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ABSTRACT

The Effect of Intravenous Ascorbic Acid in

Hemodialysis Patients

Oh, Myueng-guen
Advisor : Prof. Park, Chi-young, M.D.
Department of Medicine,

Graduate School of Chosun University

Aims : This study was performed to investigate the effect of intravenous
ascorbic acid in some hemodialysis patients with EPO-hyporesponsive
anemia.

Methods : The study subjects were 37 adults (18 men, 19 women) aged
30-76. The data were collected from medical records and blood tests. The
patients were received 500mg of intravenous vitamin C with each dialysis
session. The effects of vitamin C on EPO were assessed using paired t-test
and repeated measures ANOVA.

Results : The mean age was 55.5+12.3 years, and the mean duration of
hemodialysis was 5.614.3 years. The main cause of end-stage renal disease
was diabetic nephropathy. At 4 months, Hb levels significantly increased
from 9.5 to 10.6 g/dL. Similarly, TSAT (30.9 to 37.4%) and vitamin C(8.2
to 248 mmol/L) significantly increased. EPO dose (7621.6 to 4513.0
IU/wk) significantly decreased. There are no change in TIBC, ferritin,
calcium, phosphorus, biointact parathyroid hormone levels, Kt/V, CRP,
aluminum and Vit B12.

Conclusions : Vitamin C can be used as an effective adjuvant therapy to

EPO in hemodialysis patients. Further studies are needed to determine



possible predictors of hematologic response to vitamin C.

Keywords : Anemia, Erythropoietin, Hemodialysis, Vitamin C



HNde oA ARH oA EatA EHadET. o2 7HA] dlo] Ejh4
oz ANt Ad HA £ A (erythropoietin; ©]3} EPO) ZH o] 7}
AT} (Stevens, 2005; Valderrabano, 2002). ®¥H4g 4l
go] 84 (enlargement), 44 Hd(hypertrophy), &3
A 99 Ast @ Ao v Hol I BEEHH
(Eknoyan, 2001), ©o]& 3 FA= &zt gte] Ay WEo] RAHHA JgS
713 (Attallah et al, 2006). °]#3 &ASA AxF EPO Fole R
Agel 7120 Hol gk A 10d3 £ Ao A EPO Al
(EPO hyporesponsive anemia) & 7}7F B i1%3 ) 2™ (Driieke, 2001; Tarng
et al, 2001), 5% M4 FF =237 A% EPO &2% JAHo=E F
7vska ok (Ifudu, 2002). ©]# 3 EPO AukgA wde] 713 &3 AL
Az F2 71 2 2d¥olt. 1 9 & ddeEs #Y &2 WA 4
FA4H, =548, ¥EY Bn £ 94 23, olxA
GALHA-HEA G A AAA Fo H GFug =4
(Attallah et al., 2006).
HIZole ENAE B E0]3l EPO &85 A AA HIE-AHZFQ =1
FFAI7171 A% EPO B gl gk A7t JAPH e, E 35
o stuE 4R Udd (Keven et al, 2003).
238tst7] faiM= A
o] o] &7lsd HE 7HAI Slojokwt g, ol

=
FTYHL FANI7 AR ol 87H5F Aol BEE I o

™
o)
@)
9
£
e
&3
oo
tlo
B
2ol

al., 1995). Z19d dF JAE
AARE E o] § FolE A3dtd rHuEpo ¥H&Ast7t w4t o} (Tarng
et al., 1995; Tarng & Huang. 1997; Tarng & Huang. 1998).

Ao AstzEd 20 BAs FE4 VEU vEY Co /5] FEuu
ded, dirdoez gy AR A E A3 AlFe] vl HlEg Crt



Uiy BuE3 9tk (Descombes et al, 1993). 4 #A4 F F71d 43}
2E#H 2= Qs Hgw Co &B7F SF7HEAY ESES 4] Fo= HE
9 C7F v Aoz d#HA 9o (Sullivan & Eisenstein, 1970), HIEFRl C
= 3 RS o] & 2EAES FAAE F o, E3 Y olE A
2 o83l dAAA E EIFA(chaperone)Z = #&T F Ui, AAFHE
WEH ] dAAA E o] &S SUHANE F Aoal BRI gl wmE o

