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1 Iron Compartments in Normal Man

Compartment

Hemoglobin iron

Storage iron

(Ferritin, Hemosiderin)
Myoglobin iron
Labile pool
Other tissue iron
Transport iron

Reference No. 9

1 Hemoglobin

Hemoglobin

Iron content, mg
2,000

1,000

130

80

&

(Packed erythrocyte)

2. Storage compartment

2 Ferritin Hemosiderin
Ferritin
hydroxide protein 1 apoferritin apoferritin
ion, hydroxyl ion, oxygen lattice
ferritin ferric oxyhydroxide (FeOOH)
FeOOH

Total body iron, %

67
27
3.5
2.2
0.2
0.08
1)
2,000
0.34
1
800-1000
ferric
ferric
e
phosphate

apoferritin



FeOOH 4,300
FeOOH 2,000
800,000
31 ferritin
620,000
13
441,000(16'1)

115

18

apoferritin
ferritin
apoferritin
70

1 Quaternary structure  Apoferritin



Apoferritin shell
24 (snubbed cube, cube with rounded
comers) 1 apoferritin

4 monomers

1 24 monomers, 6
6 6
Apoferritin monomer 2 H (heavy chain) L (light chain) H
18,500 182 L
21,000 174 apoferritin
apoferritin monomer 2 <8H
Apoferritin monomer 4
A B C
E P
E P Apoferritin
Ferritin
@ ferritin receptor cell membrane
ferritin (binding and internalization)
ferritin
iron metabolisms inflammation
Hemosiderin
monocyte-macrophage , Kupffer cell
tissue section marrow film
Hemosiderin Apoferritin shell (FeOOH)x

Civ)



200-300

Ferric form

10

Myoglobin

amino acid

0.34

Oxygen

cell membrane

800-1,000
ferritin Ceruloplasmin oxidize
transferrin
3. Myoglobin Hemoglobin
Heme 1
150 ' 17,000
Myoglobin
Oxygen
4. Labile iron pool
cytoplasm
storage compartment Plasma
80-90
5, Tissue iron compartment
Cytochrome, enzymes
&2
6. Transport compartment
3 active
Apotransferrin
Glycoprotein P-Globulin 678 amino acids

Heme

6-8

Transferrin

Apotransferrin Hépatocyte Monocyte/macrophage cell system<82X,

79570



Hemoglobin

(menstruation) ( 2)
2
( )
( )
( )

Reference No.9

0.5

10

20

30

10

10



Duodenum

HCI Feme

Amino acid, Ketosugar Gastrofenrin mucin

Paraferritin

2 Mucosal uptake in intestinal absorptive cell
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mucin intestinal epithelial 0t3/a5, [3
integrins membrane receptor Mobilferrin
Paraferritin complex  cytoplasm [32 microglobulin, integrin
( cell membrane), Apomobilferrin carboxyl terminal G
integrin, Flavin mono-oxygenase Nicotinamide adenine dinucleotide phosphate
520,000
mobilferrin Calreticulin
Chaperone Cation Ferric iron, Ferric iron Paraferritin complex
reduce Ferrous iron mitochrondria
tHemoglobin Cytochrome non-heme etalloprotein Ferrochelatase
( 2)
intestinal epithelium
Ferric iron Transferrin

Plasma transportation

plasma transferrin glycoprotein
78,000 carbohydrate 6
, macrophage,
2.5 / Transferrin

total iron binding capacity (TIBC)

Transferrin ferric iron 2 ions
Ferric iron 0, 1, 2 ions
Transferrin affinity affinity

) ) ) affinity



Extracellular

14

Intracellular

IRP1 and IRP2
regulation of
intraceliular iron
meiaboclism

A

intracellular labile iron

Clathrin-coatad pit
\06 / P
LA
Y
Oo
20
/: Receptor-mediated
[ endocytosis
f! , Proton
K= 1 g H+ pump
AT
Iron transpornt
& @ Nramp2 ?
A (=1l
| o
% Fe —>

Transierrin
recepior

Haemand <€—
non-ha;m e
containing —>

Diferric H
4 proteins

pool [Fe(ll) / Fe(lll) ?]

Low molecular weight Fe
complexss ?

High molecular weight
intermediates ?

