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Estimated number of patients undergoing RRT from 2010 to 2030 worldwide (A) and by
region (B)

Livanage T. =t al. Lancet 2015
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Expected remaining lifetime (years) of the general population (cohort 2011-2015) and of

prevalent dialysis and transplant patients (cohort 2011-2015)
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Adequacy Dialysis Dose

‘From an idealistic clinical perspective,
an adequately treated d,lalyﬁs pallent is
physically actwe, well ﬂol[rlshnd ﬁmlemsc and
normotensive, with a malnEamed good quality of life
and alﬁnggeﬂancy that is not inferior
to that of healthy patients"!

1. Floege J et al. Comprehensive Clinical Nephrology, 2015




( ot .
1 &
e .., KDOQ
' ‘.i & ALyt AL v 4
| “It is important to distinguish e )
¥ adequacy of the dialysis from .
| adeqguacy of patient care”.’ T
We should focus on the patient, and focus on "‘ 4
‘ other dialysis parameters, if we want to increase dialysis ’Tf
i adequacy and improve our patients’ outcomes M
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VALUE 1

Modifiable risk factors for Sudden Cardiac Death in dialysis patients, related to dialysis procedure

Which other parameters
could be important
 Aomeasufe dialysis adequacy
® | nodertoimprove
. our patients’ outcomes?

Surrogate parameters of
middle molecules clearance
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Modifiable risk factors for Sudden Cardiac Death in dialysis patients, related to dialysis procedure

Gummary of Procedures and Technigues o Hed

th in the Hemodialysis Population

2. Adjust ultrafiltration rate
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Dialysate Composition

Dialysate composition is a critical aspect of the dialysis prescription, if we want to avoid
rapid electrolyte shifts

Often, the concentrations of key components may be determined by default, based on
dialysate manufacturer specifications or hemodialysis facility practices. 2

Compasition of Dialysates for
Bicarbonate Dialysis

Fange Tvpical
eblimm 135-14% 140
Potastizm o-4.0 20
Caloiuam o-20 1:25
Miag resium 0.5-1.0 0.75
Chioride ar-124a 105
Acetote 2-4 3
Bicarbonate 2o-an 35
pH 71-73 7.2
Mooy frmim Hgh 40-150
Glucose o-11 55
{0-200 mg/dl) 100 masd

Dialysate should be considered “as a drug to be adjusted” to
the individual patient’s needs

1. Am J Kidney Dis. 2015
2. McGill, Semin Dial. 2017

3. Floege J et al. Comprehensive Clinical Nephrology, 2015
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10 doBeveig pe Xpovia Ne@pikn Avenapkela TE,
otadlov  uvmo awpokaBapon (XNA-TN) U
~ eAauPavav. dsiaiupa AD, apxloav va Aapp Ivo" y
. SldAupe €D yia o eptodo 9 pnvwv. 9.0o8
Aaupavav KAagikn napivn, evag nrapivn xaun?xou i
Hoplakou Bapoug.

.. AoBéotio  opou, pwotpbpoc opou, akBouuiv-n_,
dipoopatpivn, apatokpimg, kt / V, . v
) H, dittavOpakikd kat CRP petphifnkav otnv.apxn
MG HEAETNG, UETA amtd 4 UNVEC KAl OTO Te)\oq O
nprOKo)\)\ou : Sp i




Kata ™ Sidpketa tg reptddou g HeAEG ot 10 aoBeveic ( péon nAkia
74 gTwv, €VPOC: 54-93 eTWV Kal HECOG XPOVOG alpokadbapong 38 unveg,
gupog: 9-86 unveg) umoPAnONnkav oe 647 cuvedpieg AMK pe Siahuvpa
CD.

To 100% twv acBevwv pag avexbnkav tmv AMK pe CD KaAd xwpig
npofAnuata. H abpolotikn 60on KAaolkng nmapivng pe didhvpa CD
HEWONKe otadlaka oto 40,5% ( artd péon Ty 4100 iu pe To KAAOKO
Stahuvpa AD og 1660 iu xpnotonowwvtag to dtahuvpa pe CD) tng 66ong
TTIou Xpnotlporoovvtayv pe dtahvpa pe AD. 2tnv aocBevn mou Enalpve
nrapivn xapnAou poplakoU Bapoug, otav xpnolonomonke dtalvua pe
CD &lekomel evteAwC.

Kata t Owapkela g peAETNG Sev mapatnpnOnkav EmnUTAOKEG Qo
awpoppaytkr) SdOeon. 1/10 aobevelq €UPAVIOE  ACUMITTWHATIKN 5,
urtacBeotiaipia. OPOUPBWTIKA €EMELCOdIA OTO EEWOWHATIKO CUOTNHA, i
KUKAOMOPLOG TTOU VAL 08NYNOAV O€ TIpOWPY| TEPUATIONO TNG CUVESPILAS. . fif'-
dev nmapatnpnoOnoav. To petaBolikd mpopil (uéco p H €€ddouv 7,47, '
néEon T OirtavOpakikwv HCO3 €€odou 27,22) kat n emdpkeld
kaBapong twv aocBesvwv mapéusivav otabepa (KT/V >1,2) katd n.
SlapKeLla TNG LEAETNG.




