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CAXETAK

AHeMHja je yecTa KOMILUTMKAIMja Kol 00JIeCHUKA Ha XeMoaujan3u. Ha nedeme aHeMuje
yTHUy: HEJOCTaTaK rBokia, HEMOBOJHHA 7032 EPUTPOIIOETHHA, MUKPOUH(pIaMaImja, HeI0CTaTak
ButamuHa D, nmoBehana konnentpanuja iPTH u HeagexkBatHa Xxemonujanuza. Y ocrajie y3poke
aHeMHje KO/ OBHX OOJIECHUKA CIajajy: TyOUTaK KpBU (OKYJATHO TaCTPOMHTECTHHAITHO KPBapCHE
300r ypeMHUjCKOT TacTPUTHUCA, CTBApAkE KPBHUX yrpyllaka y BaHTEJIECHO] LIMPKYJIAlMjH, YecTa
y30pKOBama KPBU 3a JIA00paTOPH]CKE aHATH3E.

Pag je umao 3a nuib 1@ YTBpAM NpEBAICHIy L[MJbHE KOHLEHTpALMje XeMOIjloOuHa y
KpBU 0OJIECHHKA KOJU C€ JieUue PEIOBHOM XEMOH]aTU30M, YTBPAUTH MPEBAJICHILY ,,allCOIYTHOT,,
u ,,pyHKOMOHanHOr* Hejoctarka rBoxkha Kox OoJecHMKAa KOjU ce Jiede pPEJOBHOM
xemoaujanu3oM. Pajg je mMao 3a muib J1a YTBPAM MPEBAICHIY MHUKpouWH(DIamaluje, Kao U Ja
UCIHTA HEH YTHUIA] HAa KOHLEHTpalM]y XEMOIJoOMHAa y KpBH, craryc rBoxha, Butamuu D,
aJIeKBaTHOCT XEMOJAMjaJM3€e M J03y EPUTPONOETHHA KOJ OOJECHHMKa KOjU Ce Jiede PEeIOBHOM
xemoaujanu3oM. Jla yTBpau IpeBajeHIly HeJocTaTka BUTaMMHAa D, kao M Ja UcCHIUTa HEroB
YTWIQ) Ha KOHICHTPAIMjy XeMOriioOMHa Yy KpBH, cCTaTyc TrBoxDha, MHUKpouH(IaManyjy,
MQJIHYTPULIK]Y, aJAEKBAaTHOCT XEMOJUjalIN3€e U J03y €PUTPOIIOETHHA.

UcnutuBame je ykipyuamno 120 OonecHuka koju ce yede y KIIMHUYKOM TEHTPY Y
KparyjeBuy. Ha ocHoBy napamerpa undnamanuje CRP, 6onecHuim cy nojesbeHu y 1Be rpyre:
CRP < 5.0 mg/l, CRP > 5.0 mg/l. 3a craructuuky aHanu3zy kopuinhenu cy: Komamoropos
CwmupnoB Tect, Crynent-oB T tect, Mann-Whitney V tect. Ha ocoBy Bpeanoctu Butamuna D
OOJIECHUII CYy TMOJCJbeHH y TpH rpyme: ([25(0H)D] <10 ng/ml, ([25(0H)D] ox 10-20 ng/ml,
([25(0H)D] > 20 ng/ml.

IIpeBanenna MukpouH(pIamanuje Kojx OolecHMKAa KOjU Cce€ Jiede PEeJOBHOM
xemoaujanuzoM usHocu 50%. Bonecuunu ca mukpounpnamanujom (CRP > 5.0 mg/l) umajy
BHUCOKO CTaTUCTM4M 3HayajHo (p < 0.01) mamy: KOHILIEHTpalujy XeMOrJIoOMHa Yy KpBH,
XEMaTOKpPUT, MPOCEYHY KOJIMYMHY U Cpellby KOHILIEHTpPALMjy XEeMOIJOOMHAa y epUTPOLHUTY,
KOHLIEHTpalnjy TBokha y cepyMy M craTUCTHUkM 3HadajHo (p < 0.05) mame 3acuheme
TpaHcepuna reoxxheM. OB G0JECHUIM UMajy U BHCOKO CTaTMCTUUKH 3Ha4ajHO (p < 0.01) Behy
MIOCEYHY MECEYHy J103y Ayrojenyjyher epurponoeTuHa, MHAEKC pe3ucTeHlMje Ayronaenyjyher
€pUTPOIIOETHH, Kao U CTaMCTUYKU 3HauajHO (p < 0.05) Behy KoHLeHTpaunjy GepUTHHA y CEpyMY
U MHJEGKC pPE3UCTEHIMje KpaTkojenyjyher epuTpomoeTHHa, y OAHOCY Ha OosiecHHKe 0e3
mukpounduamanmje (CRP < 5.0 mg/l). IlpeBanenna cmamene ([25(0H)D] y cepymy Koi
OoJleCHHKA KOjU ce Jieuye PEeJOBHOM XeMojaujanu3oM Hu3HocH 75.83%, a mpeBajieHIa TEIKOT
HegocraTka ButamuHa D 24.17%. bonecuunu ca temkum aepuuurom ButamuHa Dy cepymy
([25(0H)D] < 10 ng/ml UMajy CTaTUCTUYKH 3HA4YajHO Mamy KOHIIEHTPAlLUjy XeMOIJIoOuHa Y
KPBH, XeMaTOKPUTA, KOHIIEHTPALIM]y YKYITHUX IPOTeHHA U al0yMUHa y cepymy.



ABSTRACT

Anemia is a common complication on hemodialysispatients. Treatment of anemia is
affected by iron deficiency, insufficient dose of erythropoietin, microinflamation, vitamin D
deficiency, increased iPTH concentration and inadequate hemodialysis. Other common cause
of anemia among these patients is a blood loss due to occult gastrointestinal hemorrhage related
to uremic gastritis, extracorpuscular thrombosis, frequent blood sampling.

The aim was to determine the prevalence of target concentracion of hemoglobin in the
blood of patients who are tarted with regular hemodialysis, determine prevalence of ,,absolute*
and ,,functional® iron deficiency in patients who are treted with regular hemodialysis. The
aim was to determine the prevalence of microinflammation and to examine its effect on
hemoglobin concentration in blood, iron status, vitamin D, hemodialysis adequacy, and
erythropoietin dose in patients treated with regular hemodialysis. The aim of the study was to
find out the prevalence of vitamin D deficiency and to reveal its impact on hemoglobin
concentration, iron status, microinflamation, malnutrition, dialysis adequacy and
erythropoietin dose.

Study involved 120 patients who are treated at the Clinical Center in Kragujevac.
Based on CRP concentration, patients were divided into two groups: CRP < 5.0 mg / I, CRP >
5.0 mg / I. The statistical analysis used: Kolmogorov Smirnov test, Student's T test, Mann-
Whitney U test. Based on the value of vitamin D, patients were divided into three groups:
([25(0OH)D] < 10 ng/ml, ([25(0OH)D] 10-20 ng/ml, ([25(OH)D] > 20 ng/ml.

The prevalence of microinflammation in patients treated with regular hemodialysis is
50%. Patients with microinflammation (CRP > 5.0 mg /1) have a high statistically significant (p
< 0.01) lower hemoglobin concentration in blood, hematocrit, average amount and mean
hemoglobin concentration in the erythrocyte, iron concentration in the serum, and a statistically
significant (p < 0.05) lower saturation of transferrin with iron. These patients also have a high
statistically significant (p < 0.01) higher average monthly dose of long-acting erythropoietin, a
long-acting erythropoietin resistance index, and a statistically significant (p < 0.05) higher
ferritin concentration in the serum and a short-acting erythropoietin resistance index compared to
non-microinflammatory patients (CRP < 5.0 mg /). Hemodialysis patients with severe vitamin
D  deficiency have lower  hemoglobin, lower dialysis adequacy, significant
microinflamation, malnutrition, bone metabolism disorders and need higher dose of
erythropoietin than patients whose vitamin D is higher tnan ([25(0H)D] < 10 ng/ml .Vitamin
D is important risk factor for development of anemia in hemodialysis patients and important
factor that can affect treatment of anemia in these patients. Prevalence of vitamin D deficiency
on patients on regular hemodialysis was 75.83%, while prevalence of severe vitamin D
deficiency was 24.7%.
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1. YBOI



3aBpIIHKM CTaMjyM XpoHWYHE Oonectu OyOpera je BENMKH 3IPaBCTBEHH, COIUjaTHU U
€KOHOMCKH TIpOOJIEM paclpoCTPamkeH IIMPOM CBETa, KOjU TIOKa3yje TEHJICHIU]Y CTaJHOT
nopacta [1]. YapyxeH je ca moBehaHuM KapIuOBacKyJIapHUM MOPOUIAMTETOM M MOPTAIUTETOM
U Ca CMambCHUM KBAJIMTETOM JKMBOTAa OBHX OosiecHUKa [2]. bomecHHuIM Koju ce jieue peJOBHOM
XEMOJIUjaTM30M U3JIOKEHU CY JIejCTBY OpOojHUX (paKTOopa pu3MKa 3a pa3Boj KapIAuOBACKYJIAPHHUX
00JIeCTH Kao IITO Cy: MOBUIIEH apTepHjCKU KPBHU MpHUTHUCAK, mopemehaj MeTabonu3ma aunua,
OKCHJIATUBHU CTpec, MUKpOMH{QIIaMalldja, aHeMHja, HeaocTtaTtak ButammHa D, cekyHmapHu
XHIIEepIIapaTupeoan3aM, moBehan MpOTOK KPBH KPO3 BACKyJApHHU MPHUCTYIH 3a XeMoaujanusy [3-
6]. Mebhy xapauoBackymapauM OosiectiMa HajBeha je mpeBalieHIa XunepTpoduje JIeBe KOMope,
UCXeMHjcKe 00JIeCTH cplia U 3acTojHe cpyane crnaboctu [3-6]. Pano oTkpuBame dakropa puzuka
KOjU YyTHYYy Ha IPEOoOIMKOBamkEe MHOKapja JeBE KOMOPE W Ha Pa3Boj yOp3aHe aTepocKIepose,
oMoryhaBa mpaBoBpeMeHYy NMPUMEHY oJiroBapajyhe Teparuje, ONTUMAIHY KOHTPOIY aHEeMHUje U
CEKYHIApHOT XHIIEPIIapaTUPEONIN3Ma U CIIPEUYaBame pa3Boja KapJMOBACKYJIapHUX O0JIECTH KOJ
oBux OoniecHuka [3-6]. Kapaunosackynapue Oonectu cy Hajuenrthu y3poK cMpTH OOJIeCHUKA KOjU

ce Jieue PeIOBHOM XeMoaujamu3om [3-6].
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2.1. Xemodujanu3sa

Xemoaujanuza - HD (emrn. Hemodialysis - HD) je meron nedema KOjuM ce€ Kpo3
CEJISKTUBHO TMPONYCTJbHUBY JAHjaH3HYy MEMOpaHy M3 KPBH YKJIamkajy HaKyIJbCHU HETMOXKEJbHU
MPOM3BOIM MeTadoM3Ma W MCTOBPEMEHO U3 pacTBopa 3a XEMOJHjallu3y Mpey3uMajy
CYIICTaHIIMj€ HEONXOHE 3a OpraHu3aM OOJICCHHKA W KOPEKIH]y EJIEKTPOJUTCKOT cacTaBa KPBH
[7]. Ceanca nujanuse Tpaje 4-5 yacoBa M MOHAaBJbA CE TPH ITyTa HEACIHHO. 3a TO BpeMe U3 KPBH
OoJIecHUKA C€ y IUjalU3aTHU MIPOCTOP OJCTPAHM TOJIMKA KOJMYMHA YPEMH]CKHX “OTpoBa”, 1a je
OosecHuk 6e30e1aH o] eNeKTPOIUTCKUX nmopemehaja y MHTEpIMjadlu3HOM MEPUOTY, KOjU OOUYHO

nu3HocH 2 10 3 gaHa [7].

2.1.1 OCHOBHM NpUHLUNK Xemoaujanuse

Kperame yectuna tokom HD oxpBuja ce mpouecom nudysuje - KoHaykuuje. JaunHa
nudy3uje CyNCTaHIfja 3aBUCH O] Pa3jiMKe Yy KOHIICHTpaluju, Op3uHe KpBHE mymrie (Op3uHa
oOHaBJbaba KPBU Y JMJajIU3aTOpy), MOBPIIMHE U MPOMYCTJBUBOCTU (CTPYKTypa W BEIMUYMHA
nopa) nujanuzae memopane [7]. KpB u qujanuzar kpehy ce y CynpoTHOM cMepy Iy JAHjaTH3HOT
nyra. To o0e3belyje BUCOK TIpaaujeHT KOHIEHTpaluje, a CaMUM THM Oosby audy3ujy
CYIICTaHIIMja 3a KOje je aujaau3Ha MeMOpaHa mpomycT/buBa [7]. TpancmopT Boje oaBHja ce
nyTeM ynrpaduiaTpaiyje - KOHBEKIHje U TO JOMUHAHTHO U3 KPBHOT y JMjau3aTHU MPOCTOP, a
MamUM JeJoM U y oOpHyToM cMmepy (moBpatHa ¢untpanuja - “backfiltration”). Jaumna
ynrpaduiTpanuje 3aBucH oj KoehUIIUjeHTa MPONyCTJHUBOCTH MEMOpaHe 3a BOIY, MOBPIIMHE
IUjani3He MeMOpaHe U TpaJujeHTa XHAPOCTATCKOT M OCMOTCKOT MPUTUCKA YK JTHjaTU3HOT
nyta [7]. Ilpomec ynaTpadunTpamnuje HUje H30JI0BaH M HE OJHOCH CE€ CaMO Ha MPOTUIIAKE
MOJIEKYJIa BOJI€ KpO3 IHjalIu3Hy MeMOpaHy, jep 3ajelHO ca BOJOM, Y MCTOM CMepy ‘‘HoIleHe”
IPOTOKOM BOJIE€ MpoJia3e M MHOTe CYICTaHIMje 3a Koje je MeMmOpaHa MpomycT/buBa. TakaB
TPAHCIOPT CYIICTaHIIMja Ha3WBa C€ KOHBEKTUBHH TPAHCIIOPT M paslMKyje CE€ O]l OHOora y
mudy3uju. JaunHa KOHBEKTUBHOT TPAHCIIOPTa O3HAa4YaBa KOJIMUYMHY CYIICTaHIM]€ KOja ce 3ajeqHO
ca yATpapHuITPaTOM TPAHCIIOPTYje KPO3 32 by MPONYCT/BUBY IUjaIM3HY MEMOpaHy U AUPEKTHO

3aBUCH O]l jauyuHe yATpaduiITpanuje, MPOIMyCTJbUBOCTH MEMOpaHe 3a JaTy CYICTaHUUjy H
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KOHIICHTpallMje T€ CYICTAaHIH]e y KpBU. JaunHa ynrpaduirpainyje u jauynHa KOHBEKTHBHOT
TPAHCIIOPTAa HEKUX CYNCTaHIMja Yy QYHKIH]U je Cpeamer TpaHCMEMOpaHCKor nputrucka - TMP
(enrn. Transmembrane Pressure - TMP), anu u jaunne npotoka kpeu. [Ipu Behoj Op3unu kpBHE
mymIie Moxe ce 3HaTHO MamuM |MP-oMm moctuhu wcra jaumna ynrpaduirpanuje, Kao U ca
MamOM jJayuHOM KpBHOT mpotoka, a Behum TMP-om [7]. KonBekuuja 3HauajHUje TOTPUHOCH
YKYITHOM TPaHCHOPTY CYICTaHIMja BEJIHKE MOJEKyJICKe Mace (BUTamMMH Bip, [fo-
MUKpOTI00yauH) [7].

Jujanu3He MemOpaHe MMajy IEeHTpaiHy ynory y mpouecy HD. Mory 6utu npuponne u
Bemrauke. [Ipupoane memOpane aepuBatu cy nenyiose (Cuprophan), Mame Cy MpOMyCTIbUBE
(“low-flux”), umajy mobpe KIupeHCEe MaluX YPEMHUjCKHX TOKCHHA, TOK ce Behu Mosekynu
3aapKaBajy, a OMOKOMIAaTHOWIHOCT je Mama. CunHrercke wmemOpane (polysulphon) cy
nponyctiprBuje (“high-flux”) u 3naTHO OHMOKOMIATHOWIHHWjE ON TPHUPOAHUX M MPUPOIHO-
cunterckux (hemophan) memOpana. I[lpwiukom noxupa KpBH OOJNIECHHMKA Ca CHCTEMOM 3a
Ijanusy JAellaBajy ce peakiyje y Koje crajaajy: akTuBalldja Koarylaluje KpBU U TpoMOoIuTa,
aKTHBAIlMja CUCTEMa KOMILIEMEHTA, PEaKIlHje MPeoCeTIbUBOCTH, IPOMEHa (PYHKIIM]ja PA3TUINTHX
UMyHCKUX henuja u cTBapame HIUTOKMHA [7].

[Ipouec xemonujanuze ce ob6aBba y3 MmomMoh MallMHE 3a JIWjalu3y, Koja Mocelyje HU3
MOHHUTOpa M PEryJaTOPHUX cHcTeMa Koju 00e30el)yjy CTalmHOCT M KOHTPOIY IOCTaBJBEHHX
ycioBa [/]. HajBaxumju je ypehaj 3a nupuroBaHy KOHTPOJIY yiaTpauiTpanuje (jauuHe
eMMMUHAIHjE BOJIC), KOjU MOke Outu nmporpamupat oxa 0 - 2000 mi/h. “Cya-uneanna” tenecHa
Maca OonecHuka Ha HD moxe ce yrBphuBatu Ha paznuuute HaunHe. Hajuenthe ce ommyuyjemo
3a OHYy TEJIECHY Macy ca KojoMm ce OonecHukK “mo0Opo oceha” m Hema MaHH(ECTHE eneMe y
WHTEP/IMjaIu3HOM IEpUoly, a Ja Npu ToMme aobuja Onarm ocehaj rpueBa W yMEpEeHU Maj
MPUTUCKA KaJa ce UCKIJbYUM ca JHjaliu3He ceaHce. JucuunianHoBaHu OOJIECHUIM KOjU YOIIITE
HEMajy pe3uyajHy JUype3y y HHTEepAUjalu3HOM Iepuoy He yBehaBajy cBOjy TEJECHY TEKUHY
3a BuIle of 2-3 kunorpama [7].

Tpajame aujanuze oOMYHO ce U3pakaBa OpojeM yacoBa y TOKY jeJlHE HeIesbe U KOJ
HajBeher Opoja 6onecHuka w3Hocu 10-12 gacoBa/HenesbHo. CTaHIApT aICKBaTHE XEMOJIH]aJIA3e
je OukapOOHaTHA XeMO/IMjalin3a ca OMOKOMIATHOWIHUM cuHTeTCKUM (monucyndon) “high-flux”

MeMOpaHamMa H yYITPAuyMCTOM BOJOM 3a XEMOJUjaTu3y (CaApXKU Mame Ol 10° CFU/ml u
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erporokcud < 0.03 EU/ml wium < 5 pg/ml, a cipoBomsbuBocT Tpeba aa joj Oyme < 10 uS/cm),

TabGena 1 [8-10].

Taébena 1. KBanuTeT BOJIE 32 XeMOAWjaIU3y: yATPAYUCTa BOJA

IV P EBporicka papmakoneja
AAMI 2004
HHUBO Konsenmmonanna YaTpauucra Crepunna
BOJA BOJIA BOJIA
Baxrtepuje <200 CFU/ml | <100 CFU/ml | <10°CFU/ml | <10°CFU/mI
EnpoTokcun <2 EU/mI <0.25 EU/mI <0.03 EU/mI <0.03 EU/mI

AAMI - Association for the Advancement of Medical Instrumentation

N3memeno npema pedepennu [8].

3a cnpedaBame TpoMOO3e M OuyBama (YHKIM]je BaHTEJIECHE LUPKYyJIaLuje Yy TOKY

mnmpoueaype 3a XeMO,Z[I/IjaHI/ISY an/IMeH,yje CC€ CUCTCMCKa XenapHHmaqua ca He(i)paKI_II/IOHI/ICEIHI/IM

xernapuHom, Tabena 2 [11].

Tabena 2. CrangapAHa 1 MMHUMAJIHA HHTEPMUTEHTHA XEapuHU3aIH]ja

CTAHIAPIHA MHTEPMUTEHTHA XEITAPUHU3ALIUJA

Ha nouerky HD ITocne | HD ITocne Il cata HD ITocne Ill cara HD
5.0 ml 2.5-3.0ml 2.5-3.0ml 2.5-3.0ml
12.5- 14 ml x 500 IU = 6250 - 7000 IU xenapuna
MHWHUMAJIHA UHTEPMUTEHTHA XEITAPUHU3ALINJA
3.0ml 1.0-1.5 ml \ 1.0-1.5 ml \ 1.0-1.5 ml

6.0 - 7.5 ml x 500 1U = 3000 - 3750 ml IU xenapuna

Xemapus ammyna: 25000 1U/5 ml
0.9%NaCl sol. 500 ml + Xemapus ammya 25000 1U/5 ml N°X
1 ml xenapunmnzupanor ¢usnonomkor pactsopa = 500 IU xenapuna

3a mpolIeHy ONTUMATHOT J03Wpamka He(paKIIMOHUCAHOT XenapruHa NoTpeOHO je nmpaheme

oarosapajyhux napamerapa, TaGena 3 [11].
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Tabena 3. [Tapametpu 3a 103upame HePPAKIIMOHUCAHOT U XENapUHa Majle MOJIEKYJICKE Mace

[Tapamerpu ucnuTuBama Hopwmaiine Bpennoctu [nspHE BpenHOCTH
APTT 35-45s 80-120s
WBPTT 60-85s 120-160s
1T 13-20s 50-70s
ACT 120 - 150's 150 - 200 s
AnTH-(akTop Xa < 0.50 U/ml >0.50 U/ml

APTT - aktuBupaHO mapuujairHo TpoMooruiacTuacko Bpeme, WBPTT - maprujamHo TpomOormacTuHCKO Bpeme, T1 -
TpombuHcKo Bpeme, ACT - Activated Clotting Times/aktiBrupaHo BpemMe Koaryarmje

KpB 3a oxpehuBame mapamerapa koarynanuje 0OJeCHHKA Ha XeMOJHMjaIn3U y3UMa Ce U3
apTepHjCcKe JIMHU]e, UCIpea MecTa WH(Yy3Uje XemapuHa, Kako OW ce MPOIEHUO KOoaryiarroH!
craryc OOJEeCHUKa, a HE CTame BaHTelecHe Hupkynanuje [11]. V ciyuajy nmpeno3upama WM
aKTHUBHOT KpBapema MociIe MPUMEHE XeaphHa, 1ejCTBO He(PaKIIMOHUCAHOT XEeTIaprHa MOXeE ce
HeyTpalucatd 1.V. mpuMeHoM mpoTamuHa: | mQ@ mportamuua Heyrpamume 100 |U xemapuna
(jenna ammysa nmpotamuna 50 mg meyrpanuire 5000 1U xenapuna y 001HKy criope i.V. HEbEKIIHje
y ToKy 5-10 munyta) [11].

Kon OonecHuka ca mnoBehaHuM pHU3MKOM O]l KpBapema HWHAMKOBaHAa j€ aKyTHa
MHTEPMUTEHTHA XeMOMjalin3a 0e3 xenapuHa (mponupame CUCTEMa BaHTEJIECHE IIUPKYJIaIije Ha

cakux 20-30 munyta ca 150-200 ml 0.9%NacCl sol.), Tabena 4 [11].

Tabena 4. TlpouieHa pus3uka o KpBapema Ko/ 00JIECHHKA ca akyTHUM omtehemeM OyOpera

P.bp. [TapameTpu xoarynaiuje ggg;?g;a BE;;)ZPI:I/S:K
1. INR 09-11 >20-25
2. APTT 35-45s >60s
3. Bpoj TpomGoruTa 150-400 x 10%/1 <60 x 1071
4. JlceMnHOBaHa HHTpaBacKylnapHa kKoaryinomnatuja - DIC
5. AKTUBHO KpBapeme

INR - International Normalized Ratio, APTT - akTHBHpaHO MapHjaTHO TPOMOOIUIACTHHCKO BpeMe

Y KoOHTpawHAMKaIMje 3a TNpPUMEHY HePPaKIMOHUCAHOT XemapuHa Ccranajy: Opoj
TpomGormra Mamu ox 20-60 x 10%/1, TpomGouuroneHuja n3assana xemapusoM - HIT (eHri.

Heparin Induced Thrombocythopenia - HIT), akTuBHO KpBapeme, racCTPOMHTECTHHAIHO U
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MHTpaKpaHUjATHO KpBapeme (< 3 Mecena), mpBux 24h HaKOH XHPYpPUIKE WHTEPBEHIHjC W
koarysomnatuja (APTT > 65-80 s, INR > 2.5-3.0) [11].

Xemapuau Hucke mojekyincke mace - LMWH (earn. Low Weight Molecular Heparin -
LWMH) cMmamyjy wHIMACHITY pa3Boja TPOMOOIIMTOIIEHH]E, pPU3UK OJ KpBapewa W uMmajy Behe
aHTHKOAryaaHTHO aejcTBo. Jajy ce y nmo3u ox 2000-3000 IU Ha cBakux 20-30 munyta wim 30-40
IU/kg 1.v. y Gomycy, a 3atum ce HactaBiba ca 10-15 IU/Kg i.v. y uHdy3uju. 3a MOHUTOPUHT
J03Upara KOPUCTH ce akTUBHOCT aHTH-(akTopa Xa (0.50-1.0 IU/ml 3a 6onecHuke 6e3 pusnka o

kpBapema u 0.20-0.40 1U/ml 3a 6oecHuke ca pusukom 3a kpapeme) [11].

2.1.2. KnUHUYKM 3Ha4aj

Jujasii3ae  MammHEe ca  KOHTPOJHMCAHOM  yirpadwuirpanujom, OukapOOHATHA
xemoaujanusa, “high-flux” nujanusne OmoxommnarnOuiIHEe MeMOpaHe M yiATpauucra Boja 3a
XEMO/IMjaIn3y, CMambyjy PU3UK O] pa3Boja MOPOUIWTETAa U MOPTAJIMTETa OOJECHUKA JICYCHUX
penoBHUM XeMoaujanu3zama [12-15]. 3a mporeHy aaeKBaTHOCTH XeMoaujanuse kopucre ce Kt/V
ypea UHJIEKC, CTENEeH CMambemha ypee 1 HopMalli30BaHa Op3nHa pasrpajime npoterHa, Tabena 5

[14].

Tabena 5. ®opmyne 3a M3pauyHaBame IapaMeTapa HYTPUTHUBHOI CTaTyca M Iapamerapa
a/IeKBaTHOCTU XEMOJM]jalin3e

ITAPAMETAP OOPMVIJIA
\PCR nPCR = (PCR x 0.58)/Vd; PCR = 9.35G + 0.29Vd
G=/(C1-C2)/1d/x Vd; Vd =0.58 x TM
Kt/V Kt/V =In (C1/C2)
spKt/V Kt/Vsp = -In(C2/C1 - 0.008 x T) + (4-3.5 x C2/C1) x UF/W
eKt/V eKt/V = spKt/V - (0.47 x spKt/V/T) + 0.03
URR URR = (1-R) x 100 (%)

PCR - Gpsuna pasrpaame mpoteuna (g/kg/dan), G - crenen crBapama ypee, Cl - KOHIEHTpauuja ypee mpe
xemoaujanuse (mmol/l), C2 - kouuenrpanuja ypee mnocie xemomujanmze (mmol/l), 1d - Bpeme usmelhy nase
xemonmjanmse (h), Vd - BomymeH TeqHOCTH KOju ce Hanasu y opranmsmy (%), T - Tpajame xemoaujamuse (h), UF -
untepaujanmusad npusoc (1), W - tenecna maca nocie xemoaujanuse (kg), R - omHOC ypee y cepyMy Iocie U npe
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xemonmjanmze. SPKt/V - “single-pool” Kt/V (ypea kunetnuku jemuonpocropuu moxen), eKt/V - “doble pool* Kt/V
»equilibrated Kt/V (ypea KHHETHYIKH TBOTIPOCTOPHU MOJIEIN).