Agto] WA (Attallah et al., 2006; Keven et al, 2003) BIE}F] Ceol dj

o] 27 EPO A¥F-&4 W (EPO hyporesponsive anemia)®l o] g HE}TI
of Ao i A7 THREHIL JAAT F=AS AR APH A=
A glet. olo] & AFoAes /) dIgH LA WA B FAE i
2 F/MH(open label) AT APL Fa EPO AW W (EPO
hyporesponsive anemia)ell tg BIE}Tl Co] & #& Hristaizt st



II. A=

A, A7
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AT 2008 6€FE 2008 108974 A Ew G A FA
FAS Aldg 18-S gz APttt A BE tidAEAA AL
W&oy s #Ed s A%E $ 59X (informed consent)E L AUTH
AA 2 ZAbe] F713 A F 378 o ® PA 189, oA 19902 AA7)

Z3 A NFe ST BT},
1. AR 7=

(1) = 194 °o)Fe 43

2 HAx o/fd old FAFH A5E L2 A

(3) 75-150U/kg/weekd rHuEPO Fod= FHA 3701¢ ol EMA7F ¥s)
RE A(11g/dL °]3})

(4) HZ 3L 949, 78 == 284 HEol = A

2. A9 7F

(1) Ao A 4 293 (ERdx=dd 23lE <20%, @3 #l2l® <100ng /mL)
(2) ¥IEtYl By, 298

(3) g4 43

@) =4 71 T 8

B) & TS

(6) =T FAZoldFT T

7) W4 43
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i &% (mean corpuscular volume),
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2 & FX(Parathyroid Hormone; ©]3t PTH)= ZAF A1ZHA19} 27149, 4704
o 1HA =AY, a8 C WS4 oA
CRP), ¢Fvlw, HIE® B12, 92}, AIF A% 4 S (Erythrocyte Sediment

Rate; ©]3} ESR) B BIEFR] C= ZAF A ZFAISF 4a7h ol 1Y S5

C-reactive protein; ©]3}

—~

_]N

85 S oz AH3A (eligibility)S HHTeA L 519 0] thdar 7)Fol vt
St A 7lEod 3 @A F 108 o] EAbel FoshA] &of 411
°of g tFer FAE AFsAT. HIERL Co Aoy A Al Aol o)
g 2F7ke] FoF7)7H(washout period)S 7FA F 4199 Ao A ZF T4

ME 2 HER C 500mgs FsAT. A7 7t HAE 199 4
T FHE 2R3e VIR vldE At 32 F A4 9FgH
SEE 8o do3 44 SIAY 3%, HolARZAYL 1¥)o] AL =5 AT
oA A=At (Figure 1).

HlERl Ce ZF A FH 2ol 302 2A 5% =T 50mlol S A
d2 Fosidtt. EPOSH €4 A" #FA &2 2006 Kidney Dialysis
Outcomes Quality Initiative (K/DOQI) 7Fol=gtl wep 33 #HZd2
200ng/mLo]d FAS =% 8k, 200ng/mL Wk ¢ wiF = (iron
sucrose 100mg)< 23] F o3ttt rHuEPO= e M3 vluste] 47}
Img/dLol % 53dhd 30% #HF Fosgden, H 150U/kg/weeko] -2
FostAl gkt RE AAAES AWME epoetin beta(Recormon-Roche) Rt

Fo 39

A ZE WL SPSS version 12.0(SPSS Inc., Chicago, Illinois, USA
2003)S o] 83 AT EAESHT Y HE NE (%), dE5HTY B HA+ET
HAAZ AASAY. AFES A BEAYHS ARE 744G =Z vER C



7]

=
=

3ot A4 F+FS p-value 0.05
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o= ]
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III. A+23

A. A=A 9

oS

NI

AA A 3798 F FAF 48.6%, AA 54.1% R H Yol= 55.5+12.34
2 60th7}t 324% = 7Hd Bo FAVGE HA 5 5]
324%% 74 233 113 oA 135% It T2 dg e Ao ges T
WA AAZo] 459% 2 HTE AA|SAL, 1 o

16.2%, 1S AA8tE 13.5% o]t (Table 1).