Transferrin

Apo
transferrin \\

3 Transferrin

ron uptake
Fel into ferritin

Y
Iron

storage
ferntin

receptor-mediated endocytosis
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Congenital Atra sferrinemia

(intermediate normoblast)

Apotransferrin Transferrin receptors
Endocytosis transferrin- receptor complexes
Clathrin coated vesicle siderosome acidify
affinity ~ Transferrin Transferrin cytoplasm
Transferrin receptor cell membrane
(3
Transferrin -~ Normoblast
Heme Heme ( |soniazid)
Transferrin receptor Heme
Globin Cycloheximide)
Negative Feedhack Heme
transferrin- receptor Heme
reticulocyte Transferrin receptor

Iron metabolism End stage renal disease

;o ESRD CRF
dialysis

CRF
Hormone Erythropoietin 9
Aluminum intoxication <@ Severe Hyperparathyroidism <3
Folate deficiency(@ Hemolysis @  blood loss Hemodialysis (&
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Iron status Erythropoietin

Ferrokinetics
1/3-213 Erythropoietin (33
Erythropoietin
Reticuloendothelial cell (RE cell)
RE cell (

@ ESRD Het 22 %
15-20 %
Hct 25% iron overload

Erythropoietin Transferrin receptor
Erythroid cell Erythropoietin -~ Erythroid cell  uptake
Transferrin 80
uptake non-erythroid tissue M

1960
Hct
Hct LB
Erythropoietin

1970
Het 20 %
Hemodialysis
1-3
800-1,200
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Erythropoietin
1980 Erythropoietin
Hemodialysis !
Erythropoietin
Ferritin Transferrin saturation 20
Erythropoietin intravenous (IV)

Hot  Erythropoietin
Functional iron deficiency

Functional iron deficiency Erythropoietin
150 unitsfkg 4 ,
Hemodialysis Hemochromatosis
Erythroid ~ cell !
Hemoglobin Erythropoietin RE cell
Erythroid cell

vascular access
Hct
Erythropoietin

functional iron deficiency
Erythropoietin
Hemoglobin

Iron dextran serum ferritin
100 ng/ml  TSAT 20 %
serum ferritin 99-403 ng/iml TSAT 18-31 %
Het 19+ 20 % Erythropoietin 34+ 27 %
30-200 serum ferritin
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350-754 ng/ml TSAT 23-36 % 6T
Het
Erythropoietin

Absolute( serum ferritin 100
ng/ml, TSAT 16-20 %) Functional ( serum ferritin 100 ng/ml
TSAT 25%) Erythropoietin

@

.. 2225
' ' . 231948 blood smear

hemoglobin ( normocytic  normochromic )
(spicules — Dburr cells)
(incubate) plasma B

(erythroid precursor cells )
creatinine clearance 200 Het B %S

(end stage renal disease)
Hct 15-20 %

high out put cardiac failure Hct
blood urea nitrogen (BUN)
glomerular filtration rate (GFR) &
. 2492 Finch et a uremia
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uremia
hemolysis
uremia
uremia
hemolysis ~ uremia
6X
Normal
5X4
RBC  4xq
Production 1 CRF
3X4
2X1
1X 501
0 T T T T -.1
0.1 1.0 10 10° 10° 10"
EPO Concentration (mU/mL)
4 Erythropoietin

Reference No.57
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BUN !
hemodialysis hemodialysis
hemodialysis
uremic toxin
6 4 (
4) (ferrokinetics)
uremic toxin urea
polyamine, parathyroid hormone
(marrow fibrosis) uremic toxin
hormone
Erythropoietin dialysis
Erythropoietin
Erythropoietin

telangiectasia gastrointestinal angiodysplastic lesion.

platelet factor 3, activation-dependent binding activity  glycoprotein Ilb-

llla , von Willebrand factor,
adenosine diphosphate  serotonin bleeding time
Het Erythropoietin hemodialysis
vascular access, dialyzer,
dialyzer,
60 peritoneal

dialysis



B T 1)

