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Weakness

Impaired immune
function

Fatigue

~ Shortness of
breath

~ Cognitive
Impairment

Nephrol NursJ 2012 Vol. 39, No. 6
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Patient Hemoglobin, g/dl

1.4 - » 26* ( N=11,041) Overall RR = 0.95 (p=0.003)
— ) per 1 g/dl higher hemoglobin
2 - 1.09
1.06 1.00
1.0 - 0.92
og . | P=0.04 p=0.34 p=0.08 Ref. p=0.19
o.c . | (N=506) (Nn=2740) (n=2202) (N=1936) (n=1403)
<8 38-9.99 10-10.99 11-11.99 >12
RR Hospitalization
. * Overfall RR = 0.94 {p < 0.0001)
’ 1.55 per a g/dl higher hemoglobin
1.4+ 1.16
109 1.00 1.01
1.0
0.2 (n=435) (n=2484) (n=1994) (Nn=1789) (n=1296)
<8 8-9.99 10-10.99 11-11.99 =12
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Diagnosis

Hb<13 g/dl in men, <12 g/dl in women (no dehydration)

MCV <781l < 80

Mcv 78-1001  80-100

MCV =100 f

* EEiD|DQiE‘i

*I Workup

Treatment

Iron deficiency anemia (IDA)
Thalassemia:

p-thalassemia, mediterranean origin

a-thalassemia, African origin
Rare causes:

chronic disease

sideroblastic anemia

lead intoxication

Iron, transferrin, ferritin
Complete Gl investigation for IDA
HbF, HbA1, Electrophoresis for Thal

Treat cause of IDA and supplement
with iron

Acute inflammation (Al)
Chronic disease (ACD):
chronic inflammation
chronic kidney disease (CKD)
Severe renal failure (RF):
GFR<230 ml/min
Mixed deficiencies
Rare causes:
drugs
aplastic anemia
leukemia
Workup and treatment of underlying
disease in Al and ACD
Workup for intrinsic CKD and RF

Ferritin, (serumTfR), folate, B12 levels

Review medication

Treat underlying disease for Al and ACD

EPO for irreversible RF

Folate deficiency
Vit. B12 deficiency
Myelodysplastic syndrome (MDS)

Hypothyroidism
Liver disease, alcohol
Rare causes:

drugs

high reticulocytosis

Folate, B12 levels (homocysteine,
methylmalonic acid)

Bone marrow (exclude 5g-)

TSH, FT4

Liver enzymes, CT scan

Review medication

Vit. B12 and folate supplements
Lenalidomide for 5g-

L-thyroxine

Beyer et al., Hematology 2010
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carrying capacity)

#LIDER
(Erthyrocytes)

(Reduced oxygen-carrying
capacity) Hﬁﬂgﬁﬁ

bone marrow)

(Increased oxygen-

Cell
Cell Stages Nustaigt

Endogenous Factors and Herbal Extracts Influencing Erythropoisis

f"
Hemapoetic stem cell @ T HIM

i | 1L 1L, 116,111, G-CSE, G- CSE SCE ST Cervs el

BRUE @ *

- A
[/ (U I@l' *
Erythroblast @ *

Reticulocyte @ *

b+ Ferritin

Erythrocyte O

Lentinula edodes™

«EPO (¢« BJBDTDBT,“ SHD), Folate, Vitamin B, SWT* NYT," SMF*

i

PO« BJBDT,DBT,“ SHD")

{ «FPO(+ BBDT, " DBT" SHD*), Transferrin, Ferritin

o IR

4 =2 KEPOZ 4%
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B IR A =

nfe 4 o

About 21 days |
About 1-2 days

Precursor

Pluripotent
Stem Cell

" BurstForming
Cells (BFU-E)

&

c’
Col
u,;':fwm Proerythroblasts  Erythroblasts

Unit-Erythroid
A Cels (CFU-E)

About 2 weeks
Rapid iron uptake
ESA action:
Prevent Apoptosis About 3-4 days
Drive Proliferation and

ESA action:

Prevent
Neo-cytolysis

Gene Expression

About 10 days

Nephrol NursJ 2012 Vol. 39, No. 6
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Cold Spring Harb Perspect Med 2013;3:a011619
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Dietary iron

Cruodaenum p— %
(average, 1-Z mg [ rr ]
per day)

(i

< |

Flasma |

_Utilization

\ S
S

(3 meg)

Utilization

transfernin —r- I= e

-
Bone marrow

&

Musche (300 _mg)
{myaglobin) Circulating .*
(300 mg) erythrocytes

(1800 mg)

{hemaoglobin) v
=

3

Storage @
iron J
ver Reticulo-
parenchyma endothalial
(1000 mgk macrophages
(S0 rmg )

Sloughed mucosal cells
Drasguarmation
hManstrustion
Orther blood loss
Il:a-.--e.-rage. 1-2 mg per daw) [

