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CAXETAK

¥YBona: Kapanosackymnapue 6osectu cy Bojehu y3pok cMpTé OOJIECHHUKA KOJH C€ JIeue
penoBHOM xeMoaujanu3oM. OKCHIAIMOHH CTPEC je HETPATUITMOHATHY (PaKTOp pU3HKa 3a
Pa3Boj KapJAMOBACKYyJIApHUX OOJIECTH Y OBO]j MOIyaiuju OojiecHuKka. [ J1aBHU y3poIy pa3Boja
OKCHJAIIMOHOT cTpeca KoJ O0JIECHUKA KOjU CE€ JIeYe PEIOBHOM XEMOIUjAIIU30M CY:
OMOKOMIIATHOMITHOCT A¥jalIu3HEe MEMOpaHe, MPUCYCTBO €HJI0TOKCHHA Y pacTBOPY 3a
XEeMO/IMjaIu3y ¥ CMamheHa aKTUBHOCT AaHTUOKCHIAIIMOHHUX €H3UMA. Y TJIaBHE KIMHUYKE
MOCJICTUIIE OKCUIAIMOHOT CTpeca CIaiajy pa3Boj U yop3ame mpoiieca aTepocKiIepose, pa3Boj
aHEMHje ¥ PE3UCTEHIM]a Ha JICjCTBO EPUTPOTIOCTHHA, MAJTHYTPHUIMja U aMHJIOU 1032 TTOBE3aHa
ca XeMOH]jaJT30M.

Humb paga: nporeHa yTuiaja qujain3He MeMOpaHe U MOJAINTETa AHjalii3e Ha Pa3Boj
OKCHJIALIMOHOT CTpeca, MPolieHa yTUllaja MUKpoUH(Iamalije 1 MaJTHyTpUIIMje Ha Pa3Boj
OKCHJIAIIMOHOT CTpeca, Kao M MPOICHA yTUIlaja OKCUIAIMOHOT CTpeca Ha pa3Boj
aTePOCKIJICPO3e M PE3UCTEHITU]E HA JISjCTBO EPUTPOTIOCTHHA.

Metoae: Y pany je ucriutano 125 60jecHUKA KOJH C€ Jiede PeIOBHOM XEMOIH]alTu30M Y3
MOIITOBamke XEJICHHIIIKE JeKIapalnje 0 MeIMIUHCKIM UCTpakuBamuMa 1 Jloope KiImHuuKe
npakce. ['pynucame 0ojleCHUKA j€ YyIHMEHEHO HAa OCHOBY KJIIMHUYKHX IapaMerapa y CKiaay ca
[IUJBEBIMA UCTPAKUBABA.

PesyaraTu: bonecHuiu koju ce jiede pe1oBHOM on-line xemoaujaguirpanujom ca ,,high-
flux‘ MmemOpaHOM Koja je 000%keHa BUTaMUHOM E MMajy CTaTUCTHYKM 3HAaYajHO Mamby
KOHIIEHTPALM]y PEaKTUBHUX CYIICTAaHIIMja Be3aHUX 3a THoOapOuTypHy kucennny (TBARS).
N3mely nebsbuHe MHTUMa-MeIMja KapoTUIHUX apTepHja U KoHueHTpauuje TBARS-ay
cepyMy IOCTOjU CTaTUCTUYKHU 3Ha4YajHa MO3UTUBHA MIOBE3aHOCT, IOK U3Mel)y KOHIIeHTpaiuje
SOD y epurporutiMa u 1e6JbHE MHTUMA-MEMja KapOTHIHUX apTepHja BUCOKO
CTaTUCTHYKHU 3HaYajHa HETaTHBHA ITOBE3aHOCT. boiecHUIM ca pe3uCTeHIInjoM Ha JIejCTBO
Iyrojenyjyher epuTponoeTrHHa HMajy BUCOKO CTATUCTHYKH 3HAYajHO Marby KOHIICHTPAIIH]Y
npeandyMuHa ¥ BUTaMHHa D y cepyMy, Kao M CTaTUCTUYKH 3HA4ajHO Behy KOHIIEHTpaIH]jy
CRP-a, cynepokcuJHOT aHjOHa ¥ BOJOHHUK MEpOKcHIa y cepyMy. MukpouHpiaamanuja je
He3aBUcaH ()aKTOp pU3HKa 32 Pa3BOj PE3UCTEHIIM]jE Ha JISjCTBO €pUTPOIIOCTHHA.

3aksbyyak: MeMOpaHe 3a xeMoAHjalIu3y 00JI0KeHE BUTaMUHOM E cMmamyjy KOHIEHTpauujy
rapamMeTapa JIMIHIHE TMEePOKCHUIANUje Y cepyMmy, Kao mTo cy: MamoHmuanaexun (MDA),
peaKkTHBHE CYIICTaHIMje Be3aHe 3a THoOapouTypHy kucenuny (TBARS) u oxcupnoBanu LDL

xonecrepon (oxLDL). McnutuBama mnokasyjy a oBe MeMOpaHe CMamyjy U KOHIEHTpAIH]jy
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mapameTapa OKCHAalHOHOr omTehema HYKIEHMHCKUX KUCeanHa, Kao mTo je 8-OHdG, xao u
KOHIIEHTpanujy mapamerapa mukpouHdiaamaiuje (CRP, unrtepneykun-6). OBe memOpane
00e30ehyjy mo0py KoHTpolly (YHKIUje JEyKOIHUTa, HCIOJbaBajy AHTHOKCHIAIMOHO H
aHTHUMH(IIAMAaTOpPHO  JejcTBO.,, High-flux*“ xemommjanuza u xemonujadunTpainuja ca
MoMuCcyIhOHCKOM MEMOpaHOM M MeMOpaHOM 000JI0)KeHOM BUTaMHHOM E cmamyje
aTepoCKIIepO3y, aAMUIOUI03Y TIOBE3aHy Ca XEMOJIH]alli30M, HHJIEKC PE3UCTEHIIUje Ha JIEjCTBO
EpUTPOIIOETHHA W TIONpaBJhba JICUCHC aHEMHUje y MOMmyJanuju OOJIECHUKA KOjU ce Jieue

PEIOBHOM XEMOIHjaIIN30M.
Kibyune peun: Xemoaujandunrpanuja, OKCHIAUOHH CTPEC, AUjain3Ha MeMOpaHa

ABSTRACT

Introduction: Cardiovascular diseases are the leading cause of death for patients treated with
regular hemodialysis. Oxidative stress is a non-traditional risk factor for the development of
cardiovascular disease in this population of patients. Main causes of the development of
oxidative stress in patients treated with regular hemodialysis are dialysis membrane
biocompatibility, the presence of endotoxin in hemodialysis solution and decreased activity of
antioxidant enzymes. The main clinical consequences of oxidative stress include the
development and acceleration of the process of arteosclerosis , the development of anemia and

resistance to erythropoietin malnutrition and amyloidosis connected with hemodialysis.

Objective: The main objectives of the examination are: dialysis, membrane, impact,
assessment and dialysis modality on the development of oxidative stress, microinflammation
and malnutrition impact assessment on the development of oxidative stress, as well as
assessment of the effect of oxidative stress on the development of arteriosclerosis and

resistance to erythropoietin.

Method: The study examined 125 patients treated with regular hemodialysis respecting the
Declaration of Helsinki on Medical Research and Good Clinical Practice. The grouping of
patients was done on the basis of clinical parameters in accordance with the objectives of the

research.

Results: Patients treated with regular on-line hemodiafiltration with “high-flux” coated with
vitamin E have statistically significantly lower concentration of reactive supstances related to
thiobarbituric acid(TBARS). Between the thickness of the intima-media of the carotid arteries

and the concentration of TBARS in the serum, there is a statistically significant positive



connection, while between concentration of SOD in erythrocyte and carotid artery thickness
of intima-media, there is highly significant negative connection. Patients with resistance to
long-acting erthropein have statistically significantly lower concentration of prealbumin and
vitamin D in the serum, as well as statistically significantly higher concentration of CRP,
superoxide anion and hydrogine peroxide in the serum. Microinflammation is an independent

risk factor for the development of erythropoietin resistance.

Conclusion: Membranes for hemodialysis coated with vitamin E reduce serum peroxidation
lipid concentration parameters, such as malondialdehyde (MDA), reactive substances related
to thiobarbituric acid (TBARS) and oxidized LDL cholesterol (oxLDL). Studies show that
these membranes reduce both the concentration of oxidative damage parameters of nucleic
acids such as 8-OHdG, as well as the concentration of microinflammation parameters (CRP,
interleukin-6). These membranes provide good control of leukocyte function, manifest
antioxidant and anti-inflammatory effects. High -flux hemodialysis and hemodiafiltration with
polysulfone membrane and vitamin E coated membrane reduces atherosclerosis,
hemodialysis-related amyloidosis, erythropoietin resistance index, and improves the treatment

of anemia in the population of patients treated with regular hemodialysis.

Keywords: hemodiafiltration, dyalysis membrane, oxidative stress.



3AXBAJIHULIA

Hckpeny 3axBaHOCT yriyhyjem cBoMm MeHTOpY, nipod. Jlejany Ilerpouhy, Ha uaeju u
moMohu OKO pajia, lBEeroBe pealin3alrje, Kao 1 HeCEOMYHO] TOJIPIIIIN Y MPOLIECY CTBapama

pana.

HewusmepHy 3axBaJIHOCT AyTyjeM MOjOj TUBHO] cecTpH VMBaHu, KOja je yBEK y3 MEHE Kao

BEJIMKAa U HECEOMYHA IMOJIPIIKA, & YH]je IMOCTOjambe yICMIaBa CBET U JIaje CHary ....

XBana MOjuM JUBHHMM cecTpuhuma Byky u Muu Ha TEXHHUYKO] MOAPIILY TPUIUKOM U3pajie

OBOTI" paaa.

XBayia MOjUM TPEAUBHUAM POJUTEIHMMA, 30pUII 1 MOMYNITY, IITO CY CBOj )KUBOT IOAPE NN

CB0jOj JCIH U MOAP>KAIU M€ J]a HICTPAjeM Ha OBOM IIYTY.

XBaja MOM JMBHOM CYNpyry AHJpHjH, Ha HAjJIEMIINM TPEHYLIMMA )KMBOTa, HA HEU3MEPHO]

JbyOaBH, CTPIUbEHY U pa3yMEBaBbY.

OBgaj pax noceehyjeM cB0joj AMBHO]j JI€LM, BEUMTO] MHCIUPALMjH, AJleKcaHAPY U 3opuiy,

KOJH Cy MOja JKMBOTHA CHara u UCTPajHOCT.
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JlokTopcka qucepraumuja

1. YBOJ

Bonectn O6yOpera, mpencraBibajy 37paBCTBEHHU MpoOJeM BeTUKHX pasMmepa. Jledunure ce
Kao CTame HENOBpaTHOr oliTehewa TKHBa OyOpera, y3 NMOCTENEHU I'yOMTAaK CBUX HEIOBHUX
¢byHknrja: MeTaboNMYKIX, EKCKPETOPHUX M CHJIOKPUHHUX. XpoHHYHa OosiecT OyOpera je mo
CBOM TOKY Inporpenupajyha, a onanameM ¢yHKIuje OyoOpera Hactajy OpojHE KOMIUIHKAIH]E.
Hajuemrhe xommmkanmje, cnaaajy y rpymny kKapawoBackymnapaux oonecru [1, 2]. [Tocienmu
CTaaujyM XpoHHuYHe Oojectu OyOpera moBe3aH je ¢ MOBehaHMM KapauOBAaCKyJIapHUM

MOpPOUJAMTETOM M MOPTAJIMTETOM, Y3 CMambeH KBAJTUTET KUBOTA OoyiecHuKa [1, 2].

2. IPETJVIEJ IMUTEPATYPE

2.1. XponuuHa 6oJjiect Oyopera

XponunyHa Oonect OyOpera aeduHuIiie ce Kao 3HauajHO omreheme meroe rpahe u/mmum
¢yHkuuje, a Koja Tpaje HajmMame Tpu Meceua. [lokazatessu omrehewma OyOpera cy
mukpoanoymunypuja (30-300 mg / Tokom menor gana), nmporeunypuja (> 300 mg / 24 h),
MO3UTHBAH CEIUMEHT ypuHa (UuiIuHApH), kao um mpomene y rpahu OyOpera BepudukoBaHe
yiTpa3BydHuM mperiieoM. [Topemeha) ¢yHkmuje OyOpera mpexacraBba JI'® < 60 [1, 2].
Paznukyjemo mer cragujyma xpoHuuHe Oosectu OyOpera. Crtaamjym 1 XxpoHudHe Oosecta
OyOpera nedunuiie ce xao omreheme OyOpera ¢ HOPMaJIHOM MM TOBEehaHOM jaylMHOM
romepyicke urrparuje (JI'® > 90 ml/min/ 1.73m2). VY cragnjymy 2 (omreheme 6yopera c
6naro cmamenoM JT'®), jaunna rioMepyicke duiarpaumje ussocn 60-89 ml/min/1.73m? a
BPEIHOCTH jaunHe TIoMepylicke ¢umrpammje 30-59 ml/min/1.73m? ykasyjy Ha craamjym 3
xpoHnyHe Oonectu OyOpera (omreheme OyOpera ca ymepeHo cmameHoMm JI'®D). Axo
nornegamo mnpernopyke KDIGO (enrn. Kidney Disease Improving Global Outcomes),
ctaajym 3 XpoHudHe Oojectu OyOpera aemu ce y aBe kareropuje: 3a (JI'd = 45-50
ml/min/1.73m?) u crazujym 36 (JTD = 3044 ml/min/1.73m?). Cramujym 3a o3Hadasa ce jom
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n kao omrtehewme OyOpera c Omaro o ymepeHo cMmameHoM JI'®, nok ce craaujym 36
nepununie kao omreheme OyOpera ca ymepeHo o temko cmameHoMm JI'® [1, 2]. Jauuna
rioMepyicke duiarpaunje 1o 15 ml/min/1.73m? ykasyje Ha YETBPTH CTAAMjyM XpOHHYHE
Gonectr Gybpera, a BpeIHOCTH jadiHe rIIoMepylcke Guirpaunje Mame ox 15 ml/min/1.73m?

yKa3yjy Ha BEH 3aBpIIHM cTaaujyM [1, 2].

2.1.1. Ilporpecuja xpoHu4He 0oJiecTu 0yOpera

Bonectu OyOpera koju cy XpOHUYHOT TOKa KapakTepHile ryourak ¢pyHkiuje oyopera,
y3 TPUCYTHE KOMIUIMKAIKje Kao ITO Cy: aHEeMHja, CEeKYHIApHU XHIIEPIapaTupEeoOnIn3aM |
KapauoBackyiapHe Oonectu. DakTopa pU3MKa 3a OMaJlake jaduHe TIIOMEpYIICKe QuiITpanyje:
NPOTEUHYPHja, XUIISPINIHIEMH]ja, XUIIEPTEH3H]ja, MUKpOUH(IIaMaIija, OKCHIAMOHH CTPEC U
npe cBera, npuMapHe Oonectu OyOpera. Taj Op3u Hampenak ce mpe cBera JAeUHHUIIE Kao
yMamweme JI'O > 5 ml/min/1.73m? roaumme [1, 2].

Hajsehy nmpeBasieHIly y oJTHOCY Ha Ipyra 000JbeHha YHHH: XUTIEpTpodHja JIeBe KOMOPE,
KapAMOMHUONaTHja U KOpoHapHa apTepujcka 6onect. Ilo3Hatu ¢akropu pusuka KOju J10BOJE
70 HacTaHKa KapJIUOBAaCKyJIapHUX OoyecTH Koja OoJleCHMKAa KOjU MMajy XPOHUYHY OosiecT
OyOpera niene ce Ha TpaJUIMOHAIHE U HETpaJulMOHANHE. TpaJuiMoHaIHi (aKTOpU pU3UKa
Jecy: cTapocT, Ioj, JIujaberec MeENUTYC, XUIEpTeH3Hja, XMUIEPIUNHUJIEMHja, T0jasHOCT U
cMameHa (pu3ndKa akTUBHOCT. HeTpanunmonanuu gpakropu pu3nka Koju ¢y y JUPEKTHO] BE3U
ca cMmamewmeMm  ¢yHKIMje OyOpera jecy:  aHeMHja,  XHUIIEPXOMOILKCTEUHEMH]a,
MUKpouH(IIaMalja, HelocTaTak BUTaMHMHAa D, CeKyHAapHM XUIepHapaTUpeouan3aM Hu

OKCHTalInOHM cTpec [1, 2].

2.1.2. Jleyeme XpoHUYHE GoJiecTH OyOpera

OntuManHa KoHTposia (pakTopa pH3HMKa je HajBaXKHMja KaJla TOBOPUMO O NMPHUMAPHO]
NPEBEHIUJHU U MPEJCTaBba OCHOBHY CTpaTerujy Koj OosiecHHKa ¢ moBehaHMM pU3MKOM 3a
pa3Boj xpoHuuHe Oosectu OyOpera. bomecHunn koj Kojux je NUjarHOCTUKOBaHA XPOHUYHA
Oomect OyOpera nMmajy CeKyHIapHY IPEBEHIIN]Y, a lbeH KPajihH 33J1aTak je jJa 3ayCTaBu Pa3Boj
Y MUHHMMAJK3Yje KOMIUIMKalKje XpoHn4yHe Oosectu OyOpera. Y cBeMy TOMe Hajj3HauajHUja je
ONITUMAJIHA KOHTpPOJIa KPBHOT MPHUTHUCKA, IpoTennypHje (6mokana RAAS-a) u MeTabomUUKUX

napamerapa (T1yko3a, MokpahHa KucennHa, MeTabonnuka anuao3a, aucaunuaemuja) [1, 2].
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Kon OomecHuka ¢ 4YeTBPTHM CTaIdjyMOM XpoHW4YHe Oojectu Oyopera (JGF 15-29
ml/min/1.73m?), y ckiagy ¢ MeQMUMHCKAM MHAMKALMjaMa, BPLIM ce IIPUIpeMa GONECHIKA 3a
Jedee MeronaMa 3a 3ameHy (yHknuje OyOpera. Y TOCIHeNmeM CTaaujyMy XpOHHYHE
Oomnectn OyOpera MOYMIEMO ca JICYCHEM NPUMEHOM JAMjaiu3e, a nowmTyjyhu mpuHmmie

WHIUBUAYyaIH3aIMje, Kao u ontuMusanuje [1, 2].

2.2. Xemoaujaausa

XeMmonujanuza je MeToja Jieuema 3a 3aMeHy ¢yHkiuje Oyopera. Tom Meronom ce momohy
MeMOpaHe KoOja je CENeKTHBHA, CIMMHHHILY YPEeMHjCKM TOKCHHH W Y HCTO BpeMe ce W3
pacTBopa 3a XeMOJHjalu3y MPUXBATajy CYIICTAHIIE, Y3 KOPUTOBAkHE EICKTPOIUTCKOT CacTaBa
[3, 4]. Ilojenunauna xemoaujanuza Tpaje 4 10 5 catu, ca TEHACHIMjOM PENETHIIHjEe O]l
Hajuenrhe TpW ImyTa, TOKOM ceqaM jJaHa. TOKOM XeMOJHjaliu3e U3 KPBH MallijeHTa yYKIOHE ce
YPEMUJCKH TOKCHMHU Yy ojaroBapajyhoj komuuuHH. bonecHUK je Ha Taj Ha4MH cayyBaH, y

WHTEPINjATH3HOM Pa3o0Jby,0/1 SICKTPOIUTCKUX opeMehaja, HapeaHa Ba--Tpu Aana [3, 4].

2.2.1. OCHOBHM NPUHIUIIH

JIBa OCHOBHa TpHUHIMIIA XeMmojaujanusze cy audysumja u ynrpaduntpamnuja. [Iporec
nudysuje TpeacTaBba KpeTame CYNCTaHIe (YecThIla) TOKOM XeMonujanu3e. BomymeH
mudysuje ociama ce Ha pas3iiKe Y KOHIIEHTPALUj1, TOTPeOHOT BpeMeHa 3a 00HaBJbamkhe KPBU
y IWjanu3aTopy, MOBpIIMHE, Ka0 M MPOIYCTJbUBOCTH caMe aujanu3He MemoOpane [3, 4]. Boxa
KOja ce TpaHCHOpTYyje, MpoJia3u myTeM yarpaduiarpanuje (KOHBEKIHje), YIIIaBHOM U TO O]
KpBHOT 70 Jujamu3HOr mpoctopa. [Ipomecom ynrtpadwmnrpanuje Bpmm ce TPaHCHIOPT KPo3
IUjaIi3Hy MeMOpaHy U BOJIOM ,,HOLLIEHE TEYHOCTH.

Jaunna ynTpadunTpanuje, MponycT/bUBOCT MeMOpaHe 3a Ha3HAa4YeHY CYICTaHIy |
KOHIIEHTpallja T€ CYNCTaHIMje Yy KPBHU, y AUPEKTHO] jeé BE3U ca BOJIYMEHOM TpaHcmopra. Y
GYHKIUJU Cpemer TPaHCMEMOpPAHCKOI MPUTHCKA je HEeHa jadlHa, OJIHOCHO BOJIYMEH
yntpaduiTpanyje W KOHBEKTHBHOI TpaHCIOpTa CyINCcTaHia. KOHBEKTHBHH TpPaHCHOPT
oMmoryhaBa ykiIamame YPEMH]CKUX TOKCHHA CpEImhe MOJIEKYJICKE Mace, Kao MTo je [3o-

MUKpOrI00ynuH [3, 4].
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2.2.2. Mem0OpaHe 3a XeMO/HjaJIN3y

Jujanu3Ha MmemMOpaHa UMa 3Ha4ajHy yJIOTy y Mpolecy Xxemonaujanuse. Jlene ce Ha: mpupoHe
(mepuBaTH 1enmyn03€) W BemTadke (CHHTETCKE). MemOpaHe 3a xemoaujanu3y OazupaHe Ha
[ETYJI03| Jelie ce Y JIBE Tpyre: MeMOpaHe ¢ HeMOIU(UKOBAHOM LEITYI030M (Cuprophan®) u
membpane ¢ MmoxudukoBanoM neyinosom (Hemophan®) [5, 6]. Kapakrepucrika MemGpaHa ¢
HEeMOIM(DUKOBAHOM IIETYII030M jecTe 100ap KIMPEHC YPEMH]jCKIUX TOKCHHA Majie MOJICKYJICKE
Mace (He YKJIamajy YpEeMHjCKE TOKCHHE CpPeImhe MOJIEKYJCKe Mace) W Beha ajeKBaTHOCT
XeMOJUjaiu3e y OJHOCy Ha apyre memOpane [5, 6]. I'maBHum Hemoctamm MemOpaHa
nsrpaljeHux o] HeMOIU(PUKOBAHE IIETYI03€ jeCy: BHILIU CTEICH aKTHBAlMje HeyTpoduia u
crucTeMa KOMIUIEMEHTa Hero KoJ MeMmOpaHa o] MOJU(HUKOBAHE MENYI03€ M CHHTETCKHX
MeMOpaHa (TIpUCyTaH MambH CTeNeH OMoKoMnaTHOMIHOCTH). CMambeHa OMOKOMITATUOUITHOCT
MeMOpaHa o1 HeMOoM(UKOBaHE LIeTyI03€ MOBe3aHa je ca CI000JHUM XUIPOKCHI-TpyHama,
KOje Y3pOKYjy aKTHBAllMjy alTCPHATHBHOT IIyTa CHUCTEMa KOMIUIEMEHTa, AaKTHBAIIH]jy
HeyTpodwia W MoHomuTa | mnoBehaHy cekpeuujy mnpouH(pIaAMaTOPHUX IUTOKWHA.
AxTtuBupane hemuje CKIOHE Cy amornTo3M, a TO 3a IMOCIEAUIly MMa HAacTaHaK JICYKOTICHH]eE,
KOja je 4YecTo J0Ka3aHa KoOJi OOJIECHHMKAa KOJU C€ Jieue PEJOBHOM XEMOJUJaIU30M C
HeNyno3HUM MeMmOpanama. [lpunukom jgoaupa KpBH OoJiecHHMKa ¢ MeMOpaHama 3a
XeMoAMjaIu3y o HeMoau(duKoBaHe Iienyso3e, Jojla3d [0 akTHBalWje HeyTpoduia.
AKTHUBHpaHU HEYTPODMIH CEKPeTyjy OpojHe mpouHGIaMaTOpHE CYICTaHIMje, Kao IITO CY:
HeyrpodmiHa enecrasa (neutrophil elestase), wmwujenonepokcumaza (myeloperoxidase),
karericuH (cathepsin), makrodepun (lactofferin), xemoxkunu (CCL2, CCL3) u uurokunu (IL-
1, IL-6, IL-12, TGFg, TNFa).

[ToBehano ocnobahame u moBehaHa KOHILEHTpalyja HEyTpo(UIHE enecTaze y cepymy
MOBE3aHW Cy ca MHUKPOWH(IAMAIMjOM, DPE3HCTCHIIMjOM Ha JI€jCTBO EPHUTPONOCTHHA W
HETMOBOJLHUM HCXO/10M OO0JIECHHKA KOjH ce Jieue peJOBHOM XeMoujanu3oM [5, 6]. MemOpane
¢ MOAM(DUKOBAHOM IIENTYJI030M HACTAjy XEMHUjCKUM MAacCKHpameM XHIPOKCHIIHUX Tpyma C
aleTaTHUM Tpyrnama, TEepUHjapHUM aMHHOM W OeH3ms Tpynama. Y MeMmOpaHe ¢

MoaudukoBaHoM 1enyno3oM crnanajy: cellulose acetate (CA), cellulose diacetate (CDA) u
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cellulose triacetate (CTA) [5, 6]. MemOpane usrpalieHe o MoaudHUKOBaHE IETYI03¢ UMajy
MamH CTEIEeH aKTHBAIllMje CHCTEMa KOMIUIEMEHTa Hero MeMmOpaHe oJ] HeMOIU(UKOBaHE
nenyno3e (Behu cremen OmokoMmaTHOMIIHOCTH). I'71aBHAa orpaHuYema TUX MeMOpaHa jecy:
Behu creneH amonrtose HeyTpoduia, Behu CTENeH akTUBAIMje CUCTeMa KOMIUIEMEHTa U Behu
CTCTICH CTBapama MNPOMH(IAMATOPHUX I[MTOKMHA, KAa0 H Mamu KIUpeHc Oera-2-
MUKpOTJIOOyJTMHA HEro KOJI CHHTETCKMX MemOpaHa 3a xemonujanm3y [5, 6]. Om cBux
MemOpana ¢ nemynozom, CTA memOpane umajy HajBehu creneH OMOKOMIATHOMIIHOCTH U
y3POKYjy HajMamH CTENICH aKTUBAIlM]e cCUCTeMa KOMILIeMeHTa [5, 6].

CuHTeTcKe MeMOpaHe 4YHHE TOJIMMEPH, Kao INTO Cy: moyuucyiapoH — PS (eHrm.
polysulphone), nonuerepcynpon — PES (enri. Polyethersulphone), nonumernimeraakpuiat
— PMMA (enrn. Polymethyl methacrylate), mnommakpwionutpun — PAN (eHru.
Polyacrylonitrile), momukapOoonar (enri. Polycarbonate), mommammn — PAM  (eHrm.
Polyamide) u monuernnenkoBunmn ankoxoil — EVAL (enri. Polyethylene-co-vinil alcohol).
VY nopehemy ¢ 1enyno3HUM MeMmOpaHama, CUHTeTCke MeMmOpaHe umajy Behe mope, 0osby
XUJIpayJIUdHy TPOIMYCTJEMBOCT, Behw Kamamuter yiartpadunTpanuje, Behy crmocoOHOCT
yKIamama cyrncranija (Behu kmupenc cymncrannuja). [lonucyndoncke memOpane 106po
yKIlawajy OeTa-2-MUKporyioOynuH U 00e30el)yjy Mamy CTOIy CMPTHOCTH HEro IeNyJ03He
MemOpane. PMMA memOpane nMmajy Behu cTeneH ykiamama YpeMH]CKUX TOKCHHA CPEllHhe
MOJIEKYJICKE Mace W HMXKH CTeleH MHJYKLHMje CTBapama MpouH(pIaMaTOPHUX LUTOKUHA HETO
nonucyndoncke memOpane [5, 6]. buoakTuBHe MemMOpaHe UMajy 100py OMOKOMIATHOMIHOCT
u 00e30ehyjy aHTHOKCHAAIMOHY 3amTuTy. MemOpane oOiokeHe BUTaMUHOM E cmamyjy
PE3UCTEHIM]y Ha JEJCTBO EpPUTPOINOETHHA, CMamyjy MHUKpouHpiIamanujy (cMamyjy
KOHIIGHTpAlLlMjy TpO3ana/beHCKUX LUTOKMHA W  XeNUWAMHA), CIpedyaBajy JHUMHIHY
MepOKCUIAIU]y U HITUTE MeMOpaHy epuTpoluTa (mosehaBajy KMBOTHU BEK epUTpoLUTa) |9,
6].

VYnorpeba MammHa 3a XEMOAMjalu3y C aJeKBAaTHOM yATpadmiITpanujoM, OMkapOOHATHA
xemoaujaimsa, high-flux memOpane u yiTpadncTa Boja 3a XeMOAHMjaIU3y CMaby]y PU3UK OJ1

HacTaHKa KOMILUTUKAIMja U CMPTHOT ucxona[s, 6].

2.2.3. A1eKBaTHOCT XeMO/MjaJin3e
3a JeTajbHY aHANIM3y ONTUMAaiHe mporeaype kopucre ce Kt/V (spKt/V), tabema 1 [5, 6].

spKt/V ypea mHznexc u3pauyHaBa ce npema npaBmiHoj hopmymnu: spKt/V mapexc = —In(R-
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0.008 x t) + (4-3.5 x R) x 0.55 UF/V, rae cy: In — npupoanu norapuram, R — oxHoc ypee
TocJIe W IIpe Iujaiuse, t — Tpajame aujanuse y catuma, UF — ynrpadunrpanuja y autpuma, V

— IPOIICHCHA 3alpeMuHa TUCTpHOYIIH]je ypee.

Ta6esa 1. Jloza nqujanuze

Jo3a nujanuse uckasyje ce kao spKt/V unnekc (single-pool Kt/V unaexc).

Jo3y aujanuse Tpeba MEPUTH jeTHOM MECEUHO.

MunnmaiHa npenopy4dena go3a tpebda ga usHocu: spKt/V > 1.20.

[{upHa npeniopydeHa j103a Tpeda aa n3nocu: spKt/V > 1.40.

[TpenopyyeHO MHHUMAJTHO TPajabe XeMOIUjain3e u3Hocu: > 4 h.

[Tpema npenopykama JSDT (enrn. Japanese Society for Dialysis Therapy), Munumanuu
CTaHIap/ 3a aJieKBaTHY XEMOAMjau3y yKJbydyje: jadnmHy KpBHOT mpotoka — Qb = 200 u
nujanmusne Teunoct — Qd = 500, aujanmusarop ¢ MeMOpaHOM KOja MMa BHUCOKe mepdopmaHce,
TPHU TyTa HEIEJbHO y Tpajamy MOjeJMHAYyHe CeaHce XeMojaujanuie o Hajmame 4 h [4]. 3a
MpOIeHy J103€ aujanusze kopuctu ce spKtV unHnexkc. Mepu ce jeAHOM MeCeYHO, MUHUMaJIHA
aJleKkBaTHa /103a Aujaiuse uckaszana npeko spKtV uznocu 1.20, a mbHu spKtV nnaexc tTpebda
na u3HocH > 1.40, 3a mojeqMHAYHy CECHjy XeMOIUjalu3e y Tpajamy oa HajMame 4 h [4]. 3a
npoueny azaekBaTHocTu high-flux u xemoaujaduntpannje Moxe ce KOPUCTUTH U MEPEHE
KOHIIEHTpaIlrje 32-MUKPOTII00yIIMHA y CEpYyMY IMpe CeCHje XeMOIHjau3e.

[uspHa npeaujaiu3Ha KOHLEHTpalja B2-MUKpOriIo0yarHa y cepyMy Tpeba J1a H3HOCH
25 mg/l [4]. 3a mponeny edukacHocTH nujasmze Tpeba oapehuBatu spKt/'V wuHIEKC
(mokazaTesb yKJIamamka YpPEeMHMjCKMX TOKCHHA Majle MOJIEKYJIICKE Mace) M Ipeaujaiu3Hy
KOHIICHTPALHU]y [2-MHKpPOTI00ynuHa y cepyMy (TOKa3aTesb yKIamama YPEMHUJCKUX TOKCHHA
cpeame Mosekyncke mace) [4]. Konuentpamujy 2-MuKkporinoOynnHa Tpeda MEpUTH Ha CBaKa
TPU Mecela, Kao W KOHIIEHTPUCAHOCT ajlOyMHHAa y cepyMmy OOJeCHHKa KOjHu ce€ Jieue
xemoaujadunrpanujom ¢ high-flux memOpanama 360r MoryhHOCTH T'yOUTKA BEIUKE KOJTHYMHE
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an0yMHHa y TOKY came ceaHce xemoawjaimse [4]. Y mmpeM KOHTEKCTy, KBaJUTET
XEMO/IMjajii3e MpOIEHhYje Ce Ha OCHOBY KpPaTKOPOUYHUX, CPEAHOPOYHUX U JYTOPOYHHUX
kputepujyma. KpaTKOpouHH KPUTEPHjyMH jeCy: XEMOJHWHAMCKa CTAOMIIHOCT OOJIECHHKA Y
TOKY ceaHce xemoaujanm3e u Mepeme spKt/V unaekca. Ilpeaujannsna xoHieHTpanuja fo-
MUKpPOTJIOOYJIMHA y CepyMy, HYTPUTUBHH cTatyc u kBanmteT xuBoTa (QOL) Kopucte ce kao
CPeIOPOYHU U AYTOPOYHH KpuTepujymu. CTaTyc HyTpUIIMje MPOICHYje Cce Ha CBAKHUX IECT
MeCeI U YKJbydyje Mepeme: KOHICHTpaluje andymuHa, nmpeanOymuHa U TpaHchepuHa y

cepyMmy, Kao u Mepeme C-peakTUBHOT NpoTenHa [4].

2.2.4. Yarpauucr pacTBop 3a XeMOAHjaJIu3y

Jlujanu3Ha TeYHOCT MPEICTaB/ha KOMOMHAIIN]Y BOJC 32 JIUjAIM3y M KOHIEHTPOBAHOT
SJICKTPOJINTCKOT pacTBOpa W Ha3WBa C€ JWjaJIM3aT, Tj. TEYHOCT 3a AWjayin3y. TedHOCT Koja
W3Ta3u M3 JUjalin3aTopa IMpecTaB/hba KOMOWHAIM]Y TEYHOCTH 3a TUjalIn3y U TOKCHUYHHX
MOJIEKYJIa OJCTpamEHUX U3 KpBU OosiecHuka [7/]. Boma koja ce memia ¢ KOHIEHTPOBAHUM
€JIEKTPOJIUTCKUM PAaCTBOPOM, Y3 MPETXOAHU TPETMaH y CUCTEMY 3a IMPUIIPEMY BOJE, Ha3uBa
ce Boja 3a aujanusy [7]. Tokom cranmapaue xemoaujanuse (3 X HeaespHO 10 4 h) opranuzam
OoJlecHUKA U3JI0KEH je JIeoBamby NpuoamkHo 360 autapa pacTBopa 3a AMjanu3y. 300r Tora
j€ HEeonxoJaH BUCOK MHMKpPOOMOJIONIKY KBAJIUTET pacTBOpa 3a Aujanusy (YITpavyucT pacTBOp
3a IWjanu3y), a KIMHUYKa UCIMTHUBAKA M0Ka3yjy HEroB MOBOJbAH YTHIIA] HA MCXOJ JieUeHa
Ooonecunka [7]. Ilpema mpenopykama EBPG/ERBP  (European Best Practice
Guidelines/European Renal Best Practice), ynrpaunct pactBop 3a high-flux xemonujanusy u
xemoaujaduiTpanujy neduHUIIE ce Kao pacTBOp (TEYHOCT) y KoMe je Opoj KOoJIoHHja

oakreprja < 0.1 CFU/ml, a xonunentparmja engotokcuta — E < 0.03 EU/mI [6].

PactBop 3a cymnctutynujy (xemoaujaduiaTpaiyja) je CTepuiiaH YKOJIUKO je Opoj
KOJIOHH]a < 10° CFU/mI (< 1 CFU y 1000 1), a koHIIeHTpanuja eHa0TOKCHHA Mama of 0.03
EU/mI [6]. 3a xemomujanmusy ca low-flux memOpaHoM, Tpema cajalimbUM IMpernopyKama,
KOHIIEHTpalrja eHaoTokckuaa tpedba na je < 0.50 EU/mI (< 0.25 EU/mI) u 6poj kononuja <
100 CFU/ml (<50 CFU/ml) [7].

bakrepujcku  TpOAYKTH  mpouecuma noBpatHe audysuje u  ¢puarpanuje

(backdiffusion/backfiltration) u3 pactBopa 3a aujanu3y, NPEeKO AUjalU3HE MeMOpaHe
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(BenmmuMHA TIOpa HAa MeMOpaHM 3a AWjain3y, CIHOCOOHOCT MeMOpaHe na ajacopoyje
€HJ0TOKCHHE, Ne0/buHa MeMOpaHe), IOCIeBajy y KpB OOJIECHHKA M WCII0JbaBajy OHMOJIOIIKY
aKTUBHOCT (aKTHBallMja MOHOHYKJeapHMX henuja, mMojayaHo cTBapame U ociobahame
npo3anajbeHckux murokuHa: TNFa, IL-1, [IL-6), a cBe TO pgoBomu 10 pasBoja
MUKpouH(IIaMalje u yop3aHe aTepockiepo3e (arepockiepoTcke O0JIeCTH Cpla U KPBHUX
cymoBa) [7]. YnaTpayuct pacTBOp 3a AWjadu3y INTUTH O]l pa3Boja MHUKpoHWH]IaMaIyje,
cMamyje omaJiame pesuayanHe peHande QyHkuuje OyOpera, omoryhaBa 00JbM HYTPUTHBHH
craryc OoJieCHHMKa, MoBehaBa OCETIHPMBOCT €PUTPOLIMTHE JIO3€ Ha JIEjCTBO €PUTPOIIOCTHHA,

CM@.H;ij KapJAuOBaCKyJIapHU MOp6I/II[I/ITeT U MOPTAJIUTET 0oecHHKA KOjI/I CC JICUC I[I/IjaJ'II/ISOM

[7].

2.3. Xemoaujadguarpaumja

Xemonujadunrpanrja je MeToga Jieuewma 3a 3aMeHy ¢yHKIHje OyOpera, a y 3HaTHO] MepHU
MOTIpaBJba UCXOJ] Jieuera OOJECHHKA y 3aBPIIHOM CTaAHMjyMy XpOHW4YHE Oonectu OyOpera.
[TpeBaseHnuja 6oecHrKa Koju ce jiede ON-line xemoaujauaTpaIijoM y CTATHOM je MOpacTy
(20%). Xemommjaduarpanmja MpeacTaB/ba MOJAINTET BaHTEJIECHE Teparuje 3a 3aMeHy
¢ynkuuje OyOpera, koja komMOuHyje Audy3ujy u KoHBekuHjy. KomOuHOBameM nudysuje u
KOHBEKIIMje, y TOKY TpeTMaHa Xemojaujadunrpauuje, kpo3 cemunepmeadunny high-flux
Ijau3Hy MeMOpaHy yKJIamajy ce CyNCTaHIMje MaJle U Cpeilbe MoJIeKyscke Mace (6osbe ce

VKJIamajy CYICTaHInje Cpeme MoJleKyicke Mace) [8-10].

[IpuMemyjy ce BHCOKONPOTOYHE CceMHIIepMealdWiIHe Aujaau3He MeMOpaHe, Yuju  je
koeuumjent yrrpaduirpauuje Behn ox 20 ml/h/mmHg/m? (xoeuumjent mpocejasarba,

sieving coefficient, 3a f2-muxporinooymun Behu je ox 0.60) [8-10].

2.3.1. OcHOBHM NPUHIUTIH

JIBa OCHOBHA NMPHUHIIMIIA XeMOoujapuITpalyje jecy 1udy3uja 1 KOHBEKIM]ja. Y PEMH]jCKH
OTPOBU MaJle W CpEImEe MOJIEKYJICKE Mace YKiIamajy ce OBMM Tporecuma. [8-16]. V
3aBHCHOCTH O] MecTa MH(Yy3Hje pacTBOpa 3a CYNCTUTYIH]Y, XeMoaujapuaTpaIija Moxxe OuTu
OpeIuIyliioHa  (apTepujcka JIMHUja) M NOCTIWIYLHMOHAa (BeHcka JuHMja). Kon

MOCTAWIYITMOHE XeMoaujaduiITpandje pacTBOp 3a CYICTUTYIHjE€ YKJbydyje c€ TMocie
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¢duntepa. Iloctamnynuona xemoawjaduiaTpanuja e(UKAcHUja je OX NIPEAUITyIIHOHE
xemoaujaduiITpalrje, a IIaBHU HBEHU MOTEHIMjaTHU HEIOCTAI CYy: XEMOKOHIIEHTpaluja 1
TAJIOKEHE MPOTeHHA IUIa3Me Ha MOBPIIMHY AMjalu3He MeMmOpaHe (3ayemuberme mopa
MeMOpaHe, OKITyIpame KalnuiIapHUX BilakaHa aujanm3atopa) [8-16]. To moxe ga mosenae o
noBehama TtpancmembOpanckor uputucka (TMP), cMameHOr KiIMpeHca CyICTaHIHjE U
MOCJIeIMYHE Koaryjialdje Yy BaHTENECHO] IUPKyJanuju. JaumHa yaTpaduiaTpaimje
(xonBek1je) 3aBucu of (ppakmuje dbuntpanuje — FF (enrn. Fraction Filtration). ®pakiuja
¢dunrpanyje neduHUIIE ce Kao OJHOC jadnHe ynTpaduiaTpamuje ¥ jaduHe MPOTOoKa IUia3Me,
OJTHOCHO ojaHOC jaumHe yntpadunrpanuje (Quf) m jaumne mporoka kpeu (Qb). 3aBucu of
XEMaTOKpUTa W KOHIEHTpalKje MPOTEeuHa y cepyMy OoJiecHHKa, u Tpeba aa m3Hocu 20%—
25%. Bpennoctu koje cy Behe oa 30% yka3yjy Ha pu3uk oa noehaHor ryoutka andymuHa u
koarynauuje ¢Qunrepa [8-16]. XemokoHIIeHTpalMja T[OBe3aHA C MOCTAMIYIIHOHOM
xeMoaujaduwiITpajoM MOXKE C€ CIpeYuTH HH(Y3UjoM pacTBOpa 3a CYNCTUTYLH]Y IIpe
¢dunrepa (mpenunymona xemoaujadunrpanuja). Ko npenunyiimone xemoaujapuirpanwje,
300T BHCOKE cTomne yiaTpaduiTpainudje, cMameHa je epukacHOoCT nudy3uje U KOHBEKIIH]e

(cMambeH je KIMpeHC cyrncTannuja / ypeMujckux TokcuHa) [8—16].

VYV KIMHUYKO] TpaKCH, IIMPOM CBETa, caBeTyje ce MOCTAWIyIHoHa On-line
xemoaujapunrpanrja. OHa ehpuKacHO yKiIamka ypeMHjcKe TOKCUHE Cpelli-e MOJIEKYJICKe Mace.
EdukacHocT 3aBucu ox jaumHe mportoka kpeu — Qb (Qb > 350 ml/min), moy3manor
BaCKyJIapHOT MIPUCTYIIA 332 XeMOIHjaIn3y (apTepro-BeHCKa GucTyia ¢ mpoTokoM KpBu — Qavf

> 600 ml/min) u kapakTepucTHKa qujanu3aropa, tTabena 2 [8-16].
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Ta6ena 2. [lpenopyueHe KapakTepUCTHKE Tujann3aTopa 3a on-line xemoaujadpunrpaiujy

P. 6p. [IpenopyueHe KapaKTepUCTUKE THjaTr3aTopa

1. Buicok koeduumjent ynrpaduarpammje — Kuf > 40 ml/h/mmHg/m?

2. Koeduuujent npocejaBama 3a B2-mukpornoOyaus > 0.60

3. Koedunujent npocejaBama 3a andymun < 0.001

4. I'yourak andymuna < 4.0 g o jeanoj cecuju on-line HDF

5. I'ycruna xamuaapa > 11.000 omoryhasa npotok aujanusara Qd = 400-500 ml/min

6. VYHyTpamsby AujaMeTap Kanwiapa avjaauzaropa < 200 um

7 On-line HDF nmoctaunynujy orpannyasajy: Qb, Bucok Het, FF~30%, ynyrpammu
' nujametap kanuiapa > 200 um, nputucak npe gunrepa 700 mmHg

8. Crepunnzanuja 6e3 eTHIIeH-OKCH 1A

9 Jlo6pa 6mokoMnaTuOUIHOCT, U30eraBaTu TOKCUYHE cyrcraniyje: bisphenol A
' (BPA)

Qb — jaunna npotoka kpBH, Qd — jaurHa MPOTOKA JHjanu3aTa

VY daxTope Koju yTU4y Ha KOHBEKIIH]Y (KOHBEKTHBHU TPAHCIIOPT) CHaAajy: YAHUOIM KOJU Cy
y AMPKTHO] BE3W ca KIMHUYKUM KapaKTepUCTHKaMa W IMPETOpYyYeHUM NapamMeTpuma, Kao H
TEXHHYKH YUHHOIM camMe MamuHe. [lanmujeHT KojuMa je  HEONXOJHO JIeUeHe
XeMorjauITpalrjoM , HEOIXOIHO je Ja MMAjy jaunHy KpBHOT nportoka Behy ox 350-400 ,

OJTHOCHO MPOTOK KpBHU Kpo3 AB® koju je Behu ox 500-600 ml y Toky jennor munyta [8-16].

2.3.2. OnTMMH3aIMja KOHBEKTHBHOI BOJIyMeHa

EdextuBHM KOHBEKTUBHU BoslyMeH (Vconv) jecTe YKYIHHU BOJYMEH KOju ce GpuiaTpupa
y TOKY TpeTMaHa, YKJbydyjyhu u HeTto ynrpaduirpaiujy (CTBapHH TYOMTaK TEYHOCTH W3
opranuszMa OOJIECHMKA y TOKY TpeTMaHa xemoaujadunrpanuje). OH mpeacTaBiba MpOU3BOJ
jaurHe  KOHBEKTMBHOT mpoToka (Qconv) W ayxuHe Tpajama cecuje on-line

xemoaujapunrpanuje (T): Vconv = Qconv x T. Jaumna kouBekTtuBHOr mpotoka (Qconv)
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npeAcTaB/ba jaunHy ykynHe yiartpaduirpanuje (Quf), omHocHO 30uMp jauMHE NPOTOKA
pactBopa 3a cynctutyiujy (QS) u nero ynrpaduiarpanmje (Qnuf): Qconv = Quf = Qs + Qnuf
[8-16].

Haj3nauajuuju ¢pakTopu KOju yTUUy Ha OCTBAPHBAE BUCOKOT KOHBEKTHBHOT BOJTYMEHA
jecy: THI BacKyJIapHOI MNpPHUCTyNa, Urjie 3a xemoauwjaduiarpauujy, dpaxuuja Quirpammje,
pelMpKyIanuja, THIT JUjalTi3aTopa U BpCTa aHTHKoarynanyje. [{[ubHu KOHBEeKTUBHU BOJTyMEH
Tpeba ma uzHocu — Vconv > 24 nurtapa no cecuju (octBapyje ce camo kox 22% OonecHHKa
KOjU ce Jieue MOCTAMIYIHOHOM on-line xemommjadunrpanujom) [8-16]. Bucoka jaumna
nporoka KpBu (Qb) kpyuujamHa je 3a OCTBapHUBamE€ BHCOKOI KOHBEKTHBHOT BOJYMEHa
(Vconv). Jaunna nportoka kpBu (Qb) 3aBuUCH 0 MIPOTOKA KPBU KPO3 BAaCKyJIApHHU MPUCTYI U
IFjaMeTpa apTEepHjCKe M BEHCKE HMIJIE KOje ce KOPHCTE 3a MyHKIU]y BaCKYJIapHOT MPHCTYIIA.
BosiecHUIM ¢ IEHTPAIHUM BEHCKMM KaTETEpPOM HHUCY MOTOJHM 33 MOCTIMIYIMOHY on-line
xemoaujaduiTpanyjy 300r OorpaHHueHE jaudHE NpPOTOoKa KpBH (HUje Moryhe ocTBapuTu
npotok kpeu — Qb > 250 ml/min). Kox GonecHuka ¢ 1o0puM BacKyJIapHUM IMPUCTYIIOM H
nporokoMm Qavf > 600 ml/min kopucrte ce urie Benmuune 15G (mujamerap 1.8 mm). Te urie
00e30ehyjy mpotok kpeu — Qb = 350-450 ml/min [7-16]. ®pakuuja unarpanuje (FF)
MIpe/icTaB/ba OJJHOC jaulHE KOHBEKTUBHOT IpoToka (Qconv) u npotoka kpBu (Qb): FF (%) =
(Qconv/Qb) x 100, omxocHo FF(%) = [(Qs + Qnuf)/Qb] x 100, rme cy: Qconv — jaunHa
YKyIHE yaTpaduiaTpalnrje, 0AHOCHO KOHBEKTUBHOTI NMPOTOKa, a Qb — jaunHa mpoTOKa KPBH.
[Ipenopydena muspHa ppaknuja durrparmje Tpeda na msnocu — FF = 20%-25% [7-16]. On-
line xemoaujadunTparmja obaB/ba c€ C BHCOKOIMPOTOYHMM MeMOpaHama Koje HMajy
koepunujeHt ynrpadunrpamuje — Kuf > 20 ml/h/mmHg/mZ. Ha KOHBEKTMBHU TpaHCHOPT
MOTY Ja YTUYy MOBpIIMHA MeMOpaHe, HheHa JeOJbHhHA, BeJIMYMHA U TYCTHHA HEHHUX Topa
(yruay Ha xoeduIjeHT npocejaBama / Sieving coefficient), matepujan memOpane, Ay)XuHa

IMjaMeTap Kanwiapa aujainuszaropa [8—14].

3a ontumuzanyjy ¢paknuje uiarpanuje Tpeda KOPUCTUTH (HITEpe C AWjaTU3HUM
MemOpanama nospiinHe Behe ox 2.0 m® (> 2.0 m?), MPOLIEHUTH CTaTyC Koaryjamuje u
ONTUMH30BATH BaHTEIECCHY aHTHKOATYJIAIH]y, a Ko OojlecHHKa ¢ xematokpurom > 0.35 (Hct
> 0.35) Tpeba kopuroBaTH 103y eputpornoeruna [8—16]. Hajuenthe kopumthenu nujanuzaTopu
3a xemozujaunrpanujy jecy: Polyflux 210H (mospmmma 2.1 m? Kuf = 85 ml/mmHg/h),
FxCordiax 1000 (moBpumna 2.3 m?, koedumujent yrrpadunrpammje — Kuf = 76 ml/mmHg/h)
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[8-16]. IlpeBenupame TpomMOO3e BaHTENECHE LMPKYJaluje YYMHUhe aHTHKOAryiaunuja.
XermapuH KOju je HehpaKIMOHHUCAHU TPUMEHYje C€ Ka0 MHTPABEHCKH OOJyC Ha IMOYETKY, a

MPOJIy’KaBa ce€ KOHTUHYHPAaHOM npuMeHoMm [8-16].

2.4. YpeMujcKu TOKCUHHI

[Tocneamux AemeHnja cama TEXHOJIOTHja JUjalIi3e je HampeaoBaia U oMoryhuiia moBoJbHUJU
ncxoJ 00JIeCHUKA KOjU ce Jieue peJoBHUM xemoaujanu3ama [17]. Jlanac cy Ha pacmosiaramy
HOBE MeMOpaHe KOje MMajy BUCOK KIIMPEHC YPEMHjCKHX TOKCHHA CPEIEe MOJICKYJICKE Mace

[17].

2.4.1. Knacupukanmja ypeMHujCcKuX TOKCHHA

DU3NUKO-XEMH]CKEe KapaKTepUCTUKE U PacTBOPJHMBOCTH Yy BOAM, oMoryhaBajy nmoaeny
YPEMUjCKUX TOKCHHA y TPH T'PYIIe: YPEMH]CKH TOKCHHHU Majle MOJIEKYJICKE Mace pacTBOPJHHBH
y Bogu (MW < 500 Da), ypeMHjcKH TOKCHHHU KOjU C€ Be3yjy 3a NPOTEUHE IUIa3Me Y BUCOKOM
npoueHty (> 90%, yrmaBHOM cy Malie MOJIEKYJICKE Mace) U YPEMHUJCKH TOKCHHU CpellHhe

MmoJekyicke mace (> 500 Da), Tabema 3 [17-19].

Tabena 3. Kitace ypemMujcKuX TOKCHHA

Knaca monexyna Mounekyicka maca IIpororun MW npororuna
Masnu TOKCUHHU <500 Da ypea 60
pacTBOPJBUBHU Y BOAU
ToxcuHM Be3aHH 3a YIJIaBHOM Indoxyl sulfate 213.2
IIPOTEUHE IJIa3Me < 500 Da
ToKkeHHH cpetbe > 500 Da B2-microglobulin 11.818

MOJIEKYJICKE Mace
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YpeMujcKu TOKCHHH KOjH C€ Be3yjy 3a IPOTEHHE IUIa3Me jecy XeTeporeHa Ipyra Maaux
CYIICTaHIIHja, Koje ce y BUcokoM mpoieHTy (> 90%) Be3yjy 3a mpoTerHe IIa3Me M TEIIKO Ce
YKJIakhajy KOHBCHIIMOHATHOM XEMOAMjaIn3oM (YKJIamajy ce y Konuuuau on oko 30%) [17—
19]. Tpu Haj3HAuajHUja ypEeMHUjCKa TOKCHHA KOja C€ Y BUCOKOM IPOLICHTY BE3Yyjy 3a MPOTEHHE
ia3Me, ca acreKkTa aTepOCKIEPOTCKHUX KapHoBacKylapHuX Oosectu jecy: p-cresyl sulfate,
indoxyl sulfate u xomorucrenn [17-20]. Indoxyl sulfate mHAOyKyje OKCHmalMoOHHW CTpec,
nopemehaj pyHKIIMje eHI0TeNa, BaCKylIapHy HH(IIaManujy U KaaudUuKaIujy 1 IpeauKTop je

HEMOBOJHHOT HCX0/1a 00JIECHUKA KOjU CE Jieue PeIOBHOM XeMoaujanu3om, cxema 1 [20].

