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Kronik Bobrek Hastaliginda Anemi Tanimi

= Hb <12 gr/dl (kadinlarda)

= Hb < 13.5 gr/dl (erkeklerde)

ERPB Anemia Group Position Statement 2008, NDT 2009



Bobrek Fonksiyonlari ve Anemi
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K/DOQI Clinical Practice Guidelines for Chronic Kidney Disease: Evaluation, classification,
and stratification. Kidney Disease Outcome Quality Initiative.
Am J Kidney Dis 39 (2) [suppl 1]: 1-246, 2002



Diyaliz Hastalarinda Aneminin Nedenleri

= Eritropoetin uretiminin yetersizligi
= Demir eksikligi

= Kan kayiplari

= Sekonder hiperparatiroidi

= Akut ve kronik inflamatuar durumlar
= Aluminyum toksisitesi

= Hemoliz

= Folat ve/veya B12 eksikligi

= Hipotiroidi

= Hemoglobinopatiler



Kronik Bobrek Yetersizliginde Aneminin
Degerlendiriimesi

Hematokrit ve hemoglobin A
' it ksleri (MCV, MCH .
Eritrosit indeksleri (MCV, MCHDb) se. aneminin EPO

Retikulosit sayisi eksikligine bagl
Demir parametreleri oldugu dusunulir.
= Serum demiri
= Total demir baglama kapasitesi | Serum EPO diizeyi
= Transferrin satiirasyonu* tayini gerekmez
= Serum ferritini
= Hipokromik eritrositlerin ylzdesi

Diskida gizli kan aranmasi y,

*Transferrin satirasyonu = Serum demiri X 100
TDBK

Bir neden bulunamaz




Kronik Bobrek Yetersizliginde Aneminin
Degerlendiriimesi

Kronik bobrek yetersizliginde normokrom
ve normositik anemi gorulur

Mikrositoz Makrositoz
= Demir eksikligi " Folat eksikligi
= Aluminyum fazlahgr = B12 eksikligl

O Hemogk)binopat”er = EPO tedavisine ba{jll
olarak eritropoezde artis



TABLE I—Characteristics of patients at beginning of study into effects of low and high doses of erythropoietin.
Values are means (SD) unless stated otherwise

Placebo Low erythropoietin  High ervthropoietin

group group group

in=40) (n=40) (n=238)
Age (vears) 48(16) 44(16) 43015
No of men 25 19 26
No who were anephric 6 13 10
No who had had a transplant 14 16 12
Duration of haemodialysis (years)* 2-5(3-1) 4-6 (47" 4-4.5-1
No of transfusions during previous vear 7-3(8-3) 6668 3674
No dependent on transtusiont 19 19 11
Systolic blood pressure (mm Hg)i 143(19) 137 (22} 143.21)
Diastolic blood pressure (mm Hg)t 80(12) 78 (14) 78012}
No receiving antihypertensive drugs 10 13 12

in (g/l) 71(9) 69 (10) 71(12)

Serum iron (umol/1) 19 (14} 18 (9) 22(15
Serum ferritin (ug/l) 703 (866) 1044 (1690) 1273(2303
Median serum ferritin (pg/1) 318 406 348
Serum creatinine (umol/l) 1057 (246) 1090 (260) 1076 /290"
Serum urea (mmol/1) 28-0{6-0} 27-3 700 27-8(7-2)
Serum potassium (mmol/]) 5:0(0-6) 5-1{0-6} 5-1¢0-T)

*p=0-07 Among groups.

tPatients who had received dialysis for one or more vears were considered to be dependent on transfusion if they
received s1x or more units of blood in the year before randomisation. Patients who had received dialvsis for less than
one year were considered to be dependent on transfusion if they had received more than two units of blood in the
three months before randomisation.

}Placebo group n=237; low erythropoietin group n= 39; high ervthropoietin group n=37.

Canadian Erythropoietin Study Group, BMJ 1990



Aneminin Morbidite ve Mortaliteye Etkiler

SDBY Olan Hastalarda Kalp Yetersizligi
(N =432; HD: 261, PD: 171)
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Association between recombinant human erythropoietin and quality
of life and exercise capacity of patients receiving haemodialysis

Canadian Erythropoietin Study Group

TABLE 11— Scores for qualuy of ltfe and exercise capaciiy obtamed for pattents with end stage renal disease before and twvo and six months after start of reatment with placebo or low or
fugh doses of ervthroporetin

Placebo group Low ervihropotetin group High ervihropoietin group Significance of
in=32 n=34 (n=33 difference
Among the  Ervthropoictin - High dose v
At I B At T At 0 three v low dose
Before ] 2 months |6 months) | Before  § months |6 months) | Before  § months |6 months groups placebo ervthropoietin

Fidney disease questionnare:

Phyvsical* 32 +7 -6 36 47 5.2 39 530 5-3 =0-001 =001 NS

Fatigue 14 47 4-5 41 49 340 +2 52 5-3 =0-001 <0001 NE

Relationships 49 51 & 49 5-3 55 49 54 5-5 0-009 0-001 NS

Depression 5-01 5-2 5-1 4-7 5-0 501 48 53 5-5 0-045 0-018 NS5

Frustration 49 49 1-9 4.9 5-0 4-9 45 18 49 NS NS NS
Sickness impact protilet:

Global 10-3 81 74 12:0 83 67 12-2 60 -4 0029 0024 NS

Physical +9 32 4-2 64 +0 26 63 33 2-4 0-039 0-005 NS

Psvchosocial 9] 59 3-8 109 81 60 118 5-2 3-0 NS NS NS
Time trade off technigue 042 46 0-42 0-49 31 0-51 052 0-58 0-58 N§ NS NS
Exercise stress testE (rminutes walked! 114 130 13-2 11-2 14-2 14-8 16:1 19-8 19-7 0-104 0018 N§
Six minure walk test? {distance walked (m ] Fya 437 L) LA1X 436 451 L0 509 S2l NS NS NS
*Placebo group n=31. $Placebo group n=29; low ervthropoietin group n=31; high ervthropoietin group n=27.
tLowest score represents best quality of life. S Placebo group n=31; low eryvthropoietin group n=32; high ervthropoietin group n=30.

