wiel ok 3o}
(Fishbane & Maesaka, 1997). dulxe g &
A ferritin *7} 1000 ug/L & Y+ 2} 4
$= r-HuEPO 28314 d¥ x]87] 28 g
w, ferritin 2|7} 50-500 ug/L AFe]al A$&
TFAA ] AR FFeo]l eI} (Pollack ef al,
1989).

3) |8 HE AE Br)ehs W (Assessing
iron status during therapy)

et r-HuEPO X &8 A12FgE - Al #
AR AHE Holsol & "ol oled,
Table 6 & & g Frishs 87z HAt
WSS dAE Aol AW A die] Abey
£ 37} stedls 8 ferritinXE o)8-35t] ¥
F QEd Ay dEo] AgE A dF
ferritinx]&= Woix]7] AJz} jhc}, @ ol Fof A
TSAT®] 20% w]ukel Z-9-o) HE AY Adls
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Table 3. Potential toxic side effects of parenteral iron dextran

Anaphylactoid reactions : dyspnea, wheezing, chest pain, hypotension urticaria, angioedema,
1.7% of patients treated serious reaction(0.7%)

Delayed reactions :
Contraindications :
of pregnancy

Extreme caution :
or chronic infection

arthralgia, myalgia, fever(about 7%)
hypersensitivities to iron dextran, history of asthma 1st trimester

serious liver function impairment, acute infection history of allergy

Table 4. Regimens for administering 1.V. iron

Low dose; 20-60 mg every dialysis session

* hemodialysis patients only

* any of iron preparations suitable

* may be given as L.V. push

Medium dose; 100 = 400 mg

* usually I.V. infusion : lower doses may be given as slow bolus injection
* all iron preparations (maximum dose of iron sodium gluconate = 62.

5 - 125 mg)

High dose; 500 - 1000 mg

* must be given as I.V. infusion

* only iron dextran suitable

* suitable as a top—up for patients with large iron deficit

Table 5. Iron salts available for use as oral supplements

Iron salts Amount(mg) Content of ferrous iron{(mg)
Ferrous fumarate 200 65
Ferrous gluconate 300 35
Ferrous glycine sulphate 225 40
Ferrous succinate 100 35
Ferrous sulphate 300 60
Ferrous sulphate, dried 200 60

velilclz shgled (Eschbach, 1989; Macd-
ougall et al, 1990) °] F3]+= A o] ¢+ A
o2 @8R gt} Gokal et al (1979) ) <sh
ferritin€) Z}4-¥ percentage saturation® A
HAAe) qleka slglEdl percentage satura—
tion®] 20% w]akel 7%l A ferritinXi= 5
oA €] 2000 ug/L 7}A] o}ek 3kgich. Macdo-
ugall et al (1992)2 mean corpuscular vol-
ume®] r—HuEPO #&%°]] & 3219 iron
monitoring°l AA Ex|2e} st B2 ¥
A ferritin® oiske] HE-& wATA A2 £
o shsigul AE A2 EANE PUA g

2= girh. olelol 71AR, =8, £33 £ 9
3 B FLE0 R ferritin 7} A U4
et r—-HuEPO 2835 H& A3 Ale)e] o
7 AR AR Al o} Bl 2% K= vl
H AAsle Aleo] $om, dut EX sRFEY
Zeof] =dsld ferritin X+ 2-3 7Y k4o
ZAAFERE Ao) vigA gie), dubdQl Ao A=
A ferritin 217} 50 ug/L ©]d}e]d Al ql
AE A AHE ofnsiA]e, r-HUEPO &%
ol AtolAl= A ferritin|7} AAF T2 oz}
F71E e eElE 71eH A Ag A g9t
ek r—HuEPO 2&Fell= diFF &3 ferritin
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x]7} 100 w3k, TSAT 20%
A AF AR B3 9o, ¥H ferritine] 300
u)gk, TSAT 30% wlute]sd 754 HE A 4
g2 B4 glch (Table 7). o2jdt A3ke] At
< 8A ferritin A& AF7|1H 2R FA3)odo} wk
o] Ztazdhe FAAE & 5 9lew, o)ge)
percentage hypochromic red cell ¢] 7)%5%
A A 2 ntedslis o oz 9lo]
FHFHANAN = 7158 AEAPANE Adsl=d)
o] o]-8-3lx gl 74} vhHelt} (Macdougall,
1998). L3l r—HUEPO 3839 Al%-A 3
Al A 252 i) A Al gotsta &

