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A Study for Improvement of Erythropoietin Responsiveness
in Hemodialysis Patients
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- Abstract -

Background: Anemia in chronic renal failure plays an important role in increasing
morbidity of dialysis patients. The causes of the anemia are multifactorial. With using
of erythropoietin(EPO), most of uremia-induced anemia can be overcome. However,
about 10% of renal failure patients shows EPO-resistant anemia. Hyporesponsiveness to
EPO has been related to many factors: iron deficiency, aluminum intoxication,
inflammations, malignancies and secondary hyperparathyroidism. So I evaluated the
improvement of EPO responsiveness after correction of above several factors.

Materials and Methods: Seventy-two patients on hemodialysis over 6 months
were treated with intravenous ascorbic acid(IVAA, 300 mg t.i.w. for 12 weeks).
After administration of IVAA for 12 weeks, patients were classified into several groups
according to iron status, serum aluminum levels and i-PTH levels. Indivisualized
treatments were performed. increased iron supplement for absolute iron deficiency,
active vitamin Ds for secondary hyperparathyroidism and desferrioxamine(DFO, 5 mg/

HAYA} v, A G d9F 317-1, dedign e g mA  TEL.(053) 620 - 3349 FAX. (053) 654 - 8386
E-mail: stigmata00@hanmail.net
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kg t.i.w.) for aluminum intoxication or hyperferritinemia.

Results:

1) Result of IVAA therapy for 12 weeks on all patients(n=72)

Hemoglobin levels at 2, 4, 6 week were significantly elevated compared to baseline,
but those of hemoglobin at 8, 10, 12 week were not significantly different.

2) Result of IVAA therapy for 20 weeks on patients with 100 zg/1 < ferritin {500 xg/
1 and transferrin saturation(Tsat) below 30% (n=30)

After treatment of IVAA for 12 weeks, patients were evaluated the response of
therapy according to iron status. Patients with 100 ug/1<ferritin{500 x#g/1 and Tsat
below 30% showed the most effective response. These patients were treated further
for 8 weeks. Hemoglobin levels at 2, 4 week were significantly increased compared to
baseline with significantly reduced doses of EPO at 2, 4, 6, 10, 12, 16, 20 week.
Concomitantly significantly improvement of Tsat at 2, 6, 16, 20 week compared to
baseline were identified.

3) Result of IVAA therapy for 12 weeks followed by DFO therapy for 8 weeks on
patients with serum aluminum above 4 xg/1(n=12)

Hemoglobin levels were not significantly increased during IVAA therapy for 12
weeks but dosages of EPO were significantly decreased at 2, 4, 6, 8 week during
DFO therapy compared to pre-treatment status.

Conclusion: IVAA can be helpful for the treatment of the anemia caused by
functional iron deficiency and can reduce the dosage of EPO for anemia correction.
And administration of low dose DFO, in cases of increased serum aluminum level,

can reduce the requirment of EPO.

Key Words: Chronic renal failure, EPO-resistant anemia, Ascorbic acid, Desferrioxamine
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A digF(n=72)o14 EPOe| tigt
w2-S Z7MA7]1 24 ascorbic acid 300 mg
& 1253 Y B4 & oF 1089 A F
FAHCIE IVAA)SIATH(E 2). ©lE 5 2 ¥
s}%(transferrin saturation, ©|a} Tsat)7}

20%°131l THelAe A7 AR AA I
Z7IZA . Intact-PTH(el3} i-PTH)7} 200
pg/ml o|%4Q] 108Ae vERl D8 89 %
ME A FARIEY, 283 123309 [VAA
o wkge] A2 #A} F ferritinol 500 g/l
o] 4l 25% = WF AFr|EC] 4 ug/l 018N
1294l Desferrioxamine(e]3t DFO) 7
ARE 5 mg/kgel DFOE 8337 8o 4 %
Ao FARIA

Table. 1. Characterisitics of patients

Data

39:33

28(38.9%)

50.3x+11.9 years
59.94+51.7 months
59.9+15.3 kg
114.9£60.1 TU/kg/week

Factors

Male : Female
Diabetes

Age

Duration of dialysis
Body weight
Dosage of EPO

1.v. route 139+60.5 [U/kg/week
s.c.route 95.1+43.3 TU/kg/week
Hemoglobin 8.96+0.77 g/dl

Table 2. Schema of treatment method

IVAA 72 pts

IVAA 30pts | 100 < ferritin <500pg/l
& Tsat <30%

IVAA DFO 12 pts S-Al >4 pg/dl

IVAA DFO 25 pts Ferritin > 500 pg/l

IVAA + Vitamin D3 10 pts i-PTH >200 pg/m}

IVAA + Increasing Oral Iron Tpts | Tsat<20%

0o 2 4 6 8 10 12 14

16 18 20 week

IVAA : Ascorbic acid 300 mg i.v. after each dialysis
DFO : Desferrioxamine 5 mg/kg i.v. after each dialysis
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Fig. 1. Result of IVAA therapy for 12 weeks on all patients(n=72).