OL teplocOTEPEG MEAETEG ElvaL UKPEG LEAETNC TTAPATIPNONG TTOU ETTIKEVTPWVOVTAL OTNV
ETTAPKELA TNG AloKABapoNng, oTiG OPOoUPWOELG PIATPWY Kal O UETABOALKESG, PAEYUOVWOELG
KOl QLLOSUVAMIKES TTAPAMETPOUG.
Daimen G, Dan K, Kawane M. Companison of acelale-jree cibuate hemedialysis
hypotension and pest-dialysis malaide. Then Aphey Rial. 201:15(5):460-5.
Kunagane T, Kida A, Fuwta M, Yahire M, Kitamuwia R, Otaki Y, ebal. Egects of
malnubition in hemodialysis patients. Antiy Organs. 2012;36(3):282-90. -
Kunagane T, Funuta M, Yahine M, Kida A, Otaki Y, Hasuike Y, ebal. Acetate . .
{ree citnate-containing dialysate increase intact-P TH and BAP levels in the
patients with low intact-PTH. BMC Nepluol. 2013;14:18-2369-14-18.

Y€ TUXALOTIOMMEV MEAETN €VOG KEVTPOU Ue 23 acbeveig umo AMK, katd tn SlapKela Twv
ouvedpwyv He CD, to 50% Twv aoBevwyv dev XPelAoONKE KATTOLAG MOPEPNG AVTUTNKTIKY
aywyn, To 32% AeltoUpynoe HE MEWUEV SOON evw To 18% Twv aoBevwy XPelAodnke va
Slakoel ™ ouvedpia mMpwipa AOyw Opoupwong TOU CUCTHMATOG NG eEwowuarlKﬁg
KUKAo@opiag. H emapkela kaBapong mapguelve idla kat otig Vo OUAdES TWV acBevwv.

Stegmayn BG, Jonsson P, Matumood D. Asignigicant g
2013;36(1):1-6.
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> € TUXQLOTIOINMEVT MEAETN TTIOU MEAETNONKE N xpnion tou CD oe aoBeveig umo on-Iinen -

alpodladindnon n doon Nrapivng HEWONKE OTO ULOO, XWPIG AANAYEG OTN EMTAPKELA  Kal
HE Eva emeloodlo BpouBwong oe 120 ouvedpleg TOU XPNOLULOTTIONONKE .

Avo akopa pehetreg mapatpnong oe 20 kat 31 xpovioug aoBeveig umo AMK pe
POPBANUATA AlMOPPAYIKNG SlaBeong ota OnUeEla TTapakeVINoNg XPNolomomonkay
dlaAvpata CD. Oudooelg nrapivng petwdbnkav kata 30% petd armo duo UNVeg Kal KO.TCI
55% peta 1€00€pIC PNVEG, avTtioTolxa. '

Kat otig U0 HeAETEG, N Helwon TNG NItapivng emITeELXONKE XWPIG HElwWoN oIV EMAPKELA
alpokadbapong.

Aniet §, Petitclene T, Crepul C. Sake use of citnic acid-based dialysate and, hepanin remeval i pestdiluticn enline hemodiakilbvation.

Bleed Puwuif. 2012;34(3-4):336-43"

i
Kesamaun RJ, Callaw R, Alhmad G .. TWWMMWWWWMMWWMMMWW[M] Amenican Getiet
Annual Meeting 2006.




Effect of anticoagulation on blood membrane interactions

during hemodialysis

Rovary Horsaure, Doses Mosee, Mroiracs, Frass, Rasser Oncanaveu, Ava~ I Kaye,
CF. WAGNER. STYLIANGOS KAariorms, and WiLrre Do




Katd Tt Ouapkela ¢ Swdlkaoiag TNng
alpokaBapong (AMK), to aipa ektibetat og éva
€EWOWMATIKO KUKAWUA KUKAO@Opiag To omoio
evepyornolel Sladikaoieg Opoufoyeveonc.

H &nuoupyia Bpoupwyv oto €€wouUCTNUATIKO
oUOTNUA KUKAO®OPIAg UEWWVEL TNV armodoon
™m¢ AMK kat auv€dvel To OpTo gpyaciag tou
VOOMAEUTN Kal Ta KOOTN.

AKOUN Kal EMTELOOSLA «UTTOKALVIKYG» TNENG TOU
KUKAWUATOG WITOPEL VA LEWIOOUV TNV SPACTIKT)
EMLPAVELA TNG MEUPPAVNG Kal TO PEYEDOG TWV
mopwyv, replopilovtag v Kabapaon HKpoU Kal
Heoaiou HEYEOOUC OUTLWV.

Entuthéov, n evepyoroinon g 0doU g mENg
otoug aoBeveig utdo AMK umopei va oxetietat
LE TO (PALVOUEVO TNG «XPOVIAG PAEYUOVAG» Kal
TNG ETTIITAUVOUEVNG» AONPOCKATpWONG .