RSN AE AATE T AR &
Hrlsle - F2F Bl Fo 3o 3§,

wjubold Aepsel

x2Fol AE AR A g AA3] Hrisie] WY
A &E slojof g} e} HE FoE AHA3]
A 317] HEiA S 27| A dekd Az o)
Tl A, BAlgo] AL glo] FEF AEE ¥
T8 e MR AT HE AA) geshe,
E4, non—allergic forme] v|ZAA HE A4
7b 2E| 5 glaL, Al AR v HE R
of wo] HQstar, wix|ete g BAE AJsta
PE FxpollA FA AL B3 HE Fo HHE
7478 Fert gt} (Table 8).

6. NKF-DOQI Guidelines
W AP @] W Ao i NKF-
DOQI 7}ol= gkl Fofl AE =) o} Hi

Table 6. Tests for evaluation of iron status in patients with ESRD

Iron stored in the RES
Serum ferritin
Bone marrow specimens stained for iron

The quantity of circulating iron
Serum iron
Total iron binding capacity
Transferrin saturation

Iron status on the red blood cell
Mean red cell volume
Mean red cell hemoglobin content

The percentage of hypochromic red blood cells(normally less than 2.5%)

Red cell ferritin

The zinc protoporphyrin concetration of red cell

The zinc protoporphyrin concetration of plasma

Soluble transferrin receptor

Table 7. Absolute versus Functional iron deficiency

Absolute Functional
TSAT <20 % <30 %
Serum ferritin < 100 ng/mL < 300 ng/mL

Table 8. Future advances in iron management

New, tolerable forms of oral iron
Non-—allergic forms of parenteral iron

New parenteral iron delivery systems(transcutaneous)
Transfer of iron from dialysate into the patient
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(guidelines 5~10)& t}A] 3 HEsS] RA]7|
5 vl

GUIDELINE 5 — Assessment of Iron Sta—
tus

Iron status should be monitored by the
percent transferrin saturation (TSAT) and

the serum ferritin. (Evidence)

GUIDELINE 6 - Target iron Level

A. CRF patients should have sufficient iron D.

to achieve and maintain a Het (Hgb) of
33% to 36% (11 to 12 g/dL). (Evidence)

B. To achieve and maintain this target
Hct/Hgb,»sufficient iron should be ad-
ministered to maintain a TSAT of =
20%, and a serum ferritin level of =
100ng/mL (Evidence)

to maintain the TSAT = 20% and se—
rum ferritin at = 100 ng/mL. (Opinion)
If, on the other hand, in response to
either of these courses of IV iron, there
is an increase in Hct/Hgb at a constant
dose of Epoetin, or a stable Hct at a
decreased dose of Epoetin, then it is
reasonable to administer 50 to 100 mg
of iron 1V once per week for 10 weeks
again in an effort to achieve and
maintatin the Het/Hgb at 33-36%/11~
12 g/dL. (Opinion)

CRF patients are unlikely to respond
with a further increase in Het/Hgb and/
or a further reduction in Epoetin dose
required to maintain a given Hct/Hgb
if the TSAT increases to = 50% and/or
the serum ferritin level increases to =
800 ng/mL. (Evidence)

C. In patients in whom TSAT is = 20% GUIDELINE 7 - Monitoring Iron Status

and the serum ferritin is = 100 ng/mL,

yvet the Hct/Hgb is < 33%/11g/dL, as A. During the initation of Epoetin therapy

well as in patients requiring compara-—
tively large doses of Epoetin to main-
tain a Hct/Hgb of 33%-36%/11-12 g/
dL, the patient's response to 50 to 100
mg of IV iron once per week for 10
weeks should be observed. (Opinion) If
in response to this course of iron there

is no increase in Hct/Hgb and no in-

and while increasing the Epoetin dose
in order to achieve an increase in Het/
Hgb, the TSAT and the serum ferritin
should be checked every month in pa-
tients not receiving intravenous iron,
and at least once every 3 months in

patients receiving intravenous iron, until

~ target Hct/Hgb is reached. (Opinion)

crease in serum ferriitin and TSAT level, B. Following attainment of the target Hct/

at the same dose of Epoetin, a second
course of IV iron should be tried.
(Opinion) If, in response to this second

course of IV iron, there still is no in- C.

crease in Het/Hgb, but either the TSAT
or serum ferritin level increases, then
the weekly dose of IV iron should be

Hgb, TSAT and serum ferritin should
be determined at least once every 3
months. (Opinion)

Intravenous iron therapy must be dis—
continued for 2 weeks prior to performing
these measurements of iron status.