[Tpema npenopykama NKF-DOQI (enr:n. National Kidney Foundation Dialysis Outcome
and Quvality Initiative - NKF-DOQI), anekBatHa je oHa xemoaujanu3a koja 0oe3behyje spKt/V
uHuekc > 1.2, npoceuny koHueHtpauujy ypee - TAC < 18 mmol/l (< 50 mg/dl) (errn. Time
Average Concentration - TAC), Op3uny pasrpaame nporerHa - NPCR unmekc ox 1.1-1.3
g/kg/nan y3 nueBnu ynoc nporeuna oz 1.0 g/kg/man (enrn. Normalized Protein Catabolic Rate -
nPCR), crenen cmamema ypee - URR > 65-70% (enrn. Urea Reduction Ratio - URR) u
peLUpKyIalMjy y BacKyiaapHoM mpuctyny - R < 10% (enrn. Recirculation - R) [12-14]. TTocne
MoCTU3amka aJCKBaTHE XEeMOAMjajM3e, IapaMeTpe aJeKBaTHOCTH XeMojaujanu3e Tpeda
onpehuBaTu HajMame jeqHOM y TpU Mecena [12-14].

VY kmuanukoj cryauju NCDS (enrsi. American National Cooperative Dialysis Study -
NCDS) nokazano je aa nosehamwe Kt/V unaekca 3a 0.1 cmamyje pu3uKk o1 CMpTH OOJIeCHHKA Ha
xemoaujaiausu 3a 7 oacro. bonecuuru kox kojux je Kt/V unmexe < 0.8 u nPCR < 0.8 g/kg/nan
nMajy noBehaH pHU3UK 01 MOPOMIUTETa U MOPTAIUTETA, Y OJHOCY Ha OOJECHHKE KOJ KOjUX je
Kt/V > 1.2 u nPCR > 1.0 g/kg/nan [12-14].

WutepmuTenTHa cTanaapaHa xemoaujanusa - IHD (enra. Intermitent Hemodialysis - IHD)
3axTeBa Kopullheme amapara 3a XeMOJHWjallu3y ca KOHTPOJHUCAHOM yITpaduiITpanujoMm,
yrnotpedy OnokoMmnaTHOMITHE MeMOpaHe u OMKapOOHATHOT pacTBopa 3a Xxemoaujanusy [12-15].
Jujanu3Ha npeckpumiyja Tpeda aa omoryhu octBapuBame nusbHOT SPKH/V ypea nnnekca ox 1.2-
1.4. JTo3a 3a KOHBEHLIMOHAJIHY UHTEPMHUTEHTHY IUjau3y (TpH IMyTa HEAEJHbHO) U UHTEH3UBUPAHY
MHTEPMUTEHTHY (IIECT MyTa HEJeJbHO) XeMoaujanu3y tpeba na oyae SpKt/V unaekc > 1.2, o
nojeqMHayHOM TpeTMany. LlvibHa 1032 OBOr MoAalnuTeTa AWjanu3e HpaTH ce oapehuBamem
SpKt/V unnekca, 3a cBaku IMOjeIMHAYHU TPETMAaH y TOKY IpBE JIBE HEJEJbE, a 3aTHM jeITHOM
HezleJbHO IpeMa ofroBapajyhoj dopmynu [12-14]:

spKt/V unnekc = -In(R-0.008 x t) + (4-3.5 x R) x 0.55 UF/V,
rae cy: In - mpupogau moraputam, R - oHOC ypee mocie u mpe aujanuse, t - Tpajame aujanuse y
catuma, UF - yntpadunrpauuja y nutpuma, V - mpolemeHa 3apeMruHa JUCTpUOyIHje ypee.

Bonymen nuctpubynuje ypee - V npouemwyje ce kao 55% rtenecHe mace miyc nosehame
TeJIeCHEe Mace YCIIOBJBEHO 1T0jaBOM O0TOKa y3 momoh oarosapajyhe popmyre [12-14]:

V =0.55x TM (kg) nipe 6onectu + (camamma TM - TM nipe Oostectn),
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rae cy: V - BonmymeH auctpudynuje ypee, TM - TenecHa maca.

2.1.3. Xemoaunjacpmnrtpaumja

Xemomujadunrpanuja je epukacHa Tepandja 3a 3ameHy (yHkumje OyOpera, Kojom ce
VKJIakajy YPEeMHjCKH TOKCHHU Malle U CpeIbe MOJIeKylcke mace. OBaj MOJAIUTET JTHjalu3HE
Tepanuje koMmOuHyje audy3ujy U KoHBekiujy. IIpormecom mudys3uje ce u3 KpBU OOJECHUKA
YKJIamka]y YPEMH]CKH TOKCUHU MaJle MOJIEKYJICKE Mace, a MPOILeCOM KOHBEKIIH]e Ce OJCTPambY]y
YPEMHUJCKH TOKCHHHU Cpellbe MOJeKylcke wmace ([p-mukpornoOynun) [16-22]. Pesyntatu
KIMHAYKAX WCTIHTHBAamba MOKa3yjy Ja XemoaujaduiTpanuja TMOompaBiba MCXOJ OOJECHHKA ca
BOJIyMEHUMa CYNCTUTyIHje o1 15-25.9 nmurapa mo cecuju. Pesynrarn knmmanuke cryauje DOPPS
(eurn. Dialysis Outcomes and Practice Patterns Study - DOPPS) yka3yjy na BoixymeH
cyncrutynuje on 15-25 nurtapa mo cecwju cMamyje CTOlmy CcMpTHOCTH 3a 35% [16-22].
Mopanutetu aujanuse 6azupaHu Ha KOHBEKLHUjU 00e30elyjy 00Jby XeMOAMHAMCKY CTaOUITHOCT
OoJilecHUKA, CMamkyjy MUKpOUH(IIaMaNNjy, KOJIMIUHY €pPUTPONIOETHHA 332 OCTBApUBAIHE IUJbHE
BPEIHOCTH XEMOIJIOOMHA M CMamyjy CTOIly KapJuoBacKyjaapHor mopouautera [16-22]. Jlo3a
KOHBEKIIMj€ TPEACTaB/ba YKYIMHH BOJYMEH YATpauiITpalidje OCTBAPEH Yy TOKY MOjeAMHAYHE
nocroautyiinoHe xemonujapunrpanuje. Kopucre ce Bucokomporoune memopane ca Kuf > 50
ml/h/mmHg/m?. V daxrope Koju yTHuy Ha KOHBEKTHBHY 103y CIaAajy: GaKTOPU KOjH 3aBHCE OJ
OonecHuKa, (AaKTOPU KOJU 3aBHCE OJ NPECKpHUINUHUje U (PakTOpU KOjU 3aBUCE OJI MalIMHE
(texuuuku (¢dakropu). Y ¢akTope MoBe3aHe ca OONECHUKOM CHaaajy: MPOTOK KPBHU KpoO3
BacKyJlapHU TpucTyn (OONECHHLM KOjU ce Jieye XeMoJujaduiaTpalrjoM 3axTeBajy CTOMY
npoTtoka kpBu - Qb > 350-400 ml/min, a Ty cTomy Mory aa o06e30e/1e mPOTOIM KPO3 apTepHO-
BeHCKy ¢uctyny - Qavf > 500 ml/min). ¥ ocrane dakrope pusuka mnope3aHe ca OOJICCHUKOM
Crmajajy: BHUCOK XEMaTOKpUT, moBehaHa KOHIIEHTpaluja TpOTeHMHa Yy cepyMmy, nosehaHa
KOHIIEHTpalja aitdyMruHa y cepyMmy, noBehana KOHIIEHTpallrja JUMHAa Y cepyMy (HETOBOJHHH
ycinoBu 3a ynrpadmiarparujy). M300p aujammzatopa: KOPHUCTE CE€ BHCOKO IMPOITYCTIHUBH
mujammsaropu (Kuf > 50 ml/h/mmHg/m?, BiCOKO MpOMyCTIBUBH 3a CyNCTaHIMje UnjH je Sieving
koepunujeHt > 0.50) xoju mpyxajy MajJu OTIOpP MPOTOKY KPBU (BETUKU IHMjaMeTap JTyMeHa
KanwiapHux BiakaHa ox 200 pm, Benuku Opoj BiakaHa IO MpeceKy MOBPIIKMHE, KpaTKa Jy>KuHa

nujanusaropa). OntumanHa BennurnHa urie u3sHocu 14G u 06e30elyje ctabmian mpoTOK KPBH -
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Qb > 350 ml/min [16-22]. Anxtukoarynamnuja Tpeba Jjga cropedd TpPOMOO3y BaHTEJIECHE
mupkynanyje. Hedpakiponucanu xemapun ce npumemyje y Buay i.V. 6omyca 30-50 1U/kg Ha
MIOYETKY cecuje XxeMoaujaduiITpaluje, a 3aTUM CE HaCTaB/ba Ca KOHTHHYMPAHOM 1.V. HHPY3HjOM
500-700 1U/h. Pexxum no3uparma xemnapuHa 3a XeMoIujaguiaTpalujy ce He pa3jiuKyje o1 pekuma
J03Wpama XermapuHa KoJl CTaHAap/IHe KOHBEHITMOHAIIHE Xemoaujaymse [16-22].

[Tpeckpurimja xemoaujaduiaTpanyje YKJbyUYyje: MOCTAMIYLIHOHY online
xemoaujadunrpanrjy, amjaausarop FX800 (,high-flux“ wmemOpana ca xkoeduiujeHTOM
yarpadurrpanuje - Kuf > 20 ml/h/mmHg/m?), cromy mporoxa kpsu - Qb = 400 ml/min, cromy
nporoka aujanmusara - Qd = 500 ml/min, cromy npotoka cyncrurynuje - Qsub = 100 ml/min u
MojeIMHAYHO Tpajame Tepanujckor moctynka 4h. Ha ocHOBY 3a1aTe mpecKpuIIiuje 0CTBapyjy ce
cienehu BoryMeHH: BOJYMEH KPBHU KOJH C€ TPETHpa y TOKY cecuje xemoaujaduntparuje = 400
ml/min x 240 min = 96 snuTapa no cecuju, yKymHu BolyMeH cynturyuuje - Qsub (ml/min) x T
(min) = 100 ml/min x 240 min = 24000 ml = 24 nutapa. YkynHu yaTpaguaTpanuoHd BOJIyMEH
npeacTaBba 30Mp BOJyMEHa CYINCTUTYIMjE M BOJyMEHa HETO yinrpaduiTpainuje. 3a HETO
yarpadunrpanmjy ox 2.5 auTapa, yKyImHU yITpaprITpaluoHN BOTyMEH U3HOCH 25.6 nurapa 1mo
cecuju. KonnunHa KpBH Koja ce OUUCTH O] [H-MHUKPOIIIO0YJIMHA y TOKY jeJIHE CecHje jeIHaKa je
MIPOM3BOJly YKYIHOT BOJIyMeHa yiaTpaduiTpanuje (KOHBEKLHjE€) U CHUBUHI KoedullMjeHTa 3a
6era-2-MuKpornodynuHa, oaH. 26.5 X 0.60 = 15.9 aurapa no cecuju (CUBUHT Koe(UIIUjeHT 3a [o-
mukporinooyauH u3Hocu - SC = 0.60) [16-22]. Munumanuu Kt/V uHAekc koju ykasyje Ha
ONTHMJIaHU BOJIYMEH KOHBeKIHje n3Hocu > 1.40. (ontumanHu BosiyMeH KoHBekuuje konq HDF
noBe3aH je ca nosehamem Kt/V unmekca 3a 20-30% (SpKt/V ungekc > 1.40) [16-22].

3a edukacan TpeTMaH xeMmoaujaduITpalje KOPUCTH Ce 3allpeMHUHa pacTBOpa 3a
cynctutyuujy Beha ox 15 nurapa no Tpermany. PactBop 3a xemonujaduirpaiujy creapa ce on-
line, ¢untpupa ce kpo3 Quarepe 3a EHIOTOKCHMHE M OakTepwje, a 3aTHM ce HWH)YHIyje
0osecHuKy (OoyiecHUIIM Cy H3JIOKEHM BeheM pPH3UKY Y OJHOCY Ha PYTHHCKY CTaHAapAHY
xemoaujanuszy). KoHBEeKTHBHE Tepamuje Cy MOJ CTPOXKUJUM CUTYPHOCHUM U PEryJaTOPHUM
cTaHJapAuMa. MakcuMalHa KOHIIEHTpalija eHA0TOKCHHA Y pacTBOPY 3a CYCHTUTYLIU]y Tpeba Ja
m3znocu: 0.05 EU/ml. Kontpony enmorokcmHa y pacTBOpy 3a Xemoaujaduirpanujy tpeda
CTIPOBOJMTH Ha CBaka TpW Mecera. [lopen peaoBHOT Mepema KOHIICHTpaIlMje €HIOTOKCHHA Y
pacTtBopy 3a xemoauwjaduATpanHjy, TMOTpeOaH je pEeAOBHM MOHUTOPUMHI MallliHA 3a

xemoaujaduITpanrjy, MpPenu3HU TMPOTOKOIM 3a CTePUIM3aIMjy MallhHa, KOHTpoja W
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paBoBpeMeHa 3ameHa umirepa (,,JBOCTPYKH CTEIIEH MHUKPOOUOIIONMIKE CUrypHOCTH ) [16-22]. ¥V
[IUJbY CMamberba CHeNn(MUUHMX PU3HKa MMOBE3aHHUX ca ON-line xemomujaduirpanujom, moTpeOHO
je passutH oarosapajyhe ,,checklist”, koje Tpeba ma ykiby4e OCHOBHE IPEIYCIOBE, IMPOTOKOJIE
KOjU TIOKpWBAjy TEXHHMYKE YCJOBE, KIMHUYKY MNpPaKCy M €AyKalujy CpeImer MEIUIIMHCKOT
0c00Jba (KOHTHHYHPAHH MPOTpaM MoO0JbIIIaka KBATUTETA paaa) [16-22].

XemoaujadunTpanyja je KOHTpauHAUKOBaHa Ko/ OOJeCHUKa ca HOBO u3paleHom apTepuo-
BEHCKOM (HCTYJIOM 32 XeMOJAUjanu3y (BPEMEHCKH MEpUo Mambu 011 6 He/lesba) MM YKOJIHKO Ce
apTepuo-BeHCKa (pUCTysa 3a JIeYehe BAHTEIECHOM TEeparnujoM KOPUCTH Y BPEMEHCKOM IEpUOY
MameM O Tpu Hexaesbe (myHkiuja AV ¢uctyie ce BpIIM MaluM Hrjama, ca IMOCTEIIEHUM
noehamem: 17G — 16G — 15G — 14G) [1-3]. Makcumanna 0e30eI0HOCHA OrpaHUYEH-A
MPUTHCAKa BaHTEJIECHE IUPKYyayje cy: aprepujcku npurucak -200 mmHQ, BeHCKH 1ujanu3Hu
nputucak: +200 mmHg, tpancmembpancku nputrcak - TMP: +400 mmHQ, nputucak kpBu mpe
ynacka y ¢unrep: +600 mmHg. TpenyTHo HU jeaHa MaimuHa 3a XemMoaujaduiITpanujy Hema
MOTyhHOCT JMpEeKTHOr MojemaBama (pakuuje ¢uiarpanuje, HUTH LUBHOI KOHBEKTHBHOT
BosrymeHa: Vconv = Qconv x T [16-22].

BosnecHuIM KOju ce Jiede MOCTAWIYHHOHOM ON-line xemoawujadunrpanujom (BHCOK
KOHBEKTUBHH BOJIyMeH - VCONV > 23 /1o cecuju) uMajy MambH PU3UK O] HETOBOJBHOT MCXO0/a U
00JbH OJICOBOP HA MPUMEHY €PUTPOIIOETHHA Y OJHOCY Ha OOJIECHUKE KOjH Ce Jieue CTaHAapTHOM

Xemoujanu3om [22].

2.2. AHeMuja

AHemyja je BeoMma uecTa KOMIUIMKalMja KoJl OOJecCHMKa ca XPOHHYHHM OosiecThMa
OyOpera. JaBspa ce ko1 O0JIeCHHKA ca XpOHUYHUM OosiectuMa OyOpera, Kaja KIMPeHC €HJ0TeHOT
KpeaTnHuHa TagHe wcmog 60 ml/min/1.73m% TlpeBaneHumja aHemuje Kox GONECHHKA ca
XpOHMYHUM Oojectuma OyOpera oOpHYTO je ToBe3aHa ca pe3uayaidHoM (yHKIHjoMm OyOpera.
Kon OoslecHuka ca  KIMPEHCOM CHJIOTEHOT KpeaTwmHWHAa Behum ox 50 ml/min/1.73m?
MpeBajieHIMja aHeMuje Hu3HOCH 25%, MPOTPECMBHO CE€ TOTOpIIaBa ca OMNaJakeM jaduuHEe
rJIoMepyicke (QuaTpamuje, Tako Ja HEHa NpeBaleHIUja KoJ OOJeCHHKa ca KIMPEHCOM

CHJIOTGHOT KpeaTHHHHA MambuM o 25 ml/min/1.73m? usHocu 87%, a mpucytHa je y mpexo 90%
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OoJieCHHWKa ca 3aBPIIHUM CTaI{jyMOM XpOHHUYHE CIaboCTH OyOpera, Koju OTIIOYHIbY JICUCHE
PEIOBHUM TIOHABJbAHUM XeMojaujanu3ama [23, 24]. Anemwuja koj OOJECHHKA ca XPOHUYHUM
6osectruma OyOpera MpBEHCTBEHO j€ Y3POKOBAaHA HEJOCTATKOM €pUTPONOETHHA.

Epurponoerun (Epo) je rnukonporenn Monekyicke mace 34 kDa, xoju je HeomxoaaH 3a
npomudepannjy u audepeHnyjanujy henwja mnpekypcopa epurponuTHe Jo3e [25]. VY
(U3MOJIOIIKUM YCIIOBUMAa HOpMaliHa KOHIIGHTpallMja epuTpornoeThHa u3Hocu 4-26 muU/ml.
W3mely eputpomoeTnHa, KOHIIEHTpaluje TBoxkha y cepyMy M €pUTPOLUTOIOE3E Jl0Ka3aHa je
CTaTUCTHYKW 3HAYajHa MoBe3aHOCT [26]. ['acTponHTeCTHHAHU TYOUTAaK KPBH, KPBABJbCHE U3
yTepyca KOJ JK€Ha Ipe MEHOomay3e, XHUIIOTUpeo3a U XeMmorjioOuHomartuje cy pehu y3pouu
aHeMHuje KoJ1 OOJICCHHKA ca XpOHUYHUM Oojiectuma OyOpera [24-26].

Anemuja je He3aBUcaH (aKTOp pU3UKA 3a MPOTpecHjy XpoHUYHe Oosectu Oydpera u pa3Boj
KapAMOBACKYJIapHUX KOMIUIMKaIHja. AHeMHja, TPEKO XHUIOKCHje U OKCHUIATHUBHOT CTpeca,
JTONPUHOCH TIPOTPECHjH XpOHUYHE Oojectn OyOpera. XWINOKCHja W OKCHAATUBHU CTpEC
crumynuiry ¢GuOpobiacTe WHTEpCTUIMjymMa OyOpera 1ga I[oOjayaHo CTBapajy MPOTEHHE
Banhenujckor Matpukca. [loBehano cTBapame U HaKyIJbamke MPOTEHHA BaHhEINjCKOT MaTpuKca
y HHTepCcTULMjyMy OyOpera, umajy 3a MOCIEIUIy OXHJbaBalke TYOYJIOHMHTEPCTHUIM]yMa.
Xurokcuja, Takohe ymamyje CTBapame METAIONPOTeNHA3a, eH3UuMa Koju pasrpalyyjy mpoTenHe
BaHhenrjcKor MaTpuKca U rnoBehaBa ucnosbaBame Onokaropa MetanonporenHasa, I IMP-7. Cse
TO 32 mocienuiy — uMma OXWbaBalke  TYOYJIOMHTEPCTULIUjyMa. OxuspaBame
TyOyJOUHTEPCTUIIMjyMa, TPOTPECUBHM TyOMTaK HWHTEPCTULIMjYMCKUX Kamuiapa, yMeTame
BaHhenujcKor MaTpukca uMmel)y nepuTyOyJICcKUX Kanujgapa U TyOyna, JOBOJIU O MUCXEMH)CKOT
omrehema henmja TyOyna, paszapama TyOyna, cMmamema Opoja HeppoHa M TPOTrPECHBHOT
olajiama jaunHe TiioMepylcke punrpanuje [27, 28].

AHemuja (HeaJeKBaTHa OKCHI'€HAllMja TKHMBA) JIOBOJM JIO0 aKTHBAllMj€ XEMOIMHAMCKUX U
HE-XEeMOJMHAMCKUX aJalTallMOHUX MexaHnzama. He-xemonmHamcka ajanrtanyja ykKJbydyje
noBehaHO  €HJOTeHO  CTBapame  epuTpormoeTMHa W mnoBehame — KOHIEHTparyje
2.3-mudocdornmuuepara y epuTpoIMTUMA. XEMOIUHACKH aJaNTalliOHNd MEXaHU3MH C€ YKIbYUIY]y
kaza je koHneHntparmja Hb < 100 g/l, a muxoBa akTuBanyja 3a nociearily uma onrepeheme neBe
koMope BoiyMeHoMm, Cxema 1. Onrepeheme neBe koMope BoidyMeHoM (moBehaH mujacToiHH
CTpeCc 3HJa JieBe KOMOpE) JOBOAM 10 IMOCTaBJbakba HOBUX capkoMmepa y HU3y U mnosehama

YHYTpallmker aujameTpa jieBe komope. Ilporec munaramuje jeBe komope mnoBehaBa CHCTONHH
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CTpec 3uja JieBe KoMope, a moBehaH CUCTOIHU cTpec MOACTUYE MapaIeTHO MOCTABJhbakhe HOBUX
capkomepa, MpH 4YeMy J0Ja3u 0 3al1edsbama 3uja JIeBe KOMOpPE M pa3Boja EKCICHTPUYHE
xurneprpoduje neBe komope. Kon onrepehema sieBe KoMope BOTyMEHOM, 3aje0Jbambe 3Huaa U
xunepTpoduja 1eBe KOMOPE HACTAjy CEKYHIIAPHO U MMa]jy 3a TMOCICIUIlY CMAmhEeHmhe TCH3HU]e 31/1a
neBe komope y cucronu [29]. Kopekuuja anemuje y Npeaujaii3HOM IEPUOIY CIpedaBa
npeodrKoBame JieBe Komope. Y kimuHuukoj cryauju CREATE (eumrnm. Cardiovascular Risk
reduction by Early Anaemia Treatment with Epoetin beta - CREATE) noka3zano je ma pana
KOpEKIIMja aHEeMH]je CIpedaBa XUIEepTpodHjy JeBe KOMOPE M KapIUOBACKYJIAPHH MOPOUIMTET.
Kopekija anemuje MPUMEHOM €PUTPONOCTHHA W MOCTH3ame HUBOAa Xxemoriobwna > 110 g/,
npaheHa je perpecujoM XurepTpoduje JeBe KOMOpPE y TOKY IIECT MECEUH O 3al0uhibarba

Tepanuje eputponoerunom [30].

2.2.1. NapameTpu 3a NnpoueHy aHeMuje

CKpUHMHI 3a JUjarHOCTUKOBAaWmE aHeMHje KOoJl OOJIECHHKAa ca XPOHHUYHUM OosiecTHMa
OyOpera Tpeba OTHOYETH KaJla KIMPEHC €HJOTeHOT KpeaTHHUHA nagHe ucnoj 60 ml/min/1.73m?
[30, 31]. OcHoBHO ucnUTHBamE aHeMHje Tpeba Aa oOyxBaTu ojapehuBame: KOHIIEHTpaIuje
xemornobuna, uaaekca epurpouuta (MCV u MCH), anconytHor Opoja peTUKYIOIUTa, MEPEHE
KoHIleHTpanuje GeputuHa y cepymy, oapehuBame 3acuhema tpancdepuna reoxhem (TSAT) u
onpehuBame koHueHtpauuje C peaxtuHor nporenHa (CRP) y cepymy [30, 31]. Ilotmynuje
UCIUTHBamke Tpeba Ja yK/bydyd U TECTOBE 3a yTBphuBame xemonuse (xamrorioduH, LDH,
onnnpyoun, Coombs-oB Tect), enekTpodope3y XeMorioOnHa, KOHIIEHTpALUjy adlyMHHUjyMa Y
cepyMy, Tperjiel KOCTHE CpXH Yy ojpeheHHM clyyajeBUMa UM yTBphUBame€ OKYJITHOT

racTPOMHTECTUHAIHOT KpBaBibewa [30,31].
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2.2.2. MeTtabonusam reoxha

VkynHa konumuumHa TrBoXha y opranmsmy wusHocu 3000-5000 mg, nHeBHO ce U3
racTPOMHTECTHHAIHOT TpakTa ancopOyje 1-2 mg reoxba, a ucra TOJMKA KOJIMYMHA M JHEBHO
u3nyyn u3 opranmsma. Hajsehu neo rsoxha je y xemornmoouny eputpormra (1800-2000 mg),
MuoryioonH wmwummha caapxu npubamxkHo 300 Mg, a oko 600 mMQ je IEnoOHOBAHO Yy
PETHKYIOCHIOTETHOM cucTeMy (jeTpa, Makpodaru). laeBHo ce 20-25 mg reoxha Tpancmopryje
710 KOILITaHE CPXHM W KOPUCTH 3a CTBApame HOBHX EPUTPOLIMTA, a MCTa KOJMYMHA TBOXha ce
Bpaha Makpodaruma 300r pasrpaame u garomnurose crapux epurporuta [32, 33]. HajaktuBHUjU
neo TBoxkha Hajasu ce y TUIa3Mu, Be3aH je 3a TpaHc(hepuH y KOJIMYUHU 01 3 MJ U MOBE3yje CBE
npyre onesbke rBokha y opranmsmy [32, 33]. Xomeocraza rBoxha je HajBehuMm nemom
perynucana amcopnuujoM rokha y ayoieHymy u mpokcumanHoMm jejyHymy. [loctoje nBa
pa3nuuuTa myTa ancopnuuje raoxkba: armcopmuuja rBokha Be3aHOT 3a XeM M IIYT arcOpIIHje
rBokha koje HUje Be3aHo 3a xeM (non-haem myr) [32, 33]. I'Boxhe Koje HUje BE3aHO 3a XM je y
depo o6muky (Fe**), mox nejcTBoM depupenykTase, eH3MMA Y AIMKAIHO] CY3HUIIE CHTEPOLITA,
penykyje ce y ¢epu obinuk (Fe™) [32, 33]. PenykoBanu, depu obmuk reoxha ce arncopOyje u
YHyTap €HTepolLUTa IpeHOocH noMohy TpaHcmopTepa 3a JBoBajlieHTHe Metane (DMT1) no
(dbepornopTuHa (TpaHCIOPTHU TPOTEWH) HAa Oa3alHO] MEMOpaHM EHTEpOlMTa W JIOCIeBa Y
mupkynanujy [32]. I'Boxhe koje ce y depu obnuky arcopOyje u TOCTeBa y IMUPKYIAIHU]y, IO
nejcTBoM xedectrHa Ha 0azanHOj MeMOpaHU EHTEPOIUTA WU LIEPYI0TUIa3MUHA Y TIJIa3MHU/KPBH,
nperBapa ce y ¢epo obiuk Fe* u y TOM OOJHMKYy Be3yje 3a TpaHcdepuH, Koju omoryhasa
TpaHCIOPT TBOXkNa JI0 ocTauX ojesbaka rBoxkha y opranusmy [32, 33]. YV XpoHUYHO] ci1abocTh
cpua u OyOpera, y MuJjbe€y LHUTOKHMHA 300r MHKpOHMH(]Iamaiuje, cMamyje ce KaraluTer
TpaHcheprna aa Bexxe roxkhe ca mpoceununx 330 wpg/dl na 220 pg/dl, ycnen yera ce xonuunHa
reokha Be3aHor 3a TpaHchepuH ca 3 mg cmamyje Ha 2 mg [32, 33]. Tpauncropt rBoXxha u3
racTPOMHTECTUHAIHOT TPaKTa J0 IJa3Me M HBEeroBO J1ajbe KPETame PETYIUCAHO j€ XETLUIMHOM,
€HJIOTEHUM TIEeTITHI0M KOju ce cTBapa y jerpu [32, 33]. Llutokunu (nHTEpreyknH-6) nosehaajy
CTBapam€ XeMIUInHa y jeTpH, a oH nosehaBa akTuBHOCT TpaHcnoptepa DMT1 y makpodaruma,
Onmokmpa akTuBHOCT (eporopTrHa y henmujamMa MyKo3e TaCTPOMHTECTHHAIHOT —TpPaKTa

(eHTeporuTMa) W Makpodaruma, yciueJ dYera Cce OJaKilaBa CKJIQJWINTEHEe W CMamyje
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ocnobahame rBokha u3 gemnoa (PEeTUKYJIOCHIOTEITHOT CHUCTEeMa: jeTpa, Makpodaru). OcoBuHa

XenIUIuH-GEeporopTHH UMa 3HaYajHy YJIOTY y peryjaidju XoMmeocrase Banhemujckor reoxha

[32, 33].