(intercurrent illness) dialysis
folic acid
folic acid
vitamin B12
1 Erythropoietin
2.
3
4, cytokines
5.
6.
Erythropoietin
Erythropoietin  sialylglycaprotein ' 165
34 kd sialic acid
carhohydrate Erythropoietin burst forming unit erythroid
colony forming unit erythroid anti-apoptotic factor
Erythropoietin gene chromosome 7 5
exons 4 introns upstream promoter  gene
hypoxia hypoxia enhancer
downstream Erythropoietin gene hypoxia
hypoxia-inducible factor (HIF) -1 0Xygen-sensitive
enhancer MRNA transcription Erythropoietin
MRNA Erythropoietin

tissue oxygen Erythropoietin
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Erythropoietin 2-3 bl
Erythropoietin

Erythropoietin ( 90)
hépatocyte macrophage Erythropoietin
Erythropoietin derive fibroblast ~ type I Interstitial cells
proximal tubular cell renal cortex.
fibroblast interstitium Erythropoietin

“sensor” Erythropoietin
" renal tubular cell
0Xygen ystemic hypoxia proximal tubule
sensor cells oxygen (oxygen tension) proximal tubules
renal blood flow ~ GFR
renal blood flow oXygen tension
Erythropoietin
hypoxia Erythropoietin
prostaglandins , CAMP, ¢cGMP, adenosine
calcium calmodulin prostaglandin adenosine
Erythropoietin adenylcyclase  protein kinase A
prostaglandin adenosine
Erythropoietin

Erythropoietin prohormone peptide
193 21
Erythropoietin 166 arginine 166
translation single strand peptide  disulfide
bridges 2 carbohydrate sialic acid
peptide  Erythropoietin 4 disulfide bonds 2
peptide loop Erythropoietin
carbohydrate  sialic acid Erythropoietin



] Erythropoietin Erythropoietin
! receptor sialic acid galactose
receptodJW endocytosis Erythropoietin
sialic acid Erythropoietin
4-12 sialic acid rHUEPO
carbohydrate structure
pH
Erythropoietin
radioimmuno assay. Erythropoietin
8-25 [ . 01 Y, |
Erythropoietin on-off
hypoxia Erythropoietin
exponential curve hypoxia Erythropoietin producing
cell  subcapsular cortex outer medulla Erythropoietin
100-1,000 4-6
Het negative feedback Erythropoietin
Erythropoietin (circadian rhythm)
1.00 13:00
Hct
androgen
Erythropoietin
uremia
Erythropoietin 100 uremia
Erythropoietin
uremia. uremia Erythropoietin
hypoxia Erythropoietin

Erythropoietin-hematocrit feedhack



Erythropoietin
Erythropoietin
clone Erythropoietin gene
rHUEPO Erythropoietin gene
Chinese hamster human Erythropoietin '

24

Erythropoietin &)
recombinant human Erythropoietin (tHUEPQ) . .2523
dialysis Hct
Erythropoietin anabolic hormone
rHUEPO
Het 28-33 % NKF-DOQIU
Hct 33-36 % 80-120 unit/kg/week
2-3 pharmacodynamics
20 Erythropoietin
Erythropoietin
Erythropoietin
rHUEPO hemodialysis
0.7uitl & ! iron overload
rHUEPO Hct

( HIV, hepatitis G, etc)

HLA antigen

rHUEPO
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panel reactive antibodies anti-HLA specific antibody titers

Erythropoietin ?

hyperdynamic ~ left ventricular hypertrophy(LVH),
0Xygen angina pectoris

left ventricular dysfunction  congestive heart failure

Erythropoietin
13 dialysis
LVH 45 Het
29 ¥% left ventricular mass 18
rHUEPO  cardiac output  cardiac index
systemic vascular resistance blood volume
Erythropoietin cardiac output hypervolemia
LV ejection fraction LV function rHUEPO
blood volume dry weight (
)
Erythropoietin
hyperdynamic state cardiac output
peripheral vascular resistance hypoxic vasodilatation blood
viscosity 1
20-40 systolic
diastolic. ! peripheral resistance
15 -100 cardiac output 15-35

cardiac output
peripheral resistance preexisting hypertension,



2
, Het , rHUEPO
Erythropoietin ( 2 3)
Erythropoietin
peripheral vascular resistance
plasma renin activity, angiotensin |, angiotensin |
renin-angiotensin upregulation
RNA  catecholamine
prostaglandin atrial natriuretic
peptide 25 Erythropoietin
endothelin (ET-1) Erythropoietin (>1,000 unit/ml)
ET-1 Erythropoietin endothelial cell
culture system Erythropoietin
, plasma Erythropoietin ET-1
ET-1
vasoactive
substance Erythropoitin
Erythropoietin renal  mesenteric artery preparation
«"-Induced
depolarization, angiotensin II, oc.-agonist ~ methoxamine double blind
study Erythropoietin -~ placeho hemodialysis 9
, , plasma ET-1 60
Erythropoietin ,
Erythropoietin ESRD