>tov AUTIKO KOOMO N «KAQOIKT»
nrapivn  eival  To  TIO SNUOPIAEG
QVTUIMKTIKO TIOU XPNOoLlUoToleital yla
™mv TPOANYM NG TENG Kata
Slapkela g ouvedpiag AMK.

AV Kal QrTOTEAECUATIKY Kal @OnNvr, €xel *

OTEVO
OeparmeuTiko napdbupo Xwpig
EMELOOOLA AVETIIOULNTWY ALLOPPAYLWV.
H nmapivn  mapéxel  ouOTNUATIKNA
AVTUMKTIK ~ aywyy, avtevoeikvutal
OUWG  Of  TIEPUTTWOEL  EVEPYOU

aoppayiag, nepkapditidag,
EVOOEYKEPANIKNG aloppayiag,
Opopporeviag, Kal aueong
METEYXELPNTIKNG TtepLodou. MapdAAnia,
n Xxpnon nrnapivng

urtopel va odnynoesl og 00TEOTTIOPWON,
SuoAutdalpia,uepKaAlalia  Kat v
EUPAVION  TOU  ouvdpoduoU HIT

’1 :Fischer KG,
200

 Simoa
“Pharmacodynamity.of
hemodialysis sessio
6. Wasse H; Gillen DES
Risk factors B uppk s
disease patints. Ky L



Mia evaA\OKTIKR] AUOT OTA TAPQIAVW TIPORANUATA QITOTEAEL T Xpnon
Slalvpatog alpokadapong pe avudpo Kitplkd oL (Anhydrous citric acid, CD) oe
avtikataotaon Ttou rmapadootakou ofikou oféog (Acetic acid, AD) to ormoio
nipoo@Epel avTmnéia kata T dtapkela TG cuvedpiag AMK.

YTAapXouv UEAETEC ITAPATNPNONG KAl TUXALOTIOUEVEG
UEAETEG TTOU Xpnoluoroouy CD oe aoBeveig unmo AMK.

H xpnon twv CD oxetidetal pe

TIEPLOPLOUEVA ETTELTOSIA OpopBWOEWY KaTa TNV ouvedpia AMK
LELWMEVEC AVAYKEC O€ Nrapivn ,

Kat au&nuévn Kabapomn HIKPoU Kal LECAOU HopLakou BApoug oUCLwV.

AuTd Ta 0EAN TTPOoEPXOVTAL ATTO avTIOPOUBWTIKT dpdon

TIoU TtepLopileTal OTO EEWOWMATIKO KUKAWUA XWPIG

OUCTNHATLKY] EVEPYOTIOINGOY) TOU UNXAvVIoMoU MENG.

AN\ avagpepopeva oPEAN aro 1 xpnon tou CD nepilapfavouy
UELWMEVT OEEWOT] , LELWHEVT] (PAEYHOVT], LELWUEVO OEEIOWTIKO OTPEC ,
BeATiwPEVN avaluia , BeEATIwHEVN Opem , Kal

AlLOdUVALKY) oTafepoTnTa .

To CD eival KaAd avekTo Xwplg aotabeiG UeTABOMKEG TTAPAUETPOUG KAl XWPIG
TEKUNPLWHUEVEG AVETILOUUNTEG EVEPYELEG , AKOUN Kal O€ TTaldld,

oe aoBeveig pe ofela vepplkn PAABN , oe aoBevel¢ otV HOVASA EVTATIKNG
Beparteiag Kal o€ aoOeVEIG HUE TIPOXWPNUEVT NTTATIKY] AVETTAPKELQ.

L ]
Ahmad S, Callan
made from dry che
using citric acid.: 1nc1éases dialysis dose Am J
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Effect of citrate based dialysate on intradialytic heparin dose in maintenance haemodialysis patients.

|. Griveas, Consultant Nephrologist
Backround: During haemodialysis (HD), blood s exposed to an

extracorporeal circuit which activates thrombogenic pathways and clotting and may be associated with increased inflammation and
acceleration of atherosclerosis. Even subclinical clotting of the dialysis circuit may reduce effective dialyser surface area and pore
size, decreasing both small and middle solute clearance. An alternative to systemic heparin anticoagulation for HD is citrate
dialysate (CD) which contains a small amount of citric acid. Aim of our study was to investigate whether CD results in reduced
cumulative heparin dose (CHD) compared to acetate dialysate (AD) in HD patients.

Hdid sy

U EARIAN
B'n CIETY Off
SEFHROLOGY

Methods: 111 patients receiving HD with AD were recruited in our
study. The above study population HD prescription converted to
session with CD for a3 month period. Serum total calcium, albumin, === :
haemoglobin, haematocrit and kt/V were collected at the beginning
of the first HD session of the study and in the end of the protocol. After
enrolment, data regarding each patient’s dose of intradialytic heparin
were collected and were evaluated according to a visual clotting score.
We compared behavior of our patients on the basis of vascular access type (fRstula, graftand central venous catheter), dialysis mode
(classicand on-line hemodiafltration) and age (patients over 65 years old and below 65 years old).