2.3. MukpouHgnamayuja

Hopmanna xonnenrpanuja C-peaktuBnor nporenHa (CRP) y cepymy uznocu < 5 mg/l, a
konnenrpanuja CRP-a > 10 mg/l ykasyje na mukponH(piIaManujy u nmopehan pusvK 3a pas3Boj
aTepOCKJIEPOTCKUX KapJauoBackyidapHux Kommumkanuja [34, 35]. Mukpoundrnamanuja je
npucytHa kox 30-50% OonecHHKa, a KBIUTET BOJAE 3a XEMOJUjanu3y, OMOKOMIIATHOMIHOCT
IUjaIu3He MEeMOpaHe M BacKyJIapHU MPHCTYI 3a XEMOJWjaIn3y WMajy 3HadajHy yIOTY Yy
M3a3MBamy M O/Ip)KaBarby XPOHWYHE MUKpOHMH(IaMalyje HUCKOT CTENeHa KO/ OBUX OOJIECHHKA
[34-36]. MukpouH(pIamanuja wMa 3HAYAjHY YJIOTY Yy TIPOIECY aTepoCKIepo3e, pa3Bojy H
PYNTYpPH aTEpPOCKICPOTCKOT IUIaKa, a KEHO pPAaHO OTKPUBAaKkE W IPABOBPEMEHA IPHMEHA
oaromsapajyher Jiedewma 3HA4YajHO CMamyjy pa3Boj KapAMOBAaCKyJapHOT MOpPOMAUTETa H
MOpTaiuTeTa Ko 0oJIeCHUKA KOju ce Jede Xxemoaujanu3om [34-37].

Kon 6onecHuka koju ce jeye XeMOAHjali30M TJIaBHH Y3pOIIM pa3Boja MUKpOHH(IaMaIirje
Cy: OMOMHKOMITATHOUITHOCT JIMjaliu3He MeMOpaHe, KOHBEHIIMOHAIHU PACTBOP 3a XEMOJIH]jalIu3y,
MOBpaTHa yiaTpaduiaTpanyja, KIMHUYKKA HCIIOJbEHA W JIaTeHTHa HWH(EKIMja BacKyJIapHOT
IPUCTYIA 3a XeMOAWjalnu3y (LEHTPAJIHU BEHCKM KaTeTep 3a XEMOJHWjaln3y, apTepHO-BEHCKH

rpadT, aprepuo-BeHcka ¢uctyna), Tabena 6 [38, 39].
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Taébena 6. [ToTeHnujamuu y3poun MUKpouHQIamaruje Ko 00JIeCHIKA Ha XEMOIU]jalTi3H

I[TOBE3AHU CA BOJIECHUKOM ITOBE3AHU CA XEMOJNJAJIN30M

CMmameH OyOpexHU KIMPEHC [IUTOKWHA
VYpeMUjCKU TOKCHHH CTHMYJIUIIY CTBApambe

LUTOKUHA CVK karerepu, nadexuuja AV
XponuyHa cnaboct cpua/onrepeheme rpadTa/ducryne
BOJIYMEHOM BroMHKOMIATHOMITHOCT THjalu3HE
ATEpOCKIEPOTCKH MpoIecH Per se mMemOpane
Chlamidia pneumoniae W3znarame engoTokcuuuma u apyrum CIS
ndexuma Helicobacter pylori PactBop 3a xeMonHjangsy

xenatutuc B, xenmarutuc C [ToBpatHa ¢unTpanuja
nH}eKIyje 3y0a u THHTUBa

TeHETCKH (PaKTopu

CIS - cynicranmmje koje moacTudy cTBapame nutokuHa, CVK - meHTpaiHu BEHCKH KaTeTep

Tun u nporounoct (flux) aujanusae memOpane yTuuy Ha MUKpOUH(IAMAIH]y OOJIeCHHKA
Koju ce Jede xemoaujanu3oM. CyncraHmuje Koje TOACTHYY CTBapame IPO3anabeHCKHX
LIUTOKMHA U3 JUjaIu3HEe TEYHOCTU MOTY Ipohu Kpo3 HeomTeheHy nujaan3Hy MeMOpaHy y KpB
OoJleCHUKa M y3pOKOBaTH MUKpouH(pIaMaimjy (Mamu ¢pparmentu Gaktepujcke DNA), Tabena 7
[39, 40].

3a OoTKpHBame MpojiyKaTta 0akTepuja y pacTBOPY 3a XeMOAHUjaIHu3y (I1jaanu3ary) KOPUCTH
ce OMOJIOLIKM TeCT MHAYKIMje MOHOHYKJIeapHUX henuja nepudepHe KpBH J1a CTBapajy HUTOKUHE
- PBMC (cytokine induction in peripheral blood mononuclear cells), a 3a orkpuBame
numnononucaxapuaa - LPS u cymncrannmja koje Hactajy u3 LPS-a xopuctu ce LAL (enrd.
Limulus-Amebocyte-Lysate test - LAL) tect [40].

Pesyarati KIMHMYKMX HCOUTHBama mokasyjy aa high-flux momucyndoncke memOpane
MMajy CIOCOOHOCT aJicopriinje OaKTEepHjCKUX MpOoayKaTa, 00Jbe OJCTpamyjy CYICTaHIUje Koje
UHIYKYjy crBapame ImmrokuHa (CIS), a mnpomaszak oBHX CyNCTaHIMja W3 pacTBOpa 3a
XeMO/IMjaIu3y y KpB OOJIeCHHKA 3HAYajHO je MamHu y oxHocy Ha low-flux memymosne memOpane
[40]. Takole, 10Ka3aHO je 1a je ynTpaurcT pacTBOp 3a Xemoaujanusy (6axrepuje < 10™ CFU/mI
u engortokcuH < 0.03 EU/mI) moBe3an ca HWKOM KOHIICHTPALMjOM Iapamerapa

MUKpouHQIamanje (TTO3UTUBHY peakTaHaTH akyTHe ¢aze) [40].
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Taobena 7. Cyncranmnuje koje mojacTtudy (MHIYKY]y) cTBapame nutokuHa - CIS m muxosa
JIETEKIIN]a/OTKPUBAHE

bakrepujcke cyncrannuje Monekyiicka maca LAL Tect PBMC Tect
LPS, ¢parmentu LPS 2-103 kD + +
Juman A 2-4 kD + +
[MenTunornukanu 1-20 kD - +
MypamuinenTuaasze 0.4-1 kD - +
Erzorokcunun 20-70 kD - +
®parMeHTH er30TOKCHHA <5kD - +
bakrepujcka DNA <5kD - +

LAL - limulus-amebocyte-lysate tect, PBMC - TecT uHaykiMje MOHOHyKJIeapHHX henuja mepudepHe KpBH Ja
cTBapajy muTokuHe, LPS - numononucaxapuay, + peakigja, - 0JCYCTBO PEaKIlije

Pe3ynarati KIMHMYKMX HCOUTHBama mokasyjy na high-flux momucyndoncke memOpane
MMajy CTIIOCOOHOCT aJIcopIiuje 0aKTepHjCKUX MpoayKara, 00Jbe OJCTpamyjy CYICTaHIUje Koje
UHIyKYjy crBapame 1mrokuHa (CIS), a mnponaszak OBHX CyICTaHIMja W3 pacTBOpa 3a
XeMOJIHjau3y y KpB OOJeCHHKA 3HAYajHO je MamHu y oaHocy Ha low-flux memymnosne membOpane
[40]. Takole, 10Ka3aHO je 1a je ynTpaurcT pacTBOp 3a Xemoaujanusy (6akrepuje < 10™ CFU/mI
u engortokcuH < 0.03 EU/mI) moBe3san ca HWKOM KOHIICHTPALMjOM Iapamerapa
MUKpouHGIamaiyje (MO3UTUBHY peakTaHaTH akyTHe ¢aze) [40].

bukapbonatHa xemoaujain3a ca MOJUCYI(POHCKOM OMOKOMIATUOMIHOM MEMOpaHOM u
ynoTpeba yJITpAayUCTOT pacTBOpa 3a XEMOJHWjalu3y 3HAuYajHO JIONMPUHOCE CMambeHmhy
konnenTpanuje CRP-a [38-40]. Ymorpeba ynrpadncre BOJe 3a XeMojujanu3y (yaTpadyucTor
pacTBopa 3a XeMOJHjaliu3y) 3HayajHO JONPHHOCH CMamEHhy KOHIEHTpallje WHEepJeyKuHa 6 U
C-peaktuBHOr TmporenHa y cepymy [38-40]. Hakom 12 wMecemu Jseduema OoJieCHHKA ca
YATPAYUCTUM PACTBOPOM 32 XEMOAMjaJIN3y J10JIa3U JI0 CTATUCTHYKU 3HayajHOT cMamema CRP-a
u IL-6, y mopehemy ca OonecHUIIMMAa KOJU Cy JIEYEHH CTaHAAPAHUM (KOHBEHIMOHAIHUM)
pacTtBopoM 3a xemoaujanuzy [38-40]. YaTpauuct pacTBOp 3a XEMOJHUjalIU3y MOXE YCIIOPUTH
omamame pe3uayanHe ¢yHkiMje OyOpera, MOOOJBIIATH HYTPUTHUBHH CTaTyc OOJECHHUKA,
noBehaTl CEH3UTHUBHOCT EpPUTPONOCTHHA W CMAaWmUTH KapIUOBACKYJIAPHH MOPTAIUTET
OolecHMKa ca 3aBpUIHUM CTaJdjyMOM XpOHHMYHE ciabocT OyOpera Koju ce Jeue

xemoaunjasm3oMm [38-40]. OnTtumuzanmja IHUjaIM3HOT TpeTMaHa, ymoTpeba aujamusaropa ca
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oUCYI(OHCKOM MEMOPAHOM M yATPAYUCTOT PacTBOpA 3a XeMoujanu3y cMamyjy HuBo CRP-a

y cepymy [41, 42].

2.4. CekyHOapHu xunepnapamupeoudu3am

XponuuHa OosiectT OyOpera ce aeduHHIIE Ka0 jaunHa TIOMEpYJICKe (UITpaIfje Mamba O]
60 ml/min/1.73m?, y oxcycrBy omrehema GyGpera, y TOKy HajMame TPU Meceud, Wid Kao
omrehewe OyOpera (mpoTenHypHja, XeMaTypHja, MaTOJNOMIKH CeIUMEHT Mokpahe) y3 odyBaHy
JGF (JGF > 90 ml/min/1.73m?) [43-46]. [opemehaju MeraGonu3Ma MUHepala y XPOHHYHO]
Oornectu OyOpera ykJbydyjy MpOMEHE y KOHIEHTpaluju Kaiujyma, gocdara, sButamuna D u
nmapaTxopMoHa y cepyMmy. Y XpoHH4YHO] Oonectu OybOpera (craamjym 2 u 3), y cTaamjymy
,HOpMaJHEe KOHLEHTpalmje Kamuujyma u Qocdata y cepymy™, YKIbydyjy €€ MEXaHHU3MHU
anantauuje: noehan HuBo FGF-23 u maparxopmona y cepymy. OBu xopmoHH mnosehaBajy
bpakuuony exckpenujy ¢ocdara Ha HHBOy OyOpera, a mapaTxopMoH ociiobaha kamuujym u3
KOLITAHOT TKMBA W Ha Taj HAUMH OJpP>KaBajy KOHLEHTpalUM]y Kanuujyma u ¢ocdarta y cepymy y
HOpManHOM pacriony [43-46]. V crammjymy 3 (JGF = 59-30 ml/min/1.73m%) nocreneno ce
WCLPIUBY]y MEXaHU3MH aJanTaldje, KOHIICHTpalldja Kajlldjyma ce€ IOCTENEHO CMamyje U
npubnmxkaBa OWO] HOPMAJIHO] TpaHMIM, a KOHLEHTpanuja Qocdara MocTeneHo pacte H
npUGTIKaBA ce TOpH0j HopMmanHoj rpamumn. Kama JGF magme memox 30 ml/min/1.73m?
UCLPIUBY]y €€ MEXaHM3MHU aJanTaiuje, ycleJl 4Yera Joja3u J0 CMamema KOHIEHTpaIluje
Kanuujyma  (XumokanueMmuja) u  nosehama — KoHUeHTpauuje ¢ocdara 'y  cepymy
(xumiepdocharemuja) [43-45]. YV oamakiioj xpoHHyHO] Ooyecth OyOpera, mako je moBehaHa
koHneHTpanuja FGF-23 y cepymy, BeroBo JejcTBO Ha eKCKperujy ¢ocdara je cMameHo 300T
CMambCHOT HCToJbaBama Ko-perientopa Klotho. 30or cmamene akTUBHOCTH | @-XUApOKCHIIa3e
CMalkEHO je CTBapame KalluTpuosia, 300r dYera ce npoayOJbyjy XUIOKaJIleMuja u
xunepdocdaremuja, noBehaBa  cekpelyja  MapaTXOpMOHAa W pa3BHja  CEKYHAApPHH
xurnepnaparupeonansam [43-46].

CMameHa KOHLEHTpalMja Kallujyma U KaJlUTpPHUOJIa Yy CepyMy 3a MOCIEeIUIy HUMajy

cMamee Opoja perentopa oceTsbuBux Ha Kamujym (CaSR) u penentopa 3a utamun D (VDR)
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Ha MOBpIIMHU henuja mapatupeoujiee, MMTO AONPUHOCH OTEKAaHO] ONTHUMAIHO] KOHTPOJIH

CeKyHJIapHOT Xuleprnapatupeonanzma [43-46].

2.4.1. NapameTpu 3a NnpoLeHy CeKyHAapHOr xunepnaparmpeomamama

Kon Gonecnuka koju Oomyjy on XxpoHuuyHe Oonectu OyOpera (cramujym 3) moTpeOHO je
onpeauTu KamuujyM, d¢ocdat, ankanHy ¢docdarazy u maparxopmoH [47-49]. Kox oBux
0oJiecHHMKa MOHUTOPUHT Tpeba moHoBUTH 3a 6-12 Mecemu. Y XpoHWYHOj Oonectu OyOpera
cranujyma 4, kanujym u ¢ocdar tpeda oapehusatu Ha 3-6 Mecenu, a ankanHy ¢docdarazy u
naparxopMoH Ha 6-12 meceru. Komx OoslecHMKa ca METHUM CTaIHdjyMOM XpOHHWYHE Ooiectu
OyOpera, kanuujym u gocdar Tpeda onpehuBatu Ha cBaka 1-3 mecena, mapaTxopMoH cBakux 3-6
Meceny, a ankanHy ¢ocdarasy cBakux 12 mecenu [47-49]. Kox cBakor OojecHHKa Koju 0omyje
ol xpoHuuHe Oosectu OyOpera (cramujyma 3-5) moTpeOHO je OApPEAUTH M KOHIICHTPAIH]y
25(0OH)D3 (kanuuanoi) y cepymy, a ydecTanocT ojipehuBama (Ha CBaKuX 3-6 MECEIH) 3aBUCH

0]l Mo4eTHe KoHIeHTpauuje [47-49].

2.4.2. Jleyerwse ceKyHAapHOr xunepnapatupeounanama

Jleuewe CeKyHJApHOI XUIEPIapaTUPEOUIM3Ma YKIbYUyj€ XUTHJEeHCKO-TUJETETCKU PEXKUM,
IpUMeHYy Be3uBaua (pocgara ca u 6e3 Kanujyma, akTUBHUX 00JMKa BuTaMuHa D, xanuurtpuona,
NApUKAJIINTOJ, KaJIIUTPHUOJIA, KaJIUMUMETHKa (MEIUKaMEHTO3Ha MapaTUPEOUAEKTOMU]ja), alu
u oxaroBapajyhm mMomamuter mmjamuse (xemoawmjadruirpammja) [50-52]. Pesynratu mo cama
YUUCHUX HCIIUTHBAKbA yKa3yjy J1a BATaMUH D yTHue Ha XeMaTomnoe3H! cucteM 0OJeCHUKa KOjH
ce Jleuye PpemoBHOM Xxemoaujamu3oM. Hemocrarak ButammHa D je moBe3an ca
MUKpOHH(IJIaManujoM, (YHKIMOHATHUM HEIOCTaTKOM rBokha M CMameHOM KOHIIEHTPAllljoM
XeMoriioOMHa y KpBH Kon oBux OonecHuka. [Ipemaparm Burammna D (alfacalcidol,
cholecalciferol, ergocalciferol) mosuTuBHO yTHUy Ha aHeMHjy KOI OOJECHHKA KOjU ce€ Jieue
peIOBHOM XeMmoaujaiam3oM. McmutuBama mokKasyjy ma mnapukaiamuros (paricalcitol) mopen

CMameHkha KOHIICHTPAIM]je HWHTAKTHOT IapaTXOMpOHAa Yy CEpPyMy, CMamyje PE3UCTECHIU]y Ha
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JICJCTBO EPUTPOIIOCTHHA (MPUMEHA NApUKAIIUTONA j€ YAPYXKEHa ca HIKAM BPEIHOCTHMA
HHJIEKCa PE3UCTEHIINj€ Ha JISJCTBO EPUTPOIIOCTHHA) M MToBehaBa KOHIIEHTPAIH]y XeMOTJI00MHA y

KpBH 00JICCHUKA KOJH c€ Jieue peAoBHOM xeMoaujanu3om [50-52].

2.5. Jleyew-e aHemuje

IIpema NKF-DOQI (eurn. National Kidney Foundation - NKF) cmepaumama
€pUTPOIIOETHH Tpeda MPUMEHUTH KoJl OO0JeCHHKa ca XpOHUYHOM ciabourhy OyOpera Koj Kojux
je HuBo xematokputa - Hct < 30% (uuBo xemorioouna - Hb < 100 g/l), a muspan HEBO HCt
tpeba nma m3nocu 33-36% (Hb = 110 - 120 g/l), Tabena 8 [14, 15]. IIpema EBPG (enru.
European Best Practice Guidelines - EBPG) cmepuuniama, koa OoOJieCHHKAa ca XPOHHYHUM
OosectimMa OyOpera, ca MPUMEHOM EPHUTPOIIOCTHHA Tpeba 3amodeTd Kaga KoHieHtpanuja HD

najaue ucroxa 110 g/l [14, 15].

Tabena 8. Bpcre areHaca KOjU CTUMYJIMIIE SPUTPONOE3Y: 1038 M ydecTanocT mpumeHe (I.V.
MIPUMEHA)

Bpcra epurponoerrHa WuunumjanHa go3a VuecTanoct 103e OpiKkaBama
Enoernn-a 50 1U/kg, 3 X HeaesbHO 1-3 X HeIeJbHO
Enoerun-4 40 1U/kg, 3 X HeresbHO 1-3 X HenesbHO
Enoerun-o 40 1U/kg, 3 X HEIETHHO 1-3 X HeleJbHO

0.45 1g/kg, 1 X HEeTLHO 1 X 2 nenesbe/
Jlapbenoetit-a 0.75 1g/kg, 1 X 2 Henesme 1 X MeceuHO
CERA 0.6 1g/kg, 1 X 2Henepe 1 X MecedHo

CERA - Continuous Erythropoietin Receptor Activator: Metoxy polyethylene glycol-epoetin beta

2.6. lMpumeHa 2e80xha

[Ipe nmpumeHe epUTpONOETHHA HEONXOAHO j€ YpaJuTH MOHUTOPHHI TBOXha y OpraHusmy.
Taj mMoHuTOpMHT YKJbydyje onpehuBame KoHLeHTpauuje (eputnHa y cepymy (mokasaresb

MOMYHEHOCTH Jienioa rBoxkla), 3acuheme Tpancdepuna reoxkhem - TSAT (komuunHa reoxkha kKoja
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[UPKYJIMIIE y TUIa3MH), U MPOICHAT XUIIOXPOMHHUX IpBeHUX KpBHHX henuja y rurasmu (RBC)

(MHIMPEKTHH TI0KasaTesb HHKoproparmje Fe?” y upsene kpeue hemnje), Tabena 9 [14, 15, 53].

Tabena 9. ITapameTtpu 3a MpolieHy craTyca rBoxkha y opranuzmy

[MTAPAMETPU HOPMAJIHA BPEJJHOCT
KoHuenrpanuja reoxha y cepymy - Fe?* Ifegz'::: 17 1__2267/2& OOICI(ZKJ)
3acuheme Tpanchepuna reoxhem - TSAT TSAT =20 - 40%
Konnenrpanuja peputrna y cepymy - F F =100 - 500 ng/ml
[Iponienar xunmoxpoMHux epurpornuta - RBC RBCs < 2.5%
KomnmenTpaiija coryOrtHOT petientopa 3a Tpanchepun-STiR sTfR = 1.08 - 2.02 mg/I
Canprkaj xemorinoouHa y petuxynonury - CHr CHr = 26 - 34 fmol/ml

HepnocraTak reoxha y opranuzmy Moxke OUTH arncoiayTHU U QyHKIHMOHAIHU. "AmnconyTHH"
neunut rBokha je yApyKeH ca KOHIeHTpauujoM (eputuHa y cepymy Mmamom on 100 wg/l.
AnconyTHM HegocTaTak TIBoxkha HacTaje Kao Mocienuiia TIacTpOMHTECTHMHAIHOI KpBapema
(OKyJITHO KpBapeme 300T YPEMHUJCKOI TacTpUTHCA), KOj€ je MOrPLIaHO CMAamEeHOM (DYHKIMjoM
TpomMbonUTa 300T YpPEMHJCKOT MWJb€a U TPUMEHE HePpPaKIMOHUCAHOT XemapuHa 3a
aHTHUKOArynamnujy BaHTelecHe uupkynanuje [53]. Tpu rmaBHa y3poka TyOuMTKa KpBU KO
00JIeCHUKA KOJH C€ JIeue XEMOIUjaIN30M Cy: TEXHUKA XEMOIUjaIn3€e, PEAOBHO Y30PKOBAmhE KPBU
3a 1a00paTOpHUjCKe aHAJIM3€ U OKYJITHO MHTECTUHAIIHO KpBapeme 300 ypeMHUjCKe eHTeponaTHje
u muchynknuje Tpomboruta [53]. IIponemyje ce ga ryOuTak KpBU KOJI jeTHOT OOJICCHHKA KOJH
ce JIeUd XEMOIUjalIu30M y TOKY je[iHe TonHe u3HocH 4-12 nutapa (2-6 rpama reoxkha roguiisse,
jenan nutap KpBu caapxku oko 500 mg reoxha). ['yburak KpBHU MO CECHjU XEMOIUjaTH3e U3HOCH
0.3-0.9 ml, omHocHO oko 165 ml kpBu y Toky jenHe roaunHe. HeoueknBaHa KpBapema HIIH
CTBapame KoaryiyMa y BaHTEJIECHO] IIUPKyJaanuju mosehasajy ryoutak kpBu u reoxha, Tabena
10 [53]. dpyru riaBHU y3pOK Tr'yOMTKAa KPBU KOJI OOJICCHHKA KOjH CE Jieue XEMOJHjaTu30M je
PEIOBHO Y30pKOBame 3a abopaTopujcke aHanuse. Y Jamany, rogumimse ce u3ryon 600 ml kpsu

1o OOJIECHHKY, Y AWjaIM3HUM LIEHTPUMa APYTruX 3emaiba oko 350-450 ml. Tpehu y3pok ryoutka
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KpBU Cy OKYJTHa TacTPOMHTECTHHAIHA KpBapema: ypeMHujcKa eHTepomnaTuja + AUCYHKIIHja

TPOMOOIINTA + XEMapuH 32 BaHTEJIECHY Koarymnanujy (2.2 nurpa roauiinmke) [53].

Taobena 10. I'youtak KpBU Ko O0JIECHUKA KOJH CE JIeUe XEMO/IH]ATM30M

Y3pok ryouTka KpBu Konnuuna
TexHuka XemMo1ujanr3e: KpBHE JIMHUjE + MeMOpaHa 165 ml kpBu roauime
OKyYJITHO TaCTPOMHTECTUHAIIHO KPBAPEHHE 2257 ml xpBu roauime
VY30pKkoBame KPBU 32 PEAOBHE JIA0OPATOPH]CKE aHATTN3E 428 ml xpBu roauime
Hera/onprxaBame EHTpaTHUX BEHCKHUX KaTeTepa 2680 ml kpBu rogumme

2680 ml kpBu roaumme
1340 mg reoxha roguiime
5320 ml kpBu roauime
2765 mg reoxha roguirme

bonecuunu ca narusaom AB ¢uctynom 3a HD

bonecHumu ca HCHTPAJIHUM BCHCKHM KaTCTCPOM 3a HD

HD - xemooujanuza

"OyHkuuoHanHU" nepUIHT TBOkDa ce KapakTepuIle aJeKBaTHOM MOIYHEHOIINY Jernoa
reokha y opranmsmy u cnabomrhy ociobahama reoxkha u3 tux aenoa. Koa ¢gyHkuuoHamHor
neduuuta reoxxha KoHUEHTpanuja GepuTuHa y cepyMy MoXe OUTH HOpPMajHa WJIM MOBUILEHA,
3acuheme Tpanchepuna reoxhem (TSAT) je mame ox 20%, a OpOj XHIIOXPOMHHX €PUTPOITUTA j&
Behu ox 10%. @yHkimonanau AeduuT reoxkha HagokHalyje ce 1.v. MPUMEHOM Ipenapara Fe®*
n mpaheH je 3Ha4YajHUM I[OpacToM KOHIeHTpamuje xemorimobmHa [14, 15, 53]. Cmamena
KOHIIEHTpalnrja (QepuTrHa y CepyMmMy HMMa BHUCOKY OCETJHHMBOCT M CHEIU(UUYHOCT, Al HE U
BHCOKAa HEroBa KOHIIEHTpAllMja 3a IUjarHOCTHUKOBame BHIIKa rBokha. Ha koHuentpaumjy
bepuTuHa y cepyMmy yTHuy U OpOjHH Apyrd (akTOpH, Kao IITO Cy: IMOJ, FOJUHE CTapOCTH,
nH(]EKIrja, MATUTHUTET, XUIEPTUPEOUAN3aM U OOJIECTH jeTpe. 3JIaTHU CTaHIap] 3a MPOICHY
cTaryca TBoxha y OpraHu3My je Mepeme HheroBe KOHIeHTpauuje y hemujama jetpe, a To ce
MOCTH)KE MarHeTHOM pe3oHaHuujoM jerpe. KoHueHTpaiuja reokha y jeTpu He Kopeiuiile ca
KOHBEHIIMOHAJTHUM MapKepuMa 3a IpOoIeHY cTama reokha y opranmsmy [14, 15, 53].