TABLE [ —Symptoms defined by patients as being a problem associated with end stage renal disease before and 1o and six months after start of treatment with placebo or low or high
dases af erythropoietin

Placebo group Low ervthropoietin group High ervihropoietin group Significance of difference
No Among the  Ervthropoictin - High dose ¢
of At At At Al At At three v low dose
patients | Betore P months| 6 month§ | Before |2 months § months | Before 2jmonths| 6 mont groups placebo ervthropoietin

Fatigue 67 +1 46 41 31 4-3 5-4 37 49 540 =0-001 =01 0052
Decreased strength 45 +1 47 42 2-8 40 5-3 40 53 5-3 <0-001 =0-001 0023
Sleeping abnormalities 45 4-0 4:3 45 38 40 4-0 4-3 5-3 56 NS NS NS
Aching legs and bones 35 36 44 43 30 42 44 40 5-0 57 NS NS NS
Shorness of breath 20 EX 47 44 43 54 5-9 42 5-8 58 NS NS NS
Sexualiny 18 4-& 46 5-2 30 42 42 10 3-9 50 NS NE NS




Anemi Tedavisinin Yararlari

Nonkardiyak Semptom ve
Bulgular

Kardiyak Semptom ve
Bulgular

mYasam kalitesi artar

sMaksimum egzersiz
kapasitesi artar

mKongitif fonksiyonlar iyilesir
mSeksuel fonksiyonlar iyilesir
sMenstruasyonlar baslar
mlmmun cevap diizelir
mBeslenme duzelir

mUyku duzeni normale doner

sUremik kanamaya egilim
azalir

mKalp debisi azalir

mSol ventrikul hipertrofisi
azalir

mAngina azalir




BESA kullanimi renal anemi tedavisinde standart.

B TUm dunyada 2006 ESA tedavi maliyeti 10 milyar
USD.



ESA Tedavi Klavuzlari

B Revised European Best Practice Guidelines for the Management of Anaemia
in Patients with Chronic Renal Failure
* Nephrol. Dial. Transplant (2004) 19: Supplement 2

B Anaemia Management in Patients with Chronic Kidney Disease: a Position
Statement by the Anaemia Working Group of European Renal Best Practice
(ERBP)

* Nephrol Dial Transplant (2009) 24: 348-354

B KDOQI Clinical Practice Guideline and Clinical Practice Recommendations
for Anemia in Chronic Kidney Disease: 2007 Update of Hemoglobin Target.
American Journal of Kidney Diseases, Vol 50, No 3 (September), 2007: p
476

B Clinical Practice Guidelines for Anemia in Chronic Kidney Disease: Problems
and Solutions. A position Statement from Kidney Disease: Improving Global
Outcomes (KDIGO)

 Kidney International (2008) 74, 1237-1240



Hb Degerleri Hangi Duzeylerde
Tutulmal



THE EFFECTS OF NORMAL AS COMPARED WITH LOW HEMATOCRIT VALUES
IN PATIENTS WITH CARDIAC DISEASE WHO ARE RECEIVING HEMODIALYSIS
AND ETOETIN
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TaBLE 3. [NCIDENCE OF SEVEN SECcONDARY ExnD PoiNTs.

MormAL- Low-
HemaToCRIT HemaTocrIT
GroupP Group P
60 Enp Point (N=618) (N=615) VaLue*
Normal-hematocrit
_ ‘;:\6 50 ormal ematocn g[DUP ’7 no. t%:l
o= I
= 5 40 - e Red-cell transfusion 129 (21) 192 (31) =0.001
o o
o= ,’_) ) Hospitalization for all 445 (72 425 (69) 0.29
5 e /,--' .7 Low-hematocrit group R
£ 30 r Causes
23 ’ . . 3 . ) .
55 / L Congestive heart failure 80(13) 90 (15) 0.41
% g 20 //‘_’}.- . requiring hospitalization
o g 10 // .-"mgin.ll ptlcmrlLl; requiring 78013 7612 093
// ' hospitalization
ot e —————— Coronary-artery bypass 200 3) 21 (3) 0.88
0 3 6 9 12 15 18 21 24 27 30 grafting
Months after Randomization Nonfatal myvocardial 19 (3) 14 (2) 048
No.aTRisk infarction
Normal hematocrit 618 540 476 415 353 250 186 124 69 26 . . .
L:Lr\:zm:g:[;m 615 537 485 434 391 292 215 131 80 20 Percutaneous transluminal 17 (3) 15(2) 086

, . i . ) ) , coronary angioplasey
Figure 2. Kaplan-Meier Estimates of the Probability of Death or a First Nonfatal Myocardial Infarction ’ - ’

in the Normal-Hematocrit and Low-Hematocrit Groups.

*The P values were calculated with Fisher's exact test.

Normal Hct grubunda;

=%30 daha fazla mortalite.

=\Vaskuler giris yolu kaybi daha fazla.
=Yasam kalitesi daha iyi.