Results: During study period 4329 HD sessions were under notice. 100% of our patients tolerated the procedure with CD well
without issues. CHD reduced gradually to 46,57% of the initial dose (from 4429.24+1531.32 t0 2080.18+1.259.51). None of our
patients suffered from bleeding complications. We did not have any HD treatment that had to be abandoned because of clotting in
the extracorporeal circuit. Ca levels remained stable through the study period (8.66+0.63vs 8.57+0.72). Nutrition (albumin
4.19+0.65 V5 4.20+0.63), dialysis adequancy parameters (kt/v1.25+0.21v51.25+0.24) along with hemoglobin levels (12.36+1.16 vs

12.09+1.06) were stable during the study period. Type of vascular access, dialysis mode and age do not seem to significantly impact
the reduction of heparin dose in any way

Conclusions: Our findings suggested thatit is feasible to use CD to dialyse patients safely and effectively, no matter age of patients,
dialysis mode or vascular access type. With the contribution of CD), it was possible to anticoagulate the extracorporeal circuit with
significant less CHD in a safe and simple manner without minor or major adverse reactions for the patients’ clinical condition.

7




Protocol citrate/ascorbic acid
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Hemodialysis: Volume, Metabolic Complications, Clinical Outcomes

Experience Comparing the Use of Citric Acid Solution (CD) with L-
Ascorbic Acid (Vitamin C) to Simple Citric Solution in Patients with ESRD
Under Hemodialysis (HD)

Ioannis Griveas, et al

Army Share Fund Hospital of Athens, Greece, Dialysis Unit “Polyxenia-
Renal” Greece.

The purpose of the study is to record the experience of
comparing the use of CD solution with Vitamin-C in relation to
the use of pure CD solution in patients with ESRD under HD.
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Methods: 45 patients with ESRD under HD (40 new entrants) receiving CD
solution with vitamin-C (2g/1t) for a period of 12 months were compared
with 26 patients (18 newentrants) of the same weight who received plain
CD solution. Changes in heparin dose as well as the anemia profile of the
patients were recorded.

Results: In the vitamin C solution the initial cumulative dose of heparin
1818+659.28 iu (24 iu/kgrBW) to 3323.52+1467.79 iu (44 iu/kgr/BW) at 12 -
months. -

With no observed thrombotic events or bleeding tendency, the heparin dose’ b
was significantly reduced from classically recommended doses (loading
dose 30-50 IU/kgBW and then10 IU/kgBW /hour).

A corresponding observation was also noted in pure CD (29 iu/kgrBW
beginning-39 iu/kgrBW end).



Hb and Hct increased significantly (10.63£1.55 start-11.79+0.91 end,
p<0.05, 32.25+4 45 start-36.5+2.92 end, p<0.05) with constant weekly dose
of erythropoietin (14000+9500 iu start-14000+10000 iu end, p=NS) and
constant ferritin levels (526.73+498.72 iu start-690.44+470.32 in end,
p=NS).

The above notice was combined with a significant reduction in monthly
iron administration (200 mg monthly final dose).

In CD without Vitamin-C we had corresponding observations with a
consistently significantly higher dose of monthly iron administration
(400-500 mg final dose).




Conclusions: Our findings suggest that the use of
both solutions provides anticoagulation with a &
significant decrease in heparin while simultaneously +;*
increasing hemoglobin with a fixed dose of T~ .4
erythropoietin.

The addition of vitamin C is associated with reduced
monthly iron intake.



Contents lists available at ScienceDirect

Transfusion and Apheresis Science

ELSEVIER journal homepage: www.elsevier.com/locate/transci

Citrate, a green alternative to heparin

loannis Griveas

Nephrology Department, Army Share Fund Hospital of Athens, 417 NIMTS, Greece, Private Dialysis Unit "Polyxenia-Renal”, Athens, Greece




The issue regarding heparin is the external and the internal envi-
ronment. The raw material for heparin is the intestinal mucosa of pigs.
The waste, nearly equal to the weight of the raw material, is the greatest
source of pollution. Solvents and detergents can cause air and water
pollution [5]. Based on the usual heparin dose of 5000 IU of unfractio-
nated heparin or 5000 IU of dalteparin, a low molecular weight heparin,
1 pig has to be slaughtered per 13 dialysis sessions. The carbon footprint
of raising 1 pig is about 670 kg CO- equivalent, which poses a serious
threat to the external environment [6]. As is mentioned in the intro-
duction, heparin also has a significant impact on the internal environ-
ment. Activated monocytes release proinflammatory cytokines
associated with arteriosclerosis [7].

Thr use of citrate is safe, effective and may be a good alternative for
patients with blood disorders that have to receive therapy under an
extrarenal circuit.
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Any questions?