Cxema 1. Ytunaj indoxy sulfate Ha pa3Boj atepockiiepose

XponuuHa Oonect 6yOpera

L JGF
A\ 4 A\ 4
Indoxyl sulfate XpoHn4Ha HH(IaManuja:
IL-1pB, IL-6, TNF-a
A\ 4 A\ 4
T NAD(P)H oxidase T NFKkB, T INK,
d Glutathione TERK %, T p38
A\ 4 A\ 4
ROS T a/xe3MOHN MONeKyTH
Reactive oxygen species
v
Enpnorenna aqucdynkmmja
brokupame nponudepanuje

v

ATEPOCKIJIEPO3A

v

KapnuoBackynaphe 6onectu
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2.4.2. MemOpaHe 3a XeMOAUjaJIu3y U YPEMHUjCKH TOKCUHH

[Tocnenmux npenenuja cBe je Behe MHTEpecOBame 3a YPEMHjCKE TOKCHHE CPEImhe
MoJekyicke mace [21, 22]. HoBe meMmOpaHe 3a XeMOAMjau3y YKIamkajy YPEMHjCKe TOKCHHE
npouecuma nudysuje, ynrpadunrpanuje (KoHBekuje) u aacopmmmje [21, 22]. Pa3Boj
HaHOTEXHOJIOTHje oMoryhno je m3paay memOpaHa 3a XeMOAHWjalIn3y KOje MMajy CIOCOOHOCT
7la YKJIamajy YpeMHjCKe TOKCHHE CpelI-e MOJIEKYJCKe Mace, kao mTo cy: MCO memOpane
(errsn. Middle Cut-Off) u HCO mem6pane (enrit. High Cutt-Off) [21, 22].

MemOpaHe 3a XeMOAMjaliu3y UMajy IEHTPATHY YJIOTY Y TPOIECy XEMOAHjallu3e H
xemoaujadunTpanuje. 3a TpoueHy e(UKACHOCTH [Wjaln3He MeMOpaHe KOpUCTH ce
koeunujeHT maceHor npeHoca — KOA. OH mpenacraBiba Npou3Boj KoeduIlljeHTa MpeHoca
(Ko) u moBpmmHe memOpane (A) [21, 22]. KoA memOpane 3a XeMOIMjaju3y 3aBUCH O]
rycTuHe (auctpudyuuje) 1 BelnudyuHe nopa. ¥ 3aBucHoctd o KoA aujanusaropu mory 6utu
Huckoegpukaciu (KoA < 300), ymepeno epuxacau (KoA = 300-600) u BucokoepuKacHU
(KoA > 600-700) [21, 22]. VYartpadunrpalliOHH KamamureT aujaiausatopa (o0e3oehyje
KIMPEHC YPEeMU]CKUX TOKCHHA CPElHhe M BEIMKE MOJIEKYJICKE Mace) KBaHTH(UKYje ce Ha
ocHOBY KoeduuujeHta ynrpadpunrpauuje — Kuf. VYV 3aBucHoct ox koedwuimjeHra
yarpadunarpanuje, aujanuszatopu cy: low-flux (Kuf < 10 mlI/h x mmHg) u high-flux (Kuf > 20
ml/h x mmHg) [21, 22]. 3a on-line xemoaujadunTpaiyjy Kopucte ce BUCOKonporoune high-
flux cemunepmeabuine qujanusHe MemOpane. 3a ontumusanujy dpakiuje dunrpauuje (FF),
y ToKy ceance On-line xemomujapunrpanuje tpeba KopucTuTH (GHITEPE C MeMOpaHama
noppiuHe > 2.0 m 3a ontumanny on-line xemoaujaduaTpaKjy ¥ OCTBApUBAHE ONTHMAITHE
CTOIe KOHBEKTMBHOI' NPOTOKa, mpernopydyje ce ¢pakuuja unrpanuje — FF = 20%-25%
(majeumre 10 30%) [21, 22]. TlporowHocT awjaym3atopa peAcUHHCAHA je Ha OCHOBY
KIupeHca Oeta-2-MukporioOynuHa. Hucka mpoTodyHocT neduHMIIe ce Kao KiaupeHc Oerta-2-
MUKpOTI00yauHa Mamka o 10 ml/min, cpeamu (iayke Kao KIUpeHe 0eTa-2-MUKpOTIo0yInHA
10-20 ml/min u BucoKu (IryKc Kao KIupeHc 6era-2-Mukporiaodynuna sehu o 20 ml/min [21,
22]. Bucoxomnporounu (high-flux) nujanuszatopu umajy sieving coefficient (xoedwurujent
npocejaBama) 6era-2-mukporinodynuHa > 0.60 1 Mory yKiamaTH ypeMHjCKe TOKCHHE CPEebe

monekyiacke mace 10-50 kDa [21, 22].

23



Ha ocHoBy kiupeHca 6eTa-2-MUKpOTJIOOyIMHA pa3uKyjeMo MeT TUIIoBa MeMOpaHa 3a
mrjanu3y. Kox tumna 1, kimpenc 6era-2-mukporino0ynuna u3nocu 10 ml/min, kox tuna 2 10—
30 ml/min, xox tina 3 30—-50 ml/min, xox tuna 4 50-70 ml/min, a xox Tuna 5 > 70 ml/min.
l'omuue 2016. mpomemeHa je kinacudukamuja MeMOpaHa, a HOBa j€ YKJbydwJia sieving
koeduijeHT 3a anOyMuH, TaKO Ja Ce€ paslMKyjy ABa THIAa MEMOpaHa y 3aBHCHOCTH O]
KIupenca 6era-2-mukporinooynuHa. Kox tuna 1 xmupenc je mamwu ox 70 ml/min, a kox Tumna
2 xiupeHc Oera-2-mukporiodynuHa je > 70 ml/min. Koxa cBakor tuma pasiukyjemMo JBa
MOATUIIA Yy 3aBUCHOCTH 0J sieving koeduumjenta 3a anOymuH. Kon moaruma 1 sieving
koepunujeHt 3a anOymud mamu je ox 0.04, a xon monatuna 2 sieving KoepUIMjEeHT 3a
anOymuH je > 0.04 [21-25].

MewmbOpane Bucokux nepdpopmancu — HPM (enrn. High Performance Membranes) jecy
MeMOpaHe KOje MMajy BUCOK CTCIICH OMOKOMITATUOMITHOCTH, Behe mope Hero KOHBEHIIMOHAITHE
MeMOpaHe 3a XEeMOAMjallu3y, BHCOK KIHUpPEHC OeTa-2-MHKporyioOynnHa u Behu crerneH
aJICOpIIIIMje HEero KOHBEHIMOHATHE MeMOpaHe 3a xemoawjanusy [25]. Benumumna mopa kon
HPM mem6pana tpeba na omoryhu jaunHy ryOuTka andymuHa Mamy ox 3.0 g mo cecuju, ¢

npoTokoM kpBu-Qb o1 200 ml/min u mporokom aujanmuzara Qd ox 500 ml/min [25].

MCO memOpane cnanajy y HPM memOpane. ¥ nociensnoj 1eLeHUjHU pa3BUjeHa je HOBa
kmaca memOpana, MCO wmemOpane: celulose triacetate-based FH 70/150 (Nipro),
polysulphone-based APS-1050 (Asahi), PMMA-based BK-F/BG 2.1 (Toray) u Helixone
polysulphone based FX-E (Fresenius Medical Care). MCO xemomujanuza (eHri. Medium
Cut-Off hemodialysis) o3HauaBa ce jom M Kao mpoliMpeHa xemoaujanuza — EH (eHrm.
Expanded Haemodialysis). Ona yknama ypeMmujcke TOKCHHE MOJEKYJICKEe Mace Mame < 65
kDa, kao mTo Cy: IMUTOKWUHH, CIOOOJHH JIaKW JIAHIIM MOHOKJIOHCKHX HMYHOTJIOOYJTHUHA M
MuoriaoouH, Ttabema 2 [21-26]. On-line xemoauwjaduntparmja o6e30ehyje KiupeHc
YPEeMHjCKHX TOKCHHA MOJIeKyJicke mace Hajuie 10 25 kDa, nok caBpemene, HoBe medium
cut-off MmemOpane nMajy MHOTO BehH MOTEHIMjal J1a e(pUKACHO YKIIamkha]y YPEMHU]CKE TOKCHHE
MmoJiekyscke mace 25-50 kDa, ¢ orpanuyenum ryoutkom andoymuna (< 3.0 g / mo cecuju
mjamse) [21-26]. Hajpehm xoedunujent npocejaBama (SC) 3a anmbymuH (eHrin. Sieving
Coeficient) umajy HCO membpane (SC = 0.20), kon high-flux mem6pana SC 3a anOymun
uszrocu 0.01, a kom MCO membpana SC uznocu 0.008.
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Ypemujcku TOKCMHH KOjU C€ Y BUCOKOM IPOIIEHTY Be3yjy 3a mpoTenHe miazme (indoxyl
sulfate, p-cresol, p-cresulfate, p-cresylglucuronide, phenylacetic acid) HajooJbe ce ykiamajy
MeMOpaHama Koje uMajy criocobnoct aacoprnuuje (PMMA memOpane) [21-26]. Pesynratu
JOCcaNallibuX HCIHUTHBamka Toka3yjy 1a MCO memOpane Tpeba na Oymy craHmapn Jieuermha
0oJIeCHHKA peOBHUM XeMoaujanu3ama [21-26].

Mewmbpane ¢ BenukuM nopama — HCO (enri. High Cut-Off), npumapHo ce kopucte 3a
akytHOo omTeheme OyOpera y3pOKOBaHO CIIOOOAHMM JIAKMM JIAHIIMMa MOHOKIIOHCKHX
umynornooymuna (KFLC-22.5 kDa, AFLC-45 kDa), xao u 3a akytHo omteheme OyOpera
y3pOKOBaHO cencoM. MeljyTuM, y TOKy ceaHce XeMoIujalin3e ca OBUM MeMOpaHama ryou ce
BenMKa kKonmmunHa anoymuHa (9.0-23 rpama mo TpeTMany) M 300T Tora ce He IPHUMEHY]y 3a

nedere OOJIECHUKA PEJOBHUM XeMoirjaiu3ama [21-26].

2.4.3. Knunu4ke KOMIUIMKAIMje YPEMHjCKHX TOKCHHA

I'maBHe AyropouHe KOMIUIMKAllMje JieUuemha PeJOBHUM XeMojujain3zaMa jecy: nosehan
OKCHJAIIMOHH CTPEC U pa3BOj aTepocKiepo3e (aTepoCKIepOTCKe KapAHMOBacKyIapHe 00JI1ecTH),

Ka0 U PEe3UCTEHIIM]ja Ha JISjCTBO EpUTPONOETHHA, B2-MUKPOTI00yJInH aMuiaono3a [21-26].

2.5. OxkcuganMoHu cTpec

C 0063upoMm 1a KapAMOBacKyjapHe 00JecTH MpeACTaBibajy Bojehu y3pok cMpTH OOJIeCHUKA
KOJH Cy Ha XEMOJHjaIn31, KOJ OBUX OOJIECHHKA j€ BUCOKA MPEBAJICHIM]a TPATUIIUOHATHIX 1
HeTpaguIMOHATHUX (akTopa pusuka. OKCHAALMOHH CTpPEC je HETpaJAuLUOHAIHU (DaKTOp

pHU3HKa 3a HaCTaHAK KapJHOBACKYJIapHUX 000Jbema [27].

2.5.1. Okcnpanuonu cTpec: NaTO(GU3MOIOIIKHE MEXAHH3MH

Oxcuparnonu crpec aedunuie ce kao omreheme TKMBAa opraHa Koje Hacraje 300r
nopemehaja  paBHOTe:)ke wu3Mel)y cTBapama crmoOOgHUX  pagukaia u - QYHKIH]jE
aHTHOKcHIaruonux cucrema [28]. CnoOomHU paMKall je CBAKU aTOM WJIM MOJIEKYII C jeTHUM

WIM BUIIE HecmapeHux enekTpoHa. [Ipouecnma okcupanuje nporerHa, YrJbeHUX Xujaaparta,
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JUINKAJA ¥ HYKICHWHCKUX KHCEIMHA Y3pOKyjy omTeheme rpahe m ¢yHknuje henmja TkuBa
oprana [28]. Cno0omHu paaukald KHCEOHHMKAa CTBapajy ce y MOJUMOPQOHYKICAPHUM
neykorutuMa 1moj aejctBom okcunaze NDPH (enrn. Nicotineamide Adenine Dinucleotide
Phosphate oxidase), koja MoJieKyJapHHM KHCEHUK IMpeTBapa y CYNEpOKCHAHH aHjoH [28].
CyrepoKcuIHH aHjoH ce MO JejCTBOM cyrepokcua au3dmytase (SOD) nperBapa y BOJOHUK-
nepokcun (H20;). CynepokcuaHu aHjoH W BOJIOHHMK MEPOKCUJ Cy MPEKYPCOPH 3a CTBAPAHE
jaunx okcumanaca. Cymepokcunuu aHjoH (O27) pearyje ca okcumom azota (NO) u Tom
IPUIMKOM C€ CTBAapajy TOKCHYHH MPOAYKTH a30Ta, Kao mTo je mepokcuHutput (ONOOY)
(amrpo3atuBHH cTpec) [28]. Bomommk-mepokcua (H2O;) pearyje ¢ wuHTparemylapHuM
reoxkhem (F ez+) U TOM MPWIMKOM HacTaje xuapokcui pagukai (OH'), a peakiuja je mo3nara
noj HazuBoM Fenton-oBa peakiuja (kiacuunu okcumanuonu crpec) [28]. Y oxsupy Haber-
Weiss-oBe peakiiyje, HHTEPAKIKHjoM H3Mel)y CYNepOKCHIAHOT aHjoOHA W BOJOHHK-TIEPOKCHIA
takohe ce crBapa xuapokcwn pamukan (OH'). ITlom nejcTBOM MUjenoONepoKcHIa3e
nosmMopurykiaeapaux seykonura (MPO), BoTOHUK-TIEPOKCH]T C€ Y IPUCYCTBY jOHA XJopa
(CI') mpetBapa y xunoxnopny kuceauny (HOCI). XumoxiopHa KHUCEIHHA MOXE pPearoBaTh ¢
engoreanm amuHnMa (R-NHy), npu uemy Hactajy xnopamuuu (RNH-CI) (xsopoBanu ctpec)
[28]. IIpuponHN aHTHOKCHIALMOHH CHCTEM CAaCTOjH CE€ OJf €H3MMa U HEEH3MMCKOT CHUCTeMa.
Cynepokcup nusmyrasa (SOD) je mpencTtaBHUK IpBE JIMHUJ€ aHTHOKCHIAIMOHOT CHUCTEMA.
Ona yOp3aBa cTemneH nu3MyTaluje CYMepOKCHIHOT aHjOHAa y BOJOHUK-Tiepokcui. Karamaza
(CAT) mperBapa BOJOHHMK-TIEPOKCHJ y BOAY, a TO UCTO paaud M TIYyTaTHOH MEPOKCHIA3a
(GSH-Px), anu y mpucycTBY IIyTaTHOHA, JaBaolia BojgoHuka [28]. YV HeeH3MMCKe dncTaye
CIO0OMHUX pajauKala KHCceoHMKa crnaaajy: ButamuH C, ButamuH E, N-anerunnucreuH,

koenzum Q10 [28].

2.5.2. OxcuaanMoHu cTpec MHAYKOBAH XeMOIHjaTu30M

[TarujeHTH ca KpajlbUM CTEIIEHOM XpOHHYHE OonecTH OyOpera, a y 4HjeM ce Jeuewmny
CIPOBOAM XEMOAMjaliu3a, CIOOOJHM paguKadl KHCEOHHKa MmoBehaHo ce cTBapajy 300r
MPOOKCUIAMOHUX (hakTopa (OaMakie TOJWHE CTApOCTH, AUjadeTec MEIUTYC, XPOHWYHH
nH(pIAMATOPHU CTAaTyC, YPEMHJCKM MHJbe, OMOMHKOMIIATUOWIIHA JMjaju3Ha MeMOpaHa,
MPUCYCTBO EHIOTOKCHHA Yy pacTBOPY 3a XEMOAHWjaliu3y) H CMameHE aKTHBHOCTH
AHTHOKCHIAIIMOHUX MeXaHu3ama (HemoctaTak BuTamuHa C U celleHa, HEIOCTaTaK BUTAMHHA

E, cMambeHa akTHBHOCT CHCTeMa TiyTaTroHa) [28, 29].
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XeMoaujanu3a je cama 1mo ceOu okujad 3a moBehaHO CTBapame CIOOJMHHMX pajuKalia
KHceoHuKka. J[Ba riaBHa mNaTo(U3HMOJIONIKA MEXaHHW3Ma IoBehaHOr cTBapama CI000IHUX
pajKaia KICEOHWKA Y TOKY CEaHCE XeMOHjalin3e jecy: OMOMHKOMITATUOMIIHOCT JIHjaTn3He

MeMOpaHe ¥ IPUCYCTBO €HAOTOKCHHA Y PAaCTBOPY 3a XeMOAHjalIn3y, cxema 2 [28, 29].

Cxema 2. Y3poIi OKCHJIAIIMOHOT CTpeca KO YPeMHU]jCKUX OOJIECHHUKA

Ypemujcku TOKCUHU
y IJ1a3Mu

T XOMOLIUCTENH T AGE
T oxLDL

\ 4

T Carbonyl stress

v v v

OKCHUJIALIMOHU
CTPEC

?
T ROS

CroboaHu paguKan

?

T akTBHOCT
noauMopdoHyKIIeapaux henuja

?

buonakoMImaTnOMIIHOCT
JTvjann3e

v

CMameHa aKTUBHOCT 3AIITUTHUX
AHTUOKCHUIAIMOHUX MEXAHU3aMa

Kama kpB OosiecHuka johe y IOAUp ca CUCTEMOM 3a XEMOJHW]jau3y aKTUBHPA]y CE€ CHUCTEM
KOMIUICMEHTa M KoaryJanuje KpBH, TPOMOOITUTH, MOHOHYKJICAPHE M MOJUMOP(OHYKIICapHE
hemuje MMyHCKOr cHcTeMa, a MOTY ce jaBUTH W peakiuje mpeocetsbuBoct [30]. ¥V Toky
ceaHce XeMonaujanu3e, 300Tr TUPEKTHOr KOHTAKTa KpPBU U TOBPIIMHE MeMOpaHe 3a
XEMOJUjann3y NI0JIa3u 10 JAUPEKTHE aKTUBAIMje MOIUMOP(OHYKICApHUX JICYKOIUTA, KOjH
30or aktuBupaHe wMujenonepokcugaze (MPO) mojawano cTBapajy cioOomHe paaukaie
kuceonuka [30]. Mepewme KOHIIEHTpallMje MHjENIONEPOKCHUIa3e y cepymy, ocioboheHe u3
HeyTpodHiia y TOKYy CeaHCe XEeMOJHWjalii3e, MoKa3zaTesb je€ TEKHHE OKCHUIAIMOHOT CTpeca
WHIYKOBAHOT  KopuimhemeM MeMOpaHa 3a  XEMOJWjaliu3y  pa3IMuMTOr  CTeIeHa

omonnkommnatuommHoctr [30].
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EnnoTokcuHu M apyru mpoayKTH OakTepuja, mpoiecuma moBpaTHe audys3uje u GuiaTpanuje
npesase U3 pacTBOpa 3a JHjaliu3y, IPeKo aujann3He MeMOpaHe (BeM4rnHa TIopa Ha MeMOpaHu
3a JIujasin3y, CIIOCOOHOCT MeMOpaHe Jia ajicopOyje eHA0TOKCHUHE, Ae0/biHAa MeMOpaHe), y KpB
OoJiecCHUWKa M aKTHBUPAjy MOHOHYKJIeapHe U nosmMmopdonykieapue henuje [31]. AktuBupane
henuje mojagano ctBapajy u ociobahajy ciobomHe paaukaie KHCEOHHWKA M MPO3arabeHCKe
IUTOKUHE (MHTEPIICYKUH- 1, HHTEpICYKHH-6, pakTop Tymopcke Hekpo3e — TNFa), a cBe To 3a
MOCIIEANITY UMa Pa3BOj OKCHIALMOHOT CTpeca, MUKpOUH(pIamMaIrje u yop3aHe aTepocKiIepose
[31]. VYarpaumcrt pacTBOp 3a nujanu3ly JePUHUIIE ce Kao pacTBOp y KoMe je Opoj KoJIoHHU]ja
oakrepuja < 0.1 CFU/ml, a xonnentpaija engorokcuna — E < 0.03 EU/ml. On ce xopuctu
3a high-flux xemommjanusy u xemoaujaduarpanujy. YITpauucT pacTBOp 3a AHjaIH3y
crpedaBa pa3BOj OKCHIALMOHOT CTpeca, MUKpOHH(DIaMalije, ycropaBa onaame pe3nayaiHe
peHanHe (QyHkuuje OyOpera, mompaB/ba HYTPUTUBHHM CTaryc OolecHHKa, moBehaBa
OCETJPMBOCT E€PUTPOLIUTHE JIO3€ HA JICJCTBO EPUTPOINOCTHHA, CMamyje KapAHOBACKyJapHHU
MOpPOUJMTET U MOPTAIUTET TAIlMjeHaTa KOjU y CBOM JICUCHy MMajy KOHCTAHTHY JHjaTU3y
[31].

Kana roBopuMo 0 mamgjeHTHMa ca  PEJIOBHOM XEMOJHUjaIM30M Ty j€ CMarbCcHa
AKTUBHOCT CH3MMCKHX M HECH3MMCKUX aHTHOKCHUIAIMOHHX cucteMa. CMameHa aKTHBHOCT
AHTUOKCUJIAIIMOHUX €H3MMa (CYMEepOKCHU]l JU3MYyTa3a, IIIyTaTHOH NEPOKCHAa3a) HacTaje 300T
CMameHEe KOHIIEHTpalMje eJieMeHaTta y Tpary, Kao INTO Cy celieH, Oakap ¥ IWHK.
KoHneHTpanuja eneMeHara y Tpary je cMameHa 300T HEJIOBOJHHOT YHOIICHA, alld U
noBehanor ryoutka y TOKy ceaHce xemoamjanmuse [32]. 30or Hemoctatka ButammHa C U
BuTaMHHA E cMameH je KamanuTeT HeCH3MMCKHX aHTHOKCHIAIIMOHKMX CHCTeMa 3amTute [32,

33].

2.5.3. KnuHu4ke nocjieauile OKCHIAMMOHOT cTpeca

VY rnaBHE KIMHHUYKE TMOCIEIWIE OKCHUIAIMOHOT CTpeca Chajaajy pa3Boj U yOp3ame
mpoleca aTrepockiepo3e, pa3BOj aHEMHUje W PE3UCTeHIIMja Ha JIgjCTBO EpPUTPONOETHHA,
MaJHYTPHIIMja ¥ aMHJIOHU 103 TIoBe3aHa ¢ aujanu3oM [34]. CyrmepoKCHIHN aHjOH OKCHJIUIIES
TETpaxuapoOHONTEprH (€HA0TeHU KO(aKTOp HEOMXOMaH 3a aKTUBHOCT eH3uMa cuHraze NO)
U Ha Taj HAYMH CMamyje cTBapame a30THOT MOHOKcH1a (NO). A30THH MOHOKCH/] HETTPEKHUTHO

ce cTBapa y eHmoTenHuM henujama, aejctBoM cuHTaze NO Ha L-aprunun. IIpoTekTrBHO
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JICJCTBO HA KapJMOBacKyJapHH cucteM ( Kaja ToBOpHUMO O Osiokaau mnposiudepaluje
BAaCKyJIapHUX TJIATKO-MUIIMhHUX henuja, arperabMIHOCT TPOMOOITUTA U aaXxe3ujy MOHOIIMTA
3a  eHmoTrenujyMm). AKTUBHOCT cuHTaze NO Moxe OuTh OJIoKHpaHa EHIOTCHHM
METHJIApTHHUHUMA. 3a eHjoreHu Onokarop cuHTaze NO Haj3HAuajHUjH je aCHUMETPUYHU
mumetrmnapruaud [34]. Hajehum nmenom m3nydyje ce myrem OyOpera, a JelIoM ce IO
yTUIajeM TuMeTHI-TuaMuHo-xuaposiase (DDAH) pasrpahyje no nurpynuna. OxcuganuoHu
crpec Onokupa aktuBHocT DDAH, 300r yera ce MUHHMaIM3yje pa3rpaliba aCHMETPUYHOT
IVMMETHWIAPTUHUHA, a HEroBO CKYIUbAE y EHIOTEIHMM hendjama 3aycraBjba CHHTA3y
a30THOT MOHOKCH/JIa, YMME je 3amoueT npoiec arepockiiepose [34]. [loBehana koHIeHTpalyja
XOMOITUCTEHHA Yy CEpyMy JOII je jeaH 3HadajaH OJIOKATOp aKTHMBHOCTH CH3WMa JIUMCTHII-
muamuHO-xuapoiaze (DDAH) y enmorennum henmjamMa apTepHjcKUX KpPBHUX CYyIIOBa.
[ToBehana koHueHTpanuja XxomouuctemHa mnpucytHa je y 80%. J[lebunume ce kao
KOHIIEHTpallMja XoMoIucTenHa y cepymy Beha om 15 umol/l, a Hactaje xao mociemuna
CMameHE aKTUBHOCTM CH3MMa KJbYYHHX Yy MeETa0OJIU3My XOMOIIUCTEHHA, Kao IITO CY
pelnykTa3a S-merwi-terpaxuapodoriara, CHHTa3a METHOHMHA W [3-CHHTa3a IMCTaTHOHA.
CMameHa akTUBHOCT THX €H3UMa MOCJIENIIA j€ CMabeHe KOHIIEHTpalyje BuTaMuHa Be, Bio
¢donue xucenune (kodaktypu mnomenytux ensuma) [34, 35]. Hemocratak BuTamuHa Bg
HacTaje Kaja je KOHIeHTpaluja BuTamuHa Bg y cepymy < 20 nmol/l, HenocTarak BuTamMuHa
Bi2» kama je xoHmentpamuja ButamMuHa Biy y cepymy < 200 pg/ml, a Hemocratak domHe
KHCEITMHE Kao KOHIeHTpanuja (oiHe kucennHe y cepymy < 2.2 mg/ml [34, 35]. Kox 3npase
nomnynaiuje HopmaiHa KoHieHTpaurja ADMA y mnasmu je < 1.0 umol/l, kox 6onecHuka Ha
xemoaujanuzn < 2.2 umol/l, a y konuentpamujama 3—15 pmol/l ADMA 6nokupa cTBapame
NO y enpoTenHuM henmjamMa KpBHUX CYA0OBa U 3allO4MIbe IMpolec arepockiepose [36, 37].
Muxkpounduamanuja. npucytHa je kon 30%—-50% oBux OonecHuka. MukpouHdpnamarmja
y3pOKyje HaKyIbamkhe HEYyTpOo(HIIa 1 MOHOIMTA Yy aTepOCKIEPOTCKOM IUIaKy, a ociiobahame
cI000THUX pajuKana KUCEOHUKa (OKCUAALMOHU CTPEC), IUTOKMHA U METAJIONPOTENHA3a MOTY
Ja JOBeAy 10 PYNTYpe Kame aTepoCKIEpOTCKOr Ilaka W pa3Boja aKyTHOT KOpPOHApHOT

norabaja [38, 39].
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2.5.4. [TapameTpH OKCHIALMOHOT CTpeca Ko/ 00JIeCHUKA HA XeMOIHjaJIu3 1

Cno6oaHu paguKanyd KMCEOHMKA MMajy BEOMa KpaTak IMOJIY>KUBOT (jeHa CeKyHIa), ma
ce KJIMHUYKA TpOLEHA OKCHUIAIIMOHOI CTpeca BpIIM MEPEeHeM CTa0WIHUX MpOoayKara
okcumanmje. [lapamMeTpu  OKCHIAIMOHOT  CTpeca  YKJbY4yjy: TPOIYKTE  JIUIHIHE
nepokcuaanyje (kao mro cy: acrolein, malonyldialdehyde, 4-hydroxynonenal, TBARS, F2-
isoprostanes), 3aBpmiHe npoaykre okcupanuje smnuna (0XLDL, antu-oXLDL antutena),
OKCHJIATUBHO W3MCH-EHE MpOTeHHE (3aBpIIHU NPOAYKT okcuiauuje mnporermna — AOPP),
3aBpIlIHE MPOIyKTe rinkaiyje nporenHa (AGE), eBaityalinjy akTHBHOCTH @aHTHOKCHIAITMOHUX
ensuma (caapkaj SOD W TiyraTHOH TIEPOKCHIIA3e y CPUTPOLUTHMA), CBAyalujy
HECH3MMCKHX aHTHOKcuaaHaca (ButamuH C y miaa3mu, cajapikaj TIyTaTiOHa ¥ BUTamuHa E y
eputpountuMa) u wuHpuamatopue nporeuHe (CRP, anbymun) [40]. Kao mnapamerap
OKCHJAIMje HYKJICHHCKUX KucelnmHa kKopuctu ce 8-hydroxy-2'-deoxiguanosine (8-OHdG), a
HEroBa KOHIICHTpAIlMja y CepyMy U Y JieyKonuThMa roBehana je ko 0oJieCHHKa KOjU Ce Jieue

penoBHOM xeMoaujanu3om [40].

2.5.5. Jleuewe OKCHAALMOHOT cTPeca KO 00J1eCHUKA HA XeMOAUja 31

AHTHOKCHIAIIMOHA CTpaTeTrja CacToju ce. y HajokHaau ButamuHa C, ButamuHa E (o-
Toko(epoi), cenena, N-aneruniucrenHa u koensuma Q10. Kox OonecHuka koju cy Ha
pPEIOBHUM XeMoOJlMjaliu3aMa MpUCyTaH je Hemocratak BuTamuHa C, jep je mamujeHT y ca
MamUM JUjeTeTCKUM yHocoM (moBphe u Bohe mopen ButamuHa C, ©Ma y CBOM caapxajy H
noBehaHy KONMMYMHY KaiWjyMa) W HETOBOT YKiIamama Yy TOKY IMpolieca XEMOJHUjaiun3e
Xemomujanuzom ce enumunuiie 100-300 mg Buramuna C ( cmamyje ce 3a 30%-50%) [41].
Kop GonecHuka koju ce jiede peJOBHOM XeMOAUjaliu3oM, BUTaMUH C MpuMemyje ce y 1034 0]
CTO JIO JIBECTa MUJIMTPaMa JIHEBHO, a MOXeE ce NMPUMEHUTH U BeHcku y no3u 300-500 mg
MocJIe CBaKe CecHje XeMOJHjan3e TOKOM ocaM JI0 ABaHAeCT Henesba, y3 oAarosapajyhu omnpes
3a paHO OTKPUBAmE CHCTEMCKE OKcalio3e (MOTpeOHO je Mepeme KOHIIEHTpalfje okcajara y
cepymy) [41]. UnTpaBeHcka npuMeHa BuTamuHa C, TOBOAM O yMamema KOHIICHTpAIlUje
depuTHHA U TPO3aNMajbEHCKUX MENHjaTopa y CepyMy, a CMamyje OKCHIATUBHU CTpEC H
PE3UCTEHIIN]Y Ha JIejCTBO eputpornoeTnna [41].

Buramun E (a-tocopherol) mma jako anTHOKCHIannoHo nejctBo. [Ipumemyje ce per os,

a 103a BUTaMHHAa E Moxe ce nckazaru Y UHTCPHAIMOHAITHUM je,[[I/IHI/II_IaMa WM MUJIUTpaMuMa:
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100 IU = 67 mg npuponuor Buramuna E [42]. IIpumena Butamuna 1 y no3u 400—-800 mg/nan
y Tpajamy 0]l 0OCaM JI0 JBAaHAECT He/leJba 3HATHO CMambyje KOHLIEHTPALU]y MaJIOHANAIIeXU/a,
oxXLDL um TBARS-a y mma3mu OojiecHHKa KOJjU C€ Jie4e PEIOBHOM XEMOIHjaTH30M.
Ynorpebom BurammuHa E mpeBeHupa ce OKCHIAIIMOHHM CTpEC, CIpedyaBa pa3Boj U yOp3ame
aTepoCcKiepo3e M CMamyje [eOJbUHYy HWHTHMa-Meluja KapOTHIHHX apTephja KoOJ OHHX
nalyjeHaTa Koju IpucTynajy peABHOj XxeMonujanuzu[42].

N-anernniuucrena (NAC) noBehaBa cTBapame IIyTaTHOHA, KOJU MMa BaXHY YIOTY y
GYHKIMjH aHTHOKCHIAIMOHUX CH3MMa, Kao INTO je riyratuoH mnepokcumaza (GSH-PX).
[Ipumewen y po3u 600-1200 mg/man TOKOM TpU OO IIECT MeECEIH 3HATHO CMamyje
KOoHIIeHTpauujy mManonguanaexuna (MDA) u acumerpuynor aumerminapruanHa (ADMA) y
IJ1a3MH, CMamyje HHJIEKC OTIOPHOCTH Ha YTHIIA] epuTpornoeTuHa [42].

Koensum Q 00e30ehyje xoMeocTasy MUTOXOHIpHja U CMambyje OKCHIAIMOHH CTPEC
(cripeyaBa OKCHJALMjy JIMIKAA, NPOTEMHA M HYKJIEUMHCKHX KucenuHa). [IpuMemeH y no3u
1200-1800 mg Ha maH TOKOM YETHUPH A0 LIECT MECELH, 3HATHO CMamyje KOHIICHTpaIujy
3aBpIIHUX Ipoaykara okcuganuje nporenHa (AOPP) u manonmuangexuna (MDA) y mnazmu
00JIeCHHKA KOjH Ce JIeue peJOBHOM XeMoujanu3oM [43].

On-line xemoaujaduaTparyja cMmamyje PE3UCTCHIM]Y Ha JEjCTBO EPUTPOINOCTHHA.
Cmameme pe3uCTeHIlMje Ha JCJCTBO €pUTPONOETHHA MocieAuia je moBehaHor ykiamama
XeNnuuauHa, MeaujaTopa HHQIamManuje M TNpojyKaTa OKCHAALMje JHUNUIa, NpOTeuHa |
HYKJIICHCHKHX KHCEeJMHAa Yy TOKYy ceaHce xemonujadunrpamuje. Jledewme on-line
xemoaujadpwiITpajoM TOKOM TpH JO IIECT MECELUM 3HAaTHO CcMamyje HuHpIamanujy,
OKCHJAIIMOHM CTpPEC, KOHIIEHTpAIMjy XeNnuInHa Yy cepyMmMy, uuMme ce mnosehaBa
PacIoyioKUBOCT IBOXkNa 3a epUTPOIIOe3y U CMambyje Pe3UCTEHIIMja Ha JI€jCTBO €pUTPOIIOETHHA
[44, 45].

MemOpane 3a xemoaujanu3y o0jokeHe BUTaMUHOM E cMmamyjy KOHIIEHTpalujy
napameTapa JUIHJIHE MEpPOKCUIalMje y cepyMmy, Kao ImTo cy: MaitoHauamaexun (MDA),
peaKTUBHE CYICTaHIIMje Be3aHe 3a THoOapOuTypuunHy kucenuny (TBARS) u okcunoBanu
LDL xonectepon (oxLDL). MHora ncnutuBama moka3yjy Ja OBe BpcTe MeMOpaHa cMambyjy U
KOHIIGHTpPALKjy MapaMeTapa OKCUIATUBHOT omTehema HyKIEMHCKUX KUCeINHA, Kao IITo je 8-
OHdG, kao u koHIieHTpanujy mapamerapa mukpourdaamanuje (CRP, unrepaeykun-6) [46—
53]. /Jwujanmuzna memOpanHa oOnoxxeHa BuTaMHHOM E cmamyje caapxkaj 8-OHAG vy
JeyKoIMTHMa OOJIECHHKA KOJU Ce Jieue XeMOIUjalIn30M (cMamyje npoueHaT okcuaanuje DNA

neykonuta). [Ipumena tux memOpana 06e36ehyjy 100py KOHTpoIy QyHKIHMjE JICYKOIHTA, Y3
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CBHJICHTHO AaHTHOKCHUAAIMOHO W aHTHHMH(GuamatopHo naejctBo [46-53]. Jleuewe high-flux
XEMO/IMjaTH30M C TOJIMCYI(POHCKUM MeMOpaHaMa 00OJO0XKEHUM BHUTaMUHOM E TokoM miect
MECeIr, 3HATHO CMamYyje OKCHIALMOHU CTPEC, MUKPOUH(IaAMAIH]y, HHICKC OTIIOPHOCTH Ha
yTHIIA] EPUTPOTIOCTHHA U TIONIPaBJba JICUCHE aHEMUje Y MOMYJIAIHj| MalijeHaTa ca peI0BHOM
xemoaujanmszom [46-53].

Jleuewe aHeMuje KoJ OOJECHHMKA HA XEMOJWjAIM3H YKJbydyje IPUMEHY areHaca KOju
crumynuiry eputponoesy (ESA) m umnTpaBeHCKy mpumeHy rBoxha (iron sucrose). Hakon
MpUMEHe HHTPaBEHCKOT TBoxkha y mo3u ox 100 mg (tokom 15-30 mmnyTa on uHdysuje)
3HaTHO ce noBehaBa KOHIIEHTpaIMja CIO0OHUX paauKaia KHCEOHHKA KOJ OBUX OOJICCHHKA
[54-57]. Pagu cripevaBama pa3Boja OKCHIAIMOHOT CTpeca HaKOH 1.v. mpuMeHe reoxha, 2015.
rogquae US FDA (enrn. Food and Drug Administration) ogoOpwuiia je 3a oapacie OOJeCHHUKE
KOju ce Jiede xemoaujannzom npenapar reoxha — FPC (enrn. Ferric Pyrophosphate Citrate),
KOjU ce MpHUMemYyje MPEeKOo pacTBopa 3a xemoaujanuzy [54-57]. Jenna ammyna ox 5 ml FPC
(Triferic™) nona ce Ha cBakux 2.5 ragona GHKapGOHATHOT KOHIEHTPATA, TAKO Aa (MHAIHA
konrenrpanuja FPC y pactBopy 3a xemoaujanusy usznocu 110 ug/l (2.0 umol/l). FPC ce
npUMemyje KOJ CBaKOT TpeTMaHa XEMOJAMjaln3e, a KOHIEHTpauujy (peputuHa y cepymy H
3acuhemwe Tpanchepuna reoxhem (TSAT) Tpeba meputu Ha cBaka Tpu Mecena. Kana je npexo
1000, a TSAT Behu ox 50% tpeba npexnnytu npumeny FPC, u najbe KOPHCTUTH CTaHAapIHU
OukapOOHATHU PACTBOP 3a XeMOJMjalIu3y. AKO je KOHIIEHTPHUCAHOCT (PepuUTHHA y cepymy
Mama oa 200 ng/ml nmotpebHo je mpumenutu i.v. rBoxkhe 400-500 mg, TOKOM HapeIHUX
yetupu-ner TperMana xemonujanm3e (100 mg/HD), a FPC Tpeba KoHTHHyHpaHO
npuMemuBaTH. Kana ce mocTurHe nujbHa KOHIIEHTpanuja (epuTuHa y cepymy M 3acuhema
tpaHcdepuna reoxxhem, FPC tpeba npuMemnBaTi KOHTUHYHPAHO, 3aTO LITO CE€ y TOKY CBaKe
ceance xemoaujan3e ryom 5—7 mg rBoxha (oapikaBame MUJBHUX BPETHOCTH (DEpUTHHA H
TSAT-a) [54-57]. Ilpumena TrBOkha TIpeKO pacTBOpa 3a XEMOIHjAIM3y CMambyje
OKCHJAIIMOHM CTPEC M PE3UCTEHLHUjy Ha [EJCTBO EpUTPONOETHHA (J103a €pUTPOINOETHHA
cMmamyje ce 3a 35%) [54-57].

2.6. Pe3ucTeHIIMja HA 1€jCTBO ePUTPONOETHHA

2.6.1. lepuHunuja pe3ucTeHyje HA EPUTPONIOETHH

XemoriioOuH y KpBH koja je mama ox 120 g/l xon xena, oqnocro 130 g/l xox mymkapaia
o3HayaBaMo kao aHeMujy [58]. Boaehm y3pok je HemocTajame €HIOTeHOT epUTPOIIOETHHA, a
IbEHE TJIAaBHE KIMHUYKE KapaKTEPUCTUKE CYy: MPOTPECUBHO OMAJame pPEHAIHE pe3uyasiHe

¢dbyHKLM]je, KapAHOBacKyJapHe O0JIECTH, CMambekhe KOTHUTUBHUX (QYHKIMja, KAO M KBAJIUTETA
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XKHUBOTAa OOJIECHUKA, KOJU CE€ Jieue XeMOJujanu3oM. 3actyrmsbeHa je koa 90% OonecHuka c
TELIKUM CTAAMjyMOM XpoHmdHe Gomectn 6Gyopera (GFR < 25-30 ml/min/1.73 m?) [58].
Crumynarope epurpomoese — ESA (enrsi. Erythropoiesis Stimulatory Agents) tpeba
npuMeHUTH Kana je BpenHoct Hgb umcmoxm 110 g/l, a mwbHM HUBO XeMmoriioOMHa KOI
nmamujeHarta ca xemoaujaauzom Ttpeba ga Oyme 110-120 ¢/l [58]. U mopen mnpumene
onroBapajyhe moze epurpomoeruna, kox 5%—10% OonecHuka (IO HEKUM ayTopuma U [0
30%) koju ce Jiede PEIOBHOM XEMOJMjaTU30M IIOCTOJU PE3UCTEHIIMja Ha JI€jCTBO

epuTponoeTrHa (HeMOryhHOCT MOCTH3amka IMJbHE KOHLIEHTPAIHje XeMOTJI001Ha y KpBH) [58].

KDIGO (eurn. Kidney Disease Improving Global Outcomes)kaxke na pe3ucTeHIyja Ha
JIejCTBO  €pUTpOINOeTHHA JAeduHMIIE ce Kao HeMOryhHOCT OcCTBapuBama IHJbHE
KOHIICHTPAlLlMj€ XEMOTJOOMHAa Yy KPBH UZ EpUTPONOeTHH y no3u > 450 wm > 300
IU/kg/menespro (s.c.) mmm napbenoernna-o y no3u > 1.5 ng/kg/menersno (> 100 pug/HenespHo)
[59, 60]. 3a mpoueHy pe3uCTEHLMje Ha [IJCTBO EPUTPONOETHHA KOPUCTU C€ HHJIEKC
pesuctenije eputponoetnHa — ERI (enrn. Erythropoietin Resistance Index) [59, 60].
[IpencraBiba OXHOC HENEJBPHE [103€ EPUTPOIIOSTHHA 3aBHCHE O]l TEJIECHE Mace |
KoHUeHTpauuje xemornoouna y kpBu (EPO/kg/nenemno/Hb). Bpennoctu wunzaexca
pesucreniuje eputponoernHa — ERI > 1.0 IU/kg/nenesno/gHb 3a kpatkonenyjyhe wim >

0.02 pug/kg/nenemHo/gHb 3a OosecHUKE JIeYeHE JyroaenyjyhuM epUTpONOCTHHOM

(mapGemoeTHH), yKa3yjy Ha MOCTOjambe PE3UCTEHIIM]jE Ha ejcTBO epuTtponoetuHa [59, 60].

2.6.2.. @aKkTOpHU PU3NKAa 32 Pa3BOj pe3UCTEHIHje

VY dakrope puszmka 3a pa3Boj PE3UCTEHIMjE HA JI€JCTBO EPUTPOIOETHHA CIIa/Ia]y:
HeJocTaTak TBokha, MukpouH(pIamalja, OKCUIAIMOHU CTpeC, HeIocTaTak BHUTamMuHA D u
CeKyHJIapHH XUIeprapaThupeonin3aMm, Hepoctatak BuTamuHa C, BuTamuHa By, ¢omHe
kucenuHe u L-xkapHuTHHA, Kao u anTu-EPO-anTuTena [59, 60].

Henocratak reoxha moxke Outu amnconytHu W pysknuoHamau [59, 60]. AmcomyTHH
HefocTaTak rBokha Hajuemthe HacTaje 300T OKYJITHOT TacTPOMHTECTHHATHOT KpBapema
(YpeMujcKu racTpUTHC, aHTHKOArylaiyja BaHTeJIeCHE IMPKYJalyje), a TIaBHU Y3pOLH CY:
MUKpOHH(]IIaMal1ja, OKCUJIAIMOHU CTPEC, HeloCTaTak BUTaMUHAa D U HejgocTaTak BUTAaMHHA

C [59, 60]. ITpenopyke KDIGO (enrn. Kidney Disease Improving Global Outcomes), xox
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nanyjeHara ca PeIOBHOM XeMOAWjan3oM TBokhe Tpeda NMPUMEHHTH 1.v. MyTeM Kajaa je
carypanuja TpancdeprHa reoxhemM mama oj Tpuaecet nocro [61, 62].

I'maBHM Hemocranu i.v. mpuMeHe TBoxkha je omreheme KpBHMX cyaoBa (OTekaHa
MoryhHocT apTepuoBeHCKe ¢ucTyine). HemoxkelbHe peakiyje Ha MPUMEHY TBOXKDHa MOTY
outH: aneprujcke um TokcuuHe [61, 62]. Tloropmame moctojehux wmH(peknuja u pas3Boja
CeKyHJapHe XeMOXpoMaro3e (MHTPaBEHCKO TBoxkhe He Tpeba MPUMEUBATH KO OOJIECHHUKA C
aKTUBHOM cucTeMckoM uHpekiujoM) [61, 62]. Okcupanmonu crpec (CIO00IHH paJUKaIH
KHCEOHWKa) yOp3aBa pa3BOj arepockiepo3e U MmoBehaBa OMAacHOCT Of  pa3Boja
KapJMOBAaCKYJIapHUX KOMIUTHKauja. HekoHTposucaHa ymnotpeoa, MOXE Yy3pOKOBaTH
HAKyIJbakheM Y TAapEeHXUMATO3HUM OpraHuMa, 300 4era Jojia3u 10 pas3Boja mopemehaja
¢dbyHkmje Tux oprana [61, 62].

Mukpounduamanuja (CRP > 5 mg/l) moxe yOp3aTtu pa3Boj arepockiepose. [Ipucyrna
je xox 30%-50% mnamujeHaTa Ha XEMOJMjalTU3U, a HEHU TJABHU Y3pOLHM Cy: MoBehaHo
CTBapame M yMameHa eNMMHUHAIMja, KOja IOTCTUYE OKYJITHE HWHQEKIHUje BacKyJapHOT
INPUCTYNIA 33 XEeMOAMjaIu3y, XPOHWYHA IEPHUONOHTAIHA OO0JeCT, OMOMHKOMITATHOMIHOCT
BaHTEJIECHE LUpKylaluje M MeMOpaHe 3a XeMOJHWjaln3y, KOHBEHI[MOHAJIHU pacTBOp 3a
xeMoaujanu3y (MUKPOOHOIIONIKY KBAJTUTET BOJIE M pacTBOPA 32 XeMoanujau3y), cxema 3 [39].
[TpoundramaTopHu MeaANjaTOPH UCTIOJbABA]Y AUPEKTHO U UHIUPEKTHO HETaTUBHO JI€JCTBO HA
npoliec xemaronoese. Y TUPEKTHA HeraTMBHA JI€jCTBA cHaiajy: OJokupame nponudepannje u
mudepeniyjanmje hemvja nmpekypcopa epuTpOIUTHE JI03€, OJIOKUPAkE CeKpelHje eHOTeHOT
€pUTPOTIOETHHA, a TIIABHO HHIMPEKTHO HETATHBHO JEjCTBO j€ CTUMYJIAIlMja CHHTE3E U JIydeHha
xenmuauHa y xenatonutuMa (IL-6 ctumynwimre cekpernujy xenuuauaa) [39]. YcnopaBame
omagama pesunyanHe (ynkmuje OyOpera, moOosblllaarkbe HYTPUTUBHOT CTaTyca OOJIECHHKA,
noehahe o0CETJbUBOCTH EpUTPONOETHHA U CMAambEHE KapAHOBACKYJIapHH MOpTaTUTETa
naiujeHara, Moryhe je yKOJIMKO MIMaMo YJITPaylCT pacTBOp 3a XxeMoaujanusy. [39].

Cmamena koHuentpauumja CRP-a y cepymy, cnopehaBa pe3uCTEHIMjy Ha [€jCTBO
EpUTPOTIOETHHAa W oOMoryhaBajy TIIOCTH3alke W OJlpJKaBamke IHJbHE KOHIICHTpAIHje
XEeMOTJI00MHA y KpBH 0BUX OosecHuka [39].

Jeman on uMHMIIANa pU3MKa 3a Pa3BOj PE3UCTEHIIM]E Ha JIEJCTBO €PUTPOIIOETHHA je

HejocTaTak BUTaMuH /1, a neuHuIIe ce Kao TeKaK aKo je KOHLEHTPUCAHOCT y CepyMy Mamba

on < 10 ng/ml [63].
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Cxema 3. MukpouHdaamaiyja KoJ IMamujeHaTa KOju c€ Jede PEIOBHOM XEMOJIH]aIu30M
[TaTo¢uznonomkn MexaHu3am pa3Boja

BroOMHKOMIATHOMIIHOCT
MPOLEAYPE XEMOIU]aTH3e

A\ 4

v AKTHBalUja KOMILIEMEHTA
OKcHIALMOHH [MoBpatHa audysuja
CTpeC CHIOTOKCHHA

KonrakT ¢ memOpanom

A 4

\ 4

AKTHBaIMja MOHOLIUTA

A 4

Ocnobahame TUTOKMHA

A 4 A 4

AKyTHE KOMILUIMKALN]e: XpOHUYHE KOMILUTUKALK]E:
Temmneparypa/npxraBuria AmMuiionio3a noBe3aHa ¢
XumnoTeHsuja J1jaIu30M
Xumnokcuja MuxkpouHdramanuja
Mannyrpunuja

I'maBHe KIMHHMYKE NOCIEOUIE HEAOCTaTKa BUTaMHMHAa D  jecy: pa3Boj CEKyHIapHOT
XHUIeprnapaTupeonIn3Ma, CMambeHa I'yCTHHA KOIITaHOT TKHBa (OCTEONOpOo3a), aTepocKiIepo3a
M BacKyJiapHa Kanmudukamnuja, nmopemehaj QyHKIMje KOTHUIIM]E, PE3UCTEHIIM]ja Ha JI€JCTBO
epUTPONIOETHHA U pa3BOj aHEMHje, MPOTrPECUBHU I'yOUTaK pesugyanHe ¢yHkiuje OyOpera u
HETOBOJhAaH Ucxox OosecHuKa [63]. henmje uMyHCKOT cucTeMa y KOCTHO) CpXKH (MOHOIIUTH,
T-nmumoruTr) Ha MOBpIIMHU MeMOpaHe UCcoJbaBajy perentop 3a BuraMuH D — VDR (eHru.
Vitamin D Receptor). 36or Hegocratka Buramuaa D, MoHOIUTH U T-TUMQOIUTH Y KOCTHO]
CP’KH TI0jayaHO CTBapajy M JIyde MpOo3arnajbeHCKe MUTOKUHE, OHU OJIOKHUpajy mposmdepanujy
u gudepeHnyjanyjy hemmja Tpekypcopa EpUTPOIMTHE JI03€, CEKPEIH]y EHJIOTeHOT
EpUTPONOETHHA, CTUMYJUIILY CEKpelHjy XeNUUAMHA U Pa3Boj (PYHKIMOHAIHOT HeIOCTaTKa

reoxha, cxema 4 [63].
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Cxema 4. Pa3Boj aHemuje ycie IpUCyTHE PE3UCTEHITN]E

Xponuvna Oonect Oyopera

v

HATHUBHU/aKTUBHU BUTaMuHa D

v

AKTHBaI#ja JOKATHOT UMYHCKOT
CHUCTEMa: MUKpPOCPEIMHA XEMaTOI0e3¢
/moHouutH, T-mumdonuTu/

|
v v

IL-6 TNFa, IFNy
v v
0 XEHIUIUH biokaga
epUTpOIOe3e
v v
D yHKIMOHAJIHU Pesucrennuja Ha
HEJIOCTAaTaK Fe?* EPO
| |
v
AHEMUMUIJA

Tepanuja ykjpydyje NpUMEHY eprokaiiudepona win xojlekanmdepoaa TOKOM TPH 10
mect Mecenu [63]. Ako je ped o TemkoMm nedunuTy BuTamuHa D, eprokammmdepon ce
MpUMEkYje Y 03U Ol TIeAeCeTXnIbajla Ha celaM JaHa TOKOM IPBOT Mecela, a 3aTHM Ce
HAcTaBJba MCTOM J030M MeceyHo y Toky 3 Mec. [Ipema mpemopykama KDIGO, mpumena
eprokainudeposa je nHAMKOBaHA cBe mopacta BuT. D mpeko 30 ng/ml (30-80 ng/ml) [63].
[Topen eprokanmudepona Moxe ce MPUMEHUBATU U XoleKanudepon (BuTamud D3) y n1o3u
on 25.000 IU/menemHo. Kon Texxux amedummra, Tepamuja jeé TpH 0 MIECT MECEIH, [0
MOCTHU3amka IUJBHUX BPEeIHOCTHU., cxema 5 [63]. Konnentpanujy Butamuna D y cepymy Tpeba

MEPUTH jeJTaHITyT roJuIlmke [63].
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Cxema 5. Anroputam 3a TpUMEHYy XoJekanmudepoyna Koa OojieCHMKa Koju Ooiyjy on
XpOHUYHE OoJiecTn Oyopera

25(0OH)D < 30 ng/ml

\ 4

Xponuuna Oosiect OyOpera:
[Touetna no3a xonekanmudepona
> 1000-2000 IU/nan
Xemoaujanusa:
[TouerHa mo3a xonexkanudepoa:
25000 IU/aenemuo
50000 IU/nenesmHO ako je
<15ng/ ml

)

LH1Jb TEPAIIUJE
> 30 ng/ml
Hopwmaman iPTH
[Mporeunypwuja < 0.5 g/24h
Hb = 110-120 g/l ca muckom go3om EPO

A 4

Huje nocturnyr nuss: nogatu aktuBHU VitD
Xonekanuudeposn: 5000 IU/HenessHO
[Tapukanuuron: 10 pg/HenesbHO

CexkyHaapHu XuIlepHapaTUpEOUaU3aM je YecTa KoMmIulukanuja. ['maBHu (axTopu pa3Boja
CeKYHIapHOT XHUIIEpIIapaTUPEOHIU3Ma jecy: HeIOCTaTaK aKTUBHOT MeTabonuTa BUTaMuHa D
[1.25(0OH)2D3], xwumokaniuemuja u xunepdocdaremuje, a HErOBEe TIJIABHE KIMHHYKE
nocyenuie cy: OO0JIeCTH KOIITaHOT cucTeMa (peHalHa ocTeoqucTpoduja), KapJMoBacKyJIapHe
OonecTn (BacKyjapHa M BaJIByJapHa Kaluu(uUKalyja) U pa3Boj PEe3UCTEHIMje Ha [€jCTBO
eputpornioeTrHa [64]. Bucoke BpeIHOCTH mapaTxopMmMoHa IoBehaBajy pe3UCTEHLU]y Ha
JIeJCTBO €PUTPONOETHHA CBOJUM JTUPEKTHUM W HHAUPEKTHUM TOKCHYHUM [€jCTBOM. Y
JTUPEKTHA TOKCUYHA JISJCTBA CIa/1ajy OJIOKaaa CEKpeIje eHI0TeHOT EPUTPOTIOCTHHA, OJ0Kaaa
nponudepannje u audepeHymjanyje henuja mpexkypcopa epUTPOLUTHE Ji03e U CKpaheH
KMBOTHH BEK €PUTPOLINTA, & Y MHAUPEKTHO J€jCTBO cnajaa ¢pudposa koctHe cpxku — OF (enri.