=Calisma erken sonlandiriliyor.
Besarab A, NEJM 1998



Table 1. Primary End-Point Events in the Two Data Sets.

Group Data Set through March 31,1996* Data Set through June 24, 19967
Nonfatal Nonfatal
Total No. Myocardial Total No. Myocardial
of Patients  Deaths Infarction Total Events  of Patients Deaths Infarction Total Events
Normal-hematocrit group 618 183 19 202 634 208 20 228
Low-hematocrit group 615 150 14 164 631 173 16 189
Risk ratio (95% CI) 1.30 (0.92-1.85) 1.28 (0.92-1.78)

Calismanin sonlanmasindan sonraki 1 yil takip sonuclari
Deaths Nonfatal Ml

Normal-hematocrit group  9° 0
Low-hematocrit group 9 1
Vascular thrombosis (%) 27 23

Besarab A, NEJM 2008



Double-Blind Comparison of Full and Partial Anemia
Correction in Incident Hemodialysis Patients without
Symptomatic Heart Disease

Table 1. Baseline characteristics for the lower and higher target grnups"

Total (n = 59; Lower (9.5 to 115 g/dl; Higher (13.5 to 14.5 g/dl;
Mean = 5D or ';’u} n = 300; n = 296;
Mean = SD or %) Mean = SD or %)

Age (yr) 50.8 = 15.4 494 + 152 522+ 156
Duration of dialysis (mo) 10.1 = 5.0 10.2 = 5.1 10.0 =49
Weight (kg) 75+ 16 74+ 17 75+ 16
Height (m) 1.68 = (.10 1.68 = 0.10 1.68 = 0.09
Hemoglobin (g/dl) 11.0 = 1.2 11.0+x12 110+1.2
Transferrin saturation (%) 362 = 17.2 368178 357 =167
Urea reduction ratio (%) 659 = 10.7 66.0 = 11.3 65.7 = 10.1
Serum albumin (g /dl) 39 +03 4.0+=0.3 39+03
Male 60 60 6l
Previous epoetin use 92 91 93
Race

white 89 88 91

black 5 6 4
Primary cause of renal failure

glomerulonephritis 29 29 28

diabetic nephropathy 18 17 19

polycystic kidney disease 9 8 10

hypertension 8 9 7

unknown 10 10 9

other 27 27 27
Dialysis access

fistula 84 83 86

graft 6 5 6

catheter 10 12 8

Parfrey PS, JASN 2005

*P = 0.05 for all comparisons between lower and higher target groups, except age (P = 0.02).
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Double-Blind Comparison of Full and Partial Anemia
Correction in Incident Hemodialysis Patients without

Symptomatic Heart Disease
Table 3. Changes in LVVI, LVMI, 6-min walking test, and incidence of heart failure for the lower and higher

target grou ps"

Lower
(9.5 to 115 g/dl)

Higher

(135 to 145 g/dl)

Between Group

Effect” p

LVVI (ml/m? n [mean *+ SDJ)

baseline

week 24

week 48

week 96

last value

% change from baseline® (n [Est = SE])
LVMI (g/m?; n [mean= SD])

baseline

300 (68.6 + 21.1)
254 (70.6 + 21.7)
222 (70.4 * 255)
169 (68.5 + 25.2)
256 (69.0 + 25.2)

256 (8.3 = 47)

96 (68.8 + 20.9)
5 (69.4 + 22.4)
3(67.5 = 23.4)

70 (66.7 + 26.1)

64 (68.4 + 25.7)

64 (7.6 + 4.7)

—0.7 0.8726

week 24

week 48

week 96

last value

% change from baseline® (n [Est= SE])
Six-min walking test (m; N [mean® SDJ)
baseline

week 24

week 48

week 96

last value

change from baseline® (1 [Est+ SE])
Congestive heart failure (N; n [%])

300 (111.9 + 33.2
254 (121.3 + 37.2
222 (122.8 + 425
169 (1282 (40.3)

256 (126.3 + 40.9)|
256 (16.8 + 3.5)

277 (399 * 136)
233 (416 * 133)
200 (416 * 138)
143 (415 + 144)
242 (416 * 141)

2370620,

96 (116.6 + 35.5)
5 (121.7 + 40.1)
3 (124.2 + 38.9)

66 (128.4 + 432)

60 (126.8 + 42 4)

60 (14.2 + 3.5)

—2.6 0.4353

84 (385 + 136)
42 (407 + 141)
03 (416 + 142)
42 (412 + 142)
(410 = 144)

6.6 0.4462

(300 (12 (2%

296 (:11 [4%])

| (0.8687¢

Parfrey PS, JASN 2005



Normalization of Hemoglobin Level in Patients
with Chronic Kidney Disease and Anemia
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Figure 2. Meta-analysis of randomized trials comparing higher versus lower hemoglobin targets on clinical outcomes in patients
with chronic kidney disease.