Erythropoietin Erythropoietin



3 Possible etiologies for Hypertension after Correction of

Anemia in ESRD
Lack of hypoxic vasodilatation
Failure to downregurate cardiac output
Activation of pressor hormones/adrenergic system
Renin-angiotensin (tissue level)
Catecholamines
Increased in endothelin
Increased in vascular smooth muscle contraction
Trough increased cytosolic calcium
Direct vasoconstrictor effect of rtHUEPO
Change in blood viscosity
Increased whole blood viscosity
Decreased red blood cell fluidity
Decreased in endothelial-derived relaxing factor (NO) action
Diversion through hinding to hemoglobin (less available)
Impaired response to NO present
Expanded blood volume and extracellular fluid volume
Modulation effect of uremia
Genetic predisposition
Reference No. 57

hypoxie dilatation
blood viscosity blood viscosity
Ht 29 39% plasma viscosity
erythrocyte  deformability

27

erythrocyte
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deformability Hb

nitric oxide
Erythropoietin
Hot
Hct
erythrocyte mass
nitric oxide nitric oxide
activity counter regulatory
Het
Erythropoietin Hct
Het
5 2%
blood volume red cell
Mass plasma volume 1 1
red cell mass plasma volume
Erythropoietin blood volume
peritoneal dialysis
dialysis 8 Hg
red cell mass peritoneal dialysis
plasma volume plasma volume dialysis
Erythropoietin

sham control
Erythropoietin
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Erythropoietin i ?
18 gm/dl
10 gm/dl Erythropoietin
exercise-induce ST segment depression
10 gm/dl cardiovascular disease
Yang et al Het 1%  Hct 21-31 %
14 cardiovascular disease dialysis
Erythropoietin 1
Erythropoietin dialysisit
(hospitalization)
Erythropoitin 8 9.6
Erythropoietin 16
18 , 1.2
B
vascular access
0.9 Erythropoietin
58 Erythropoietin
97
Erythropoietin

Effect on exercise tolerance and rehabituation

ESRD muscle mass
blood lactate
oXygen phosphocreatine inorganic
phosphate oxidative metabolism
activity ~ ubiquitine-proteosome pathway
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uremia cytokine hemodialysis,
Erythropoietin
aerobic oxygen 1
oxidative phosphorylation

2,3 DPG 0Xygen
voluntary contraction  , force contraction histology
blood lactate aerobic
metabolism

maximal uptake oxygen
cardiopulmonary performance

1 0Xygen
0Xygen
Hb 0Xygen capillary
mitochondria
oxidative metabolism hemodialysis
oxidative metabolism
(Het 40 %
, Het = 35 % ) Hct 30 %
dialysis , Erythropoietin Het
working capacity score 61 Erythropoietin
Het working capacity score 38
work capacity Erythropoietin
exercise capacity
(rehabituation) Het working
capacity Het

Hb exercise capacity



Het

exercise capacity, hemodialysis ,
1
neuropathy,  cardiovascular disease
cognitive function
uremia
(fatigue), ,
(impotent), (mental)
ESRD
Erythropoietin
hemodialysis peritoneal dialysis
dialysis
(self
concept),

, (perceived strength)

living) Het
1000
Form-36 QOL questionnaire 4 6

Het
. Moreno et al
Impact Profile
Canadian Erythropoietin Study

31

global score of the Sickness Impact Profile

(activities of daily

Erythropoietin -~ phase IV
Het 30 % Short
36 %
Karnofsky function scale  Sickness
Het 29 -35 %
Hb 10.2
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117 gm/dl plateau effect
Eschbach et al Het 42 %
Hct cognitive function
Hct 33-36 % electroencephalogram visual-event-related
potential Hct 42 %
cognitive function 0Xygen
Het 40-45 % Erythropoietin receptor
' Erythropoietin
paracrine function ~ Erythropoietin Hypoxic-
induced neuronal damage Erythropoietin
2-3