You can find me at:
giannisgriv@hotmail.com

www.athens-nephrology.gr




Academy of Nutrition
and Dietetics

KIDNEY DISEASE OUTCOMES
QUALITY INITIATIVE

KDOQI .
Qe

National Kidney Foundation

KDOQI CLINICAL PRACTICE GUIDELINE FOR NUTRITION IN
CKD: 2020 UPDATE

T. Alp Ikizler, Jerrilynn D. Burrowes, Laura D. Byham-Gray, Katrina L. Campbell, Juan-Jesus Carrero, Winnie Chan,
Denis Fouque, Allon N. Friedman, Sana Ghaddar, D. Jordi Goldstein-Fuchs, George A. Kaysen, Joel D. Kopple,
Daniel Teta, Angela Yee-Moon Wang, and Lilian Cuppari

5.2 Statement on Vitamin C

Vitamin C Supplementation

5.2.1 In adults with CKD 1-5D or postiransplantation who are at risk of vitamin C deficiency, it is reasonable to consider sup-
plementation to meet the recommended intake of at least 90 mg/d for men and 75 mg/d for women (OPINION).




Rationale/Background

There are currently limited studies identifying daily
vitamin C requirements for individuals with CKD at all
stages of the disease. Amount of daily intake and optimal
serum level of vitamin C required to maintain nutritional
health, reverse deficiency, and avoid toxicity are unclear.
Studies included for this current review evaluated the effect
of vitamin C supplementation on nutritional status,
inflammation, anthropometrics, micronutrient levels,
electrolyte levels, fluid status, serum uric acid levels, lipid
levels, morbidity events, QoL, mortality, and hospitaliza-
tions. Limited data from a very small number of studies
prohibit defiitive evidence-based conclusions for all these
surrogate and hard outcomes. Therefore, we suggest that
individualized decision making is the best clinical
approach to determine whether vitamin C supplementa-
tion, or termination of supplementation, is required for
adults with CKD stages 1-5D and posttransplant.

KDOQI

EIDNEY DISEASE OUTCOMES
CQUALITY INITIATIVE
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KDOQI CLINICAL PRACTICE GUIDELINE FOR NUTRITION IN
CKD: 2020 UPDATE

Matianal Kidney Foundation
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Special Discussions
Current nutritional requirements or Recommended Dietary
Intake of vitamin C for individuals with CKD stages 1-5D
and posttransplant are not known and are based on those
from the general population. The prevalence of vitamin C
deficiency may vary according to CKD stage and dialysis
modality. Toxicity is a possible concem for excessive
vitamin C supplementation.

However, these findings do not preclude the impor-
tance of assessing for vitamin C supplementation or when
to discontinue supplementation. Ongoing monitoring of
overall food intake and nutrition status is required to assess
for vitamin C deficiency. An individualized approach to
evaluation and monitoring of vitamin C status is ideally
accomplished by a multidisciplinary care team that in-
cludes nephrologist, nurse practitioner, physician assistant,
and RDN.
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KDOQI CLINICAL PRACTICE GUIDELINE FOR NUTRITION IN
CKD: 2020 UPDATE
T Ap Mirer. Jornbyrn [ Birsowes, Lonarn [0 fiytam- Gy, Katrne L Campbal, hen-Jeson Carnwn, Wi Ghas,

Derns Foague. Allan N Frisdiman, Sana Ghaddw. 0 Jowk Goldutein:Fuchs, Georpe A Kaysan, Joa £} Kopple
ervee Teta, Angala Tee-oon Wang, s Lilwn Cuppan




QUALITY INITIATIVE andDietetics
Matianal Kidney Foundation

KDOQI 4 _
KIDNEY DISEASE DUTCOMES rig i Academyof Nutrition

KDOQI CLINICAL PRACTICE GUIDELINE FOR NUTRITION IN
CKD: 2020 UPDATE

1 O s, Lt [T Byars-tmy, Kkna L. Grmpbal,_owr-lescs Caorwen, Yo G,
ian . Frisciman, SlruG'-:lmLmEnhbmfwMGew Aﬁ-w JuH Ropple
Dt Teta, Angala Toe-boan Wang. and Liten Cupgan

Implementation Considerations

o Initiation and cessation of vitamin C supplementa-
tion, as well as supplementation dose, should take
into account the individual's nutritional status, di-
etary intake, comorbid conditions, and dialysis
modality.

¢ Suggested vitamin intake should be based on recom-
mendations for the general population (eg, RDA)
unless there are specific considerations requiring
modification.




Monitoring and Evaluation

Higher doses of vitamin C supplementation (500 mg
daily) have been shown to increase serum oxalate levels.
Vitamin C is a potent physiologic antioxidant. Lipid
metabolism may be affected by vitamin C supplementation
and patients receiving vitamin C supplementation should
have lipid fractions monitored. Vitamin C also affects
immune function and carnitine metabolism. Patients with
any malabsorption or diseases of an inflammatory nature
may be more prone to having lower plasma vitamin C
levels than the general population. Therefore, supple-
mentation dose should take into consideration medical
history, comorbid conditions, and concomitant medica-
tions. Measurement of serum oxalate may be considered in
patients prescribed high doses of vitamin C and/or who
are susceptible to calcium oxalate stone formation.
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Future Research

o Identify methods to assess vitamin C status. Current
methods use serum levels of vitamin C, but reliability is
unclear.

o Ascertain the optimal vitamin C status of the CKD
population, including CKD stages 1-5D and those with a
kidney transplant.

o Confirm the RDA for vitamin C in various CKD pop-
ulations and the supplemental vitamin C dose that will
prevent vitamin C deficiency without increasing risk for
toxicity.

o If feasible, evaluate the effect of vitamin C supplemen-
tation on hard outcomes, including survival, hospitali-
zation, cardiovascular events, and QoL measures with
RCTs in CKD populations.
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Ascorbic Acid Depletion in Patients
Undergoing Chronic Hemodialysis'

Joun F. SuLLivan,? M.D., AND ALBERT B. EISENSTEIN,? M.D.