B. HIEtRl C T oo wWE FHHAA S WH3I}

HER C 5o HAFo] e FAHXNXE vHusfmy, GA4he Fof
9.5£0.9 g/dLolA 470€ & 10.6+1.0 g/dLE F&A 71354
Fo Ao 89.5+13.7 fLAIA 470€E ¥ 942439 fLE FostA F7FstAth
(Figure 2). EPO® Fo o] 7621.6+2607.1 IU/wkollA 471€ %
4513.5+3790.4 IU/wkZ rostA 743, TSATE Fo ol 30.9+12.3
%N 470d F 374499 %E FSA F7Fst R L (Figure 3).

H
<
0O
<
fr

C. HMglYl C F oo @& X35tk W3}

HIEIRD C Fof HFo] wE stz HetE vusid, IV Fed F
o Ao 67.8425.3 ﬂg/dLoﬂH 470 % 838+28.6 pg/dLE o 3tAl S 7}st
A3 (Figure 4), ESR2 F¢o Z 283+22.7 mm/hrolA 470 € F 19.8+15.9
mm/hrZ F93A FASATH (Figure 9). HIEIRl Ce o A 8256
mmol/LoA| A 47} € ¥ 248+65.4 mmol/LE Fo|3tA F7138t il (Figure 9),
Folatex= %o # 21.8%51 ng/mLolA 47§¥ ¥ 93+53 ng/mLE #2|3}A

#2439t (Figure 10). TIBC, #lel®, 24, <, ¥444 328 5, 2
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AAdE, C W &, dFvlE 3 WER Bl2e &3 Wt

Figure 4)(Figure 5)(Figure 6)(Figure 7)(Figure 8)(Figure 10).
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IV, 1%

1986'd A x3 EPOE WHA ARA a8 WA 52 A5 A&,
EPO Fol&= F33 &322 Bt (Winearls, 1986). 1 o]F 2 dA7tA 2
k=)

NARA B2 Wy 2o REAHoZ Agsta gow EPOY a#H9 &
HE 2 BRxaold digh gofst A7 o] 23 9t} (Attallah et al.,

2 17T 1= © =
g3tk o] AP pFHAIAE 75-150 U/kg/week X F3l2 FoId}
FE o 2 wkEEkA R, AR E 200-300 U/kg/week ol Fo] dojx
3

A1do] AdeA A g wge] Astd 497t Y (Macdougall,
1995). H]l=r A% (NKF-DOQI Clinical Practice Guidelines)oll ¢]3t¥ AW &
Ho] TEI AedA EPOE H3FALE 300 IU/kg/week 22 7A@ FA}
2 450 IU/kg/week Fdl= E3x sRIF2R ] TG4 E3}AY FAE

o8 I ol4s daw & o ‘HIFAAAA A (resistance) F2 A
18- d (hyporesponsiveness) ©| 2} 284 th  (NKF-DOQI clinical practice

guidelines for the treatment of anemia of chronic renal failure, 1997). EPO

& Fof we B4 °F 4-10%7F EPOO &5 &3 ¥&, EPO A4 =
S Aol sl otar &elA ot (Eschbach et al, 2002; Macdougall,
1995)

A2 EPO AwsA Wd Bl A F59 o5y Bds wew CY

a7t FER gled, WEY Ce 2349 AR HiAM HE& Tdsiu
=z]

EPOC| w3t 8-S A7l = Z# olEl(chelator)2 2-&3th EHo A
A HIEY C= F FF9 A 2dER ofet A o5 H 7HA T4

of Btk g3 B2 FFAA HEW CE 37F H(ferric iron, Fe™)<]
27} H(ferrous iron, Fe?)2 9] W3S 7+A4AA & A ferritin crystal coredl
A ZBE o]FAIIT B AEZHAAN H F(heme) FHS fl BT =
L E X9 (protoporphyrin) &2 9] §42 X3S FHIA7]1 Fxd oGz
RNA (iron-regulatory protein RNA) A3 FE|E o} Y El oA (aconitase) = 2