Endocrine change

uremia hormone
(sexual dysfunction)
prolactin
thyroid releasing hormone (TRH) gonadotrophin-releasing hormone

prolactin,  testosterone,
|uteinizing hormone (LH), follicle stimulating hormone, thyroid stimulating hormone,

free T3, free T4 IGF-1 growth hormone
hormone
gonadotrophins immunoreactive
gonadotrophins
immunoreactive  gonadotrophins biologic
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Metabolic change

nitrogen  balance

Erythropoitin
amino acid metabolism total cholesterol
apoprotein B, serum triglyceride
atherosclerosis diabetic retinopathy Het
33-36 % hypoxia retina
Immune function
20
ESRD ,
adherence, recepter expression phagocytosis uremia
hemodialysis complement neutrophil  phagocytosis
L-selectin  expression , monocyte
Fc receptor IL-2 activated T cell
dialyzer cellulose
Erythropoietin
immune natural killer cell , helper
suppressor T cell , immunoglobulin phagocytic
function plagocytic function iron
overload Erythropoietin
cell-mediated  immunity humeral function
hepatitis B vaccine Antibody titers
Erythropoietin -~ L Erythropoietin -~ 8
vaccine cytokine
Flct Erythropoietin

Erythropoietin
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4)

platelet,  aggregation adhesiveness platelet factor 3
bleeding time , Platelet vessel subendothelial
dialysis platelet plasma factor
platelet activation-dependent binding activity
GP llb-Illa multimeric structure VWF
GP Ib GP llb-llla platelet
thrombi. Plasma endothelial cell nitric oxide
platelet
4 Erythropoietin
Bleeding time
=)
Platelet reactivity — adhesion
plasma VWF activity
fibrinogen
intracellular platelet calcium
Procoagulant
Factor VIl fibrinogen
Protein c, anti-thrombin |l ,

Reference No. 57

platelet adhesion

Erythropoietin
bleeding time
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7 plasma cell
Erythropoietin bleeding time platelet adhesion
Erythropoietin
Het 30 %
bleeding time platelet
platelet reactivity adhesion
Erythropoietin VWF activity, VWF antigen fibrinogen
intracellular platelet calcium
platelet
procoagulant
anti coagulant factor hemodialysis !
total protein free protein antithrombin il
(ATIH) antigen functional activity ' CAPD
hemodialysis Erythropoietin thrombogenesis
hemodialysis
anticoagulant protein C
' Erythropoietin
anticoagulant Erythropoietin 20 unitkg 2
1 bleeding time . W
antigen, resocetin  cofactor , fibrinogen factor v
activity thrombosis
fibrinogen, ATII activity, protein C activity, protein  concentration
Erythropoietin
coagulation state 2
Erythropoietin Hct 30 %

(telangiectasia), ~ pericarditis,
pleural effusion, spontaneous subcapsular hematoma, spontaneous retroperitoneall
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bleeding Erythropoietin thrombosis
vascular access

bleeding time routine coagulation test
red cell mass
clot dialyzer blood time 1 hemodialysis
Erythropoietin Het 30 38%
heparin " 50 thrombosis Hct
38 %
Canadian multicenter trial
thrombosis synthetic bridge graft vascular access
native AV fistula thrombosis
thrombosis Erythropoietin
02 [ - intra-access blood flow
vascular access
intra-access blood flow 1 Erythropoietin Het
30-36 % 42 % vascular
access hemodynamic vascular access thromhosis
vascular access
aspirin platelet aggregation
Erythropoietin
aspirin 30 mg hemodialysis
bleeding time vascular access thrombosis
? dialysis
Erythropoietin serum

potassium, phosphate 1 creatine
hemodialysis red cell mass
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plasma flow
hemodialysis dialyzer reuse
heparin 15-50 %
Hot high  flux hemodialysis 2436
% hemodialysis 140 169
CAPD clearance sodium, potassium, urea
dialysis glucose ahsorption
Erythropoietin ESRD
crude Erythropoietin 30
Erythropoietin
Erythropoietin
Erythropoietin Erythropoietin
]
(apoptosis) Erythropoietin
Erythropoietin (
B) Erythropoietin Erythropoietin
Erythropoietin 15 Erythropoietin
19 6.8 =4.3-11.3 )
8.0 ml/kg/hr (volume of distribution)
= 70 mllkg 2 plasma
Erythropoietin
Erythropoietin sugar side chain
Erythropoietin sugar side chain (desialiation)

tetrantennary sugar side chain
Erythropoietin
Erythropoietin

marrow erythroid proliferation

biantennary sugar side chain



5 !
Pharmacokinetic

Parameter

Intravenous

Half life (hr)
Clearance(ml/hrkg)
Vdss (mlfkg)
Cmax /dose

Subcutaneous
Bioavailability (F)
Tmax (hr)