= Ascorbic  acid is removed from the TES
o 0.40 . : . :
E plasma of patients undergoing hemodialy-, <
€ . . . . .

> ool k sis. Patients with chronic renal disease "
g X who were not receiving vitamin C sup-
kY lementation demonstrated a mean de-
£ 0.20

S cline in plasma ascorbic acid of 10 = 4%

< -: LS T . e

o 0.10- during hemodialysis, whereas the mean

g decline in patients receiving vitamin C
N supplements was 68 = 1%. Removal of

Predialysis Postdialysis
Fic. 1. Effect of hemodialysis on plasma ascorbic
acid levels in patients not receiving vitamin C sup-
plements. Each line represents the dialysis of one -
patient and plasma ascorbic acid levels immediately
before and after dialysis.



Summary and conclusions

Dietar}' restriction, concerns about oxalosis, losses
during dialvsis and acoelera ted catabolism have created

a situation where a large portion (10-25%) of dialysis
patients have plasma vitamin C levels =10 uM, and
some patients have plasma wvitamin C <2puM [6]
(Handelman. in preparation).

Epidemiological data suggest that these low
plasma wvitamin C levels are associated with increased
mortality [41]. Although a 60—-100 mg daily vitamin C
supplement is generally recommended, prescriptions
are provided onlv to 10-70% of patients, depending
on nationality [42]. Lack of compliance mayv lead to
even lower levels of actual wvitamin C usage.
Standardized clinical methods for measuring plasma
vitamin C are needed, since the instability of vitamin C
leads to problems in laboratory analysis [43,44],
and vitamin C is not routinely measured in dialysis

Nephrel Dial Transplant (2007) 22: 328-331
doi: 10,1093 /ndt /1534
Advance Access publication 14 November 2006

Vitamin C deficiency in dialysis patients—are we perceiving
the tip of an iceberg?

Garry J. Handelman
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NaTpiou (Sodium)
KaAiou (Potassium)
AoBeaTiou (Calcium)
Mayvnaoiou (Magnesium)
O¢ikwv (Acetate)
XAwpiouxwyv (Chloride)
"AukdCng (Glucose)
Kitpikwyv (Citrate)

130-145 mmol
0-3 mmol

0-2 mmol

0-1,2 mmol
0,30 mEqg/It
90-120 mmol
0-12 mmol
0,8 mEq/lt



OZINO ATAAYMA AIMOKA®APXHX ME L-AXKOPBIKO OZY (BITAMINH C)

O&wvo dwihvpa  Awpoxabapong epmlovtiopévo pe 2g/It L-AokopPwko oSy  (Brrapivn-C) mpoogépet
AIOTENEOPATIKY] AVTIPETOMON ToL 0§edmTiKov stress (ehevbepeg pileg), Swatrpnon-avénorn emumedov
AUIATOKPLT KAt Aoo@aipivng 1oV actevav.

‘O&wo dwahopa atpokabapong epmlovtiopévo pe 2g/1t L-AokopPiko o&d (Brrapivn-C) mpoogépet mpootacia
anod ug ehedBepeg pileg oto onpeio emagrg mg pepPfpdavng tov @iltpov pe to aipa xwpig va eoeNbet oto
Slapéplopa tov atpatog.

Awdhopa apoxdadapong copgava pe tig adipoeig 1 & 2 1o omoto mepiéxet

XAoprovo varpro, xYA@provxo kdhio, YAmprovxo aocPéotio Swdpiko, YAoplovxo payvrioto eavdpuo, de€tpoln
Kat o€ko o&p.

Apawepévo dwahvpa aypoxdabapong oovppeva pe g aliwoelg 1,2 & 3 0mov ot TENKEG OLYKEVTPQOOEL
KOPAIVOVTAL eVIog TV KAt®bt opiov oe mmol /1t

a) Ndrtpro (Sodium) 130-145 mmol
B) Kdhwo (Potassium) 0-3mmol

Y) Aopéotio (Calcium) 0-2 mmol

0) Mayvroto (Magnesium) 0-1,2mmol

€) XAoprovyxwv (Chloride) 90-120 mmol
ot) O&wav (Acetate) 2,5-10 mmol
Q) T'Avkodng (Glucose) 0-12 mmol

n) L AoxopPo o0 (Brrapivn-C) 0,32 mmol

Awdhopa apoxdBapong copgava pe tig adiooeg 1,2 & 3 to omoio

AVALYVDETAL 08 ODOKEDL] TEXVI|TOD VEQPPOD He PLOLYYA 1} OAKO 0Svov avBpakikov vatpiov.