BonecHunnMa Koj Kojux ce JujarHOCTHKYje aHeMHja Tpeba HaJIOKHaIUTH rBoXkle, Tako Ja
HuBO (eputuHa y cepymy Oyne m3uan 100 ug/l, a 3acuheme Ttpanchepuna reoxhem (TSAT)
n3Han 20% [14, 15, 53]. Kox GonecHuka ca jgoka3aHuM (yHKITHOHATHUM Jeduimurom reoxha n

Oosecuuka ca npeonrepehemeM reokha (beputun y cepymy > 500 pg/l) vHAMKOBAHO je pUMe-
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HUTH 1.V. Bucoke no3e Butamuua C - 300 mg jemHoM HeznesbHO Yy mepuoay o 8 Hemesba [54].
[Ipema npenopykama KDIGO untpaBencko reoxhe Tpedba npumenutH kazaa je TSAT < 30% wu
Kajgaje KoHIeHTpammja (eputuHa y cepymy Mama ox 500 ng/ml. Tlpumena reoxha ce He
caBeTyje koJ OonecHuka, koq kojux je TSAT > 30%, a xonnenrpanuja ¢pepuruna Beha ox 500
ng/ml, mocebno ako je ona Beha ox 800 ng/ml [48-55]. Pesyaratu g0 caga y4umEHHX
UCIIUTHBamka yKa3yjy naa 6onecuunu ca TSAT-om Behum ox 30% u koHIIEHTpanujoM GepuTuHa y
cepymy Behom ox 1500 ng/ml umajy 3a 50% Behu pusuk o HemoBoJbHOT Kexoaa [55-57].
[TpunvikoM JOHOIICHA OJIyKe O MOTPeOM MpUMeHe rBokha, MOTPEOHO je KOJ CBAaKOT
OoJiecHUKA TMOjeIMHAYHO (MHIUBUAYATHHU MPHUCTYI) Pa3MOTPUTH MOTYNHOCT HauyMHA MPUMEHE
rBokha: per oS wium i.v. [57, 58]. Omiyka ce JOHOCH Ha OCHOBY: TEKHUHE aHEMH]jE, TEKHHE
HE/IOCTaTKa TrBOXNa, pacroioKUBOCTH BEHCKE JMHHjE (KBAJUTET KPBHUX CYAOBA), TEPAINH]jCKU
OJrBOp Ha PaHUjy MPUMEHY HHTPABEHCKOT TBOkha, MOJAIHMTET OUjasin3e, KOMIUIMjaHTHOCTH
aHemwje, TPoIKoBa jeuea [57, 58]. [Ipenapatu rBoxha 3a pPer 0S mpuMeHy ce Jiomie arncopoyjy
U3 TaCTPOMHTECTUHAIHOT TpakTa. [IpeqHOCTH MHTpaBeHCKE NMpHMEHe IBoxha cy Opku mopact
KOHIICHTpAIlMje XEeMIJIO0MHA Yy KPBH, a BEHU IIABHU HEIOCTAIM Cy: omTeheme KpBHUX CyI0Ba
(MoryhHOoCT wM3paze aprepuo-BeHCKe (QHCTyle 3a XeMOAMjalu3y) U IojaBa O030MJbHUX
HekesbeHux gorohaja - SAE (enri. Serious Adverse Events - SAE) [57, 58]. Hexxerbene peakiuje
Ha MHTPAaBEHCKY NpHUMeHYy TBokha Mory OuTu: aneprujcke U TOKcuyHe. Tpeba mperno3HaTH
OojiecHMKE KOju WMajy moBehaH pu3MK O pa3Boja O30MJBHUX HEXEJbeHUX jorahaja:
OpoHXMjajHa acTMa, MAacTOIIMTO3a, PaHH]e AJIEPrHjCKe peaKIMje U aToNHjcKa KOHCTUTYIIHja
6onecHuka. Ko nHTpaBeHCKe MpUMEHe Ipernapata rBoxkha Koju He caapike AeKCTpaH, 030MibaH
HexesbeHu gorahaj ce jaBiba 1/200.000 mpumemenux mgo3a i.V. rBoxkha [57, 58]. Ilpema
npenopykama EMA (enrn. European Medicine Agency - EMA), Hakon 1.v. mpumeHe rBoxha
OonecHnka Tpeda npaTutut y Toky 30 munyta. [Topen noteHnujana 3a ajJeprujcke peakiuje, 1.V.
npenapaTy rBoxkha umajy moBehaH pU3MK O]l OKCHIATHBHOI CTpeca, PU3MK O]l MH(peKIuja u
pa3Boja cekyHaapHe xemoxpomartosze. CrnoOOIHU paJuKald KHCEOHHWKa YyOp3aBajy pa3Boj
aTeporeHese u rmoBehapajy pu3uk o] KapauoBackynapHux gorahaja [57, 58]. I'Boxle je 3Hauajan
KodakTop 3a pact OakTepuja, TaKo Ja i.v. npuMeHa nosehaBa pusuk o1 de NOVO MHGEKIHja WiTn
Moxe noropmaru nocrojehy mndekuunjy. Ha kpajy, i.v. npumena reoxxha moxe outu npahena

IErOBUM HaKYIJbamheM y JeTpH, MaHKpeacy, Cpiy, a CBE TO 3a MOCIEIUIly MOXKE J1a UMa pa3Boj
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omrehema oprana [57, 58]. Konuentpanuja reoxha y jeTpu Kopenuine ca YKyImHHM CaapiKajeM
rBoxha y opranu3my 00JIE€CHUKA ca CEKyHIapHOM XeMoxpomarto3oM. Kon 31paBux ocoda ropma
HOpMaJiHa KOHIleHTpanuja rBoxha y jerpu usHocu 32 pmol/g. Konnenrpanuja reoxkha y jerpu
Beha ox 50 umol/g ykasyje Ha moBehano Hakyrbambe rBokha, a koHumeHTpanuja Beha ox 200
umol/g ykasyje Ha Temko ontepehemwe jerpe reoxhem [57, 58]. Jeaunu pacnonoxuBu xenaTop
reoxxha je medepokcamun/deferoxamine (Desferal®), koju ce xopuctd 3a mpeBEHLHM]y
XeMocHuepo3e (XeMocuaepo3a MoBe3aHa ca XeMOIUjaTu30M) | 3a Jieuewmhe nopemehaja pyHkmmje
oprana 300r Tanoxema rBoxkha (cpuaHa HHCY(QUIMjEHIM]ja, MYITHILUIA €HIOKPHUHOJIOIIKU
nopemehaju, pubposa jerpe) [57, 58]. 3a Bpeme i.v. undysuje nedepokcamMrta MOXKE J1a Ce jaBH
aneprujcka peakija. Koa GojecHuKa KOjU ce jiede XEMOJUjaIM30M caBeTyje ce I.V. mpuMeHa
rBokha jeTHOM HEACJHPHO WIHM JeTHOM y JBE Henmesbe, y3 MOHUTOpuHT TSAT-a m deputnna y
cepymy. Kox GosnecHrka ca akTHBHOM CHCTEMCKOM HMH(pEKIHjoM IBoXkhe He Tpeba npuMemhHBaTH
WHTpaBeHCKH [57, 58].

[MocToju Bume dpopmynanuja reoxha: Besaun ocdara xoju caapke roxhe (feric citrate,
sucroferric oxyhydroxide), mpenapatu i.v. rBoxha ca mpoaykeHuM J1ejcTBOM (TIPOIYKEHO BpeMe
noxyxuBoTa: iron carboxymaltose, iron isomaltoside) u pacTBop 3a XeMoaHjaIH3y KOjU CaAPKH

reoxkhe (feric pyrofosfate citrate), Tabena 11 [57, 58].

Tabena 11. Ilpenapatu reoxha 3a UHTPaBEHCKY IPUMEHY

Sodium ferric gluconate Iron sucrose
Hazwu neka — = =
Ferrlecit Venofer
dopmynanuja 12.5 mg/ml, 62.5 mg/5ml 20 mg/ml, 100 mg/5ml
MaKCHMaﬂHa 125 mg 200 mg
MojeaAnMHa4YHa 1034
MuHHMaTHO BpeMe MTpHMEHe 10-60 min 10-30 min
Tect no3a He He
Ferric carboxymaltose Low molecular iron dextran
Hasu neka — 5
Ferinject Cosmofer
o . 50 mg/ml, 100 mg/2ml, 50 mg/ml, 100 mg/2mi
OpMyJTattija 250 mg/5ml, 500 mg/10ml | 250 mg/5ml, 500 mg/10ml
Maxenvansa 1000 mg 20 mg/kg
IojeAUHaYHa 1034
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MuHHMMaIHO BpeMe MpUMEHe 15 min 4-6h

He Ha

TecT no3a

Ousnuko-xemMujcke M (apMaKko-KMHETHYKE KapaKTepHCTUKE IIpernapara TBoxha 3a

MHTPABEHCKY NPUMEHY MpuKaszane cy y tabenu 12 [58].
®dusnyko-xemujcke U hapMaKOKMHETHYKE KapaKTepHCTHKE mpernapara reoxha 3a

Tabena 12.
WHTPaBEHCKY IPUMEHY
KOME:;EEHHH Venofer ® Ferrlecit® DexFerrum® Cosmofer ®
C Iron Iron Iron dextran- Iron dextran-
actap sucrose gluconate HMW LMW
Monexyicka 34-60 kDa 289-440 kDa 265 kDa 165 kDa
maca - MW
PeakTuBHOCT yMepeHa BHCOKa HHUCKa HHUCKa
Bpewe 5.3-6 14 9.4-87.4 20
noxyxusora (h)
Cmax
(mgFe/ml) 35.3 20.6 - 120
AUC
(mgFell x h) 83.3 35 - 1371
Knupenc
(1/h) 1.23 2.99 - -
MaxkcumamnHa
T 300 125 100 20 mg/kg
MHHHMMHO. 90 min 60 min 240 min 15 min
Bpeme UHPy3Hje
Komepuujamau .. @ ® Rienso® Feraheme®
HABHE Ferinject Monofer (Europe) (USA)
Iron Iron
Cacras carboxymaltose isomaltoside Ferumxytol Ferumxytol
Mosexyscka 150 kDa 150 kDa 750 kDa 750 kDa
maca - MW
PeaKTI/IBHOCT HHUCKa HHUCKa HHUCKa HHUCKa
Bpewe 7-12 23.2 14.7 14.7
nosyxuBora (h)
Cmax
(mgFe/ml) 37 37.3 130 130
AUC
(mgFe/l x h) 333 1010 1010 922
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Kiupesnc (1/h) 0.26 0.10 0.11 0.11

MakcumaiHa
nosa fiv. gy | 20 MI/kg 20 mg/kg 510 mg 510 mg
MuHIMaIHO 15 min 60 min 15 min 5 i

BpeMme uHdysuje

Pasznukyjemo nBa oOnmka rBokhe AEKCTpaHa y 3aBUCHOCTH O]l MOJICKYJICKe Mace. I Boxhe
JIEKCTpaH BEJIMKE MOJIEKYJICKEe Mace je TIOBe3aH ca 030MJbHUM HEXEJbEHUM peakiiijama, Kao IITo
cy: aHaduiakTuuka peakuuja. Jlanac je Ha pacnonaramy Qopmynaiuja reoxhe nekcTpaH maie
monekyncke mace (CosmoFer® y Eppomm), unja je mpHMeHa [OBE3aHa Ca MHOTO MarbHM
HexesbeHHM peaknmjama [59, 60]. JIBe 3HauajHe Qopmynammje 3a WHTPABCHCKY MPUMEHY
reoxxha cy: ferric gluconate (Ferrlecit®) u iron sucrose (Venofer®) umajy manu pusuk oz passoja
HeKebeHuX peakiwmja. [Ipenopyuena mosa 3a ferric gluconate usnocu 1000 mg, momaesbeHO Y
ocam 71032 (jemHa [103a Mmocje cBake mojenuHadne xemoaujanuse: 62.5 mg/ml (125 mg/2ml). Iron
sucrose je dopMmynamnmja Koja ce MMPOKO NPHUMEHYje y CBETY, HajBehuM J1elioM y momylanuju
6onecHrKa Koju ce sieue xemoaujanuzom [rBoxkhe (I11)-xuapokcua caxaposa komiuiekc: Ferrovin
amp. 100 mg/5ml, 0.9%NaCl sol. 100 ml + Ferrovin amp. 100 mg/5 ml = i.v. undyszuja 25 ml (25
Mg), Kao TecT 7103a y TOKY 15 MHMHYyTa, y BEHCKH CErMEHT BaHTejecHe Iupkynanuje] [59, 60].
VYkonuko He Aohe 10 mojaBe HEXKEJbEHHX peakilja y OBOM IMepuoiay, HHQY3U]y MPeocTasior
pacTBopa HactaBuTH Op3uHOM He Behom o1 50 ml y Toky 15 munyTa (cnopa i.v. uHdysuja y Toky
jeaHor caTta y mocheameM cary xemoaujanuse) [59, 60]. IIpemopydena mo3a 3a iron sucrose
nuzHocu 1000 mg, mozespeHo y AeceT 103a (jeHa J03a Mocje CBake M0jeInHAaYHe XeMO/IHjaln3e:
100 mg/ml) [59, 60]. Muuuaennuja 030MJbHE peakiMje MPEOCETIHMBOCTH Ha TMpermapar irron
sucrose u3Hocu 0.6/1.000.000 OonecHuka, a Ha mnpemapar ferric gluconate 0.9/1.000.000
OonecHuka. AHadriiakTH4ka peakmuja je mocpemoBaHa IQE anTuTennma, a aHaduIaKTOMIHA
peakiuja akTHBAIMjOM CHCTeMa KoMIUIeMeHTa (moBehaBa ce akThBaIija MacToura u 6asoduna
U JIy4eHhe XUCTaMHHA). Y TOTEHIHjalHe (PaKTOpe pU3HKA 32 Pa3BOj peakilvje MPeoCeTIbHBOCTH
Ha MHTPABEHCKE NpenapaTe reoxha crajajy: aTonujcka KOHCTHTYIIH]ja, HICTOBPEMEHa yrmoTpeda
MeIMKaMeHaTa Kao ITo cy: Oera OmokaTtopu, OJIOKaTopu KOHBepTaze aHrmoTeH3uHa 1. bes
o03Mpa Ha Mald PHU3UK O]l pEaKlHja MPEOCETIHUBOCTH JIeKap je aykaH ma wuHbopMmure

6osecHrKa o Moryhem pu3uKy NprUMeHe HHTPABEHCKOT Mpenapara reoxha (mpemnopyuyje ce Tect
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71034, JeIMHUIIA XeMOAMjasin3e Tpeba J1a MMa KOMIUICTHY aHTHIIIOK TepaIivjy, Ipernopyka je 1a ce
reoxhe mpuMemyje y MajauM J03aMa y 00JIuKy crope 1.V. uH}y3Huje, METUIIMHCKO 0c00Jbe Tpeba
na OyJe eayKOBaHO 3a MPEMO3HaBamke, eBANyallljy U JIeUCHhe HEXKEJbCHUX pPeakifja Ha rBoxie).
Mamu je Opoj KIMHMYKHX T[OAaTaka o O0e30eIHOCTH JYropoyHe MPHMEHE Tperapara
WHTpaBEHCKOr TBoKha Koj OOJIECHMKA KOjU ce Jieue XeMoaujanu3oM. Pesynrtatm no cazaa
VUUEECHUX MCIUTHBAKA YKa3yjy Ha JBe Moryhe KOMIUIMKalMje yropoyHe MpUMEHe Ipenapara
UHTpaBeHCKOr rBokha: moBehan pusumk ox mHbeknuja (rBoxhe cTUMyIHUIIEe pacT OakTepwHja,
cMamyje (QYHKIH]y JIeyKOIHTa, cMamyje (yHKOMjy ¢daroumro3e JEyKOIUTa) W Pas3Boj
KapauoBacKyimapHux jorahaja (OKCHIATHBHH cTpec, moBehaHo cTBapame CIIO0OJHUX pajuKaia
KHCEOHWKA, JHUMHJIHA IEePOKCHIaNMja W Tpolrec arepockiepose) [59, 60]. Y monmynamuju
OoJiecHUKA KOjU CE Jiede PEAOBHOM XEMOIHjalIM30M JIOKa3aHa je MO3UTHBHA MOBE3aHOCT u3Mely
KOHIICHTpAlLlMje XCeMIUANHA y CepyMy H arepocKiepo3e, Kao W u3Mel)y KOHIIEHTpaIyje
XeMIUJIMHA y CepyMy U KapawoBacKyiapHor norahaja (aktmBammja Makpodara y
aTePOCKJICPOTCKOM IUTAKY 3a TOCICAHIly MMa HeroBy pynrypy) [59-61]. Hekontpomucana
WHTpAaBEHCKa TMpHMEHa TBOXDa 3a TMoOCIenuIly MOXe Jla HMa U pa3Boj CEKyHJapHE
XeMOXpOMaTo3€e KoJ| O0JIeCHHKA KOjU ce Jieue PeOBHOM XEMOJHjalu30M. JeTpa je IJIaBHO MECTO
rae ce CKIaauiuTH TBokhe, a KoHleHTpauuja rBoxkha y jerpu (enrnm. LIC - Liver lron
Concentrations - LIC) kopenuiiie ca ykymmHAM caapxajeM rBoxkha y genonma koji 00oJIeCHUKa ca
CeKyHIapHUM oOnuuuMa xemoxpomaTosze [60-62]. MarHeTHa pe3oHaHIa jeTpe je 3JaTHH
CTaHJap[ 3a TMpPOIEHY CTama TBokha M HEroB MOHUTOPUHT KOJ OOJIECHHKA ca CEKyHIapHOM
XeMOXpOMaTO30M, YKJbY4dyjyhu u OolecHUKE KOjU ce Jiede pEeIOBHOM XEMOJHUjaIu30M.
Pesynrtatu ucnutuBama Mmokasyjy J1a je XpOHHYHa NMPUMEHa MHTPABEHCKOT I'Boxkla moBe3aHa ca
noBehaHuM PU3UKOM OJ1 HaKyIJbama rBokha y jeTpu U pa3Boja XeMOXpoMaTo3e y MOIyJaluju
OoJlecHHKA KOjU ce Jieue pelloBHOM xemoaujanuzoM [60-62]. [TorpeOHa je m3pana onTHUMAaIHE
cTpaTervje 3a IMpuMeHy TBoxha, y IHJbY IMOCTH3amha MaKCHMajlHe KOPHCHOCTH M M30eraBama

MOTEHIMjaJTHUX HEeXKeJbeHUX peakiiuja/pusuka [60-62].
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2.6.1. KnuHunuke npenopyke 3a npumeHy reoxha

[Mpema npenopykama KDIGO (enrn. Kidney Disease Improving Global Outcomes -
KDIGO) wu3 2012. rogumHe WHTpaBEeHCKa NpuUMeHa T'Boxkha Kox OoJecHHMKa KOju ce Jede
PEIOBHOM XEeMOAMjaliu30M je mHaukoBana kana je TSAT < 30% u koHueHTpanuja hepuTuHa y

cepymy Mama o1 500 ng/ml [62].

2.7. [lpumeHa epumpornoemuHa

Tepanujy pexomOnHaHTHUM XymaHuM eputpornoetnHoM (FHUEPO) Ttpeba 3amouern kana
KOHIIeHTpanuja xemoriobuna magane ucrmom 11 g/dl (xemarokput < 33%), a UUIBHU HHBO
xemorio0uHa Tpeba na oyne m3mely 11 u 12 g/dl. ITocne npumeHe epUTPONIOETHHA KOHTPOIY
XeMOoTJI00MHa Tpeba HampaBUTH CBAaKe Jpyre Helesbe, a Ha aJeKBaTaH OJArOBOP Ha MPUMEHCHY
Tepanujy ykasyje moBehame KOHIEHTpalje xemoriobuna 3a ~ 0.25 g/dl/wenespro (mmm 1.0
g/dl/meceuno) [63]. HeonroBapajyhu onroBop Ha epuTPONOCTHH ce neduHHIIe Kao rnoBeharme
xemoriobuna < 1.0 g/dl/meceuno, nau kao HeMoryhHOCT TOCTH3ama UJBHOT XeMoroouHa - Hb
=110 - 120 g/l (xemarokput 33-36%) npumerom rHUEPO y mo3u ox > 300 1U/Kg/HenesmHo S.C.
y ToKy 4 10 6 Heziesba, JOK Ce HeloCTaTaK TBokha KapakTepuie KOHIICHTpalujoM (HepuTuHa y
cepymy < 100 wg/l, carypanujom tpanchepuna reokhem < 20% u MPOIEHTOM XHUIIOXPOMHHUX
eputporurta > 10% [63-65]. Hemocrarak rBokha y opraHu3my je Hajuemhu Yy3pok
HeoAroBapajyher oaroBopa Ha eputporoetu. [lopen Hemocrtaraka rBoXxha (amcosyTHH,
¢dbyHkunoHanHu), Hpekurja/uHdpIamalmja, HeaJeKBaTHa XEeMOH]jaln3a, HeA0CTaTaKk BUTAMHHA
Bi2, ¢donmne xucenune, ButamuHa C W KapHUTHHA, CEKYHAApHH XUIEpHapaTHPEOUIM3aM,
Hezmoctatak BuTamuHa D, ynmorpe6a ACE naxubutopa u npucycro antu-EPO-anTuTena, rakohe

MOTY OUTH y3pOIIM HeaJeKBaTHOT OAroBopa Ha eputpomnoeTiH, Cxema 1 [63-65].
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Hlema 1. ]lejctBa HemocTaTka BUTamMuHa D Ha wHbIamanujy W pe3WCTCHIM]Yy Ha

€pUTPOIIOETHH

CKD

v

Henocrarak
Butamua D

v v

AKTHBaIMja MNF-o, N FN-y — brnokupame
UMYHCKOT' CHCTEMa epUTpoIoese

v
TIL-6
v

T BMP curuanu

v

T XCMIIUANUH

v

O yHKIIMOHATIHU
nedunuT

v

Anemuja «

A\ 4

A\ 4
A

EPO pesuctenuuja

CKD - xponuuna 6onect 0yopera, EPO - epurponoerus, I1L-6 - uarepneykun 6, IFN-y - unrepdepon rama, TNF-o
- (hakTOp TYMOpPCKE HEKpO3e
Hedunut reoxha mMa Hajehu 3Hauaj 3a JOII M HENOTHYH OJrOBOpP Ha NPUMEHEHY

tepanujy rHUEPO. /Iujarno3a amconmyTHor wiu (yHKUMOHAJIHOI AeduuuTa rBoxkha Moxe ce
MPOICHUBATH MEpPEHEM KOHIIEHTpaluje QepuThnHa y cepymy, oxapehuBamem 3acuhema
TpaHcheprHa TBOXHEM M MPOIEHTOM XHUIMOXpOoMHUX epurpormrta. [Ipema EBPG cmeprumama
(enrn. European Best Practice Guidelines - EBPG), nuBo depuruna tpeba na 6yne usmehy 200
u 500 wg/l, 3acuheme Tpanchepuna reokhem nsmely 20% u 40%, a mporeHaT XUMOXPOMHHUX
eputponuta Mamu oa 10% [63-65].

Ocrana ucnUTHBaWka HENOTIYHOT OJrOBpa Ha IMPHUMEHEHH EpUTPONOETHH YKIbYUY]Y
aJICKBaTHOCT XEMOJMjalin3e, Mepewe KoHleHTpanuje: IPTH y cepymy, anymMuHHjymMa y cepymy,
CRP, Butamuna Bi; v ponHe kucennHe, KapHUTHHA, U elleKTpodope3y xeMmoriaoouHa. Ymorpebda
Omokatopa koHBepTaze anruoreHsmHa | (ACE waxmOuTOpHm) Takohe Moke ma Oyae y3pok

HeaJIeKBaTHOT OJIFOBOpA Ha epUTPONOETUH [63-65]. Pesynratu no cama yYumeHNX UCITUTHBAKbHA
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Cy mokasajiu aa KoHuentpamnuja iPTH y cepymy > 500 pg/ml u3asuBa pe3sucTeHIUjy Ha I€jCTBO
eputpornoetrHa [63-65]. CekyHmapHu XurmeprapaTupouau3aM je Jo0po Mo3HaTa MOCIeAula
OyOpekHe cnmabocTh W pe3yiarar je KoMOuHamuje pereHinuje Qocdara, xumokammemuje u
cMamema HUBoa [.25(OH);D3 y mna3mu. XumneprnapaTUpouan3aM MOropiiaBa aHEeMH]y KOJI
OoJIcCHHKa Ha XEMOIHWjaliu3d, IUPEKTHUM TOKCHMYHMM jejctBoM IPTH-a Ha cunHTe3y
EpUTPOTIOETHHA M HWHAMPEKTHO MOACTUNakbeM (uOpo3e KocTHe cpxu. Kom OonecHuka Ha
XEMO/IMjaTH3H TAPATUPOUACKTOMHI]a HMa 3alITHTHO JICjCTBO HAa aHEMH]Y ¥ TI00OJbIIIaBa OATOBOP
Ha eputpornoeTuH. HenmerbHa 103a epurpomoeTMHa cmamyje ce 3a  30-45% mocie
naparupousiekromuje [63-65].

Henornyn oaroBop Ha areHce eputponoese (enrn. Erythropoiesis Stimulating Agent -
ESA) noBe3an je ca mopehanum MopranuTeTroM. MOJAIUTET U NMIPECKPHITIIHjA THUjaTH3e 3HAYAJHO
yTUYy Ha T[IOCTH3alke ONTHMAJIHOT OJroBOopa Ha TPUMEHY areHaca KOju CTUMYJIHIIY
eputporioe3y (epurponoeruHa) [65-67]. HeagekBaTHOCT XeMoIujanm3e Kao y3pOK HeaJeKBaTHOT
oaropopa Ha mpumemenn FHUEPO moxe ce mponewmuBatu nomohy Kt/V mumexca m URR
ungekca (urea reduction ratio). M3mehy Kt/V unmexca ageKBaTHOCTH XEMOAMjaIn3e U HEICI/bHE
no3e rHUEPO mocroju oOpHyTa CTaTUCTHUYKH 3HAYajHA IMOBE3aHOCT. BOJECHWIM ca HUXHM
Bpennoctuma Kt/V wuuaekca 3axteBajy Behy Heme/bHy 103y eputpornoetnHa [65-67]. Kox
OonecHnka Ha xemoaujammsu ca Kt/V wmunmekcom > 1.4 umspHM HHBO Xemarokpurta (HCt =
33-36%) ocTBapyje ce ca A030M €pUTPONOETHHA Koja je 3a 45% Mama y 0JHOCY Ha /103y KOJ
oonecunka ca Kt/V unnekcom < 1.2 [65-67]. IIpeckpurija xeMoaujanu3e 3Ha4ajHO yTUYE HA
OJIFOBOP HAaKOH MPHUMEHE epUTpONoeTHHA. buokoMnarnOuinHa aujanu3Ha MemMOpaHa, yJlITpauucT
pacTBOp 3a XeMoaujaau3y, aaekBaTtHa xemoaujainusa (Kt/V unmexc > 1.3, URR unmexc > 65%)
CMamYyjy MH(]IaMaTOpPHU OArOBOpP y TOKY C€aHce XeMoJujain3e. XeMmoaujapuiaTpanuja nopen
mpoueca audysuje yKJbydyje M Ipolec KOHBEKIMje /KOHBEKTUBHU TpaHcropt/. Bucok
KOHBEKTHBHH TPAHCIOPT Ca BHCOKO IMPOTOYHMM MeMmOpaHama moBehaBa KIMPEHC MOJIEKYIa
Cpelmbe MOJIEKYJICKE Mace, yKJbyuyjyhu uH(IamMaTopHe LUTOKMHE U TMENTHJE KOjU CMambyjy

nejcTBo eputponoeTuHa, Cxema 2 [67].