Cmax /dose

38

Erythropoietin ESRD
Mean + SEM Range
6.810.3 43-11.3
8010.4 2.9-11.3
70.015.2 53-103
191+1.3 11.2-25.2
488+ 52 % 14.5-96.5
22.613.4 8-52
19+03 031-4.42

Vdss: volume of distribution steady state. Cmax / dose : maximum
concentration adjusted for dose. Bioavailability (F) : area under the curve for
subcutaneous dose as percentage of intravenous dose

Reference No. 57

Erythropoietin

bioavailability

Erythropoietin 10

48

22.6
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1 T I T T T 1 A T T T L

T T A
0 1+ 2 3 4 5 6 7 8 9 10 11 12 13 14
Time (days)
. Epoetin, Two 60 Uikg SC Doses/wk
\ :

Concentration ({J/mL)

T 1 T T T

T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12 {3 f
Time (days)
1 } Epoetin. One 120 Urkg SC Doserwk

Y N

001 4

1
4
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Erythropoietin
3 hemodialysis dialysis
Erythropoietin
Erythropoietin
Erythropoietin
Erythropoietin
Erythropoietin
Erythropoietin interdialytic period
Erythropoietin
Erythropoietin 1 2
Erythropoietin

Erythropoietin

Erythropoietin
B (Y
Erythropoietin (
145 - 96.5)
16-30
(50
Erythropoietin =~ 2
(bioavailability)
Erythropoietin
1 Erythropoietin

450 u/kg 1 Erythropoietin 8,000 - 10,000 / |

Erythropoietin
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Erythropoietin Hot 2
Erythropoietin
Erythropoietin
25 - 50
chronic ambulatory peritoneal dialysis 3
1 Dialysis chronic ambulatory
peritoneal dialysis
hemodialysis
NKF-DOQI
Erythropoietin
Erythropoietin -~ peritoneum

2-12 Erythropoietin

dialysis 4 Erythropoietin

dialysate 80 Erythropoietin
peritoneum peritoneum peritoneal dialysis
Erythropoietin - peritoneum
Iron Management in Hemodialysis Patients

Monitoring of Iron status &>

20 serum iron, total iron
binding capacity serum ferritin hemodialysis <€)
hemodialysis National Kidney Foundation-Dialysis Outcomes Quality Initiative

(NKF-DOQI) TSAT  serum ferritin



TSAT
33-36 %
800 mg/ml
! NKF-DOQI

20 %

ferritin
ferritinlJ

Hct

NKF-DOQI
2
hemodialysis

NKF-DOQ

serum ferritin

TSAT

TOAT

chronic ambulatory peritoneal dialysis

aCCEeSS

chronic renal failure

42

100 ng/ml Hct
TSAT 50 % serum
TSAT serum
TSAT serum ferritin
3-6 Erythropoietin
serum ferritin
100 mg 10
11+1.5 80+ 7.2 %
serum ferritin
Hemodialysis
U
dialysis
vascular
Hemodialysis
Het '

phosphate



binders, H, blockers  proton pump inhibitors

Hemaodialysis

Stage Renal Disease
Erythropoietin
Hemodialysis

Erythropoietin
ESRD
Transferrin saturation (TSAT)

Iron metabolism

Hemodialysis

Erythropoietin

43

End Stage Renal Disease <@l

End

Erythropoietin

Phosphate binders
Hct

Serum  Ferritin

1,000
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! 3
Functional Iron Deficiency

2 0 Hemodialysis Erythropoietin
2 (TSAT)
(Ferritin)
( )
Reticulocyte hemoglobin content (CHr), Percentage of
Flypochromic RBC stainable iron Gold standard
Functional iron deficiency
Functional iron deficiency stainable iron