Study, Year (Reference) Events, n/N Relative Risk Relative Risk
Higher Lower {95% CI) (95% CI)
Hemoglobin  Hemoglobin
All-cause mortality Target Target
Roger et al, 2004 (36) 0/74 0/78 Mot estimable
Cianciaruso et al, 2008 (27) 1/46 0/49 3.19(0.13-76.4) . »
Revicki et al, 1995 (14) 0/43 1/40 0.31 (0.01-7.41)
Canadian EPO Study Group, 1920 (7) 0/38 1/40 0.35 (0.01-8.35) =
Missenson et al, 1995 (13) 2/78 1/74 1.90 (0.18-20.5) »
Kuriyama et al, 1997 (11) 1/42 2/31 0.37 (0.04-3.89)
Levin et al, 2005 (33) 1/74 3/78 0.35 (0.04-3.30)
Rossert et al, 2006 (37) 1/195 6/195 0.17 (0.02-1.37)
Macdougall et al, 2007 (34) 1/65 6/132 0.34 (0.04-2.75) =
Bahlmann et al, 1991 (8) 2/53 2/46 0.87 (0.13-592)
Foley et al, 2000 (30) 4/73 3/73 1.33 (0.31-5.75) '
Gouva et al, 2004 (32) 3/45 4/43 0.72 (0.17-3.02)
Parfrey et al, 2005 (24) 13/296 20/300 0.66 (0.33-1.30) _—
Driieke et al (CREATE), 2006 (29) 31/301 21/302 1.48 (0.87-2.52) -
Furuland et al, 2003 (31) 24/180 26/164 0.84 (0.50-1.40) —
Singh et al (CHOIR), 2006 (23) 52/M5 36/717 1.45 (0.96-2.19) —a—
Besarab et al (WHS), 1998 (22) 183/618 150/615 1.21 (1.01-1.46) -
Pfeffer et al (TREAT), 2009 {18) 412/2012 395/2026 1.05 (0.93-1.19) B
Total 731/4951 677/5000 1.09 (0.99-1.20) O
Chi-square test for heterogeneity P = 0.45; I = 0%
I T T T Tl T T T

0.1 1.0 10

Favors Higher Favors Lower
Hemoglobin Target Hemoglobin Target

Palmer SC, Annals Int Med 2010



Study, Year (Reference)

Serious cardiovascular events

Foley et al, 2000 (30)

Ritz et al (ACORD), 2007 (35)

Bahlmann et al, 1991 (8)

Rossert et al, 2006 (37)

Driieke et al (CREATE), 2006 (29)

Singh et al (CHOIR), 2006 (23)

Pfeffer et al (TREAT), 2009 (18)
Total

Events, n/N
Higher Lower
Hemoglobin  Hemoglobin
4/73 3/73
6/89 5/83
5/53 11/46
48/195 35/195
58/301 47/302
125/715 9rnmT
632/2012 602/2026
878/3438 800/3442

Chi-square test for heterogeneity P = 0.21; [ =28%

Stroke

Rz et al [ACORD), 2007 (35)
Bahlmann et al, 1991 (8)
Kuriyama et al, 1997 (11)
Besarab et al (NHS), 1998 (22)
Singh et al (CHOIR), 2006 (23)
Pfeffer et al (TREAT), 2009 (18)
Total

0/89
0/53
0/42
14/618
12/715
101/2012
127/3529

Chi-square test for heterogeneity P = 0.33; 17 =13%

1/83
1/53
1/31
9/615
12/717
53/202¢
77/3525

Relative Risk
{95% CI)

1.33 (0.31-5.75)
1.12 (0.35-3.53)
0.32 (0.15-1.05)
1.37 (0.93-2.02)
1.24 (0.87-1.76)
1.22 (1.01-1.65)
1.06 (0.96-1.16)
1.15(0.98-1.33)

0.31 (0.01-7.53)
0.33 (0.01-8.00)
0.25 (0.01-5.89)
1.55 (0.68-3.55)
1.00 (0.45-222)
1.92 (1.38-2.66)
1.51 (1.03-221)

Relative Risk

(95% CI)
T
A —
——
l
>
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»
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I T TTTTI T TTTTT1
0.1 1.0 10

Favors Lower
Hemoglobin Target
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Hemoglobin Target

Palmer SC, Annals Int Med 2010



Study, Year (Reference)

Vascular access thrombosis
—Canadian PO Study Group, 1990 (7)
Pfeffer et al (TREAT), 2009 (18)
Furuland et al, 2003 (31)
Bahlmann et al, 1991 (8)
Foley et al, 2000 (30)
Driieke et al (CREATE), 2006 (29)
Parfrey et al, 2005 (24)
Besarab et al (NHS), 1998 (22)
Total

Events, n/N
Higher Lower
Hemoglobin  Hemoglobin
7/38 1/40
4/2012 3/2026
7/216 3/200
5/53 4/46
6/73 10/73
12/127 8/111
53/296 45/300
243/618 176/615
337/3433 250/3411

Chi-square test for heterogeneity P = 0.49; 12 = 0%

Relative Risk
(95% CI)

7.37 (0.95-57.1)
1.34 (0.30-5.99)
2.16 (0.57-8.24)
1.08 (0.31-3.80)
0.60 (0.23-1.57)
1.31 (0.56-3.09)
1.19 (0.83-1.72)
1.37 (1.17-1.61)
1.33 (1.16-1.53)

Relative Risk
(95% CI)
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|
I T TTTTTI T T Tl
0.1 1.0 10

Favors Lower
Hemoglobin Target

Favors Higher
Hemoglobin Target

Palmer SC, Annals Int Med 2010



Hedef Hemoglobin Degerleri

EBPG 2004 | ERPB Anemi KDOQI KDIGO
Grubu 2008 2006/2007
2008
Anemi Hb <11.5 Hb <11.5 Hb <11.5
kadinlarda kadinlarda kadinlarda
Tanimi (gr/dl) <
(<70 yas) erkeklerde erkeklerde
Hb <12.0
erkeklerde
(>70 yas)
Hedef Hb Hb >11 11-12 11-12 9.5-11.5
Degeri (gr/d) | (Istenen) uygun
Hb >14 >13 >13
(istenmiyor) iIstenmiyor istenmiyor >13 uygun
degil