Osteitis Fibrosa). OntumanHa KOHTpOJa CEKYHAApPHOT XHIlepraparupeouu3ma (ImpuMeHa
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MApUKAIIMTPOJIA ¥ IUHAKAJIIETa) 3HATHO CMamyje PE3UCTEHIIH]e Ha J€jCTBO €PUTPOIIOCTHHA
[64].

Pesucrennuja Ha J1¢jCTBO €pUTPOIOSTHHA MOKE OUTH M TMOCJEIUIA TOCTOjaa aHTH-
EPO-antutena. Kao mocnemuna creapama aHTH-EPO-anTHTENna MOXe ce jaBUTH CHHIPOM
amiasuje mpekypcopa epurporuta y koctHoj cpxku — PRCA (enrn. Pure Red-Cell Aplasia)
[65]. /[lujarHOo3a ce mocTaBjba Ha OCHOBY OHMOIICHje KOCTHE CpH, onpehuBamem Opoja
PETHKYJIONMTa U MEpemeM KOHIeHTparuje aHTtu-EPO-anturena. Y oacycTBy mpekypcopa
EPUTPOIUTHE JI03€ Y KOCTHO] CpXH, C OpojeM peTuKyjionuta MamuMm on 10 X 10971, Tpeba
u3MepuTH KoHueHTpanujy aHntu-EPO-antutena [65]. Jleueme ce crpoBoan o0ycTaBIbameM
yrnoTpede epuTpONoeTHHa, MpUMEHY TpaHchys3uja naeruiasmartucanux epurporura (1
jeMHUIIA HeIeJbHO), KAa0 U MIPUMEHOM KOPTHKOCTEPOHa U UMYHOCYIpECHBa (IIMKJIOCIIOPHH,

nuknodochammm) [65].

2.6.3. YTuuaj MogaauTeTa AUjajinie Ha Pe3UCTEHIIHjy HA 1€jCTBO €PUTPONOETHHA

On-line xemonujagunTpanyja cMamyje pe3UCTEHLIU]y Ha JEjCTBO €pUTPONOEeTHHA. To
oMmoryhaBa nosehaHo ykiamame XEMIUANHA Y TOKY ceaHce xemoaujagunrpamnuje [66]. On-
line xemomujapunTpanyja cMamwyje MHKpouH(pIamanujy, OKCHUIAIMOHU CTpec H
KOHIIEHTPALIMjy XEMUUANHA Y CEPYMY, Ka0 U CMambemhe KOHLEHTpalujy B2-MUKpOrao0yanHa

[66].

2.7. B,-MUKpPOr100yJINH aMHJI0H/1032

VY xponnuHoj 6onectu OyOpera, ¢ MPOrpPEeCHBHUM CMamemeM OyOpexHe (yHKIHUje pacTte
KOHIIGHTpallMja YpPEeMHUjCKUX TOKHUCHa Yy cepyMmy. bera-2-muxporinodymun (B2M) jecte
CYIICTaHIIMja CpPEIbE€ MOJEKYJICKE Mace pacTBOpPJbMBAa y BOJM, KOja j€ TIOBE3aHa C
amuion030M — DRA (enrin. Dialysis-Related Amyloidosis) u mopranuterom [67, 68]. DRA
j€ IyropodHa KOMIUTMKaIlMja KOJ TalldjeHaTa KOju ce JieYe PEIOBHOM XEMOJHjaIu30M, KOja
OTe)XaBa CBAaKOJHEBHE XHMBOTHE akTHBHOCTH — ADL (enrnm. Activities of Daily Living) u

KBaJIMTET )kUBOTa 0BUX OosnecHuka — QOL (enrn. Quality of Life) [67, 68].
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2.7.1. TlaTorenesa aMuJIOH103€¢ MOBE3AHE ¢ XEMOAMjATH30M

AmMnnonioza ToBe3aHa € XEMOAMjAIM30M HACTaje Kao IOCIeIHlia HaKyllubama [-

MUKporioOynuHa [67, 68]. Biakna amuionia moe3aHa ca [3,-MUKPOTJIOOYJIMHOM C€ CTBapajy

Y TIPUMapHO JIETIOHY]Y Y 3TJI000BUMa (OCTEOAPTUKYIAPHOM TKHUBY), IITO 32 MOCIEIUIly UMa

pa3Boj pa3IMYMUTUX OCTEOAPTHKYJIApHUX MopeMehaja, Kao IITO Cy CHHAPOM KaprajgHOT

TyHCJIA, ACCTPYKTHBHA CHOH)II/IJ'IoaprOHaTI/Ija " OUCTC Y KOCTUMA KOJ ,I[I/IjaJ'II/I?»HI/IX OosecHUKa

[67, 68]. AMunougHa BIIaKHA HACTA]y y HHTEPAKIUjU [2-MUKpOTIOOyIHWHA H JPYTHX

OMOJIOIIKUX MOJICKYJIa (FHI/IKOSaMI/IHOF JIMKaHH, HpOTCOFHI/IKaHI/I). v aogupy ¢€ Opyrum

OMOJIOUIKMM MOJIEKYJIMMa JI0JIa3u 10 KOH(OpPMAIMOHUX MpoMeHa (mpoMeHa y rpahu [o-

MUKpOTJI00yauHa (CTBapajy ce BiIaKHa aMHIIONAa 011 B2-MHUKporioOynuHa), cxema 6 [67, 68].

Cxema 6. [Tatorenesa AMHJIION 03€ ITOBC3aHE C ,I[I/Ija)'II/I30M

ITopemehaj pynkuuje OyOpera:

buononike moiekyie:
Glycosaminoglicans
Proteoglycans
Apolipoprotein E

I iennhnanhnlinids

Lro
v Excrpanenynapau
Hakyrubame Omokaropu:
> MUKpOTJIOOYITHHA oz-macroglobulin
Haptoglobin
Clusterin

A

y

v

JlyroTpajHo jeuermne XeMOAH]aTn30M

Kondopmanmone npomene
[o-MUKpOriao0yanHa

Crabunuzanuja ¢pubpuiia aMuIonaa

A

4

Oera-2-MHKD

CTBapaI—be " HAKYIIJbalbC aMUJIONIHUX BJIAKAHA

orio0yinHa

A

y

Hucte y

Kimmanuke kapakTepucTuke:
CuHIIpOM KapnaJHOT TyHesa

KOCTUMa

AptpomnaThja

Cpuana

ciradocT

TactpounTecTrHAIHY TIopemehain
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2.7.2. KInHUYKa CJIUKA

[ToBehana koHmeHTpamuja Pr-mukporiaoOymuaa y cepymy (30-50 mg/l) He 3Haum wu
HCTOBPEMEHO MOCTOjakhe AaMUJION 103 TTOBE3aHE C XEMOAHjalTu30M (HOpMaliHa KOHIICHTpaIja
B2-mukpornobynuHa y cepymy wu3Hocu 0.8-3.0 mg/l). 3matHu craHmapa 3a
JIMjarHOCTUKOBAE aMHJIONI03€ jecTe Ouorncuja TKuMBA. KIMHUYKO HcmosbaBame 0ojecTh
3aBUCH 0j 3axBaheHMX 3rJI000Ba H BHUCLEpalHUX opraHa. Hajuemrhe cy 3axBaheHu
CKaIyJIOXyMEpaIHU 3rNI000BH U KOCTHU IlIake (CHHApPOM KaprnaiHor TyHena). Kom OosiecHuka
ca CHHIPOMOM KapIaJTHOT TyHeJa KapaKTepUCTHYaH je ,,3HaK ruTtape”’, KOju HacTaje Kao

nocneauiia ckpahuBama TeTua (iaexcopa nperujy [67, 68].

2.7.3. Jleueme

On-line xemonujadunrpanuja ca high-flux memOpanama ykiama ypeMujcke TOKCHHE
Cpelme MOJIEKYJIICKE Mace Yy 3HauajHo] KonuuuHU. Tepamujcka cTparervja ykjbydyje:
ouyBame pe3uayaiHe peHalHe QyHKIHMje, OJoKHpame CTBapama YPEMH]CKHUX TOKCHHA,
MIPEBEHIIN]y UHTEPaKIHja u3Mel)y ypeMujCKUX TOKCHHA U OMOJIOMIKAX MOJIEKYIIa U YKIIamharmhe
YPEMHUJCKHX TOKCHMHA MEIUKaMEHTHMMa WM TEpanujoM 3a BaHTENEeCHO uuiihewme KpBU [67,

68].

2.8. Atepockiiepo3a

Oxcuaaonu cTpec, MUKporH(pIamManuja U XUIepXoMoLUCTenHEMHja UMa]y 3Ha4YajHy
yJIOTYy y Pa3BOjy aTepoCKIepo3e KOJ TaljeHaTa ca pPEIOBHOM XEMOJH]aTHu30M.
XUTepXoMOIUCTeNHEMHja ce JeuHHIIE Ka0 KOHIICHTPHCAHOCT XOMOIIMCTEUHA y TUIA3MH >
15 pumol/l, a HacTaje kao mocieauIa CMakbeHe aKTUBHOCTH €H3MMa KJbYYHUX Yy METa0OIU3MY
XOMOITMCTEHHA, Kao IITO CYy peayKTa3a S-MeTuiI-TeTpaxuapodonata, CHHTa3a METHOHHHA U [3-
CHHTa3a nucratuoHa. CMameHa aKTUBHOCT THUX €H3MMa IMOCleula jeé HeA0CTaTKa BUTaMHHA
Bs, B12 1 onHe kucenuHe, Koju ciayxe Kao kKopakTopu nmomenyrux ensuma [69]. [Toehana

KOHIICHTpallija  XOMOITUCTEHHA, OKCHIAIMOHU cTpec  (CYyNmepoOKCHJHHM  aHjoH) |
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MUKpouH(Iamanuja OJOKHMpPajy aKTUBHOCT €H3MMa JAMMETHI-TuaMuHO-xuapoiaze — DDHA
(earn. Dimethyl-Diamino-Hydrolase) y enmorennum henujama KpBHHX CyI0Ba, KOjH
pasrpalhyje acumerpuunu qumetwiapruiud — ADMA (enrt. Asymmetric Dimethylarginine)
10 L-muTpynuHa U1 METHOHHMHA. ACUMETPHUYHHU JTUMETUIAPTUHUH j€ Haj3HAYajHUjU CHIOTCHU
OJIOKaToOp CHHTa3e a30THOI MOHOKCHIA, a CMamCHO CTBapame a30THOI MOHOKCHIA Y
eHJIOTeIHUM henujamMa MMa KJBYYHY YJIOTY Y 3alouyumbamy Ipolreca arepockiepose [69].
JlogatHO, CYNEpPOKCHUIHH aHjOH OKCHIHIIE TEeTpaxuApoOuonTepuH (SHIOreHH KohakTop
cuataze NO) u Ha Taj HAUWMH AONPHHOCH yOp3amy mpoleca arepockiepose. [lopemehaj
¢dbyHKIMje eHgoTena WMa  KJbYYHY  YIOTy Yy TATOT€HE3W  aTepPOCKICPOTCKHUX
KapJINOBAaCKYJIapHUX OOJIECTH Yy MOIYJIAlUjH NallMjeHaTa KOjU IPUMEHbY]Y JICUCHE PEIOBHOM
XEMOT!jaTTH30M.

Jleueme XUIEPXOMOIMCTEHHEMH]E CACTOJU C€ U3 MPUMEHE (DOTHE KUCEIHHE Y 03U 5—
15 mg/nan, Buramuna By y no3u ox 1000 pg/nueBHo u ButamuH Bg y mo3u 50 mg/mHeBHO
[69]. Pesynratn KIMHMYKUX WCIUTHBAKA YKa3yjy Ha CTATUCTUYKU 3HAYajHY MO3UTHUBHY
MOBE3aHOCT M3Mel)y KOHIIEHTpaIje acCHMETPUYHOT ITUMETHIApTHHUHA U J1e0JbuHEe WHTHMA-
Merja KapoTuaHux aprepuja [70].

ATepockiepo3a KapoTHIHUX apTepuja AeQUHMILIE ce Kao AeOJbMHa HHTHUMa-Meauja
(IMT) > 0.90 mm, u3MepeHa yITPa3BYYHUM TPETIIEAOM KapOTUIAHUX apTepuja. Ha ocHOBY
KOJIOp JOIiep yiTpacoHorpaduje, aTepocKiIepoTcka OoJecT KapOTUIHUX apTepuja
knacudukyje ce y yernpu craaujyma: cragujym 1: IMT < 0.9 mm, rpagyc II: IMT > 0.9 mm,
cranujym III: mpucycTBo arepockiiepoTCKHUX IUIaKOBa ca CTEHO30M jeHAaKOM WJIM MamOM O]
50% (< 50%) u cramujym IV: mpUCYCTBO aTepOCKIEPOTCKUX TIAaKOBA ca CTeH030M BehoM o1
50%. IIpucycTBo 1utaka AeuHHUIIE ce Kao CTPYKTypa Koja MPOMHHHpPA Y JIyMEH KapOTHIHE

aprepuje Hajmame 0.5 mm [71].
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3. /b

[{usbeBU JOKTOPCKE AMCEPTAIIH]E:

. UCIIUTaTH YTI/II_[aj MOJAJINTCTa ,Z[I/IjaJ'II/ISe Ha mapaMeTpe OKCUAAIMOHOI' CTpECa,
. HCIIMTaTHU YTI/II_[aj THUIIA I[I/IjaJ'II/I?»He MeM6paHe Ha MMapaMCTpC OKCUAAINOHOI' CTpECa,

UCIIUTATH YTUIA] IWjajdu3He MeMOpaHe o0yiokeHe BUTaMHHOM E Ha okcuaalnuoHu

cTpec,

WCIIUTUTATH YTUIIA] aJCKBATHOCTH XEMOIMjaJIM3€ HA TTapaMeTpe OKCHUIAIIMOHOT CTpeca,

WCIHTATH YTHIAj aHEMHje Ha apaMeTpe OKCUAALUOHOT CTpeca,

WCIHUTATH CTEIICH MTOBE3aHOCTH M3Mel)y OKCHIAIIMOHOT CTpeca 1 MUKpouH(pIaManuje,

WCIHUTATH CTEICH MTOBE3aHOCTH U3Mel)y OKCHIAIMOHOT cTpeca U BUTaMuHa D,

UCIUTATH CTEINEH MOBE3aHOCTH H3Mel)y OKCUIAIIMOHOT CTpeca U HYyTpHIIH]e,

MCIIUTATH CTEINEH MOBE3aHOCTH 3Mel)y OKCHIAIIMOHOT CTpeca U cTaryca reoxha,
UCIIUTATH YTUIIA] 103€ I.V. MPUMEHEHOT rBoXkNa Ha mapamMeTpe OKCHIAIMOHOT CTpeca,
UCIHMTATH CTETEH MOBE3aHOCTH n3Mel)y mapameTapa OKCHAALMOHOT CTpeca U UHeKca
pEe3UCTEHITH]e Ha JIjCTBO €PUTPOTIOCTUHA,

UCTIMTATH CTEINEH IMMOBE3aHOCTH M3Mel)y mapameTapa OKCHIAIIMOHOT cTpeca U Ae0JbuHe
MHTUMa-Me1ja KapoTUIHUX apTepHja.
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4. BOJECHUIIX U METOJE

HcrpaxuBame je cuposeneHo y Llentpy 3a Hedposnorujy u aujanusy K[ Kparyjesarr,
ydecTBOBajio je 125 OonecHuka KOjU ce Tamo Jjiede. TOKOM HCTpaKMBamba IOIITOBAHU CY
OpUHOHUIKA ~ XEJCUHIIKE JIeKIIapalnja. YnorpebpeHa je penoBHa OukapOOHATHA
xemoaujaiu3a u on-line xemoaujaduntpaija, IBAaHECT caTH TOKOM CeIaM JlaHa, AyXe 01 TpU
Mecella, Ha amapaTiMa ca KOHTPOJIMCAHOM YNTPaQWITPAlMjoM KOJ CBUX JICYCHHX
UCIUTHBaHUX OosecHuka. [Ipoceuna cromna nporoka kpBu uzHocuia je 222.80 (Qb = 222.80 +
25.89 ), a pactBopa 3a aujanusy — Qd = 500 ml/min. Xemoaujadunrpaimja koja je 6una on-
line xopumihena je nujanu3Ha BUCOKONPOTOYHA MeMOpaHa, Koja je 00J0kKeHa BUTaMHUHOM E
— Leoceed 21H (momucyndorcka mMemOpana epexrusre mospmmue 2.1 m? KoA = 1351
ml/min, high-flux — Kuf = 88 ml/h x mmHg, a rama 3panuma crepunucana, Asachi Kasei
Medical Europe, Germany) M BHCOKONPOTOYHA JWjalM3Ha MeMOpaHa Koja Huje Oumia
oGnoxena ButamuuoM E — FX800 (momucyndorcka MemOpana epexrnsre nospimmse 2.0 m?,
KoA = 1365 ml/min, high-flux — Kuf = 62 ml/h x mmHg, crepunucana BogeHOM mapom,
Fresenius Medical Care, Germany). TokoMm nujanu3e KopuiheH je cTaHIapIHH YITPAYHCT
pactBop 3a on-line xemoaujadunTparujy (KoHeHTpaiuja engorokcuaa — E < 0.03 EU/mI), a
[0 CECHju KOHBEKTHBHM BOJyMEH je M3Hocuo 17 nurapa. Hucy Omnm  ykjbyueHH Yy
UCIHUTHBAKkE OOJIECHUIM ca JOKa3aHUM aKTHBHUM KpBapemeM, CUCTEMCKOM HH(pIaMaiiyjoM
Wi MHQEKTHBHUM CHHAPOMOM, Ca MAaJUTHUM OOJIeCTHMa, Ka0 HU OOJECHHUKE KOjH CY
JIeYeHN UMYHOCYIIPECUBHUM U aHTHOKCHIAITMOHIM MEANKaMEHTHMA.

VcnutrBame mpolieHe yTulaja JujajinzHe MeMOpaHe Koja je oOsiokeHa BUTaMUHOM E
Ha OKCUJAIMOHU CTPEC y TOKY MOjeMHaYHe ceaHce on-line xemoaujaduirpanyje, mapaMmeTpu
KOJU Cy HWCIHUTHBAHU Cy. aHeMHje ( EpPUTPOLUTHHU HWHICKCH, XEMOTJIOOWH, XEMAaTOKPHT),
craryc reokha y opranusmy OosecHuka (KOHIEHTpanuja rokha u QeputuHa y cepymy,
3acuhemwe TpaHcdepuHa raoxkhem), mMukpouHpramanvje (C-peakTUBHH NPOTEUH), MPOIEHA
HYTPUTUBHOT cTaryca (mpeanOyMuH, TpaHC(epHH), CEKyHAApHOT XHUIEpIapaTUPEeouIu3Ma
(iPTH, Butamun D), okcumammoHor crpeca [cynepokcuaau aHjoH (O2 ), BOJIOHUK-TIEPOKCH]T
(H20,), peaktuBHE cymncTaHuje Be3aHe 3a THOOapOuTypuuny kucenuny (TBARS), azorHu
monokcua (NO), cymepokcun amsmytaza (SOD), karamaza (C), akTHBHOCT PeIyKOBAaHOT
rnyratioHa (GSH)], neGspuHa MHTHMa-Menuja KapoTUAHUX apTepHja, MPOTOK KPBH KpoO3
BacKyJapHu mpuctyn 3a xemomujanusy (Qavf) m mapamerap aaeKBaTHOCTH JHjasIH3e

(spKt/V).
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4.1 JlabopaTopujcKka HCIUTHBAKHA

3a oxpehuBame 1a00OPaTOPUjCKUX aHAIM3a KPBH jeé KpPB je Y30pKOBaHa Ipe U HAKOH
nojequHayHe ON-line xemomujaduaTpaiyje, npe aaBama XCMapUHA W IPE MPUMEHE I.V.
reoxha, kao u BuTamMuHa B koMmIuiekca, Ha kpajy cecuje on-line xemoaujaduirrparnuje. Koxa
UCTUX OOJIECHWKA, HA MCTU HAYMH Y30paK KPBH Y3€T j€ Mpe M Ha Kpajy MOjeJuHAYHE CECHje
on-line xemonujaduntpanuje ¢ high-flux monucyndonckom memopanom tuma Leoceed 21H u
tuna FX800. Jlaboparopujcke aHamu3e Cy y3UMaHE PYTHHCKH, IPHKa3aHE Cy Kao Cpeimba
BPEIIHOCT TPH Y30pKa 32 TPHU HApeIlHA Mecella.

@eputun je ypahen Ha amapaty B C AU680. Ll-peakTBHM NpOTEWH Ha amapary
Olympus. Konmentpaija mnpeanOymMmuHa W TpaHchepuHa y cepymy je oapehuBaHa
UMYHOTYpOHIUMETPUjCKOM METOJI0M, Ha amapary Abbott Architect. Bosiecuuin Ha pe1OBHM
XeMoJijanu3amMa UMajy HopMallHa KOHIIeHTpalyja npeandymuna y cepymy > 0.30 g/l (= 30
mg/dl).

Butamun D y cepymy mepeH je moMohy eleKTpo-xeMuIyMUuHHCIeHInje, Ha Cobase
411. VHTaKTHH nNapaTXOpMOH ojpeheH HMyHO-paJInoMeTpHUjCcKOM MeToJoM, Ha G Opojauy
WALL. W 1470.

[Mpuniun oapehuBama KoHIIEHTpaIHje cyrnepokcuaHor anjoHa (O;) y y3opuumMa KpBHE
wiazme Kopuctu peakiujy Oy ¢ aurporerpasonujym miasum (Nitro Blue Tetrazolium — NBT)
10 HUTpoopMazaH miaBor. Mepemwe ce 0/[BHja Ha TaJlaCHOj Ay>KUHHU A = 550 nm.

Meron oxapehuBama KoHuetparuje BomoHuk-iepokcuaa (N,O,) Oasupa ce Ha
okcuaanvju (HeHoa mpBeHor momMohy BOJOHUK-TIEPOKCHU] peaKiivje, KOJy KaTalu3yje €H3UM
nepokcuaaza u3 komcke porksuie (Horse Radish PerOxidase — HRPO). ®unanuu pe3yiarat
Te peakiuje jecre GOpMHUPAHE jeTUHEHA C MAKCHMYMOM allCOPIIIHjE Amax = 610 nm.

OnpehuBame unmekca aunuaHe nepokcuaamnuje (TBARS) peann3oBaHo je HHIUPEKTHO
NPEeKO IMpoAyKaTa peaklyje JUIMUAHE MEepPOKCHAAlUje C THOOAPOUTYPHOM KHCEIHHOM,
(Thiobarbituric Acid Reactive Substances). [Ipunnun Te MeToae 3acHuBa ce Ha oapehuBamy
HUBOA JIMIUJHUX TIEPOKCHIA HAa OCHOBY pEakifje jeIHOT OJ HHX, MaJOHWITHAIICXUIa
(MDA) ¢ tnobapoutypHom kucenuHom (TBA). Mepemwe ce 0JBHja Ha TalacHOj JY)KUHU A =
530 nm.

OnpehuBame konuentpaiuje asor-moHokcuga (NO) peanu3oBaHo je Ha OCHOBY

KoJMuuHe ociobohenux Hutputa. [IpuHimn te merone mompasymeBa kopuiiheme Griess-
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peareHca, KOju C HUTpUTUMA TPpaJyl JTUa30-KOMILUIEKC, KOjU Jaje Jbyonuacty 00jy. Mepeme ce
0JIBHja Ha TaJlacHOj ykuHU A = 550 nm.

3a oapehuBame aktuBHOCTH SOD kopumiheHa je aapeHanuHcka metonaa. [IpuHIMI Te
MeToZie, KOja MHaue MpuMaaa rpyrnud METoAa ,,HeraTUBHOI THIIA, MOJpa3yMeBa Ja Ce MpaTu
CMameHhe Op3MHE ayTOOKCHIAIM]e a[peHalliHa y aJIKaJIHO] CPEeIMHU, Koja je 3aBucHa ox Oy .
C o63upom na ce O, yknama oj crpade npucytHe SOD, nomasu 10 MHXUOUIM]E peakiiuje
ayTookcuaanuje anpeHannHa. CucreM npaté Op3uHy IPOMEHE ayTOOKCHIAIM]je aJpeHaInHa
npeko npomene ancop6anie Ha 480 M, koja je oOpHyTO ponopimonanHa akTuBHocTH SOD.

3a oxpehuBame aKTHBHOCTH Karanasze kopuiiheHa je metona mo Beutler-y. Tlpunnun
MeTozle je crekTpodoTomMeTpujcko mpaheme Op3uHE pasrpalmbe BOJOHUK-TIEPOKCHIA Y
MPHUCYCTBY KaTajlaze Ha TanacHoj nykuHu 230 NM, mpH K0joj BOJAOHUK-TIEPOKCU] arcopOyje
CBETJIOCT.

3a oxapehuBame akTHBHOCTH peaykoBaHor rayratnoHa (GSH) kopumihena je
criekTpodoTomeTprjcka metoga o Beutler-y. Ipuniun merone 6a3upa ce Ha OKCHIALU)H
rnyrarnona GSH momohy 5.5-autno-6uc-6.2-uutpodbenszoeBom kucennaom (DTNB).

Wupekc pesucTeHIyje Ha AejcTBO KpaTkoaenyjyhux epurponoeruna — ERI u3pauynar
je momohy ¢opmyne: ERI (IU/kg/gHb) = [HenesbHa no3a eputponoetuna (IU) 3aBucHa o
tenecHe Mace OonecHuka (kg) / koHueHTpanuja xemornoouna y kpsu (g/1)]. Pesuctennuja na
nejcTBo Kpatkojenyjyhux epurpomnoetnra mocroju ako je ERI > 1.0 1U/kg/gHb. Mnnekc
PE3UCTEHIIMje Ha JIeJCTBO Ayrojenyjyher epurponoeTrHa u3padyHaT je Ha OCHOBY (GopmyJe:
ERI (ug/kg/gHb) = [HenespHa 103a epuUTpOIIOETHHA ([Lg) 3aBUCHA O] TEJIECHE Mace OOJIECHHUKA
(kg) / xoHnenTpanuja xemornoduna y kpeu (g/l)]. Pesucrenuunja Ha nejetBo ayropenyjyher
eputponoeTrHa nocroju ykoauko je ERI > 0.005 pg/kg/gHb. Ilpema uHaekcy pesucreHnuje
Ha JI¢jCTBO EpUTPOTIOETHHA, OOJIECHHUIIN CY TOAEJhEeHHU Yy JBe Tpyme. [IpBo mecTo 3ay3enu cy
MaUjeHTH KOJ KOJUX je YTBp)EHO MOCTOjamhe PE3UCTEHIIM]E€ Ha JI€JCTBO EPUTPOINOETHHA, TOK

Cy ApYry YMHWIM OHM KOJI KOjUX HHje yTBpheHa pe3ucTeHIja Ha 1ejCTBO EPUTPONOETHHA.

4.2. Yarpaconorpaduja- Konop nonsep

OnpespuBame TPOTOKa KpBU Kpo3 Backyiapuu mnpuctyn — Qavf spmeno je Color
Doppler ynrpa3sy4ynum nperienom, Ha anapary Logic P5, npumuom conpae on 7.5 MHz.
JlebpuHa MHTUMA-MEIM]a KapOTUIHUX apTepHja U3pa)keHa je Kao MpocedyHa BPEIHOCT

TpHU TI0jeIMHAYHA MEpEHa Ha JIECHO] W JIEBO] KapOTHIHO] apTepuju. Mepema cy BpiieHa 1-2
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cm wucnon Oudypkanuje KapoOTUIHUX apTepHja OJl CTpPaHE KCTOr YJITpacOHOrpaducTe.

Bpennoct mama o 0.9MMm ce nedunmine kao HOpMaiHa J1e0JbMHA HHTUME-MEIH]e.

4.3. CTaTHCTHYKA aHAJIN3A

3a 00Opamy pesyarata npumemenu cy: Kolmogo. Smirnov , Studentov T tect 3a Besane
y3opke, Wilcoxon-ov, Studentov T Tect 3a HeBe3ane y3zopke u Mann-Whytney U Ttecr,
Spearman-oB Tect Kopemamuje, Pearson-oB Tect Kopenamyje, yHUBapHjaHTHa U

MYJTHBApHjaHTHA JIOTUCTHYKA PErpecHoHa aHAIIN3a.
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5. PE3YJITATHU PAIA

HcnutuBame je oOyxBaTiio 24 manujeHta Koja ce jede on-line xemoaujadunrparujom (19
MylIKapana, 5 xena), mpoceyne crapoctu 60.92 + 8.20 roguna, mpoceyHe AyKUHE JieUeHa
mrjanu3om 9.53 £ 5.45 ron. u angekBatHOCTH Xemonujanuse SPKt/V 1.20 + 0.18.(tad. 1).

3a nedyeme aHeMmHuje OOJIECHHKA KOJU CY YKJbYYCHH Y HCIUTHBAKE, MPUMEHCH je
CTUMYJIATOp €pUTPOIIOe3e, ca KPaTKUM M JYT'HMM JI€jCTBOM, HHTPABEHCKU Mpemnapar raoxiha,
ButaMmuHia B u ¢omna xwuc. (per os). Ilpoceuna wmecewna po03a Kparkojenyjyher
eputponoeTtrHa uzHocuina je 18000.00 = 12055.43 IU, nyronenyjyher eputponoeruna 140.00
+ 36.33 pg, mpoceyHa MeceyHa J03a HHTpaBeHCKOT TBoxkha n3nocuna je 256.25 + 131.50 mg,
MpoceyHa Mece4yHa J03a BuTamuHa Bip 2916.67 + 1592.56 pg, a mpoceuna Mecedyna o3a
¢donue kucemmue 181.25 + 62.23 mg. CekyHaapHU XUTIEPIIAPATHPEONIN3AM OBUX OOJCCHHKA
JiedeH je BeaunMa docdata Koju caapike KajlijyMm, aKTUBHUM MeTa0oIuTHMa BUTaMuHa D u
napukanuurosnoM. [Ipoceuna meceuna no3a pokantpona u3Hocuna je 3.08 + 5.10 pg, a i.v.

napukanuroia 2.50 + 12.25 ug.
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Taoesa 1. Omry rmogamy o 0oIeCHUIMMA

Xsr+ SD

Bpoj (n)

24

Opnoc momoBa (M - K, %)

19/5 (79.17%/20.83%)

Crapocr (rox.) 60.92 + 8.20
['onuHe Ha qujamu3u 9.53 £5.45
Tenecua maca — ITM (kg/m?) 25.63 + 3.53
CucToHu apTepHjcKku KpBHE rputrcak — STA (MmHQ) 131.67 £ 13.73
Jujactonnu aprepujcku KpBHE npuTrcak — DTA (mmHQ) 77.50 £ 6.76
Cpenmu apTeprjcku KpBHHU nputrcak — SAP (mmHgQ) 95.56 + 8.49
Cyga tenecna maca 6onecarka — W (KQ) 74.21+12.69
Wurepaujanusau npunoc y TM — IDWG (kg) 2.33+0.92
Wurepaujanusau npuaoc y TM — IDWG (%) 3.22+1.32
Jaunna ynarpadunrparuje — UFR (ml/kg/h) 8.04 + 3.30
Jaunna ynrpadunrparuje — UF (ml/h) 583.33 + 229.21
Pesunyanna nuypesa — RD (mL /24 h) 425.00 +591.98
[TpoTok kpBU Kpo3 BacKyaapuu npuctyr — Qavf (ml/min) 967.08 + 415.62
Wupekc agekBaTHOCTH XeMoaujanse — SPK/V 1.20+0.18
s | Glomerulonephritis chronica 3 (12.5%)
g & | Nephropathia hypertensiva 10 (41.66%)
§ § Nephropathia diabetica 1 (4.16%)
£5 Nephropathia obstructiva 1 (4.16%)
= £ | Nephropathia chronica 4 (16.67%)
'© | Renes polycystici 5 (20.83%)
Komopbunureru
XunepreHsuja 22 (91.66%)
XuroTeH3uja 1 (4.17%)
Diabetes mellitus 1 (4.17%)
JloOujeHe mpoceyHe BpPENTHOCTH  Iapamerapa aHeMHuje, craryca TrBoxba,

MUKpOHMHJIaMaIije, HYTPUTHUBHOT CTaTyca, CEeKyHJapHOT

XHUMeprnapaTupeouIiu3ma

YITPa3BY4HOT IMperjieia KapoTHIHUX apTeprja MpUKa3aHu cy y Tabenu 2.

n
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Tabesa 2. OcCHOBHM ITapaMeTpU UCHIUTHBAA

CrarucTuuku
ITAPAMETPU UCIITMTUBAKBA IapameTpu
Xsr+SD
Xemornooun — Hb (g/l) 105.88 + 14.56
Xemarokput — Hct (%) 32.09 + 4.47
[poceune 3anpemune epurpouutr — MCV (fl) 93.74 + 4.86
Cpenma xonnenrpamuja xemor. — MCHC (g/l) 329.50 + 6.53
Konuenrpanuja Butamuna B, y cepymy — VitBy, (pg/ml) 962.33 £ 503.24
Konuenrpaiuja donue kucenune y cepymy — FOL (ng/ml) 20.42 +13.16
KonrenTpanuja reoxha y cepymy — Fe?* (umol/l) 9.62 +4.04
Bacuheme Tpanchepuna reokhem — TSAT (%) 24.46 +9.77
®epurun — F (ng/ml) 591.96 + 318.31
C-peaktusuu nporenn — CRP (mg/l) 6.08 £ 6.74
Anoymun — Alb (g/l) 37.96 + 3.24
Konmuenrpaiuja npeandoymuna y cepymy — Palb (g/l) 0.29 +0.08
Konnenrpamja tpancdepuna y cepymy — Trsf (g/l) 1.57 +0.28
D surtamun — VitD (ng/ml) 20.16 + 9.69
[Tapatxopmon — PTH (pg/ml) 228.92 + 287.42
[Ipoceuna nebsprna nHTHMA-Mearja DKA — IMT (mm) 1.21+0.24
Ipoceuna nebspuna naTUMa-Meauja LKA - IMT (mm) 1.19+0.26
[Mpoceuna nebspuHa naTHMa-Meanja KA — IMT (mm) 1.20+£0.23

Pagu mporene yrumaja Tuma aujanu3He MeMOpaHE Ha OKCHAAIMOHU CTPEC Y TOKY
nojenuHavHe ceance ON-line xemomuadunTpanuje MCIUTHBAHH CYy: CYNEPOKCUIHH aHjoH
(027, Bomonuk-mepokcuna (H20,), peakTHBHE CyICTaHIMje Be3aHe 3a THOOAPOUTYPUUHY
kucenuny (TBARS), asoruu monokcua (NO), cymepokcun amsmyrtaza (SOD), karamasa
(CAT) u aktuBHOCT peaykoBaHor riryratnona (GSH), Tadena 3.

bonecuuin koju cy Jnedenu ON-line xemoaujadunrpanujoM MMajy CTATUCTHYKH
3HauajHy (P < 0.05) Mamy KOHIIEHTpAlMjy pPEaKTUBHHX CYICTaHIMja BE3aHUX 3a
THOOapOuTypuuny kucenuny (TBARS) u Bucoko cratuctiuku 3Hauyajuo (P < 0.01) mamy
aKTHBHOCT  cymepokcun jau3myrtaze (SOD), wHakon 3aBpmietka ceance on-line
xemoaujadunTpanuje ¢ MeMopaHom oosioskenom ButamuaoM E (Leoceed 21H), tabena 3. Kon
uCcTUX OOJIECHHMKA, HAKOH TOjeiMHayHe ceaHce ON-line xemoamjadunrparnmje ¢ MeMOpaHOM
koja Huje obnoxxena ButamuHoMm E (FX800), konuenTpanuja Bogonuk-nepokcuaa (H20z) y
cepyMy je cratuctuuku 3HauajHo (P < 0.05) Beha, 1Ok je aKTUBHOCT CYMEpPOKCH[ TU3MYTa3e
BUCOKO cratuctniku 3HadajHo (P < 0.01) mama ox BpegHocTH Tpe ceance ON-line

xemoaujadunaTpanuje, tabema 3. M3melhy octanux mapamerapa OKCHIAIMOHOT CTpeca Hema
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CTaTUCTHYKH 3HauajHe pasiuke (P > 0.05) npe u nmocie cenace on-line xemoaujaduiarpanumje ¢

MeMOpaHOM Koja je obnokena ButamuaoMm E (Leoceed 21H), kao Hu ¢ MeMOpaHOM Koja HHje

obnokena suramuunoM E (FX800), tabena 3.

Ta6esna 3. YTunaj tuna aujanusne MmeMOpaHe Ha OKCHAALMOHHM CTPEC y TOKY IOjeuHauHe

ceance on-line xemonujadunrpanmje

Mewmebpana 3a 0n-line xemoaujaduarpanmjy

I Leoceed 21H . FX800 .
npe HDF nocine HDF npe HDF nocine HDF
Oy 345+ 351 1.87+2.06 | 0.078 | 1.96+1.23 1.83+1.14 | 0.548
H,0, 4.82+1.99 474+156 | 0878 | 7.14+1.72 7.95+1.54 | 0.003
TBARS 1.20+£0.26 1.07+0.10 | 0.031 | 0.88+0.15 0.90+0.24 | 0.567
NO 3.65+1.24 3.34+0.80 | 0.223 | 7.79+2.29 8.09+2.00 | 0.174
SOD 37.99+27.12 | 19.33+11.46 | 0.003 | 27.13+13.72 | 18.66 + 11.38 | 0.010
CAT 238+ 151 1.86+1.28 | 0.107 | 1.79+1.23 215+152 | 0.626
110615.52 106438.65 90988.86 92846.14
GSH + 27561.68 + 32204,63 0.992 + 14909.96 + 12470.16 0.364

0O," — cynepokcuanu anjon (nmol/ml), H,O, — Bogonuk-niepokcun (nmol/ml), TBARS — peaktuBHe cyrcraHiuje
BesaHe 3a THOGapOuTypuuHy Kucemuy (umol/l), SOD — cynepokenn xusmyrasa (U/gHb x 10%), CAT — karanasa
(U/gHb x 10%), GSH — peaykosanu riyration (U/gHb x 10%)

CropoBezieHa je Tepamuja peJOBHE XeMoJujanuse U on-line xemonujapunrpanuje y

nepuoany BHUIIC OA HACBCACCCT NaHA.

VkipyueHo je 125 ucnuranuka (78 mymkor , 47

JKEHCKOT o), y 100y on 62.83 £+ 10.49 romuna, myxuHa Tpajama xemoaujanuze 6.51 +

6.12 roauHa, npocevyHe yxpameHoctu 25.86 + 4.60 kg/m2 U MHJIEKCa aJIeKBaTHOCTH JMjajIn3e

SpKt/V 1.24 +0.29, tabenu 4.
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Taoesa 4. Oty nogany o 00JIeCHULIMMA

Xsr+SD
bpoj (N) 125
[Ton (m/x, %) 78/47 (62.40%/37.60%)
Crapocr (roxa.) 62.83 + 10.49
HyxuHa edema XeMoIujain30oM (TOo/I.) 6.51+6.12
Nupekc tenecue mace — ITM (kg/mz) 25.86 + 4.60
Cucroiaau aprepujcku KpBHH mputucak — STA (mMmHQ) 127.64 £ 15.77
JlujacTosiHu apTepujcKu KpBHH mpuTrcak — DTA (mmHgQ) 76.16 + 7.49
Cpenmu apTeprjcku KpBHU npuThcak — SAP (MmHQ) 93.32 £ 9.54
Cysa TesnecHa maca 6osecanka — W (Kg) 72.02 +14.70
Wnrepaujamusau npuaoc y TM — IDWG (kg) 244+ 111
[Tporienar unrepaujanustor npuHoca y TM — IDWG (%) 3.45+1.58
Jaunna ynrpaduiarpanuje — UFR (ml/kg/h) 8.64 + 3.94
Jaunna ynrpadunarpanuje — UF (ml/h) 610.93 + 275.26
Pesunyanna nuypesa — RD (ml/24h) 652.40 + 683.40
[TpoTok kpBHU Kpo3 BacKyaapau mpuctym — Qavf (ml/min) 845.60 + 433.35
Wunekc agekBatHOCTH Xemoaujanuse — Kt/V 1.10 £ 0.24
Single pool uHaeKC ageKkBaTHOCTH XeMoaujau3e — SpK/V 1.24 +0.29
Crenen ymamema ypee — URR (%) 63.87 + 8.62
s Glomerulonephritis chronica (N, %) 11 (8.80%)
S 2 | Nephropathia hypertensiva (N, %) 40 (32.00%)
5 & | Nephropathia diabetica (N, %) 19 (15.20%)
= § Nephropathia obstructiva (N, %) 8 (6.40%)
= 5 | Nephropathia chronica (N, %) 27 (21.60%)
‘° | Renes polycystici (N, %) 20 (16.00%)
Komopbunureru
Hypertensio arterialis (N, %) 75 (60.00%)
Cor hypertensivum compensatum (N, %) 20 (16.00%)
Cardiomyopathia dilatativa (N, %) 5 (4.00%)
Hypotensio arterialis (N, %) 5 (4.00%)
Diabetes mellitus complicatus (N, %) 20 (16.00%)

IIpoceuna meceuHa jmo3a kpaTtkonenyjyher epurporoernHa usHocuia je 20538.46 +
10716.42 1U, nyronenyjyher eputponoernna 134.89 + 71.88 ng, mpoceuyna mecedHa j103a
HHTpaBeHCKOr rBoxkha m3Hocwia je 273.91 + 162.38 mg, mpoceyna mecedHa jo3a I.V.
ButamuHa C m3nocwna je 1420.00 + 184.04 mg, nmpoceyan meceunu 6poj ammyna Beviplex-a
m3Hocuo je 11.36 = 1.47, mpoceuna meceuyna go3a ButamuHa Bip 3060 + 1874.70 pg, a
nmpoceyHa MeceyHa jgo3a ¢onHe kucenmune 187.20 +  65.04 mg. CekyHmapHu

XUTNepnapaTupeonn3aM UCITUTHBAHUX OOJIECHUKA JiIedeH je Be3aunMa (docdara Koju caapike
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KaJIIMjyM, aKTUBHUM MeTabonuTiMa BuTamuHa D u mapukamurtonoM. [Ipocedna mecedyna
no03a pokantpoisia uzHocwia je 5.43.56 £ 4.00 ug, a i.v. mapukamurona 37.504 + 17.08 ug.
Jleuemwe aprepujcke xuneprensuje ko 81 6osecuuka (64.80%) npumenom 610KkaTopa peHUH-
AQHTUOTCH3WH cUcTeMa (yriaBHOM OJOKaTope KOHBepTa3e aHrMoTeH3uHa 1), 62 OoyiecHUKa
(49.60%) Gera Gnokaropuma, 46 Oonecuuka (36.80%) auyperunrma XeHieoBe nerbe u 44
6onecnuka (35.20%) 6mokaTopuMa KailijyMCKUX KaHaa.

CranmapaHom uHTepMuUTeHTHOM high-flux xemomujanuzom neden je 101 OGosecHUK
(80.80%), a 24 Oomecuuka (19.20%) gneueHa cy moctamiynnoHom  on-line
xemoaujaduITpanujoM. 3a Jeuemhe MOCTAMIYIMOHOM oN-line xemonujadunTpanujom, Kox 24
6onecuuka (19.20%) kopumheHu cy AuMjamu3aTopyd C BUCOKOMPOTOYHOM MOJTUCYI(HOHCKOM
MeMOpaHoMm moBpiuHe 2.0-2.4 m?, 1ok cy ocranu OonecHunu (101 Gomecuuk, 80.80%)
neuenn high-flux xemomujamusom kopumrhemeM Jujanu3aropa € BHCOKOINPOTOYHOM
nonucyiaporckoM MemOpanom mospmmue 1.4-1.8 m? Kox 113 6Gomechnka (90.40%)
KOPHUCTHO C€ PacTBOP 3a XeMOIHjaau3y ¢ KOHIEeHTpanujoM Kamujyma 1.75 mmol/l (PGS21),
Ko aeBeT OonecHuka (7.20%) KoHIIEHTpallMja KaJlijymMa y pacTBOPY 3a XeMOAUjaIn3y Oriia
je 1.50 mmol/l (PGS25), a camo kox Tpu Oonechuka (2.40%) KOpUCTHO ce pacTBOp C
KOHI[HeTpanujoM Kammujyma 1.25 mmol/l (PGS27). Konmenrtpamuja matpujyma Na' y
pactBopy 3a xemoaujanusy wusHocwia je 140 mmol/l, 6uxap6onara 35 mmol/l, a
KOHIICHTpaIHja K* 2.0 mmol/l.

[Ipoceune BpemHOCTH mMapamerapa aHeMmHje, craryca rBoxha, MuKpouHQIamanuje,
HYTPUTUBHOT CTaTyca, CEKYHIApHOT XHWIIEpIapaTUPEOHIU3Ma M YITPa3BYy4HOT Iperjena
KapoOTHJIHUX apTepuja IpuKa3zaHe cy y Tabenu 5. Paau mpolieHe yTuiaja OKCHAALMOHOT
cTpeca Ha aTepoCKIepo3y KapOTHUAHHUX apTepuja UCIUTHBAHHU Cy: cynepokcuaau anjoH (027),
BooHuk-niepokcua (H207), cyncranumje koje pearyjy ¢ THOOApOUTYPHOM KHCETMHOM
(TBARS), azoruu monokcua (NOy), cymepokcua amsmyraza (SOD), karamaza (CAT),
aKTUBHOCT penykoBaHor miyratnoHa (GSH) u neObmHAa WHTHMa-Meaja KapOTHIHUX

apTepuja, IpuKa3 y Tabenu S.
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Tabesa 5. [Ipoceyne BpeJHOCTH UCIMTUBAHUX NapaMeTapa

CrarucTuuku
ITAPAMETPU UCITMTUBABA rnapaMeTpu
Xsr+SD
Xemornooun — Hb (g/l) 104.05 + 12.28
Xemarokput — Hct (%) 31.52 +3.83
3anpemuna epurpormra — MCV (fl) 93.89 £ 4.51
xemora00uH y epurporuty — MCH (pg) 30.98 £ 1.62
Cpenma KOHIEHTpalja xeMorsiobuna y epurpouury - MCHC (g/l) 329.96 +£5.09
Konuenrpaiuja Buramuna B, y cepymy — VitB12 (pg/ml) 999.78 £ 516.38
Konnenrpanuja donHe kucenune y cepymy — FOL (ng/ml) 22.48 +11.49
Konuenrpanuja reoxha y cepymy — Fe2* (umol/I) 10.05 +4.16
3acuheme Tpanchepuna reoxxkhem — TSAT (%) 28.30 £ 11.48
Konnenrparuja heputrna y cepymy — F (ng/ml) 745.50 + 344.60
Konnenrpaija C-peaktuBHOT npotenHa y cepymy — CRP (mg/l) 10.57 +12.23
Konmenrpaiyja ykynmaux nporeuna y cepymy — P (g/l) 64.36 + 4.66
Konnenrpaiuja anoymuna y cepymy — Alb (g/l) 38.10 £ 3.03
Konnenrpaiuja npeandoymuna y cepymy — Palb (g/l) 0.28 +£0.09
Konmuenrparuja tpanchepuna y cepymy — Trsf (g/l) 1.56 £ 0.34
Konnenrparuja Mmokpahue kucenune y cepymy — UA (umol/l) 366.92 + 59.06
HopmanusoBanu cteneH pasrpaame nporerna — NPCR (g/kg/dan) 1.76 £ 0.66
Konmenrparuja uramuna D y cepymy — VitD (ng/ml) 17.88 + 9.63
KoH1ieHTpalija HHTaKTHOT lapatxopMoHa y cepymy — iIPTH (pg/ml) 175.13 £ 199.85
ITpoceuna nebprHa HHTUMA-Meauja JJKA — IMT (mm) 1.24 +0.29
[Mpoceuna ne6spuHa naTHMa-Meauja JIKA — IMT (mm) 1.27 £0.31
ITpoceuna nebsprHa uHTUMA-Mearja KA — IMT (mm) 1.25+0.28
KomnmenTpaiija cyrnepokcuaHor aHjona y cepymy — O, (nmol/ml) 3.58 +4.90
Konmnenrpariija BogoHuk-nepokcuaa y cepymy — H,O, (nmol/ml) 4.65+ 1.62
Konrentpanuja TBARS-a y cepymy (umol/ml) 1.14 +0.23
Konmenrpaiija mutputa y cepymy — NO,™ (nmol/ml) 3.81+1.33
A 119500.29 +
KTUBHOCT PEAyKOBaHOT riiytaTona y cepymy — GSH (nmol/ml) 17525 20
AKTHBHOCT Katanase y epurpouutma — CAT (U/gHbx10%) 2.22 +1.88
AXTHBHOCT CYIIEPOKCHJT AU3MYyTa3e y epurporuruma — SOD 39 8 + 20.67

(U/gHbx10%

TBARS — cyncranumje koje pearyjy ¢ TuobapoutypHom kucemunom (pumol/ml), KA — necna kapoTuaHa

aprepuja, JIKA — eBa kaporugnaa aprepuja, KA — xapornana aprepuja
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N3melhy konnentpanuje H,O, y cepymy u ne0GibMHE HHTHMa-Meauja KapOTHIHHX
apTepuja TOCTOjU cTaTHCTUUKH 3Ha4yajHa (P < 0.05) mo3uTMBHa moOBE3aHOCT. Bucoko
craructiyky 3Ha4yajHa (P < 0.01) mo3utuBHA MOBe3aHOCT yTBpheHa je u3mel)y KoHIIEHTpalyje
TBARS-a y cepymy u ne0JbMHE HWHTHMAa-MeIHja KapOTHUIHUX apTepHja, JOK je BHCOKO
crarucTiuky 3HavajHa (P < 0.01) HeraTuBHA MOBE3aHOCT yTBpleHA M3Mel)y KOHIICHTpAIH]je
SOD y cepymy u nebpMHE WHTHMa-MeIWja KapoOTHIHUX apTepuja, Tabema 6. M3mehy
KOHIICHTpalKje npeaadymMuHa 1 andyMuHa y cepyMy MOCTOjU BUCOKO CTATHCTUYKH 3HA4ajHA
(p < 0.01) mo3uTHBHa mMoOBe3aHOCT. Bucoko cratucruuku 3Hauajua (P < 0.01) HeratuBHa
noBe3aHocT yrBpheHa je m3mel)y koHumeHTpanuje anOymuHa W mpeanOyMHHA Yy cepymy H
neOJbMHEe WHTUMAa-MeIdja KapoTUIHUX apTepuja, Tabdema 6. VM3mehy ocTaimx MCIHTHBaHUX
napamerapa M Je0JbMHE MHTUMA-MEIHMja KapOTUIHHUX apTepHja HUje yTBpleHa CTaTUCTHYKU

3HayajHa MOBE3aHOCT, Tabena 6.