¥

Iromn loss

Ferritin: 548 3-v
Transferrin::& 48 3o

Heart Failure Clin 2010; 6: 347
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1989 Erythropoietin 2010
1953 Existence receptor cloned 413,725
* of erythropoietin total patients on
proven .dialysis in the Ui
1924 First 1977 Er}fthrﬂpmetm

human dialysis 1960 Dialysis purified 2001 1 2ﬂ1 2 |
for chronic 1989 Epoetin  Darbepoetin. = Peginesatide
renal failure approved approved approved

o

L - 1985 Erythropoietin ©_ -
cloned
1933 First 1954 First 1972 Dialysis 1997 First clinical 2010
kidney transplant successful kidney reimbursement guidelines are 179,361
(unsuccessful) transplant law passed by published (KDOQI) Patients with
Congress transplants

in the US

Nephrol NursJ 2012 Vol. 39, No. 6




w34 = % (EPO)a s

1. EPO#h % 1 4 7 ;3 64 6924-] p&
BRI X490 P
2. A TR S FEIR ST R 0 30% %] £

3};‘\1,:&,1-)353%5]3,\#&@@5};)@ T L ?ﬂ_

4ﬁﬁ%%?Emma%ﬁm@;a@ﬁi@agT
80-120H i~ (“’]—3 FE A 6,000 5 )

IV shifted to SC

EPO dose
IU/kgiweek

IV route SC route

Bommer et al. Lancet, 1988
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CERA |'

Darbepoetin alfa

Epoetin alfa

I

Epoetin beta :l——l
)
|

| | | ! | |
0 20 40 60 80 100 120 140

Mean half-life (h)

Lancet 2006; 368: 947-953
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— EPO-* i#¥2-3=t, & X 2000¥ f; &4+ i¥ 60004 i

— Darbepoietin alfa* i+ 30ug; £ =+ 2:¥60-75ug

— CERA-# 2i¥30-50ug; %+ " 75ug

& 2-43% 5 PHb
F ¢ * 43%, Hbenk J<lg/dl, ® Hbi? i3 p 4% 5, BESA |
% 3 v 50%
F23 7 i %E J&, P& = 35 EPOF{ e m F]
=31 ! 5 P4E ek i (Ferritin, TSAT), F & & FFE 4 v 2

B TR £ P 2011
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? 1 Renin-Angiotensin System

4
T Endothelin-1

!

* Thomboxane A2

i ? | Nitric Oxid
l Prostacyclin { Nitric Oxide

> Hypertension?

Cardiovascular
Morbidity and
Mortality

ESA

Semin Nephrol 2014; 34: 540-549

 Approximately 20-30%
IV EPO for anemia of
CKD.

« 1 DBP=10mmHg

* Risk factors:

* [VvsSC

* HDvs PD, ND
 Family Hx of HTN
 High Hb target

* High ESA dose

UpToDate 2014
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Iron dextran, low molecular
weight (INFeD)

Iron dextran, high molecular
weight (Dexferrum)

Sodium ferric gluconate
complex (Ferrlecit, Nulecif)

Iron sucrose (Venofer)

Newer iron products
Ferumoxytol [Feraheme)

Ferric carboxymaltose
(Injectafer in USA;
Ferinject in Europe)
Iron isomaltoside

(Monofer in Europe;
not approved in USA)

1991 165
1996 265
1999 289-444
2000 34-60
2009 750kDa
2013 150
Europe only, 2009, 150

not submitted for

U.S. approval

100 mg over =305

100 mg over >30s

125 mg i.v. push
over 10min
200 mg i.v.
over 2-5 min®

510mg i.v., <1min

750 mg slow push

or infusion over
15 min

20mg/kg over
30-60 min

1000mg or more
i.v. over 4 h

1000mg or more
i.v. over 4 h

250 mg i.v. over
15 min

300mg i.v. over 1h

Same dose as
15 min infusion

Mone

MNone

Yes, 25mg;
monitor
15-30 min

Yes, 25mg;
monitor
15-30 min

No

No

&

Curr Opin Nephrol Hypertens 2014, 23:186—191
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Single Extract Multiple Extracts Mechanism of Action for Erythropoiesis
A acutiloba: Activated immature erythroid cells, in part, by sup-
i H N P i af i L]
A acutiloba Minjimyoeito [RESHER TETFy Aot o

NWinjinyoeito: Stimulated erythroid progenitor cell differentiation;
enhanced the number of CFU-E*

A sinensis *

Danggui-buxue-tang

Induced mRNA and protein expression of erythropoietin.®

Si-wu-tang Enhanced CFU-E, BFU-E.*=
Juzen-taiho-to Enhanced hematopoietic stem cell proliferation.®
A gigas HIM-I Promoied the growth of bone marrow stem cells.®”

Dangpgui-buxue-tang
Juzen-taiho-to

Induced mRMA and protein expression of erythropoietin. 2
Enhanced hematopoietic stem cell proliferation.®
Stimulated erythroid progenitor cell differentiation; enhanced the