Gold standard
Functional iron deficiency

Serum Ferritin

RE cell Ferritin
Feritin ' 15- 30 ng/ml
ESRD 2

Acute phase reactant
connective tissue
disease ESRD
Ferritin

Gold standard
Ferritin 100 ng/ml
8% T5% )
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Transferrin saturation

TSAT Transferrin
serum iron total iron binding capacity 100
serum
iron
(diurnal variation) serum
iron
TSAT Transferrin
TIBC
Transferrin Kalantar-Zadeh et al
Transferrin dialysis Negative
acute-phase reactant serum iron TIBC TSAT
ESRD
TSAT 20 %
80 % 63 % Hemodialysis 1
Hypoproteinemia 100 80 %

protein TSAT

Serum Soluble Transferrin Receptor

soluble Transferrin Receptors(sTfR)

Transferrin Receptor cell membrane

cell Transferrin cell
Transferrin receptor cell

cell Transferrin receptor

Béguin STIR ESRD  Functional iron

deficiency sTR ,
STR Serum
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Ferritin - Punnonen TiR-F Transferrin receptor  log
Ferritin 1

Junca sTR 50 %
271 % sTfR

Percentage Hypochromic RBCs

MacDougall et al. Schaefer & Schaefer
¢ " Percentage Hypochromic RBCs

(Hypochromic) Hemoglobin
28 ng/mis 25 10
Erythropoietin
PHRC
3 PHRC 22
PHRC
PHRC 1 80 % false negative 57 %
PHRC 3
10 !

Reticulocyte Hemoglobin content

Reticulocyte Hemoglobin content (CHr)
Reticulocyte
Cell

CHr



Technicon H*3 hematology analyzer

47

Bayer Diagnostic Inc.

CHr reticulocyte reticulocyte
CHr
CHr Hemodialysis 26 pg
100 8% CHr !
Hb  Het Iron dextran 500 mg
CHr 2 pg
@6
3 Iron dextran, Iron
gluconate Iron sucrose
Iron dextran
Iron dextran
(colloidal suspension) ferric oxyhydroxide
dextran ron dextran 2 9 kd + 7.5
% 265 kd £ 1.5 %

Iron dextran 2 hemodialysis intramuscular
intravenous anaphylactic reaction 25
mg

iron dextran 2,550 mg
| ( )
RE cell 10-20 mg/hr
8-10 50 34
500 mg RE cell

serum iron

ferritin
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serum iron  femitin 2
Iron dextran 500 mg
Fishband et al IViron dextran 100 mg 2 4
hemodialysis Erythropoietin
IV iron Hot Erythropoietin
46 ferritin 200 JUgl Sepandj et al
iron dextran 100 mg 2 hemodialysis Erythropoietin 50
Hb 8.77 100 g/dl Erythropoietin 96
63 unit/kg/week 3,166 Canadian dollars/patient
MacDougall 3
1 IViron dextran 250 mg 2 2 oral ferrous sulfate 200
mg 3 3 Hb 73108
119+ 12 1 2 Erythropoietin
Iron dextran peritoneal dialysis  intramuscular
intraperitoneal peritoneal dialysate IViron
dextran rifampicin
iron dextran 2

anaphylaxis, urticaria, hypotension, nausea, vomiting, bronchospasm, pruritus, fever,
seizure, arthralgia, headache, flushing, chest pain, back pain, abdominal pain

iron overload.  Fishbane 21 iron
dextran 573 4 10
anaphylactoid pruritus 1.5, dyspnea/wheezing
15, chest pain 1.0 hypotension, swelling, nausea, diarrhea, dyspepsia,
flushing, headache, myalgia parenteral iron dextran
systemic reaction test dose iron dextran

anaphylaxis
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Iron Sucrose (lron Saccharate)

Iron Saccharate
Iron sucrose (Venofer®, Vifor International, Inc,St Galien,

Switzerland) 40
Iron sucrose polynuclear iron hydroxide sucrose
complex 43.3 kd iron dextran
RE
cell 90
3
Erythropoietin IViron sucrose 200
mg 1 5 Het 3
6
Het 22 1 Het
Nonresponder TSAT  femitin
3 6
IV Iron sucrose
Silverberg et al ! Hemodialysis 64, Peritoneal dialysis 9
Hemodialysis IV Iron sucrose 100 mg 30
Hemodialysis 2 peritoneal dialysis IV Iron sucrose 100 mg
2
1 hemodialysis 41 Erythropoietin