54



Ta6esa 6. [ToBe3anoct n3mely nmapamerapa OKCHJIAIMOHOT cTpeca, MUKpoHH(IIaMalyje,
HYTPHIHj€, CEKYHIAPHOT XUIeprapaTupeoniu3Ma u 1e0buHe THTUMAa-Meja KapOTHIHUX

aprepuja

HapaMeTpH TR OCHOBHHU CTaTUCTUYKHU nmapamMeTpu 3Ha‘lajHOCT (p)
Xsr+SD N
Oz~ (nmol/ml) 3.58 +4.90 195 Femp = 0.002
IMT (mm) 1.25+0.28 p =0.984
H,0, (nmol/ml) 4.65+1.62 195 Femp = 0.190
IMT (mm) 1.25+0.28 p =0.034
TBARS (umol/ml) 1.14 +0.23 195 Femp = 0.550
IMT (mm) 1.25+0.28 p = 0.0001
NO;" (nmol/ml) 3.81+1.33 195 Femp = —0.131
IMT (mm) 1.25+0.28 p =0.144
GSH (nmol/ml) 119500.29 + 17525.20 195 Femp = 0.112
IMT (mm) 1.25+0.28 p=0.214
CAT (U/gHbx10% 2.22+1.88 195 Femp = 0.04
IMT (mm) 1.25+0.28 p = 0.963
SOD (U/gHbx10% 32.82 + 20.67 125 Femp = —0.310
IMT (mm) 1.25+0.28 p = 0.0001
CRP (mg/l) 10.57 £12.23 125 Femp = 0.038
IMT (mm) 1.25+0.28 p=0.673
ALB (g/l) 38.00 + 3.02 125 Femp = —0.245
IMT (mm) 1.25+0.28 p = 0.006
PALB (g/1) 0.28 £ 0.09 125 Femp = —0.243
IMT (mm) 1.25+0.28 p = 0.009
TRSF (g/l) 1.50 +0.34 125 Femp = —0.139
IMT (mm) 1.25+0.28 p=0.123
VitD (ng/ml) 17.88 + 9.63 125 Femp = —0.148
IMT (mm) 1.25+0.28 p = 0.099
iPTH (pg/ml) 175.13 + 199.85 125 Femp = 0.051
IMT (mm) 1.25+0.28 p=0.574
ALB (g/l) 38.00 + 3.02 125 Femp = 0.479
PALB (g/l) 0.28 +0.09 p = 0.0001
O," — cynepokcuauu aHjoH, H,O, — Bomonmk-mepokcunm, TBARS — peakTHBHE CYICTaHIMje BE3aHE 3a

THoOapoutypHy kucennny, NO, — azotHu MmoHokuca, GSH — penykoBanu rinyratuon, CAT — karanasza, SOD —

cynepokcua ausmyraza, CRP — C-peaktuBHu mnpoteud, ALB — anOymun, PALB — npeandymun, TRSF —

tpancdepus, VitD — Butamun D, iPTH — unraktau maparxopmoH, IMT — ne6ipiHa HHTUMa-MeHja
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HcnutuBame je u3BpuieHO kox 96 OosecHuka (58 mymkapama, 38 jxeHa), mpocedyHe
crapoctu 62.57 = 11.05 rogunHa, pocedyHe MyKWHE Jeuema aujanu3zom 4.46 + 5.22 ronune,
npocedHe yxpameHocTH 25.84 + 4.93 kg/m? M mpocedHOr HMHAEKCA aJCKBATHOCTH
xemoujanuse spKt/V 1.20 £ 0.28 ( tabena 7a.).

[Ipema BpcTH epUTpONOCTHHA, JOOUIM CMO IBe rpyme. [IpBy cy unHWIN OOJCCHUIH
KOJI KOJHX C€ 3a JICUCHhE aHEMH]je MPUMEHUBAO KPAaTKOCIyjyhu epuTporoeTHH (€noeTuH-d,
enoeTuH-f), MOK Cy ApPYyry YHHMIM OOJISCHHIM C JYyroAenyjyhum epuTpornoeTHHOM
(mapGenoeTnH-o) - Tabena 70.

[Ipema WHACKCY PE3UCTCHIM]E HAa JICJCTBO CPUTPOIOCTHHA, CBaKa rpyrna OOJeCHUKA
nojesbeHa je Ha jom ABe morpyne. IIpBy moarpyny uumHWIM cy OOJIECHUIM KOJ KOjUX je
JIMjarHOCTUKOBAaHA PE3UCTEHIMja Ha JCJCTBO EPUTPOIIOCTHHA, JOK CYy JPYry YWHHIA
OosnecHUIM 0€3 PE3UCTEHIIM]e Ha JIjCTBO epuTpornoeTrHa. ONmTH mogany o OoJeCHUIMA

[IPUKa3aHu Cy y Tabenu 7B.
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Tabena 7a. bojecHUIIN — OMIITE KaPAKTEPUCTHKE

Xsr+SD

bpoj (n) 96
I[IporieHar 3aCTyIJbEHOCTH TI0JIOBA 58/38 (60.42/39.58)
["'ogune crapocTu 62.57 +11.05
['oguHe poBeicHE Ha XEMOAM]aTM3HOM IIPOrpamy 4.46 +5.22
TenecHa maca npukasana Kpo3 UHICKC 25.84 +£4.93
CucToHM apTepHjcKu KpBHE mputhcak — STA (MmHQ) 128.44 + 15.83
JlujactosiHu apTepujcku KpBHH nputrcak — DTA (mmHgQ) 76.35 = 7.56
Cpenmu apTeprjcku KpBHU nputucak — SAP (mmHgQ) 93.72 £ 9.56
Cysa TenecHa maca 6oecHuka — W (kg) 71.63 + 14.68
Wurepaujanusuau npuaoc y TM — IDWG (kg) 2.39+1.10
[porenar unrepaujanusuor npuHoca y TM — IDWG (%) 3.38 +1.53
Jaunna ynrpadunrpanuje — UF (mi/h) 598.09 + 275.06
Jaunna ynrpadunrpanuje — UFR (ml/kg/h) 8.46 + 3.82
Pesunyanna nuypesa — RD (ml/24h) 698.44 + 701.82
JaurHa npoToka Kpo3 BaCKyJIApHU MPUCTYII 827.29 £ 441.21
AJIEKBaTHOCT XEMO/IUjajIn3e - UHICKC 1.01 £0.23
Single pool nHAEKC aHEeKBaTHOCTH XEMOIUjaIIH3e 1.20+0.28
yMamema ypea - crerieH — URR (%) 62.62 + 8.54

GMN (N, %) 8 (8.33)
g Nephropathia hypertensiva (N, %) 28 (29.17)
§ S 8 | Nephropathia diabetica (N, %) 18 (18.75)
= é ‘2 | Nephropathia obstructiva (N, %) 6 (6.25)
=~ '° | Nephropathia chronica (N, %) 24 (25.00)

Renes polycystici (N, %) 12 (12.50)
Komopbunureru
Hypertensio arterialis (N, %) 58 (60.42)
Cor hypertensivum compensatum (N, %) 16 (16.67)
Cardiomyopathia dilatativa (N, %) 2 (2.08)
Hypotensio arterialis (N, %) 2 (2.08)
Diabetes mellitus complicatus (N, %) 18 (18.75)
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Ta6esa 76. Oty nojgay o 60JIECHUIIMMA y 3aBUCHOCTH O] BPCTE EPUTPOIIOCTHHA

BPCTA EPUTPOITIOETHHA
OIILLTH ITOJALIA KDE DDE

Xsr+SD Xsr +SD
N (%) 51 (53.13) 45 (46.87)
P (m/x, %) 31/20 (60.78/39.22) 27/18 (60.00/40.00)
S (rox.) 67.45+9.11 57.04 +£10.51
DD (rox.) 5.16 + 6.00 3.68 +4.10
BMI (kg/m?) 25.69 + 4.55 26.01 + 5.37
SBP (mmHg) 127.16 + 16.32 129.89 + 15.32
DBP (mmHg) 75.88 + 7.53 76.89 + 7.63
MBP (mmHg) 92.97 +£9.74 94.56 + 9.39
WG (kg) 71.03 +13.76 72.31 +15.79
IDWG (kg) 2.24 +0.91 2.57+1.28
%IDWG (%) 3.20+1.31 3.59+1.75
UF (ml/h) 558.82 + 226.87 642.59 + 317.88
UFR (ml/kg/h) 8.00 + 3.27 8.98 + 4.35
RD (ml /24 h) 644.12 + 631.87 760.00 + 776.18
Qavf (ml/min) 832.35 + 446.56 821.56 + 440.04
Kt/V 1.03+0.22 0.99 +0.25
spKt/V 1.22 +£0.26 1.17+0.30
URR (%) 63.55 + 8.01 61.57 + 9.08
ITpumapha Oonect OyOpera
GNH (N, %) 4 (7.84) 4 (8.89)
HN (N, %) 18 (35.29) 8 (17.78)
DN (N, %) 10 (19.61) 8 (17.78)
ON (N, %) 4 (7.84) 2 (4.44)
CN (N, %) 14 (27.45) 12 (26.67)
RPC (N, %) 1(1.96) 11 (24.44)
Komopbunureru
HTA (N, %) 30 (58.82) 29 (64.44)
HHD (N, %) 8 (15.69) 8 (17.78)
DC (N, %) 1(1.96) 1(2.22)
HA (N, %) 0 (0.00) 1(2.22)
DMC (N, %) 12 (23.53) 6 (13.33)

KDE — xparkozenyjyhu epurponoerun, DDE — mgyronmenyjyhu epurponoerun, N — 6poj ucnuranuka, P — mon
HCIHUTaHUKa, S — crapoct 6ojecHuka, DD — nyxwuHa nedema xemoaujanuzom, BMI — unnexc Tenecue mace, SBP
— CHCTOJHH apTepHWjcKu KpBHHU mpurtucak, DBP — numjactomam xpBHEM nputncak, MBP — cpenmu aprepujcku
kpBHH nputHcak, WG — cyBa TenecHa maca OosiecHnka, IDWG — uHTEpAMjaIM3HU IPHHOC Y TEJIECHO] Mach
6onecuuka, %IDWG — mnporeHaT wuHTepAMjaIM3HOI TIPHHOCA Y TelecHoj macu Oomecuumka, GNH —
Glomerulonephritis Chronica, HN — Hypertensive Nephropathy, DN — Diabetic Nephropathy, ON — Obstructive
Nephropathy, CN — Chronic Nephropathy, RPC — Renes Polycystici, HTA — Hypertensio Arterialis, HHD —
Hypertensive Heart Disease, DC — Dilated Cardiomyopathy, HA — Hypotensio arterialis, DMC — Diabetes
Mellitus Complications
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Ta6esa 78. Onmru mojamy o OOJECHUIIMMA Yy 3aBUCHOCTH OJI BPCTE€ M PE3UCTCHIMjE Ha
JIJCTBO €PUTPOIIOETHHA

Kpatkozeny) thSIEHTPOHOGTHHH ; Hyroxenyjyhu epurponoernn — DDE
OINUITH Pesucrenmuja — . Pesucrenmuja — Pesucrenmnuja —
INOJALI HE Pesucrenmuja — 1A HE A
Xsr+SD Xsr+SD Xsr+SD Xsr+ SD
N (%) 39 (40.63) 12 (12.50) 21 (21.87) 24 (25.00)
P (m/x, %) (61.52;32. 16) 7/5 (58.33/41.67) 14/7 (66.67/33.33) | 13/11 (54.17/45.83)
S (rox.) 66.00 £ 9.17 72.17 +7.40 56.52 + 10.21 57.50 + 10.96
DD (rox.) 5.63 £ 6.65 3.63+£2.73 2.02+1.54 5.12 £5.05
BMI (kg/mz) 25.90 +4.89 25.03 + 3.32 26.11 +5.26 25.93 £ 5.58
SBP (mmHg) 126.03 £ 17.02 130.83 + 13.79 132.38 £ 13.00 127.71 £17.07
DBP (mmHg) 76.15 +7.82 75.00 £6.74 79.05 + 7.00 75.00 + 7.80
MBP (mmHg) | 92.78 + 10.19 93.61 + 8.46 96.83+8.13 92.57 +10.12
WG (kg) 72.45 + 14.26 66.42 + 11.29 75.40+14.10 69.60 + 16.96
IDWG (kg) 2.18+0.94 242 +£0.79 2.48 +1.37 2.65+1.21
%IDWG (%) 3.07+1.38 3.62 £0.95 3.28 £1.76 3.85+1.73
UF (ml/h) 544.87 £ 235.58 | 604.17 +198.24 | 621.03 +£340.52 | 661.46 + 302.79
?r:l?kg/h) 7.68 £ 3.46 0.04 £2.37 8.23 £4.36 9.63 £4.32
RD (ml /24 h) | 656.41 +592.85 | 604.17 + 773.56 | 985.71 + 865.04 | 562.50 + 643.91
Qavf (ml/min) | 824.36 + 455.84 | 858.33 +433.19 | 888.10 +447.65 | 763.33 +434.28
Kt/V 1.03+0.24 1.05+0.13 0.95+0.19 1.02 +0.29
SpKt/V 1.21+0.28 1.25+0.16 1.12+£0.22 1.22 £ 0.35
URR (%) 63.21 +8.72 64.65+5.24 60.50 + 7.51 62.51 + 10.33
ITpumapHa Oonect 6yOpera
GNH (N, %) 3(7.69) 1(8.33) 2 (9.52) 2 (8.33)
HN (N, %) 13 (33.33) 5 (41.67) 4 (19.05) 6 (25.00)
DN (N, %) 7 (17.95) 3 (25.00) 4 (19.05) 4 (16.67)
ON (N, %) 4 (10.26) 0 (0.00) 0 (0.00) 2 (8.33)
CN (N, %) 11 (28.21) 3 (25.00) 3 (14.29) 7 (29.17)
RPC (N, %) 1 (2.56) 0 (0.00) 8 (38.10) 3 (12.50)
Komopbunurern
HTA (N, %) 22 (56.41) 7 (58.33) 14 (66.67) 15 (62.50)
HHD (N, %) 7 (17.95) 1 (8.33%) 3(14.29) 5 (20.83)
DC (N, %) 0 (0.00) 1 (8.33%) 1 (4.76) 0 (0.00)
HA (N, %) 1 (2.56) 0 (0.00) 0 (0.00) 1(4.17)
DMC (N, %) 9 (23.08) 3 (25.00) 3 (14.29) 3 (12.50)

N — Opoj ucnmranuka, P — non ucnuranuka, S — crapoct OosecHuka, DD — nyxuHa Jieuema XeMOIHjaln30M,
BMI — wunpmexc tenecue mace, SBP — cucromHu aprepujcku KpBHH nputHcak, DBP — nujactonHu kpBHH

nputncak, MBP — cpenwu aprepujcku kpBHU nputucak, WG — cyBa TenecHa maca Oonecuuka, IDWG —
WHTEp/MjaIu3HU NPUHOC y TeliecHo] Macu OosecHuka, %IDWG — npolieHaT WHTEpIUjajM3HOT MPHHOCA Yy
TenecHoj Macu OosiecHnka, UF — jaunna ynrpadunrpanuje, UFR — jaunna ynrpadumirrparnmje, RD — pesuayanna
auypesa, GNH — Glomerulonephritis Chronica, HN — Hypertensive Nephropathy, DN — Diabetic Nephropathy,
ON — Obstructive Nephropathy, CN — Chronic Nephropathy, RPC — Renes Polycystici, HTA — Hypertensio
Arterialis, HHD — Hypertensive Heart Disease, DC — Dilated Cardiomyopathy, HA — Hypotensio Arterialis,
DMC - Diabetes Mellitus Complications
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[Tpoceuna meceuna a03a Kparkojenyjyher epurponoernna usHocuna je 20784.31 + 10673.92
IU, nyromenmyjyher eputponoeruna 134.89 + 71.88 pg, mnpoceuyna wmecedHa jo03a
WHTpaBeHcKor TBokha m3Hocwia je 283.02 £ 174.02 mg, mpocedyHa MeceyHa J03a 1.v.
ButamuHa C 1406.25 + 196.18 mg, npoceuan meceunu O6poj ammnyna Beviplex-a uznocuo je
11.25 + 1.57, npoceuyna mecevna no3a Butamuna B, 3125.00 £ 1986 ug, a npoceuna meceuna
no3a ¢omue kuceauHe 190.63 £ 67.01 mg. CexkyHmapHu XuUIIEpHapaTHPEOUIU3AM
UCIHUTHBAaHUX OOJIECHUMKA JieueH je Bezaunmma QocdaTa KOjU cajgpie KallujyM, aKTUBHUM
MerabomutuMa BuTamMmHa D u mapuxanmurtosiom. IIpoceyna meceyHa jo03a poKaiTposia
u3Hocuna je 5.33 + 3.27 pg, a i.v. napukanurona 35.00 £ 20.82 pg. 3a neuewe aprepujcke
xurneprensuje 63 Oonecuuka (65.63%) xopuctuiaa cy OJIOKaTOpe pPEHUH-aHTHOTCH3HMH
cucteMa (yrjaaBHOM OJioKatope KOHBepTase aHrnoreHsuna 1), 44 GonecHuka (45.83%) Gera
onokatope, 41 Oonecuuk (42.71%) nuyperuke Xenneose netibe u 32 Gonecuuka (33.33%)
OJIOKaTOpE K] YMCKUX KaHaJIA.

CrangapanoM uHTepMuTeHTHOM high-fluX xemonmujanuzom nedeno je 85 OonecHuka
(88.54%), a 11 (11.46%) noctamnynuonom ON-line xemomujadunrpamujom. 3a Jsedermne
NOCTAUIYIHOHOM ON-line xemonujaduntpanujom, kox 11 Gonecuuka (11.46%) xopuinhenu
Cy JMjaju3aToOpy C BUCOKOIPOTOYHOM MONHUCYI(oHCKOM MeMOpaHoM moBpuinae 2.0—24 m?,
70K cy octanu OonecHurm (85 OonecHuka, 88.54%) newenu high-flux xemomujamuzom
KoputhemeM aujanu3aropa ¢ BUCOKONPOTOUYHOM MOIUCYI(OHCKOM MeMOpaHOM MOBPIIMHE
1.4-1.8 m% Kox 87 GomecHuka (90.63%) xopuCTHO ce pacTBOp 3a XEMOIHjaaH3y C
KOHIIeHTpanujoM Kammujyma 1.75 mmol/l (PGS21), xox mrect Oonecuuka (6.25%)
KOHIIGHTpalldja KaJllldjyMa y pacTBopy 3a xemoaujainmu3y owia je 1.50 mmol/l (PGS25), a
camo koj Tpu OosecHuka (3.13%) KopuCTHO ce pacTBOp C KOHIIEHTpaIMjoM Kauujyma 1.25
mmol/l (PGS27). Konuentpauuja Hatpujyma Na* y pacTBopy 3a XeMoujaIu3y M3HOCHIIA je
140 mmol/l, konmenTpanuja 6ukapoonara 35 mmol/l, a kormenTpammja K* 2.0 mmol/l.

[Ipoceune BpemHOCTH TMapamMeTapa aHeMHje, cTaryca rBoxkha, MHUKpouUHIaMaimje,
HYTPUTUBHOT ~CTaTyca, CEKYHJApHOT XHWIIEPIapaTUPEONIN3Ma W XHUIEPBOJIEMHjE, Y
3aBHCHOCTH OJ] IPUMEHE KpaTKoJenyjyhux u nxyrojenyjyher epuTpornoeTHa, IpukasaHe cy y

tabenama 70 v 7B.

Panmu mporuene yTHIaja OKCHAAIMOHOT CTpeca Ha PE3UCTEHIHM]y Ha JIejCTBO
CpUTPOIIOETHHA HMCIUTUBAHU Cy: cynepokcuanu aHjoH (O27), BomoHuk-nepokcua (X20,),

CYIICTaHIIUje Koje pearyjy ¢ Tuodapoutypaom kuceiarnom (TBARS),
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azotHu MoHokcun (NOy), cynepokcua nuzmyrtasza (SOD), karanaza (CAT), akTHBHOCT
penykoBaHor riyraruoHa (GSH) m unnekc pesucrteninuje Ha nejcrBo eputponoeruna (ERI).
[Ipoceyne BpeMHOCTH WCIUTHUBAHUX TapaMeTapa OKCHJIAIMOHOT CTpeca MpuKa3aHe Cy y
tabenama 9 u 11.

Ananmuza (akTopa pH3MKa 3a pa3BOj PE3UCTEHIMjE Ha JIEJCTBO KpaTKoJelyjyhux

EpUTPOIIOETHHA (€MOCTHH-OL, ETTOCTHH-[3) IpHUKa3aHa je y Tadenu 8.
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Tabena 8. Pesucrennuja Ha 1ejCTBO KpaTKOAeNyjyhUX epUTPONOETHHA: ETIOSTHH-0L/€IIOSTHH-

p
TAPAMETPU —10 IE%&;;/ klj g Heﬂeflil(_’éggﬁf(g FEE 3HAYAJHOCT
NCITUTUBABA . = (p)
Xsr+SD Xsr+SD
Hb (g/l) 104.73 + 10.07 95.63 + 9.94 t=2.747, p = 0.008
Hct (%) 31.85+3.02 29.10 + 6.55 t=2.738, p = 0.009
MCV (fl) 94.77+4.11 94.34 + 6.55 t=0.274,p=0.785
MCH (pg) 31.28 +1.57 31.10+£2.08 t=0.338, p=0.737
MCHC (g/l) 329.94 +4.76 329.79 £5.89 t=0.087, p=0.931
FOL (ng/ml) 23.05 +12.66 26.45 +8.43 z=-0.782,p=0.434
VitBi; (pg/ml) 1011.79 + 522.06 1030.92 +547.61 | z=-0.095, p = 0.925
Fe?* (umol/l) 10.43 + 4.59 10.89 +4.43 t=-0.304, p =0.762
TSAT (%) 30.05 +13.30 32.13+12.00 t=-0.482, p = 0.632
FER (ng/ml) 723.82 + 332.64 1016.38 + 371.10 t=-2.594, p =0.015
CRP (mg/l) 9.89 + 10.74 13.13+12.90 =-1.044, p =0.297
UP (g/l) 63.83 £5.23 63.29 + 4.20 t=0.327, p=0.745
ALB (g/l) 37.46 +2.76 38.25 +3.23 t=-0.831, p=0.410
PALB (g/l) 0.26 £ 0.09 0.30 + 0.06 =-1.379,p=0.174
TRSF (g/l) 1.55+0.30 1.49 +0.27 t=0.582, p = 0.563
UA (umol/l) 359.24 + 58.07 336.21 + 65.54 t=1.166, p = 0.249
BMI (kg/m?) 25.90 + 4.89 25.03 + 3.32 t=0.571, p=0.570
nPCR (g/kg/24h) 1.69 + 0.62 1.96 + 0.49 t=-1.356, p=0.181
IDWG (%) 3.07+1.38 3.62+0.95 t=-1.273,p =0.209
VitD (ng/ml) 14.83 + 7.67 18.69 + 12.62 =-1.299, p = 0.200
iPTH (pg/ml) 199.93 + 269.35 14355+ 103.43 | z=-0.444 p=0.657
Kt/V 1.03+0.24 1.05+0.13 t=-0.281, p=0.780
spKt/V 1.21+0.28 1.25+0.16 t=-0.434, p = 0.666
URR (%) 63.21 +£8.72 64.65 +5.24 t =-0.540, p = 0.592
PMDG (mg) 280.00 + 197.91 228.57 + 111.27 t=0.654, p=0.518
Mely OonecHunuma KoOjU Cy JI€UEHHM KpaTKoAenyjyhum  epuTporoeTMHUMA

pE3UCTEHIIMja Ha JejCTBO epuTporoeTnHa yrBphena je kox 12 Oomecuuka (12.50%).

BonecHutin ¢ pe3UCTEHIIMjOM Ha JE€JCTBO KpaTKOAENyjyhux epuTrpomoeTrHa (ErmoeTHH-OL,

ernoeTHH-B) uMajy BUCOKU cTaTUCTHYKU 3HaudajHOoSt (P < 0.01) mamy koni. Hgb y xpBu u

BPEIHOCT XEeMaTOKPHTa, CTaTUCTUUKH 3HavajHo (p < 0.05) Behy xoHueHTpanujy Gpeputnna y

CepyMy U CTaTUCTHUKU 3Ha4yajHO (p < 0.05) Mamy KOHIEHTpalujy KaTaja3ze y epuTpoIuTUMA

Hero OoJjiecHUIIM O€3 pe3UCTEHIMje Ha JEjCTBO epuTpomnoeTruHa, tabene 8 u 9. [loBehana

KOHIIEHTpanuja (epuTHHA Y CEpyMy U CMarmbeHa KOHIICHTpaIlfja KaTaja3e y epUTpPOIUTHMA
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3Ha4YajHU Cy (aKTOpu pU3WKA 3a Pa3BOj PE3UCTCHIMjE Ha JIEJCTBO KpaTKoJenyjyhux

CPUTPOIIOCTHHA.
YTumnaj mnapamerapa OKCHIAIIMOHOT CTpeca Ha PE3WCTCHIHU]y Ha  JIjCTBO

KpaTkoJienyjyhux epuTpornoeTruHa (€rmoeTHH-0., eMOeTHH-) mprKasaH je y Tadenu 9.

Ta6ena 9. [lapameTpu OKCHIAIMOHOT CTpECcAa W PE3UCTEHIMja HA JIEjCTBO KpaTKozaenyjyhux
epPUTPOIIOCTHHA: EIIOCTUH-0/COSTHH-[3

ERI (1U/kg/m no/gH

HAPAMETPU <1.0 IU/kgEgLI{I/b e 1(.)691Ut2<g/gHb Sl S OICT

HUCIIUTUBABA - = (p)
Xsr+SD Xsr+SD

0, (nmol/ml) 3.03 +3.28 5.88 + 7.26 z=-1.671, p=0.095

H,0, (nmol/ml) 4.37 +1.47 4.66 +1.54 t=-0.599, p =0.552
TBARS (umol/ml) 1.12+0.15 1.13 +0.08 z=-1.290, p = 0.197

NO, (nmol/ml) 4.01+1.38 4.00 + 1.24 t = 0.006, p = 0.955

117858.57 + 118499.65 +

GSH (nmol/ml) 18403.35 1487613 t=-0.110, p = 0.913
CAT (U/gHbx10%) 2.74 £2.72 1.50 + 1.02 z=-2.168, p = 0.030
SOD (U/gHbX104) 39.03 £ 20.64 28.49 + 16.83 t=1.609,p=0.114

ERI — unzuekc pesucrennmje Ha jaejctso epurponoeruna, O, — cynepokcuanu aHjoH, H,O, — BomoHUK-
nepokcun, TBARS — peakTuBHe cyricTaHIuje Be3aHe 3a THoOapOuTypHy kucenuny, NO, - azoTHuH
monokcu, GSH - penykoBanu rmyrarnon, CAT — karanaza, SOD — cynepokcny qu3myTasa

Ananmuza (QakTtopa KoOju yTHYy Ha pE3UCTeHLUJy Ha JejcTBO ayrojenyjyher

eputpornoeTrHa (1apoenoeTuH-o) mpuka3ana je y Tademu 10.
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Ta6esa 10. Pe3uctennuja Ha AejcTBO Ayroaeiyjyher eputponoeTuHa: 1apoemoeTHH-0l

TTAPAMETPH ERI (u/kg/uenesniio/gHD) 3HAUAJHOCT
VCTIUTUBAILA < 0.005 pug/kg/gHb >(.005 pg/kg/gHb ®)
Xsr +SD Xsr+SD
Hgb 108.64 + 8.53 97.35 + 13.42 t=3.311, p = 0.002
Het 32.67 + 2.64 30.50 + 4.55 t=2.845, p = 0.007
MCV 93.48 + 3.79 92.96 + 4.11 t=0.443, p = 0.660
MCH 30.99 + 1.30 30.49 + 1.44 t=1.206, p = 0.234
MCHC 331.41 + 4.21 328.60 + 4.86 t=2.052, p = 0.046
FOL 22.91+9.77 2149+1101 | z=-0.568, p = 0.570
VitBy, 111200+ 49371 | 1017.63+52642 | z=-0.642, p=0521
Fe 9.77 + 3.99 8.49 + 3.02 t=1.218, p = 0.230
TSAT (%) 26.98 + 9.94 25.48 + 10.95 t=0478, p = 0.635
FER (ng/ml) 692.60 + 298.31 767.67+296.22 | t=-0.845, p = 0.403
CRP (mg/l) 738+ 7.47 17.38 + 18.32 t=_2.335,p=0024
UP (/1) 65.36 + 4.73 65.15 + 5.24 t=0.141, p = 0.888
P p— 38.81 + 3.19 37.50 + 3.58 t=1.287, p=0.205
PALB (g/l) 0.32+0.07 0.25 + 0.09 t=2.730, p = 0.009
TRSF (g/l) 1.67 + 0.40 149+ 0.37 t=1.561, p=0.126
UA (umol/l) 372.71 + 47,51 37046 +50.18 | t=0.154,p=0.878
BMI (kg/m?) 26.11+5.26 25.93+ 558 t=0.111, p=0.912
NPCR (1HesHO) 1,63+ 0.46 1.91+ 058 t=_1.762,p = 0.085
IDWG (%) 328+ 1.76 3.85+ 1.73 =_1.096, p = 0.279
VitD (ng/ml) 2424+ 11.26 15.99 + 8.84 t=2.750, p = 0.009
iPTH (pg/ml) 107.08 + 119.69 179.32 + 147.55 =_1.787, p = 0.081
KtV 0.95+ 0.19 1.02+0.29 =_0.989, p = 0.328
SpKUV 112+022 1.22+0.35 t=_1.141, p = 0.260
URR (%) 60.50 + 7.51 62.51 + 10.33 =_0.736, p = 0.466
PMDG (mg) 277.78 + 130.17 325.00 + 186.47 =_0.649, p = 0.524

Kox GosecHuka KOju Cy JICUEHH IyrojenyjynuM epuTpOrnoeTHHOM (IapOemoeTHH-),
pEe3UCTEHIIMja Ha JCjCTBO epuTporoeTHHa yTBpheHa je kox 24 Oonecuuka (53.3%).
BostecHunm ¢ pe3uWcTEeHIMjOM Ha JejcTBO ayrojaenyjyher epurpornoetuHa (mapOemnoeTuH-o)
UMajy BHCOKO craTHCTHukd 3Hadajuo (p < 0.01)  aHeMHUjcKM CHHIPOM, CMambCHY
KOHIIEHTpanujy npeaiOymMuHa U BuTamuHa D y cepymy, craructuyku 3HadajHo (p < 0.05)
Mamy Cpeby KOHIICHTpAIM]y XeMOIJIOONHA y epUTPOLMTHMA, Ka0 U CTATUCTHUKH 3HAYajHO
(p < 0.05) Behy konnenrparnujy CRP-a y cepymy Hero 00ieCHUIM KO KOjHX HHjE JOKa3aHa
pPE3HCTEHIMja Ha JICJCTBO EPHUTPONOCTHHA. BOJECHUIM ¢ pEe3UCTEHIM]OM Ha ayrojienyjyhu

EpUTPOTIOETHH HMMajy  3HAuajHy CTAaTHCTUYKY pa3iMKy, OJHOCHO Behy KOHIEHTpaIujy

64



CYIEPOKCHJIHOT aHjOHAa, BOJOHHUK-TIEPOKCH]I HEro OojiecHUIM Oe3 MOCTOojamka pe3ucTeHIy]e,
tabene 10 m 11. OkcumanmoHu cTpec, MUKpouH(pIaManuja, MaJHYTpUILIMja U HEAOCTaTaK
BuTaMuHa D 3HauajHU Cy QakTOpW pU3UKa 32 pa3BOj PE3UCTEHINjE Ha JI€jCTBO Ayrojenyjyher
€pUTPOIIOCTHHA.

VYTuiaj napameTapa OKCHIAIMOHOT CTpeca Ha PE3UCTEHIIN]Y Ha JIejCTBO Ayrojaenyjyher

epuTporoeTrHa (1apOemnoeTuH-o) mpruKasaH je y Tabemu 11.

Tabena 11. [lapamerpu OKCHIAIMOHOT CTpEca M PE3UCTEHIIMja Ha JIEJCTBO Ayrojaenyjyher
€pUTPOIIOETHHA: 1apOenOEeTHH-OL

TAPAMETPU 00 E'R}L(P/Lglqkt?/ Heﬂi”’(;{gggSHb) | 3HAUAJHOCT
UCIIUTUBARA |~ -202 HOKA/g = U.09> ngikgrg (p)
Xsr+ SD Xsr+ SD
] =_2.020,p =
0, (nmol/ml) 210+1.78 557 + 8.05 0043
H,0, (nmol/ml) 4.16 + 1.45 5.36 + 1.99 t= _Ség; P=
TBARS (umol/ml) 1.24 + 0.44 1.12+0.13 = _gg§§ =
NO, (nmol/ml) 388+ 1.31 3.66 + 1.32 t{=0.566, p=0.574
12047153 + 121478.41 + t= 0175 p=
GSH (nmol/ml) 16752.57 21132.15 0.114
CAT (U/gHbx10% 212 +1.26 214 +1.44 t= _8@22’ p=
SOD (U/gHbx10% 32.56 + 20.59 23.74 + 16.09 t=1611, p=0.121

ERI — unpmekc pesucreHmmje Ha JejctBO eputponoeruna, O, — cynepokcuanu aHjoH, H,O, — BOIOHMK-
nepokcua, TBARS — peakTuBHE cyrncraHIuje Be3aHe 3a THoOapOuTypHy kucenuny, NO, — a3oTHH
MoHokcun, GSH — penykoBanu rmyration, CAT — karanaza, SOD — cynepokcu mu3MyTasa

VYHuBapHjaHTHa U MYJITHBapHjaHTHA JIOTUCTHYKA PErpecMoHa aHajiu3a IMoKaszala je aa
Cy BpcTa epuTporoeTnHa U KoHueHntpauuja CRP-a y cepymy He3aBUCHM ()aKTOPU pU3UKa 32

pa3Boj PE3UCTEHIIN]j€ Ha JIeJCTBO EpUTPOIIOETHHA, Tabena 12.
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Tabena 12. HezaBucHu dakTopu pr3MKa 3a pa3Boj PE3UCTEHIIM]€ HA JISJCTBO EPUTPOIIOCTHHA

MynTuBapHjaHTHA JJOTUCTUYKA PETPECUOHA aHATTN3a
[Tapamerpu 95%ClI for
B SE Wald df Sig. Exp(B) EXP(B)
Lower | Upper
Epo 1.319 0.462 8.164 1 0.004 3.739 1.513 9.239
CRP 0.042 0.019 5.102 1 0.024 1.043 1.006 1.082
Constant | —3.002 | 0.800 | 14.071 1 0.000 0.050

Tabena 13. Onmuru mogany o 00JIECHUIIMMA Y 3aBUCHOCTH O] MOJIAJIUTETa XEMO 1] aTu3e

MOJIAJIMTET XEMOIMJAJIN3E

OINLITHU MMTOJALIUN HDF HD
Xsr+SD Xsr+SD

N (%) 24 (19.20) 101 (80.80)
P (m/x, %) 19/5 (79.17/20.83) 59/42 (58.42/41.58)
S (ron.) 59.92 + 8.20 63.52 + 10.88
DD (rox.) 8.74 £5.17 4.50 £ 5.49
BMI (kg/m?) 25.63 + 3.53 25.91+4.84
SBP (mmHg) 131.67 £ 13.73 126.68 + 16.13
DBP (mmHg) 77.50 £ 6.76 75.84 £ 7.65
MBP (mmHg) 95.56 + 8.49 92.79+9.73
WG (kg) 74.21+12.69 71.50 + 15.15
IDWG (kg) 2.33+£0.92 247+1.15
%IDWG (%) 3.22+1.32 3.50 + 1.64
UF (ml/h) 583.33 £ 229.21 616.75 + 286.75
UFR (ml/kg/h) 8.04 +3.30 8.77 £ 4.09
RD (ml/24h) 425.00 + 591.98 706.44 + 694.61
Qavf (ml/min) 967.08 + 415.62 816.73 + 434.45
Kt/V 1.11+0.22 1.03+£0.24
spKt/V 1.31+£0.26 1.22 £0.29
URR(%) 66.41 +7.12 63.26 + 8.87
[Tpumapna 6osiect OyOpera
GNH (N, %) 3 (12.50) 8 (7.92)
HN (N, %) 10 (41.67) 29 (28.71)
DN (N, %) 1(4.17) 18 (17.82)
ON (N, %) 1(4.17) 7 (6.93)
CN (N, %) 4 (16.67) 24 (23.76)
RPC (N, %) 5 (20.83) 15 (14.85)
Komopbuaurern
HTA (N, %) 15 (62.50) 62 (61.39)
HHD (N, %) 5 (20.83) 17 (16.83)
DC (N, %) 1(4.17) 2 (1.98)
HA (N, %) 2 (8.33) 1(0.99)
DMC (N, %) 1(4.17) 19 (18.81)
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VYTuiaj MofganuTeTa qujanu3e Ha mapaMeTpe aHeMHuje, cTaTyca rBoxha, MUKpouHQIIamanmje,

MaJHYTPUIIMj€ U CEKYHIapHOT XUIIepapaTUpeonan3Ma nprkKasat je y rabemnu 14.

Tabena 14. YTuuaj momanuTeTa [IWjajid3e Ha IapaMeTpe aHeMHuje, craryca TrBoxbha,
MUKpOUH(IIaMalyje, MaTHyTPULIMje U CEKyHapHOT XUIleprnapaTHpeonIu3ma

TIAPAMETPU %SFHAHHTET A Amffg 3HAUAJHOCT
UCIIUTUBABA e XS £ SD (p)
Hb (g/1) 106.48 + 13.13 103.47 + 12.07 t=1.080, p = 0.282
Hct (%) 32.33+ 4.00 31.33+3.79 t=1.025, p=0.251
t=_0.685,p =
MCV 93.33 + 4.84 94.03 + 4.45 049
t=_0.832,p=
MCH (pg) 30.73+1.78 31.04 + 1.59 0.407
MCHC (g/l) 329.19 + 7.11 330.14 + 4.51 t= _8'2% P=
FOL (ng/ml) 20.42 + 13.16 22.97 +11.08 - _é'fég’ P=
VitB1, (pg/ml) 962.33 + 503.24 1008.67 + 521.51 2= _8 ;’256 P=
” =_1.206, p =
Fe2* (umol/l) 9.13 +3.22 10.27 + 4.34 0930
= _1.747,p =
TSAT (%) 24.65 + 8.10 29.16 + 12.02 0083
FER (ng/ml) 593.56 + 305.57 781.61 + 344.84 t= _g'gfé’ P=
CRP (mg/l) 757 +8.77 11.28 + 12.86 2= _gfég p=
UP (g/l) 64.06 + 4.14 64.43 + 4.79 t= _8':7335’ p=
ALB (g/l) 38.27 +2.93 37.94 + 3.05 t=0.480, p = 0.632
PALB (g/l) 0.32 + 0.07 0.27 + 0.09 t=2.758, p = 0.007
TRSF (g/l) 157+0.28 155+ 0.36 t=0.252, p = 0.801
UA (umol/l) 368.48 + 69.10 366.54 + 56.80 t=0.144, p=0.886
BMI (kg/m?) 25.63 + 3.53 25.01 + 4.84 t= ‘8'323’ p=
NPCR (g/kg/24h) 1.80 + 0.55 1.82 + 0.61 t= _8'52’ p=
RD (ml/24h) 425.00 + 591.98 706.44 + 694.61 t= _é'ggg’ P=
t=—-0.800, p =
IDWG (%) 3.22+1.32 3.50 + 1.64 0405
UFR (ml/kg/h) 8.04 + 3.30 8.77 + 4.09 t= _8'2(2)?’ p=
VitD (ng/ml) 20.16 + 9.69 1733+ 9.58 t=1.295 p=0.198
iPTH (pg/ml) 210.01 + 275.69 166.85 + 178.00 2= _8'321’ P=
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KtV 111+022 1.03+0.24 t=1517, p=0.132
spKUV 131+0.26 1.22+0.29 t=1312,p=0.192
URR (%) 66.41 + 7.12 63.26 + 8.87 t= 1616, p=0.109
PMDG (mg) 256.25 + 131.50 279.25 + 171.37 2= _8'81;33 P=
ERI (IU/kg/gHb) 0.605 + 0.372 0.772 + 0.420 t= ‘8223 p=
ERI (ug/kg/gHb) 0.005 + 0.001 0.005 + 0.003 t=0.411, p = 0.683

Ha xemoauwjaduntpamuju  OOJICCHHMIIM HWMajy CTaTUCTHYKHA Mame 3HAuYajHY
KOHLIEHTpauujy (epuTHHA y CepyMy, OJHOCHO MamH CTENeH (YHKIMOHATHOT HEJIO0CTaTKa
rBoxha, y OZHOCY Ha OHE KOjU Ce Jiede PEJOBHOM CTaHAapAHOM mporenypoM. OBu
OOJIeCHUIIM WMajy 3HAa4YajHO BHUCOKO CTAaTUCTHUKA Behy KOHIEHTpauujy mpeanOyMmuHa,
OJJTHOCHO 0OJbHM CTAaTyC HYTpHILHje, HEro OOJECHUIM KOjU Ce€ Jieue PEJOBHOM CTaHIAPIHOM
xemoaujanu3oM. XemoaujaduiaTpanyja je MeToaa Jeuema Koja oOe3dehyje Mamu cTemneH
ManHyTpunuje ¥ Behu cTemeH wuckopuinhaBama rBokha 3a CHHTE3Y XEMOIJIOOMHA Yy
epUTPOLIUTUMA.

YTunaj mMomanwrera IUjalin3e Ha TapaMeTpe OKCHIAIMOHOT CTpeca IMpUKa3aH je y

tabenu 15.

Ta6ena 15. YTunaj Moganurera 1ujajinie Ha napaMeTpe OKCUIAIMOHOT cTpeca

HM[())FI[AHHTET Al AHHH%E 3HAYATHOCT
Xsf + SD Xsf + SD (p)

0, (nmol/ml) 3.08 + 2.60 3.70 + 5.30 7=-1.197, p=0.231
H,0, (nmol/ml) 4.81+1.99 462+ 153 t= 0534, p = 0.594
TBARS (umol/ml) 119+ 0.26 113+0.22 2=-0.386, p = 0.699

NO,” (nmol/ml) 3.67+1.26 3.85+ 135 7=-0.345,p=0.730
118304.32 + 110784.48 +

GSH (nmol/ml) 1977217 1704417 t=-0.371,p=0.712

CAT (UlgHbx10%) 2.36 + 1.54 218+ 1.96 7=-0.707, p = 0.480

SOD (U/gHbx10%) 43.41 + 28.16 3030+17.73 | z=-2.004, p = 0.045

0O, — cynepokcuanu aHjoH, H,O, — Bogonuk-nepokcus, TBARS — peakTuBHE CylicTaHIIMje Be3aHE 3a
trobapoutypuy kucenmuny, NO, — a3zorHu monokcun, GSH — penykoBanu rimyratnon, CAT —
karanasa, SOD — cynepokcua qusmyTasa

[MpumenoMm xemonmujaduiTpanyje MOCTOJU  CTAaTUCTUYKHM 3HavajHa, Beha (p < 0.05)
KOHIIGHT. cymnepokcus ausmyraze (SOD) y epurpouuruma, OAHOCHO Behu cremeH
AHTHOKCHJIAIMOHE 3aIlITUTE, HETO KOJI MCIUTAHMKA KOjU Ce Jie4e PEAOBHOM, CTAHIAPIHOM

XEMO/IH]AJTU30M.
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Onmru nmoganmu oO 6OJ'ICCHI/IHI/IM3 Y 3aBHCHOCTH OA aJICKBATHOCTH XeMO,I[I/IjaJIHSG

NpuKa3aHu cy y Tabenu 16.

Tabena 16. AnekBaTHOCT XEMOJHW]jaU3€ Y OJJHOCY Ha APYre mapameTpe

AJIEKBATHOCT XEMOJIMJAJIN3E
OINIITHU ITOJALIN spKt/V < 1.20 spKt/V >1.20
Xsr + SD Xsr + SD

N (%) 58 (46.40) 67 (53.60)
P (m/x, %) 42]16 (72.41/27.59) 36/31 (53.73/46.27)
S (rox.) 61.95 + 10.13 63.60 + 10.80
DD (rox.) 3.65 + 3.64 6.75 £ 6.65
BMI (kg/m?) 27.07 £ 4.68 24.80 £ 4.29
SBP (mmHg) 129.48 + 15.01 126.04 £ 16.34
DBP (mmHg) 77.76 £6.77 74.78 £ 7.85
MBP (mmHg) 95.00 £+ 8.67 91.87 £ 10.07
WG (kg) 79.80 £ 14.75 65.28 + 10.89
IDWG (kg) 2.38+1.25 2.49 +0.97
%IDWG (%) 2.98 +£1.46 3.86 + 1.58
UF (ml/h) 595.55 + 311.61 623.13 + 242.79
UFR (ml/kg/h) 7.46 £ 3.63 9.64 £ 3.95
RD (ml/24h) 903.45 + 743.15 435.07 + 544.19
Qavf (ml/min) 875.34 + 477.12 819.85 + 393.41
Kt/V 0.85+0.14 1.22 +£0.16
spKt/V 1.00 + 0.15 1.45+0.20
URR (%) 56.65 + 6.34 70.11 +4.43
ITpumapHa Oosect OyOpera
GNH (N, %) 6 (10.34) 5 (7.46)
HN (N, %) 17 (29.31) 24 (35.82)
DN (N, %) 10 (17.24) 8 (11.94)
ON (N, %) 2 (3.45) 6 (8.96)
CN (N, %) 14 (24.14) 14 (20.90)
RPC (N, %) 9 (15.52) 10 (14.93)
Komopbunurern
HTA (N, %) 34 (58.62) 42 (62.69)
HHD (N, %) 11 (18.97) 11 (16.42)
DC (N, %) 1(1.72) 2 (2.99)
HA (N, %) 2 (3.45) 1(1.49)
DMC (N, %) 10 (17.24) 11 (16.42)

N — 6poj ucnuranuka, P — mon ucnuranmka, S — crapoct 6onecHuka, DD — myxuHa jedema XeMOIHjaln3oM,

BMI — ungexc tenecHe mace, SBP — cucronnu aprepujcku kpBHH nputucak, DBP — nujactonHu KpBHH

nputncak, MBP — cpenmwu aprepujcku xpBHH nputucak, WG — cyBa tenecHa maca Oonecnuka, IDWG —

MHTEpMjaIu3HU NPUHOC y TejecHOj Macu OonecHuka, %IDWG — mnpoleHar MHTEpAWjaM3HOT MPHHOCA Y

TesiecHoj Macu OosiecHnka, UF — jaunna ynrpadunrpanuje, UFR — jaunna ynrpadunrpanuje, RD — pesunyanna
maypesa, GNH — Glomerulonephritis Chronica, HN — Hypertensive Nephropathy, DN — Diabetic Nephropathy,
ON — Obstructive Nephropathy, CN — Chronic Nephropathy, RPC — Renes Polycystici, HTA — Hypertensio
Arterialis, HHD — Hypertensive Heart Disease, DC — Dilated Cardiomyopathy, HA — Hypotensio Arterialis,

DMC — Diabetes Mellitus Complications
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VYTunaj agekBaTHOCTH XeMOHMjalin3e Ha UCIIUTHBAaHE MapaMeTpe MpuKa3aH je y Tabenu

17.

Tabena 17. YTuna) anexkBaTHOCTH [AWjaln3e Ha IapaMeTpe aHeMuje, craryca TBoxbha,
MUKpOUH(IIaMaIyje, MaTHYTPUIUj€ U CEKyHIapHOT XUullepnapaTHpeonu3ma

AJIEKBATHOCT A1JAJIN3E
ITAPAMETPU SPKUV < 1.20 SpKUV > 1.20 3HAYAJHOCT
HNCITUTUBABA - (p)
Xsr+SD Xsr +SD
XEMOTJIOOMH 105.22 +12.42 103.04 +12.17 t=0.989, p=0.324
XEMaTOKPHUT 31.80 +£4.01 31.29 + 3.69 t=0.740, p = 0.461
MCV 92.81+4.16 94.83 + 4.63 =-2.555,p=0.012
MCH (pg) 30.62 £ 1.55 31.29+1.64 t=-2.331,p=0.021
MCHC (g/l) 330.16 +5.83 329.78 + 4.39 t =0.406, p = 0.686
FOL (ng/ml) 23.81+£11.28 21.32 +11.63 z=-1.203, p =0.229
VitB1, (pg/ml) 1008.88 + 521.30 991.90 + 515.89 z=-0.081,p=0.935
Fe (umol/l) 9.40 +3.13 10.61 +4.84 =-1.624, p =0.107
TSAT (%) 26.28 + 8.05 30.04 + 13.60 t=-1.848, p = 0.067
FER (ng/ml) 682.02 + 355.66 800.46 + 327.49 t=-1.938, p = 0.055
CRP (mg/l) 12.51 +12.87 8.89 +11.47 =-1.983, p =0.047
UP (g/) 64.56 + 4.59 64.18 £ 4.75 t = 0.455, p = 0.650
ATOyMHUHH 37.61+3.12 38.34 +£2.91 t=-1.355,p=0.178
PALB (g/l) 0.27 £0.09 0.28 £0.08 t=-0.533, p =0.595
TRSF (g/l) 1.59 +0.38 1.53+0.30 t=1.120, p = 0.265
UA (umol/l) 379.20 + 60.63 356.28 + 55.95 t=2.197, p=0.030
BMI (kg/mz) 24.80 +4.29 27.07 + 4.68 t=2.823, p =0.006
nPCR 2.02 +0.60 1.57 + 0.50 t=-4.571, p = 0.0001
RD (ml/24h) 435.07 + 544.07 903.45 +743.15 z=-3.871, p =0.0001
IDWG (%) 3.86 +1.58 2.38+1.25 t=-3.207, p = 0.002
UFR (ml/kg/h) 9.64 +3.95 7.46 + 3.63 t=-3.198, p = 0.002
VitD (ng/ml) 17.23+7.78 18.44 +£11.01 t=-0.698, p = 0.486
iPTH (pg/ml) 171.03 + 182.07 178.69 + 215.37 z=-0.339,p=0.735
Kt/V 0.85+0.14 1.22+0.16 t=-13.759, p = 0.0001
spKt/V 1.00 +0.15 1.45+0.20 t=-14.109, p = 0.0001
URR (%) 56.65 + 6.34 70.11+4.43 t=-13.902, p = 0.0001
PMDG (mg) 289.47 +194.23 254.84 +112.07 z2=0.880,p=0.382
ERI (1U/kg/gHDb) 0.659 + 0.343 0.829 + 0.461 t=-1.477,p=0.146
ERI (ug/kg/gHb) 0.005 + 0.003 0.005 + 0.003 t=-0.566, p=0.574
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Ta6ena 18. OxkcugaTuBHU CTpPEC U a/IEKBATHOCT XEMOIUjalIn3e

TAPAMETPU K‘?/f[/EKfZAOTHOCT HHJIQJ/I\IEEI 5% 3HAYAJHOCT
VCITUTHUBAbA SPrRUV < 2. SpRUY = 2. (p)
- =_0.074,p=
0, (nmol/ml) 3.28+ 4.03 3.84 + 556 0541
H,0, (nmol/ml) 450 + 1.58 4.79 + 1.66 t= _8?2)? P=
TBARS (umol/ml) 1.13+0.13 1.16 +0.29 - _éfzg P=
NO;,” (nmol/ml) 3.89 + 1.40 3.74+1.27 - _g§$§ P=
120314.95 + 118795.07 + _ _
GSH (nmol/ml) 10026.57 16226.64 t=0.482, p=0.631
A =_0.239,p =
CAT (U/gHbx10% 216+ 1.96 226+1.83 0811
SOD (U/gHbx10% 31.16 + 21.84 34.26 + 19.66 - %‘fgg P=
O, — cymepokcunuu asjon, H,O, — Bomonuk-mepokcua, TBARS — peakTuBHE CyICTaHIUje Be3aHE 3a

THOOapOuTYpHY Kucenuny, NO, — azotHu moHokcua, GSH — penykoBanu riryratnon, CAT — katanasza, SOD —
CYIEpOKCUJ TU3MyTa3a

Onmru nojmamu o OoJieCHUIIMMA Yy 3aBUCHOCTH OJf YYECTAJOCTH XEMOJMjalln3e

npukazanu cy y tabenmm 19. YTumaj ydecranocTd XeMOAMjaan3e Ha MCIUTHBAHE MapaMeTpe

npukasad je y Tabenu 20.