38



Hlema 2. Ytunaj ypeMHjCKUX TOKCHHA W HH(IaMalyje Ha epUTpOrnoe3y M >KMBOTHH BEK
epUTpOLUTA

|

T XCIIIMUIWH

v

{ pacronoxusoct
d epurpomoesa Rl reoskha - Fe2*

\ 4

v

T uadnamanuja

\ 4

v

{ crBapame EPO

A

A

 KHUBOTHH Bek Ep
A

v

TPTH & TPO*

t f

T ypemujcku ToxcHHM

PTH - mapatxopmoH, PO, - ¢docdar, EPO - epurpomnoerun

AJlekBaTHA XeMoOJMjajiu3a TIOMpaBjba CTakbe MUKpOWH(DIaManuje, CMamyje HHBO
XEMIUANHA U PeAyKYje 103y epuTpornoeTrHa [67]. Y TOKy TpeTMaHa XeMOAHjaIn3e MOXKE Ja ce
VKJIOHM 3HauyajHa KOJWYMHA XeNIUJAnHa, yuMe ce TBokhe momehaHo ocnobaha w3 gemnoa,
1ojayaBa ce epuTporoesa 1 rnosehaBa MpeXUBIbaBamke EPUTPOLNTA. XEMIHUANH je CyNCTaHIIN]ja
cpeame morekyicke mace (MW 2791 Da), koja ce ykiama y TOKY ceaHce XeMOAMjau3e, 61aro y
TOKy Xxemonujanuze ca ,low-flux“ memOpanom, ymepeno kox ,higl-flux*“ xemomujanuse u
noehano y Toky ceance ON-LINE HDF. Ilocne nBa mecema sieuema OosecHuka ,,0n-ling
XeMoarjauITpalijoM KOHIEHTpalKja XeMuauHa y CepyMy ce 3HauajHO cMamYje, a OJrOBOp
Ha JIEjCTBO areHaca KOju CTHMYIUIIY €pHUTPOIIOe3y C€ 3HayajHO IONpaBjba y OJHOCY Ha
oonecuuke koju ce neue ,,low-flux“ xemommjammsom. Konmenrpaiyja XemuanHa y cepymy ce
3Ha4YajHO OJICTpamyje MeMmOpaHama koje umajy Benuke mnope (HCO-HD) [67]. UcnutuBama
noka3zyjy, 1a ON-LINE HDF cmamyje pe3ucTeHIHjy Ha [I€jCTBO EPUTPOTIOECTHHA M HETOBY
notpouky, Cxema 3. HAECKC pe3nCTEHIIN]e Ha EPUTPOIIOETHH ce cMamyje 3a 22%, a HeleJbHA
71032 ePUTPONIOCTHHA C€ 3HAYAJHO CMamyje y OJHOCY Ha OOJECHHUKE KOjH Ce Jiede CTaHAapaHOM

xemoaujau3oM [67]. Jeman o MexaHW3aMa CMambemha MHICKCA PE3UCTEHIIN]E Ha ePUTPOTIOCTHH
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kon 6onecarka koju ce jgeue ON-LINE HDF je cmameme KOHIIEHTpallMje XEMIHIUHA Y CEpyMYy,
Kao0 TOCIIeNIIa CMamkemha HHTEpIeyKuHa 6 [67]. 3HauajHO CMambemhe KOHIEHTPAIUje XENUInHa
y cepymy ce noctmke koxa 6osnecHuka koju ce jgeue ON-LINE HDF, y BpemeHnckom nepuony of
3-6 wmecenu [67]. H3mely wuHIekca pe3UCTEHIIM]E Ha EPHUTPONOCTHH M KOHIICHTpAIH]je

XENIUIuHA y cepyMy yTBpheHa je mo3uTUBHA JIMHeapHa Kopenanuja [67].

Ilema 3. Mexanuszmu kojuma OL-HDF gonprHOCH oNTHMaIHO] KOHTPOJIA aHEMH]E

OL-HDF
Er y mupkymnanuju Epurponoesa: Jleuewe aHemuje
»L ,I[eCprK]_[I/Ija Vknamame I/IHXI/I6HTOpa T OATroBOp HaA
€pUTPOLIATA T pacronoxuBocT Fe?* EPO

OnTumanHa KOHTpOJIa

AHEMMUMJA

 ypemujcku d undnamanmja { okcupaTHBHH
TOKCUHU cTpec

— ! T

[ToBoseHO mEjCTBO

OL-HDF

OL-HDF - online xemoaujadunrpanuja, EPO - epurponoerun

Wndexnuja/madnamanuja Takohe MOry OUTH y3pOK pe3UCTEHIMje HA €pUTpOnoeTHH [68,
69]. Konnenrpauuja CRP-a y cepymy KopHCTH ce Kao NoKa3aTesb MH(pEKLUje WIN 3araberba.
bonecHunm Ha xemoaujanu3u, ca mnosehanom kouneHtpamujom CRP-a (CRP > 50 mg/l),
3aXTeBajy CTATUCTUYKH 3HAayajHO Behy HeleJbHY /103y E€pUTPOIIOETHHA Y OJIHOCY Ha Tpymly
oonecuuka ca CRP-om < 50 mg/l [68, 69].

Henotnyn oxaroBop Ha areHce eputpomoese (enra. Erythropoiesis Stimulating Agent -

ESA) noBe3an je ca mopehanum MopramuTeTroM. MoJanuTeT U MPECKPUIIIH]ja JHjaTU3e 3HAYAJHO
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YTU4y Ha IIOCTU3alkE€ OITHMAJIHOI OAroBopa Ha IPHUMCHY arcHaca KOjI/I CTUMYJIMITY

eputporoesy (epurpornoeTuHa) [68, 69] .

2.7.1 HexxerbeHa aejctBa epuUTponoeTMHa

[Tpumena epurpomnoeruna (EPO), crBopenor pekombunantaom DNK TexHomorujom, Mmoxe
outn mpahena crBapamem aHtuTena (AHTH-EPO-anturena). 3aamux roavHa JOUUIO j€ IO
noBehama Opoja 00JIECHHKA ca arjia3ujoM MPEeKypcopa MPBEHUX KPBHUX helrja y KOCTHO] CPKH,
KOja je MmoBe3aHa ca MpUMEHOM epurpornoeTrHa u aHTH-EPO-antutena (enrs. Pure Red-Cell
Aplasia - PRCA), Cxema 4 [70-72]. Uuuuaenimja PRCA usnocu 0.02-0.03/10.000 6omnecHuka
roquiime. Hajgehu 6poj ciydajea PRCA 6uo je 2002-2003. rogune [66-68].Y dakrope pusnka
koju gompuHoce pa3Bojy PRCA cmamajy: Qaxktopu TmoBe3aHH ca epUTPONOECTUHOM
(crabmmm3atopu ¢GopMyliaiiyje, arperamnuja MPOTCHHA, Ty)KUHA JICUCHha CPUTPOTIOSTHHOM) U
(akTopu moBe3aHu ca OOJECHUKOM (TOJMHE CTAPOCTH, MOJ, UMYHCKH CTAaTyC, KOMOPOUIUTETH)
[70-72].

PRCA je HajTeka KOMIUIMKallMja MIPUMEHE €PUTPOINOETHHA, KapaKTepHIle ce MOTIYHUM
OJICYCTBOM TIpeKypcopa LpBEHMX KpBHMX henuja y HHade HOpPMAJIHO] KOCTHO] CpXKH, a
KIMHAYKKA CE€ WHCIOJbaBa Kao TEIIKa, MPOTPECMBHA, H30JI0BaHA aHEMHja ca W3HEHAIHUM
nmoyeTkoM. KOMIUIETHO OJICYycTBO cTBapama IPBEHUX KPBHHUX henmja opaxkaBa ce BeoMa
HUCKUM OpojeM petukynoruta (< 10.000/ mm?). Crenen onanama KOHIIEHTpALKj€ XeMOTJI001Ha
on npubmmwkHo 0.1 g/dl/maeBHo (~ 1.0 g/dl/menespHO) ykaszyje Ha moryhu passoj PRCA.
[ToTpe6HO je ypaauTu GUOTICH)y KOCTHE CPXKHU U OJpeauTH 0poj petukynonuta. Komx OonecHuka
ca OpojeM petukynouura mMambuM ox 10 X 1071, y OACYCTBY henuja mpekypcopa epUTpOLUTHE
nmo3e (oacycTBo epurpoOiacta) Tpeba W3MEpUTH KOHICHTparnujy aHTu-EPO-anTutena.
Hujarnoza PRCA, n3a3BaHe epHTPOIOSTHHOM, JIOKa3zyje ce OJICYCTBOM MpEeKypcopa I[PBEHHX
KpBHUX henmja y KOCTHOj CpXH W Joka3uBameM aHTU-EPO-antutena [70-72]. TIpBu kopak y
Jeyermy je TPEeKUHYTH ynoTpeOy epUTpPONOeTHMHA, aHeMH]y JIeUUTH TpaHcdysujama
JeTUTa3MaTHCAHUX EPUTPOLIUTa, a npuMemyjy ce koptukocrepoumu (0.5-1.0 mg/kg/man) u
UMYHOCYNpecHBH (LMKJIOCTIOpUH Yy Ao03u of 200 mg/man umm muknogochamun) [70-72]. 3a

KOpDUI'OBal€ BeEOMa TeEIIKe aHeMHje NOoTpeOHa je TpaHcdy3uja LpPBEHMX KpBHUX henuja,
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NpUOIMKHO jeTHa jeMHUIA KpBU HenesbHO (~ 1 U/HenessHo) (00JECHUIM 1OCTajy 3aBUCHU O

Tpancdysuje nerazmMarucanux epurponuta) [70-72].

Hlema 4. Anropuram 3a 1ujarHocTrKoBame cunapoma pure red-cell aplasia - PRCA

Tepamnuja epuUTPONIOSTHHOM

v v
> 300 IU/kg/uenessHo y Toky 4-6 Mecenu (S.C.) cMameme Hb 3a 1.0 g/di/menenno
> 450 1U/kg/uenessro y Toky 4-6 mecerm (i.v.) Tpancdysuja nemnasmarucannx Ep ~ 1 U/nenessno
HeMmoryhHocT ocTBapuBaba 1ubHOT Hb

v
0poj peTuKyJonuTa
I
v v v
nosehan CMamheH CMambeH
> 70 x 10%/1 10 - 40 x 10%/1 <10 x 10%1
ryOUTaK KpBH HopManas 6poj KOCTHA Cpk < 5%
eputpobiacta

l vH}peKnrja/mabIaManmja
racTPOEHTEPOIIONIKO 4 antn-EPO-ar
HCITUTHBAE HeasiekBaTHa HD
cexynaapuu HPTH

HD - xemoaujamsa, Hb - xemorio6un, PRCA - pure red-cell aplasia, HPTH - xunepnaparupeounuzam

Bpemencku nnTepBain n3mely novyerka npuMeHe epUTPONIOETHHA U TYOUTKa e(UKAaCHOCTH,
Kox OonecHuka ca jgokazaHoM PRCA wu3a3BaHOM €pUTPONOETHHOM, W3HOCH HajMame TpH
He/leJbe, a IMPOCEYHO JIeBeT Meceld. PeOBHM MOHUTOPHHI Opoja PETUKYJIOLMTAa U PaHO
oTkpuBame omrehema eputpormoe3de wm3a3zBaHe aHTH-EPO-antutenmma, omoryhasajy

MIPaBOBPEMEHO JTUjarHOCTHKOBamke 1 jJeueme PRCA [70-72].
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3. [IJb
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[{nspeBU JOKTOpPCKE THUCEpTaIje:

10

11.

12.

. YTBpAWTHU TMpPEBAJCHIy [IUJbHE KOHLEHTpAIMje XEeMOrJIoOnHa y KpBH OOJIECHHKA KOjH Ce

Jieue peIOBHOM XEMO/IHjAIN30M

. YIBpAUTU TpeBaJieHIly ,,allCOTYTHOT U ,,(pyHKIMOHAIHOT® HemocTaTaka TBoxkha Kox

00JIeCHUKA KOjH C€ JIeUe PEeIOBHOM XEMOIH]aTu30M

. Ucnuratu ytHiaj cratyca reoxkha y opranu3smMy Ha KOHIICHTpAIMjy XEMOTJIOOMHA Y KPBU

0oJIeCHUKA KOjH Ce JIeUe PEeIOBHOM XEMOIH]jaTu30M

. Uciuturatn ytuna] mukpowHdiIamalyje Ha craryc rBokha W IHJBHY KOHIGHTpAIU]y

XEeMOTJIO0MHA y KpBHU OOJIECHUKA KOjHU C€ JIeYe PEIOBHOM XEMOIUjAIN30M

. UctiutaTi yTumaj HYTPUTHBHOT CTaTyca M KOHIIGHTpauuje MoKpahHe KucennHe Ha

KOHILIEHTPAIINjy XeMOIJI00MHA Y KpBU OOJIECHUKA KOjH €€ JIeue PEJOBHOM XEMOIM]jaTH30M

. Uctiurati yTHIa] CEKyHJApHOT XHUIEepHapaTHpEouan3Ma Ha CTaTyCc T'BoXha W UUIBHY

KOHHCHTpaI_[I/ij XeMOTJIoOnHa Y KpBHU OosecHUKa KOjI/I CC JICUC PCAOBHOM XeMOI[I/IjaJ'II/I?»OM

. Ucnmratn ytunaj xunepdocdaremuje Ha Ha craTyc TrBoxha U KOHIIEHTpAIH]jy

XeMOTJIOOMHA Y KpBH OosecHHKa KOjI/I CC JICuC pCI1O0OBHOM XeMOI[PIjaJ'IH30M

. Ucniurtat  yTuiaj aaeKBaTHOCTH XEMOJMjaliM3e Ha craTyc TIBoXha M IUBHY

KOHILIEHTPAIINjy XeMOIJI00MHA Y KpBU OOJIECHUKA KOjH €€ JIeue PEJOBHOM XEMOAM]jaTH30M

. McniuraTn yTumaj BpCcTe XeMOJWjalin3e Ha IUJbHY KOHICHTPALHjy XEMOTJIOOMHA y KPBH

0OJIeCHUKA KOjH C€ JIeUe PEeIOBHOM XEMOIH]alTu30M

. YTBpAUTH (QakTope pu3HKa KOJU yTUUY Ha HUJbHY KOHLEHTpAlM]y XeMOrJ0o0MHa Y KpBU

00JIeCHUKA KOjU C€ Jieue peOBHOM XEMO/IM]aIN30M

Wcnuratn ytunaj HexocraTka BuTamMMHa D Ha KoHIEHTpauMjy XeMoOrJioOMHa y KpBH,
craryc rBoxha, MukpouHpiIamanujy, MaJHYTPULH]y W aJe€KBATHOCT XEMOJHjaln3e
00JIeCHUKA KOjU C€ Jieue peOBHOM XEMO/IN]jaTN30M

Hcnura yTunaj HeaocTatka BuTaMuHa D Ha 103y epuTpomnoeTHHa 3a Jiedemhe aHeMuje KOl
0oJIeCHUKA KOjU C€ JIeue PEIOBHUM XEMOHjaTn3ama
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4. BOJIECHULIN U METOIE
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VY pany je ucniurano 120 GosnecHuka koju ce jede y LlenTpy 3a Hedposnorujy u aujanusy,
Knunuke 3a yposnorujy, Hedponorujy u nujanmsy Knuaudkor nenrpa Kparyjesan y Kparyjesiy,
y 1OBa BpeMmeHcKka mnepuona. IlomroBana je XencwHIIKa [eKjiapanyja O MEIUIUHCKHM
UCTpaKUBamUMa, JoOujeHa je carimacHocT Etuukor oxgbopa Knunmukor nentpa Kparyjesarn u
OonecHuka. MiciutuBaHu OOJIECHUIIM CYy JICUCHH PEIOBHOM OMKAapOOHATHOM XEMOIHjaTH30M H
xemoaujadmnTpanujom 12 wacoBa HEAEJbHO, Jy)XKe OJ TPHU Mecella, Ha MalldHama ca
KOHTPOJIMCAaHOM yiTpaduiatpaijoM tuna Fresenius u Gambro. Ilpoceyna croma nmpoTtoka KpBU
u3Hocuiaa je 225.54 ml/min (Qb = 225.54 + 23.30 ml/min), a mpocedna cToma IpoToKa pacTBopa
3a xemomujanmzy - Qd = 500 ml/min. Kopumrhen je cranmapaHu yJITPauyuCT PacTBOp 3a
xemonaujanusy u nosiucyiadorcku high-flux u Jlow-flux* aujanuszatopu pasauauTux
noBpuMHa. 3a xeMonaujadunTpanujy KopuirheHH Cy [Iujadu3aTOpd Ca BHCOKO-TPOTOYHUM
CeMHUIIEpPMEaOMITHIM JIMjaTu3HIM MeMOpaHama, ca Koe(uIjeHToM yaTpaduiTpanyje Behum ox
20 ml/h/mmHg/m?% 3a auTukoarylanujy —BaHTeNeCHe LMPKyJlaupje Kopumhen  je
HedpaKIMOHUCAaHW XemapuH (IpocedHa MeceyHa no3a u3Hocuiaa je 4275.00 + 920.36 1U).
HcTtpaxkuBame HHje YKJbYUMIO OOJIECHHKE ca JIOKA3aHOM aKTHMBHOM HH(QEKUIHjoM (IpocedaH
Opoj neykouuTa u3HOCHO je 6.94 + 1.91 X 10% I) 1 MOKa3aHMM aKTUBHUM KPBapECHEM.

VY uusby mporeHe yTuiaja MUKporuH(IaMaIyje U CeKyHIapHOT XHUIEePIapaTupeonin3mMa -
SHPTH (enrn. Secondary Hyperparathyroidism - SHPTH) na neuewme anemuje koa OoJeCHUKA
Ha XEMOJIUjaJIN31 U XeMOIjadITPaLlMj! UCIIUTUBAHU CYy: KOHIIEHTpalllja XeMOTJI00MHA Y KpPBU
(Hb), xemarokpur (Hct), koHueHTpaimja reoxha (Fe”") u ¢eputnna (F) y cepymy, YKymHH
KamanureT BesuBama reoxha (TIBC), cnoboxnn kananureT BesuBama reoxha (UIBC), 3acuheme
tpancdepuna rBokhem (TSAT), konuenrtpamuja C-peaktuBHOr mporteuHa y cepymy (CRP),
KOHIIEHTpallja KaJlujyma (Ca2+), docdara (PO43'), Marses3ujyma (Mg2+), ankanue ¢ocdaraze
(ALP), Butamuna D u unTakTHOT mapatxopmona (IPTH) y cepymy u nmapameTpu aieKBaTHOCTH
xemonujammze (Kt/V wnnmexe, SpKt/V wunaekc, URR wuHmekc), mpoceuHa MeceuHa J03a
kpatkozaenyjyher (KDE-M) u nyromenyjyher eputponoeruna (DDE-M), unaexc pesucrtenuuje
kparkoaenyjyher (KDE/Hb) u ayromenyjyher epurpomoernna (DDE/Hb), mpoceuna meceuna
no3a reoxha (PMDG).
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4.1. Jlabopamopujcka ucnumueama

VY3o0pak KpBU 3a ojpehuBame 1a00OpaTOPHjCKUX aHATW3a y3MMaH je IMpe 3alovHumbamba
MojeIMHAaYHEe XEeMOJujaiu3e U xemMoawjabuiaTpaluje W Tpe JaBama XemapuHa. PyTuHcke
naboparopujcke aHanm3e cy onapehuBaHe cTaHAApAHUM JIA0OPATOPUJCKUM TECTOBHMA H
u3padyHaTe Cy Kao MpoceyHa BPETHOCT JBa Mepema y TOKY JIBa Yy3acTOIHA Mecela.
Konnentpanuja xemoriioonHa y KpBU ojpehuBaHa je KOJOPUMETPUJCKOM MeTonoM. l[usbHa
KOHIIeHTpanuja xemorobuna (Hb) y kpBu 60ecHHKa KOjH ce Jieue PEIOBHOM XEMOIUjaTH30M H
xemoxmjabunrpammjom m3nocu 100-120 g/l Konuenrpaumja rBoxha y cepymy (Fe?™)
onpehuBana je crekrpodoTomMeTpujckoM MeTojoM, Ha amapaty Beckman Coulter AU680.
Hopmaisa konuentparuja reoxha (Fe?™) y cepymy usnocu 6.6-26 umol/l. Ykynau kanauurer
tpanchepuna na Bexxe rBoxhe (TIBC) je ompehen cnexTpodoTOMETpHjCKOM METOIOM Ha
amapary Beckman Coulter AU680. Hopmamna Bpeanoct usnocu 48-56 umol/l. 3acuheme
tpancdepuna reoxhem (TSAT) uzpauynato je y3 momoh dopmyne: TSAT = (Fe2+/TIBC) x 100%.
Kon GonecHuka koju ce jede peAoBHOM xemojnujann3om, HopmanHo [SAT uznocu 20-40%.
Cnobonuu kanarmreT BesuBama reoxha (UIBC) je onpelen criekTpooTOMETpHjCKOM METOJIOM,
Ha amapaty Beckman Couter AU680. Hopmaina Bpenroct usnocu 28-54 ymol/l. Konuenrparuja
¢beputnHa y cepymy oapehuBana je TypOHIUMETPH]CKOM MeToI0M, Ha armapary Beckman Coulter
AUG680. Kox OosiecHHKa KOjU Ce Jiede PEIOBHOM XEMOJHjaIi30M, HOPMaJIHA KOHIICHTpAIH]ja
¢epuruna y cepymy usnocu 100-500 pg/ml.

Konnentpanuja C-peaktuBHor mnporenHa (CRP) 'y cepymy onpehuBana je
TypOMIUMETpHjCKOM MeTozoM, Ha amapaTy Olympus AU680, a m3padyHara je Kao mpocedHa
BPEIHOCT JIBa Mepema y TOKYy JABa y3actomHa Meceria. Hopmanna konmnentpanuja CRP-a y
cepymy usnocu < 5 mg/l. Mukpoundiaamaruja ce nedunuire kao kouieHrpanuja CRP-a y
cepymy Beha ox 5 mg/l.

3a u3pauyHaBame cTemneHa pasrpaime nporenHa (NPCR) kopumihena je dopmyna u3
National Cooperative Dialysis Study: nPCR = (PCR x 0.58)/Vd. PCR je uspauynar u3 popmyie:
PCR = 9.35G + 0.29V, rue cy: G - crenen crBapama ypee, Vd - BOTyMEH TEUHOCTH KOja ce
Hanas3u y opranmsmy (Vd = 0.58 x TM). Crenen crBapama ypee u3pauyHar je u3 popmyne - G =

[(C1-C2)/1d] x Vd, rme cy C1 - koHmeHTpanuja ypee y cepymy mpe xemoaujamuse (mmol/l), C2 -
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KOHIIEHTpanuja ypee y cepymy mocie xemoamjaiamse (mmol/l), Id - Bpeme wusmehy nase
xemoujanuse (h). Hopmanno NPCR u3nocu 1.1 £ 0.3 g/kg/nan.

KoHnentpanuja kaimujyma y cepymy (Ca2+) oapehuBaHna je (OTOMETPHJCKUM TECTOM.
Hopmanna kouuentpanuja Ca’* y cepymy msuocn 2.20-2.65 mmol/l. Konmenrpanuja pocdara
(PO,%) y cepymy onpehupana je poromerpujckum tecrom. Hopmansa konuentpamuja PO, y
cepymy usnocu 0.80-1.70 mmol/l. Kounuenrpamnuja sButamuna D y cepymy ompehuBana je
METOIOM €JIEKTPOXEMHIIYMUHHUCIIEHIIHjoM, Ha anapaty Cobas e 411. Hopmaina KoHIIEHTpaluja
ButamuHa D y cepymy wumsHocu 20-40 ng/ml. Kox OonecHuka koju ce Jjede peaOBHOM
XEMO/IMjaJIM30M HOpMajiHa KOHIeHTpaiuja ButamuHa D wmsnocu > 30 ng/ml (30-80 ng/ml).
Texak neduuut ce nedunUIIe Kao KOHIeHTpauuja Butamuna D < 10 ng/ml, nepuuut Buramuna
D mocroju ako je koHmentpaiuja ox 10-20 ng/ml, a uncydunmjennmja ce neduHMIIE Kao
KoHIleHTpanuja BuTamuaa D y cepymy oxm 20-30 ng/ml. Kouuentparmmja iPTH y cepymy
onpehusana je umyHnopaguomerpujckom metonom (IRMA), na rama 6pojaay WALLAC WIZARD
1470. Hopmainna konrenrpanuja iIPTH y cepymy usHocu 11.8-64.5 pg/ml. Kox GonecHuka Ha
XEMO/I1]jaJI3H TOpH-a HopMaiHa rpanuia usHocu 500 pg/ml.

AJNleKBaTHOCT XeMojWjanu3e MpolemuBana je Ha ocHoBy Single-pool Kt/Vsp unaekca
uspauyHaror nmpema Daugridas second-generation gpopmyu:

Kt/Vsp = -In(C,/C; - 0.008 x T) + (4 - 3.5 x C,/C;) x UF/W,
rae cy: C; - Bpemnoct ypee npe amjammze (mmol/l), C, - BpeaHocT ypee mocne aujanuse

(mmol/l), T - tpajame xemoaujanuse (h), UF - unrepaujanusuu npunoc (l), W - tenecna maca
nocine xemoujanuse (kg). [lpema K/DOQI cmepHuIlama XxeMo/iijain3a je aJeKBaTHa YKOJIHUKO je
Kt/Vsp > 1.2. Crenen cMamema ypee - URR uHIeke uspauyHart je y3 nomoh cienehe dopmyse:
URR = (1-R) x 100%, rae: R mpencraBiba 0JIHOC KOHIICHTpAIIMjE ypee Y CepyMy MOCIe U mpe
TpeTMaHa XeMOAHjajIi3e. XeMOAnjaau3a je aaekBaTHa ykonnko je URR ungekc = 65-70%.

VY 3aBUCHOCTH O] KOHLIEHTpauyje BuTamuHa D y cepymy, OosiecHUIIU Cy MOAEIHEHU Y TPU
rpyne. [IpBy rpyny uuHe OoyieCHHMIIM KOJA KOjUX je KOHIeHTpauuja BuTamuHa D y cepymy
[25(OH)D] < 10 ng/ml, npyry rpymy Gonecuuin ca kouieHtpanujom [25(OH)D] = 10 - 20
ng/ml, a tpehy rpymy Gonecuunu ca konuentpamujom [25(0OH)D] = > 20 ng/ml. Ha ochoBy
KOHIIEHTpAllMje WHTAKTHOT MapaTxopMoHa y cepymy (IPTH) OonecHurm cy mopesseHH y TpU
rpyne. [IpBy rpyny uune GonecHunu koj kojux je iPTH < 150 pg/ml, apyry rpymy GonecHunu

ca xoHuenrpauujom IPTH = 150- 500 pg/ml, a tpehy rpymy OonecHUIM ca KOHIEHTPALN]OM
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iIPTH > 500 pg/ml. Ha ocHoBy koHieHTpamuje pocdara y cepymy OOJCCHUIIU CY MOJCTHECHH Y
nBe Tpyme. [IpBy rpyny 4mHe GoNeCHHIH ca KOHLEeHTpaujoM pocdara y cepymy - POs> < 170
mmol/l, a apyry rpymy OosecHuI ca KOHIEHTpaiujoM ¢ocdara y cepymy - PO > 1.70

mmol/I.