A membranaceus Ninjinyoeito number of CFU-E. 4
: Enhanced the production of hematopoietic cytokines IL-3, SCE
Roju phetyglocktang GM.CSE, TPO, and EPO e
A lanceae Juzen-taiho-to Enhanced hematopoietic stem cell proliferation.®
e : Stimulated erythroid progenitor cell differentiation; enhanced the
A ovata Minjinyoeito number of CFU-EA
; . : Enhanced the production of hematopoietic cytokines IL-3, 5CE
A ppnnied Rojnughemgradkmg GM_CSE IFEIP and EPO.* i
3 T Prevented erythrocytopenia and leukocytopenia caused by 5-FU.#
o Sknk stk yotn Need to clarify mec-ha:lpi sm of action. izt -
C elaphus Deer antler: Increased the BFU-E.*
Rhizoma Chuanxiong  Si-wu-tang Enhanced CFU-E, BFU-E*=

C cassia

Juzen-taibo-to

Saikokeishikankyoto

INimjinyoeito

Enhanced hematopoietic stem cell proliferation.®
Prevented erythrocytopenia and leukocytopenia caused by 5-FUM
Meed to clarify mechanism of action.

Stimulated erythroid progenitor cell differentiation; enhanced the
number of CFU-E*

C afftcinale

Juzen-taiho-to
HIM-I

Enhanced hematopoietic stem cell proliferation. ®
Promoted the growth of bone marrow stem cells.®”

C unshin

Minjinyvoeito

Stimulated erythroid progenitor cell differentiation; enhanced the
number of CFU-E_#

Alternative therapies 2013; 19: 54
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I s e
1. CKD &, A Op o R RTE SR
N D » l‘ . 53\ ’
2. C%& ’3’?'] e /,%‘ o supplements
21 ‘\ l‘ . 53\ ’
3.ESAfrE & jo R i
A7 KR >
4, ﬁaq]_n_ e R R
Grade Quality of evidence Meaning
A High We are confident that the true effect lies close to that of the estimate of the effect
B Moderate The true effect s likely to be close to the estimate of the effect, but there is a possibility
that it is substantially different.
C Low The true effect may be substantially different from the estimate of the effect.
D Very Low The estimate of effect is very uncertain, and often will be far from the truth,

Kidney Int 2012: VOLUME 2 | ISSUE 4 | AUGUST : 2012
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Iron Iron Iron

dextran | gluconate | sucrose

Bed EAF <1% | pra | BT
e BRiEAck | 5-40% <5% <5%

Bailie GR, Johnson CA, and Mason NA parenteral iron products for anemia
in end-stage renal disease: comparative considerations. Formulary 2000;

35:498-513
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ABSTRACT

A 2006 change in Medicare policy allowed reimbursement for erythropoietin (EPO) in dialysis patients
whose most recent hemoglobln exceeded 13 g/dl We |nvest|gated the effects of a change in dosmg

alg¢
tem
unit
bet:
adn

eryl

% K A2

l\\\

X

4R

ﬁlé%]}x/a

MEER > EF R

hemoglobin targets, this study suggests that discontinuation, rather than reduction, of EPO treatment
is appropriate when hemoglobin reaches 13 g/dl in hemodialysis patients.

J Am Soc Nephrol 18: 3184-3191, 2007. doi: 10.1681/ASN.2007040477
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Erythropoiesis-stimulating agent

Short-acting epoetins
Darbepoetin alfa
CERA

Peginesatide

Half-life (h)

I\ 5C
6-8 19-24
25 48
134 139
~48 ~43

Frequency of
administration

[-3 times wkly
Every 14 wk
Every 24 wk
Every 4 wk

Efficacy

SC>IV
=N
=N
=N

Drugs (2013) 73:117-130
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Class [ Class 11 Class III Class IV
Blood loss
Percentage < 15 15-30 30-40 = 4()
Volume (ml) 750 S00-1500 1500-2000 = 2000
Blood pressure
Systolic Unchanged Normal Reduced Very low
Diastolic Unchanged Raised Reduced Very low
unrecordable
Pulse (beats/min) Slight 100-120 120 (Thready) > 120 (Very thready)
tachycardia
Capillary refill Normal Slow (= 2s) Slow (= 2s) [Undetectable
Respiratory rate Normal Normal Tachypnoea Tachypnoea
(= 20/min) (= 20/min)
Urinary flow rate (ml/h) > 30 20-30 10=20 0=10
Extremities Colour normal Pale Pale Pale and cold
Complexion Normal Pale Pale Ashen
Mental state Alert Anxious or Anxious, Drowsy, confused,
aggressive aggressive, or unconscious

or drowsy

Brit J Hematol 2001; 113: 24
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3 ¥ 38 F)3 42 78| (hypoxia-inducible factor
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Take home message

e ¥ GFR <60 ml/min/1.73m2 (CKD % 3#F ) >
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v/ A

o %3 2012 KDIGO ;p % B R o