_9_



315 ZZAAAM A HF{EA A ol(translation) S A

=
Byl CE 37 del 27} "ol ML gaAel os) zHq Eds
4

oL
£
t
rok

A
o EAC 84 FEds & FEEA de dEAYY EFAE dE8s

Hd gzte A Betel Co ade] g AFE A EW, Gastaldello &
(Gastaldello et al., 1995)2> & 3}5-&}(ferritin>500ug/ £ )7} A= 4789 A%
@AM 7154 B ZAEoRE 3 AFA WEe HERY C A F(500mg,
1-3 times/wk)2 WA FH Ut B3ttt £ Tarng 5 (Tarng & Huang,
1998)& 8F7te] HIElWl C AR Z HF Hcto] 433 F718t9 1, EPOYL
oAl AT HiddY. TSATE 74 2 29 ZAA=ZA &
d E2Y FFFH 7o #¥S UEdo TSATE HIEW C FoTolA Zut
o weou A8 257 F FSA F7HkAd. & ATFeAE EPOO] W&

ez vEY CE F4YdS o 1.1g/dLe #Fos &

A Z7HE Bk BEY Col thdk g Aol wpylA 2 EPON A
T #FHEJY. EPOE 3,100U/wk ZA3stgoew, olzid Axtel FA3HA

TSATE FZHEAT. ol Z2AEL HEgw C7F AZZ2oA dof wEdh

Zdx20 729 olgs FIAI= WHAR FAE&dvde As AAEY. &
st HEYl C= 8+ A Z M (erythroid progenitor cell)ol]l A & o] &8
WA g e, oleld o]F &= rHuEpodl tid AdF9 ¥h&S

wel M

=
ST Aol AFHE J Al ws) WA Husa o ¥EN C=
= b

o £ BN DAl Hekw Col B

_10_



I~

dolES €4 SEdcER olne

2

HER C 3 Foe 249 25 4
o]zt A4S (oxalosis)S €2 4 St} Alkhunaizi®} Chan (Alkhunaizi
& Chan, 1996)2 wi g 200mge] HIELR C7} F A 8ka}o A ascorbate Z2F-S
o Wat=d SRSt E11319 3, Descombes 5 (Descombes et al., 1993)
2 dAEA satol M 1,000-1,500mg/wk 150-200 mg/de] HIEIR C Fo
7b A% HgRl ¢ sE& /A2 & A itk Attt Costello 5
(Costello et al., 1991) ascorbate®] 3}F &&°] 150mge Z#3HA &+ A
o] 855 Tl A st A

B A7 Ao Rze AR, A 3 ) tistdd LA EA o
g AFHTE UEbE 5 Qo 24, A3 7Itbe] F NEE HE T 199
T2 2H3te 7|7l ARE BIERY] Coll tigh A Hhgo] AdAHo=Z 7
& 713k A+t7F HesteEr A
do 2 Aol zdEo HER C H

SR AT ool AWEY, FAEA DR A e}
E owgel Y e co A7l @FUAL RoRE A AP ol
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AT dge 2ddTn AFWFAA FXRENE HAstE 37939
Ao, R7EA g dd HAE FI A8E FHIIAT. 500mgo] H]
Y CE 4 HF4 session Fol 4709 P Fosda d44, HET H
T 84, @34, 3E4¥5s T hHANE Fo AFd SAHdAT. &4
A ARE -H38S T8 HEN C Fo $ APAA S WS gefs

A723 HIER C Fo Aol dLE Fof Mol 95409 g/dLollA 474

4 % 106+1.0 g/dLE F23} 193, EPO= 5§
7621.6+2607.1 TU/wkoll A 4709 ¥ 45135+3790.4 TU/wkZ 284 743}
Atk TSATE Fo Hol 3094123 %olA 4L F 374499 %= 2317
Z7tet gt MCVE Fo Aol 895+13.7 fLolA 470 ¥ ¥ 942439 fLE
oAl FrretAY. IV " T Ho| 67.8+253 pg/dLAlA 4hE F
83.8+28.6 ug/dLE Y 3tAl F7Fet A Folatee Fo Z 21.8+5.1 ng/mLel
A 4lYg % 93453 ng/mLE  Fo3tA #FAd¥I, ESRE Fo A
28.3+22.7 mm/hrol A 470¥ ¥ 19.8+15.9 mm/hrZ FJ3tA 7443tk B
B Ce 5o # 82+5.6 mmol/LolA 471€¥ ¥ 2484654 mmol/LZ {9