71



Ta6esa 19. Onmty nogay o 60JIECHUIIMMA Y 3aBUCHOCTH O] YY€CTATIOCTH XEMOJIH T3¢

YYECTAJIOCT XEMOJNJAJIN3E

OINIITHU ITOJALIN 2X4h 3x4h
Xsr + SD Xsr + SD

N (%) 22 (17.60) 103 (82.40)
P (m/x, %) 14/8 (63.64/36.36) 64/39 (62.14/37.86)
S (rox.) 61.86 +11.09 63.04 + 10.40
DD (rox.) 1.76 + 1.57 6.07 £5.93
BMI (kg/m?) 25.42 + 4.09 25.95 + 4.72
SBP (mmHg) 130.23 +£17.49 127.09 £ 15.41
DBP (mmHg) 75.45 +7.39 76.31 +7.54
MBP (mmHg) 93.71 +£9.73 93.24 +£9.54
WG (kg) 70.86 + 13.07 72.26 £ 15.07
IDWG (kg) 1.59 +1.09 2.62+1.03
%IDWG (%) 2.25+1.44 3.71+1.50
UF (ml/h) 399.62 + 269.33 655.34 + 256.34
UFR (ml/kg/h) 5.66 + 3.57 0.26 + 3.74
RD (ml/24h) 1350.00 + 607.69 503.40 + 603.07
Qavf (ml/min) 706.82 + 318.69 875.24 + 449.83
Kt/V 0.96 £ 0.21 1.06 £0.24
spKt/V 1.11+0.24 1.27 £0.29
URR(%) 61.03 +8.48 64.47 £ 8.57
ITpumapha Oonect OyOpera
GNH (N, %) 2 (9.09) 9 (8.74)
HN (N, %) 7 (31.82) 32 (31.07)
DN (N, %) 1 (4.55) 18 (17.48)
ON (N, %) 2 (9.09) 6 (5.83)
CN (N, %) 9 (40.91) 19 (18.45)
RPC (N, %) 1 (4.55) 19 (18.45)
Komopbunureru
HTA (N, %) 18 (81.82) 58 (56.31)
HHD (N, %) 1 (4.55) 21 (20.39)
DC (N, %) 0 (0.00) 3(2.91)
HA (N, %) 0 (0.00) 3(2.91)
DMC (N, %) 3 (13.64) 18 (17.48)

72




Ta6esa 20. YTumnaj yuectalocTH XeMOAMjaliu3e Ha MapaMmeTpe aHeMHje, cTaryca rBoxia,
MHUKpOHH(IIaMalije, MATHYTPHUIIHjE ¥ CEKYHIapPHOT XUIePIapaTHPEOnn3Ma

YYECTAJIOCT XEMOJNJAJIN3E

ITAPAMETPU T AT 3HAYATHOCT
UCTTTHABATLA Xsf + SD Xsf + SD (p)
Hb (g/1) 102.40 + 11.73 104.40 + 11.42 =_0.690, p = 0.492
Hct (%) 31.10 + 3.44 31.61 +3.92 t=_0574,p=0479
MCV (fI) 93.91 +5.05 93.89 + 4.42 t=0.020, p = 0.984
MCH (pg) 31.10 £ 1.62 30.95 + 1.64 t=0.402, p = 0.688
MCHC (g/l) 331.05 + 6.54 32072+ 4.73 t=1.107, p = 0.270
FOL (ng/ml) 22.69 + 10.69 2243+ 11.71 7= 0544, p = 0589
VitBy, (pg/ml) 781.64 +518.83 | 1046.37 + 506.24 = _2.323,p = 0.020
Fe (umol/l) 10.77 + 3.20 0.87 +4.34 z=-1511,p=0.131
TSAT (%) 28.95 + 9.08 28.16 + 11.97 t=0.295, p = 0.768
FER (ng/ml) 617.02 +303.60 | 772.95+ 347.92 =_1.048,p = 0.054
CRP (mg/l) 14.20 + 16.33 11.27 + 16.64 7=-1.323,p=0186
UP (g/l) 64.18 + 3.86 64.39 + 4.83 =_0.192, p = 0.848
ALB (g/l) 3852 + 2.42 37.89 + 3.13 t=0819, p = 0.414
PALB (g/l) 0.31 +0.07 0.27 +0.09 t=2.081, p = 0.040
TRSF (g/l) 1.70 + 0.35 153 +0.33 t=2.231, p = 0.027
UA (umol/l) 368.80 + 68.23 366.51 + 57.28 t=0.164, p = 0.870
BMI (kg/m?) 25.42 + 4.09 25.95 + 4.72 t=_0.484, p = 0.629
nPCR (g/kg/24h) 1.27 + 042 1.93 + 057 t=-5.072, p = 0.0001
RD (mi/24h) 1350.00 + 607.69 | 503.40 + 603.07 =_5.209, p = 0.0001
IDWG (%) 225+ 1.44 3.71+ 1.50 t=9.451, p = 0.0001
UFR (mi/kg/h) 5.66 + 357 9.26 + 3.74 =_3.198, p = 0.002
VitD (ng/ml) 21.86 + 10.23 17.03 + 9.32 = 2.084, p=0.037
iPTH (pg/ml) 20022 +131.22 | 169.78+211.77 | z=-2.146,p = 0.032
KtV 0.96 + 0.21 1.06 + 0.24 =_1.780, p = 0.078
spKUV 111+ 024 1.27+0.29 t=_2315,p=0022
URR (%) 61.03 + 8.48 64.47 + 8.57 t=_1.712, p=0.089
PMDG (mg) 358.82 + 197.04 | 246.15+140.67 | z=-2.292,p=0.022
ERI (IU/kg/gHb) 0.757 + 0.382 0.747 + 0.430 t=0.075, p = 0.940
ERI (ug/kg/gHb) 0.005 + 0.003 0.005 + 0.003 t=_0.171, p = 0.865
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VYTunaj yuectanocTu XeMoiMjajnu3e Ha MapaMeTpe OKCHAAUOHOT CTpeca MPUKa3aH je y

Tabenu 21.

Tadema 21. VTuiaj ydyecTalocTH XEMOJAMjaIn3e HA MapaMeTpe OKCHUIAMOHOT CcTpeca KO
00JIECHHKA KOJH Ce JIeYe PEJOBHOM XEMO/IH]ATU30M

YYECTAJIOCT XEMOJNJAJIN3E

[TAPAMETPU 3HAYAJHOCT
2X4h 3x4h
VCTIATHBATBA Xsr+SD Xsr+SD ()

O (nmol/ml) 3.40 £ 5.63 3.62+4.75 =-1.3%,p=

0.162
=_0.732,p=

H,0, (nmol/ml) 442 +1.82 4.70 £1.59 0.465
TBARS (umol/ml) 1.09 + 0.06 1.15+0.25 - _g 1551 P=
NO;,” (nmol/ml) 3.83+1.24 3.81+1.35 - _855%‘ P=
115031.08 + 120454.88 + =_1322,p=

GSH (nmol/ml) 19268.34 17079.55 0.189
CAT (U/gHbx10% 2.36 +2.82 2.19 + 1.63 2= _g ?gf P=
SOD (U/gHbx10°) 31.08 +22.42 33.19 + 20.38 Ryl

0O, — cynepokcuanu aHjoH, H,O, — Bogonuk-niepokcus, TBARS — peakTuBHe CylicTaHIMje Be3aHe 3a
tnobapoutypuy kucenuny, NO, — a3zorHu monokcun, GSH — penykoBanu rimyratnod, CAT —
karanaza, SOD — cynepokcun au3myrasa

[ToBezanoct usmelhy no3e i.v. rBoxkha u mapamerapa OKCHUJIALMOHOT CTpeca MpHUKa3aHa je y

Tabenu 22.
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Ta6ena 22. [Tose3zanoct u3mely mo3e 1.V. rBoklja 1 mapamerapa OKCHIAIIMOHOT CTpeca

OCHOBHM CTaTHCTHYKH nmapamMeTpu

[Tapamerpu ucnuTuBama Xsr + SD N 3nauajHoct (p)
O,~ (nmol/ml) 254 +2.10 69 Pemp = 0.149
PMDG (mg) 273.91 + 162.38 p=0.221
H,0, (nmol/ml) 452 +1.63 69 Pemp = 0.185
PMDG (mg) 273.91 + 162.38 p=0.128
TBARS (umol/ml) 1.16 £ 0.26 69 Pemp = —0.002
PMDG (mg) 273.91 + 162.38 p =0.986
NO," (nmol/ml) 3.77 £ 1.27 69 pemp =—0.070
PMDG (mg) 273.91 + 162.38 p =0.567
GSH (nmol/ml) 120814.41 + 19186.90 69 pemp = —0.141
PMDG (mg) 273.91 + 162.38 p=0.249
CAT (U/gHbx10% 2.39+2.29 69 pemp = —0.101
PMDG (mg) 273.91 + 162.38 p = 0.409
SOD (U/gHbx10% 35.38 + 21.07 69 Pemp = 0.118
PMDG (mg) 273.91 + 162.38 p=0.335

O, — cynepokcuanu anjon (nmol/ml), H,0, — Bomonuk-niepokcua (nmol/ml), TBARS — peaktusne
CyICTaHIlje Be3aHe 3a THoOapouTypHy kucenuny (umol/ml), NO, — asotau monokcua (nmol/ml),
GSH — penykosanu rimytatnon (nmol/ml), CAT — karamasa (U/gHbx10%), SOD — cymepoxcux
mmsmytaza (U/gHbx10%), PMDG — mpoceuna meceuna go3a rBoxha /Spearman-oB Tect kopenarmje/

W3mehy ucnutMBaHMX mnapaMerapa HeMa CTAaTUCTUYKM 3HauyajHE IMoBe3aHocTH (P >

0.05), Tabemna 22.

Onmty noganu o 6oJecHULMMA y 3aBUCHOCTH OJf MUKpOUH(IIaMaliyje IpuKa3aHu cy y

tabenu 23. YTunaj MukpornHpIaMalije Ha UICIIUTUBAHE MapaMeTpe MpuKasaH je y Tadbenu 24.
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Ta6esa 23. Oty nojgary o 60JIECHUIIMMA y 3aBUCHOCTH OJ] MEKpOUH(IaMaIyje

MUKPOUHDJIIAMAIINIA
OIILTH TTOIALIN HE 1A

Xsr+SD Xsr+SD
N (%) 60 (48.00) 65 (52.00)
P (m/x, %) 33/27 (55.00/45.00) 45120 (69.23/30.77)
S (rox.) 61.33 +£11.56 64.22 £ 9.27
DD (rox.) 5.29 +5.05 5.33+6.21
BMI (kg/m?) 24.81 + 4.05 26.82 + 4.90
SBP (mmHg) 130.08 + 15.64 125.38 + 15.67
DBP (mmHg) 77.33+6.34 75.08 + 8.31
MBP (mmHg) 94.92 + 8.54 91.85 + 10.22
WG (kg) 68.38 = 12.00 72.26 + 15.07
IDWG (kg) 2.30 + 1.03 257 +1.17
%IDWG (%) 3.45+ 165 3.45+ 1.53
UF (ml/h) 575.69 + 256.33 642.31 + 291.38
UFR (ml/kg/h) 8.63+4.11 8.63 + 3.82
RD (ml/24h) 693.33 £ 703.95 614.62 + 666.31
Qavf (ml/min) 779.00 + 408.49 907.08 + 449.47
Kt/V 1.08 £0.21 1.01+0.26
spKt/V 1.28 £ 0.26 1.20+£0.31
URR (%) 65.47 +7.34 62.38 £ 9.47
ITpumapha Oonect OyOpera
GNH (N, %) 6 (10.00) 5 (7.69)
HN (N, %) 23 (38.33) 19 (29.23)
DN (N, %) 5 (8.33) 12 (18.46)
ON (N, %) 3 (5.00) 5 (7.69)
CN (N, %) 12 (20.00) 15 (23.08)
RPC (N, %) 11 (18.34) 9 (13.85)
Komopbunureru
HTA (N, %) 36 (60.00) 42 (64.62)
HHD (N, %) 12 (20.00) 10 (15.38)
DC (N, %) 1(1.67) 2 (3.08)
HA (N, %) 0 (0.00) 3 (4.62)
DMC (N, %) 11 (18.33) 8 (12.31)

N — Opoj ucnuranuka, P — mon ucnuranuka, S — crapoct 6osecauka, DD — mykuHa jedermha XeMOINjaInu30M,
BMI — wunpmexc tenecue mace, SBP — cucromHu aprepujcku KpBHH nputucak, DBP — nujactonHu kpBHH

nputncak, MBP — cpenwu aprepujcku kpBHU nputucak, WG — cyBa TenecHa maca Oonecuuka, IDWG —
UHTEPMjaIM3HU NPUHOC y TeliecHo] Macu OosecHuka, %IDWG — mpouenat wHTEpaWjaau3HOr NpHHOCA Y
TesiecHoj Macu OonecHuka, UF — jaunHa ynrpadunrpanuje, UFR — jaunna ynrpaduntpaunje, RD — pesunyanna
auypeza NH — Glomerulonephritis Chronica, HN — Hypertensive Nephropathy, DN — Diabetic Nephropathy,
ON — Obstructive Nephropathy, CN — Chronic Nephropathy, RPC — Renes Polycystici, HTA — Hypertensio
Arterialis, HHD — Hypertensive Heart Disease, DC — Dilated Cardiomyopathy, HA — Hypotensio Arterialis,
DMC - Diabetes Mellitus Complications
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Ta6esa 24. Ytunaj wmukpouH(pIamanuje Ha MapaMeTpe aHeMHje, CcTaTyca TBOXkha,
MaJIHYTPHIIHjE U CEKYHIIAPHOT XHUIIEPIIapaTUPEONIN3Ma

TAPAMETPH %I%KPOHHMAMAHPEQ 3HAYAJHOCT
UCTTTHABATLA Xsr + SD Xsf + SD ()
Hgb 104.32 + 12.84 103.79 + 11.84 t=0.241, p = 0.810
Hct 31.61+4.01 31.45 + 3.69 t=0.230, p = 0.818
MCV 94.88 + 4.09 92.98 + 4.72 t=2.387, p=0.018
MCH 31.41+ 147 30.58 + 1.67 t=2.915, p = 0.004
MCHC (g/l) 330.97 + 4.77 320.02 + 5.24 t=2.165, p = 0.032
FOL (ng/ml) 24.00 + 11.73 21.07 +11.18 = 1432, p=0.152
VitBy, (pg/ml) 1119.38 + 493.43 888.95 + 515.03 = 2298, p=0.022
Fe (umol/l) 11.72 + 4.47 8.50 + 3.18 t=4.667, p = 0.0001
TSAT (%) 32.33 + 12.56 2458 + 8.99 t=3.990, p = 0.0001
FER (ng/ml) 712.58 + 325.99 775.89 + 360.77 =_1.023, p = 0.308
CRP (mg/l) 231 +1.29 1820+ 12.85 | t=-9.537, p = 0.0001
UP (g/l) 63.66 + 4.37 65.00 + 4.86 t=-1.619, p=0.108
ALB (g/l) 38.70 + 2.70 37.36 £ 3.17 t= 2530, p = 0.013
PALB (g/l) 0.31 +0.08 0.25 + 0.08 t=4.139, p = 0.001
TRSF (g/l) 1.60 + 0.34 152+ 034 t=1.254, p = 0.212
UA (umol/l) 362.38 + 60.54 371.10+57.80 | t=-0.823,p=0412
VitD (ng/ml) 10.33 + 9.02 16.54 + 10.03 t= 1633, p=0.105
iPTH (pg/mI) 174.08 + 222.98 176.11 + 177.62 = 0.494, p = 0.621
KUV 1.08 +0.21 1.01+0.26 t=1.744, p = 0.084
SpKUV 1.28 + 0.26 1.20 + 0.31 t=1.663, p = 0.099
URR (%) 65.47 + 7.34 62.38 + 9.47 t=2.028, p = 0.045
PMDG (mg) 239.39 + 153.99 305.56 + 165.52 =_1.878, p = 0.060
21076.92 +
KDE-M (IU/M) | 20000.00 + 8979.98 Loam 68 t=-0.359, p = 0.721
KDE-R (1U/gHb) 202.36 + 94.41 21414+ 138.74 | t=-0358,p = 0.722
DDE-M (ug/M) 101.50 + 45.11 161.60 + 78.67 | t=-3.036, p = 0.004
DDE-R (ug/gHb) 1.03+ 0.59 1.69 + 0.93 t=-2.738,p=0.009

MuxkpouHdramaiyja MOTCTUYE Pa3BO] MAIHYTpULMje OOJIECHUKAa Ha XEMOJUjalu3u.
BonecHunu ¢ MukpouH(pIaManujoM UMajy BHCOKO CTaTUCTMUKHU 3HauajHO (p < 0.01) Behnu
MHJIEKC PE3UCTEHIIMje U 3aXTeBajy BUCOKO CTaTUCTHUKU 3HauyajHo (p < 0.01) Behy meceuny
no3y nyroaenyjyher epurpornoernHa. MukpouH(iaManuja J0BOJIU 10 Mambe KOHIEHTpAIlHje
BuTamMuHa Bjiy y cepymy Hero OoiecHUIIM KOju HeMajy MukpouH(prmamanmjy. Msmehy
KoHIIeHTpanuje C-peakTUBHOT POTEHHA y CEpyMy U KOHIIGHTpaluje BUTaMuHa B1s y cepymy

[OCTOjH CcTaTUCTHUKK 3HauajHa (p < 0.05) HeratuBHa nose3zanoct (r = —0.210, p = 0.019).
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VYrunaj MmukpounHdiIamalyje Ha nmapaMmeTpe OKCUIAIMOHOT CTpeca MPUKa3aH je y Tadenu

25.

Ta6ena 25. MukpouHdiamanmje 1 yTHIlaj Ha mapaMeTpe OKCHIAIMOHOT cTpeca

MUKPOUHDJIIAMAIINIJA

ITAPAMETPU HE TA SHAYAJHOCT
MCTIATHBAA Xsr+SD Xsr+SD (p)

O, (nmol/ml) 3.80 £5.53 3.37+4.26 z=-0.287,p=0.774
H,O, (nmol/ml) 4,76 + 1.66 4,56 + 1.60 t=0.691, p=0.491
TBARS (mmol/ml) 1.15+0.26 1.14+0.19 z=-0.109, p = 0.914

NO," (nmol/ml) 3.95+1.36 3.68 +1.30 z=-1.414,p=0.157
119847.42 + 119179.87 £ _ _

GSH (nmol/ml) 10268 34 18303 87 t=0.856, p =0.832

CAT (U/gHbx10% 2.14£1.40 2.29+2.25 z=-0.259, p = 0.796

SOD (U/gHbx10% 31.75+19.29 33.81 +21.98 z=-0.215,p=0.830

O, — cynepokcuanau aHjoH, H,0, — Bomonuk-niepokcun, TBARS — peakTuBHe cyricTaHnmje Be3aHe 3a
tnoOapoutypay kucenuny, NO, — a3orHm monokcun, GSH — penykoBanm rmyrtatmon, CAT —
karanaza, SOD — cynepokcun au3myrasa

W3melyy ucnuTHBaHKMX TapameTrapa HeMa CTaTUCTHUYKU 3HauajHe pasiuke (P > 0.05), tabena

25.

OnmTy nojanu o 60JeCHUIMMA Y 3aBUCHOCTH 01 MAJTHYTpPHUILIMje IPUKa3aHu cy y Tabenu 26.

VYTHuaj MalHyTpULIKje Ha UCIIMTHBAHE MapaMeTpe NpuKasaH je y Tabenu 27.
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Ta6esa 26. Onmty nogay 0 60JIECHUIIMMA Y 3aBUCHOCTH OJ1 MATHYTPHUIIH]E

MAJIHYTPULINIA
OIILTH TTOIALIN HE TIA
Xsr+SD Xsr+SD
N (%) 52 (41.60) 73 (58.40)
P (m/x, %) 35/17 (67.31/32.69) 43/30 (58.90/57.69)
S (rox.) 59.65 +12.21 65.10 + 8.44
DD (rox.) 4.27 +4.35 6.06 + 6.36
BMI (kg/m?) 25.93 +4.12 25.81 + 4.94
SBP (mmHg) 128.37 £ 17.37 127.12 + 14.62
DBP (mmHg) 76.54 + 7.64 75.89 + 7.42
MBP (mmHg) 93.81 + 10.15 92.97 +9.14
WG (kg) 71.52 + 12.66 72.37 £ 16.07
IDWG (kg) 2.38 + 1.07 2.49 +1.14
%IDWG (%) 3.42 +1.69 3.47 + 151
UF (ml/h) 593.75 + 266.46 622.15 + 283.90
UFR (mli/kg/h) 8.56 + 4.23 8.68 + 3.76
RD (ml/24h) 782.69 + 729.68 559.59 + 636.60
Qavf (ml/min) 816.92 + 409.59 866.03 + 451.18
Kt/V 1.04 £ 0.19 1.05+0.27
spKt/V 1.23+0.23 1.24 +0.32
URR (%) 64.06 £ 7.42 63.73 +9.44
ITpumapha Oonect OyOpera
GNH (N, %) 5 (9.62) 6 (8.22)
HN (N, %) 18 (34.62) 22 (30.14)
DN (N, %) 6 (11.54) 13 (17.81)
ON (N, %) 1(1.92) 7 (9.59)
CN (N, %) 13 (25.00) 14 (19.18)
RPC (N, %) 9 (17.31) 11 (15.07)
Komopbunurern
HTA (N, %) 32 (61.54) 44 (60.27)
HHD (N, %) 10 (19.23) 12 (16.44)
DC (N, %) 0 (0.00) 3 (4.11)
HA (N, %) 1(1.92) 2 (2.74)
DMC (N, %) 9 (17.31) 12 (16.44)
N — Opoj ucnuranuka, P — non ucnuranuka, S — crapoct 6osecHuka, DD — nyxuHa Jieuema XeMOIHjannu30M,
BMI — wunpmexc tenecue mace, SBP — cucromHu aprepujcku KpBHH nputucak, DBP — nujactonHu kpBHH

nputncak, MBP — cpenwu aprepujcku kpBHU nputucak, WG — cyBa TenecHa maca Oonecuuka, IDWG —
UHTEpMjaIM3HU NPUHOC y TeliecHO] Macu OoiecHuka, %IDWG — mnpouenat wHTEpaWjadu3HOr NpHHOCA Y
TesiecHoj Macu OosnecHuka, UF — jaunna yntpadunrpanuje, UFR — jaunna ynrpadunrpaunje, RD — pesunyanna
auypesa, GNH — Glomerulonephritis Chronica, HN — Hypertensive Nephropathy, DN — Diabetic Nephropathy,
ON — Obstructive Nephropathy, CN — Chronic Nephropathy, RPC — Renes Polycystici, HTA — Hypertensio
Arterialis, HHD — Hypertensive Heart Disease, DC — Dilated Cardiomyopathy, HA — Hypotensio Arterialis,
DMC - Diabetes Mellitus Complications
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TaGema 27. VYrTumaj] MamHyTpUIHUje nmapaMmeTrpe aHeMmHje, CcTaryca TBOXDa,
MUKpOUH}IIaMAIHje U CEKYHIapHOT XHUIIePIIapaTupPEOnIn3Ma
HAPAMETPU HUJE npxgg?yTPﬁE%ﬁéAnpncyTHa
NCIIUTUBABA p
XEMOTJIO0MH 103.83 + 13.21 104.20 + 11.67 t=0.938, p=0.350
XEMaTOKPUT 31.41 + 3.96 31.61 +£3.77 t=1.175,p=0.242
MCV 03.83 +£4.39 93.94 + 4.63 t=-0.165, p = 0.869
MCH 31.10 £ 1.56 30.89 + 1.67 =-0.840, p = 0.402
MCHC 331.38 £ 5.06 328.94 + 4.90 =-2.160, p = 0.033
dosHa KucennHa 24.45+11.30 21.08 £ 11.50 z=-1.391,p=0.164
VitB1, (pg/ml) 1075.08 + 523.82 946.14 + 507.79 z=-0.632, p=0.527
Fe (umol/l) 9.96 + 3.64 10.11 +4.52 =-0.127,p =0.899
TSAT (%) 26.91 + 10.57 29.28 £ 12.06 t=0.847,p=0.377
FER (ng/ml) 714.55 + 309.89 767.55 + 367.84 t=0.510, p=0.611
CRP (mg/l) 5.97 +£8.30 13.85+13.51 =-2.439, p=0.015
UP (g/) 64.45 + 3.95 64.29 +5.14 t=-0.020, p = 0.984
ALB (g/l) 39.37+£2.33 37.03 £ 3.09 =-2.021, p = 0.045
PALB (g/l) 0.36 + 0.05 0.22 + 0.06 =-9.517, p = 0.0001
TRSF (g/l) 1.67 £0.31 1.48 £0.34 t=3.198, p =0.002
UA (umol/l) 375.96 + 66.34 360.47 £ 52.80 =-1.553p=0.123
VitD (ng/ml) 22.54 +9.64 14.56 + 8.17 t=-3.201, p = 0.002
iPTH (pg/ml) 153.74 + 169.61 190.37 + 218.73 z=-0.148,p =0.883
Kt/V 1.04 +0.19 1.05+0.27 t=1.873, p=0.064
spKt/V 1.23+£0.23 1.24 +0.32 t=1.872, p=0.064
URR (%) 64.06 +7.42 63.73+9.44 t=1.626, p =0.107
PMDG (mg) 282.61 + 161.39 269.57 + 164.48 =-2.120,p =0.034
18500.00 +
KDE-M (IU/M) 23800.00 + 8654.78 11483 51 =-1.700, p = 0.095
KDE-R (IU/gHb) 249.01 + 98.26 182.77 + 122.92 t=-2.148, p = 0.037
DDE-M (ug/M) 115.24 + 45.78 152.08 + 86.02 t=1.549, p=0.129
DDE-R 1.19 + 0.57 1.58 +1.02 t=1.571,p=0.124

bonecHunn koju umajy MajgHYTpPHUIH]Y U JIede C€ PEAOBHOM XEMOJAM]ATU30M, UMajy Mamby

craTHCTHUKy 3HauajHOCT (P < 0.05) cpenme KOHIEHTpAIMje XeMOITIOOMHA, CTaTUCTHYKH

3HauajHy (P < 0.05) Mmamy MmecedHy 03y rBoxkla, CTATUCTUYKY 3HAYAJHO Marby PE3UCTCHIIH]Y

Ha JnejcTBO eputpomnoeTrHa. Koj OojiecHMKAa KOjH Ce€ Jiede PEIOBHOM XEMOIH]aTu30M,

MaJIHyTPHUIIH]ja j€ TIoBe3aHa ca MH(pIaMaIjoM U CMamkbeHUM BUTaMHuHOM D.
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VYTulaj MaTHYTpHUIIK]j€ Ha TapaMeTpe OKCUAAIMOHOT CTpeca MpuKa3aH je y Tadenu 28.

Tabena 28. MannyTpunuja 1 mapaMeTpy OKCUIAIMOHOT CTpeca

MAJIHYTPUIINIA

[IAPAMETPU — A 3HAUYAJHOCT
LATCIOL AATE N8 Xsr+SD Xsr+ SD )
0, (nmol/ml) 4,05+ 5.54 3.24 + 4.39 z=-0.183, p = 0.855
H,0, (nmol/ml) 469+1.71 4.63+1.57 t=-0.213, p = 0.832
TBARS (umol/ml) 1.17 +0.27 1.12 +0.19 z=-0.545, p = 0.586
NO,™ (nmol/ml) 3.81+1.41 3.81+1.28 z=-0.561, p=0.575
118249.22 + 120391.46 + _ _
GSH (nmol/ml) 18079.11 17180.92 t=1.419, p=0.158
CAT (U/gHbx10% 2.11+1.35 2.30+2.19 z=-0.393, p = 0.694
SOD (U/gHbx10% 33.34 + 19.02 32.45 + 21.90 =-0.778, p = 0.437

O, — cynepokcunnu aHjoH, H,0, — Bomonuk-niepokcun, TBARS — peakTuBHe cyricTaHmnmje Be3aHe 3a
trobapoutypuy kucenuny, NO, — a3zorHu monokcun, GSH — penykoBanu rimyratuon, CAT —
karanaza, SOD — cynepokcun au3myTasa

W3mehy ucnuTHBaHUX TapaMeTapa HeMa CTaTUCTHYKH 3HavajHe pasiuke (p > 0.05),

Tabeia 28.

Onut nojany o 60JIECHUIIMMA Y OJTHOCY Ha (EpUTHH y cepyMy IpUKa3aHu cy y Tao.

29. VYtunaj KoHUEHTpaluje pepuTHHa y cepyMy Ha HCHUTHBAHE MapaMeTpe MpUKaszaH je y

Tabenu 30.
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Ta6ena 29. Oty nogany o 60JIECHUIIMMA Y 3aBUCHOCTHU 0] JEpUTHHA Y CEpyMy

Konnenrpanuja gpepurruna y cepymy
OINIITHU IMOJALIA < 800 ng/ml > 800 ng/ml
Xsr+SD Xsr+SD
N (%) 69 (55.20) 56 (44.80)
P (M/x, %) 46123 (66.67/33.33) 32124 (57.14]42.86)
S (rox.) 62.10 £ 10.99 63.73 £ 9.85
DD (rox.) 5.02+4.99 5.68 +6.42
BMI (kg/m?) 26.15 + 4.34 25.49 + 4.93
SBP (mmHg) 126.88 £ 17.13 128.57 £ 14.00
DBP (mmHg) 75.94 + 8.10 76.43 £6.72
MBP (mmHg) 92.92 + 10.41 93.81 +8.41
WG (kg) 73.71 £ 13.30 69.93 + 16.13
IDWG (kg) 222+1.13 2.71 +1.03
%IDWG (%) 3.06 + 1.59 3.93 + 1.45
UF (ml/h) 556.76 + 281.51 676.34 + 256.48
UFR (ml/kg/h) 7.66 + 3.96 9.82 + 3.62
RD (ml/24h) 725.36 + 738.62 562.50 £ 601.91
Qavf (ml/min) 849.57 + 412.40 840.71 + 461.59
Kt/V 1.01+0.23 1.09 £0.25
spKt/V 1.19+0.26 1.30+0.31
URR (%) 62.70 £ 8.52 65.31 + 8.60
ITpumapha 6osiect OyOpera
GNH (N, %) 7 (10.14) 4(7.14)
HN (N, %) 23 (33.33) 16 (28.57)
DN (N, %) 6 (8.70) 13 (23.21)
ON (N, %) 5 (7.25) 3 (5.36)
CN (N, %) 15 (21.74) 13 (23.21)
RPC (N, %) 13 (18.84) 7 (12.50)
Komopbuaurern
HTA (N, %) 46 (66.67) 31 (55.36)
HHD (N, %) 12 (17.39) 10 (17.86)
DC (N, %) 1 (1.45) 5 (8.93)
HA (N, %) 2 (2.90) 1(1.79)
DMC (N, %) 8 (11.59) 9 (16.07)
N — Opoj ucnuranuka, P — mon ucnuranuka, S — crapoct 6onecHuka, DD — myxuHa jederma XeMOIH]jaIn30M,
BMI — wunnexc tenecue mace, SBP — cucromnm aprepujcku KpBHHM nputucak, DBP — nujactonmnu kpBHM

nputucak, MBP — cpenwmn aprepujcku xpBHM nputucak, WG — cyBa TenecHa maca GonecHuka, IDWG —
WHTEpMjaIU3HU NPUHOC y TeliecHo] Macu OoiecHuka, %IDWG — mnpouenar WHTEpaWjadu3HOr NpHHOCA Y
TesiecHoj Macu OonecHuka, UF — jaunna yntpadunrpanuje, UFR — jaunna ynrpaduntpaunje, RD — pesunyanna
auypesa, GNH — Glomerulonephritis Chronica, HN — Hypertensive Nephropathy, DN — Diabetic Nephropathy,
ON — Obstructive Nephropathy, CN — Chronic Nephropathy, RPC — Renes Polycystici, HTA — Hypertensio
Arterialis, HHD — Hypertensive Heart Disease, DC — Dilated Cardiomyopathy, HA — Hypotensio Arterialis,
DMC - Diabetes Mellitus Complications
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Ta6ena 30. YTuuaj xoHueHTpanyje (epuTuHa Ha HapamMeTpe aHeMHje, cTaryca T'Boxha,
MHUKpOHH(pIIaMalnyje U CeKyHIapHOT XHUIIEepIapaTHPEOHIu3Ma

Konnenrpanuja gpepuruna y cepymy

TAPAMETPH T T 3HAYATHOCT
NCITHTUBAILA Xsr = SD Xsr = SD (0)
Hb (g/l) 106.55 + 12.80 100.96 + 10.96 t=2.585, p = 0.011
Hct (%) 32.27 + 4.02 30.61 + 3.41 t=2.452, p=0.016
MCV 93.03 £ 4.19 94.96 + 4.71 = 2.417,p=0.017
MCH 30.70 + 1.56 31.32 + 1.65 t= 2157, p = 0.033
MCHC (g/]) 320.94 + 5.22 32097 + 4.97 t=-2.160, p = 0.033
FOL (ng/ml) 22.78 + 12.05 22.11 + 10.86 = 0.350, p = 0.726
VitBy, (pg/ml) 908.62 +522.67 | 1023.38+512.24 | z=-0487,p=0.626
Fe (umol/l) 9.54+3.15 10.67 +5.11 t =-1519,p=0.131
TSAT (%) 26.38 £ 9.43 30.65 + 13.30 t=-2.095, p = 0.038
FER (ng/ml) 50520 + 22074 | 104159 +213.95 | t=—13.697, p = 0.0001
CRP (mg/l) 9.01 + 11.20 12.49 + 13.24 7=-1.087,p=0277
UP (/1) 64.38 + 5.03 64.32 + 4.20 t=0.074, p = 0.941
ALB (g/l) 38.17 + 2.99 37.80 £ 3.06 t=0.796, p = 0.427
PALB (g/l) 0.29 % 0.09 0.27 +0.08 t=1.434, p = 0.154
TRSF (g/l) 1.62 +0.36 1.48 £ 0.30 t=2.362, p = 0.020
UA (umol/l) 376.62 + 66.44 35496+ 4627 | t=-_1553p=0.123
VitD (ng/ml) 18.32 £ 9.01 17.33 + 10.39 t=0.570, p = 0.570
iPTH (pg/ml) 106.66 + 234.84 148.61+ 14341 | z=-0511, p=0.609
KtV 1.01+0.23 1.09 £ 0.25 t=-1.799, p = 0.075
SPKUV 119+ 0.26 1.30 £ 0.31 t=_2.235, p = 0.027
URR (%) 62.70 £ 8.52 65.31 + 8.60 = 1,696, p = 0.092
PMDG (mg) 282.98 + 182.16 25455+ 11010 | t=0.675,p = 0502
22782.61 +
KDE-M (IU/M) | 18758.00 + 8078.43 o t=-1.356, p = 0.181
KDE-R (1U/gHb) 189.60 + 89.03 23177 + 14477 | t=-1.292, p=0.202
DDE-M (ng/M) 12542 + 73.72 14571+ 69.90 | z=-0.773,p=0.439
DDE-R (ug/gHb) 1.30 + 0.01 1.50 + 0.80 t=_0.780, p = 0.439

VYTuiaj koHmHeTpanuje (epuThHa y CepyMy Ha MapamMeTpe OKCHIAIMOHOT CTpeca

npukasaH je y Tabenu 31.
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Ta6ena 31. YTunaj koHueHTpanuje GepuTHHA y CEpyMy Ha apaMeTpe OKCHUIAIMOHOT CTpeca

Konnenrpanuja ¢peputuna y cepymy

[TAPAMETPU 3HAYAJHOCT
VCITUTUBAILA < 800 ng/ml > 800 ng/ml ®)
Xsr+SD Xsr+SD
N z=-0991,p=
O, (nmol/ml) 3.09 £4.03 4,18 £5.77 0.322
t=0.326,p =
H,0, (nmol/ml) 461+ 1.71 471+ 153 07as
TBARS (umol/ml) 1.15 +0.22 113 +0.23 B ‘872?11 P=
NO,™ (nmol/ml) 3.68+1.22 3.98 + 1.44 2= _83?38 P=
120588.82 + 118159.07 + _ _
GSH (nmol/ml) 1931214 15100.13 t=0.770, p = 0.443
CAT (U/gHbx10%) 257+2.26 179+ 1.15 = _g'gfg P =
SOD (U/gHbx10% 31.97 +19.11 33.87 + 22.59 - ‘gggg’ P=

O, — cynepokcuanu aHjoH, H,O, — Bogonuk-niepokcun, TBARS — peakTuBHe CyricTaHIMje Be3aHe 3a
tnoOapoutypay kucenuny, NO, — a3orHm monokcun, GSH — penykoBanm rmyrtatmon, CAT —
karanaza, SOD — cynmepokcun au3myTasza

BonecHuim Ha XeMOAMjaM3u ca KOHIeHTpalujoM (eputrHa y cepymy > 800 ng/ml

MMajy CTaTUCTHYKM 3HayajHO Mamy (p < 0.05) akTMBHOCT KaTaja3ze y €pUTPOLUTHMA HEro

00JIeCHUIIM ¢ KOHIIEHTpalujoM (heputuHa y cepymy MawoM o 800 ng/ml. AHTHOKCHIAIIMOHA

3allTHuTa je CTaTUCTHUYKHU 3Ha‘-IajHO CMalkbCHA KO OollecHHMKa ca CI)YHKI_H/IOHEUIHI/IM

HEJIOCTaTKOM TBOXMa.
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6. IMCKYCHJA

KapnuoBackymapHe OoJieCTH CIPEICTaBJbajy TJaBHH Y3POK CMPTH, KOJ OOJIECHHKA Y
MOCNIEIIbEM CTaIMjyMy XpOHWUYHE Oonectu OyOpera, KOju ce Jieue PEIOBHOM JH]jaTU30M.
OKCHIAIMOHU CTPEC YNHHU HETPAJAUIMOHAIHU (PAKTOP PU3MKA 32 Pa3BOj KapIMOBACKYJIAPHUX
OoJiecTu y 0BOj nomynaiuju 6onecHuka [72, 73]. IlopehaHo cTBapame c1000HUX paauKasa
KHCEOHHKA U CMameHEe aKTUBHOCTH aHTUOKCHIAIIMOHUX CHCTEMa 3aIITUTE j€ Y3POK HACTaHKA.
Kox GonecHuka koju ce jede XeMOAMjaJHM30M MMaMO YETHPH THUIA OKCHIAIIMOHOT CTpeca:
CTaHJApJAHU OKCHIAIIMOHH CTPEC, XJIOPOBAaHMU CTPEC, HUTPO3ATUBHU CTPEC M KapOOHHIHU
CTpeC, a AHTHOKCHJATUBHH C€H3MMHU (CYIIEpOKCH] JAW3MyTaas3a, Kartajla3a U TIJyTaTHOH
MEPOKCH/Ia3a) W HECH3MMCKHM AaHTHOKCHIATHBHU CHCTEeMH: XuapopwiHu BuTamuH C n
munodwiHN BUTaMuH E mipesicraBibajy 3alITUTHE MEXaHU3ME O] OKCHUAIIMOHOT cTpeca [72—
74]. KiMHUYKe MOCIeUIe OKCUIAIMOHOT cTpeca Cy: yOp3aHa aTepoCKiIepo3a, pe3uCTeHIIN]a
Ha JIEjCTBO €pUTPOIOECTHHA (aHEMHja) U aMUJIOU03a Y3pOKOBaHa [32-MUKPOTIOOYIHHOM [ 72—
74].

CreneH GMOKOMMIATUOMIIHOCTH JAWjaM3HEe MeMOpaHe y BEJIMKOM INPOLIEHTY yTHYe Ha
okcuaaTuBHU cTpec. CIpoBEeeHO MCTpaXUBame, KOj€ j€ MOPEIWIO yTULA] JBE Pa3InyuTe
TUjaTu3He MeMOpaHe Ha OKCHJAIMOHM CTpeC IOoKa3yjy Ja CecHja XEMOJWjaju3e C
Kynpo(aHCKOM  MeMOpaHOM, 3Ha4ajHO CTAaTUCTUYKM ToBehaBa  KOHIEHTpaLUjy
MAJIOHIMAIJEXUAA Y CEPYMY, Y OJTHOCY Ha CECHjy AMjaln3e ¢ MONUCYI(POHCKOM MeMOpaHOM
[75]. HakoH cecuje xemoaujanuse C MOMUCYI(POHCKOM H KympohaHCKOM MeMOpaHOM,
aKTUBHOCT AaHTHOKCHJATUBHUX €H3MMa ce moBehaBa, anm je To moBehame CTaTUCTHYKU
3HAYajHO caMoO 3a KaTaja3y Koja OoOJeCHHKa KOJU Cy JWjaJu3upaHd MOJUCYI(POHCKOM
MeMmOpanoMm [75]. MehytuMm, mopehemem yTuiaja ceaHce XemoIujalv3e KopHIThemeM
xemodaHcke U TonHCylIdOHCKE MeMOpaHe, 3aKkJbydeHO je Ja mojucyidoHcka MeMmOpaHa
yBehaBa KOHIIEHTpalljy MaJlOHIUANAEXUIa y CEpyMy M yMamyje KOHLEHTpAIM]y celeHa U
AKTUBHOCT TJIYTaTHOH IEPOKCHJIA3€¢ Yy OJIHOCY Ha XeMo(aHCKy aujanu3Hy MeMOpaHy [76].
Cecuja xemoaujanuze ca high-flux nommcynponckom mMeMOpaHOM CTaTHCTHYKHM 3HAYajHO
Mamhe MOJICTHYE CTBapame CIO00IHUX paauKana KHCEOHUKA Y TOKY XeMOAMjaIH3€ Y OJHOCY
Ha low-flux momucyndoncka wmemOpana [77]. Cecuja xemoamjanuse ¢ high-flux
nonucyiahoHCKOM MeMmOpaHoM omoryhyje ©0oJjby KOHTposry (yHKIHMje HeyTpoduia HEro

cecuja xemoaujanuse ¢ low-flux monucyndonckom memopanom [77].
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On-line xemoaujadunTpanuja, OWOKOMITATUOMIHA BHCOKONPOITYCT/bMBA JHjaU3HA
MeMOpaHa U yJATPAYyUCT PacTBOP 3a XEMOJHUjaIu3y yTU4Yy Ha CMamkEelhe OKCHJIATUBHOT CTpeca
U ycmopaBajy pas3Boj arepockiepoze [78, 79]. V Toky mojemuHaune ceance on-line
xemoaujapuiTpanyje, MeMOpaHaMa KoOje MMajy BEIHMKY NOBpIIMHY, Ka0 M BHCOKY
nponyctibuBocT 3a Boay (Kuf > 50 ml/h x mmHg) nonasm no mojavanor ryOuTka
ONIUTOCJIEMEHATa KOjU C€ Hama3e y Tpary (CeleH, IUHK, 0akap), a OHH Cy 3HAYajHH
Ko(akTOpu EH3UMCKOT aHTHOKcuaanuoHor cucrema (SOD). CtaTHCTHUKHM 3HAYajHO Mamba
KOHIIEHTpalldja  Mapamerapa  OKCHIAIIMOHOT  cTpeca  ocTtBapyje  ce  on-line
xemoaujaduiTpanjom ¢ MemMOpaHOM Koja je oOiiokeHa BuTamMmuHoM E, mpumeHnom y
KOHTUHYMTETY TOKOM TPH JIO IIECT MECELH, HEro CTaHAapaHOM xemonujanu3oMm ¢ low-flux
MeMOpaHOM Koja HUje o0okeHa BuTaMiHHOM E. Pe3ynTatu KIMHUYKHX UCTIMTHBAMKA yKa3yjy
na nedewe on-line xemonujaduntpanujom ¢ high-flux mMemOpanama TOKOM Tpu A0 IIECT
Mecelly, 3HaTHHje CMamyje HH(IaMalujy, OKCHAALHUOHU CTPEC, PE3UCTEHIU]y Ha J€jCTBO
eputporioeTiHa U 00e30ehyje 00/by WHTpaIUjaTH3HYy XEMOJMHAMCKY CTAOWJIIHOCT HETO
xemonujanuza ¢ low-flux ~ memOpanama [78, 79]. Tloctmmiymmona  on-line
xemoaujaduITpalja ¢ BACOKUM KOHBEKTUBHUM BoiymeHoM (Vconv > 23 1/4h) cratuctuuku
3Ha4yajHO BMILE MONPaBJba NMPEKHUBIbABAKE 0OJECHUKA HETO KOHBEHLMOHAIHA XEMO/IUjaln3a
[78, 79]. MemOpane 3a xemoaujanu3y (on-line xemoaujaduitpamnujy) 00J10keHEe BUTAMHHOM
E cmamyjy KOHIEHTpalMjy Hapamerapa JUIHIHE NEepoKCHIAlMje Y cepyMmy, Kao IITO CY:
manonauangexus (MDA), peakTHBHE CyICTaHLIMje Be3aHe 3a THOOApOUTYpUUHY KUCETUHY
(TBARS) u oxcugoBanu LDL xonectepon (oxLDL) [46-53]. Te memOpane cMmamyjy u
KOHIIEHTpallM]y HapaMerapa OKCHJIAIMOHOT olTehema HYKIEMHCKUX KUCENIHMHA, Kao LITO je
8-OHdG, kao u koHmeHTpaiujy mapamerapa mukpouH(paamanuje (CRP, wHTepraeykuH-6)
[46-53]. Jleueme high-flux xemoamjanmuzom (on-line  xemoawjadunTpanujom) ¢
noucyahOHCKOM MeMOpaHOM OOO0JIOKEHOM BHUTaMUHOM E TOKOM TpHW 10O IIECT MecCel,
3Ha4ajHO CMamyje OKCHUIATHBHU CTpeC, MHUKpOMH(pIaMalnujy, HHIEKC PE3UCTEHIUje Ha
JIeJCTBO €pUTPOIIOETHHA, TTONPaBJba JICUCHE aHEMUje, CMabyje KOJIUYHHY epUTPOIOCTHHA U
ne0/pUHY MHTHMAa-Me/Inja KapoTHIHUX apTepuja, 0e3 yTHIllaja Ha mapaMmeTpe aaeKBaTHOCTH
xemoaujanmuse (Kt/V unnekc) [46-53]. PesynraTu cnpoBeneHOT UCIUTHBAMkA MOKA3yjy Ja ce
HAaKOH IIojeMHauHe ceaHce on-line xemonujaduntpauuje ¢ high-flux nommucyndonckom
MeMmOpaHoMm o6Onoxxenom ButamuHoM E (Leocced 21H) craructuuku 3Ha4yajHO CMambyje
KOHIICHTpAallMja PEaKTHBHUX CYIICTaHIIMja Be3aHUX 3a THOOapoutypHy kucenuny (TBARS),

anu U akTUBHOCT cymnepokcun ausmyrtaze (SOD) [80]. To ce moxke 00jaCHUTH J1€JCTBOM
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ButamuHa E, any v ryOMTKOM MHKpOEIIEMEHTa, KOPaKTOpa €H3UMa CYIIEPOKCH] TU3MyTa3e y
TOKy ceaHnce On-line xemomujapunrparmje [81, 82]. o cama cnpoBelcHEHa HCIUTHBAbA
MOKa3yjy Jia c€ y TOKY IMOjeIMHauyHe ceaHce on-line xemoaujaduiaTpannje U XeMOAHjaIu3e ¢
high-flux monucyndonckom MemOpaHOM 3Ha4yajHa KOJUYKMHA MUKpOEIeMeHaTa Iyou (celieH,
LIUHK, 0aKap), ITO UMa 3a MOCIEeIUIy CMambeHy aKTUBHOCTH aHTUOKCHJIATUBHUX €H3MMa, Kao
MTO Cy: CYNEpPOKCHJ Ju3MyTa3a U TIyTaTuoH mnepokcupasa [83-86]. Hopmanna
KOHIIEHTpanuja 1nuHka y cepymy msHocu 70-110 ug/dl, y epurponutuma 40-44 ng/gHb, a
HOpPMJIaHa aKTUBHOCT CYNEpPOKCHA Au3MyTase y epurpouutrma jecre 1.102-1.601 1U/gHb.
Kon OonecHuka koju cy Ha JOUjanu3M, LUHK ce mpuMemyje y no3u ona 100 mg/naH, TOkoM
ocaM Hezesba. Pe3ynTatu uCuTHBaWba MOKa3yjy Ja [IMHK MPUMEHEH Y TOj 03U CTATUCTHYKU
3Ha4ajHO TmoBehaBa aKTHBHOCT CYNEPOKCHI JAW3MYTa3e Yy EpUTPOLUTHMA, JOK Ce
KOHIIEHTpallja MaJTOHIMIAJeXUa y CEpyMy CTaTUCTUYKH 3Ha4yajHO cMamyje [87, 88]. [lopen
OJIUTOEJIEMEHATa M XHUAPOCONYyOMIIHM BHUTaMUHH y TOKY CEaHCe AMjaju3e ce ryde, Kao u
BUXOBO aHTHOKcHIATUBHO nejcTBO (BuTamuH C). Kmmpenc Butammaa C y TOKy ceaHce
xemoaujamuze usHocu 30%-50%, a xon high-flux xemomujanuze u xemoaujadunrpanyje
npeko 50%. 360r cMameHOT aHTHOKCUAAIMOHOT KalaluTeTa U KOHIEHTPAIlHje pelyKOBaHOT
riyratuoHa, nopen high-flux nomucynponckux MmemOpana o0noxeHux BuraMuHom E, Tpeba
MPUMEHHUTH U oyinroenemMente, BuTamuH C u ButamuH E. Butamua C Tpeba mpuMeHUTH y
no3u ox 300 mg i.v. mocie cBake MOjeAMHAYHE CEaHCe XEMOJHWjaliu3e y TOKYy ocaM [0
JBaHaeCcT Helesba (y3 MOHHTOPHUHT KOHIIEHTpAIlMje OKcalara y cepymy), JOK ce BUTaMHH E
npuMemyje per os y n1o3u 400—800 [U/man Tokom 12—16 Henmesba 3a CeKyHIapHY TPEBEHIIN]Y
KapJIMOBacKyJapHUX jorahaja, a CHa)XHO AaHTUOKCHJIATHBHO JI€JCTBO OCTBapyje y 03U O
1.000 mg/nmau per os y TOKy ocam Hegesba (alpha tocopherol: 1.0 mg = 1.5 IU) [84-86].

Kao HenHBa3WBaH MjarHOCTUYKH MOCTYIIAK 32 MPOICHY aTepOCKIepo3e KopucTu ce B-
MoOJT yAaTpacoHorpaduja kKapoTuaHux aprepuja [89]. bonecHuIM Ha peTOBHUM XEeMOIHjaIn3Ma
MMajy CTaTUCTHYKU 3Ha4yajHO Behy e0JbuHy MHTHMa-Melija KapOTHIHUX apTepuja O] OIIITe
nonynanuje (ocycTBo 6osectu Oyopera) [89]. M3mely koHIleHTpanuje alOyMHHA Y CepyMy
U ne0JpuHe MHTUMA-MeMja KapOTHAHUX apTepHja MOCTOjU CTATUCTUYKY 3HauajHa HETaTHBHA
nose3anoct [89]. [leOspuHa MHTHMA-MEIHja KapOTHIHUX apTepHja UMa CTAUCTHYKH 3HAYajHO
MMO3UTUBHY KOpelalujy ca KoHmeHrpanujom C-peaktuBHOr npotenHa [89]. Konmnenrparuja
PEaKTHBHUX CyICTaHIMja THOOapOuTypHe kucenuHe y cepymy (TBARS) craructuukm
3HAYajHO TO3UTHUBHO KOPENUINe ¢ NeOJbMHOM HHTHMa-Meuja KapoTUIHHX apTepuja KoJ

OojecHHuKa Koju ce Jede penoBHOM xemonujanu3om [90]. M3mely mapamerpa okcuIanuoHOT
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omrehema DNA, onnoca 8-OhdG/dG (enrit. 8-hydroxy-2-deoxyguanosine /deoxyguanosine),
KOHIIEHTpallMje MaJOHIualexuaa y cepyMmy U JeOJbMHE MHTUMa-MeAuja KapOTHIHUX
aprepuja yTBpheHa je CTATHCTUYKM TIO3UTHMBHA 3HAYajHA CTATUCTUYKA MOBE3aHOCT.
CraTHCTHYKH 3HAYajHAa HETaTHBHA IOBE3aHOCT JIOKa3aHa je u3Mel)y akTHBHOCTH CYNEpOKCH
au3MyTae W JIe0JpbMHE WHTHUMa-Menuja kapotuaHux aprepuja  [91].  OtkpuBame
aTepOCKJIEPOTCKUX IUIAaKOBa YITPA3BYKOM KapOTHUAHHMX apTepuja, U MepemeM JeOJbHHE
uatuMa-meadja cITM (enri. Carotid Intima-Media Thickness) ox Bemukor cy 3Hadaja 3a
MPOIICHY OYYBAaHOCTH YKYITHE apTepujcke Backymarype [92]. Ilpema nmpenopykama EAEMP
(eursn. European Agency for the Evaluation of Medicinal Products), cITM je npuxsalien kao
cyporaT Mapkep arepockiepoze [92]. Virpa3Byk KapOTHIHHX apTepuja KOPUCTH ce 3a
MPOIEHY KapHOBAaCKYJIApHOT CUCTeMa KOJI O0JIECHUKA Ha PeIOBHUM XeMoanjain3ama. Ha taj
HAYMH ce BPILU U NPOIeHa BacKyIapHUX Kannudukamuja [92].

KapaunoBackynapHe 0oJieCTH INpencTaBbajy Hajdyemha KOMIUTHKAIH]y | Bojaehu y3pok
cMpTH OOJIECHHKA y TCPMHUHAIHOM CTaIUjyMy XpPOHWYHE Oojectm OyOpera, KOju ce Jiede
penoBHOM xemoaujanu3oM. CMpTHOCT 300r Gojectu cpua y Toj nomynanuju je u a0 20 nyra
Beha Hero y omnmroj. [lo3HaBame HeTpaguIMOHAIHUX (aKTopa pHU3MKa 3a pa3Boj
Kap/IMOBAacKyJIapHUX OOJECTH je MPBU KOpaK y HPEeBEHUUjU U Jedewy OoiecHuka [93].
YpeMHjcku TOKCHHHU, OKCUJAIIMOHU CTpec, MUKpouH(IaMalnja, MaIHYTpULIMja U €HJ0TeTHa
mucyHKIMja TIPENCTaB/bajy 3HAYaJHU HETPAAMIIMOHAIHU (aKTOp pHU3HKA 3a PasBoj
aTepOCKJIEPOTCKUX KapJHMOBAaCKyJapHUX OOJEeCTH y MOMynauuju OOJEeCHUKAa KOjU ce Jeue
xemoaujamm3oM [93]. YpeMHujcku TOKCHHU TIOTCTHYY II0jadaHy AaKTUBAIU]y JEYKOITUTa
(moBehana oxcuaanuMoHa M MpOWH(IAMAaTOPHA AKTUBHOCT JIEYKOLUTA), YCXOAHO PEryJully
UHTepakiyje u3Mely JeykouuTta M eHaoTeNna W UHPHUITPALMjy MOHOHYKJIeapHUX henuja y
aTepockieporcke Backynapue nesuje [93]. Acumerpuunu gumerwnapruHuH (ADMA),
indoxyl sulfate (IP) u p-cresyl sulfate (pCS) cy ypeMHjCKH TOKCHHH KOjH HCIIOJbaBajy
MMPOOKCUAAIMOHO U MPOUH(IAMATOPHO JI€JCTBO, CIeYaBajy CTBApame a30THOT MOHOKCHIA Y
eHJ0TeTHUM henwjamMa W WMajy BHCOK aTeporeHH mnoTeHnujan (yOp3aBajy Mporpecu)y
nopemehaja Gynknuje engorena) [93].