4.2. Konop donnep ynmpacoHozpadghuja

[Mporok kpBu kpo3 Backymapuu mpuctyn - QAV oxppehusan je Color Doppler
yITpa3ByYHHUM IperiiesioM, Ha anapary Logic P5, kopumrhemwem conzge ox 7.5 MHz, pu uemy je
IPOTOK KpBH m3padyHat u3 dopmyre: Qavf = r’z/4 x Vmean x 60 (ml/min), r - monynpedsnk
BaCKyJIapHOT mpucTyna, a Vmean - cpeama Op3uHa MPOTOKA KPBU KPO3 BACKYJIAPHU MPUCTYII.
[IpoTok KpBH je uU3pauyHaT Kao Cpelma BPEIHOCT TpU Mepema, 2-4 CM Ha BEHU BACKyJapHOT
MIPHUCTYNa, MPOKCUMAIIHO O]l MecTa aHactomo3se. [IpoTok KpBU KpoO3 BacKyJapHH MPHUCTYI KOjU

00e36ehyje amexBatHy Xemoaujanuszy uzHocu 500-1000 ml/min.

4.3. Cmamucmuyka aHanu3a

3a cTaTHCTHYKY aHaIM3y A00MjeHuX mojataka kopuinheru cy Kolmogorov-Smirnov recr,
jenHodakTopcka mapamerapcka ananusa Bapujance - ANOVA u Kruskal-Wallis-os Tect, Student-
oB T Tecr, Xz - rect, Mann Whitney U tecr. IIpar 3HauajHoctr Ouna je BepoBarHoha ox 0.05 u

0.01.
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S. PE3YJITATU PAJA
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Y Knununu 3a yposorujy, Hedponorujy n mujanmsy Kll-a Kparyjesair cnpoBenena je

CTyIH]ja TpeceKa, Koja je YKJbyuusa OOJECHHUKE KOjU CE Jiede PEIOBHOM XEMOJMjaIU30M H

XeMoarjauITpallijoM y BPEMEHCKOM Mepoay AyxkeMm on Tpu wmecena. Hcnurtano je 120

Oonecnuka (75 mymikapana, 45 >xkeHa), nmpoceuHe crapoctd 63.15 £ 10.39 roamna, mpocedne

JTy’)KUHE Jieuerma Aujanu3oM 6.18 £ 5.95 roguHa v mpoceyHor MHJEKCa aIeKBaTHOCTH JIHjaln3e

Kt/Vsp 1.01 + 0.27. Oniury mogaiy o 0oJIeCHUIMMA MPUKa3aHu ¢y y Tadbenu 13.

Tabena 13. Onurru nogauy o 0OJIECHALIUMA

CraTucThuky napameTpu

OINLLITHU [OJALIN %D
Bpoj (N) 120
ITox (M/x, %) 70/45 (62.5/37.5%)
Crapocr (ron.) 63.15 + 10.43
JyxuHa JIeuemha XeMOIjaTu30M (TO/I.) 6.18 + 5.98
Wnzekc tenecte mace - ITM (kg/m?) 24.68 + 4.59
CuCTONTHH apTepHjCKH KpBHHU TpuTHcaK - STA (MMHQ) 121.83 £ 14.61
JlujacToiHu apTepHjcku KpBHU mpuThcak - DTA (mmHQ) 72.82 +10.33
Cpenamu apTepHjcKu KpBHU npuTHcak - SAP (mmHQ) 89.16 + 10.80
Cysa Tenecna maca 6osecuuka - W (kg) 71.46 + 15.55
VYanrpadunrparmja - UF (1) 2475.00 + 992.30
Pesunyanna muypesa - RD (ml/24h) 594.17 + 710.08
ITpoTok kpBHU Kpo3 Backynapuu npuctym - Qavf (ml/min) 841.33 +£433.48
Wunekc agekBaTHOCTH XeMoaujanuse - Kt/V 1.01+£0.27
Single-pool unnekc agekBatHoCTH Xemoaujanuse - SPK/V 1.01+0.25
Crenen ymamema ypee - URR (%) 61.91 + 8.80

Glomerulonephritis chronica

12 (10.00%)

Nephropathia hypertensiva

39 (32.50%)

Nephropathia diabetica

16 (13.33%)

3)
=
& £ | Nephropathia obstructiva 8 (6.67%)
i & | Nephropathia endemica 1 (0.83%)
S & | Nephropathia chronica 18 (15.00%)
2 Pyelonephritis chronica 3 (2.50%)
= Renes polycystici 21 (17.50%)
Nephritis tubulointerstitialis 2 (1.67%)
Komopbuaurern
XwunepreHsuja 69 (57.50%)
XumnoTeHsuja 3 (2.50%)
JlnjabeTec MemUTyC 18 (15.00%)
KapaunoBackynapHe 6osiecTu 30 (25.00%)
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3a nedewme aHEMHje MCIUTHBAHUX OOJIECHMKA KOPUCTHIU Cy c€ KpaTkonenyjyhu wu
nyroaenyjyhu epurponoerunu. I[IpoceyHa MeceuHa jgo3a KpaTkKojenyjyher epuTponoeTHHa
m3Hocuna je 18517.24 + 9361.04 1U, a nyromenyjyher epurponoermHa 121.07 = 75.98 ug,
Tabena 14. Ilopen mpenapara kpaTkoaenyjyher u myroaenyjyher epurpormoeTuHa, 3a JeUCHEe
aHeMHje KOJI WCIUTHBaHUX OOJIECHMKA TpUMEHHUBaHU cy 1.V. rBoxhe, QoiHa KucenuHa,
ButamuHu B xomiutekca (jeana ammyia Beviplex-a mocie cBake cecuje aujanuse) u Buramud C,

Tabemna 14.

Tabena 14. TlpoceuHe MecedHe 03¢ €PUTPONOSTHHA, HHTPABECHCKOT rBOXNa, (osIHE KHCeInHe,
I.v. puramuHa C 1 BuTamuna B kommiekca (1.V. mpuMeHa)

CraTucTHuKy nmapameTpu
[NOJALIN O JIEHE®Y AHEMUIJE
Xsr+SD
(FIIB())ceqHa MecedHa J103a KpaTkoeiyjyher eputpornoeTusa 18517 24 + 9442 79
ITpoceuna Meceuna go3a ayrojaeiyjyher epurponoeruna (1q) 121.07 £ 76.90
KDE/HDb unnexc - kparkonaenyjyhu emoerun (1U/Q) 191.39 + 110.43
DDE/Hb unnexc - nyrogenyjyhu enoetus (£9/g) 1.24 + 0.83
[Tpoceuna mMeceuna go3a i.v. reoxha - reoxhe caxaposa (mg) 155.83 + 181.52
[Tpoceuna meceuHa 103a per 0s doste kuceaue (MQ) 153.75 + 23.52
[Tpoceuna meceuna jo3a i.v. Buramuna C (mQ) 1987.50 + 136.93
ITpoceuan meceunu Opoj ammyina Beviplex-a 11.37 +1.47

KDE - kpatkozaenyjyhu epurponoerus , DDE - nyroaenyjyhu epurponoerun, Hb - xemornooun (g/l)
Beviplex amp: tiamin-hidrohlorid 40 mg, riboflavin-natrijum-fosfat 4 mg, piridoksin-hidrohlorid 8 mg, nikotinamid
100 mg, kalcijum-pantotenat 10 mg, cijanokobalamin 4 wg

CrannapiHa nabopaTopyjcka UCIIMTHBAKA YKIbYUMIIa Cy NTapaMeTpe 3a aHEMU]Y, MPOLEHY
cTaryca rBoxha, MUKpouHQIIamalyje, HyTpUTUBHOT CTaTyca, cTaTyca MeTaboInu3Ma MUHepasa u
KOIITAaHOT TKHBAa, Ka0 W TapaMeTpe 3a NpOICHY aJeKBaTHOCTH Xemomujamuse. IIpoceune
BPEIHOCTH MCIIMTHBAHUX Ja00paTOPHjCKHUX MapameTapa npukasane cy y Tabemnu 15.

[TpeBanenna anemuje (KOHIIGHTpAIMja XeMOIJIOOMHA y KpBU Mawma win jeanaka 100 g/l)
KOJT UICTIMTHBAHUX OOJIECHUKA KOJU CE€ JIeUue PEJIOBHOM XEMOJIH]AIM30M U XeMOI]jaduITPAIIH]OM
u3nocuaa je 50.00% (60 Gomecumka). IIpoceuna koHIeHTpanuja xemoriobwna y kpsu (Hb)
u3nocuina je 101.79 + 10.90 g/l, a xemarokpura (Hct) 30.71 + 3.19%, Tabena 15. 3a jecucwme

aHeMHje HMCIUTHBAHMX OOJIECHHKA KOPHCTHIIM Cy ce I.V. Kpartkoaenyjyhu u ayromenyjyhu
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CpUTPOINIOETHHH, 1.V. mpenapar reoxha, ¢onna kucenuna, Butamud B12 u Buramun C, Tabena
14.

[IpeBanenua arcomytHor nedunmra reoxha Ko MCIUTHBAHUX OOJECHUKA KOJU CE Jiede
PEIOBHOM XeMOJWjanu3oM W Xemoaujaduirpanujom u3Hocwna je 4.17% (5 OonecHmka), a
npeBasieHna (GyHKIMOHamHOr aeduuuta rBoxkha Takohe 4.17% (5 Oonecuuka). Hopmanan
ctaryc reoxha y opranuzmy uma 110 Gonecnuka (91.66%). Kong 20 OonecHuka ca HOpMaaHOM
KOHIIEHTpauujoM TBOkha y cepymMy ©u HopMamHUM 3acuhemeM TpaHchepuHa TBOXheM,
KOHIICHTpalja peputuHa y cepymy je omma > 1000 pg/ml. [Ipoceuna koHIeHTpaluja reoxkha y
cepymy (Fe?") msnocuna je 10.25 + 3.37 umol/l, ykymror kararurera Besuama reoxha (TIBC)
34.23 £ 6.33 gmol/l, cnobomHor kamarurera BesuBamwa reoxkha (UIBC) 23.95 + 6.53 umol/l u
dbeputuna (F) 790,79 + 353,10 ng/ml. TIpoceuno 3acuheme tpanchepuna rsoxhem (TSAT)
uzHocuwino je 30.78 = 10.94%. VcnutuBanu OONECHULIM CYy MpHUMalU MapeHTEPAIHO TBoxkle.
[Ipoceuna Meceuyna n03a MHTpaBeHCKOT rBoxkha n3Hocuia je 155.83 + 180.76 mg.

HyrputuBHu cratyc OoONeCHUKa TMPOLCHHUBAH je MepemeM YKYIHE KOHIICHTpAIHje
nporeuna (TP), andymuna (Alb) u mokpahue kucennue (UA) y cepyMy, Kao U M3padyHaBambeM
unaekca tenecHe mace (ITM) u crenena pasrpaame mporenHa (NPCR). IIpoceune BpenHocTH
WCIUTHUBAHUX TMapaMmerapa J1abopaTopHjCKOr MCIUTHBAaka MpukazaHe cy y Tadenu 3. Ilpocedan
unaekc tenecHe mace (ITM) ucnutuBanux OonecHuka u3HocHO je 24.68 + 4.57 kg/mz, JIOK je

npocevHa Op3uHa pasrpaame nporerna (NPCR) uznocuna 1.69 + 0.62 g/kg/nan, Tabena 15.
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Taébena 15. [TapameTpu 1a00paTOPHjCKOT HCTTUTHBAA

CTaTUCTHYKH TapaMeTpu
IMAPAMETPU UCITUTUBAILA
Xsr+SD

Bpoj epurpormra - Er (x 10™/1) 3.25+0.37
Xemornooun - Hb (g/l) 101.79 £ 10.94
Xemarokpur - Hct (%) 30.71+3.21
[Tpoceuna 3anpemuna eputporura - MCV (fl) 94.76 +£ 4.37
[Tpoceuna konuurHa XeMoriaoouna y eputporury - MCH (pg) 31.74 + 3.47
Cpenrmpa KOHIIEHTpaIija xeMmorsiobuna y epurporury-MCHC (g/l) 331.73£6.10
Bpoj neykorura - Le (x 10%/1) 6.94 +1.90
Bpoj Tpombormta - Tr (x 10%/1) 192.74 + 53.44
KoHIiieHTpalyja yKynHux mpotenHa y cepymy - TP (g/l) 61.47 +4.95
Konmnenrpaiuja andoymuna y cepymy - Alb (g/l) 36.45 + 3.51
CreneH pasrpaname nporerna - NPCR (g/kg/nan) 1.69 +0.62
Konnenrpanuja Mmokpahue kucenune y cepymy - UA (umol/l) 373.25+71.42
KonrenTpanuja reoxha y cepymy - Fe”* (umol/l) 10.25 + 3.38
VKyIHH KananuTeT Be3uBama reoxha - TIBC (umol/l) 34.23 + 6.36
Crnob6ouu Kananutet BesuBama reoxha - UIBC (umol/l) 23.95 + 6.56
Bacuhiewe Tpanchepuna reoxhem - TSAT (%) 30.78 + 10.98
Konmenrparuja pepuruna y cepymy - F (ng/ml) 790.79 + 354.58
Konnenrparuja C-peakTuBHOT npoTenHa y cepymy - CRP (mg/l) 11.02 + 19.63
KoHIeHTpamyja Kauujyma y cepymy - Ca** (mmol/l) 2.24+£0.18
KoHIeHTpamyja Maraesujyma y cepymy - Mg®™ (mmol/I) 1.18 +0.25
Kouuentpaumja pocara y cepymy - PO~ (mmol/l) 1.49 +£0.37
Iponssoz conyGumurera - Ca** x PO4> (mmol*/I%) 3.34 +0.87
Konmnenrpariuja ankanue gpocdarase y cepymy - ALP (mg/l) 106.51 + 141.39
Konrentpanuja sBuramuna D y cepymy - 25(OH)D (ng/ml) 15.91 + 9.68
Komnmenrpaiija naparxopmona y cepymy - iPTH (pg/ml) 278.70 + 381.03

TSAT = (Fe**/TIBC) x 100 (%)

VY 3aBUCHOCTM OJf KOHIIEHTpall{je XeMOIJIOOMHAa y KpBH, OOJECHHMIIM KOjU ce Jieue
PEIOBHOM XEMOJIMjaIN30M M XeMoAujadunaTpaujom cy nogesbeHu y ase rpyne, Tabena 4. [IpBy
IpyIy cy YUHUIU OOJIECHUIIM KOJI KOJUX je KOHIIEHTpallKja XeMoryioOnHa y KpBu Mama o1 100
g/l, a npyry rpymny cy ynHHIM OOJIECHUIM ca KOHIICHTPAIM]jOM XeMorioonHa y cepymy ox 100-

120 g/l, Tabena 16a/166.
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Tabena 16a. Ilpoceune BpeIHOCTH UCTUTUBAHUX MTapaMeTapa Koj 0oyiecHUKa ca U 0e3 aneMuje

Konnenrpanuja xemorioOuHa y KpBu
[TapameTpu HCITUTHBAA Hb < 100 g/l Hb > 100 g/l
Xsr +SD Xsr+SD

Hb (g/) 93.11+5.96 110.47 +7.26
Hct (%) 28.25 + 1.85 33.16 + 2.24
MCV (fl) 94.48 + 4.91 71.82+4.71
MCH (pg) 31.25+ 1.67 32.23+4.59
MCHC (g/1) 330.71 +6.20 332.76 + 5.87
Le (x 10°/1) 7.77 +551 6.75+1.73
Fe %" (umol/l) 9.38 + 3.43 11.12 +3.13
TIBC (umol/l) 32.78 + 6.29 35.68 + 6.14
UIBC (zmol/l) 23.33+6.28 24.57 + 6.28
TSAT (%) 29.68 + 12.16 31.89 + 9.63
F (ng/ml) 857.98 + 302.80 723.61 + 294.64
CRP (mg/l) 16.75 + 26.17 5.29 + 5.08
UA (zmol/l) 368.22 + 68.45 378.28 + 74.51
TP (g/1) 60.92 + 5.38 62.03 + 4.44
Alb (g/l) 35.53 + 3.89 37.38+2.82
nPCR (g/kg/naH) 1.71+0.62 1.67 +0.62
AST (1U/1) 16.03 + 4.99 16.84 + 6.18
ALT (1U/1) 13.83+5.41 16.67 + 8.25
GGT (1U/) 36.98 + 62.89 29.08 + 26.96
Ca*" (mmol/l) 2.19+0.18 2.28+0.17
PO, (mmol/l) 1.48 + 0.41 1.50 + 0.34
Ca** x PO,> (mmol?/I?) 3.25+0.93 3.42 +0.80
Mg=* (mmol/l) 1.13+0.24 1.24 £ 0.24
ALP (1U/) 130.68 + 193.36 82.34 + 41.81
Vitamin D (ng/ml) 15.01 +10.31 16.80 + 8.99
iPTH (pg/ml) 312.83 + 420.13 244 57 + 337.56
Kt/V ungekc 0.98 + 0.27 1.04+0.28
spKt/V nHzekc 0.99 + 0.28 1.03+0.22
URR (%) 60.71 + 9.77 63.10 + 7.61
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Tabena 166. IlpoceyHe BpeJHOCTH UCITUTHBAHKUX TTapaMeTapa Ko 00JIeCHUKA ca U 0e3 aHeMuje

Mapaverpu KonnenTpanuja xemorioOuHa y KpBu
HCITHBALA Hb <100 g/ Hb > 100 g/l
Xsr+ 8D Xsr+ 8D

KDE-M (1U) 20000.00 + 10099.51 16416.67 + 8171.62
DDE-M (1q) 152.86 + 78.67 90.95 £ 62.10
KDE/Hb (1U/g) 221.23 £123.70 154.78 + 76.03
DDE/Hb (10/9) 1.66 £0.89 0.83 £ 0.58
PMDG (mg) 228.13 £ 180.99 215.28 +179.61

Ckpahenunie 4a/46: Hb - xemormo6un, Hct - xematokput, MCV - mpoceuna 3ampemuna epurponuta, MCH -
IpoceyHa KOIH4IrHa XeMorioonHa y epurpouuty, MCHC - cpenma KOHIICHTpaIija XeMOTJIO0NHA y epUTPOIHTY, Le
- 6poj meykoumta, Fe?* - reoxdje, TIBC - ykymuu kamarurer BesuBama rBoxkha, UIBC - coGoxHm Kamarurer
BesmBama rBoxha, TSAT - 3acuheme Tpanchepuna rBoxhem, F - ¢pepurun, CRP - C-peaktuBHu nportens, UA -
Mokpalina kucenuna, TP - ykynau npotensn, Alb - anGymun, NPCR - 6p3una pasrpanse npotenna, AST - acmaprar
amunotpancdepasa, ALT - ananun amuHoTpancdepasa, GGT - ramarayramui tparcdepasa, Ca>* - kamuujym, PO~
- pocdar, Ca®* x PO,* - npoussox comyGumnrera, Mg®" - marnesujym, ALP - ankansa docdaraza, D - Buramus D,
iPTH - unrtaktHr mapatxopmoH, Kt/V - mHaekc amexBatHOcTH Xemomujanusze, SPKUV - HHAEKC aneKBaTHOCTH
xemoaujanuse, URR - nnznekc amexBarHocTn xemonujanuze, KDE-M - npoceuHa meceuHa J103a kpartkoneinyjyher
eputponoetuHa, DDE-M - mpoceuna wmeceuna mo3a ayroxenyjyher epurpomoeruna, KDE/Hb - wunpmexc
pesucteniyje Kparkoaenyjyher epurponoeruna, DDE/Hb - unnexc pesucrenumje myropenyjyher epurponoerusa,
PMDG - mpoceuna mMeceuna j103a i.V. rBoxha

Ha ocuoBy Kolmogorov-Smirnov-or tecra, Student-oB T TecT 3a JBa He3aBHUCHA y30pKa
KopuilheH je 3a HCIUTHBAmkEe 3HAYajHOCTH pasiuke u3Mely ucnuTuBaHUX Tpyna (aHemwuja,
oJIcycTBO aHemuje) 3a cienache mapamerpe: xemormobun (Hb), xematoxput (Hct), mpoceuna
3anpemuna eputpormra (MCV), cpenma koHleHTpanuja xemorioouna y epurporuty (MCHC),
KOHIIEHTpalja rBokha y cepymy (Fe™), YKyIHH KamanuterT BesuBamba rBoxkha (TIBC),
cnoboann kamanuter BesuBamwa reoxha (UIBC), 3acuheme Tpancdepuna reoxhem (TSAT),
koHIeHTpanuja Mokpahue kucenuue (UA), ykynaux npoteuna (TA) u andymuna (Alb) y cepymy,
Op3uHa pasrpaame npotenHa (NPCR), kKoHIeHTpalyja acaprat aMuHOTpaHcdepasze y cepymy
(AST), koHuenTpanuja amanuH amuHoTpaHcdepaze (ALT), xkoHIeHTpanmja Kainujyma (Ca’™),
docdara (PO43'), KOHIICHTpaIllja MarHe3ujyma (Mgz+) u ButamuHa D y cepymy, mapamerpu
anexkBatHoctu xemoaujanuse (Kt/V, spKt/V, URR), npoceuna Mecedna j03a Kpatkozenyjyher
epurponoetrHa (KDE-M), npoceuna meceuna nosa ayroxenyjyher eputponoeruna (DDE-M),
WHJIEKC pe3ucTeHnuje Kparkoxpenyjyher eputpomoernna (KDE/HD), unaekc pesucrenimje
nyrogenyjyher epurpomoetuna (DDE/Hb), TaGema 17. 3a yrBphuBame CTAaTHCTHYKE
3HAYajHOCTH pPa3iMKe n3Mel)y MCIUTHBAaHMX Tpyna 3a HPOCEYHY KOJMYMHY XEMOTJIOOMHA Y

epurporury (MCH), C-peaxtuBrum muporenmH (CRP), ramarmyramun tpancdepasy (GGT),
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ankanay ¢ocdarazy (ALP), uaraktau nmaparxopmos (iPTH) u npoceuny meceuny no3y reosxkha

(PMDG) kopumihen je Mann-Withney-U-tecr, Tabena 18.

Taobena 17. YTunaj aneMuje Ha rapaMeTpe UCIUTHBama KOJ OOJIECHUKA KOJH CE€ JIeUue PEJOBHOM
xeMoaujainu3oM u xemoaujaduiarpamujom (Student T tecT)

KoHneHnTpanuja xeMorioonHa y KpBu )
Igfp’?rﬁgl’fa Hb < 100 g/l Hb > 100 g/l 3:;;3{‘;"(‘;;
Xsr+SD Xsr+SD

Hb (g/l) 93.11+5.96 110.47 + 7.26 t=-14.313, p = 0.0001
Hct (%) 28.25+ 1.85 33.16 + 2.24 t=-13.108, p = 0.0001
MCV (fl) 94.48 + 4.91 71.82 +4.71 t=25.799, p = 0.0001
MCHC (g/l) 330.71 + 6.20 332.76 + 5.87 t=-1.861, p = 0.065
Fe ** (umol/l) 9.38 + 3.43 11.12+3.13 t=-2.905, p = 0.040
TIBC (zmol/l) 32.78 + 6.29 35.68 + 6.14 t=-2.556, p = 0.012
UIBC (umol/l) 23.33+6.28 24.57 +6.28 t=-1.030, p = 0.305
TSAT (%) 29.68 + 12.16 31.89 + 9.63 t=-1.100, p = 0.274
F (ng/ml) 857.98 + 302.80 723.61 + 294.64 t =2.700, p =0.047
UA (umol/l) 368.22 + 68.45 378.28 + 74.51 t=-0.771, p= 0.442
TP (g/l) 60.92 + 5.38 62.03 + 4.44 t=-1.230, p =0.221
Alb (g/l) 35.53 + 3.89 37.38+2.82 t=-2.983, p = 0.004
nPCR (g/kg/nan) 1.71+0.62 1.67 +0.62 t=0.302, p = 0.763
AST (1U/) 16.03 + 4.99 16.84 + 6.18 t=-0.789, p = 0.432
Ca’* (mmol/l) 2.19+0.18 2.28+0.17 t=-2.746, p = 0.007
PO,> (mmol/l) 1.48+0.41 1.50 +0.34 t=-0.287, p = 0.774
Ca®" x PO,> (mmol°/I%) 3.25 +0.93 3.42 +0.80 t=-1.090, p = 0.278
Mg** (mmol/l) 1.13+0.24 1.24+0.24 t=-2.077, p = 0.040
Vitamin D (ng/ml) 15.01 + 10.31 16.80 + 8.99 t=-1.013, p=0.313
Kt/V unnexc 0.98 £ 0.27 1.04 +0.28 t=-1.195, p=0.235
SpKt/V umzexc 0.99 + 0.28 1.03 +0.22 t=-0.877, p = 0.382
URR (%) 60.71 + 9.77 63.10 + 7.61 t=-1.497, p=0.137
KDE-M (I1U) 20000.00 + 10099.51 | 16416.67 + 8171.62 t=0.705, p =0.156
DDE-M (ug) 152.86 + 78.67 90.95 + 62.10 t=2.830, p = 0.007
KDE/Hb (1U/g) 221.23+123.70 154.78 + 76.03 t=2.335, p=0.023
DDE/Hb (ug/g) 1.66 + 0.89 0.83 + 0.58 t =3.558, p = 0.001

Cxkpahennue: Hb - xemorno6un, Hct - xematokpur, MCV - mpoceuna 3anpemuna eputpouuta, MCHC - cpenma
KOHIIEHTPAIIHja XeMOrI001Ha y eputpouuty, Le - 6poj meykouura, Fe’" - reoxhe, TIBC - ykymHu kamamurer
BesuBama reoxha, UIBC - cnoboanu xamanurer BesuBamwa reoxha, TSAT - 3acuheme Tpancdepuna reoxhem, F -
depurtun, UA - mokpalina kncennna, TP - ykymau npotennn, Alb - anbymun, NPCR - Gp3una pasrpaame npoTenHa,
Ca?* - kammmjym, PO, - docdar, Ca®* x PO,> - npomssox conyGmmmrera, Mg?* - marmesujym, KtV - ungexc
azexBaTHOCTH xemomujaimse, SPKU/V - wHmekc amexBatHocTH xemomujanuze, URR - WHIEKC aneKBaTHOCTH
xemoaujanuse, DDE-M - nmpoceuna meceuna go3a ayrojenyjyher epurponoeruna, KDE/Hb - unnexc pesucrenimje
kpatkozenyjyher epurpomnoernra, DDE/HD - nanexc pesuctennuje ayrogenyjyher epurpomnoeTnHa
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Tabena 18. Ytuiaj aneMuje Ha mapamMeTpe UCITUTUBAKA KO O0JIECHUKA KOJH CE JIeue PEIOBHOM

xemoaujanu3oM u xemoaujaduarpanujom (Mann-Whitney U tect): | - anemuja, Il - oxcyctBo
aHeMuje

[Tapamerpu CTaTHCTHYKH TapaMeTpH 3Ha4ajHOCT
MCIATHBARA [\ 1o 1 | Med-11 | Min- | Min-Il | Max-l | Max-ll | IQR-I | IQR-1 | PA3HKEP
Z=-1.499

MCH (pg) 31.18 31.83 | 27.60 | 28.80 36.20 65.10 1.89 2.33 0 =0.134

9 Z=-0.738

Le (x 10°/1) 6.80 6.75 3.00 3.10 46.80 10.30 2.40 2.50 0= 0.461
Z=-4.070

CRP (mg/l) | 7.70 | 370 | 040 | 030 | 17160 | 29.10 | 1450 | 4.60 5 = 0.0001
GGT (1U/l) 17.75 20.25 9.00 8.00 37150 | 161.00 | 12.80 20.30 Zp:_-(;.)726994
ALP (IU/) | 8325 | 70.25 | 35.00 | 28.00 |1404.00 | 259.00 | 7050 | 29.40 Zp:_'ol'li?