Hb >12 (KVH)

Locatelli F, NDT 2009




Eritroid Stimule Edici Ajanlar

Rekombinant insan eritropoetini
= Epoetin alfa
* Epoetin beta
= Darbepoietin alfa

= CERA



Esa Uygulama Yollari

ESA tedavisine baslamadan once Demir eksikligi

olmadigindan emin olunuz.
= Ciltalti
= Intravenoz

= Intraperitoneal



SUBCUTANEOUS COMPARED WITH INTRAVENOUS EPOETIN IN PATIENTS
RECEIVING HEMODIALYSIS

James S. Kaurman, M.D., Domenic J. REpa, M.S., CaroL L. Fyve, R.PH., M.S., Davip S. GoLorare, M.D.,
WiLttiam G. HEnDERsON, PH.D., Jack G. KLEinmaN, M.D., AnD CARLOs A. Vaamompe, M.D.,
FOR THE DEPARTMENT OF VETERANS AFFAIRS COOPERATIVE STUDY GROUP ON ERYTHROPOIETIN IN HEMODIALYSIS PATIENTS™

m Amag: 26 hafta boyunca Hct %30-33 idamesi i¢in gerekli
s.c ve i.v eritropoietin (EPO) dozlarini belirlemek.

m Haftada 3 kez s.c ve i.v EPO (epoetin alfa, Epogen,
Amgen, Thousand Oaks, Calif.).

m Randomizasyon sonrasi EPO dozu 6 haftada bir %50
oraninda (60 U/kg’dan fazla olmamak uzere) hct %30
altina ininceye kadar azaltiliyor.

m Ardindan EPO dozu 30 U/kg/hafta arttirihyor. Ard arda hct
%30 uzerinde oOlculunce 26 haftalik idame tedavisine

geciliyor.
Kaufmann JS, NEJM 1998



Subcutaneous epoetin '

Cumulative Percentage of Patients

0 100 E{I}G 3'[I]D -'i'll:!ﬂ'
Epoetin Dose (U/kg/wk)

Figure 1. Average Epoetin Doses during the Maintenance Phase in the Subcutaneous-Therapy and Intravenous-
Therapy Groups.

Values represent the cumulative percentage of patients on the y axis requiring a dose of epoetin that was
equal to or less than each value on the x axis.

Kaufmann JS, NEJM 1998



Subkutan Intravenoz P

Tedavi Tedavi

(n=107) (n=101)
Haftalik idame 951+ 75.0 140.3 £ 88.5 < 0.001
doz (U/kg/hafta)
Haftalik idame 7397 + 6139 | 10,068 + 6334 0.002
doz (U/hafta)
Hematokrit (%) 31.1+29 31.1+25 0.60
Hemoglobin (g/dl)| 10.4 +1.0 10.3+ 0.9 0.21

Kaufmann JS, NEJM 1998
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Fig. 1. Concentration-time simulations for differing dosing strategies at a constant weekly erythropoietin dose ol 1201U/kg per week

(adapted from Besarab er al. [9] with permission).
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ESA Tedavisi Baslangi¢c Dozu

= Eritropoietin:
= Subkutan: 80-120 IU/kg/hafta, (2-3 dozda)
= Intravenoz: 120-180 IU/kg/hafta (2-3 dozda)
= Darbepoieitin-a:
= 0.45- 0.75 mcg/kg (haftada bir kez sc veya iv)
* 1 mcg darbepoietin = 200 U eritropoietin

= CERA: 0.6 mcg/kg 2 haftada bir kez sc veya iv



ESA Tedavisi: Takip-1

Hedef hemoglobin duzeyine ulasilincaya

Kadar her 1-2 haftada bir kez hemoglobin ve

nematokrit takibi yapilmalidir.

Daha sonra, 2-4 haftada bir kontrol yapilir.



ESA Tedavisi: Takip-2

= Tedavi ile hematokrit artisi 4 haftalik bir
surede %2’nin altinda ise EPO dozu %25-30

artirnimalidir.

= Eger 4 haftalik hematokrit artisi %8 ise EPO

dozu %25 azaltiimalidir.



ESA Tedavisine Yetersiz Yanit Sebepleri-1

m Demir eksikligi

= SIk hastaneye yatiglar

m Enfeksiyonlar nedeniyle hastaneye yatislar
m Gecici kateterler ile diyaliz

m Kalicl kateter ile diyaliz

= Hipoalbuminemi

m Yuksek C-reaktif protein seviyeleri.

American Journal of Kidney Diseases 2006; 47: (Suppl 3): S81



ESA Tedavisine Yetersiz Yanit Sebepleri-2

= YETERSIZ DIYALIZ

= Malnutrisyon

= Folik asit eksikligi, B, eksikligi

= Sekonder hiperparatiroidi

= Aluminyum fazlaligi

= ACE inhibitoru ve/veya ARB tedavisi

= Hemoglobinopatiler

= Kemik iligi bozukluklari (or: miyelodisplazi)
= Antieritropoetin antikorlari



Demir Tedavisi



Diyaliz Hastalarinda Demir Eksikligi
Nedenleri

= Diyalizer ve setlerde kan kalmasi

= Gastrointestinal demir kaybi (gastroozafajit, peptik
ulser, trombosit fonksiyon bozukluguna bagl artmis
kanama egilimi)

= Tetkikler icin sik kan alinmasi

= Azalmis demir alimi

= Kullanilan ilaclar nedeni ile demir emiliminin
bozulmasi

= Ekstrakorporal hemoliz



Kronik Bobrek Yetersizlikli Hastalarda
Demir Eksikliginin Tanimi

« Serum ferritin duzeyi: <100 pg/dl
* Transferrin satlurasyonu: <%20

* Hipokromik eritrosit orani >%10



Toplam Demir Aciginin Hesaplanmasi

Toplam demir acigi (mg) = kg x (normal Hb degeri -
hastanin Hb degeri) x 2.4* + 500 mg**

*2.4=0.0034 x 0,07 x 1000

-Hemoglobinde Fe icerigi : % 0.34

-Kan hacmi vicut agirliginin yaklasik % 7’si kadardir.