Jlobap mpeauKTOp KapIMOBACKYJIApHOI MOpTAJUTETa j€ XUIOaJOyMHHEMHUja.
BepuduxoBabu cy craTHCTHUKM 3HavyajHo moehaHu mapamerpu MHKpoHH(pIamanuje u
OKCHJIALIMOHOT cTpeca. Pe3ynratu oBor nCnuTUBama, MOKa3ajil cy Ja u3Mely KoHleHTpaluje
anOymuHa W mpealOyMuHa y cepyMy IIOCTOjHU BHCOKO CTaTHCTHUKU 3Ha4ajHa (p < 0.01)

MO3UTHBHA TIOBE3aHOCT. M3mel)y KOoHIeHTpanuje amOymuHa W TpeaOyMHHa y cepymy H
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neO/pMHEe MHTHMAa-MeIMja KapoTHIHUX apTepHja YTBphEeHA je BHCOKO CTAaTHUCTHUYKHU 3HavajHa
(p < 0.01) HeraTuBHA MOBE3aHOCT, IITO je y CKJIaay C pe3y/iTaThMma J0 caja CIIPOBEICHUX
UCIHUTHBaka Koja Cy Takohe MOTBpAWIIA CTATUCTHYKU 3HA4YajHY HETaTUBHY KOpeENalujy C
napamMeTpuMa HyTpHUIldje KoJ1 00JIECHUKA Ha PEIOBHUM XeMoaujain3ama [94].

Mely namnujeHTHMa KOjU NPUMEHY]Y PEIOBHY XEMOIWjaau3y, JIeO0/bMHAa WHTHMAa-
Meavja KapOTHUIHMX  apTepuja CTATHCTUYKH 3HAYajHO TIO3UTHUBHO  KOpENUWIIe C
KoHIIeHTpanujoM C-peakTUBHOT MPOTEHHA W MpOWH(IaMaTOPHUX LUTOKUHA y cepymy [95].
Pesynratu ucTpaxuBama HUCY TOKa3ajdd CTaTUCTUYKH 3HAYajHY MO3UTHUBHY KOpENalHjy C
neOJbMHOM HMHTHMa-MeIuja KapoTHIAHHX apTepHja, INTO IOKa3yje MoTpedy 3a MepemeM
OCETJbUBMJUX IMapameTapa MUKpouH(IaMalnje y OBOj Momylanuju OONecCHUKa, Kao IITO Cy
npourpiaamaropun uutokuHu (IL-6, TNFo). 3nauajuy ymory y mporecy pasBoja
aTepoCcKiepo3e HMa JIMIUIHA TIepoKcHaanuja. Pe3ynratu oBe cTyauje ce moayaapajy ca Jao
calla yYMmbCHUX UCTPAKUBABIMA IPYTUX ayTOpa, OHOCHO MOCTOjahe CTATUCTUYKY 3HAYajHE
MO3UTUBHE TIOBE3aHOCTH wW3Mel)y KOHIIGHTpaluje CYINCTaHIHja Koje pearyjy c
THOOapobuTypHoM kucenuHoMm y cepymy — TBARS (enrn. ThioBarbituric Acid Reactive
Substances) u neb6puHE HHTUMA-MeIH]ja KapoTuaHux aprepuja [95]. HeratuBHa moBe3aHocT
J0Ka3aHa je u3Mel)y aKkTUBHOCTH CYNEPOKCH] IU3MYyTa3e y EpUTPOLUTHMA U JAeOJbHHE
WHTHMa-MeJIMja KapOTUIHUX apTepHja, ITO j€ y CarJIaCHOCTH C pe3yjiTaTuMa JPYyTrux ayropa

[95].

[IpumapHu y3pOK aHeMHje, JecTe CMameHO CTBapame epurpornoeThHa. llpumene
oarosapajyhe nose eputponoeruna ce koj 5%—10% OonecHuKa He MOCTUTHE LUJBHU HHUBO
xemornoouna (Hb = 110-120 g/l). Pesyntatm oBOr ucnuTHBama yTBPIWIM cy Behy
MIPEBAJICHITN]y PE3UCTEHIIN]jE Ha JIEJCTBO €pUTPONOECTHHA. Pe3ucTeHImja je 3acTynbeHa Ko
oko 10% OGonecHuKa Koju cy MpUMali KpaTkoaenyjyhu epuTponoeTHH (€moeTHH-0, eMOeTHH-
B) u xoxg oko 50% OonecHHMKa KOJA KOJjUX je 3a Jieuemhe NpUMEHHMBAH Iyrojenyjyhu
eputpornoeTHH (napOenoeTuH-a). Pe3ucTeHnMja Ha J€jCTBO €pUTPOINOETHHA je (haKkTop
pHU3UKa, KOJU YTMYE Ha pa3BOj KapIUOBACKyJIapHOT MopOuaurera W moprainurera [96].
Pesynratu 10 caja yYMBHEHUX WCHUTHBAbA YTBPAWIM CY MOCTOja-€ CTATUCTHYKU 3Ha4ajHe
HEraTHBHE IMOBe3aHOCTH u3Mely KOHIEeHTpauuje npouH(pIaMaTOPHUX IMTOKUHA U
KOHIICHTpaIllje XeMOrjoOWHa y KpBH. bojiecHMIIM KO KOJUX IIOCTOjU PE3UCTEHIMja Ha
NejcTBO ayroenyjyher epurpornoeTHHa HuMajy BHOCKO CTAaTHCTUYKM 3HAYajHO Mamby

KOHIICHTPALIMjy XEMOIJIOOWHA y KpBM, KaO M CTaTHCTUYKM 3HauajHO Behy KOHIEHTpamujy

89



CRP-a y cepymy. TakBu pe3yiaratu y CKiIagy Cy € pe3yiTraTumMa J0 CaJa YUYUHCHHUX
UCIHUTHBamka, KOoja Cy yTBpAMJA MOCTOjalke€ CTaTUCTUYKU 3Ha4yajHE HEraTMBHE IOBE3aHOCTHU
u3mely konuentpammje CRP-a, npoumHdramaropHux UUTOKMHA (MHTEPICYKHH-0) W
KOHIIGHTpalyje xeMmorioonHa y kpBu [96]. BonecHunm ¢ pe3ucTeHNHMjoM Ha JI€jCTBO
Kpatkojenyjyher wu  ayromemyjyher eputpomoernHa uMajy Behly — KOHLIEHTpAIHjy
CYHNEPOKCHIHOT aHJOHA M BOJOHMK-TIEPOKCUIA, KA0 M CMameHy KOHILIEHTpalUjy KaTajase y
eputporutuma. CarjlacHH Cy ca JIpyrMM ayTopHMa, KOjU Cy YTBPAMJIM 3HAayajHy OBE3aHOCT
n3Mely OKCHIAIMOHOT cTpeca U creneHa anemuje. OHHM Cy JJOKa3adu CTaTUCTUYKHU 3HA4YajHY
MO3UTHBHY MOBE3aHOCT M3Mel)y KOHIIEHTpaluje XeMOrJIoOMHa y KpBH M KOHIICHTpAaluje
CYHNEpOKCHJl JU3MyTa3e Yy epUTPOLMTHMA, KAa0 M CTATHUCTUYKM 3HAYajHy HEraTUBHY
[OBE3aHOCT  u3Mel)ly  KOHLeHTpaluje XeMorJIoOMHa y KpBM U KOHLEHTpaluje
Manonauangexuaa y epurpountuma [96]. Craryc reoxkha y opraHuzmy OoJieCHHMKa KOjHU Ce
Jeye PeJOBHOM XEMOJMjali30M HMMa 3HadajHy YOIy y pa3Bojy pe3UCTEHIUje Ha J€jCTBO
epuTpornioeTrHa. Pe3ynraTH OBOT HCTpakMBama IOKa3add Cy Ja OOJECHUIM KOJA KOjHX
MOCTOjH PE3UCTEHIIMja Ha JICjCTBO KpaTKoaenyjyher epuTpornoeTiHa (enoeTuH-o., enoeTHH-[3)
MMajy KOHLEHTpauujy ¢eputuHa Behy Hero OosiecHunu Oe3 pesucteHuuje. bonecHunu c
PE3UCTEHIIMJOM Ha JeJCTBO ayrojenyjyher epurpomoeTuHa (mapOemoeTuH-o) UuMajy
CTaTUCTHYKM 3HAYajHO Mamy KOHICHTpalHWjy npearOymMuHa W BUTaMuHa D y cepymy Hero
OonecHUIM Oe3 0Ka3aHe Pe3UCTEHIIM]je, KOja je NCTOBETHA Kao U KOJ JAPYIMX MCTpaKMBaya.
IloBehana koHueHTpanja ¢epuTuHa y cepyMy W (QYHKUMOHAIHM HEJOCTaTak TIBoxha
3HauYajHU cy (pakToOpH 3a pa3Boj pe3UCTEHIMje Ha JAejcTBO epuTpomnoeruHa [97]. ¥V mo cana
YUUEHUM HCTPAKUBAakHUMa, MOJEIIOM JIOHTUTYAMHAIHE JIMHEapHE perpecuje yTBpheHa je
CTATUCTUYKM 3HauyajHa TO3WTHMBHA IMOBE3aHOCT M3Mel)y MHIEKca pe3uCTEeHIMje Ha J1€JCTBO
epuTporoeTHHa u KoHeHTpanuje peputura 1 CRP-a y cepymy, nporieHTa HHTEpANjaIu3HOT
npuHoca y TenecHo] Macu OonecHuka (%IDWG) u ymorpebe Oiiokaropa KOHBEpTase
aarumorensuHa 1 [97]. OxcupanuoHu cTpec, MUKpOMHGIIaMallyja, MaTHYyTPHUIIH]ja, HETOCTATaK
ButamMuHa D u ¢yHKUMOHAMHU HenocTaTak TBoxkha 3HauajHU Cy (hakTopu pHU3HMKa 32 pa3Boj
pe3uCTeHIMje Ha JejcTBO epuTpornoeTuHa [96, 97].

Manunyrpunyja je 3actymibeHa kon 30%—60% OonecHuka. PesynraTu crnpoBeneHOTr
HCTpaXMBamka TMOKAa3aIM Cy J1a OOJIECHHIIM KOJA KOJUX TOCTOJU PE3UCTEHIIMja Ha JIeJCTBO
nyrojaenyjyher epurponmoeTHHa WMajy CTAaTUCTUYKH 3HA4YajHO Mamy KOHIIEHTpaIujy
npeanOyMuHa y cepyMmy Hero OoJleCHMIM KOJA KOjuxX Huje yTBphena pesucreHuuja. OBu

pe3yaTatu, Kao M KOJ JpYIHX, PE3UCTCHLHWja Ha JEjCTBO EpPHUTPOIIOETHHA IIO0Kazyje
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CTaTUCTHYKU 3Ha4yajHO Beha koHuHeTpauuje hsCRP-a u unrepneyknna-6, ka0 1 CTaTUCTUYKU
3HaYajHO Mama KOHIIEHTpalyja aJOyMHHAa W IpeaioymMuHa y cepyMy. MyJTHBapHjaHTHOM
JUHEAPHOM PETPEeCHOHOM aHAIIM30M, OBU ayTopH mokasanu cy ga cy hsCRP u IL-6 jaku u
HE3aBUCHH TIO3UTUBHU NPEIUKTOPH PE3UCTEHIIMje Ha JI€jCTBO EPHUTPOINOETHHA, JOK CY
KOHIICHTpallija aI0yMHHa U NTpeaiOyMUHA JaKu U He3aBUCHU HETaTHBHH MPEIUKTOPH pa3Boja
pesucTteHyje Ha nejctBo eputpornetuHa [98]. CyrmuiemenTanuja cenena, per 0s, y gosu oxa 200
LQ/maH TOKOM JBaHAeCT HeAesba, LIMHKA, Per 0S, y mo3u ox 100 mg/maH TokoMm ocaM [0
JBaHaecT Hezlesba U L-kapHuTHHa 1.V. y n1o3u ox 1.000 mg Tpu myrta HelesbHO, MOCIE CBaKe
cecHje XeMoJaujaluM3e y TOKy JBa-Tpu Mecela, noBehaBa KamaluuTeT EH3UMCKe
AHTHOKCH/IAIIMOHE 3aIUTUTE U cTaTyc ManHyTpuuuje [99].

3HayajHO  CTaTUCTHYKM Beha  KOHLEHTpalyja  XeNuIuHa Yy CepyMy je KO
IVjalu3upaHuX  TaldjeHara, Hero KOoJ KOHTPOJHE Trpylne HcnuTaHuka. [IpoTewH koju
KOHTPOJIMILE amncophiujy rBoxkha je XemuuIAuH U HEroBy IUCTPUOYIHU]Y Y OpraHu3My
OosecHuKa (MMa BaXHY YIOTY y pa3Bojy (pYHKIMOHAIHOT HelocTaTtka rBoxha). Mepeme je
HEONMXOAHO 300r mpuMeHe epurponoeTrHa. OppesbUBame KOHICHTpalWja XeMuaAuHA Y
cepyMmy omoryhaBa WHIMBHyaTHH MPHUCTYII J€UeHa EPUTPONIOSTHHOM, KOjoM ce oMoryhasa
Mama PEe3UCTEHIMja Ha JIejcTBO epuTpornoeTnHa U Beha edukacHocT eputponoernna [100].
Mepeme KOHIICHTpaluje CeJeHa y CepyMy M aKTHBHOCTH CYIEPOKCH] IU3MyTaze MpyKa
MoryhHOCT mporieHe cuctema antruokcuaanuone 3amrute [100].

I'Boxhe nmpuMemeHO HHTPABEHCKH MOXKE /12 Y3POKYj€ OKCHJIAIMOHU CTpec U omTeheme
JUNKJA, TPOTEUHA U HYKJIEHHCKUX KUcenuHa henunja, koa OojecHUKa KOjU ce Jeue PeJOBHOM
xemoaujanm3oM. Mepemwe konuenrtpaiuje 8-OHAG (enrn. 8-hydroxy 2'-deoxyguanosine) y
JeykonuTuMa W JuMdornuTuMa mnepudepHe KpBU j€ OCETJbUB MapKep OKCHAALMOHOT
omrehemba DNA [101]. PenoBHO moHaB/baHa MHTpaBEHCKa IpuMeHa raokha, mpaheHa je
noBehameM KoHIleHTpanuje MaloHauanaexuaa y cepymy (MDA) u campxkajem 8-OHAG y
muMpouuTrMa niepudepHe KpBH, ca ¢peputuHa koju je Behu ox 500 pg/l [101]. Pusuk on
HETOBOJLHOT HCXO0/a, ToBehaH je y  WHTpaBEHCKO] mpuMeHHu TBoxkhe y mosm > 400
mg/MeceyHo, kKao u ako je ¢eputura npexko 800 [101, 102]. JlupekTHO TOKCHYHO J€jCTBO je
YKOJIMKO ce rBokhe mpumemyje i.v. y Mmecednoj 1o3u > 400 mg [101, 102]. Pe3ynratu 1o cana
00aBJFCHUX UCTIMTHUBAA TIOKA3aJIM CY CTATUCTHYKH 3HaYajHY IO3UTHUBHY ITOBE3aHOCT M3Mely
KOHIIeHTpanuje peputuna y cepymy u koHreHntpanuje CRP-a y cepyMmy, Kao u cTaTUCTHUKH
3Ha4yajHy TMO3UTHBHY IIOBE3aHOCT u3Mel)y KOHIeHTpaluje «¢QepuTHHa Yy Ccepymy U

konneHtpanuje TBARS-a y cepymy [103, 104]. BonecHunu ¢ KoHIeHTpanujoM (hpeputuHa y
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cepymy > 800 ng/ml umajy Behy konunentpauujy CRP-a y cepymy, Hero kana je ucroa 800
ng/ml [104]. Bumak Fe y opranusmy OOJICCHHKa NOACTUYE JIUIHIHY MEPOKCHIAIM]Y H
noehaBa OKCHIAIMOHM CTPEC, @ CMamyje aKTHBHOCT aHTHOKCUIAIIMOHUX CH3MMa. YTBpheHa
j€ CTaTUCTHYKY 3Ha4yajHa MO3UTHBHA KOopeJanuja u3Mel)y KOHIeHTpaluje pepuTHHa y cepymy
W KOHIICHTpaluje MaloHauanaexuaa y cepymy [105]. PesynraTu cipoBeqeHOT HCIIUTHBAMbA
MOKa3aJli Cy Jia je Mama aKTHMBHOCT KaTaja3e y epUTPOLUUTHMA, ca BehoM KOHIIEHTpPAIWjoM
¢eputuna. Kox mpuMeHe BHCOKHMX MECEYHUX J03a TBOKha, MOTpedaH je MHAWBUAYAIHU
NPUCTYNT  AWjaiM3He  mpeckpunmuje  (MemOpane  oOjokeHe  BUTamMHHOM  E,
xemoujapurpamyja) [100-105].

Burtamun B, je riaBHM MHKPOHYTPUEHT 32 ONTHMAJIHY XEMaTOINOe3y U METaOOIUYKY
GyHKIM]y KapIuOBaCKyJapHOT cHcTeMa. ATeporeHesa je IIOBe3aHa ca HEZOCTaTKOM
BUTaMuHa Bjy, mpeko xumnepxomouucrennemuje [106, 107]. Pesynratu cmpoBeneHoOr
UCTPAKUBAKa IOKa3yjy Ja OOJIECHHIIM ¢ MHUKPOMH(IAMANHMjOM, WUMajy 3HAYAajHO Mamby
KOHIICHTpallKjy BUTaMHHA B1y y cepyMy Hero 00JE€CHUIM KOjU HeMajy MHUKpOHH(pIamanujy.
Takohe m kom npyrux ayropa ca pe3yiaTaTuMa IMOCTOjU CTATHCTUYKH HETaTHBHA 3Ha4ajHa
MoBe3aHOCT M3Mel)y KOHIleHTpaluje ButamuHa Bip u dakrtopa Tymopcke Hekpoze TNFa y
cepymy [107]. KorTposoMm onTuMaiHe KOHIIEHTpallMje BUTaMUHA B1y y cepymy, crpedaBa ce
pa3Boj  aTepOCKIEPOTCKUX  OOJNECTM  KapAMOBacCKyJapHOT  CHUCTE€M,  HHAYKOBAaHUX

MukpouHduamanujom [107].
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. BAKJbYYIIU

. Ilojenqunayna ceanca on-line xemoaujadpunrpammje ¢ high-flux momucyndorckom
MeMOpaHoM Benuke mospiiuae (A > 2.0 m2) Koja je obnokeHa BuTaMuHOM E cratnctuukm
3HAYajHHUje yTHYE Ha IMapaMeTpe OKCHIAIMOHOT CTpeca HEero IojeJuHavyHa ceaHca on-line
xemomjadurrpammje ¢ high-flux momucynporckom Membparnom mospmrmse > 2.0 m?, koja
HHU]je 00JI0)KEHA BUTAMUHOM E.

. Ilocne mojemunaune ceance ON-line xemoaujaduaTpanuje ¢ MeMOpPaHOM OO0JI0KEHOM
BUTaMMHOM E, CTaTucTHMUKM 3HA4YajHO Cce€ CMamyje KOHIEHTpalHja pPEeaKTUBHUX
CyIICTaHIIMja Be3aHWX 3a THobOapOurypmuHy kucenuny (TBARS), mox ce akruBHOCT
cynepokcun auzmytaze (SOD) cMmamyje xkox o6e nujanu3He mMemOpaHe, Kao Mocleaula
M0ja4yaHoOT TYOWTKa eJeMeHaTra y Tpary, KO(akTopa EH3MMCKUX aHTHOKCHUIATHBHUX
cucteMa (CyrepoKCHI TU3MyTasa).

. On-line xemonujadunrpanujy ¢ high-flux monmucyndonckom membpanom kxoja je o0OnoxeHa
BUTaMMHOM E Tpeba mnpumemuBaTH y AyKeM Nepuoay (TpU JO IMIECT MECElH), Y3
onropapajyhy mporeHy KamalnuTeTa aHTHOKCHAATHBHE 3allITUTE y TOKY Jie4eHha OBUM
MOJIAJINTETOM JIHjalIn3e.

. 3a ocTBapuBame€ ONTHMAJIHE €(PUKACHOCTH Jieuerka OOJIECHHKA, TOTpeOHA je
WHJIMBHIyaJIU3allM]ja MIPECKPUIIUje on-line xeMoaujaduaTparmje.

. YTpa3Byk KapOTHUIHHX apTepHja, Mepeme Ae0obuHe nHtuMa-meauja (CITM) u otkpuBame
aTepOCKJIEPOTCKUX IUJIaKOBa OJ1 BEJIMKOI Cy 3HAadaja 3a IPOLEHY 3/paBiba YKYIIHE
apTepHujCKe BacKymaType.

. OKCUAAIMOHH CTPEC U MAIHYTPHIMja UMa]y BaXXHU YMHIJIAIl Y PA3BUTKY aTEPOCKIEPO3e
KapOTHJHUX apTepHja KOJ NalMjeHaTa KOju KOpPHUCTe DPEIOBHY xemoaujanusy. Msmelhy
nebJbHEe MHTUMa-MeAnja KapoTUIHUX aprepuja M KoHieHTpanuje TBARS-a y cepymy
MOCTOJM CTATUCTUYKHM 3HA4YajHa TIO3WTHBHA TOBE3aHOCT, NOK je m3Mel)y KOHIICHTpaIHje
SOD y epurpouutrMa u 1e0bMHE HHTUMA-MeIMja KapOTUAHUX apTepHja yTBpleHa BUCOKO
CTaTHCTUYKHY 3Ha4YajHa HETaTHBHA ITOBE3aHOCT.

. Bucoko crarucTMukM 3Ha4yajHa HEraTMBHA IIOBE3aHOCT u3Mel)y KOHIeHTpauuje
npeanOymMrHa W aJOyMHHA y CEpyMy W NpPEYHHKAa MHTUMAa-MeIHja KapOTHIHHUX apTepHja
yKa3yje Ha 3Ha4yaj MATHYTPHUIIM]€ Y Pa3BOjy aTepOCKIIEPO3eE.

. OKcHIanmoHn CTpec M MAJHYTPHIIMjA, TOjEJMHAYHO M Y CaJlejCTBY, 3HATHO IOMPHUHOCE
pa3Bojy W yOp3amy aTepokciepo3e U TnoBehamy pu3MKa Of KapJHOBaCKyJapHOT
MOpOUIUTETa U MOPTAITUTETA KO/ MAI[Hj€HTa Ca PEIOBHOM XEMOIH]aTU30M.
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20.

. Okcupganmonu crpec, MUKpouHGIaMalyja, MalHyTpUllMja, HeAocTaTak BUTamMuHa D wu

noBehaHa KOHIIEHTpanuja GepuTHHA y CepyMy 3HauajHH Cy (pakTopw pHU3HKa 3a Pa3Boj
OTIIOPHOCTH Ha YTHUIA] EPUTPONOETHHA KON OOJIECHWKA KOjU TIPUCTYIAjy KOHCTATHO]

XEMO/TUj AJTH3H.

. Pesucrenuuja Ha gejctBo kpartkonenyjyher eputpomnoetuHa npucytHa je kon 12.50%

ManujeHaTa Ha peJJOBHO] XeMOIH]aTu3H.

BonecHunin ¢ pe3uCTEHIMjOM HA [IEJCTBO KpaTKoIenyjyher epuTpornoeTHHa HMajy
CTaTUCTHYKHU 3HATHO Behy KOHIEHTpauujy GepuTHHA y CEPYMy M CTATUCTHYKH 3HAYAjHO
Mamby KOHILIEHTpPALUjy KaTajla3e y epUTPOLUTHMA.

Pesucrenuuja Ha pnejcTBO ayrojenyjyher epurpomoeTvHa 3acTylybeHa je kon 24
oonecuuka (53.33%) koju ce jieye peIOBHOM XEMOHjaTH30M.

BonecHun ¢ pe3nCTEHIIMjOM Ha JEjCTBO JYrojeiyjyher epuTponoeTnHa UMajy BUCOKO
CTaTUCTMYKHU 3HAYajHO Mamby KOHIIEHTpauujy npeajaOymuna u ButramuHa D y cepymy, kao
U CTaTUCTMYKU 3HauyajHo Behy koHueHtpauujy CRP-a, cynepokcuaHor aHjoHa u
BOJIOHUK-TIEPOKCHJIA Y CEPYMY HEro OOJICCHUITN 0e3 Pe3UCTCHIIH]C.

Konnenrpanuja C-peakTHBHOT NPOTEWHA y CEPYMy jecTe He3aBHUCaH (akTOp pU3HKA 3a
PE3UCTEHIIN]Y Ha JIejCTBO CTUMYJIATOPa EpUTPOIOE3E.

Pano u3nBajame OoslecHUKA KOJI KOJUX je Beha pHU3MYHOCT OJ pa3Boja OTHOPHOCTH Ha
yTHIIa] EpUTPONOETHHA, IIpaBOBpeMEHa MpuMeHa ojarosapajyhe Tepamuje u
MHIUBUAYaIM3alKja IPECKPUIILUje TUjanu3e, IpyKajy MOryhHOCT onTUMallHEe KOHTPOJIEe
OKCHJAIIMOHOI' CTpeca, MUKpouHGIaMallyje, MaTHyTpUIije, HeJocTaTka BUTaMuHa D u
craryca reoxxha y opranusmy OoJiecHHKa.

OnTrManHa KOHTPOJIa OKCHIAIIMOHOT CTpeca 3a MOCeIUIly IMa 00Jbe Jieuemhe aHEMH]e,
Mamby CTONY KapIuOBACKYJIapHOT MOPOUIUTETA M MOPTAIIUTETA.

[ManmjeHTH KOjU KOpHCTe XeMoAujauiaTpanujy HMMajy CTAaTUCTHYKU 3HAYAjHO Mamby
KOHIIGHTpaLKjy (epuTHHa Yy CepyMy, OJHOCHO MamH CcTeneH (YHKIHOHATHOT
HezlocTaTKa IrBoXkla, Hero 00JIECHUIIN KOJU KOPUCTE CTaHAAPAHOY XEMOIN]jaIu3y.
[NanmjenTn Koju KopucTe xemoaujaduiITpanyjy MMajy BHUCOKO CTAaTUCTUYKU TIJIEJaHO
Belly KOHIEHTpauujy npeaiOyMHuHa y cepyMy, OJHOCHO 0OJbU CTaTyC HYTpHIIMj€, HEro
00JIECHUIIM KOjH Ce JIede PEJOBHOM CTaHIapITHOM XEMO/I1jaTU30M.

XemoaujadgunTtpaiyja je MeTos1a Jeuema Koja 00e36ehyje Mamy cTeneH MalHyTpULMje U
Behu crenen uckopumthaBama reoxlha 3a CHHTE3y XeMOTJIOOMHA y €pPUTPOIIUTHMA.
[TanjeHTH KOjU MpUMEBY]y XeMmoaujauiITpalrjy MMajy CTaTUCTHYKH TieaaHo Behy

KOHIICHTPUCAHOCT CYNEPOKCHJI TU3MyTa3e y EpUTPOLUTHMA, OJHOCHO BehH cremneH
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21.

22.

23.

24,

AHTUOKCUJAIMOHE 3alITUTE, HEro OOJIECHHWIM KOjU C€ JIe4e PEIOBHOM CTaHIAPIHOM
XEMOJIH]AJTU30M.

[TarujeHTH ca KOHCTAHTHOM XEMO/IU]jaTi30M ¢ KOHIIeHTpanujoM deputruna Behom ox 800
ng/ml uMajy CTaTUCTHYKK 3HAYajHO Marby aKTUBHOCT KaTajla3e €pUTPOLUTHMA (CMameHa
AHTUOKCHUAIMOHA 3aIlITHTA).

W3mely nose naTpaBeHcKor rBoxkha n mapamerapa OKCHIAMOHOT CTpeca HUje yTBpheHa
CTaTUCTHYKHU 3HAYajHA TIOBE3aHOCT.

[TarujeHTH KOjU Cy ca KOHCTAaHTHOM XEMOJIMjaH30M C MUKPOHH(IAMAIjOM TOCEIY]Y
CTaTHCTUYKM TIOCMaTpaHO Mamy KOHLEHTpalujy BHUTaMHHa Bi» y cepymy Hero
00JIeCHUIIM KOJU HEMAj]y MUKpPOHH(IIaMaIIH]y.

Wzmely konnentpanuje C-peakTUBHOT NMPOTEHHA y CEPyMY M KOHIICHTpalWje BUTAMUHA

B12 y cepyMy MOCTOjM CTAaTHCTUYKH 3HAYajHA HETATHBHA MTOBE3aHOCT .

95



10

11.

12.

13.

. JINTEPATYPA

. Levey, A. S., Jong, P. E., Coresh, J., El Nahas, M., Astor, B. C., Matsushita, K., et al. The

definition, classification, and prognosis of chronic kidney disease: a KDIGO Controversies
Conference report. Kidney Int 2011; 80(1): 17-28.

. Kidney Disease Improving Global Outcomes. KDIGO 2012 Clinical Practice Guideline for

the Evaluation and Management of Chronic Kidney Disease. Kidney Int Suppl 2013; 3(1):
1-150.

. National Kidney Foundation. KDOQI Clinical Practice Guideline for Hemodialysis

Adequacy: 2015 update. Am J Kidney Dis 2015; 66(5): 884—930.

Watanabe, Y., Kawanishi, H., Suzuki, K., Nakai, S., Tsuchida, K., Tabei, K., et al.
Japanese Society for Dialysis Therapy Clinical Guideline for ,,Maintenance Hemodialysis:

Hemodialysis Prescriptions”. Therapeutic Apheresis and Dialysis 2015; 19(Suppl 1): 67—
92.

. Ronco, C., Clark, W. Hemodialysis membranes. Nat Rev Nephrol 2018; 14(6): 394—410.
. Kohlova, M., Santos-Silva, A., Amorim, C., Montenegro, M. The biocompatibility and

bioactivity of hemodialysis membranes: their impact in end-stage renal disease. J Artif
Organs 2019; 22(1): 14-28.

. Glorieux, G., Neirynck, N., Veys, N., Vanholder, R. Dialysis water and fluid purity: more

than endotoxin. Nephrol Dial Transplant 2012; 27(11): 4010-4021.

. Tattersal, J. E., Ward, R. A. Online haemodiafiltration: definition, dose quantification and

safety revisited. Nephrol Dial Transplant 2013; 28(3): 542-550.

. Chapdelaine, 1., De Roij van Zuijewijn, C. L. M., Mostovaya, |. M., Levesque, R.,

Davenport, A., Blankestijn, P. J., et al. Optimization of the convection volume in online
post-dilution haemodiafiltration: practical and technical issues. Clin Kidney J 2015; 8(2):
191-198.

. De Roij van Zuijdewijn, C. L. M., Chapdelaine, I., Nube, M. J., Blankestijn, P. J., Bots,

M. L., Konings CJAM, et al. Achieving high concentration volumes in postdilution online
hemodiafiltration: a prospective multicenter study. Clin Kidney J 2017; 10(6): 804-812.

Perez-Garcia, R., Alcazar, R. The dialyser in the year 2017: Much more than a
membrane. Nefrologia 2018; 38(1): 4-7.

Marcelli, D., Scholz, C., Ponce, P., Sousa, T., Kopperschmidt, P., Grassmann, A., et al.
High-Volume Postdilution Hemodiafiltration Is a Feasible Option in Rutine Clinical
Practice. Artif Organs 2015; 39(2): 142-149.

Rosati, A., Ravaglia, F., Panichi, V. Improving Erythropoiesis Stimulating Agent
Hyporesponsivenessin - Hemodialysis  Patients: The Role of Hepcidin and
Hemodiafiltration Online. Blood Purif 2018; 45(1-3): 139-146.

96



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

Canaud, B., Barbieri, C., Marcelli, D., Bellocchio, F., Bowry, S., Mari, F., et al. Optimal
convection volume for improving patient outcomes in an international incident dialysis
cohort treated with online hemodiafiltration. Kidney Int 2015; 88(5): 1108-1116.

Canaud, B., Vienken, J., Ash, S., Ward, R. A. Hemodiafiltration to Address Unmet
Medical Needs ESKD Patients. Clin J Am Soc Nephrol 2018; 13(9): 1435-1443.

Ward, R. A., Vienken, J., Silverstein, D. M., Ash, S., Canaud, B. Regulatory for
Hemodiafiltration in the United States. Clin J Am Soc Nephrol 2018; 13(9): 1444-1449.

Wolley, M., Jardine, M., Hutchison, C. A. Exploring the Clinical Relevance of Providing
Increased Removal of Large Middle Molecules. Clin J Am Soc Nephrol 2018; 13(5):
805-814.

Vanholder, R., Pletinck, A., Schepers, E., Glorieux, G. Biochemical and Clinical Impact
of Organic Uremic Retention Solutes: A Comprehensive Update. Toxins 2018; 10(1): 33.
DOI: 10.3390/toxins10010033.

Massy, Z. A., Liabeuf, S. Middle-Molecule Uremic Toxins and Outcomes in Chronic
Kidney Disease. Ronco C (ed). In: Expanded Hemodialysis-Innovative Clinical Approach
in Dialysis. Contrib Nephrol. Basel, Karger 2017; 191: 8-17. DOI: 10.1159/000479252.

Haroon, S., Davenport, A. Choosing a dialyzer: What clinicians need to know.
Hemodialysis Int 2018; 22(S2): 65-74. DOI: 10.1111/hdi.12702.

Wolley, M. J., Hutchison, C. A. Large uremic toxins: an unsolved problem in end-stage
kidney disease. Nephrol Dial Transplant 2018; 33(1): 6-11. DOI: 10.1093/ndt/gfy179.

Garcia-Prieto, A., Vega, A., Linares, T., Abad, S., Macias, N., et al. Evaluation of the
efficacy of a medium cut-off dialyser and comparison with other high-flux dialysers in
conventional haemodialysis and online haemodiafiltration. Clin Kidney J 2018; 11(5):
742-746.

Kirsch, A. H., Lyko, R., Nilsson, L. G., Beck, W., Amdahl, M., Lechner, P., et al.
Performance of hemodialysis with novel medium cut-off dialyzers. Nephrol Dial
Transplant 2017; 32(1): 165-172.

Masakane, 1., Sakurai, K. Current approaches to middle molecule removal: room for
innovation. Nephrol Dial Transplant 2018; 33(Suppl 3): 12-21.

Ronco, C., Marchionna, N., Brendolan, A., Neri, M., Lorenzin, A., Martinez Rueda, A. J.
Expanded haemodialysis: from operational mechanisms to clinical results. Nephrol Dial
Transplant 2018; 33(Suppl 3): 41-47.

Zweigart, C., Boschetti-de-Fierro, A., Hulko, M., Nilsson, L. G., Beck, W., Storr, M.,
Krause, B. Medium cut-off membranes — closer to the natural kidney removal function.
Int J Artif Organs 2017; 40(7): 328-334.

Cozzolino, M., Mangano, M., Stucchi, A., Ciceri, P., Conte, F., Galassi, A.
Cardiovascular disease in dialysis patients. Nephrol Dial Transplant 2018; 33(Suppl 3):
28-34.

97



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Liakopoulos, V., Roumeliotis, S., Gorny, X., Dounousi, E., Mertens, P. R. Oxidative
stress in Hemodialysis Patients: A Review of the Literature. Oxidative Med Cell Long
2017; doi: 10.1155/2017/3081856.

Libetta, C., Sepe, V., Esposito, P., Galli, F., Dal Canton, A. Oxidative stress and
inflammation: Implications in uremia and hemodialysis. Clin Biochem 2011; 44814-
44815): 1189-1198. DOI: 10.1016/j.clinbiochem. 2011.06.988.

Wu, C. C, Chen, J. S, Wu, W. M., Liao, T. N., Chu, P, Lin, S. H., et al.
Myeloperoxidase serves as a marker of oxidative stress during single hemodialysis
session using two different biocompatible dialysis membranes. Nephrol Dial Transplant
2005, 20(6): 1134-1139.

Ward, R. A. Ultrapure Dialysate. Semin Dial 2004; 17(6): 489-497.

Aziz, M. A., Majeed, G. H., Diab, K. S., Al-Tamimi, R. J. The association of oxidant-
antioxidant status in patients with chronic renal failure. Ren Fail 2016; 38(1): 20—26.

Handelman, G. J. Vitamin C deficiency in dialysis patients — are we perceiving the tip of
an iceberg? Nephrol Dial Transplant 2007; 22(2): 328-331.

Zalba, G., Fortufio, A., Diez, J. Oxidative stress and atherosclerosis in early chronic
kidney disease. Nephrol Dial Transplant 2006; 21(10): 2686—-2690.

Massy, Z. A. Importance of homocystein, lipoprotein (a) and non-classical cardiovascular
risk factors (fibrinogen, and advanced glycation end-products) for atherogenesis in
uraemic patients. Nephrol Dial Transplant 2000; 15(Suppl 5): 81-91.

Culleton, B. F., Bostom, A. G. Hyperhomocysteinemia in chronic renal disease. In:
Cardiovascular Disease in End-stage Renal Failure. Loscalzo J, London GM, (eds). The
Oxford University Press, New York, 2000: 211-228.

Kielstein, J. T., Frolich, J. C., Haller, H., Fliser, D. ADMA (asymmetric
dimethylarginine): an atherosclerotic disease mediating agent in patient with renal
disease? Nephrol Dial Transplant 2001; 16(9): 1742-1745.

Lacson, E., Levin, N. W. C-Reactive Protein and End-Stage Renal Disease. Semin Dial
2004; 17(6): 438-448.

Akchurin, O. M., Kaskel, F. Update on Inflammation in Chronic Kidney Disease. Blood
Purif 2015; 39(1): 84-92.
Liakopoulos, V., Roumeliotis, S., Zarogiannis, S., Eleftheriadis, T., Mertens, P. R.

Oxidative stress in hemodialysis: Causative mechanisms, clinical implications, and
possible therapeutic interventions. Semin Dial 2019; 32(1): 58-71.

Zhang, K. Y., Zuo, L. Vitamin C supplementation in patients on maintenance dialysis. W
J Clin Urol 2014; 3(3): 344-350.

Coombes, J. S., Fassett, R. G. Antioxidant therapy in hemodialysis patients: a systematic
review. Kidney Int 2012; 81(3): 233-246.

98



43.

44,

45.

46.

471.

48.

49,

50.

51.

52.

53.

54.

Gokbel, H., Atalay, H., Okudan, N., Solak, Y., Belviranil, M., Turk, S. Coenzyme Q10
and its Relation with Oxidant and Antioxidant System Markers in Patients with End-
Stage Renal Disease. Ren Fail 2011; 33(7): 677-681.

Den Hoedt, C. H., Bots, M. L., Grooteman, M. P. C., Der Weerd, N. C., Mazairac, A. H.
A., Penne, E. L., et al. Online hemodiafiltration reduces systemic inflammation compared
to low-flux hemodialysis. Kidney Int 2014; 86(2): 423-432.

Panichi, V., Scatena, A., Rosati, A., Giusti, R., Ferro, G., Malagnino, E., et al. High-
volume online hemodiafiltration improves erythropoiesis-stimulating agents (ESA)
resistance in comparison with low-flux bicarbonate dialysis: results of the REDERT
study. Nephrol Dial Transplant 2015; 30(4): 682-689.

Tarng, D. C., Huang, T. P., Liu, T. Y., Chen, H. W,, Sung, Y. J., Wei, Y. H. Effect of
vitamin E-bonded membrane on the 8-hydroxy 2,-deoxyguanosine level in leukocyte
DNA of hemodialysis patients. Kidney Int 2000; 58: 790—799.

Andrulli, S., Di Fillipo, S., Manzoni, C., Stefanelli, L., Floridi, A., Galli, F., Locatelli, F.
Effect of synthetic vitamin E-bonded membrane on responsiveness to erythropoiesis-
stimulating agents in hemodialysis patients: a pilot study. Nephron Clin Pract 2010;
115(1): 82-89.

Panagiotou, A., Nalesso, F., Zanella, M., Brendolan, A., De Cal, M., Cruz, D., et al.
Antioxidant Dialytic Approach with Vitamin E-Coated Membranes. In: Ronco C, Rosner
MH. Eds. Hemodialysis: New Methods and Future Technology. Contrib Nephrol. Basel,
Karger, 2011; 171: 101-106.

Panichi, V., Rosati, A., Paoletti, S., Ferrandello, P., Migliori, M., Beati, S., Bernabini, G.,
et al. A vitamin E-coated polysulphone membrane reduces serum levels of inflammatory
markers and resistance to erythropoietin-stimulating agents in hemodialysis patients:
results of a randomized cross-over multicenter trial. Blood Purif 2011; 32(1): 7-14.

Yang, S. K., Xiao, L., Xu, B., Xu, X. X,, You, F., Liu, F. Y., Sun, L. Effects of vitamin E-
coated dialyzer on oxidative stress and inflammation status in hemodialysis patients: a
systematic review and meta-analysis. Ren Fail 2014; 36(5): 722-731.

Yamadera, S., Nakamura, Y., Inagaki, M., Ohsawa, I., Gotoh, H., Goto, Y., Sato, N., et
al. Vitamin E-Coated Dialyzer Inhibits Oxidative Stress. Blood Purif 2017; 44(4): 288—
293.

DArrigo, G., Baggetta, R., Tripepi, G., Galli, F., Bolignano, D. Effects of vitamin E-
Coated versus Conventiional Membranes in Chronic Hemodialysis Patients: A Systemic
Review and Meta-Analysis. Blood Purif 2017; 43(1-3): 101-122.

Locatelli, F., Andrulli, S., Vigano, S. M., Concetti, M., Urbini, S., Giacchino, F., et al.
Evaluation of the Impact of a New Synthetic Vitamin E-Bonded Membrane on the Hypo-
Responsiveness to the Erythropoietin Therapy in Hemodialysis Patients: A Multicenter
Study. Blood Purif 2017; 43(4): 338-345.

Fishbane, S., Singh, A. K., Cournoyer, S. H., Jindal, K. K., Fanti, P., Guss, C. G., et al.
Ferric pyrophosphate citrate (Triferic™™) administration via the dialysate maintains

99



55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

hemoglobin and iron balance in chronic hemodialysis patients. Nephrol Dial Transplant
2015; 30(12): 2019-2026.

Gupta, A., Lin, V., Guss, C., Pratt, R., Ikizler, A., Besarab, A. Ferric pyrophosphate
citrate administered via dialysate reduces erythropoiesis-stimulating agent use and
maintains hemoglobin in hemodialysis patients. Kidney Int 2015; 88(5): 1187-1194.

Shah, H. H., Hazzan, A. D., Fishbane, S. Ferric Pyrophosphate Citrate: A Novel Iron
Replacement Agent in Patients Undergoing Hemodialys. Semin Nephrol 2016; 36(2):
124-129.

Fishbane, S., Shah, H. H. Ferric pyrophosphate citrate as an iron replacement agent for
patients receiving hemodialysis. Hemodialysis Int 2017; 21(Suppl 1): 104-109.

Kidney Disease Improving Global Outcomes. KDIGO Clinical Practice Guideline for
Anemia in Chronic Kidney Disease. Kidney Int Suppl 2012; 2(4): 283-35.

Kanbay, M., Perazella, M. A., Kasapoglu, B., Koroglu, M., Covic, A. Erythropoiesis
Stimulatory Agent-Resistant Anemia in Dialysis Patients: Review of Causes and
Management. Blood Purif 2010; 29(1): 1-12.

Badve, S. V., Beller, E. M., Cass, A., Francis, D. P., Hawley, C., Macdougall, I. C., et al.
Interventions for erythropoietin-resistant anaemia in dialysis patinets. Cochrane Database
of Systematic Review 2013; 8: DOI: 10.1002/14651858.CD006861.pub3.

Berns, J. S. Interpretation of the Kidney Disease: Improving Global Outcomes guidelines
for iron therapy: commentary and emerging evidence. Clin Kidney J 2017; 10(Suppl 1):
3-8.

Roger, S. D. Practical considerations for iron therapy in the management of anemia in
patients with chronic kidney disease. Clin Kidney J 2017; 10(Suppl 1): 9-15.

Icardi, A., Paoletti, E., De Nicola, L., Mazzaferro, S., Russo, R., Cozzolino, M. Renal
anemia and EPO hyporesponsiveness associated with vitamin D deficiency: the potential
role of inflammation. Nephrol Dial Transplant 2013; 28(7): 1672-1679.

Mousavi, S. S. B., Shahbazian, H., Tamadon, M. R. Association of secondary
hyperparathyroidism with anemia in patients with end-stage renal disease; a review on
current knowledge. J Parath Dis 2016; 4(2): 48-53.

Macdougall, I. C., Roger, S. D., De Francisko, A., Goldsmith, D. J. A., Schellekens, H.,
Ebbers, H., et al. Antibody-mesiated pure red cell aplasia in chronic kidney disease
patients receiving erythropoiesis-stimulating agents: new insights. Kidney Int 2012;
81(8): 727-732.

Den Hoedt, C. H., Bots, M. L., Grooteman, M. P. C., Der Weerd, N. C., Mazairac, A. H.
A., Penne, E. L., et al. Online hemodiafiltration reduces systemic inflammation compared
to low-flux hemodialysis. Kidney Int 2014; 86(2): 423-432.

Yamamoto, S. Molecular mechanisms underlying uremic toxin-related systemic disorders
in chronic kidney disease: focused on 2-microglobulin-related amyloidosis and indoxyl

100



68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

sulfate-induced atherosclerosis-Oshima Award Address 2016. Clin Experimental Nephrol
2019; 23: 151-157.

Scarpioni, R., Ricardi, M., Albertazzi, V., De Amicis, S., Rastelli, F., Zerbini, L.
Dialysis-realted amyloidosis: challenges and solutions. Int J Nephrol Ren Vascular 2016;
9: 319-328. DOI: 10.2147/1INRD.S84784.

Tain, Y. L., Hsu, C. N. Toxic Dimethylarginines: Asymmetric Dimethylarginine
(ADMA) and Symmetric Dimethylarginine (SDMA). Toxins 2017; 9: 92. DOI:
10.3390/toxins9030092.

Wang, F., Xiong, R., Feng, S., Lu, X., Li, H., Wang, S. Association of Circulating Levels
of ADMA with Carotid Intima-Media Thickness in Patients with CKD: a Systematic
Review and Meta-Analysis. Kidney Blood Press Res 2018; 43(1): 25-33.

Collado, S., Coll, E., Nicolau, C., Pons, M., Cruzado, J. M., Pascual, J., Cases, A. Carotid
Atherosclerosis Disease Predicts Cardiovascular Events in Hemodialysis Patients: A
Prospective Study. Plos ONE 2015; 10(6): e0127344. DOI:
10.1371/journal.pone.0127344.

Ling, X. C., Kuo, K. L. Oxidative stress in chronic kidney disease. Ren Replacement
Ther 2018; 4: 53.

Krata, N., Zagozdzon, R., Foroncewicz, B., Mucha, K. Oxidative Stress in Kidney
Disease: The Cause or the Consequence? Arch Immunol Ther Exp 2018; 66(3): 211-220.

Anti¢, S., Dragini¢, N., Nikoli¢, T., Jeremi¢, N., Petrovi¢, D. Oxidative stress in
hemodialysis patients: pathophysiological mechanisms, clinical consequences and basic
principles of treatment. Ser J Exp Clin Res 2019; DOI: 10.2478/sjecr-2019-0008.

Varan, H. ., Dursun, B., Dursun, E., Ozben, T., Ozben, G. Acute effects of hmodialysis
on oxidative stress parameters in chronic uremic patients: Comparison of two dialysis
membranes. Int J Nephrol Renovasc Dis 2010; 3: 39-45.

Yavuz, O., Bicik Z., Cinar, Y., Guney, Y., Guler, S. The effect of different dialysis
membranes on oxidative stress and selenium status. Clin Chim Acta 2004; 346(2): 153—
160.

Ward, R. A., Ouseph, R., McLeish, K. R. Effects of high-flux hemodialysis on oxidant
stress. Kidney Int 2003; 63(1): 353-359.

Blankestijn, P. J., Grooteman, M. P., Nube, M. J., Bots, M. L. Clinical evidence on
haemodiafiltration. Nephrol Dial Transplant 2018; 33(Suppl 3): 53-58. DOI:
10.1093/ndt/gfy218.

Ronco, C.. Hemodiafiltration: Technical and Clinical Issues. Blood Purif 2015; 40(Suppl
1): 2-11.

Anti¢, S., Dragini¢, N., Pilcevi¢, D., Zivkovié, V., Srejovié, I, Jeremié, N., Petrovi¢, D.,
Jakovljevi¢, V. The influence of vitamin E coated dialysis membrane on oxidative stress
during the single session of on-line hemodiafiltration. Vojnosanit Pregl 2019; DOI:
10.2298/VSP190730097A.

101



81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Akiyama, S., Inagaki, M., Tsuji, M., Gotoh, H., Gotoh, T., Washio, K., et al. Comparison
of effect of vitamin E-coated dialyzer and oral vitamin E on hemodialysis-induced
Cu/Zn-superoxide dismutase. Am J Nephrol 2005; 25(5): 500-506.

Nakamura, Y., Inagaki, M., Kenmotsu, S., Yamadera, S., Ohsawa, I., Gotoh, H., et al.
Significance of Cu/Zn-Superoxide Dismutase Levels in Hemodialysis Patients: A Mini
Review. M Res Inflamm 2017; 6(2): 9-13.

Torregosa, E., Jaras, H., Sastre, J., Pons, R., Calvo, H. G., Gordo, C. C., et al. Analysis of
oxidative stress in patients on-line hemodiafiltration. Nefrologia 2007; 27(5): 612-618.

Singer, R. F. Vitamin C supplementation in kidney failure: effect on uraemic symtoms.
Nephrol Dial Transplant 2011; 26(2): 614-620.

Coombes, J. S., Fassett, R. G. Antioxidant therapy in hemodialysis patients: a systematic
review. Kidney Int 2012; 81(3): 233-246.

Kosmadakis, G., DaCosta Correia, E., Odette Carceles, O., Somda, F., Aguilera, D.
Vitamins in dialysis: who, when and how much? Ren Fail 2014; 36(4): 638—650.

Wang, L. J., Wang, M. Q., Hu, R,, Yang, Y., Huang, Y. S., Xian, S. X., et al. Effect of
Zinc Supplementation on Maintenance Hemodialysis Patients: A Systematic Review and
Meta-Analysis of 15 Randomized Controlled Trials. Biomed Res Int 2017; doi:
10.1155/2017/1024769.

Mazani, M., Argani, H., Rashtchizadeh, N., Ghorbanihaghjo, A., Hamdi, A., Estiar, M.
A., Nezami, N. Effect of zinc supplementation on antioxidant status and lipid
peroxidation in hemodijalysis patients. J Ren Nutr 2013; 23(3): 180-184.

Kato, A., Takita, T., Maruyama, Y., Kumagal, H., Hishida, A. Impact of carotid
atherosclerosis on long-term mortality in chronic hemodialysis patients. Kidney Int 2003;
64(4): 1472-1479.

Dursun, B., Dursun, E., Suleymanlar, G., Ozben, B., Capraz, ., Apaydin, A., et al.
Carotid artery intima-media thickness correlates with oxidative stress in chronic
haemodialysis patients with accelerated atherosclerosis. Nephrol Dial Transplant 2008;
23(5): 1697-1703.

Ari, E., Kaya, Y., Demir, H., Cebi, A., Hakan, H., Bakan, E., et al. Oxidative DNA
damage correlates with carotid artery atherosclerosis in hemodijalysis patients.
Hemodialysis Int 2011; 15(4): 453-459.

Betriu-Bars, A., Fernandez-Giraldez, E. Carotid ultrasound for the early diagnosis of
atherosclerosis in chronic kidney disease. Nefrologia 2012; 32(1): 7-11.

La Russa, D., Pellegrino, D., Montesanto, A., et al. Oxidative Balance and Inflammation
in Hemodialysis Patients: Biomarkers of Cardiovascular Risk? Oxidative Med Cell Long.
2019; 2019: 8567275. DOI: 10.1155/2019/8567275.

Danielski, M., Ikizler, T. A., McMonagle, E., et al. Linkage of hypoalbuminemia,
inflammation, and oxidative stres in patients receiving maintenance hemodialysis therapy.
Am J Kidney Dis 2003; 42(2): 286—294.

102



95. Gosmanova, E. O., Le, N. A. Cardiovascular Complications in CKD Patients: Role of
Oxidative Stress. Cardiol Res Pract 2011; 2011: 156326. DOI: 10.4061/2011/156326.

96. Khalil, S. K. M., Amer, H. A., Behairy, A. M. E., Warda, M. Oxidative stress during
erythropoietin hyporesponsiveness anemija at end stage renal disease: Molecular and
biochemical studies. J Adv Res 2016; 7(3): 348-358. DOI: 10.1016/j.jare.2016.02.004.

97. Santos, E. J. F., Hortegal, E. V., Serra, H. O., Lages, J. S., Salgado-Fiho, N., Dos Santos,
A. M. Epoetin alfa resistance in hemodialysis patients with chronic kidney disease: a
longitudinal study. Braz J Med Biol Res 2018; 51(7): e7288. DOI: 10.1590/1414—
431X20187288.

98. Rattanasompattikul, M., Molnar, M. Z., Zaritsky, J. J., Hatamizadeh, P., Jing, J., Norris,
K. C., et al. Association of malnutrition-inflammation complex and responsiveness to
erythropoiesis-stimulating agents in long-term hemodialysis patients. Nephrol Dial
Transplant 2013; 28(7): 1936-1945. DOI: 10.1093/ndt/gfs368.

99. Maruyama, T., Higuchi, T., Yamazaki, T., Okawa, E., Ando, H., Oikawa, O., et al.
Levocarnitine Injections Decrease the Need for Erythropoiesis-Stimulating Agents in
Hemodialysis Patients with Renal Anemia. Cardiorenal Med 2017; 7(3): 188-197. DOI:
10.1159/000462983.

100. Manolov, V., Yonova, D., Bogov, B., Petrova, J., Vasilev, V., Vazelov, E., et al.
Hepcidin, Selenium and Superoxide Dismutase in Oxidative Stress and in Dialysis
Patients. J Urol Nephrol 2017; 2(1): 000117.