(Evidence)

reduced to the lowest amount required D. In CRF patients not treated with Epoetin
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and whose TSAT is = 20% and serum
ferritin is = 100 ng/mL, the iron status
should be monitored every 3 to 6 months.

(Opinion)

GUIDELINE 8 — Administration of supple—

mental iron

A. Supplemental iron should be adminis-

tered to prevent iron deficiency and to
maintain adequate iron stores so that
CRF patients can achieve and maintain
a Hct 33% to 36% (Hgb 11 to 12 g/dL)
in conjunction with Epoetin therapy.
(Evidence)

. If oral iron is given, it should be ad-
ministered at a daily dose of at least
200 mg of elemental iron for adults and
2 to 3 mg/kg for pediatric patients.
(Evidence)

. The adult pre—dialysis, home hem-
odialysis, and peritoneal dialysis (PD)
patient may not be able to maintain
adequate iron status with oral iron.
(Evidence) Therefore, 500 to 1000mg of
iron dextran may be administered IV
in a single infusion, and repeated as
needed, after an initial one—time test
dose of 25 mg. (Opinion)

. A trial of oral iron is acceptable in the
hemodialysis patient (Opinion), but is
unlikely to maintain the TSAT > 20%,
serum ferritin > 100 ng/mL, and Hct/
Hgb at 33%—-36%/11-12 g/dL.(Evidence)

E. To achieve and maintain a Hct of 33%—

36%(Hgb 11-12 g/dL), most hemodi-
alysis patients will require intravenous

iron on a regular basis. (Evidence)

F. Intravenous iron can be given on a variety

of dosage schedules. If the TSAT is <

20% and/or the serum ferritin is < 100
ng/mL, the Anemia Work Group rec—
ommends that, in adults, 100 mg of iron
be administered IV at every hemodi-
alysis for 10 doses. (Opinion) Two weeks
following the end of any IV iron treat—
ment period, the Het(Hgb), TSAT, and
serum ferritin should be measured.
(Evidence) If the TSAT remains < 20%
and/or the serum ferritin < 100 ng/mlL,
another course of IV iron(100mg every
hemodialysis for 10 doses or 100mg per
week for 10 weeks) is recommended.
Once the patient's TSAT is = 20% and
the serum ferritin is = 100ng/mL, the
Anemia Work Group recommends that
50 to 100 mg of iron be given IV once
per week for 10 weeks (see Guideline 6:
Target Iron Level). (Opinion) Sched-
ules for IV iron administration ranging
from three times per week to once ev-
ery 2 weeks are also reasonable in or-—
der to provide 500 to 1000 mg of iron
within 10 weeks. (Opinion)

G. Most patients will achieve a Hct of 33%

to 36% (Hgb 11 to 12 g/dL) with TSAT
and serum ferritin levels < 50% and <
800 ng/ml, respectively. (Evidence) In
patients in whom TSAT is = 50% and/
or serum ferritin is = 800 ng/mlL, IV
tron should be withheld for up to 3
months, at which time the iron param-
eters should be re-measured before 1V
iron is resumed. (Opinion) When the
TSAT and serum ferritin have fallen to
< 50% and < 800 ng/mL, IV iron can be
resumed at a dose reduced by one third

to one—half. (Opinion)

H. It is anticipated that once optimal Hct/

Hgb and iron stores are achieved, the
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required maintenance dose of IV iron
may vary from 25 to 100 mg/week for
hemodialysis patients. The goal is to
provide a weekly dose of IV iron in
hemodialysis patients that will allow
the patient tb maintain the target Hct/
Hgb at a safe and stable iron level. The
maintenance iron status should be moni~
tored by measuring the TSAT and se-
rum ferritin every 3 rnbnths. (Opinion)
I. Oral iron is not indicated for the CRF
patient who requires maintenance doses

of IV iron. (Opinion)