-1000 = gramdan mg’a ¢evirmek i¢in

** Depo demir ihtiyaci 34 kg'a kadar 15 mg Fe/kg seklindedir.
34 kg Uzerinde toplam 500 mg seklindedir.




Demir Tedavisi Hedefler:

ERPB Anemi
" KDOAQI
EBPG 2004 Group Position
2008 2006/2007
Alt sinir: 20
TSAT (%)
Hedef: 30-50 Alt sinir ; 220 Alt sinir ; 220
Alt sinir : Alt sinir :
(ng/mi) Alt sinir: 100 100 KBH, 100 KBH,
Ferritin (ng/ml
Hedef: 200-500 | 200 HD 200 HD
Genel olarak 500 | Genel olarak 500
gecmemeli gecmemeli

Locatelli F, NDT 2009




IV Demir, Oral Demir Tadavisine Ustindir

Table 1. Demographic details of the three groups of paticnts included
in the study

Intravenous Fe Oral Fc No Fe
: 14 -
No. of patients 12 13 12
Sex oM, 6F 8M, 5F ™, 5F
Age vears 47 £ 15 58 * 16 54 = 10
Mode of RRT 4 HD 6 HD 5HD
7 CAPD 5 CAPD 7 CAPD 12 9
1 pre-dialysis 2 pre-dialysis
Pre-treatment Hb g/dl 73 08 72+ 1.1 73 2038
Pre-treatment ferritin pg/liter 345 + 273 309 = 218 458 + 206 3
(119-790) (140-760)  (120-750) 210 A
I
8 -
6

Time, weeks

McDougall IC, Kidney Int 1996

Fig. 1. Hemoglobin response (mean * sp) in 3 groups of EPO-treated
patients with different regimens of iron supplementation. Symbols are: (@) iv.
Fe; (©) Oral Fe; (W) No Fe; * P < 0.05, ** P < 0.005 vs. iv. Fe treated
group.



Table 2. Number of adjustments in EPO dose required in the 3 groups
of patients, with (in brackets) the weeks in which the changes were

made
Intravenous Fe Oral Fe No Fe¢
(N = 12) (N = 13) (N = 12)
t Dose 1 3 6O
(8 weeks) (8, 8, 10 weeks) (8, 8, &, 10, 10,
14 weeks)
No change in f 6 6
dose
1 Dose 5 4 ()
(6, 10, 10, 14, (8, 10,12, 12 weeks)
16 weeks)
‘E b 3
g *
100 H
S
@
wr
a i
S
Q 50 A
w
D T ] L] T T
0 4 8 12 16
Time, weeks

McDougall IC, Kidney Int 1996

Fig. 3. Weekly EPO dosage requirements (mean = $p) in 3 groups of
patients. Symbols are: () No Fe; (O) Oral Fe; (@) iv. Fe; *P < (.05,
**P << (1L.01 vs. i.v. Fe treated group.



Ferric Gluconate Is Highly Efficacious in Anemic
Hemodialysis Patients with High Serum Ferritin and Low
Transferrin Saturation: Results of the Dialysis Patients’
Response to IV Iron with Elevated Ferritin (DRIVE) Study

Dahil edilme kriterleri:

= Hemoglobin <11 g/dI,

= Ferritin 500 - 1200 ng/ml, o

= TSAT <25%, S —————

= Epoetin dozu >225
lU/kg/hafta veya s |
>22’5OO IU/hafta 1 g of Feric Week1 | Week2 | Week3 | Week 4 | Week5 | Week6

Gluconate
X X X X X X X X
| H H H H H | L

= Randomizasyonda PO SO
epoetin dozu %25
arttiriliyor ve calisma
suresince doz degisikligi

yOk Coyne DW, JASN 2007




Table 2. Baseline demographic and biochemical parameters and history of kidney disease by treatment group®

Control Intravenous Iron
Parameter (n = 65) (n = 64)

Age (yr) HH.7 =152 6l.2 = 13.0
Women (1 [%]) 37 (56.9) 27 (42.2)
Weight (kg) /D0 £ 223 764 210
Height (cm) 168.1 =98 1719 £ 36.1
Race (n [%])

white 20 (30.8) 20 (31.3)

black 33 (50.8) 30 (46.9)

Hispanic 9 (13.8) 9(14.1)

Asian/Pacific Islander 2(3.1) 5(7.8)

other 1(1.5) 0 (0.0)
Hemodialysis access (n ["])

AV fistula 30 (46.2) 33 (51.6)