101. Kuo, K. L., Hung, S. C., Wei, Y. H., Tarng, D. C. Intravenous Iron Exacerbates
Oxidative DNA Damage in Periferal Blood Lymphocytes in Chronic Hemodialysis
Patients. J Am Soc Nephrol 2008; 19(9): 1817-1826.

102. Karaboyas, A., Morgenstern, H., Pisoni, R. L., Zee, J., Vanholder, R., Jacobson, S. H., et
al. Association between serum ferritin and mortality: findings from the USA, Japan and
European Dialysis Outcomes and Practice Patterns Study. Nephrol Dial Transplant 2018;
33(12): 2234-2244.

103. Murillo-Ortiz, B., Emiliano, J.R., Vasquez, H. W. I., Martinez-Garza, S., Solorio-Meza,
S., Albarran-Tamayo, F., et al. Impact of Oxidative Stress in Premature Aging and Iron
Overload in Hemodialysis Patients. Oxidative Med Cell Longev 2016; DOI:
10.1155/2016/1578235.

104. Senol, E., Ersoy, A., Erdinc, S., Sarandol, E., Yurtkuran, M. Oxidative stress and ferritin
levels in haemodialysis patients. Nephrol Dial Transplant 2008; 23(2): 665-672.

105. Pedruzzi, L. M., Cardozo, L. F., Medeiros, R. F., Stockler-Pinto, M. B., Mafra, D.
Association between serum ferritin and lipid peroxidation in hemodialysis patients. J Bras
Nefrol 2015; 37(2): 171-176.

106. Capelli, 1., Cianciolo, G., Gasperoni, L., Zappulo, F., Tondolo, F., Cappuccilli, M., et al.
Folic Acid and Vitamin B12 Administration in CKD, Why Not? Nutrients 2019; 11(2):
E383. DOI: 10.3390/nu11020383.

103



107. Al-Daghri, N. M., Rahman, S., Sabico, S., Yakout, S., Wani, K., Al-Attas, O. S., et al.
Association of Vitamin B12 with Pro-Inflammatory Cytokines and Biochemical Markers
Related to Cardiometabolic Risk in Saudi Subjects. Nutrients 2016; 8(9): 460. DOI:
10.3390/nu8090460.

104



9. TOJIATAK

CKPA'REHMIIE

ADMA: Asymmetric dimethylarginine
AGEs: Advanced glycation end products
AOPPs: Advanced oxidation protein products
AT: Alpha-tocopherol

CAC: Coronary artery calcification score
CIMT: Carotid intima-media thickness
CKD: Chronic kidney disease

CVD: Cardiovascular disease

DM: Diabetes mellitus

EGFR: Estimated glomerular filtration rate
EPA: Eicosapentaenoic acid

ESA: Erythropoiesis-stimulating agent
ESRD: End-stage renal disease

GDPs: Glycose degradation products
GSH-Px: Glutathione peroxidase

GSH: Reduced glutathione

GSSG: Oxidized glutathione

H202: Hydrogen peroxide

HD: Hemodialysis

HDL: High-density lipoprotein

Hs-CRP: High-sensitive C-reactive protein
IL-6: Interleukin-6

LDL: Low-density lipoprotein

MDA: Malondialdehyde

MPO: Myeloperoxidase

NAC: n-Acetylcysteine

NO: Nitric oxide

O,": Superoxide anion radical

ONOO-: Peroxynitrite

OS: Oxidative stress

Ox-LDL: Oxidized LDL

8-OHdG: 8-Hydroxy-2'-deoxyguanosine
PCOOH: Phosphatidylcholine hydroperoxide
PD: Peritoneal dialysis

PMNs: Polymorphonuclear white blood cells
RBC: Red blood cell

ROS: Reactive oxygen species

RRF: Residual renal function

SOD: Superoxide dismutase

TAC: Total antioxidant capacity

TBARS: Thiobarbituric acid-reactive substances

TNF: Tumor necrosis factor
VECM: Vitamin E-coated membrane.
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HHPUJIOT 1

Taoesa 1. ®opmyiie 3a u3padyHaBame rapaMeTapa UICIIUTHBAKbHA

[TapameTap dopmyna

BMI (kg/m°) BMI = TM (kg)/TV (m?)

nPCR = (PCR x 0.58)/Vd

PCR =9.35G + 0.29V

NPCR (g/kg/24h) G = [(C1-C2)/Id] x Vd
Vd=058xTM
Kt/V Kt/V = In(C1/C2)
SpKt/V spKt/V =—In(C2/C1 —-0.008 x T) + (4 — 3.5 x C2/C1) x UF/W
eKt/V eKt/V = spKtV — (0.47 x spKtV/T) + 0.03
URR (%) URR = (1-R) x 100 (%)

BMI — unaekc TenecHe mace (kg/mz), TM — Tenecna maca (kg), TV — tenecHa BucuHa (m°), PCR — Op3uHa
pasrpaame mporenHa (g/kg/24h), G — cremeH crBapama ypee, Cl — KOHIEHTpaIlja ypee Mpe XeMOJHWjaIn3e
(mmol/l), C2 — konuentpaiuja ypee mocie xemonujanuze (mmol/l), Id — Bpeme usmelyy ase xemoaujanuse (h),
Vd — 3ampemuHa Te4HOCTH Koja ce Hamasu y opranusmy (1), T — Tpajame xemoamjanmze (h), K — kmupenc
IjanusaTopa 3a ypey (ml/min), t — Tpajame nojeauHaune cecuje xemonujanuse (h), V — BoiaymeH quctpudynuje
ypee (ml), spKt/V — ,,single-pool” Kt/V (ypea kunetnuku jequonpocropau mojen), eKt/V — , . double pool” Kt/V
(Ypea KMHETHYKH IBOIIPOCTOPHH MOJEN).

BUOTI'PADUIA

Op CsetnaHa AHTWh poheHa je 27.02.1976. rogmHe y Beorpagy. OCHOBHY LUKOAY @ 3aTUM U
cpeakby MeMLUMHCKY WKoAy 3aBpwwmna je y beorpagy. MeguunHckm dakyntet y beorpagy ynucana je
1996. rogmHe, a gunnomupana 2003. roamnHe, YMMe je CTeKNa aKageMCKU Ha3mne AOKTOpa meauunHe.
Cneumjanmnsaumjy n3 nHTepHe meauumHe ynucana je 2005. roguHe, a 2010. rogmHe y beorpaay
MOJIO¥NA je ChNeumjasMCTUYKM UCMAUT U3 UHTEPHE MeaMUMHE, YMME je CTeKla CTPYYHW Hasus
cneuunjanucTe UHTEPHE MeauunHe. [JOKTOpCKe cTyauje u3 EKcnepumeHTasHe U KAMHUYKE UHTEpHE
meanumHe ynucana je 2012. roanHe Ha MegmuuHckom dakyaTeTy y Kparyjesuy v nonoxuaa ycmeHu
OOKTOPCKM mcnmuT maja 2019. rogmHe. Tema AOKTOpPCKe Auceprtaumje nog Hasmsom ,llpoueHa
OKCUAALMOHOr CTpeca Kog, 6o/fecHMKa Koju ce siede pefoBHOM Xxemoamjanusom®, npuxsaheHa je
oKTO6pa 2019. roanHe Ha ®PakynTeTy MeAUUMHCKMX Hayka YHuBep3suTeTa y KparyjeBuy. YKy
cneuunjanusaumjy m3 Hedponoruje 3aBpwwuna je 2016. roguHe Ha MeauumnHckom Paryntety
YHuBep3suteta ogbpaHe BojHomeauumHcKe aKagemuje y beorpagy, uMme je CTeKna 3Bakbe
cneuunjanucte Hedponoruje. YnaH je Yapyxkewa Hedponora Cpbuje n EBponckor yapy:ewa

Hedposora. FOBOPU EHINECKM je3HK.
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BuTaMuHOM E cmamyje aTepockiepo3y, aMUIon 103y MOBE3aHy ca XeMOH]alIn30M, HHIEKC

PE3UCTEHITH]e Ha JI]CTBO €PUTPOIIOCTHHA U TTOTIPABJha JICUCHE aHEMH]E Y TTOMyJIallij
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Note - N:
ABSTRACT

Introduction: Cardiovascular diseases are the leading cause of death for patients treated with
regular hemodialysis. Oxidative stress is a non-traditional risk factor for the development of
cardiovascular disease in this population of patients. Main causes of the development of
oxidative stress in patients treated with regular hemodialysis are dialysis membrane
biocompatibility, the presence of endotoxin in hemodialysis solution and decreased activity of
antioxidant enzymes. The main clinical consequences of oxidative stress include the
development and acceleration of the process of arteosclerosis , the development of anemia and
resistance to erythropoietin malnutrition and amyloidosis connected with hemodialysis.
Objective: The main objectives of the examination are: dialysis, membrane, impact,
assessment and dialysis modality on the development of oxidative stress, microinflammation
and malnutrition impact assessment on the development of oxidative stress, as well as
assessment of the effect of oxidative stress on the development of arteriosclerosis and
resistance to erythropoietin. Method: The study examined 125 patients treated with regular
hemodialysis respecting the Declaration of Helsinki on Medical Research and Good Clinical
Practice. The grouping of patients was done on the basis of clinical parameters in accordance
with the objectives of the research. Results: Patients treated with regular on-line
hemodiafiltration with “high-flux” coated with vitamin E have statistically significantly lower
concentration of reactive supstances related to thiobarbituric acid(TBARS). Between the
thickness of the intima-media of the carotid arteries and the concentration of TBARS in the
serum, there is a statistically significant positive connection, while between concentration of
SOD in erythrocyte and carotid artery thickness of intima-media, there is highly significant
negative connection. Patients with resistance to long-acting erthropein have statistically
significantly lower concentration of prealbumin and vitamin D in the serum, as well as
statistically significantly higher concentration of CRP, superoxide anion and hydrogine
peroxide in the serum. Microinflammation is an independent risk factor for the development
of erythropoietin resistance. Conclusion: Membranes for hemodialysis coated with vitamin E
reduce serum peroxidation lipid concentration parameters, such as malondialdehyde (MDA),
reactive substances related to thiobarbituric acid (TBARS) and oxidized LDL cholesterol
(oxLDL). Studies show that these membranes reduce both the concentration of oxidative
damage parameters of nucleic acids such as 8-OHdG, as well as the concentration of
microinflammation parameters (CRP, interleukin-6). These membranes provide good control

of leukocyte function, manifest antioxidant and anti-inflammatory effects. High -flux
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hemodialysis and hemodiafiltration with polysulfone membrane and vitamin E coated
membrane reduces atherosclerosis, hemodialysis-related amyloidosis, erythropoietin
resistance index, and improves the treatment of anemia in the population of patients treated
with regular hemodialysis.. Keywords: hemodiafiltration, dyalysis membrane, oxidative

stress.
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ABSTRACT

Cardiovascular diseases are the leading cause of death in pa-
tients who undergo regular hemodialysis. Oxidative stress is a
non-traditional risk factor for the development of cardiovascular
diseases in this population of patients. It is defined as tissue dam-
age caused by balance disturbance between the formation of free
radicals and the function of protective antioxidative systems. The
superoxide anion and hydrogen peroxide are precursors in the
formation of stronger oxidants, such as: hydroxyl radical, perox-
ynitrite and hypochloric acid. Superoxide dismutase is the first
line of antioxidant protection while catalase, glutathione peroxi-
dase, trace elements, vitamin C, vitamin E, N-acetylcysteine and
coenzyme Q10 also have a significant antioxidative role. Hemo-
dialysis is itself a trigger for the increased formation of oxygen
free radicals. The two main pathophysiological mechanisms of
the increased formation of free oxygen radicals during the hemo-
dialysis session are: bionicompatibility of the dialysis membrane
and the presence of endotoxins in the hemodialysis solution. The
measurement of myeloperoxidase concentration in a patient's
serum during hemodialysis is an indicator of the severity of oxi-
dative stress induced by the dialysis membrane (an ndicator of
the biocompatibility of the dialysis membrane). The main clinical
consequences of oxidative stress include: atherosclerosis, eryth-
ropoietin resistance, malnutrition and amyloidosis associated
with hemodialysis. The evaluation of oxidative stress in patients
undergoing hemodialysis is performed by measuring the concen-
tration of lipid peroxidation products (malonyldialdehyde, 4-hy-
droxynonenal, TBARS, F2-isoprostane, oxLDL), protein oxida-
tion (AOPP), protein gelling (AGE), and oxidation of nucleic
acids (8-OHAG). The antioxidant treatment strategy consists of
replenishing vitamin C, vitamin E, selenium, N-acetylcysteine and
coenzyme Q10. On-line hemodialysis, a biocompatible vitamin E-
coated dialysis membrane, an ultra-pure solution for hemodialy-
sis, prevent oxidative stress, reduce the rate of cardiovascular
morbidity and mortality and improve life quality of patients
treated with regular hemodialysis.

Keywords: oxidative stress, hemodialysis, dialysis membrane, bi-
ocompatibility, hemodialysis solution, vitamin E, vitamin C.
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SAZETAK

Kardiovaskularne bolesti su vodeci uzrok smrti bolesnika koji
se lece redovnom hemodijalizom. Oksidativni stres je nefradicio-
nalni faktor rizika za razvoj kardiovaskularnih bolesti u ovoj po-
pulaciji bolesnika. DefiniSe se kao oStecenje tkiva nastalo zbog
poremecaja ravnoteZe izmedu stvaranja slobodnih radikala i
funkcije zastitinih antioksidativnih sistema. Superoksidni anjon i
vodonik peroksid su prekursori za stvaranje jacih oksidanasa, kao
$to su: hidroksil radikali, peroksmitrit i hipohlorna kiselina. Su-
peroksid dizmutaza je prva linija antioksidativne zastite, a zna-
Cajnu antioksdiativmu ulogu imaju i katalaza, glutation peroksi-
daza, elementi u tragu, vitamin C, vitamin E, N-acetilcistein i
koenzim Q10. Hemodijaliza je sama po sebi okidac za povecano
stvaranje slobodnih radikala kiseonika. Dva glavna patofiziolo-
Ska mehanizma povecanog stvaranja slobodnih radikala kiseo-
nika u toku seanse hemodijalize su: bionikompatibilnost dijalizne
membrane i prisustvo endotoksina u rastvoru za hemodijalizu.
Merenje koncentracije mijeloperoksidaze u serumu bolesnika u
toku seanse hemodijalize je pokazatel] teZine oksidativnog stresa
indukovanog dijaliznom membranom (pokazatelf biokompatibil-
nosti dijalizne membrane). U glavne klinicke posledice oksidativ-
nog stresa spadaju: ateroskleroza, rezistencija na dejstvo eritro-
poetina, malnutricija i amiloidoza povezana sa hemodjalizom.
Procena oksidativnog stresa kod bolesnika koji se lece hemodija-
lizom vr$i se merenjem koncentracije produkata lipidne peroksi-
dacije (malonyldialdehyde, 4-hydroxynonenal, TBARS, F2-i-
soprostanes, oxLDL), oksidacije proteina (AOPP), glikacije pro-
teina (AGE) i oksidacije nukleinskih kiselina (8-OHdG). Antioksi-
dativna strategija leCenja sastoji se u nadoknadi vitamina C, vita-
mina E, selena, N-acetilcisteia i koenzima Q10. On-line hemodi-
Jafiltracija, biokompatibilna dijalizna membrana obloZena vita-
minom E, ultracist rastvor za hemodijalizu sprecavaju oksidativni
stres, smanjuju stopu kardiovaskularnog morbiditeta i mortaliteta
i popravijaju kvalitet Zivota bolesnika koji se lece redoviom he-
modijalizom.

Kljucne reci: oksidativni stres, hemodijaliza, dijalizna mem-
brana, biokompatibilnost, rastvor za hemodyjalizu, vitamin E,
vitamin C
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INTRODUCTION

Cardiovascular diseases are the leading cause of death in
patients on regular hemodialysis treatment (1). They are the
leading cause of death of patients treated with kidney replace-
ment methods. In this patient population, the prevalence of
traditional and non-traditional risk factors for the develop-
ment of cardiovascular diseases is high. Non-traditional risk
factors include: anemia, inflammation, oxidative stress, hy-
perhomocysteinemia, hypervolemia, metabolism of calcium
and phosphate, and lack of vitamin D (1, 2).

Oxidative stress and pathophysiological mechanisms of
its generation

Oxidative stress is defined as organ damage caused by the
balance disturbance between the formation of free radicals
and the function of antioxidant systems (3, 4). A free radical
is any atom or molecule with one or more unpaired electrons.
The processes of protein, carbohydrate, lipid and nucleic acid
oxidation cause damage to the structure and function of organ
tissue cells (3, 4). Free oxygen radicals are produced in pol-
ymorphonuclear leukocytes under the action of NADPH
(nicotinamide-adenindinukleotide-phosphate oxidase),
which transforms the molecular oxygen into the superoxide
anion (3, 4). The superoxide anion is transformed into hydro-
gen peroxide (H202) under the action of superoxide diz-
mutase (SOD). The superoxide anion and hydrogen peroxide
are precursors in the formation of stronger oxidants. The su-
peroxide anion radical (O;”) reacts with nitric oxide (NO)
and, in that case, toxic nitrogen products, such as peroxyni-
trite (ONOO-) (nitrosative stress), are formed (3). Hydrogen
peroxide (H>0,) reacts with intracellular iron (Fe? *) forming
the hydroxyl radical (OH’), and that reaction is known as the
Fenton reaction (classical oxidative stress) (3, 4). Within the
Haber-Weiss reaction, the hydroxyl radical (OH') is also gen-
erated by the interaction between the superoxide anion and
hydrogen peroxide. Under the action of myeloperoxidase
polymorphonuclear leukocytes (MPO), hydrogen peroxide is
converted into hypochloric acid (HOCI) in the presence of
chlorine anions (ClY). Hypochloric acid can react with endog-
enous amines (R-NH,) causing the production of chlora-
mines (RNH-CI) (chlorinated stress) (3, 4). The natural anti-
oxidant system consists of an enzyme and a non-enzymatic
component. Superoxide dismutase (SOD) is a representative
of the first line of the antioxidant system. It accelerates the
degree of superoxide anhydration in hydrogen peroxide. Cat-
alase (CAT) converts hydrogen peroxide into water, and this
also works with glutathione peroxidase (GSH-Px), but in the
presence of glutathione, a hydrogen source (3). The non-en-
zymatic components of defense include: vitamin C, vitamin
E, N-acetylcysteine, coenzyme Q10 (3, 4).

Oxidative stress induced by dialysis

Patients in the final stage of chronic kidney failure treated
with hemodialysis exhibit increased free oxygen radicals lev-
els due to prooxidative factors (age, diabetes mellitus,
chronic inflammatory status, uraemia, bioincompatible dial-
ysis membrane, presence of endotoxins in the hemodialysis

solution) and the reduced activity of antioxidant mechanisms
(lack of vitamin C and selenium, lack of vitamin E, reduced
glutathione system activity) (4, 5).

Hemodialysis is itself a trigger for the increased for-
mation of free oxygen radicals. The two major pathophysio-
logical mechanisms for the increased formation of free oxy-
gen radicals during the hemodialysis session are: bionicom-
patibility of the dialysis membrane and the presence of endo-
toxin in a hemodialysis solution (4, 5). Dialysis membranes
play a central role in the hemodialysis and hemodynamic
therapy process. They can be natural and artificial (syn-
thetic). Natural membranes are cellulose derivatives, "low-
flux", have low clearance of medium molecular weight ure-
mic toxins and a lower degree of biocompatibility compared
to synthetic membranes. Synthetic membranes (polysulphon,
polyamide, polyacrylonitrile) are highly permeable ("high-
flux"), biocompatible, have good clearance of uremic toxins
of medium molecular weight and are highly water-permeable
(high coefficient for ultrafiltration - Kuf) (6, 7). The param-
eter for the evaluation of the efficiency of the dialysis mem-
brane is the coefficient of mass transfer - KoA. It represents
the product of the coefficient of transmission (Ko) and the
surface of the membrane (A). Depending on KoA dialysers
can be: low-efficient dialysers KoA <300, moderately effec-
tive dialysers - KoA =300-600 and high-efficiency dialysers
- KoA > 600-700 (6, 7). The ultrafiltration capacity of the
dialyser (provides clearance of uremic toxins of medium and
high molecular weight) is quantified based on the ultrafiltra-
tion coefficient - Kuf. Depending on the ultrafiltration coef-
ficient, the dialysers can be: "low-flux" (Kuf < 10 ml/h x
mmHg) and "high-flux" (Kuf > 20 mlVh x mmHg) (6, 7).
High-flux semipermeable dialysis membranes are used for
on-line hemodialysis, with an ultrafiltration coefficient
greater than 20 mV/h x mmHg (> 50 ml/h x mmHg, high water
permeability and water-soluble secondary molecular weight
substances) (6, 7). When the patient's blood is touched by the
hemodialysis system, the complement and blood coagulation
systems, platelets, mononuclear and polymorphonuclear
cells of the immune system are activated, and can also signal
hypersensitivity reactions (6, 7). During the hemodialysis
session, due to direct contact of the blood and the surface of
the membrane for hemodialysis, there is a direct activation of
the polymorphonuclear leukocytes, which, due to activated
myeloperoxidase (MPO), increase the free acidic radicals’
levels [8]. The measurement of myeloperoxidase concentra-
tion released from the serum neutrophils during the hemodi-
alysis is an indicator of the severity of oxidative stress in-
duced by the use of membranes for hemodialysis of a differ-
ent degree of bionicompatibility (8). Liquid that enters the
dialyser is a combination of dialysis water and electrolyte so-
lution and is called a dialysis solution (dialysate, dialysis
fluid), and the fluid coming out of the dialyser is the combi-
nation of dialysis fluid and toxic molecules removed from the
patient's blood (9, 10). Water mixed with electrolytic solu-
tion, with prior treatment in the water treatment system, is
called dialysis water. During standard hemodialysis (3x
weekly for 4h), the patient's organism is exposed to approxi-
mately 360 liters of dialysis solution. Therefore, high
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microbiological quality of the dialysis solution (ultra-pure di-
alysis solution) is required, and clinical trials show its bene-
ficial effect on the outcome of the treatment of patients (9,
10). According to the European Best Practice Guidelines/Eu-
ropean Renal Best Practice, ANSI/AAMI RD52 (American
National Standards Institute/Association for the Advance-
ment of Medical Instrumentation RD 52) and
ANSI/AAMI/ISO 11663 for the Advancement of Medical In-
strumentation ISO 11663), the ultra-pure dialysis solution is
defined as a solution in which the number of colonies of bac-
teria is < 0.1 CFU/mL and the endotoxin concentration is E
< 0.03 EU/mL. The ultrafine solution is used for high-flux
hemodialysis (HFHD) and hemodynamic filtration (HDF) (9,
10). For hemodialysis with the low-flux membrane (LFHD),
according to current recommendations, the concentration of
endotoxin should be < 0.50 EU/mL (< 0.25 EU/mL) and the
number of colonies < 100 CFU/mL (< 50 CFU/mL) (9, 10).
Endotoxin and other bacterial products, backdiffusion/back-
filtration processes, pass from a dialysis solution, through a
dialysis membrane (pore size on the dialysis membrane, the
ability of the membrane to adsorb endotoxins, the thickness
of the membrane) into the patient's blood and activate the
mononuclears and polimorfonuclears to produce free oxygen
radicals and proinflammatory cytokines (interleukin-1, inter-
leukin-6, tumor necrosis factor - TNFa), all of which results
in the development of oxidative stress, microinflammatory
and accelerated atherosclerosis (9, 10). To detect bacterial
products in a hemodialysis solution (dialysis), a biological
assay of peripheral blood mononuclear cell induction is used
to produce cytokines - PBMC (cytokine induction in periph-
eral blood mononuclear cells), and for the detection of lipo-
polysaccharide (LPS) and endotoxin, LAL (Limulus-amebo-
cyte-lysate test) test (9, 10). Ultrapure dialysis solution pre-
vents the development of oxidative stress, microinflamation,
slows down the decrease in residual renal function of the kid-
ney, improves the nutritional status of patients, increases the
sensitivity of the red blood cell line to the effect of erythro-
poietin, reduces the cardiovascular morbidity and mortality
of patients treated with regular dialysis (9, 10).

In patients treated with regular hemodialysis, the activity
of enzymatic and non-enzymatic antioxidative systems is re-
duced. The decreased activity of antioxidant enzymes (super-
oxide dizmutase, glutathione peroxidase) is due to reduced
concentration of trace elements, such as selenium, copper and
zinc. Concentration of trace elements is reduced due to insuf-
ficient input, but also increased loss during hemodialysis ses-
sion (11). Because of the lack of vitamin C and vitamin E,
the capacity of non-enzymatic antioxidative protection sys-
tems is reduced (11, 12).

Clinical consequences of oxidative stress

The main clinical consequences of oxidative stress
include the development and acceleration of the atherosclero-
sis process, the development of anemia and the resistance to
erythropoietin activity, malnutrition and amyloidosis associ-
ated with hemodialysis (13). The superoxide anion oxidizes
tetrahydrobiopterin (an endogenous cofactor necessary for

the activity of nitric oxide (NO) synthetase enzyme) and in
this way reduces the production of NO. Nitric oxide is conti-
nuously produced in endothelial cells by the action of NO
synthetase on L-arginine. It has a protective effect on the car-
diovascular system (blocking the proliferation of vascular
smooth muscle cells, platelet aggregability and adhesion of
monocytes on endothelium). The activity of NO synthetase
can be blocked by endogenous methylarginins. Asymmetric
dimethylarginine is the most important endogenous blocking
agent of the NO synthesis. It is mostly excreted through the
kidneys, and partly under the influence of dimethyl-diamino-
hydrolase (DDAH), it is degraded to citrulline. Oxidative
stress blocks the activity of DDAH, which reduces the degra-
dation of asymmetric dimethylarginine, and its accumulation
in endothelial cells blocks the nitric oxide synthase, which
begins the process of atherosclerosis (13). Increased serum
homocysteine concentration is another significant blocker of
the activity of dimethyl-diamino-hydrolysis enzyme
(DDAH) in endothelial cells of arterial blood vessels. Incre-
ased serum homocysteine concentrations are present in 80%
of patients treated with regular hemodialysis. It is defined as
the concentration of homocysteine in the serum higher than
15 pmol/L. and is the result of a reduced activity of the
enzymes crucial in the metabolism of homocysteine, such as
the 5-methyltetrahydrofolate reductase, methionine synthase,
and beta-synthesis of cystation. The decreased activity of
these enzymes is due to the decreased concentration of vita-
mins B6, B12 and folic acid (cofacture of the enzymes men-
tioned) (14, 15). The lack of vitamin B6 occurs when the con-
centration of vitamin B6 in the serum is <20 nmol/L, the lack
of vitamin B12 when the concentration of vitamin B12 in the
serum is < 200 pg/mL, and the lack of folic acid as the serum
folate concentration is < 2.2 mg/mL (14, 15). In healthy po-
pulation, the normal concentration of ADMA in plasma is 1.0
pumol/L, in hemodialysis patients 2.2 umol/L, and at the con-
centrations of 3-15 umol/L, ADMA blocks the formation of
NO in the endothelial cells of the blood vessels and begins
the atherosclerosis process (16). In addition to oxidative
stress and hyperchomocysteinemia, a significant role in the
development of atherosclerosis in patients treated with regu-
lar hemodialysis is the role of microinflammation. It is pre-
sent in 30-50% of these patients and is defined as the concen-
tration of C-reactive protein in the serum > 10 mg/L. A sig-
nificant role in causing and maintaining chronic low-level
microinflammation in this population of patients belongs to
bio-compatibility of dialysis membrane, water quality for he-
modialysis and vascular approach for hemodialysis (17-19).
Microinflammation causes the accumulation of neutrophils
and monocytes in the atherosclerotic plaque, and the release
of free radicals of oxygen (oxidative stress), cytokines and
metalloproteinases can lead to rupture of the atherosclerotic
plaque cap and the development of acute coronary events (19,
20).

In 10-30% of patients treated with regular hemodialysis,
there is a resistance to erythropoietin activity. According to
the European recommendations, the resistance to erythropo-
ietin activity is defined as the inability to achieve the target
hemoglobin concentration in the blood (Hb = 110-120 g/L)
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using erythropoietin at a dose of = 300 IU/kg/week (= 20.000
IU/week) or darbepoctin-a at a dose of = 1.5 png/kg/week (=
100 pg/week) or as a constant need for high doses of erythro-
poietin in order to maintain the target hemoglobin concentra-
tion (21). For the measurement of the severity of resistance
to erythropoietin, the erythropoietin resistance index - ERI
(Erythropoietin Resistance Index) is used (21). It represents
the ratio of weekly dose of erythropoietin depending on body
weight and blood hemoglobin (EPO/kg/weekly/Hb).
Erythropoietin resistance index > 0.02 pg/kg/week/g of Hb
indicates the presence of erythropoietin resistance (21). The
main risk factors for the development of resistance to erythro-
poietin activity are iron deficiency, inflammation, oxidative
stress, lack of vitamin DD and secondary hyperparathyroidism,
lack of vitamin C, vitamin B12, folic acid and L-carnitine,
anti-EPO antibodies (21). Iron deficiency, oxidative stress,
microinflammation and lack of vitamin C block the prolife-
ration and differentiation of red cell precursor cells, reduce
the synthesis of endogenous erythropoictin, stimulate the
secretion of hepcidin and the development of a functional i-
ron deficiency (22, 23).

Parameters of oxidative stress in patients with
hemodialysis

Free oxygen radicals have a very short half-life (one se-
cond), so the clinical evaluation of oxidative stress is measu-
red by measuring stable oxidation products. Oxidative stress
parameters include lipid peroxidation products (such as:
acrolein, malonyldialdehyde, 4-hydroxynonenal, TBARS,
F2-isoprosthenes), lipid oxidation products (oxLLDL, anti-
oxLDL antibodies), oxidatively altered proteins (final pro-
duct of protein oxidation - AOPP), final protein glycation
products (AGE), evaluation of the activity of antioxidant
enzymes (SOD and glutathione peroxidase in erythrocytes),
evaluation of non-enzymatic anti-oxidants (plasma vitamin
C, glutathione and vitamin E content in erythrocytes) and
inflammatory proteins CRP, albumin (23). 8-hydroxy-2'-de-
oxiguanosine (8-OHdAG) is used as the parameter of nucleic
acids oxidation, and its concentration in the serum and leu-
kocytes is increased in patients treated with regular hemodi-
alysis (23, 24).

Treatment of oxidative stress in hemodialysis patients

The antioxidant treatment strategy consists of the supple-
mentation with vitamin C, vitamin E (a-tocopherol), sele-
nium, N-acetyleysteine, and coenzyme Q10. Patients treated
with regular hemodialysis have a deficiency of vitamin C due
to reduced dictary intake (fresh fruits and vegetables in addi-
tion to vitamin C also contain significant amounts of potas-
sium) and its elimination during the hemodialysis session
(low molecular weight - MW = 176.1 Da, in a small per-
centage it is bound for plasma proteins - PB = 25%, hydro-
soluble vitamin) (24, 25). During the hemodialysis session,
100-300 mg of vitamin C is removed (vitamin C concentra-
tion after hemodialysis is reduced by 30-50%) (24, 25). Nor-
mal serum vitamin C concentration is 30-60 umol/L, and pa-
tients treated with regular hemodialysis often have a severe
lack of vitamin C (vitamin C concentration in the serum < 10

®
L
o
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pmol/L) and require the substitution of this vitamin (24, 25).
In patients treated with regular hemodialysis, vitamin C is
administered per os at a dose of 100-200 mg/day, and can
also be applied i.v. at a dose of 300-500 mg after each hemo-
dialysis session over a period of 8-12 weeks, with a defective
monitoring for ecarly detection of systemic oxalosis (measu-
rement of serum oxalate concentration required) (24, 25).
Intravenous use of vitamin C reduces the concentration of
ferritin and proinflammatory mediators in the serum, reduces
oxidative stress and resistance to the effect of erythropoietin
in patients on regular hemodialysis treatment (24, 25).

Vitamin E (a-tocopherol) has a very strong antioxidant
effect. It is administered per os, and the dose of vitamin E can
be expressed in international units or milligrams: 100 IU =
67 mg of natural vitamin E (26). When applied in a dose of
400-800 mg/day over a period of 8-12 weeks it significantly
reduces the concentration of malodialdehyde, oxLLDL and
TBARS in the plasma of patients treated with regular hemo-
dialysis. The use of vitamin E reduces oxidative stress, pre-
vents the development and acceleration of atherosclerosis
and reduces the corpulence of intima-media of carotid arter-
ies in the population of patients treated with regular hemodi-
alysis (26).

N-acetyleysteine (NAC) increases the production of glu-
tathione, which plays an important role in the function of an-
tioxidant enzymes, such as glutathione peroxidase (GSH-Px).
Applied at a dose of 600-1200 mg/day for 3-6 months it sig-
nificantly reduces the concentration of malondialdehyde
(MDA) and asymmetric dimethylarginine (ADMA) in the
plasma, reduces the resistance index to the effect of erythro-
poietin and compensates for the treatment of anemia in pa-
tients treated with regular hemodialysis (23, 26).

Coenzyme Q provides homeostasis of mitochondria and
reduces oxidative stress (prevents oxidation of lipids, pro-
teins, and nucleic acids). Applied in a dose of 1200-1800 mg
daily for 4-6 months, it significantly reduces the concentra-
tion of final protein oxidation products (AOPP) and
malondialdehyde (MDA) in the plasma of patients treated
with regular hemodialysis (26, 27).

The choice of the modality of hemodialysis, the type of
dialysis membrane and the type of solution for hemodialysis
can significantly reduce oxidative stress, prevent the devel-
opment of accelerated atherosclerosis, and correct the treat-
ment of anemia in patients treated with hemodialysis (28-41).

On-line hemodiafiltration reduces the resistance to eryth-
ropoietin activity. The reduction of resistance to erythropoi-
etin activity results from an increased removal of hepcidin,
inflammatory mediators, and lipid, protein and nucleic acid
oxidation products during a hemodynamic filtration session.
Treatment on-/ine by hemodiafiltration over a period of three
to six months significantly reduces inflammation, oxidative
stress, serum hepcidin concentration, which increases the
availability of iron for erythropoiesis and reduces the re-
sistance to erythropoietin activity (28, 29).
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Vitamin E coated hemodialysis membranes reduce serum
lipid peroxidation parameters such as malondialdehyde
(MDA), thiobarbutyric acid reactive compounds (TBARS)
and oxidized LDL cholesterol (oxLDL). Studies have shown
that these membranes also reduce the concentration of oxida-
tive nucleic acid parameters, such as 8-OHdG, as well as the
concentration of microinflammatory parameters (CRP, inter-
leukin-6) (30-37). Vitamin E coated dialysis membranes re-
duce the content of 8-OHdG in leukocytes in patients treated
with regular hemodialysis (reduces DNA leukocyte oxida-
tion). These membranes provide good control of the function
of leukocytes, exhibit an antioxidant and antiinflammatory
effect (30-37). The treatment of high-flux hemodialysis with
polysulphonic membrane-bound vitamin E over a period of
six months significantly reduces oxidative stress, microin-
flammation, an erythropoietin resistance index and corrects
the treatment of anemia in patients treated with regular he-
modialysis (30-37).

The treatment of anemia in patients on hemodialysis in-
volves the use of erythropoiesis (ESA) stimulating agents and
intravenous iron (iron sucrose). After the administration of
intravenous iron at a dose of 100 mg (within 15-30 minutes
of infusion), the concentration of free oxygen radicals in
these patients significantly increased (38-41). In order to pre-
vent the development of oxidative stress after 1.v., Ferrous
Pyrophosphate Citrate (FPC) for adult patients treated with
hemodialysis, administered through a solution for hemodial-
ysis, was approved by the US Food and Drug Administration
in 2015 (38-41). One 5 ml FPC (TrifericTM) ampoule is
added to every 2.5 gallons of bicarbonate concentrate so that
the final FPC concentration in the hemodialysis solution is
110 pg/L (2.0 pmol/L). FPC is used in every hemodialysis
treatment, and the serum ferritin concentration and iron trans-
fer (TSAT) saturation should be measured every three
months. In patients with a serum ferritin concentration
greater than 1000 ng/mL, and TSAT greater than 50% should
be discontinued, FCD should be used, standard bicarbonate
solution for hemodialysis should be used. In patients whose
serum ferritin concentration is less than 200 ng/mL, i.v. iron
400-500 mg, during the next 4-5 hemodialysis treatments
(100 mg/HD), and the FPC should be continuously applied.
When the target serum ferritin concentration and saturated
transfer of iron transfer is achieved, FPC should be applied
continuously because 5-7 mg of iron (maintenance of target
values of ferritin and TSAT) is lost during each hemodialysis
session (38-41). Iron application through hemodialysis solu-
tion reduces oxidative stress and reduces the resistance to
erythropoietin (dose of erythropoietin decreases by 35%)
(38-41).

CONCLUSION

Cardiovascular diseases are the leading cause of patients
with chronic kidney disease treated with kidney replacement
methods. In this patient population, there is a high prevalence
of traditional but also new non-traditional risk factors for the
development of cardiovascular diseases. Oxidative stress is a
significant non-traditional risk factor for the progression of

& & B

chronic kidney disease and the development of cardiovascu-
lar diseases in the population of patients on regular hemodi-
alysis treatment. The main clinical effects of oxidative stress
are: atherosclerosis, amyloidosis associated with hemodialy-
sis, resistance to erythropoietin activity and malnutrition. The
antioxidant treatment strategy consists of replenishing vita-
min C, vitamin E, selenium, N-acetylcysteine and coenzyme
Q10. On-line hemodialysis, a biocompatible vitamin E-
coated dialysis membrane and an ultra-pure solution for he-
modialysis prevent oxidative stress. Early detection of oxida-
tive stress and timely application of appropriate antioxidant
therapy can prevent the development of cardiovascular dis-
cases, reduce the rate of cardiovascular morbidity and mor-
tality, and improve the life quality of patients treated with re-
nal replacement methods.
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ABSTRACT

INTRODUCTION Oxidative stress represents a significant
risk factor for the accelerated development of atherosclerosis in a
population of patients on regular hemodialysis. Oxidative stress
induced by hemodialysis can be triggered with both the bioincom-
patibility of dialysis membrane and increased endotoxin concen-
tration in a hemodialysis solution. AIM The aim of this study was
to investigate the correlation between the parameters of oxidative
stress, microinflammation, nutrition, secondary hyperparathy-
roidism and carotid artery intima-media thickness in patients on
regular hemodialysis. METHODS One hundred and twenty five
patients treated with standard hemodialysis and on-line hemodia-
filtrationwith "high-flux" polysulfone dialysis membrane were ex-
amined. The following parameters of oxidative stress were meas-
ured : index of lipid peroxidation - measured as TBARS, nitric
oxide in the form of nitrite - NO»-, super oxide anion radical - O
and hydrogen peroxide - HXO», catalase, superoxide dismutase
(SOD) and reduced glutathione activity. For statistical analysis of
results, the following tests were used: the Kolmogorov-Smirnov
test, the Spirman test and the Pearson correlation test.
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RESULTS Oxidative stress affects atherosclerosis of the carotid
arteries in patients treated with regular hemodialysis and online
hemodidfiltration. There is a statistically significant positive cor-
relation between H>O; concentration and the thickness of the ca-
rotid arteries” intima-media. High statistically significant positive
correlation was found between TBARS concentration and carotid
arteries intima-media thickness, while a high statistically signifi-
cant negative correlation was found between SOD activity and a
carotid artery intima-media thickness. There is a statistically sig-
nificant negative correlation between the serum albumin and
prealbumin concentration and a carotid artery intima-media
thickness. CONCLUSION Oxidative stress may be a significant
risk factor for the carotid artery atherosclerosis development in
patients treated with regular hemodialysis.
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SAZETAK

UVOD Oksidacioni stres je znacajan faktor rizika za razvoj
ubrzane ateroskleroze u populaciji bolesnika koji se lece redov-
nom hemodijalizom. Dva glavna okidaca oksidacionog stresa
indukovanog hemodijalizom su: bioinkompatibilnost dijalizne
membrane i povecana koncentracija endotoksina u rastvoru za
hemodijalizu. CILJ Rad je imao za cilj da ispita povezanost
izmedu parametara oksidacionog stresa, mikroinflamacije, mutri-
cije, sekundarnog hiperparatireoidizma i debljine intima-medija
karotidnih arterija u populaciji bolesnika koji se lece redovnom
hemodijalizom. METOD Ispitano je 125 bolesnika koji se lece
standardnom hemdjijalizom i on-line hemodjjafiltracijom sa
“high-flux” polisulfonskim dijaliznim membranama. Glavni par-
ametri oksidacionog stresa su: superoksidni anjon, vodonik pero-
ksid, supstancije koje reaguju sa tiobarbiturnom kiselinom, azot
monoksid, katalaza, superoksid dizmutaza i aktivnost reduko-
vanog glutationa. Za statisticku analizu korisceni su: Kolmogo-
rov-Smirnov test, Spirman-ov test i Pearson-ov test korelacie.

INTRODUCTION

Cardiovascular disease remained the leading cause of
death in patients treated with regular hemodialysis. Athero-
sclerotic heart disease and congestive heart failure are two
clinical conditions that are the cause of death in more than
50% of these patients. There are traditional and non-tradi-
tional risk factors for the development of cardiovascular dis-
ease in this patient population. Non-traditional risk factors
are associated with impaired renal function and hemodialysis
procedures and they include the oxidative stress, microin-
flammation, malnutrition, endothelial dysfunction, uremic
toxins, hyperhomocysteinemia, anemia, hypervolemia, vita-
min D deficiency and secondary hyperparathyroidism. Oxi-
dative stress is one of the most significant non-traditional risk
factors for the development of accelerated atherosclerosis in
apopulation of patients treated with regular hemodialysis (1).

In these patients, the oxidative stress occurs due to the
bioincompatibility of the hemodialysis membrane, the in-
creased concentration of endotoxins in the hemodialysis so-
lution, the infravenous application of iron solutions and re-
duced activity of enzymatic and non-enzymatic antioxidant
protective mechanisms (2-4). During the hemodialysis ses-
sion, activated cells of the innate immune system in periph-
eral blood (neutrophils, monocytes) generate reactive oxygen
species (ROS) intensely and the capacity of endogenous
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REZULTATI Oksidacioni stres utice na aterosklerozu karotidnih
arterija kod bolesnika koji se lece redovnom hemodijalizom i on-
line hemodijafiltracijom. Izmedu H.0; i debljine intima-medi-
Jakarotidnih arterija postoji statisticki znacajna pozitivna pov-
ezanost. Visoko statisticki znacajna pozitivna povezanost je ut-
vrdena izmedu TBARS-a i debljine intima-medija karotidnih ar-
terija, dok je visoko statisticki znacajna negativna povezanost ut-
vrdena izmedu SOD i debljine intima-medija karotidnih arterjja.
Izmedu koncnetracije albumina i prealbumina u serumu i debljine
itima-medija  karotidnih arterija postoji visoko ~statisticki
znacajna negativna povezanost. ZAKLJUCAK Oksidacioni stres
Je znacajan faktor rizika za razvo] ateroskleroze karotidnih ar-
terija kod bolesnika koji se lece redovinom hemodijalizom.

Kljucne reci: oksidacioni stres, ateroskleroza, hemodijaliza

antioxidant protective mechanisms is reduced due to loss of
water-soluble antioxidants (vitamin C) and oligoelements
(antioxidant enzyme cofactors). Malnutrition also contrib-
utes to reduction of antioxidant protective mechanisms activ-
ity in the population of patients undergoing hemodialysis.
Main clinical consequences of oxidative stress are the devel-
opment of atherosclerosis, resistance to erythropoetin and the
development of cardiovascular disease in patients treated
with regular hemodialysis (4-7).

In addition to oxidative stress, a significant role in the de-
velopment of a carotid artery atherosclerosis in patients on
regular hemodialysis has the microinflammation, hyperho-
mocysteinemia, and malnutrition (4-8). Main factors for the
development of microinflammation in these patients are: bi-
oincompatibility of the extracorporeal circulation, the pres-
ence of endotoxin in the hemodialysis solution (reverse dif-
fusion), asymptomatic infection of the arteriovenous fistula
for hemodialysis, the periodontal discase and dislocation of
bacteria and endotoxins from intestines to circulation, as a
result of disruption of the gut microbiome (7, 8). Blood con-
tact with the synthetic material of the extracorporeal circula-
tion during the hemodialysis session causes constant leuko-
cyte and the complement system activation, release of elas-
tase, myeloperoxidase, pro-inflammatory mediators and
ROS (8). Increased serum neutrophil elastase concentrations
have been associated with microinflammation, shortened
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erythrocyte lifetime (erythrocyte membrane disorder), re-
sistance to erythropoietin and adverse outcomes in patients
on regular hemodialysis (8). Oxidative stress and microin-
flammation are key factors for the development and progres-
sion of atherosclerotic cardiovascular disease in patients un-
dergoing regular hemodialysis. Optimal control of the oxida-
tive stress and microinflammation is a key step in reducing
cardiovascular morbidity and mortality in this patients’ pop-
ulation (8).

In patients who are on the regular hemodialysis program,
the hyperhomocysteinemia is defined as a plasma homocys-
teine concentration of > 15 pmol/L, resulting from the de-
creased activity of enzymes crucial in homocysteine metab-
olism, such as 5-methyl-tetrahydrofolate reductase, methio-
nine synthase, and y- cistation synthase. The reduced activity
of these enzymes occurs due to a deficiency of vitamins B6,
B12 and folic acid, which serve as cofactors of enzymes men-
tioned (insufficient intake, increased loss during the hemodi-
alysis session) (9). Increased homocysteine concentration,
oxidative stress (superoxide anion radical) and microinflam-
mation block the activity of the dimethyl diamino-hydrolase
enzyme (DDHA) in endothelial cells, which degrades asym-
metric dimethylarginine - ADMA (dimethylarginine) to L-
citrulline and methionine. Asymmetric dimethylarginine is
the most significant endogenous nitric oxide synthase
blocker while the reduced nitric oxide formation in endothe-
lial cells plays a key role in initiating the process of athero-
sclerosis. In addition, the superoxide anion oxidizes tetrahy-
drobiopterin (an endogenous NO synthase cofactor) and thus
further reduces NO synthase activity and contributes to ac-
celerating the process of atherosclerosis. Endothelial dys-
function plays a key role in the pathogenesis of atheroscle-
rotic cardiovascular disease in a population of patients under-
going regular hemodialysis. Clinical trial results indicate a
statistically significant positive association between the
asymmetric dimethylarginine concentration and carotid ar-
tery intima-media thickness (10).

Malnutrition as a result of protein deficiency - PEW (Pro-
tein-Energy Wasting) is present among 30-60% of patients
undergoing regular hemodialysis. According to the Interna-
tional Society of Renal Nutrition and Metabolism (ISRNM)
guidelines, PEW exists if: the serum albumin concentration
1s <0.38 g/L, the serum prealbumin concentration < 0.30 g/L,
the total cholesterol concentration < 100 mg/dL, the body
mass index less than 23 kg/m2, the unintentional weight loss
> 5% over three months and the protein intake less than 0.8
g/kg/day. PEW results from reduced intake and increased
protein catabolism. Risk factors that promote protein catabo-
lism in patients undergoing regular hemodialysis include: the
metabolic acidosis, microinflammation, and oxidative stress

(11).

Carotid artery atherosclerosis is defined as an intima-me-
dia thickness (IMT) of > 0.90 mm, as measured by the ultra-
sound examination of carotid arteries. Based on the color
Doppler ultrasonography, the atherosclerotic carotid artery
disease is classified into four stages: stage I: IMT < 0.9 mm,
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grade IT: IMT > 0.9 mm, stage III: the presence of atheroscle-
rotic plaques with a stenosis < 50% and stage IV: the pres-
ence of atherosclerotic plaques with stenosis > 50%. The
presence of plaque is defined as a structure that protrudes into
the carotid artery lumen at least 0.5 mm (5).

Hemodialysis membranes play a key role in preventing
the development of oxidative stress, microinflammation, and
malnutrition in patients treated with regular hemodialysis.
High-flux hemodialysis membranes have a greater number of
advantages over low-flux membranes: they are more biocom-
patible, better remove small and medium molecular weight
uremic toxins, have a less degree of neutrophil activation and
complement systems (less potential to produce proinflamma-
tory cytokines and acute phase proteins inflammation), pro-
vide less resistance to erythropoietin and better preserve re-
sidual renal function (8). High-flux membranes improve
quality of life and provide a better long-term outcome for pa-
tients treated with regular hemodialysis (8). Vitamin E-
coated membranes for the hemodialysis reduce microinflam-
mation (reduce serum interleukin 6 concentration), prevent
lipid peroxidation (decrease serum TBARS concentration),
increase iron availability for erythrocytopoesis (reduce hep-
cidin concentration in erythropoietic) and reduce resistance
to erythropoetin.

The aim of this study was to investigate the correlation
between parameters of oxidative stress, microinflammation,
malnutrition, secondary hyperparathyroidism, and carotid ar-
tery intima-media thickness in regular hemodialysis patients.

PATIENTS AND METHODS

The study included 125 patients treated with regular he-
modialysis and on-line hemodiafiltration at the Center for
Nephrology and Dialysis of the Clinical Center Kragujevac.
The study was conducted in accordance with the Declaration
of Helsinki for Medical Research, the consent was obtained
from patients and the Ethics Committee of the Clinical Cen-
ter Kragujevac. Patients treated with regular hemodialysis
and on-line hemodiafiltration were examined 2-3 times a
week for 4 hours (8-12h per week), for a period longer than
three months, with "high-flux" membranes (for regular he-
modialysis: polysulfone high-flow membrane with surface
area 1.4-1.7 m’, for hemodiafiltration: polysulfone “high-
flux” membrane with surface area 2.0-2.4 m?). Dialysis ma-
chines used in study were with controlled ultrafiltration type
Fresenius 5008S, Gambro Artis and BBraun, with average
blood flow rate - Qb = 222.80 = 25.89 mL/min and average
dialysate flow rate - Qd = 500 mL/min. A standard ultra-pure
hemodialysis solution (endotoxin concentration - E < 0.03
EU/ml) was used, with a calcium concentration of 1.75
mmol/L (PGS21), 1.50 mmol/L (PGS25) and 1.25 mmol/L
(PGS27) while convective volume in patients treated with
on-line hemodiafiltration was Veonv = 17 liters per session.
Unfractionated heparin was used for anticoagulation of the
extracorporeal circulation. The average monthly dose of un-
fractionated heparin for single hemodialysis was 4418.00 +
525.34 IU. The study did not include patients with the
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manifested active bleeding, active systemic inflammation or
infection (average leukocyte count was 7.06 = 1.56 x 10/1),
with uncontrolled malignancies, or patients treated with im-
munosuppressive and antioxidant medications.

4

In order to evaluate the effect of oxidative stress, microin-
flammation, nutrition and secondary hyperparathyroidism on
the intima-media thickness of the carotid artery the following
parameters were investigated: index of lipid peroxidation -
measured as TBARS (thiobarbituric acid reactive sub-
stances), nitric oxide in the form of nitrite - NO2", super oxide
anion radical - O2 and hydrogen peroxide - H>0,., catalase
(CAT), superoxide dismutase (SOD) and reduced glutathione
activity (GSH), hemoglobin, hematocrit, iron, ferritin, trans-
ferrin saturation with iron, C-reactive protein, albumin,
prealbumin, transferrin, intact parathormone (iPTH ) and vit-
amin D. Hemodialysis adequacy was evaluated based on the
spKt/V urea index.

Determination of serum laboratory analyzes

Blood samples were taken before and after each hemodi-
alysis session, before administration of heparin. Routine la-
boratory analyzes were determined by standard laboratory
tests and calculated as an average value of three measure-
ments over three consecutive months.

The serum ferritin concentration was determined by the
turbidimetric method, on the Beckman Coulter AU680 appa-
ratus. In patients treated with regular hemodialysis, the nor-
mal serum ferritin concentration is 100-500 ng/mL. The se-
rum CRP concentration was determined by the turbidimetric
method on the Olympus AU680 and calculated as the average
value of two measurements over two consecutive months.
Normal serum CRP concentration is < 5 mg/L. Microinflam-
mation is defined as the concentration of CRP in the serum
of > 5 mg/L. The concentration of vitamin D in the serum
was determined by electrochemiluminescence, on the Cobas
e 411. Normal vitamin D concentration in the serum is 20-
40 ng/mL. In patients treated with regular hemodialysis, the
normal vitamin D concentration is > 30 ng/mL (30-80
ng/mL). A severe deficit is defined as the concentration of
vitamin D < 10 ng/mL, vitamin D deficiency exists if the con-
centration is 10-20 ng/mL, and the insufficiency is defined as
the concentration of vitamin D in the serum of 20-30 ng/mL.
Concentration of an intact parathormone in the serum was
determined by the immunodiathymetric method (IRMA), on
the gamma counter WALLAC WIZARD 1470. Normal con-
centration of the intact parathormone in the serum is 11.8-
64.5 pg/mL. In patients with hemodialysis the upper normal
limit is 300 pg/mL.

Folate and vitamine B12 were determined on the Access
2 Analyzer by Beckman Coulter using chemilumminescent
immunoassay. Prealbumine and albumine were determined
on the Abbott an Architect analyzer using prealbumin and
transferrin immunoturbidimetric method. Normal concentra-
tion of prealbumine in hemodyalisis patients is > 0.3 g/L (>
30 mg/dL)
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Determination of parameters of oxidative stress in
plasma

The principle of the determination of superoxide anion
(O7") in blood plasma samples uses the O, reaction with nitro
tetrazolium blue (Nitro Blue Tetrazolium - NBT) to nitrofor-
mase blue. The measurement was performed at a wavelength
%= 550 nm (12).