GUIDELINE 9 - Administration of a test
dose of IV iron dextran Prior to initiating
IV iron dextran therapy, a one—time test
dose of 25 mg

(in adults) should be given IV. For pedi~
atric patients weighing < 10 kg,

the test dose should be 10 mg; for pediat—
ric patients weighing 10 to 20 kg,

the test dose should be 15 mg. If no im-
mediate allergic reaction occurs,
subsequent routine doses can be given
without a test dose. According to

the package insert, iron dextran should be
administered by slow IV push

at a rate not to exceed 1.0 mL (50 mg, if
undiluted) per minute. (Opinion)

GUIDELINE 10 - Oral Iron Therapy

When oral iron is used, it should be given
as 200 mg of elemental iron per day, in 2
to 3 divided doses in the adult patient, and
2 to 3 mg/kg/dayin the pediatric patient.
Oral iron is best absorbed when ingested
without food or other medications.

(Evidence)

Summary — Available evidence demonstrates

that ;

1. Both iron and erythropoietin are needed
to produce red blood cells: as a result,
unless adequate iron is available, Epoetin
will be relatively ineffective.

2. In the absence of provision of supple~
mental iron, iron deficiency is almost
always present in non-transfused he-
modialysis patients receiving Epoetin.

3. Although some hemodialysis patients have
been able to avoid absolute and func-
tional iron deficiency by taking only
oral iron supplements, most hemodi—
alysis patients require IV iron to main—
tain sufficient iron to achieve and main-
tain a Hct of 33% to 36%.

4. Just as there is risk associated with the
failure to use IV iron (because many
patients will be anemic unless they
receive IV iron, and anemia is associ—
ated with increased morbidity and
mortality), there also is some risk as-—
sociated with the use of IV iron dext-—
ran and ferric sodium gluconate (see
Guideline 91 Administration of a Test
Dose of IV Iron Dextran).

5. Although no tests are perfect indicators
of the adequacy of iron stores, the TSAT
and serum ferritin are the best mea-
sures of the body's iron status that we
currently have. The probability that iron
deficiency is present increases as the
values of these measures decrease.

6. Given the prevalence of iron deficiency
in CRF patients, and the sensitivity and
specificity of TSAT and serum ferritin
in detection of iron deficiency, the like~
lihood of iron deficiency is sufficiently

high when TSAT is < 20% and the
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serum ferritin is < 100 ng/mlL, that the
TSAT and serum ferritin should be
. maintained at a level of = 20% and =
100ng/mL, respectively, in all patients.

7. Because many patients will still be func—
tionally iron deficient even with a TSAT
> 20%, and/or serum ferritin = 100 ng/
mL, additional iron should be given to
patients whose TSAT is = 20% and /or
seurm ferritin is = 100 ng/ml., when—
ever the Het is < 33% and/or Epoetin
doses are greater than anticipated,so
long as administration of such iron does
not chronically maintain the TSAT at
> 50% or serum ferritin at > 800 ng/mL.
There is no single level of TSAT or
serum ferritin that is optimal for all
patients. The goal of iron therapy is to
improve erythropoiesis, not to attain spe-
cific levels of TSAT and/or serum
ferritin. The probability that functional
iron deficiency exists despite a TSAT
> 20% is greater in patients who re—
quire higher doses of Epoetin.

8. The level of TSAT or serum ferritin
above which patients will have iron over—
load is not known. Patients with trans-—
fusional hemosiderosis have a TSAT =
80%. There is no known risk associated
with a TSAT that is < 50%. Moreover,
there is no physiologic or clinical ra-
tionale for maintaining TSAT > 50%.
Serum ferritin levles between 300 and
800 ng/ml have been common in di-
alysis patients, and there has been no
evidence that such levels are associ—
ated with adverse, iron—mediated effects.

9. Because of the repetitive dialyzer-relatd
blood losses in hemodialysis patients,

iron overload can be avoided by tem-

porarily withholding IV iron adminis—
tration if TSAT or ferritin levels tem—
porarily become excessive.

10. By monitoring the TSAT and serum
ferritin at least once every 3 months,
erythropoiesis can be optimized in he-
modialysis patients by adjusting the
prorated weekly dose of IV iron to

maintain adequate iron status.
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