37 Z7kshelrh. TIBC, Jﬂau %, A, RURY BEE B, BEAY

X
o|\
N
)
Ot
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85 patients were
assessed for
eligibility

51 patients met
the study criteria

10 patients did
not consent

v

Standard therapy
+ Vit C(n=20) Four patient
excluded because
of significant UGI
Analvzed bleeding
(n=37)

Figure 1. Overview of patient enrollment and flow throughout the study
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Table 1. Clinical characteristics of the study subjects

Variable n=37
Sex
Men 18(48.6)
Women 19(51.4)
Age (y1) 55.5+12.3
-39 4(10.8)
40-49 8(21.6)
50-59 9(24.3)
60-69 6(32.4)
70- 7(10.8)
Duration of hemodialysis (yr) 5.6+4.3
<2 12(32.4)
3-4 5(13.5)
5-6 5(13.5)
7-8 7(18.9)
9-10 3( 8.1)
>11 5(13.5)

Causes of end-stage renal disease

Diabetic nephropathy 17(45.9)
Chronic glomerulonephritis 6(16.2)
Hypertensive nephrosclerosis 5(13.5)
Polycystic kideney disease 4(10.8)
Obstruvtive neuropathy 3( 8.1)

Unknown etiology 2( 5.4)
Values are expressed as frequency(%) or meantstandard deviation.
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Table 2. Clinical characteristics of the study population

Variable Baseline at 4 months p-value

Hb (g/dL) 9.5+0.9 10.6+1.0 <0.001
EPO (IU/wk) 7621.6+2607.1 4513.5+3790.4 <0.001
TIBC (ug/dL) 230.3+43.9 219.2+49.1 0.119
TSAT (%) 30.9+12.3 37.4+9.9 0.017
Ferritin (ng/mL) 212.1+213.7 259.4+175.7 0.142
MCV (fL) 89.5+13.7 94.2+3.9 0.049
IV Fe (ug/dL) 67.8£25.3 83.8+28.6 0.010
Cholesterol (mg/dL) 139.94£33.6 152.4£39.0 0.001
Calcium (mg/dL) 9.4£0.9 9.4+0.6 0.907
Phosphorus (mg/dL) 5.1+1.5 4.811.5 0.329
Bio-PTH (pg/mlL) 204.1+211.4 216.9+245.5 0.555
Kt/V 1.48+0.14 1.50+0.14 0.082
CRP (mg/dL) 0.50+0.48 0.47+0.57 0.800
Aluminum (zg/mL) 15.4+18.6 15.8+6.7 0.879
Vit B12 (pmol/L) 1042.7+363.8 931.9+328.8 0.070
Folate (ng/mlL) 21.845.1 9.31£5.3 <0.001
ESR (mm/hr) 28.3+22.7 19.8+15.9 0.003
Vit C (mmol/L) 8.2+5.6 24.8+65.4 <0.001

Values are expressed as mean * standard deviation.

Abbreviations: IV, intravenous; Fe, iron

Kt/V refelcts dialysis single-pool kinetics. K is the dialyzer ultrafiltration

coefficient, t is time, and V is volume.
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Figure 2. Values of Hb and MCV at baseline and following intravenous

vitamin C supplementation
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Figure 3. Values of EPO and TSAT at baseline and following intravenous

vitamin C supplementation
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Figure 4. Values of Fe and TIBC at baseline and following intravenous

vitamin C supplementation
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Figure 5. Values of Kt/V and cholesterol at baseline and following

intravenous vitamin C supplementation
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Figure 6. Values of Ca and P at baseline and following intravenous

vitamin C supplementation
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Figure 7. Values of PTH and Ferritin at baseline and following intravenous

vitamin C supplementation
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Figure 8. Values of CRP and Aluminum at baseline and following

intravenous vitamin C supplementation
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Figure 9. Values of ESR and Vit C at baseline and following intravenous

vitamin C supplementation
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Figure 10. Values of Vit B12 and folate at baseline and following

intravenous vitamin C supplementation
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