THE EFFICACY OF ASCORBATE-RICH DIALYSATE TOATTENUATE ANAEMIA IN MAINTENANCE HEMODIALYSIS
PATIENTS

loannis Griveas, MD,PhD
Nephrology Department 417 Army Share Fund Hospital (NIMTS), Athens, Creece

Hemodialysis (HD) patients with functional iron deficiency (FID) often develop resistance to recombinant human
erythropoietin (Epo). The contributory role of chronicinflammation and oxidative stress in its pathogenesis is poorly
understood. Recent studies have shown that intravenous ascorbic acid ([VAA) administration could override rhEPO resistance
in HD patients. Yet lttle is known about whether supplementation of ascorbic acid (vitamin C) via extracorporeal circuit has
stbstantial effects on minifying oxidative impairment and thus improving Hb levels. This study was undertaken to test the
efterr< of Avcorpate-Rich Diivsate to Attenuate anaemia in Maintenance HD Patients
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13 HD patients (mean age: 71.3+14.6 years) were recruited for the
study. Fora period of 8 months they were receiving Ascorbate-Rich
Dialysate (2g/lt) and we compared their anaemia profile (Hb, Hct,
ferritin , TSAT, rhEPO dose) during this period with the previous 8
months that they were receiving conventional dialysate. Additionally

we evaluated their “chronic inflammation status” estimating CRP and So!uble Urokinase Plasminogen Receptor (Supar) levels
over the study period and also lipids and nutritional profile.

CRP levels declined with the use of ascorbate-rich dialysate from 12 28 to 3.86 mg/L while supar levels remained stable over the
whole study period (15 mg/ml). Mean Hct levels increased significantly from 35.56+2.37% with conventional dialysate to
39.98+43 64 % with 8 months usage of ascorbate-rich dialysate (p<0.05). The above notice started to appear even after3
months under vitamin C—rich dialysate (35.56+2 37 vs 37.96 +3.06, p<0.05). The same conclusion was noticed with Hb levels
(11.23+0.94 vs 12 10+1.04, p<0.05 after 3 months under vit ¢, 11.23+0.94 vs 12.59+1.38, p<0.05 after 8 months under vitamin C).
Mean rhEPO dose (darbepoetin alfa) decreased from 48.63 to 33.46 mcg/ml per week with usage of ascorbate-rich dialysate.
Ferritin (>500), albumin, TSAT (>20) and PTH levels remained stable over the whole study period. Cholesterol, triglycerides
and albumin levels did not change significantly with the change of the conventional dialysate to ascorbic-rich one.

Although our study is limited by small numbers of subjects, short durations of follow-up, these results suggest that compared
with standard care, ascorbic acid in dialysate bath may result in an increase in hemoglobin concentration and decrease in
rHuEPO requirements. Longer term studies are required to confirm these results, provide information about adverse events,
and determine whether these changes translate into improved patient outcomes and cost-effectiveness.
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Because of the nonspecific nature of many of the
symptoms of vitamin C deficiency (fatigue, weak-
ness, poor connective tissue, mental disturbances,
anemia), it is possible that subclinical or unrecog-
nized vitamin C deficiency contributes to the distur-
bances as part of the uremic syndrome in people
with low GFR or people on dialysis.

o (145). Many vitamin-C-rich foods are also high in

e 4" potassium, which may lead to their restriction in
- » fl patients with advanced renal failure and in those on
P ! dialysis. Another cross-sectional study estimated

dietary intake from dietary records at 94 mg/day in
patients with low GFR and 66 mg/day in patients

Vitamin C (ascorbic acid) is a water-soluble vita-
min produced I“rom metabolism of glucose. Only the
-y < ieaEEEs

lieviews

Water-Soluble Vitamins in People with Low Glomerular 4
Filtration Rate or On Dialysis: A Review

Cotherine M. Clase, *t Vincent Ki,” and Rachel M. Holdent
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2 mg/1 (149). In addition to low dietary intake, the
dialysis procedure also contributes to deficiency:
removal of this water-soluble nonprotein-bound
small molecule has been estimated at mean 66 mg
per HD session (150) and 29 mg per PD exchange

3 / I_-'.._. _-: .wl

Absorption and Bioavailability

intakes (139).
e TR

Vitamin C is absorbed actively and passively, and
is highly bioavailable, with 75-90% absorbed in a
typical diet. Absorption may fall to as low as 16%
Y in people who are vitamin C-replete who have high

A number of critical roles for vitamin C have
been identified: it is a cofactor in pathways for
collagen synthesis, explaining many of the clinical
manifestations of scurvy. It is a potent antioxidant,
perhaps the most quantitatively important free
radical scavenger in blood (1335).