. Z=-0.714
IPTH (pg/ml) | 164.00 | 134.50 | 1.00 1.00 | 1866.00 | 1933.00 | 292.10 | 210.00 0 =0.475
Z=-0.654

PMDG (mg) 200.00 | 150.00 | 50.00 | 50.00 | 800.00 | 800.00 | 188.00 | 200.00 p=0513

MCH - npoceuna konuymHa Xemorjobuna y epurpouuty, CRP - C-peaktuBHu mnporewH, ALT - amanun
amuHoTpaHchepasza, GGT - ramarmyrammn tpaHcdepaza, ALP - ankamna docdarasa, iPTH - wunraktan
mapatxopmoH, KDE-M - mpoceuna meceuna no3a kpatkopenyjyher epurponoeruna, PMDG - mpocedna meceuna

no3a i.v. reoxhja, Med- menujana, Min - Murumym, Max - makcumym, IQR - HHTepKBapTaIHU paHT

bonecuuin ca anemujom (Hb < 100 g/l) xoju ce neye peIOBHOM XEMOAWJATH30M MU
XeMoArjauITpalkjoM UMajy BUCOKO CTaTUCTHUKHU 3HauajHO (P < 0.01) Mamy: KOHIEHTpauujy
xemorobuna y kpeu (HD), Bpeanoct xemarokputa (HCt), KoHIIEHTpalKjy alOyMuHa y cepymy
(Alb), koHuenTpamjy Kamumjyma y cepymy (Ca?") u Bucoko crarmermuxu smagajuo (p < 0.01)
Behy: mpoceuny meceuny no3y ayrozaenyjyher eputponoeruna (DDE-M), mnaekca pe3ucTeHimje
ayronenyjyher epurponoetnna (DDE/Hb), mpoceuny 3ampemuny eputpormmra (MCV) u
KoHIeHTpauujy C-peaktuBHor npotenHa y cepymy (CRP), y onmHocy Ha GosnecHuke ca MJbHOM
KOHIIEHTpanujoM xemornoduHa y cepymy (Hb = 100-120 g/l), Tabena 17 u TaGena 18.
BonecHunu ca aHeMujoM MMajy M CTaTUCTHYKM 3HadajHo (P < 0.05) mamy: KOHIEHTpalujy
rBoxkha y cepymy (Fez+), VKyImHU KamaruteT BesuBama rBokhe (TIBC), koHmeHTparmjy
maruesujyma y cepymy (Mg”") u craructiuku 3mauajuo (p < 0.05) Behy: KoHIeHTpaimjy

beputuna y cepymy (F) u uHaekc pesucreHnuje kpatkoaenyjyher eputponoerrna (KDE/HD), y
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OJIHOCY Ha OOJIECHUKE Ca IIMJbHOM KOHIICHTpanujoM xemoriaobuna y cepymy (Hb = 100-120 g/l),
Tabena 17. u TabGena 18.

3a mporneHy yTullaja MUKpouH(IaMalyje Ha Jiedemhe aHeMHje OOJIECHHKA KOjU ce Jieue
PEIOBHOM XEMOAMjaIM30M H XeMoAujaduiaTpanmujoM UCIHUTUBAHM Cy: KOHIIGHTpaluja
xemoriobuna y kpsu (Hb), xemarokpur (Hct), konuenrparuja reokha y cepymy (Fez+), YKYITHU
kananuteT BesuBama reoxkha (TIBC), cmoboauu kamanureT BesuBama reoxkha (UIBC), 3acuheme
tpancpepuna rBoxhem (TSAT), konnenrpauuja ¢epuruna y cepymy (F), xoHuentpamuja
ButamuHa D, wHTakTHOr maparxopmona (iPTH), mnapamerpu HYTpUTHBHOI —cTaTyca
[koHueHTpanuja ykynHux nporerna (TP), anOymuna (Alb) u mokpahHe kucenune y cepymy
(UA), 6p3una pasrpaame nporerna (NPCR)], mapamerpu agexkBatHOcTH Xemonujanuse (Kt/V
unaekc, SpKt/V ungexe, URR uHaekc), kao u mpoceyHa MeceuHa jo3a kpatkosaenyjyher (KDE-
M) u nyromenyjyher eputponoeruna (DDE-M), unpmexc pesucreHuuje kparkonenyjyher
(KDE/Hb) u ayromenyjyher epurponoeruna (DDE/HD) u nmpoceuna meceuna nosa i.v. reoxha
(PMDG). VY 3aBucHocTH 01 KOHIIeHTpanuje C-peakTHBHOT MPOTEHUHA Y CEPyMy OOJICCHHUIU CY
noJsieJbeHny aBe rpyne. [IpBy rpyny cy 4vHMIM OOJECHUIM ca KOHLEHTpalujoM C-peakTHBHOT
NPOTEHHA y CepyMY jeIHAKOM Win MamboM o1 5 mg/l, mok cy npyry rpymny 4nHUIM OOJECHHIM ca
KOHIeHTpanujoM C-peakTUBHOr MpoTerHa y cepymy Behom ox 5 mg/l. TIpoceune BpeqHOCTH
WCTIIUTHBAaHUX TapamMeTapa y 3aBUCHOCTH 01 KOHIEeHTpanuje C-peakTHBHOT MPOTEHHA Y CEpyMy

npukasase cy y tabenu 19a/196.
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Tabena 19a. llpoceyHe BpeAHOCTH HCIUTHUBAaHMUX Mapamerapa Kox OojecHMKa ca u 0e3

MUKpouH]IIamanmje
C-peakTUBHHU NPOTEUH
[TapameTpu ucnuTUBamba CRP <5 mg/l CRP > 5 mg/l
Xsr + SD Xsr + SD

Hb (g/l) 105.99 + 9.94 97.58 + 10.33
Hct (%) 31.77 +2.89 29.64 +3.17
MCV (fl) 95.40 + 4.08 94.11 + 459
MCH (pg) 31.84 + 1.54 31.64 + 4.68
MCHC (g/1) 333.73 +5.59 329.74 +5.97
Le (x 10°/1) 6.48 + 1.50 7.37+2.15
Fe % (umol/l) 11.27 + 3.50 9.24 +2.96
TIBC (umol/l) 34.77 +5.41 33.68 +7.19
UIBC (umol/l) 23.46 +6.13 24 44 + 6.98
TSAT (%) 33.28 + 11.46 28.28 + 9.96
F (ng/ml) 709.08 + 261.60 858.92 + 371.30
CRP (mg/l) 2.63+1.49 19.40 + 25.14
UA (zmol/Il) 381.36 +77.57 365.14 + 64.33
TP (g/l) 60.89 + 4.38 62.05 + 5.43
Alb (g/l) 37.01 + 3.04 35.89 + 3.87
nPCR (g/kg/nan) 1.71 +0.68 1.67 +0.55
AST (1U/l) 16.16 + 4.36 16.72 + 6.65
ALT (1UN) 14.97 + 6.02 15.53 + 8.06
GGT (1U/l) 26.40 + 26.10 39.65 + 62.80
Ca*" (mmol/l) 2.25+0.18 2.23+0.18
PO,> (mmol/l) 1.48 + 0.40 1.51+0.35
Ca®" x PO,> (mmol“/I%) 3.31+0.89 3.36 + 0.85
Mg“* (mmol/l) 1.14 + 0.25 1.23+0.24
ALP (1U/1) 75.63 + 36.66 137.40 + 192.46
Vitamin D (ng/ml) 16.90 + 9.20 14.74 + 10.04
iPTH (pg/ml) 211.72 + 260.74 345.68 + 464.45
Kt/V urmexc 1.03 +0.28 0.98 +0.27
spKt/V unaekc 1.02+0.24 1.00 £ 0.26
URR (%) 62.79 + 8.01 61.02 +9.51
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Tabena 196. Ilpoceune BpeAHOCTH WCIHUTUBAHUX IapaMeTapa KojJ OoJiecHHKa ca U 0e3
MUKpouH]IIamanmje

socran C-peakTUBHH MPOTEUH
MCITHBALLA CRP <5 mg/l CRP > 5 mg/l
Xsr = SD Xsr+SD

KDE-M (IU) 15.961.54 + 8238.84 20656.25 + 9979.36
DDE-M (1Q) 79.09 +51.33 169.00 + 51.33
KDE/Hb (1U/g) 157.79 + 79.65 222.94 + 12451
DDE/Hb (1g/g) 0.73+0.55 1.77 £0.83
PMDG (mg) 181.94 + 127.70 253.13 + 2016.13

Ckpahenune 7a/76: Hb - xemormo6un, Hct - xematoxput, MCV - mpoceuna 3ampemuna epurpouuta, MCH -
MpoceyYHa KOIMYKHA XeMorioouna y epurpouuty, MCHC - cpenta KOHIICHTpaIlja XeMOTJIO0OHHA y epUTPOIHTY, Le
- 6poj neykouura, Fe’* - reoxde, TIBC - ykynun kamanurer BesuBama roxha, UIBC - cIo6oaHM Kamamurer
BesuBama reoxkha, TSAT - 3acuhieme Tpancdepuna reoxhem, F - ¢pepurun, CRP - C-peaktuBuu mpoteun, UA -
Mokpahua kucenuna, TP - ykynuu npoteutu, Alb - andymun, NPCR - 6p3una pasrpaame nporenna, AST - aciaprar
amuHoTpanchepasa, ALT - amanun amuroTpanchepasa, GGT - ramarmyrammt Tpancdepasa, Ca®* - kamumjym, PO~
- pocar, Ca”* x PO,* - npomssox comybmmmrera, Mg®* - marnesujym, ALP - ankamma docdaraza, D - Buramus D,
iPTH - unraktau naparxopmoH, Kt/V - unnmekc anmexBaTHOoCTH Xemoaujanuze, SPKU/V - uHIEKC ajekBaTHOCTH
xemonnjanmmse, URR - mHnekc agekBatHOocTH Xemonujanmmse, KDE-M - mpoceuna meceuna mo3a kpatkonenryjyher
eputponoetuHa, DDE-M - mpoceuna wmeceuna mo3a ayroxenyjyher epurpomoeruna, KDE/Hb - wunmexc
pesucrenimje kparkoaenyjyher epurponoernsa, DDE/Hb - unneke pesucrenuunje ayrogenyjyher epurpomnoeTrua,
PMDG - mpoceuna MecevHa 703a i.V. rBoxba

Ha ocnoBy Kolmogorov-Smirnov-or tecra, Student-oB 7' TecT 3a JBa He3aBHCHA y30pKa
KopuuiheH je 3a UCIMTUBAKE 3HAYAjHOCTH pa3fiuke u3Mely MCIUTHUBAHMX Tpymna 3a cienehe
napamerpe: xemornoboun (Hb), xematokput (Hct), mpoceuny 3anpemuny epurpouuta (MCV),
cCpefmy KOHIEHTpanujy xemoryioouna y eputporury (MCHC), ©Opoj neykorura (Le),
KOHIIGHTpaIlMjy TBOXha y cepymy (Fe2+), YKYITHU KamaiuTeT BesuBama rBokha (TIBC),
cnoboann kamanuter BesuBama reoxha (UIBC), 3acuheme tpancdepuna reoxhem (TSAT),
KOHILIeHTpauujy ¢eputnna y cepymy (F), koHuneHnTpamnujy Mmokpahne kucenune y cepymy (UA),
KOHIIEHTPALMjy YKyNnHuX nporterHa y cepymy (TP), koHuentpaunujy andymuna y cepymy (Alb),
Op3uny pasrpaame nporerHa (NPCR), koHIeHTpaljy acmapTar aMuHOTpaHcdepase y cepymy
(AST), koHueHTpaurjy Kanujyma y cepymy (Ca’"), konuentparujy gocdara y cepymy (PO,Y),
KOHIIGHTPAlLlMjy MarHesujyma y cepymy (Mg?"), KOHIIeHTpauujy BuTamuHa D y cepymy,
napametpe aznekBatHoctn xemaujammze (Kt/V, spKt/V, URR), mpoceuny no3y myromemyjyher
eputponoetrna (DDE-M), unngekc pesucrenimje kparkoaenyjyher epurpornoernna (KDE/Hb),
HHJEKC pe3ucTeHiuje ayroaenyjyher epurpomoernna (DDE/Hb), Ta6ena 20. 3a yrephuBame

CTaTUCTHYKE 3HAYajHOCTH pa3iuke wu3Mel)y HCOUTHBAHMX TIpyna 3a: MPOCEUHY KOJIUYUHY
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xemoriobuna y epurporury (MCH), konnenrpanujy C-peaktuBHor mpotenna y cepymy (CRP),

KOHIICHTpallMjy aJlaHWH aMmuHOoTpaHchepaze y cepymy (ALT), xkoHIEHTpamujy ramariiyTaMuil

tpanchepaze y cepymy (GGT), konmentpaiujy ankaine ¢ocharaze y cepymy (ALP),

KOHIICHTPAlLlMjy HWHTAKTHOTI mapatxopMona y cepymy (IPTH), mnpoceuny wmeceuny mo3y

kparkoaenyjyher epurponoernna (KDE-M) u mpoceuny meceuny mo3y i.V. rBoxha (PMDG)

kopurnihen je Mann-Withney-U-tect, Tabena 21.

Taoena 20. Ytuuaj] MukpouHQiamanyje Ha JIeUCHE aHeMHje Ko OOJeCHHMKAa KOju ce Jieue
penoBHOM xemoujanu3om (Student T tect)

C-peakTHBHH NPOTEUH

Igiiiﬁga CRP <5 mg/l CRP > 5 mg/I 3::;;‘;0(‘5
Xsr+ SD Xsr+ SD
Hb (g/1) 105.99 + 9.94 97.58 + 10.33 t = -4.543, p = 0.0001
Hct (%) 31.77 + 2.89 29.64 + 3.17 t=-3.841, p = 0.0001
MCV (fl) 95.40 + 4.08 94.11 + 4.59 t=1.625, p = 0.107
MCHC (g/l) 333.73 + 5.59 329.74 +5.97 t=-3.733, p = 0.0001
Le (x 10°/1) 6.48 + 1.50 737+2.15 t=2.625, p=0.010
Fe 2 (umol/l) 11.27 + 3.50 9.24 +2.96 t=-3.437, p=0.001
TIBC (zmol/l) 34.77 +5.41 33.68 + 7.19 t=-0.933, p = 0.353
UIBC (zmol/l) 23.46 + 6.13 24.44 + 6.98 t=0.820, p = 0.414
TSAT (%) 33.28 + 11.46 28.28 +9.96 t=-2.555, p=0.012
F (ng/ml) 709.08 + 261.60 858.92 + 371.30 t=2.707, p =0.048
UA (zmol/l) 381.36 + 77.57 365.14 + 64.33 t=-1.246, p = 0.215
TP (g/l) 60.89 + 4.38 62.05 + 5.43 t = 1.286, p =0.201
Alb (g/1) 37.01 + 3.04 35.89 + 3.87 t=-1.759, p = 0.081
nPCR (g/kg/namn) 1.71 +0.68 1.67 + 0.55 t=-0.369, p = 0.713
AST (1U71) 16.16 + 4.36 16.72 + 6.65 t=0.544, p = 0.588
ca’* (mmol/l) 2.25+0.18 2.23+0.18 t=-0.482, p = 0.630
PO,% (mmol/l) 1.48 +0.40 1,51 +0.35 t=0.407, p = 0.685
Ca”" x PO, (mmol“/I*) 3.31+0.89 3.36 + 0.85 t=0.362, p = 0.718
Mg”" (mmol/1) 1.14 + 0.25 1.23+0.24 t=-2.077, p = 0.040
Vitamin D (ng/ml) 16.90 + 9.20 14.74 + 10.04 t=-1.229, p = 0.222
Kt/V unnexce 1.03 £0.28 0.98 +0.27 t=-0.996, p=0.321
spKt/V uHzexc 1.02 + 0.24 1.00 + 0.26 t=-0.402, p = 0.688
URR (%) 62.79 + 8.01 61.02 + 9.51 t=-1.105, p = 0.272
DDE-M (1Q) 79.09 £ 51.33 169.00 +51.33 t =4.653, p =0.0001
KDE/Hb (1U/g) 157.79 + 79.65 222.94 + 124,51 t=2.310, p = 0.025
DDE/Hb (1g/g) 0.73+0.55 1.77 +0.83 t=4.927, p = 0.0001
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Cxkpahennre: Hb - xemormo6un, Hct - xemarokpur, MCV - mpoceuna 3anpemuna eputpormra, MCHC - cpenma
KOHIIGHTpALIMja XeMOrIobnHa y eputpouuty, Le - 6poj meyromura, Fe® - roxhe, TIBC - ykymHu Kamamurer
BesuBama rBoxha, UIBC - cmobomnn kamamureT BesuBama rBoxkha, TSAT - 3acuheme Tpanchepuna rsoxhem, F -
deputun, UA - mokpalina kucenuna, TP - ykymau npotennn, Alb - anbymun, NPCR - 6p3una pasrpajimbe IpoTenHa,
Ca”" - xamumjym, PO, - docdar, Ca’* x PO,> - mpomssox conyGumurera, Mg?* - maruesujym, KtV - nmmexc
amexkBaTHOCTH xemomujaimmse, SPKU/V - wupmexc amexBatHocTH xemomujanuze, URR - WHIEKC ageKBaTHOCTH
xemonujanmuze, DDE-M - mpoceduna MeceunHa jo3a nayrogeiyjyher epurpomoetnsHa, KDE/Hb - wunzexc
kpatkozenyjyher epurponoerura, DDE/HD - unaekc nyrogenyjyher epurpornoeritna

Taoena 21. Ytuuaj] MukpouHQuiamanuje Ha JIeUeHe aHeMHje KoJ OOJIECHHKA KOJU c€ Jieue
penoBHoM xemonujanmzom (Mann-Whitney U tect): | oxcyctBo MmMukpomndaamanmje, |l -
MUKpOUH(IIamarmja

HapaMeTpH CTaTHCTHYKHA nmapamMeTpu 3Haqaj HOCT
MCTATHBALA |\ | T Med-1l | Min-I | Min-Il | Max-l | Max-ll | IQR-I | 1QRoii | PA3HKEP
MCH (pg) 30.90 31.98 | 27.60 | 27.90 65.10 35.15 211 1.89 Z=-2.648

p = 0.008

Z=-9.448

RP (mg/I 12.10 2.73 5.10 0.30 171.60 5.00 12.50 2.50

SR (et p = 0.0001
ALT (IU/l) | 1325 | 1325 | 650 | 600 | 5300 | 3400 | 60 | 7s0 | 2= 0:07%

p =0.943

Z=-1.869

GGT (1U/l) 21.25 17.25 9.00 8.00 372.00 | 161.00 | 20.00 12.00 0= 0.062
Z=-3.582

ALP (1U/l) 87.25 68.50 | 45.00 | 28.00 | 1404.00 | 255.00 | 70.00 29.00

p = 0.0001

. Z=-1579

iPTH (pg/ml) | 153.00 | 148.00 | 1.00 1.00 | 1933.00 | 1504.00 | 301.00 | 200.00 0=0.117
Z=-1579

KDE-M (IU) | 22000 | 16000 | 4000 | 4000 48000 | 32000 9750 16250 0=0114
Z=-1.405

PMDG (mg) | 200.00 | 150.00 | 50.00 | 50.00 | 800.00 | 600.00 | 300.00 | 175.00 0 =0.160
MCH - mpoceuna xommumHa xemornobwHa y epurpouuty, CRP - C-peaktuBHu mpotemH, ALT - amaHuH
amuHoTpaHcepasza, GGT - ramarmyrammn tpaHcdepaza, ALP - ankamna docdarasa, iPTH - wunrakTHn

naparxopmoH, KDE-M - npoceuna meceuyna no3a kparkonenyjyher epurponoernna, PMDG - mnpoceuna meceuna
no3a i.v. reoxxha, Med - menujana, Min - muarmym, Max - makcumyM, IQR - HHTEpKBapTAIHY paHT

BonecHunn koju ce Jiede pEAOBHOM XEMOIWjaIM30M MU XeMmoaujaduiaTpanujom ca
mukpouHgamanujom (CRP > 5 mg/l) umajy Bucoko craructuuku 3uauajHo (p < 0.01) mamy:
KOHIIEHTpalujy xemoriaoouna y kpsu (HD), Bpennoct xematokpura (Hct), mpoceuny KomuuuHy
xemorioonna y eputporuty (MCH), cpenmby KOHIEHTpAIHjy XEMOIJIOOWMHA y EPUTPOIUTY
(MCHC), xonuentpauujy reoxkha y cepymy (Fe**) 1 BHCOKO CTATHCTHUKH 3HavajHo (P < 0.01)

Behy: konmentpanujy C-paktuBHor mporenHa y cepymy (CRP), koHIeHTpamujy aixkaiHe
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dbocdarasze y cepymy (ALP), npoceuny meceuny mo3y ayroaenyjyher epurponoeruna (DDE-M),
uHAeKca pesucreHnuje ayroxaenyjyher epurpomoeruna (DDE/HD), mpoceuny 3ampemuny
epurpouuta (MCV) u kounentpanujy C-peaktuBHor nporenHa y cepymy (CRP), y ogHocy Ha
OoJlecCHUKE ca IMJBHOM KOHIEHTparujoM C-peakTHBHOT NMPOTEHHA jeTHAKOM WM MAamOM Of 5
mg/l (CRP < 5 mg/l), Tabena 20 u Tabena 21. bonecHui ca MUKpOUH(IAMAIjOM UMajy H
cratucTuuku 3Hadajuo (P < 0.05) mame: 3acuheme tpanchepuna rBoxhem (TSAT) wu
cratucTuiku 3HaudajHo (P < 0.05) Behy: xonmnentpamnujy deputuna y cepymy (F) m mHmekc
pesucrenije kpatkoaenyjyher epurponoeruHa (KDE/HbD), y ombHocy Ha OosecHuke 0e3
mukpouHgamanuje (CRP <5 mg/l), Tabena 20 u Tabena 21.

3a mporeHy yrtuiaja cekynaapHor xumneprnapatupeonansma (SHPTH) ma xonnentparujy
XeMOIJIOOMHA Yy KpBU OOJIECHMKA MCIUTHUBAHU CY: KOHIEHTpalUja Kallujyma (Ca2+), docdara
(PO43'), ankanHe ¢ocdaraze, Buramuaa D u umHTakTHOr maparxopmona (iIPTH) y cepymy.
[Ipoceune BpeAHOCTHM MCIUTUBAHUX Iapamerapa IpukasaHe cy y Ttabemu 22. Ilpoceuna
KOHIIeHTpanuja BuTaMuHa D wm3nocmia je 15.91 = 9.64 ng/ml, a uHTaKTHOr MapaTXOpMOHA
(iPTH) 278.70 + 379.44 pg/ml. IIpeBancuna HemocraTka Buramuda D (Butamuu D < 20 ng/ml)
KOJT UICTIMTHBAHUX OOJIECHUKA KOJU CE€ JIeUe PEJIOBHOM XEMOIM]AIM30M U XeMOIUjaduITPaIIH]OM
n3Hocuia je 75.83% (91 GonecHuk), a mpeBaJieHIIa TeIKOT HejpocTaTka Butamuua D (Buramun D
< 10 ng/ml) 24.17% (29 Gonecuuka). Konnenrpanuja suramuaa D y cepymy oxn 10-20 ng/ml
npucyTHa je kox 62 6osecuuka (51.67%), om 20-30 ng/ml kox 19 Gonecuuka (15.83%), a
HOpManHy KOHIeHTpauujy ButamuHa D (Buramma D = 30-80 ng/ml) uma 10 (8.33%)
HCIIUTUBAHUX OOJIECHHKA KOJU CE€ Jieue PEJOBHOM XeMoaujanu3oM. [IpeBaneHria ceKyHmaapHOT
xunepnaparupeonguma (iIPTH > 500 pg/ml) xon wucnuthBaHuMX OOJICCHUKA KOjH C€ Jieue
xemoaujanu3oM usHocu 14.17% (17 Oonecuuka). Hajehu Opoj ucnuTuBaHuMX Oo0JieCHHKA
(58/48.33%) uma KOHIIEHTpAIIMjy UHTAKTHOT HaparxopMmoHa y cepymy IPTH < 150 pg/ml, a 45
6onecuuka (37.50%) MMa KOHILIEHTpAIMjy MHTAKTHOT THapaTXxopMoHa y cepymy on 150-500
pg/ml. T'otoBo cBu OGomecuuum (110/91.60%) cy nedenu BezuBaueMm ¢ocharta Koju caapKu
KaJIK]yM, aKTUBHUM MeTabonuTuMa ButamuHa D nedeno je 54 Gonecnuka (45.00%), a camo
jenan OonecHuk je jedeH ButaMuHOM D (0.83%). IlapenTtepamnu oONMMK MapUKaIIIUTONA
npumao je 14 6onecuuka (11.67%), a mpoceuna Meceuna j103a n3nocunia je 30.00 £ 15.20 xqg.

Y uuipy mpoleHe yTHIaja Temkor aeguuura BUTaMMHa D Ha KOHIEHTpauujy

xemornobuna (Hb), C-peaktuBHor mnporenna (CRP), mapamerpe HYTPUTHBHOT CTaryca,
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aJICKBaTHOCTU XEMOJIMjaIu3e, 103y €PUTPOINOCTHHA M TBOkha OOJIECHHUIIM Cy TIOJCJbEHU Y TPHU
rpyme. [IpBy rpyny cy unHWIM OOJISCHHUIIM ca KOHIICHTpalnujoM BuTtamuaa D y cepymy mMamom
oxn 10 ng/ml, npyry rpymny ca koHieHTpauujom Butamuaa D y cepymy ox 10-20 ng/ml, a tpehy
rpyiny OOJIECHHIIM ca KOHIeHTpaijoM ButamuHa D y cepymy Behom ox 20 ng/ml. Ha ocHoBy
Kolmogorov-Smirnov-or tecra, jennodakropcka mapamerapcka ananmsza Bapujance - ANOVA,
KopuliheHa je 3a MCIUTHBAkE 3HAYAJHOCTHU pasiuke u3Mel)y MCIUTHBAHUX Trpyma 3a cieache
napametpe: xemornooun (Hb), xemarokput (Hct), ykynmae mporeune (TP), anoymun (Alb),
Op3uny pasrpagme nporenHa (NPCR), mokpahny kucemuny (UA), rBoxkhe (Fez+), YKYITHU
kananuteT BesuBama reoxkha (TIBC), cmoboauu kamanureT BesuBama reoxha (UIBC), 3acuheme
tpancdepuna reoxhem (TSAT), ¢epurun (F), xanuujym (Ca2+), MarHes3ujym (Mg2+), docdar
(PO,%), npomssox comybumurera (Ca’* x PO,), uHmekc pesucreHumje Kparkoxenyjyher
eputponioetrra (KDE/HD), unnexc pesuctenuuje ayroaenyjyher eputponoeruna (DDE/HD),
MPOCEYHY MECeUHY A03y KpaTkozaenyjyher eputponoeruna (KDE-M), npoceuny meceuny no3y
nyronenyjyher eputponoeruna (DDE-M), kao u 3a mapameTrpe aaeKBaTHOCTH XEMOJAM]jallnu3e:
Kt/V, spKt/V - u URR wuuaekc. 3a yrBphuBame CTaTUCTHYKE 3HAYAJHOCTH pa3jivke u3mehy
ucnutuBanux rpymna 3a C-peakruBHu npotenH (CRP), ankamny ¢ocdatasy (ALP), maTakTHH
naparxopmoH (iPTH) u mpoceuny meceuny no3y i.v. rBoxha (PMDG) kopumihen je Kruskal-
Wallis-oB Tect, Tabena 22 u Tabena 23. Bucoko cratuctuyku 3HadajHa (P < 0.01) pasnumka
u3Mel)y ucnuTHBaHUX Tpyna yTBpheHa je 3a: xemornobun (F = 7.431, p = 0.001), ykynHe
npotenne (F = 6.273, p = 0.003), anoymun (F = 18.493, p = 0.0001), TIBC (F = 5.389, p =
0.006), Kt/V ungexc (F = 4.848, p = 0.009), 1ok je craTHCTHUKK 3HadyajHa pasiauka (P < 0.05)
yrBphena 3a: xematokput (F = 4.728, p = 0.011) u URR unnekc (F = 4.770, p = 0.010), Tabena
22 u Tabena 23.

bonecnuim ca koHueHrpamujom Buramuaa D y cepymy mamom ox 10 ng/ml mmajy Bucoko
cTTaucTuyku 3HauajHo (P < 0.01) HUXKY KOHIIEHTpalHjy XeMOrJoOMHA y KPBU M CTaTUCTUYKU
3Ha4ajHO HIKU XeMaTokpuT (P < 0.05) y onmHOCy Ha O0JeCHUKE ca KOHIIEHTpaIlljoM BUTaMuHa D
y cepymy oxn 10-20 ng/ml u xonuentpaumjom Behom ox 20 ng/ml, Tabena 22. U3melhy rpyme
OoylecHUKa ca KOHILeHTpanjoM ButamMuHa D y cepymy ox 10-20 ng/ml u Behom ox 20 ng/ml ne
MIOCTOJU CTATUCTUYKHU 3Ha4ajHa paziuka (P > 0.05) y KOHIEHTpaluju XeMOrJo0HHa Y KpBU H

xematokpuTta (p > 0.05), Tabema 22. M3mehy ucnutuBanux rpymna 00JeCHUKA HEMa CTaTUCTUYKH
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3HaYajHE pa3juKe y MPOCEYHOj MeceuHo] ao3u Kparkonenyjyher (KDE-M) u myromenyjyher

eputponoetuHa (DDE-M), Ta6ena 23.