100 mg IV Iron sucrose 2 1



50

Erythropoietin Hot 3 % 6
Erythropoietin 61.1 6
Het 87+15% 337+22% 6
TSAT  ferritin 6 6
2, hemodialysis 11 Erythropoietin IV
iron sucrose Erythropoietin Het 81+14% 341425%
6 6 Het Erythropoietin
5.7 TSAT ferritin 6 6
3, hemodialysis 12 Erythropoietin IV
iron sucrose Erythropoietin Het 30517 %
31.5£38% 6 6 TSAT  ferritin 6
4, peritoneal dialysis Erythropoietin IV iron
sucrose Erythropoietin Hct 28 10%
33 £22% 6 TSAT  ferritin
D peritoneal dialysis Erythropoietin IViron
sucrose Hct 200 17%  3H6x24% 6
TSAT  ferritin
IV iron sucrose Erythropoietin
Erythropoietin TSAT  feritin
Erythropoietin -~ [Viron
peritoneal dialysis 17 IViron sucrose 100 mg 1
TSAT 20% 200 mg 1 TSAT 20 % TSAT
Het  feritin
Erythropoietin -~ " 6
hypotension, back pain, vomiting, vertigo 0.9
100 mg 5.9 200 mg
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|ron sucrose IV iron

mice 100-200 mg/kg
RE cell 10
2 liver necrosis
IV iron sucrose 100-200 mg  1-2
iron overload  cell damage
Hoigne et al IViron sucrose
400 generalized skin reaction 7 flushing 4
exanthema 3 hemodialysis 8100 patient-year IV iron
sucrose 100 mg 160,000 doses rapidly
reversible hypotension 5-7 ~, flushing 10 cases, /
1case
Nyvad et l dialysis 34 IViron sucrose
1 ! 48
2
Silverberg et al dialysis 73 IV iron

sucrose 100 mg 2

Iron Gluconate

Iron gluconate
.. Food and Drug Administration
irongluconate
(C6HLD 7)(C12HZo 1521
350 £23 kd
Iron dextran

cardiovascular effect, |, , |

40
acute  chronic hemodialysis
(ferric sodium gluconate complex, [NaFed3
62.5 mg sucrose 5 ml

RE cell
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Iron  gluconate

hemodialysis 88 ron gluconate 625 125 mg
hemodialysis session 8 doses ( 500 1,000 mg)

Erythropoietin 1,000 mg Hct, Hb, TSAT
ferritin 500 mg TSAT
ferritin Het  Hb 4 3,

2 anaphylaxis reaction
Pascual etal  Iron gluconate 125 mg 8 doses
63 3
IM nandrolone decanoate 200 mg/wk
Erythropoietin Hb
ferritin 3 3
3 Iron gluconate
3
Iron gluconate
625 mg 2 , N/ 62.5 mg
31.25 mg hemodialysis

Het, Hb  TSAT

hemodialysis

iron gluconate  enalapril 3
erythema, nausea, vomiting, abdominal cramps hypotension
enalapril iron gluconate
kinin catabolism

hypotension, flushing, nausea, vomiting, diarrhea
paresthesias iron gluconate
transferrin oversaturation ~ TSAT 100 % free iron
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Pascual et al 3 63
iron gluconate malaise, heat, vomiting, loin pain, sever epigastric
pain,  anaphylactoid reaction (severe hypotension, paresthesias of lip, fingers,
genitalia) iron gluconate iron dextran
3 iron gluconate 50 ml
30 ,

Zanen et al TSAT hemodialysis
Iron gluconate 4 125 625 mg 30
hemodialysis, 125 625 mg 4 hemodialysis iron gluconate
625 mg 4 hemodialysis . TSAT 100 %
iron
gluconate

Faich Strobos World health organization, the
German health bureau iron gluconate 3.3 cases/million

doses/year 8.7 cases/million doses/year iron dextran
Iron

gluconate 74 20 iron dextran 3l
196 158 (p<0.001) iron
gluconate iron dextran

Iron gluconate iron dextran
anaphylaxis iron
gluconate 9

/
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