AV graft 21 (32.3) 20 (31.3)

temporary catheter 3(4.6) 2(3.1)

permanent catheter 11 (16.9) 9(14.1)
Dialysis vintage (yr) 42=+31 5150
WBC (1000 /mm™) 6323 7Hh*26
MCV (mem?) 94.8 + 9J) 95.6 + 7.7
MCH (pg/cell) 0.0 32 30128
Most recent Kt/V 1.7 03 1.6 04
Serum albumin (g/dl) 3704 3804
CRP (mg/L)" 25.5 + 293 29.3 + 392
Intravenous iron in previous 4 wk (n [%]) 24 (36.9) 22 (34.4)
Intravenous iron given in previous 4 wk (mg) A0 =108 61 = 103
Epoetin dosage (IU /wk) 35,128 = 17,769 33,498 = 17,377

“There were no statistically significant differences between the two groups in any of the baseline demographic and
biochemical characteristics or history of kidney disease. AV, arteriovenous.
PCRP values were obtained using the high-sensitivity assay.
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Coyne DW, JASN 2007



Table 5. Adverse events of clinical interest®

Control Intravenous Iron
Parameter (n = 66) (n = 66)

Adverse events (patients [events]) 35 (104) 32 (69)
Related adverse events (1 patients [n events])

diarrhea, dyspepsia, dyspnea, dizziness, chest pain, back pain, and 0(0) 4 (7)

increased sweating
Serious adverse events (all unrelated; patient [events]) 9 (14) 9(12)
Cardiac adverse events (patients [events])

cardiac arrest, CHF, cardiorespiratory arrest, endocarditis, M1, and 4 (4) 4 (4)

arrhythmias
Blood disorders (patients [events])

anemia and coagulation disorders 4 (6) 1(1)
Vascular disorders (patients [events])

arterial stenosis, gangrene, hematoma, hot flashes, hypertension, 13 (21) 5(5)

hypotension, and TIA
Infections (patients [events])
bronchitis, cellulitis, conjunctivitis, fungal infections, furuncles, 10 (13) 8(12)
C. difficile, line infections, Bne-umﬂnia, nasopharyngitis, sepsis,
skin infections, URI, and UTI

“Short-term adverse events were similar in both groups. CHF, congestive heart failure; MI, myocardial infarction; TIA,
transient ischemic attack; URI, upper respiratory infection; UTI, urinary tract infection.

Coyne DW, JASN 2007



Demir Tedavisi Protokolleri-1

TSAT < %20, serum ferritini < 100 ng/ml ise:
Her HD seansinda 100 mg IV demir (toplam 10 kez)
Tedavinin bitiminden 2 hafta sonra tekrar kontrol yapilir

!

TSAT < %20, serum ferritini < 100 ng/ml ise:
Demir tedavisi tekrarlanir:
Her HD seansinda 100 mg IV demir (toplam 10 kez)
veya haftada 100 mg IV demir 10 hafta boyunca verilir



Demir Tedavisi Protokolleri-2

TSAT > %20, serum ferritini > 100 ng/ml ise:

ldame demir tedavisi

!

TSAT > %50, serum ferritini > 800 ng/ml ise:

IV demir tedavisine 3 ay boyunca ara verilir



ESA Tedavisi Alan Hastada Idame Demir
Ihtiyaci

= 25-100 mg/hafta olarak hesaplanmalidir.

= Ayda 100 mg iv demir ile birgok hastanin demir
ihtiyaci karsilanabillir.

* Hem epo, hem de demir tedavisi bu sekli ile daha
ekonomiktir.



Demir Tedavisi Sirasinda Dikkat Edilecek
Noktalar

"Ferritin duzeyinin normal olmasi demir eksikligini
ekarte ettirmez.

"]\ demir kullanimi sirasinda serum demir
parametrelerinin degerlendirilmesi dnerilmez. Ideal
olani tedavinin kesilmesinden sonraki 2. haftada

tetkiklerin yapiimasidir.

" Tetkiklerin gunun degisik saatlerinde yapilmasi
(diurnal varyasyon)



Fonksiyonel Demir Eksikligi,
Inflamasyon ve Anemi



Fonksiyonel Demir Eksikligi

=Kemik iligine transferrine bagli demir sunulmasi
yetersiz

=Serum Ferritin normal / yuksek,

*Transferrin saturasyonu dusuk

=Demir depolarinin yeterli olmasina ragmen
hipokromik eritrosit (MCHC < 28 g / dl) orani > %10

ise fonksiyonel Fe eksikligi



Inflammation

RBC

L MArrow

Duodenum

Iron signal

Erythropoietic signal

Ficure 1: Hepcidin-ferroportin interaction determines the flow of iron into plasma. Hepcidin concentration is in turn regulated by iron,
ervthropoietic activity, and inflammation.

Nemet E, Advances in Hematology 2010



Table 1 Potential causes of inflammation. Adapted with
permission from Stenvinkel P: Inflammation in end-stage
renal disease: The hidden enemy. Nephrology (Carlton)
2006;11: 36—-41. Wiley-Blackwell Publishing Ltd.

Cause
[ntercurrent event m CRP =50 mg/L on 3 or more months
Infections (e.g., Chlamydia pneumonia, dental/ gingival CRP <50 mg/L on 4 of more Months *p<.005: ** P<0.001
infections) 175 -

Surgtr}-' 150 -

Malignancy - - -

fascular diseases 125 1

Congestive heart failure 100 -

Arthritis ]

Comorbidity

Atherosclerosis 1

Diabetes ;

Obesity ) . . . _ . .

1 2 3 4 5 5]

Dialysis-related
Bioincompatible membranes Time (months)
High flux dialysis
Daily dialysis
Impure dialysate
Type of access (e.g., central venous catheter, AV-fistula or
graft)
Kidney-related
Low residual renal function
Failed kidney transplant
Other
Depression
Genetics

o~
= m

Mean dose (IU/kg/wk)

M3
(8]

-]

Figure 1 Relationship between C-reactive protein level and
erythropoiesis-stimulating agent dose. Adapted with permis-
sion from Horl WH, Jacobs C, Macdougall 1C, et al: Euro-
pean best practice guidelines 14-16: inadequate response to
epoetin. Nephrol Dial Transplant 2000; 15: (Suppl 4):43-50.
Oxford University Press.