Method for determining the concentration of hydrogen
peroxide (HO,) is based on the oxidation of phenol red by
the hydrogen peroxide reaction, which catalyses Horse Rad-
ish Peroxidase (HRPO). The final result of this reaction is the
formation of a compound with a maximum absorption A max
=610nm (13).  Determination of the lipid peroxidation in-
dex was carried out indirectly through products of the lipid
peroxidation reaction with thiobarbituric acid (Thiobarbituric
Acid Reactive Substances- TBARS). The principle of this
method is based on the determination of lipid peroxide levels
based on the reaction of one of them, malonildialdehyde
(MDA) with thiobarbutyric acid (TBA). The measurement
was performed at a wavelength A = 530 nm (14). The con-
centration of nitrogen monoxide (NO) was determined based
on the amount nitrites released. The principle of this method
involves the use of a Griess reagent, which builds a diazo
complex with nitrites, which gives the purple color. Measure-
ment was performed at a wavelength A = 550 nm (15).

Determination of parameters of antioxidant
defense system

An adrenaline method was used to determine the activity
of SOD. The principle of this method, which normally be-
longs to the group of the "negative" type is to monitor the
reduction in the rate of adrenaline autoxidation in the alkaline
environment, which is O, dependent. Considering that Oy is
removed by the present SOD, the adrenaline autoxidation re-
action is inhibited. The system monitors the rate of adrenaline
autoxidation change through the change in absorbance at 480
nm, which is inversely proportional to SOD activity (16). The
Beutler method was used to determine the catalase activity.
The principle is the spectrophotometric monitoring of the rate
of the hydrogen peroxide decomposition in the presence of
catalase at a wavelength of 230 nm, in which hydrogen per-
oxide absorbs light. For the determination of reduced gluta-
thione (GSH) activity, the Beutler spectrophotometric
method was used. The principle of the method is based on the
oxidation of glutathione GSH by 5,5-dithio-bis-6,2-nitroben-
zoic acid (DTNB) (17).

Determination of parameters of hemodialysis adequacy

Hemodialysis adequacy was assessed on the basis of the
single-pool Kt/Vsp index calculated according to Daugridas
second-generation formula: Kt/Vsp = -In (C2/C1-0.008 x T)
+(4-3.5xC2/C1)x UF / W (mmol/L), T - hemodialysis
duration (h), UF — interdalytic weight gain (L), W - body
weight after the hemodialysis (kg). According to KDOQI
guidelines, hemodialysis is adequate if Kt/Vsp is > 1.2. Urea
reduction rate index - URR index is calculated using the
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following formula: URR = (1-R) x 100%, where: R repre-
sents the ratio of urea concentration in the serum after and
before the hemodialysis treatment. Hemodialysis is adequate
if the URR index is = 65-70%.

Determination of blood flow and thickness of a carotid
artery intima-media

The blood flow through the vascular approach - Qavf was
determined by the Color Doppler ultrasound scan, on the
Logic P5 apparatus, using a 7.5 MHz probe, wherein the
blood flow is calculated from the formula: Qavf = r’pn/4 x
Vmean x 60 (mL/min), r - radius of vascular access, and
Vmean - mean blood flow velocity through vascular ap-
proach. The blood flow is calculated as the average of three
measurements, 2-4 cm on the vein vascular approach, proxi-
mal to the anastomosis site. The blood flow through a vascu-
lar approach that provides adequate hemodialysis is 500-
1000 mL/min. The thickness of a carotid artery intima-media
(IMT) was determined by the Color Doppler ultrasonic ex-
amination, on the Logic P5 apparatus, using a 7.5MHz probe,
as the average value of three individual measurements on the
right and left carotid arteries. Measurements were performed
1-2 cm below the bifurcation of carotid arteries by the same
ultrasound. The normal thickness of the intima-media is de-
fined as a value of less than 0.9 mm.

Tests used for the statistical analyses of the obtained data
were as follows: the Kolmogorov-Smirnov test, the Spirman
test and the Pearson correlation test. Significance threshold
was probability of 0.05 and 0.01.

RESULTS

A cross-sectional study was conducted at the Center for
Nephrology and Dialysis of the Clinical Center Kragujevac.
The study included patients treated with regular hemodialysis
and on-line hemodiafiltration for a period longer than three
months. Investigated population (n=125) included 78 male
and 47 female patients, an average age of 62.83 = 10.49 years
with the mean dialysis treatment length 6.51 = 6.12 years, the
mean nutrition status 25.86 + 4.60 kg/m2 and with an average
dialysis adequacy index spKtV 1.24 + 0.29. General data on
patients are presented in Table 1.

For anemia treatment short-acting and long-acting eryth-
ropoietins, an intravenous iron preparation, vitamin B prepa-
ration and folic acid (per os) were used. The average monthly
dose of short-acting erythropoietin was 20338.46 + 10716.42
IU, long-acting erythropoietin 134.89 = 71.88 pg, the aver-
age monthly dose of intravenous iron was 273.91 + 162.38
mg, the average monthly dose of iv. of vitamin C was
1420.00 = 184.04 mg, the average monthly number of am-
poules of Beviplex was 11.36 + 1.47, the average monthly
dose of vitamin B12 was 3060 = 1874.70 pg and the average
monthly dose of folic acid was 187.20 + 65.04 mg. The sec-
ondary hyperparathyroidism was treated with calcium-
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containing phosphate binders, active vitamin D metabolites,
and paricalcitol. The average monthly dose of rocaltrol was
2.56 + 3.86 g, and the i.v. paricalcitol 1.04 + 6.70 pg. For
the treatment of arterial hypertension, 81 (64.80%) patients
used renin-angiotensin system blockers (mainly angiotensin
converting enzyme blockers), 62 (49.60%) beta blockers, 46
(36.80%) loop diuretics and 44 (35.20%) calcium channel
blockers.

A hundred and one patients (80.80%) were treated with
the standard intermittent high-flux hemodialysis, and 24
(19.20%) patients were treated with the postdilution on-line
hemodiafiltration. For the postdilution on-line hemodiafiltra-
tion treatment, 24 (19.20%) patients were using dialysers
with a high-flux polysulfone membrane of 2.0-24m2, while
other patients (101 patients, 80.80%) were treated with a
"high-flux" hemodialysis using a high-flux polysulfone dia-
lyser membrane 1.4-1.8m2. While 113 patients used hemodi-
alysis solution with a calcium (Ca2+) concentration of 1.75
mmol/L (PGS21), 9 patients had Ca2+ concentration in the
hemodialysis solution was 1.50 mmol/L (PGS25), and only 3
patients used a solution with Ca2+ concentration 1.25
mmol/L (PGS27). The Na+ sodium concentration in the he-
modialysis solution was 140 mmol/L and the K+ concentra-
tion was 2.0 mmol/L.

The average values of the anemia parameters, iron status,
microinflammation, nutritional status, secondary hyperpara-
thyroidism and ultrasound examination of the carotid arteries
are shown in Table 2. In order to assess the effect of oxidative
stress on atherosclerosis of the carotid arteries, the following
parameters were examined: the hydrogene-peroxide (H202),
thiobarbituric acid reactive substances (TBARS), nitrites
(NO2-), the superoxide dismutase (SOD), catalase (CAT),
the reduced glutathione activity (GSH) and the carotid artery
intima-media thickness. Average values of the investigated
parameters of oxidative stress are shown in Table 2.

There was a statistically significant (p < 0.05) positive
correlation noticed between the serum H202 concentration
and the carotid intima-media thickness. In addition, the high
statistically significant (p < 0.01) positive correlation was
found between the serum TBARS concentration and the ca-
rotid artery intima-media thickness, while a significant (p <
0.01) negative association was found between the SOD ac-
tivity and intima-media thickness of carotid arteries, (Table
3). Significant (p < 0.01) positive correlation between the
prealbumin and serum albumin concentrations was found,
while the high statistically significant (p <0.01) negative cor-
relation was noticed between the serum albumin and prealbu-
min concentration and carotid intima-media thickness (Table
4). Among the other parameters tested and carotid artery in-
tima-media thickness, no statistically significant correlation
was found (Table 4).
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Table 1. Basic characteristics of study population

Statistical parameters

GENERAL DATA
Xsr + SD

Number (N) 125
Gender (m/f %) 78/47 (62.40%/37.60%)
Age (years) 62.81+10.44
Hemodialysis treatment length (years) 6.51+6.12
Body mass index - BMI (kg/m?) 25.86 + 4.60
Sistolic arterial blood pressure - SBP(mmHg) 127.64 + 15.77
Diastolic arterial blood pressure - DBP (mmHg) 76.16 + 7.49
Mean arterial blood pressure- MBP (mmHg) 93.32+9.54
Body weight - W (kg) 72.02 + 14.70
Interdiaytic weight gain - IDWG (kg) 244+ 1.11
Interdiaytic weight gain - IDWG (%) 3.45+1.58
Ultrafiltration rate - UFR (mVkg/h) 8.64 £3.94

Ultrafiltration rate - UF (mL/h)

610.93 + 275.26

Residual diuresis - RD (mL/24h)

652.40 + 683.40

Arteriovenous fistula flow - Qavf (mL/min)

845.60 + 433.35

Hemodialysis adequacy index - Kt/V 1.10+0.24
Single pool hemodialysis adequacy index - spKt/V 1.24+0.29
Urea reduction ratio - URR (%) 63.87 + 8.62
, Glomerulonephritis chronica 11 (8.80%)
E % Nephropathia hypertensiva 40 (32.00%)
o Nephropathia diabetica 19 (15.20%)
g T. | Nephropathia obstructiva 8 (6.40%)
R Nephropathia chronica 27 (21.60%)
Renes polycystici 20 (16.00%)
Comorbidity
Hypertensio arterialis 75 (60.00%)
Cor hypertensivum compensatum 20 (16.00%)
Cardiomyopathia dilatativa 5 (4.00%)
Hypotensio arterialis 5 (4.00%)

Diabetes mellitus complicatus

20 (16.00%)

Table 2. General investigated final parameters of oxidative stress

Statistical parameters

INVESTIGATED PARAMETERS
Xsr + SD

Hemoglobin - Hb (g/L) 104.05 + 12.28
Hematocrit - Het (%) 31.52+3.83
Mean corpuscular volume - MCV (fL) 93.89+ 4.51
Mean corpuscular hemoglobin - MCH (pg) 3098+ 1.62
Mean corpuscular hemoglobin concentration - MCHC (g/L) 329.96 + 5.09
Vitamine B12 serum concentration - VitB12 (pg/mL) 999.78 + 516.38
Folic acid serum concentration - FOL (ng/mL) 22.48 + 11.49
Iron serum concentration - Fe' (umol/L) 10.05+ 4.16
Transferrin saturation - TSAT (%) 28.30 + 11.48
Feritin serum concentration - F (ng/mL) 745.50 + 344.60
C-reactive protein - CRP (mg/L) 10.57 + 12.23
Serum protein concentration - P (g/L) 64.36 £ 4.66
Albumine serum concentration - Alb (g/L) 38.10+3.03
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INVESTIGATED PARAMETERS

Statistical parameters

Xsr + SD
Prealbumina serum concentration - Palb (g/L) 0.28 + 0.09
Transferin serum concentration - Trsf (g/L) 1.56 + 0.34
Uric acid serum concentration - UA (umol/L) 366.92 + 59.06
Normalised protein catabolic rate - nPCR (g/kg/dan) 1.76 + 0.66
Vitamine D serum concentration - VitD (ng/mL) 17.88 + 9.63
Intact parathormon serum concentration - iPTH (pg/mL) 175.13 + 199.85
Superoxide anion radical - Oy (nmol/ml) 3.58 £4.90
Hydrogene peroxide - H;O, (nmol/mL) 4.65+ 1.62
Thiobarbituric acid - TBARS (umol/mL) 1.14+ 0.23
Nitrites - NO,” (nmol/mL) 3.81+1.33
Reduced glutathione - GSH (nmol/mL) 119500.29 + 17525.20
Catalase - CAT (U/gHb x 10%) 222+ 1.88
Superoxide dismutase SOD (U/gHb x 10%) 32.82+ 20.67
Average intima-media thickness DKA - IMT (mm) 1.24+0.29
Average intima-media thickness LKA - IMT (mm) 1.27+0.31
Average intima-media thickness KA - IMT (mm) 1.25+0.28

Table 3. Correlation between carotid artery intima-media thickness
and oxidative stress parameters

Measured parameters BaszSsrtz;tlsSt]l)c al parameter]s\l Significance (p-value)
Superoxide anion radical - Oy (nmol/mL) 3.58 +4.90 125 Temp = 0.002
Intima-media thickness- IMT (mm) 1.25+0.28 p=0.984
Hydrogene peroxide - HO; (nmol/mL) 4.65+ 1.62 125 Temp = 0.190
Intima-media thickness- IMT (mm) 1.25+0.28 p=0.034
Thiobarbituric acid - TBARS reactive substances 1144023 —
(umol/mL) 125 d
Intima-media thickness- IMT (mm) 1.25+0.28 p=0.0001
Nitrites - NOy (nmol/mL) 3.81+1.33 125 Temp = -0.131
Intima-media thickness- IMT (mm) 1.25+0.28 p =0.144
Reduced glutathione - GSH (nmol/mL) 119500.29 + 17525.20 125 Temp = 0.112
Intima-media thickness- IMT (mm) 1.25+0.28 p=0.214
Catalase - CAT (U/gHb x 10% 222+ 1.88 125 Temp = 0.04
Intima-media thickness- IMT (mm) 1.25+0.28 p =0.963
Superoxide dismutase - SOD (U/gHb x 10 32.82+20.67 125 femp = -0.310
Intima-media thickness- IMT (mm) 1.25+0.28 p =0.0001

Table 4. Correlation between parameters of microinflammation, nutrition and secondary
hyperparathyreoidism and carotid artery intima-media thickness

Measured parameters Bas)i(csrstii\tiss]t)ical EEOHC Signiﬁci‘:é:)c (p- va-
C-reactive protein - CRP (mg/L) 10.57 + 12.23 o Tho =20, 058
Intima-media thickness - IMT (mm) 125+ 028 p=0.673
Albumine -ALB (g/L) 38.00 + 3.02 125 Temp = -0.245
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Basic statistical parameters Significance (p- va-
Measured parameters Xsr £ SD N Tue)

Intima-media thickness- IMT (mm) 1.25+0.28 p = 0.006
Prealbumine - PALB (g/L) 0.28 + 0.09 - Temp = -0.243
intima-media thickness -IMT (mm) 1.25+0.28 p = 0.009
Transferine - TRSF (g/L) 1.50+ 0.34 V5 Temp = -0.139
Intima-media thickness- IMT (mm) 1.25+ 028 p =0.123
Vitamin D - VitD (ng/mL) 17.88 + 9.63 158 Femp = -0.148
Intima-media thickness - IMT (mm) 1.25+0.28 p =0.099
Intact parathormon - iPTH (pg/mL) 175.13 + 199.85 - Fomp = 0.051
Intima-media thickness - IMT (mm) 1.25+0.28 p =0.574
Albumine - ALB (g/L) 38.00 +3.02 125 Temp = 0.479
Prealbumine - PALB (g/L) 0.28 £ 0.09 p =0.0001

DISCUSSION

Cardiovascular diseases are the most common complica-
tions and a leading cause of death in patients with the end-
stage chronic kidney disease treated with regular hemodialy-
sis. Cardiovascular mortality in these patients is up to 20
times higher than in the general population. The first step in
the prevention and treatment of these patients is good under-
standing of non-traditional risk factors for the development
of the cardiovascular disease (18). Uremic toxins, oxidative
stress, microinflammation, malnutrition and endothelial dys-
function are the most significant non-traditional risk factors
for the development of atherosclerotic cardiovascular disease
in patients undergoing regular hemodialysis. Uremic toxins
cause enhanced leukocyte activation (increased leukocyte
oxidation and proinflammatory activity), the upregulation in
leukocyte-endothelial interactions and mononuclear cell in-
filtration into atherosclerotic vascular lesions. Asymmetric
dimethylarginine (ADMA), indoxyl sulfate (IP) and p-cresyl
sulfate (pCS) are uremic toxins that exert a prooxidative and
proinflammatory effect through inhibition of nitric oxide pro-
duction in endothelial cells and have high atherogenic poten-
tial (via accelerating the progression of endothelial dysfunc-
tion) (18, 19).

The degree of biocompatibility of the dialysis membrane
significantly impacts oxidative stress and microinflammation
in patients treated with regular hemodialysis. Results of the
studies that have compared the effect of two different dialysis
membranes on oxidative stress have shown that the hemodi-
alysis session with a high-flux polysulfone membrane signif-
icantly decreases the formation of oxygen free radicals dur-
ing hemodialysis compared to a low-flux polysulfone mem-
brane (21). The hemodialysis session with a high-flux poly-
sulfone membrane provides better control of the neutrophil
function than a low-flux polysulfone membrane (22). Besides

the biocompatibility of the dialysis membrane and the pres-
ence of endotoxin in the hemodialysis solution, the develop-
ment of uncontrolled and permanent microinflammation in
the population of patients treated with regular hemodialysis
is also affected by: uremic toxins, asymptomatic infection of
the arteriovenous fistula for hemodialysis, periodontal dis-
case and dislocation of bacteria and endotoxins from intes-
tines to circulation as a result of disruption of the gut micro-
biome (23).

B-mode ultrasonography of the carotid arteries has been
used as a non-invasive diagnostic procedure for the evalua-
tion of atherosclerosis. Patients treated with regular hemodi-
alysis have a significantly higher thickness of the carotid ar-
tery intima-media than the general population (absence of
kidney disease) (24). Hypoalbuminemia is a good predictor
of cardiovascular mortality in patients treated with the regu-
lar hemodialysis. In patients with hypoalbuminemia, mi-
croinflammatory and oxidative stress, parameters were sig-
nificantly increased. Results of this study showed that there
was a highly statistically significant (p <0.01) positive asso-
ciation between the serum albumin and prealbumin concen-
trations. A high statistically significant (p < 0.01) negative
correlation was found between the serum albumin and
prealbumin and intima-media thickness, which is consistent
with the results of studies to date, which also confirmed a
statistically significant negative correlation with nutritional
parameters in patients undergoing the regular hemodialysis
(24, 25). In the population of patients undergoing the regular
hemodialysis, the thickness of the carotid artery intima-me-
dia has a statistically significant positive correlation with the
concentration of C-reactive protein and proinflammatory cy-
tokines in serum (24). Results of this study showed no sig-
nificant positive correlation with the carotid artery intima-
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media thickness, indicating the need to measure more sensi-
tive microinflammatory parameters in a population of pa-
tients undergoing the regular hemodialysis, such as pro-in-
flammatory cytokines (IL-6, TNF-a). Lipid peroxidation
plays a significant role in the process of atherosclerosis. Re-
sults of this study are in line with the results of other studies
done so far, which also showed a statistically significant pos-
itive relationship between the concentration of thiobarbituric
acid reactive substances (TBARS) and the carotid intima-me-
dia thickness in patients treated with the regular hemodialysis
(26, 27). A highly statistically significant (p <0.01) negative
association was demonstrated between the superoxide dis-
mutase activity in erythrocytes and the carotid artery intima-
media thickness, which is in accordance with results of the
other authors (25). Between the parameter of oxidative DNA
damage (Deoxyribonucleic Acid), 8-OhdG/dG (8-hydroxy-
2-deoxyguanosine/deoxyguanosine) ratio, serum malondial-
dehyde concentration, and carotid artery intima-media thick-
ness in hemodialysis patients a statistically significant posi-
tive association was found (28). Carotid artery ultrasound,
measurement of cITM (Carotid Intima-Media Thickness) and
detection of atherosclerotic plaques are important for as-
sessing the health of the entire arterial vasculature in patients
undergoing the regular hemodialysis (29). According to the
recommendations of the EAEMP (European Agency for the
Evaluation of Medicinal Products), cITM is accepted as a
surrogate marker of atherosclerosis, while according to the
recommendations of the National Kidney Foundation Kidney
Disease Quality Initiative (NKF-DOQI), the carotid artery ul-
trasound is used for the accurate assessment of cardiovascu-
lar artery status in patients treated with the regular hemodial-
ysis, and it can also be used to evaluate vascular calcifications
(28, 29). Several investigations have suggested and proved
that the dialysis modality and the type of hemodialysis mem-
branes have effects on oxidative stress and microinflamma-
tion. For example, the post-dilution on-line hemodiafiltration
reduces microinflammation, increases the availability of iron
for erythropoesis, reduces erythropoetin resistance, improves
nutritional status, the quality of life and the patient outcome
compared to the conventional hemodialysis (30). Hemodial-
ysis with a vitamin E-coated membrane over a six-month pe-
riod significantly reduces the concentration of serum C-reac-
tive protein, interleukin-6, Soluble Intercellular Adhesion
Molecule-1 (sICAM1), TBARS and the oxidized LDL cho-
lesterol - oxLDL. During follow-up, no significant effect on
the endothelial cell apoptosis was achieved (31). During the
high-flux hemodialysis session and post-dilution on-line he-
modiafiltration, a significant amount of vitamin C and oligo-
elements, which are cofactors of antioxidant enzymes are lost
(32). Results of the studies so far have shown that zinc sup-
plementation at a dose of 100 mg/day for eight weeks signif-
icantly improves the superoxide dismutase (SOD) activity
and significantly reduces the serum malodialdehyde (MDA)
concentration. Additionally, selenium supplementation at a
dose of 200 pg/day for 12 weeks significantly enhances the
glutathione peroxidase (Gpx) activity in erythrocytes (32).
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CONCLUSION

&

Oxidative stress and malnutrition play a significant role
in the development of a carotid artery atherosclerosis in pa-
tients undergoing the regular hemodialysis. Statistically sig-
nificant positive correlation was found between the thickness
of carotid arteries intima-media and TBARS plasma concen-
tration, while a high statistically significant negative correla-
tion was found between the SOD activity in erythrocytes and
the thickness of carotid arteries intima-media. This indicates
the importance of lipid peroxidation in the development of
atherosclerosis and atherosclerotic cardiovascular disease in
a population of patients treated with the regular hemodialy-
sis. A high statistically significant positive correlation be-
tween the serum prealbumin and albumin concentration and
the carotid artery intima-media thickness highlights the im-
portance of malnutrition in development. Thus, oxidative
stress and malnutrition, both individually and together, sig-
nificantly contribute to the development and acceleration of
atherosclerosis and increase the risk of cardiovascular mor-
bidity and mortality in patients undergoing the regular hemo-
dialysis. A high-flux hemodialysis and on-line post-dilution
hemodiafiltration could ensure an optimal control of oxida-
tive stress and malnutrition. The control of oxidative stress
might be better when using membranes for hemodialysis
coated with antioxidants such as vitamin E, along with the
substitution of vitamin C and oligoelements, zinc and sele-
nium.
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Abstract

Background / Aim. Oxidative stress is an important risk factor for the development of
cardiovascular atherosclerotic diseases in the population of patients treated with regular
hemodialysis. Bioincompatibility of the dialysis membrane and increased concentration of
endotoxin in the hemodialysis solution are two main factors that can stimulate oxidative
stress. The paper was intended to examine the effect of a vitamin E-coated membrane on
oxidative stress during a single session of on-line hemodiafiltration. Methods. Twenty-four
patients undergoing hemodiafiltration with vitamin-E coated polysulfone dialysis
membrane (Leoceed 21H) were examined, followed by a polysulfone dialysis membrane
treatment without vitamin E (FX800). Following parameters of oxidative stress were
measured: superoxide anion radical (O:), hydrogen peroxide (H.O.), thiobarbutyric acid
reactive substances (TBARS), nitric oxide (NO.), catalase (CAT), superoxide dizmutase
(SOD), and reduced glutathione activity (GSH). Statistical analysis included Kolmogorov-

Smirnov test, Student-T test and Wilcoxon test. Results. On-line hemodiafiltration with
3

141



high-flux polysulfone vitamin-E coated membrane led to significant reduction of TBARS
concentration and SOD activity, while the on-line hemodiafiltration session with a high-
flux polysulfone membrane that is not vitamin E-coated induced the significant increase in
H.O. concentration in the serum and decrease in SOD activity. No statistical significance
among the other parameters of oxidative stress study was noticed. Conclusion. A single
session of on-line hemodiafiltration with vitamin-E coated polysulfone membrane
significantly affects oxidative stress. After a single session of on-line hemodiafiltration
with a vitamin E-coated membrane, the concentration of tiobarbituric acid reactive
substances (TBARS) has significantly decreased. The decreased activity of superoxide
dizmutase could be a consequence of increased loss of microelements during the on-line
hemodiafiltration session with the "high-flux" polysulfone membrane. Patient selection,
continuous on-line hemodiafiltration with vitamin E-coated polysulfone membrane over a
3-6 month period and increased antioxidant protection capacity could possibly reduce the

risk of cardiovascular morbidity and mortality.

Key words:

hemodiafiltration, dialysis membrane, oxidative stress.

Apstrakt

Uvod / Cilj. Oksidacioni stres je znacajan faktor rizika za razvoj kardiovaskularnih
aterosklerotskih bolesti u populaciji bolesnika koji se lece redovnom hemodijalizom.
Bioinkompatibilnost dijalizne membrane 1 povec¢ana koncentracija endotoksina u rastvoru
za hemodijalizu su dva glavna faktora koja mogu da podstaknu oksidacioni stres. Rad je
imao za cilj da ispita uticaj membrane oblozene vitaminom E na oksidacioni stres u toku
pojedinacne seanse on-line hemodijafiltracije. Metode. Ispitano je 24 bolesnika koji se lece
on-line hemodijafiltracijom sa polisulfonskom dijaliznom membranom oblozenom
vitaminom E (Leoceed 21H), a zatim i polisulfonskom dijaliznom membranom
neoblozenom vitaminom E (FX800). Glavni parametri oksidacionog stresa su: superoksidni
anjon, vodonik peroksid, reaktivne supstancije vezane za tiobarbituri¢nu kiselinu, azotni
oksid, katalaza, superoksid dizmutaza i1 aktivnost redukovanog glutationa. Za statisticku

analizu korisc¢eni su: Kolmogorov-Smirnov test, Student-ov T test za vezane uzorke i
4
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Wilcoxon-ov test. Rezultati. On-line hemodijafiltracije sa “high-flux™ polisulfonskom
membranom oblozenom vitaminom E statisticki znacajno smanjuje koncentracija
reaktivnih supstancija vezanih za tiobarbituricnu kiselinu (TBARS) 1 aktivnost superoksid
dizmutaze (SOD). Nakon seanse on-line hemodijafiltracije sa “high-flux™ polisulfonskom
membranom koja nije obolozena vitaminom E statisticki znaCajno se povecava
koncentracija vodonik peroksida u serumu, dok se aktivnost SOD znacajno smanjuje.
Izmedu ostalih ispitivanih parametara oksidacionog stresa nije utvrdena statistiCka
znacajnost. Zaklujucak. Pojedinacna seansa on-line hemodijafiltracije sa polisulfonskom
membranom oblozenom vitaminom E statisticki znacajno utice na oksidacioni stres.
Koncentracija TBARS u serumu je statisticki znacajno manja posle pojedinacne sesije on-
line hemodijafiltracije sa membranom oblozenom vitaminom E. Smanjena aktivnost
superoksid dizmutaze posledica je pojacanog gubitka mikroelemanata u toku seanase on-
line hemodijafiltracije sa “high-flux” polisulfonskom membranom. Izbor bolesnika, on-line
hemodijafiltracija sa polisulfonskom membranom oblozenom vitaminom E kontinuirano u
vremenskom periodu od 3-6 meseci 1 povecanje kapaciteta antioksidacione zastite mogu

smanjiti rizik od kardiovaskularnog morbiditeta i mortaliteta.

Kljucne reci:

hemodijafiltracija, dijalizna membrana, oksidacioni stress.

Introduction

Oxidative stress represents a significant risk factor for the development of cardiovascular
diseases in the population of patients treated with regular hemodialysis [1]. In these
patients, oxidative stress happens as a consequence of increased effect of prooxidative
factors and reduced activity of antioxidant protection systems (non-enzyme and enzyme
systems). The prooxidation factors include: age, diabetes mellitus, uremic background,
chronic inflammatory status, bioincompatible dialysis membrane and presence of
endotoxins in a hemodialysis solution. On the other hand, decreased activity of antioxidant
non-enzyme mechanisms happens as a consequence of the lack of vitamin C and vitamin E,
while decreased activity of antioxidant enzymes, such as superoxide dismutase (SOD),

catalase (CAT) and glutathione peroxidase (Gpx), is due to the lack of cofactors [increased
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selenium (Se) and zinc (Zn) loss through the dialysis membrane during hemodialysis] and
reduced activity of glutathione system [2, 3].

Hemodialysis is itself a trigger for the oxidative stress occurence. The main
pathophysiological mechanisms of the increased formation of reactive oxygen species
(ROS) during the hemodialysis session are the bioincompatibility of the dialysis
membrane, presence of endotoxins in the hemodialysis solution and increased loss of
cofactor oligoelements that are necessary for the activity of antioxidant enzymes [2-6].
Dialysis membranes play a central role in the hemodialysis process (hemodialysis). They
can be natural and synthetic. Natural membranes include cellulose derivatives with water
permeability coefficient - Kuf < 10 ml/h x mmHg ("low-flux" membrane), low clearance of
moderate molecular weight uremic toxins and a lower biocompatibility degree compared
to synthetic membranes. Synthetic membranes are biocompatible membranes that have a
high water permeability coefficient - Kuf > 20 ml/h x mmHg ("high-flux" membranes) and
high clearance of medium molecular weight uremic toxins [3-6]. The evaluation of the
dialysis membrane efficacy is based on the coefficient of mass transfer (KoA), which can
be calculated by multiplying the coefficient of transmission (Ko) and the surface of the
membrane (A). Highly effective dialysis membranes are those that have KoA > 600-700
[3-6]. Highly effective (KoA > 600-700) and highly permeable water membranes with
ultrafiltration coefficient of Kuf> 50 mI./ h x mmHg are used for on-line hemodiafiltration
[3-6].

During the hemodialysis session, there is a direct activation of the polymorphonuclear
leukocytes due to direct contact of the blood and the surface of the dialysis membrane,
which is the result of myeloperoxidase activity which increases the formation of free
oxygen radicals. Measurement of serum myeloperoxidase concentrations released from
polymorphonuclears during a hemodialysis session indicates the severity of oxidative stress
induced by different bioincompatibility degree of dialysis membranes [7].

During a single 4-hour session of hemodialysis, the patient's organism is exposed to about
120 liters of dialysis solution. Therefore, a high microbiological quality of the dialysis
solution (ultra-pure dialysis solution) is required [8, 9]. According to the European Best
Practice Guidelines/European Renal Best Practice, ANSI/AAMI RD52 (American National
Standards Institute/Association for the Advancement of Medical Instrumentation RD 52)

and ANSI/AAMI/ ISO 11663 for the Advancement of Medical Instrumentation ISO 11663,
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the ultra-pure dialysis solution is defined as a solution in which the number of bacterial
colonies is < 0.1 CFU/mL and the endotoxin concentration is E < 0.03 EU/mL. This
solution is used for high-flux hemodialysis (HFHD) and hemodiafiltration (HDF), while for
low-flux hemodialysis (LFHD), according to current recommendations, a solution with
endotoxin concentration < 0.50 EU/mL (< 0.25 EU/mL) and the number of colonies < 100
CFU/ml (= 50 CFU/mL) [8. 9]. Endotoxin and other bacterial products can pass from a
dialysis solution through a dialysis membrane to the patient's blood via
backdiffusion/backfiltration ~ processes and  activate the  mononuclear and
polymorphonuclear cells to boost the formation and release of free oxygen and pro-cationic
cytokine radicals [interleukin-1 (IL-1), interleukin-6 (IL-6), tumor necrosis factor (TNFa)].
all of that results in the development of oxidative stress, microinflammatory and
accelerated atherosclerosis [8, 9].

In patients treated with regular hemodialysis, the activity of enzymatic and non-enzymatic
antioxidant systems is reduced. Reduced concentration of trace elements, such as Se, Cu
and Zn lowers the activity of antioxidant enzymes (SOD, Gpx). Lowered concentration of
trace elements was reduced is probably a result of insufficient intake, but also increased
loss during high-flux haemodialysis/hemodiafiltration [10]. Also, because of the lack of
vitamin C and vitamin E, the capacity of non-enzymatic antioxidative protection systems
has been reduced [10].

The present investigation was intended to examine the effect of a vitamin E-coated

membrane on oxidative stress during a single session of on-line hemodiafiltration.

Methods

The study included 24 patients treated with on-line hemodiafiltration at the Center for
Nephrology and Dialysis of the Clinical Center Kragujevac. The research was conducted
with respect to the Helsinki Declaration on Medical Research, the approval of the Ethics
Committee of the Clinical Center Kragujevac and the consent of the patients.

Patients regularly treated with on-line hemodiafiltration three times a week for 4 hours (12h
per week) over a period of more than three months with a convective volume of 17 liters
per session, on machines with controlled ultrafiltration type Fresenius 5008S, Gambro
AKA200US and Gambro Artis, with the blood flow strength - Qb = 250 mL/min and the

dialysis flow strength-Qd = 500 mL/min were examined. A standard ultra-pure solution for
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on-line hemodiafiltration (endotoxin concentration - E < 0.03 EU/mL) was used. For on-
line hemodiafiltration, the high-flux dialysis membrane was coated with vitamin E-Leoceed
21H (polysulfonic membrane of effective area 2.1 m2, KoA = 1351 mL/min, high-flux -
Kuf = 88 mL/h x mmHg, sterilized gamma rays, Asachi Kasei Medical Europe, Germany)
and a high-flux dialysis membrane that is not coated with vitamin E - FX800
(polysulphonic membrane of effective area 2.0 m?, KoA = 1365 mL/min, high-flux - Kuf =
62 mL/h x mmHg, sterilized by steam, Fresenius Medical Care, Germany). Exclusion
criteria were: patients with proven active bleeding, active systemic inflammation or
infection, with uncontrolled malignancies, as well as patients treated with
immunosuppressive and antioxidant drugs.

In order to evaluate the influence of the dialysis membrane coated with vitamin E during an
individual session of on-line hemodiafiltration on oxidative stress, several parameteres
were followed: anemia (hemoglobin, hematocrit, erythrocyte indexes), iron status in the
patient's organism (iron and ferritin serum concentration, iron saturation of transferin),
microinflammation (C-reactive protein), nutritional status (prealbumin, transferin),
secondary hyperparathyroidism (iPTH, vitamin D), oxidative stress (superoxide anion (O.),
hydrogen peroxide (H.O.), thiorbutyric acid reactive substances (TBARS), nitric oxide in
the form of nitrites (NO:), superoxide dizmutase (SOD), catalase (CAT), reduced
glutathione activity (GSH)), carotid artery intima media thickness, blood flow through the
vascular hemodialysis approach (Qavf) and the dialysis adequacy parameter (spKt/V).
Blood samples for laboratory analyzes were taken prior to initiation and after completion of
a single on-line hemodiafiltration, before subcutaneous administration of heparin and
before intravenous administration of iron and vitamin B complex at the end of the on-line
hemodiafiltration session. Blood samples were from the same group of patients before and
at the end of an individual hemodiafiltration session with a "high-flux" polysulfone
membrane of type Leoceed 21H and before and after type FX800 treatment. Routine
laboratory analyzes were done using standard laboratory tests and calculated as an average
value of three measurements over three consecutive months.

The serum ferritin concentration was determined by the turbidimetric method, on the
Beckman Coulter AU680 apparatus. In patients treated with regular hemodialysis, the

normal serum ferritin concentration is 100-500 ng/mL.
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The serum CRP concentration was determined by the turbidimetric method on the Olympus
AU680 and calculated as the average value of two measurements over two consecutive
months. The normal serum CRP concentration is < 5 mg/L. Microinflammation is defined
as the concentration of CRP in the serum of 5 mg/L.

The concentration of vitamin D in the serum was determined by electrochemiluminescence,
on the Cobas e 411. The normal vitamin D concentration in the serum is 20-40 ng/mL. In
patients treated with regular hemodialysis, the normal vitamin D concentration is > 30
ng/mL (30-80 ng/mL). A severe deficit is defined as the concentration of vitamin D < 10
ng/mL, vitamin D deficiency exists if the concentration is 10-20 ng/mL, and the
insufficiency is defined as the concentration of vitamin D in the serum of 20-30 ng/mL.
The concentration of intact parathormone in the serum was determined by the
immunodiathymetric method (IRMA), on the gamma counter WALLAC WIZARD 1470.
The normal concentration of intact parathormone in the serum is 11.8-64.5 pg/mL. In
patients with hemodialysis the upper normal limit is 300 pg/mL.

The principle of determining the concentration of superoxide anion (O.) In blood plasma
samples uses the O, reaction with nitro tetrazolium blue (Nitro Blue Tetrazolium - NBT) to
nitroformase blue. The measurement takes place at a wavelength 1 = 550 nm.

The method for determining the concentration of hydrogen peroxide (N.O.) is based on the
oxidation of phenol red by the hydrogen peroxide reaction, which catalyses Horse Radish
Peroxidase (HRPO). The final result of this reaction is the formation of a compound with a
maximum absorption A... = 610 nm.

The determination of the lipid peroxidation index was carried out indirectly through
products of the lipid peroxidation reaction with thiobarbituric acid (Thiobarbituric Acid
Reactive Substances - TBARS). The principle of this method is based on the determination
of lipid peroxide levels based on the reaction of one of them, malonildialdehyde (MDA)
with thiobarbutyric acid (TBA). The measurement takes place at a wavelength A= 530 nm.
Determination of the concentration of nitrogen monoxide (NO,) was carried out on the
basis of the amount of released nitrites. The principle of this method involves the use of a
Griess reagent, which builds a diazo complex with nitrites, which gives the purple color.
Measurement takes place at a wavelength 2= 550nm.

An adrenaline method was used to determine the activity of SOD. The principle of this

method, which normally belongs to the group of the "negative" type, is to monitor the
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reduction in the self-oxidation rate of adrenaline in the alkaline environment, which is
dependent on O, . Given that O, removed by the present SOD, the adrenaline
authoxidation reaction is inhibited. The system monitors the rate of adrenaline autoxidation
change through the change in absorbance at 480 nm, which is inversely proportional to
SOD activity.

The Beutler method was used to determine the catalase activity. The principle is the
spectrophotometric monitoring of the rate of decomposition of hydrogen peroxide in the
presence of catalase at a wavelength of 230 nm, in which hydrogen peroxide absorbs light.
For the determination of reduced glutathione (GSH) activity, the Beutler
spectrophotometric method was used. The principle of the method is based on the oxidation
of glutathione GSH by 5,5-dithio-bis-6,2-nitrobenzoic acid (DTNB).

The hemodialysis adequacy was assessed on the basis of the single-pool Kt/Vsp index
calculated according to Daugirdas second-generation formula: Kt/Vsp = -In (C2/C1 - 0.008
x T) + (4 - 35 x C2/Cl) x UF/W (mmol/L), T - hemodialysis duration (h), UF -
interdialysis yield (L), W - body weight after the hemodialysis (kg). According to K/DOQI
guidelines, hemodialysis is adequate if Kt/Vsp > 1.2.

Urea reduction rate - URR index is calculated using the following formula: URR = (1-R) x
100%, where: R represents the ratio of urea concentration in the serum after and before the
hemodialysis treatment. Hemodialysis is adequate if the URR index = 65-70%.

Blood flow through the vascular approach - Qavf was determined by the Color Doppler
ultrasound scan, on the Logic PS apparatus, using a 7.5MHz probe, wherein the blood flow
is calculated from the formula: Qavf = /4 x Vmean x 60 (mL/min), 1 - radius of vascular
access, and Vmean - mean blood flow velocity through vascular approach. The blood flow
is calculated as the mean of three measurements, 2-4 cm on the vein vascular approach,
proximal to the anastomosis site. Blood flow through a vascular approach that provides
adequate hemodialysis is 500-1000 mL/min.

The thickness of carotid arterial intimal media (IMT) was determined by the Color Doppler
ultrasonic examination, on the Logic P5 apparatus, using a 7.5MHz probe, as the average
value of three individual measurements on the right and left carotid arteries. Measurements
were performed 1-2 cm below the bifurcation of carotid arteries by the same
ultrasonography. The normal thickness of the intima media is defined as a value of less

than 0.9 mm.
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Tests used for the statistical analyses of the obtained data were following: the Kolmogorov-
Smirnov test, Student T test and the Wilcoxon test were used. Significance threshold was

probability of 0.05 and 0.01.

Results

In the Center for Nephrology and Dialysis of the KC Kragujevac, a cross section study was
conducted, which included patients who are being treated with regular on - line
hemodiafiltration over a period of more than three months. 24 patients (19 men, 5 women)
were examined, mean age 60.92 + 8.20 years, average dialysis lengths were 9.53 + 5.45
years and average spKtV dialysis index was 1.20 + 0.18. General data on patients are
shown in Table 1.

Anemia treatment that was used included short-acting and long-acting erythropoietin, i.v.
administration of iron, i.v. preparation of vitamin B and per os folic acid. The average
monthly dose for short-acting erythropoietin was 18000.00 + 12055.43 IU, long-acting
erythropoietin 140.00 + 36.33 pg, the average monthly intravenous iron dose was 256.25 +
131.50 mg, the average monthly dose of vitamin B, 2916.67 = 1592.56 pg, and the average
monthly folic acid dose was 181.25 + 62.23 mg. Secondary hyperparathyroidism of the
examined patients was treated with calcium-containing phosphate linkers, active
metabolites of vitamin D and parikalcitol. The average monthly dose of rocaltrol was 3.08
+5.10 pg, and 1.v. paracalcitol 2.50 = 12.25 pg.

The average values of anemia parameters, iron status, microinflammation, nutritional
status, secondary hyperparathyroidism and ultrasound examination of carotid arteries are
shown in Table 2.

In order to evaluate the influence of dialysis membrane type on oxidative stress during a
single session of on-line hemodiafiltration, the following parameters were examined:
superoxide anion radicale (O.), hydrogen peroxide (H.O.), thiobarbituric acid reactive
substances (TBARS), nitric oxide in the form of nitrites (NO.), superoxide dismutase
(SOD), catalase (CAT), and reduced glutathione activity (GSH), Table 3.

Patients treated with hemodiafiltration have shown a significantly (p < 0.05) lower
concentration of TBARS and significant (p < 0.01) lower SOD activity after the on-line
session hemodiafiltration with vitamin E-coated membrane (Leoceed 21H), Table 3. When

we treated the same patients with single session of the on-line hemodiafiltration with a
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membrane without vitamin E (FX800), it was found that H.O. values were significantly
higher, while the SOD activity was significantly lower after the treatment (p < 0.01) than
before the onset hemodiafiltration, Table 3. There was no significant difference between
the rest of oxidative stress parameters: CAT, GSH, O., NO: (p > 0.05) before and after the
session of on-line hemodiafiltration with a vitamin E-coated membrane (Leoceed 21H), as

well as with non-coated membranes one vitamin E (FX800), Table 3 below.

Discussion

Cardiovascular diseases have remained the leading cause of death in patients with a final
stage of chronic kidney disease treated with regular dialysis. Oxidation stress is considered
to be a non-traditional risk factor for the development of cardiovascular disease in this
population of patients [11, 12]. It occurs as a disbalance between formation of free oxygen
radicals and activity of antioxidant protection systems. In the population of patients treated
with hemodialysis, four types of oxidative stress can be distinguished: standard oxidation
stress, chlorinated stress, nitrosative stress and carbonyl stress. Antioxidant protection
against oxidative stress includes enzymatic (superoxide dismutase, catalase and glutathione
peroxidase) and non-enzymatic systems of protection which include hydrophilic vitamin C
and lipophilic vitamin E [11-13]. The main clinical consequences of oxidative stress in
patients with a terminal stage of chronic kidney disease treated with regular hemodialysis
are: accelerated atherosclerosis, erythropoietin resistance (anemia) and amyloidosis caused
by B.-microglobulin [11-13].

Biocompatibility degree of the dialysis membrane significantly affects oxidative stress in
patients with a terminal stage of chronic kidney disease treated with hemodialysis. The
results of the conducted studies that compared the influence of two different dialysis
membranes on oxidative stress indicate that the hemodialysis session with cuprophane
membrane significantly increases the serum malondialdehyde concentration relative to the
dialysate session with the polysulfone membrane [14]. After a hemodialysis session with a
polysulfone and cuprophane membrane, the activity of antioxidant enzymes increases, but
this increase is significant only for catalase in patients dialysed with polysulphonic
membranes [14]. However, by comparing the effect of the hemodialysis session using the
hemophane and polysulfone membrane, it has been found that the polysulfone membrane

significantly increases the concentration of malondialdehyde in the serum and statis
12
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significantly reduces selenium concentration and glutathione peroxidase activity relative to
the hemophane dialysis membrane [15]. The hemodialysis session with the "high-flux"
polysulfone membrane significantly lowers the formation of free oxygen radicals during
hemodialysis compareed with the "low-flux" polysulfone membrane [16]. The
hemodialysis session with the "high-flux" polysulfone membrane provides better control of
the neutrophil function compared to the "low-flux" polysulfone membrane [17].

On-line hemodiafiltration, a biocompatible highly permeable dialysis membrane and an
ultrapure solution for hemodialysis could ameliorate oxidative stress and slow the
development of atherosclerosis [17, 18]. During a single session of on-line
hemodiafiltration, with membranes that have a large surface and high water permeability
(Kuf > 50 mL/h x mmHg), there is an increased loss of trace oligoelements (selenium, zinc,
copper), which are significant cofactor of enzymatic antioxidant enzymes (SOD).
Significantly lower concentration of oxidative stress parameters is achieved on-line by
hemodiafiltration with a vitamin E coated membrane in continuity over a 3-6 months
period relative to standard hemodialysis with a low-flux membrane without vitamin E. The
results of clinical trials suggest that healing with on-line hemodiafiltration, with “high-
flux” membranes over a period of 3-6 months, significantly reduces inflammation,
oxidative stress and resistance to erythropoietin activity, compared to hemodialysis with
“low-flux” membranes [17, 18]. Hemodialysis membranes (vitamin E-coated
hemodialysis) have also shown the reduction of lipid peroxidation parameters values in the
serum, such as: malondialdehyde (MDA), thiobarbituric acid reactive substances (TBARS)
and oxidized LDL cholesterol (oxLDL) [19-24]. Some studies highlighted that these
membranes also reduce the concentration of oxidative nucleic acid parameters such as 8-
OHdG (8-hydroxydeoxyguanosine) and the concentration of microinflammatory
parameters (CRP, interleukin-6) [19-24]. Treatment with high-flux hemodialysis with
polysulphonic membrane-bound vitamin E over a period of three to six months
significantly reduces oxidative stress, microinflammation, erythropoietin resistance index,
corrects the treatment of anemia, reduces the amount of erythropoietin and the thickness of
intima-media of carotid arteries in population of patients treated with regular hemodialysis
without affecting hemodialysis adequacy parameters (Kt/V index) [19-24]. The results of
the conducted study show that after a single session of the on-line hemodiafiltration with

“high-flux” polysulfone membrane coated with vitamin E (Leocced 21H), the
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concentration of thiobarbituric acid reactive substances (TBARS) and the superoxide
dismutase activity is significantly reduced. This can be explained by the effect of vitamin
E, but also by the loss of microelement, the cofactor of the enzyme superoxide dismutase
during the on-line hemodiafiltration session [25, 26]. The results of the tests carried out so
far show that a significant amount of microelements (selenium, zinc, copper) is lost during
the on-line hemodiafiltration and hemodialysis with the "high-flux" polysulfone membrane,
which results in a decrease in the activity of antioxidant enzymes, such as superoxide
dismutase and glutathione peroxidase [27-30]. Normal serum zinc concentration is 70-110
pg/dL, in erythrocytes 40-44 pg/g Hb, and normal activity of superoxide dismutase in
erythrocytes is 1.102-1.601 IU/g Hb. In patients treated with regular dialysis, zinc is
administered at a dose of 100 mg/day for 8 weeks. The results of the study show that the
zinc applied in this dose significantly increases the activity of superoxide dizmutase in
erythrocytes, while the serum malondylaldehyde concentration significantly decreases [31,
32]. In addition to the oligoelements, during the dialysis session, hydrosoluble vitamins that
exhibit an antioxidant effect (vitamin C) are lost. Vitamin C clearance during the
hemodialysis session is 30-50%, and during the high-flux hemodialysis and hemodynamic
filtration over 50%. Due to reduced antioxidant capacity and reduced glutathione
concentration during the high-flux polysulphonic membranes hemodiafiltration coated with
vitamin E, oligoelements, vitamin C and vitamin E should be used to prevent this events.
Vitamin C should be administered at a dose of 300 mg i.v. after each individual
hemodialysis session for 8-12 weeks (with monitoring of serum oxalate concentration),
while vitamin E is administered per os at a dose of 400-800 IU/day for 12-16 weeks for
secondary prevention of cardiovascular events, and strong antioxidant effect is achieved at

a dose of 1000 mg/day per os for 8 weeks (alpha tocopherol: 1.0 mg = 1.5 IU) [28-30].

Conclusion

A single session of on-line hemodiafiltration with a “high-flux™ large-surface polysulfone
vitamine E coated membrane (A > 2.0 m) significantly affected parameters of oxidative
stress relative to the individual session of the on-line hemodiafiltration with the "high-flux"
polysulfone a membrane surface > 2.0 m, which is not coated with vitamin E. After a
single session of on-line hemodiafiltration with a vitamin E-coated membrane, the

concentration of tiobarbituric acid reactive substances (TBARS) has significantly
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decreased, while the activity of superoxide dismutase has decreased with both dialysis
membranes, as a pole of the increased loss of trace elements, which are the cofactors of
enzymatic antioxidative system components (superoxide dismutase). On-line
hemodiafiltration with "high-flux" vitamine E coated polysulfone membrane should be
applied in the 3-6 months period, with an appropriate assessment of the antioxidant
protection capacity during treatment with this dialysis modality. In order to achieve the
optimal efficiency of the patient treatment, individualization of hemodiafiltration

perscription is needed.
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Table 1. General data on patients

General data

Statistical parameters

Xsr+SD
Number (N) 24
Gender (m/f, %) 19/5 (79.17%120.83 %)
Age (years) 60.92 +8.20
Length of hemodyalisis treatment (years) 9.53 £5.45
Body mass index - BMI (kg/m?) 25.63 £8.53
Sistolic arterial blood pressure - STA (mmHg) 131.67 £ 13.73
Diastolic arterial blood pressure - DTA (mmHg) iS50 £6.76
Mean arterial blood pressure - MBP (mmHg) 95.56 + 8.49
Body weight - W (kg) 74.21 = 12.69
Interdialytic weight gain - IDWG (kg) 2.33+0.92
Interdialytic weight gain- IDWG (%) 8122 1.32
Ultrafiltration rate - UFR (mL/kg/h) 8.04 +3.30

Ultrafiltration - UF (mL/h)

583.33 £229,21

Residual diuresis - RD (mL/24h)

425.00 £591.98

Arteriovenous fistula flow - Qavf (mL/min)

967.08 +£415.62

Index of hemodyalisis adequacy - Kt/Vsp

1.20 £0.18

Glomerulonephritis chronica

3 (12.5%)

Nephropathia hypertensiva

10 (41.66%)

Primary kidney disease

Nephropathia diabetica 1 (4.16%)
Nephropathia obstructiva 1 (4.16%)
Nephropathia chronica 4 (16.67%)

Renes polycystici

5 (20.83%)

Comorbidity

Hypertension 22 (91.66%)
Hypotension 1 (4.17%)
Diabetes mellitus 1(4.17%)
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Table 2. Basic investigation parameters

Statistical parameters

MEASURED PARAMETERS
Xsr + SD

Hemoglobine - Hb (g/L) 105.88 + 14.56
Hematocrit - Het (%) 32.09 +4.47
Mean corpuscular volume - MCV (fL) 93.74 £4.86
Mean corpuscular hemoglobin concentration - MCHC (g/L) 329.50 683
Vitamine B, serume concentration - VitB,, (pg/mL) 962.33 +503.24
Folic acid serum concentration - FOL (ng/mL) 20.42 £13.16
Iron serume concentration - Fe (umol/L) 9.62 £4.04
Transferrin Saturation - TSAT (%) 24.46 +9.77
Feritine serume concentration - F (ng/mL) 591.96 + 318.31
C-reactive proteine serume concentration - CRP (mg/L) 6.08 +6.74
Albumine serum concentration - Alb (g/L) 37.96 £3.24
Prealbumine serume concentration - Palb (g/L) 0.29 £ 0.08
Transferine serume concentration - Trsf (g/L) 1.57 £0.28
Vitamina D serum concentration - VitD (ng/mL) 20.16 £9.69
Intact parathormon serum concentration - iPTH (pg/mL) 228.92 +287.42
Average intima-media thickness RCA - IMT (mm) 1.21 £0.24
Average intima-media thickness LCA - IMT (mm) 1.19 £0.26
Average intima-media thickness CA - IMT (mm) 1.20+0.23
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The influence of the dialysis membrane type on oxidative stress during a single session

of on-line hemodiafiltration

On-line hemodiafiltration membrane

Parameters
Leoceed 21H FX800
P P

before HDF after HDF before HDF after HDF
0. 3.45+351 1.87+2.06 [0.078| 1.96+1.23 1.83+1.14 |0.548
H.O. 4.82+1.99 474+1.56 [0878 | 7.14+1.72 7.95+1.54 |0.003
TBARS 1.20+0.26 1.07+0.10 [0.031| 0.88+0.15 0.90£0.24 |0.567
NO 3.65+124 3344080 |0223| 7.79+2.29 8.09+2.00 |0.174
SOD 37.99+27.12 11933 +11.46 | 0.003 | 27.13 £13.72 | 18.66 + 11.38 | 0.010
CAT 2.38 +1.51 1.86+1.28 [0.107| 1.79+1.23 215152 [0.626

110615.52 106438.65 90988.86 02846.14
GSH 0.992 0.364

+27561.68 +32204,63 +14909.96 + 12470.16

O. - superoxide anion radicale (nmol/mL), H.O. - hydrogen peroxide (nmol/mL), TBARS -

thiobarbituric acid reactive substances (umol/L). NO; nitric oxide in the form of nitrites
(nmol/mL), SOD - superoxide dismutase (U/gHb x 10°), CAT - catalase (U/gHb x 10v),
GSH - reduced glutathione activity (U/gHb x 107)
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