|
N

Serum Ferritin

l

|
e

<100 ug/l 100 - 500 pg/l > 500 pg/l
4 pts Transferrin saturation
<30%* >30% <30% >30%

Gors ][]

Effectiveness guideline-significantly improved
Hb without increase of EPO dose or
significantly decreased EPO dose without
decrease of Hb when compared to baseline

* . the most effective group
pts : patients

Fig. 2. Flow chart to assess iron status.
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*:p<0.05

EPO A& &%E #Fs7] Hal 23004
4F Aoz A Tsat® 8F AR &
z4s9t. ®e DZ i-PTH7F 200 pg/
ml ol FAogA Fo F 1-2F AFHo=R
ZZslgenl, i-PTH7E 200 pg/ml ©l3te]®d

T g FHagih. DFO AAke 5 mg/kg®
DFOZ 7o ¥ 4443 5 8% &77ve 5

Bata] Fo el zo)E FAIAL

Ae] B4 EAL student’s t-test® A}
43 et

z 1

1. JAH CIAZ(n=72)0lA IVAA 12F |7

AF dAZAA IVAA 125 8% 84
v 5o A 8.96+0.77 g/dlollM £ F 2
4, 6 o z+2} 9.36+0.93 g/dl, 9.47+0.83
g/dl, 9.27+0.86 g/dlZ 98 718 BY
oy, 8, 10, 1259l )7k gt EPOY
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Fig. 3. Result of IVAA therapy for 20 weeks on patients with 100 < Ferritin {500(xg/1) &
Tsat<30% (n=30). *:p<0.05
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Fig. 4. Result of IVAA therapy for 12 weeks and then DFO therapy for 8 weeks on
patients with serum aluminum below 4 xg/I (n=12). *:p<(0.05
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% 7#AE BYov, A&4AQ e fldtt  HE A el 2R3 vlmstgc(ad 2).
(28 1), 7 ARl vkg-S ¥ F& ¥F ferritin®)
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Fig. 5. Result of IVAA therapy for 12 weeks and then DFO therapy for 8 weeks on
patients with serum ferritin below 500 xg/1(n=25).

100-500 ug/lelx Tsate] 30% °lst To=
IVAA 2057 5o A7, 44s 27] 9.01%
0.73 g/dlollA 2, 45l z+2F 9.56+1.01 g/di,
9.45+0.93 g/dlZ2 H93 e HYm,
EPO= £7] 116.4+50.8 1U/kg/weekol|A 2,
4, 6, 10, 12. 16, 20l Z}z} 85.4+74.4 TU/
kg/week, 86.8+69.8 IU/kg/week, 95.3+
63.4 1U/kg/week, 92.4+63.9 IU/kg/week.
94.8+68.2 [U/kg/week. 93.4+50.2 IU/kg/
week2 Fog AAE BHYTh %7]
Tsat 20.3+£5.4%°14 2, 6, 16, 205l Ztzt
27.56+12.8%, 28.2+15.2%, 32.1+17.3%,
29.2+12.9%E 2% A4S HAH (T 3).

o =2

3. 23 LF0|50| 4 g/l old Tn=12)0lIA]
IVAA 1252} 0| & DFO 852} Rz &1}
IVAA 1253 FojA] o] {olgt ¥z}
= filey, DFO oA o A EPO 145.
8+72.2 IU/kg/weekollA] BE4% 2 4, 6, 8
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ol 22} 104.595.7 IU/kg/week, 88.2+
99.9 IU/kg/week. 90.9+67.1 IU/kg/week,
99.1+58.9 IU/kg/weekZ EPO9] §2j3t 7+
25 ¥4 22y 85 ¢Fuse DFO A
ol 793 2po] & HolA] FUTHIE 4).

4. EF ferritin0] 500 ug/l 0l& Z(n=25)0{A
VAA 1232} 50 & DFO 832t X8 A}
Aol EPO £39 #93 Aole AUt

(19 5).

5. Tsat 20% oOl2t Z(n=7)0llA EF & 50
£ S7HMZIEAM IVAA 12574 Fof Zat

Fol 1070 Tsate] 4919 452 o
EPO %39 222 Rgov, gaid R

& dske ATHaE 6).

6. HPTH 200 pg/ml Ol4& F(n=10)0llA{ B|E}DI
D: x|& Zx
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Fig. 6. Result of IVAA therapy for 12 weeks with increasing dose of oral iron on
patients with Tsat below 20% (n=7). *:p<0.05
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Fig. 7. Result of vitamin D: theraphy for 20 weeks on patients with i-PTH ablove 200
pg/ml(n=10). *:p<0.05
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EPO A3l gk 72 PTHY erythroid
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