Anemi ve ESA Direnci

Table 4. Categoncal and continuous variables distnibution according to ERI values categorized mito four quartiles (comresponding ERI values: Quartile 1,
<5.6; Quartile II, 5.7-9.6; Quartile 111, 9.7-15.4 and Quartile IV, =154

ERI quartiles

I 1l 1} v

bMean + SD Mean = 5D Mean = SD Mean += SD P
Apge (years) 620+ 144 GG = 13,18 679 + 13.7 67.2 = 4.8 <005
Dabytic age (months) A8 T fhdg a3 ala 2D T 6a0 [ L M
Pre-HD blood urea (mg/dL) 1566 + 348 1530 = 420 150.1 = 43 8 1472 + 41 .8 NS
Albumin (g/dL) 3.8 =03 371 =04 3.7+ 04 3.6+ 0.5 <0.05
Haemoglobin (g/'dL) 121 + 1.2 1.7+ 12 114 + 1.4 106 + 1.4 <0.001
Ferritin (ng'ml) Gi3.] = 3720 S350 £ 3 lb TG * 302 4050 * JE0.8 RS
TSAT (%) 46 + 162 284 + 141 320 + 20.1 27.1 = 19.0 <0.05
Phosphate (mg/dL) 48 + 1.2 49 + 1.7 48+ 14 48+ 1.7 NS
Systolic blood pressure (mmHg) 133.0 = 220 1356 = 184 137.6 = 20.2 137.7 + 236 NS
Diastolic blood pressure (mmHg) T75.0 9.7 73.5 + 10.3 753 = 10.5 4.1 + 10.4 NS

_Eulb:n?n-“-"m iﬁ'r‘l+1ﬁ',-1 e e BN I - oo e T O 3 L 4 170 (115
CRP {mg/L) TR + 352 10.1 = 10.8 10,0 = 10.6 12,1 +21.1 NS
| IL-6 (peiml) 71+ 68 g3 + |58 75+ 18 1Ll + 212 <005

o % %, o
Male 64, &% G0 8% 56.3% 51.0% 0.044
Malignancy Q.9% 17. % 20.6%% 15.3% NS
CVC versus fistula-graft 4.3% .9% 11.3% 12.1% NS
HDF versus bicarbonate HD 47.5%, 30,20, 43.1% 47.1% NS
Diabetes 19, 8% 15.2% 21.3% 21.0% NS
CVD 2100 20.1% 34.4% 28.7% NS
ASA use 47.5%, 46.8% 41.3%, 34 40, 0.053
Sevelamer use 6.4 I8. 005 380, 850, oonT

“All statistical analysis were performed comparing ERI 1 quartile versus ERI IV quartile. r-Tests, adjusted using the Bonferroni method or tests of
independence (chi-square) when appropriate, were used.

Panichi V, NDT 2011



Anemi ve ESA Direnci
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Inflamasyon sebebi bulunabiliyorsa
tedavi edilmeli.



Statin use Is associated with lower inflammation and erythropoietin
responsiveness index in hemodialysis patients
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Figure 3 Correlation between serum albumin levels and the
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Figure 4 Correlation between high-sensitive C reactive
protein and the erythropoietin responsiveness index during
follow-up.

Koc M, Yildiz A, Hemodial Int 2011



Statin use Is associated with lower inflammation and erythropoietin
responsiveness index in hemodialysis patients
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Koc M, ....... Yildiz A, Hemodial Int 2011



Table 4 Univariate analysis between the natural logarithm of
the erythropoietin responsiveness index (1U/kg/week/gHb)

and clinical, nutritional, and inflammatory variables

Spearman’s
correlation
coefficient P value
Duration of HD (for each month —0.164 0.0001
increase)
Body mass index (for each —0.123 0.0001
1 kgfm"z increase)
He patitis C virus (positive vs. 0.089 0.003
negative)
KV 0112 0.0001
Albumin (for each 1 g/dL —0.104 0.0001
increase)
hsCRP (for each natural 0.155 0.0001
logarithm unit increase)
(original variable in mg/dL)
Statin use (yes vs. no) —0.041 0.003
Ferritin (for each ng/mL increase) 0.003 0.001

Table 5 Stepwise multiple regression analysis for the predictors of the erythropoietin responsiveness index at the end of the

study period

Prediction of the EPO responsiveness index in [U/kg/week/g Hb i

Gender (male vs. female) 0.193
hsCRP (for each natural logarithm unit increase) (original variable in mg/dL) 0.146
Duration of HD (for each month increase) —0.137
Ferritin (for each ng/mL increase) 0.007
Statin use (yes vs. no) — 0.079

P value

0.0001
0.0001
0.0001
0.001
0.009

05% CI for p

Lower Upper
1.141 2.133
0.144 0.337

—0.021 — 0.008
0.0009 0.0010
— 2317 —0.339

The adjusted R* of the model was 0.124, P=0.043.



Cikarsama

Hemoglobin >11g/dl
Hct > % 33
Ferritin >100 ug /|
Transferrin sat. > % 20
Hipokromik erit. <% 10

ideal serum ferritin : 200-500 ng/L

hipokromik eritrosit : <%2.5 (TS : %30 - 40)
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