MNephrol Dial Transplant (2002) 17: 422 427

Original Article

Convective and diffusive losses of vitamin C during

haemodiafiltration session: a contributive factor to
oxidative stress in haemodialysis patients

- S - 3
Marion Morena'. Jean-Paul Cristol'. Jean-Yves Bosc?, Ciro Tetta>.
Gilles Forret!, Claude-Louis Leger', Cécile Delcourt?, Laure Papoz?,
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plasma vit C concentration was significantly reduced at
the end of HDF session. Moreover, the higher plasma
vit C concentration at the start of session, the more
important was the vit C loss during the HDF process
leading in all cases to a drastic vit C depletion at the

Transplantation

Nephrology
Dialysis

increased rate of vit C oxidation during dialysis session
has been recently confirmed by Clermont et al. [35].
According to the data, it is essential to accurately
estimate the vit C requirement for HD population: a
daily dose of 100-200 mg is recommended in some
reports [19,20,36]. Costello ef al. [33] reported that oral
supplementation not exceeding 150 mg/day (1050 mg
weekly) was still considered a safe dose. This supple-
mentation overwhelms our estimation of 200 mg
weekly of vit C losses which does not take into
account the potential contribution of dietary restriction
or intestinal malabsorption. However, it is interesting
to note that vit C losses are directly linked to plasma
levels. Thus, an important supplementation at the end
of dialysis session could lead to a transient increase
in vit C which could be abolished during the next HD
session. Thus, it would be better to supply vit C
by dialysate during HD session. Among different vit C



USE OF ASCORBATE-RICH DIALYSATE IN HEMODIALYSIS PATIENTS

loannis Griveas, MD,PhD
Nephrology Department 417 Army Share Fund Hospital (NIMTS), Athens, Greece

Background and Aims: Increments of oxidative stress have been addressed as one potential cause for the accelerated
atherosclerosis of chronic kidney disease patients. Ascorbate (vitamin-C) represents one of the most prominent antioxidants
both in plasma and intracellulary. Unsupplemented dialysis patients have reportedly lower plasma levels of ascorbate in
comparison to healthy controls, mostly due to a loss into the dialysate. Purpose of our study was the recording of the

experience of the use of Ascorbate-Rich Dialysate in patients under hemodialysis (HD).

Method: 11 HD patients were recruited for the study. During a period of 8 weeks they were .
receiving Ascorbate-Rich Dialysate (2g/It). Ascorbicacid levels were estimated before and at the 57
end of the study period. We also monitored patients’ anemia profile (Hb, Hct, ferritin , TSAT, ERA_EDTA

rhEPO dose), lipid and nutrition status.
CONGRESS

Results: Ascorbic acid values were towards the lower accepted levels in our patients (3.25+1.01 FULLY VIRTUAL
mg/l) at the beginning of the study period. After 8 weeks receiving Ascorbate-Rich Dialysate, JUNE 6-9. 2020
acorbic-acid levels were significantly increased (6.87+1.50 mg/l) without transcending the upper

accepted limit. During the notice period, our patients were behaved normally without any sort of

adverse events. Mean Hct levels remained stable (39 10+3 70% with conventional dialysate vs 39.67+1 59 % with usage of
ascorbate-rich dialysate ). The same conclusion was noticed with Hb levels (12 85+1 20 v513.15+0.49). Mean rhEPO dose per
week (epoetin- alfa) decreased (900045200 iuvs 625044300 iu, p=NS) and administration of Fe stopped to all of our patients.
Ferritin (>700), TSAT (>35) remained stable over the whole study period. Cholesterol, triglycerides and albumin levels did not
change significantly with the change of the conventional dialysate to ascorbic-rich one.
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Estimated number of patients undergoing RRT from 2010 to 2030 worldwide (A) and by
region (B)
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Future Research

Identify methods to assess vitamin C status. Current
methods use serum levels of vitamin C, but reliability is
unclear.

Ascertain the optimal vitamin C status of the CKD
population, including CKD stages 1-5D and those with a
kidney transplant.

Confirm the BDA for vitamin C in various CKD pop-
ulations and the supplemental vitamin C dose that will
prevent vitamin C deficiency without increasing risk for
toxicity.

If feasible, evaluate the effect of vitamin C supplemen-
tation on hard outcomes, including survival, hospitali-
zation, cardiovascular events, and QoL measures with
RCTs in CKD populations.




LS

Our process is easy

first second last



Let’s review some
concepts

Yellow

Is the color of gold, butter
and ripe lemons. In the
spectrum of visible light,
yellow is found between
green and orange.

Yellow

Is the color of gold, butter
and ripe lemons. In the
spectrum of visible light,
yellow is found between
green and orange.

Blue

Is the colour of the clear
sky and the deep sea. It is
located between violet
and green on the optical
spectrum.

Blue

Is the colour of the clear
sky and the deep sea. It is
located between violet
and green on the optical
spectrum.

Red

Is the color of blood, and
because of this it has
historically been
associated with sacrifice,
danger and courage.

Red

Is the color of blood, and
because of this it has
historically been
associated with sacrifice,
danger and courage.
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Future Research

Identify methods to assess vitamin C status. Current
methods use serum levels of vitamin C, but reliability is
unclear.

Ascertain the optimal vitamin C status of the CKD
population, including CKD stages 1-5D and those with a
kidney transplant.

Confirm the RDA for vitamin C in various CKD pop-
ulations and the supplemental vitamin C dose that will
prevent viamin C deficiency without increasing risk for
toxicity.

If feasible, evaluate the effect of vitamin C supplemen-
tation on hard outcomes, including survival, hospitali-
zation, cardiovascular events, and QoL measures with
RCTs in CKD populations.
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