Bonecunnu ca Temkum aeduinurom Butamuaa D y cepymy (< 10 ng/ml) umajy BHCOKO

crauctiuku 3Ha4yajHo (p < 0.01) Behy xoHumenTpanujy C-peakTHBHOT MpPOTEHHA y CEPyMy, Y

OJTHOCY Ha rpymny OOJIeCHHKa ca KOHIleHTpaljoM BuTamuHa D y cepymy ox 10-20 ng/ml u

koHIeHrpanujom Behom ox 20 ng/ml, Tabaa 10. M3melyy rpyme OosiecHHKA ca KOHIICHTPAIIA]OM
ButamuHa D y cepymy ox 10-20 ng/ml u Behom ox 20 ng/ml He mocToju cTaTUCTUYKK 3HAYajHA

pasnuka y KoHueHrtpaiuju C-peakTUBHOT npoTerHa y cepymy (p > 0.05), Tabena 22.

Tabena 22. Yruuaj nepunura suramuna D [25(OH)D] na kouieHTparujy xemoriobuHa, C-
PEaKTUBHOT MPOTEHHA, TApaMeTPe HYTPUTUBHOT CTaTyca U MEeTa0OIN3Ma MUHEPaJia U KOIITAHOT

TKHBa
Konmenrparuja Buramuna D y cepymy (ng/ml) 3HauajHOCT
ITapameTpu — e
TS 25(0OH)D < 10 | 25(0OH)D=10-20 | 25(0OH)D > 20 p o)
Xsr + SD Xsr + SD Xsr + SD P
Hb (g/1)* 95.31 % 9.42 103.77 £ 11.08 104.02 £9.75 '; : g-ggi
Hct (%)° 20.16 + 2.88 31.20+3.28 31,19+ 2.94 '; : g'gﬁ
c H=7.266
CRP (mg/l) 18.42 +32.22 8.24 +9.96 9.55 +17.53 D= 0026
TP (g/1)" 58.76 + 6.18 62.28 + 4.18 62.45 + 4.18 '; : g-ggg
¢ F =18.493
Alb (g/) 33.47+4.18 37.16 + 2.41 37.91+3.11 o = 0.0001
nPCR (g/kg/nan) 152+ 051 1.70 + 0.64 185+ 0.66 '; Tt
F=3.076
AU (umol/l) 345.21 + 64.73 383.33 £ 69.92 379.74 + 75.88 0 = 0.050
e F=2686
Fe=™ (umol/l) 9.00 +2.72 10.64 + 3.44 10.68 + 3.66 0= 0072
TIBC (umol/l)f 30.98 + 7.40 3512+ 5.96 35.55 + 5.02 F=5389
Al - o DAtk p=0.006
F=1584
UIBC (zmol/l) 22.09 £ 7.55 24.44 £ 6.29 24.78 £ 5.82 = 0200
TSAT (%) 30.64 + 11.41 30.83 + 10.55 30.84 + 11.82 '; oo
F (ng/ml) 775.40 £ 40524 | 789.82+380.04 | 808.26+234.34 E BRY
2+ F=2.107
Ca“" (mmol/l) 2.18+0.21 2.27+0.15 2.24+0.21 0=0.126
Mg?* (mmol/l) 1.14+0.28 1.19 +0.24 123+0.22 E e
PO,% (mmol/l) 1.43 £ 0.40 150 £ 0.37 153+0.35 E T
Ca’*xPO,> (mmol?/I?) |  3.11+0.89 3.40 +0.84 3.44.0.89 E o
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ALP (1U/) 13353+ 25115 |  98.42+82.32 96.79 + 78.28 ';jgggf
iPTH (pg/ml) 278.10+466.71 | 290.51+362.75 | 254.06 +334.04 ';::353(?12

Cxkpahennre: Hb - xemormo6un, Hct - xemarokput, CRP - C-peaktuBuu npotent, TP - ykymau nporennu, Alb -
anOymun, NPCR - Gpsmma pasrpamme nporenna, AU - mokpahma kucenumna, Fe?* - rsoxde, TIBC - ykymnnm
KamarureT BesmBama TBoxkla, UIBC - crnobomnn xamanmrer BesmBama rBoxkha, TSAT - 3acmheme TpaHcdepuHa
reoxhem, F - ¢epurnn, Ca”* - kammjym, Mg?* - marmesnjym, PO,” - docdar, Ca®* x PO,> - mpomssox
conybusnutera, ALP - ankanna docdarasa, iPTH - uHTaKTHH MapaTxopMoH

CTaTHCTHYKA aHAIH3a: * - Piu= 0.001, PiLm= 0.001, P = 1.000; b Pin= 0.013, Prin= 0.043, Puan= 1.000; c. Pin=
0.026, py, > 0.05, py,m > 0.05; : ‘- pii = 0.004, pyy = 0.011, py, = 1.000, © - pyy = 0.0001, py = 0.0001, py =
1.000; " - Pin= 0.010, PLin= 0.016, Pum= 1.000

bonecuunu ca temkum nedunutom ButamuHa D y cepymy (< 10 ng/ml) umajy BucOko
cratucTHuku 3Ha4ajHo (P < 0.01) mMamy KOHIEHTpalHWjy YKYMHHX MPOTEHHAa M aJOyMHHA Y
cepyMy, M YKyIHHM KalallUTeT Be3uBama rBoxkha y olHOCY Ha OOJIECHHKE ca KOHLIEHTpPAIWjoM
ButamuHa D y cepymy ox 10-20 ng/ml u kounentparujom sehom o 20 ng/ml. Msmely npyre u
Tpehe rpyre OojecCHUKA HE MOCTOjH CTATUCTHYKY 3HAYajHA Pas3iiMKa y KOHICHTPALUjU YKYITHUX
poTerHa 1 ajJOyMUuHa y CepyMy, U YKYITHOT KalaluTeTa Be3uBama reoxla, Tabema 22.

bonechunm ca Ttemkum gepunmrom ButammHa Dy cepymy (<10 ng/ml) umajy
CTaTUCTHYKHU 3HauajHO Mamu (p < 0.05) uHAeKC amexkBaTHOCTH Xemoaujanuse - Kt/V unaekc u
URR unzekc y onHocy Ha 00JIecHHKeE ca KOHIIeHTpanujoM BuTamuna D y cepymy oz 10-20 ng/ml
U KoHIeHTpajom Behom on 20 ng/ml, Tabena 23. U3smely npyre u Tpehe rpyme OonecHuka He
IIOCTOJU CTATUCTHMYKM 3HayajHa pasiuka (P > 0.05) y mnapamerpuma aJeKBaTHOCTH

xemoaujanuze, Tabena 23.
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Tabena 23. Yrtuuaj nedpunura sutamuna D [25(OH)D] na mapamerpe ajeKBaTHOCTH
XEMO/JIMjajii3e, 103y CPUTPOIIOCTHHA 1 I'BOXha

Konnenrpanuja Buramuna D y cepymy (ng/ml) 3nauajHoct
[Tapamerpu - N
TG 25(OH)D < 10 25(0OH)D=10-20 25(0OH)D > 20 p
Xsr + SD Xsr + SD Xsr + SD (p)
Kt/V unnexc? 0.91+0.21 1.08 +£0.31 0.96 +0.21 F=4848
R R o p = 0.009
F=1.173
SpKt/V unaekc 0.96 £ 0.26 1.04 £0.26 0.99+0.22 p=0.313
URR unzexc (%)" 58.37 + 8.30 64.09 + 8.94 60.78 + 7.83 '; N 3'(7);8
F =0.538
KDE/Hb unaexc 21556 +£ 131.27 202.00 £ 113.29 178.07 £ 65.28 p = 0.587
F=0.224
DDE/Hb uriexc 1.34+0.54 1.31+1.04 1.13+0.72 0= 0801
Meceuna no3za-KDE 19631.58+10462.69 | 18333.33+9619.69 | 17636.36+6622.28 l; z 8;38’;-
F =0.095
Meceuna no3za-DDE 129.44 +52.35 125.24 + 92.09 115.77 £ 65.66 0 =0.910
H=1.402
PMDG (mg) 184.48 + 223.25 129.84 + 142.99 182.76 £ 206.27 0 = 0.496

Ckpahennnie: KDE - mpoceuna meceuna no3a kpatkonenyjyher epurponoernaa, DDE - mpocedna meceuHa mo3a
ayronenyjyher eputponoernna, KDE /Hb - unnexc pesucrenumje kparkonenyjyher epurponoernna, DDE /Hb -
HHJIEKC pe3ucteHnuje ayroxaenyjyher epurpomoeruna, PMDG - mpoceuna meceuna po3a i.V. reoxha, Hb -

XEeMOTJIO0NH
CraTucTHYKa aHAIN3a: a. Piu= 0014, PrLin= 1000, Pui = 0134, b Pin= 0011, Prin= 0852, Pum = 0.263

Y 1uuiby TpoOIeHE yTUI@ja CeKyHmapHor xwrmepnaparupeoumusma (SHPTH) Ha
KOHLEHTPALM]y XeMOIJIOOMHA y KpBU OOJIECHUIM Cy MOJeJbeHU Yy Tpu rpyne. [IpBy rpymy cy
yuHUIM OosiecHUIM ca KoumeHtparujom IPTH < 150 ng/ml, apyry rpymy OGosnecHuim ca
koHueHtpauujom iIPTH = 150-500 pg/ml, a Tpehy rpymy 6onecHunu ca konuenrpanujom iPTH >
500 pg/ml. Ha ocnoBy Kolmogorov-Smirnov-or tecra, jeqHodakropcka mapamerapcka aHain3a
Bapujance - ANOVA kopumihena je 3a HCIUTHBaKkE 3HAUAjHOCTH pa3iinke u3Mely HCIUTHBaHUX
rpyna 3a cnenehe mapamerpe: xemornobun (Hb), xemarokput (Hct), ykynue nporeune (TP),
anoymun (Alb), Op3uny pasrpaame mporemnHa (NPCR), mokpahny kucenmmny (UA), rBoxhe
(Fe2+), VKYITHH KarmanuTteT BesuBama rBoxkha (TIBC), ciiobogHu kamanuteT Be3wBama rBokha

(UIBC), 3acuheme tpancdepuna reoxhem (TSAT), deputun (F), kaamujym (Ca2+), MarHe3ujym
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(Mgz+), docdar (PO43'), MPOM3BOJ COTYOMIUTETA (Ca2+ X PO43'), WHJIEKC PE3UCTCHIIN]E
kpakomenyjyher  eputpomoeruna (KDE/Hb), wunmekc  pesucrenmmje  ayroaenyjyher
eputponoerrHa (DDE/HD), npoceuny meceuny no3y kparkonenyjyher epurpomnoernna (KDE-
M), mpoceuny meceuny a03y ayroxenyjyher epurponoeruna (DDE-M), C-peaktuBHEH pOTEHH
(CRP), ankanny ¢ocdarasy (ALP), kao u 3a mapamerpe aaekBaTHOCTH Xemonujanmse: Kt/V,
spKt/V u URR wungekc, Tabena 24 u Tabena 25. 3a yrBphuBame CTaTHCTHYKE 3HAYAjHOCTH
pasnuke u3Mely uCIHMTHBaHMX Tpyma 3a NpocedHy MeceuHy no3y 1.V. reoxha (PMDG)
kopurihen je Kruskal-Wallis-oB Tect, Tabena 24. M3mely ucnutuBaHux rpyna OOJiECHUKA HE
MOCTOjU CTATUCTUYKH 3Ha4yajHa pazinka 3a xemornooun (Hb), xematokpur (Hct), C-peaktuBau
nporeur (CRP), ykymue nporeune (TP), anoymun (Alb), 6p3uny pasrpaame nporenra (NPCR),
napametpe agekBatHocTH xemoaujanuse (Kt/V unnekc, SpKt/V unnexc, URR unnekc), kao Hu y
MPOCeYHOj MeceuHoj no3u kparkonenyjyher (KDE-M) u nyromenyjyher epurponoernna (DDE-
M), wunaekcy pesucrennuje kpatkomenyjyher (KDE/Hb) u nyrogenyjyher (DDE/Hb), wu
npoceuyne meceune no3e 1.V. rBoxkha (PMDG). bonechunu ca xonunentparmjom iPTH > 500
pg/ml uMajy BUCOKO CTaTHCTHUYKU 3Ha4ajHO Behy KOHIIEHTpaIHUjy ajkaiHe docdarase y cepymy
(ALP), Behy xonuentpaumjy gocdara (PO,¥) y cepymy u nponssox conybmmmrera (Ca’ xPO,Y)

y OIHOCY Ha OosiecHuKe ca KoHIeHTpanujom IPTH y cepymy mamom o 150 ng/ml.
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Tabena 24. Yrtuuaj uataktHor mapatxopmona (iPTH) nHa konmenTparwujy xemorimobuna, C-

PEAKTUBHOI' IPOTEHHA, MapaMCTPEC HYTPUTUBHOI' CTaTyCa, MeTaboan3Ma MHUHCpaJa U KOIITAaHOT

TKHBA, aJICKBATHOCTU XEMOJHjalIn3e, 03y EpUTPOIIOCTHHA U TBOXKa

[MTaparxopmos - iIPTH (pg/ml)

[TapameTpu n : ~ . 3Ha4ajHOCT
CTTTHEALA iPTH <150 | iPTH=150-500 | iPTH>500 | joiie (p)
Xsr + SD Xsr + SD Xsr + SD
Hb (g/) 101.85+10.09 | 101.80+13.03 | 101.53+7.07 F=0.006
00z 10 OV =2 RO p=0.994
F=0.028
0,
Hct (%) 30.66 + 2.95 30.70+3.83 | 30.87+2.03 0= 0.972
F =1.061
CRP (mg/l) 11.61 + 24.50 8.29 + 8.50 16.23+21.77 0 = 0.349
F=1.977
TP (g/l) 62.24+5.12 60.33 +5.03 61.85+3.35 0= 0.143
F =0.052
Alb (g/) 36.51 + 3.65 36.42 + 3.67 36.32+ 2.46 5 = 0.950
F = 0.652
NPCR (g/kg/nan) 1.74 4 0.54 161+0.73 1.76 053 0= 0.523
F =1.699
UA (zmol/l) 362.78+76.74 | 388.47+59.74 | 368.71+ 76.48 0= 0.187
- F = 2.657
Fe?* (umolll) 9.91+2.59 11.10 + 4.09 9.17+3.25 0= 0,074
TIBC (umol/l) 3430+ 7.47 34.47 +4.93 33.32+5.68 '; N g'éfg
UIBC (umol/l) 24.46 +6.78 23.28+6.25 24.00 + 6.66 '; N g'ggg
TSAT (%) 29.73+823 | 33.03+13.13 | 28.41+12.10 '; N é'ggf
F=0.241
F (ng/ml) 768.40 33046 | 806.22+398.23 | 826354273.33 | T (7aq
» - F=3.621
ca’* (mmol/I) 2.27+0.17 2.18+0.17 2.26+0.21 5 = 0.030
" F=0.241
Mg ** (mmol/l) 1.23+0.28 1.14+0.21 1.16 £0.22 0= 0.786
" - F=7.649
PO,* (mmol/I) 1.37+0.34 1.56 +0.38 1.72 +0.30 5 = 0.001
Ca’* x PO,> (mmol?/1%)° 3.12+0.84 3.39+0.82 3.91+0.80 '; N 8'8(1);1
y F =16.795
ALP (1UN) 69.34+2664 | 9346+30.86 | 26791432943 | 4 ong)
F =0.696
25(0H)D (ng/ml) 15.09+824 | 17.26+11.26 | 15.12+9.46 5 = 0.500
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Cxkpahennre: Hb - xemormo6un, Hct - xemarokput, CRP - C-peaktuBuu npotent, TP - ykymau nporennu, Alb -
anOymun, NPCR - 6psuna pasrpamme mpotenua, AU - mokpahna kucenmua, Fe?* - rsoxde, TIBC - yxymnnm
KanauuTeT BesuBawa reoxha, UIBC - cnobomuu kamanurer BesuBama reoxha, TSAT - 3acuheme TpanchepuHa
reoxhem, F - depurun, Ca®" - xammjym, Mg®" - marmesujym, PO,> - docdar, Ca?* x PO,> - mpomssoxn
conybusnutera, ALP - ankanna docdarasa, iPTH - uHTaKTHH mapaTxopMoH

CTaTHCTHYKA aHAJM3A: * - P = 0.028, PiLin= 1.000, Pum= 0.393; b Pin= 0.027, PLin= 0.002, Pu = 0.337; ¢ Pin=
0.324, Pim= 0.003, Pu= 0.093; d. Pin= 1.000, PiLin= 0.0001, Pum= 0.0001

Tabena 25. Ytumaj wuHTaktHOr mnapatxopmona (iPTH) Ha mnapamerpe aJeKBaTHOCTH
XeMOJIfjanuse, 103y EpUTPOIIOeTHHA U TBOXKha

[MTaparxopmos - iIPTH (pg/ml) 3HauajHOCT
[TapameTpu 3 - _ - TS
HCHIITHBAILA IPTH < 150 IPTH=150-500 IPTH > 500 p
Xsr + SD Xsr + SD Xsr £ SD ()
Kt/V unnexc 1.05+0.23 0.95+0.25 1.04 £0.42 F=L7l2
.05+0. 95+ 0. .04£0. 0=0.185
F=2.031
spKt/V unnexc 1.06 + 0.25 0.97+0.23 0.96 £0.29 0=0.136
URR unnekc (%) 63.82 + 7.64 59.73+8.90 61.13 +10.89 E z gggg
F =1.686
KDE/Hb unnexc 187.42 + 113.49 228.38 +112.39 145.88 + 74.75 0=0.195
F=0.103
DDE/Hb unnexc 1.29+£0.87 1.20+£0.81 1.36 £0.99 p =0.903
KDE-M (1U) 18281.25+9609.25 | 21000.00 + 9708.24 | 14500.00 + 6989.79 '; z é’ggg
F=10.070
DDE-M (1) 124.71 + 76.25 118.61 + 74.85 130.63 + 88.90 0= 0.932
H=1.659
PMDG (mg) 137.07 + 180.29 176.67 + 196.24 164.71+13551 | ' o'ae

Ckpahenunie: KDE/Hb - unnexc pesucrennuje kparkonenyjyher epurponoeruna, DDE/HbD - unnexc pesucrenuuje
nyroaenyjyher epurponoernna, KDE-M - mpoceuna meceuyna go3a kparkoxaeiyjyher eputpomnoernna, DDE-M -
MpoceyHa MeceuyHa 1o03a myromenyjyhier epurpomoernna, PMDG - mpoceuna meceuna mo3a i.V. rBoxkbha, Hb -
XEeMOTJIO0NH

W3mel)y rpyna 6ojecHrKa HEMa CTaTUCTUYKHU 3HauYajHe paznuke (P > 0.05) y mapameTrpuma
aJIeKBaTHOCTH JHjaliu3e, NPOCEYHO] MECe4HO] J03M KpaTkoxaenyjyher u ayronemyjyher
EpPUTPOINOETHHA, MHACKCA PE3UCTEHIIM]e KpaTKoAenyjyher U myroaenyjyher epurponoeTuHa u
MPOCEYHO] MECEYHO] /103U 1.V. rBoxkha.

VY mwby npoueHe ytunaja xunepgocdaremuje Ha Jeyewme aHeMHje OOJIECHHKA KOjU ce
Jieye pelloBHOM XEMOIWjallu30M W XeMOAHjauiITpalijoM HCIUTHBAHU CY: KOHIEHTpAlH]y

xemoriobuna y kpsu (HbD), xemarokpur (Hct), konmnentparuja reokha y cepymy (Fez+), YKYITHU
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kananuteT BesuBama reoxkha (TIBC), cmoboauu kamanureT BesuBama reoxkha (UIBC), 3acuheme
tpanchepuna rBoxhem (TSAT), koHueHtpanuja deputuHa y cepymy (F), xoHmenTtparmja
kanmujyma (Ca’") u marnesujyma (Mg”") y cepymy, KoHIeHTpauuja BuTaMuHa D, HHTAKTHOT
naparxopmona (iPTH), mapamerpu HyTPUTHBHOI cTaTyca [KOHIIEHTpaldja YKYITHHX HPOTEHHA
(TP) u andoymuna (Alb) y cepymy, konuenTpaiuja Mmokpahue kucenune y cepymy (UA), Op3una
pasrpanmwe npotenna (NPCR)], mapamerpu agekBatHocTH xemoaujanuse (Kt/V ungekc, spKt/V
unaexc, URR wunHmekc), xkao u mpoceyHa MecedyHa po3a kpartkoaenyjyher (KDE-M) wu
nyrogenyjyher  eputponoeruna (DDE-M), wunpmekc  pesucteHimuje  kparkojenyjyher
epurponoetra (KDE/Hb) u nyromenyjyher eputponoeruna (DDE/HbD) u mpoceuna mecedna
no3a i.v. rBokha (PMDG). VY 3aBucHOCTH 071 KOHIICHTpamje Gocdara y cepyMmy OOJIECHUIHU Cy
nosieJbeHn y aBe rpyne. [IpBy rpyny cy umHwiIm OosiecHHIM ca moBehaHOM KOHIICHTPAILWjOM
docdara y cepymy (PO, > 1.70 mmol/l), nox Cy IpYTy IpyIy YAHUIN OOJECHULIU KOJI KOJUX je
KoHIleHTpanuja hocdaTa y cepymy HOpMaIHa (PO43‘ = 0.80-1.70 mmol/l). ITpoceune BpeaHoCTH

WCIUTHBAaHUX MlapameTapa npukasane cy y tabemu 26a/140.
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Taébena 26a. Ilpoceyne BpeTHOCTH UCIIUTUBAHUX MTapamMeTapa: xunepdocdaremuja Hactipam

HopMmodocdaremuje
Mapaverpn . Konnenrpanuja gochara y3 _cepyMy
L [PO,*1> 1.70 mmol/I [PO,*]=0.80-1.70 mmol/l
Xsr + SD Xsr +£SD

Hb (g/1) 101.15 + 11.37 102.6 + 10.81
Hct (%) 30.60 + 3.20 30.75 + 3.23
MCV (fl) 93.63 + 4.52 95.24 + 4.24
MCH (pg) 30.96 + 1.73 32.07 + 3.96
MCHC (g/1) 330.51 +5.90 332.26 + 6.14
Le (x 10°/1) 7.45 + 2.37 7.18 + 4.66
Fe 2 (umol/l) 10.03 + 3.45 10.35 + 3.37
TIBC (umol/l) 34.63 + 4.67 34.05 + 6.98
UIBC (zmol/l) 24.44 + 4,65 23,74 +17.24
TSAT (%) 29.17 +10.08 31.48 +11.33
F (ng/ml) 809.72 + 330.81 782.68 + 365.91
CRP (mg/l) 10.76 + 12.02 11.13 +22.17
UA (zmol/Il) 388.57 + 75.42 366.68 + 69.06
TP (g/l) 60.94 + 4.98 61.70 + 4.94
Alb (g/l) 36.71 + 3.30 36.34 + 3.61
nPCR (g/kg/nau) 1.71+ 0.64 1.68 +0.61
AST (1U/l) 15.21 + 4.44 16.96 +5.98
ALT (1U/1) 14.13 + 4.83 15.73 +7.84
GGT (1U/l) 24.65 + 14.25 36.61 + 56.76
Ca*" (mmol/l) 2.22+0.20 2.24+0.17
PO,> (mmol/l) 1.94 +0.14 1.30 £ 0.25
Ca®" x PO,> (mmol“/I%) 4.30+0.39 2.92 +0.65
Mg=* (mmol/l) 1.20 £ 0.23 1.18 + 0.26
ALP (1UN) 90.75 + 52.22 113.27 + 165.41
Vitamin D (ng/ml) 16.11 +9.00 15.82 + 10.00
iPTH (pg/ml) 406.41 + 423.91 223.97 + 349.67
Kt/V urmexc 1.02 £ 0.32 1.00 +0.25
spKt/V unaexc 0.96 £ 0.22 1.03 +£0.26
URR (%) 61.62 +8.76 62.03 + 8.87




Taobena 266. Ilpoceune BpeTHOCTH UCIIUTUBAHUX MMapamMeTapa: xunepdocdaremuja Hacipam
HopMmodocdaremuje

Mapaverpi . KoHnnenrparuja (bocq)aTa; y cepymy
MCITHBALLA [PO,;”] > 1.70 mmol/I [PO,”] = 0.80-1.70 mmol/I
Xsr£SD Xsr = SD
KDE-M (1U) 18866.67 + 6311.74 18395.35 + 10376.58
DDE-M (1Q) 139.71 + 82.45 109.80 + 71.68
KDE/Hb (1U/g) 193.36 + 65.87 193.86 + 123.38
DDE/Hb (1g/g) 1.45+0.98 1.10+£0.74
PMDG (mg) 271.15+176.17 200.86 + 178.07

Ckpahenunie 14a/6: Hb - xemormo6un, Hct - xematoxput, MCV - mpoceuna 3ampemuna epurpouuta, MCH -
MpoceyYHa KOIMYKHA XeMoriobuna y epurpouuty, MCHC - cpenra KOHIICHTpallja XeMOTJIO0OHHA y epUTPOIHTY, Le
- 6poj neykouura, Fe’* - reoxde, TIBC - ykynuu kamanureT BesuBama roxha, UIBC - cIo6oHM Kamamurer
BesmBama rBoxha, TSAT - 3acuheme Tpanchepuna rBoxhem, F - ¢pepurun, CRP - C-peaktuBHu nportenH, UA -
Mokpahua kucenuna, TP - ykynuu npoteutu, Alb - andymun, NPCR - 6p3una pasrpaame nporenna, AST - aciaprar
amuHoTpanchepasa, ALT - amanns amuroTpanchepasa, GGT - ramarmyrammt Tpancdepasa, Ca?* - kamumjym, PO,
- pocar, Ca®* x PO,* - npomssox comybmmmutera, Mg®* - marnesujym, ALP - ankamma docdaraza, D - Buramus D,
iPTH - unraktHun naparxopmoH, Kt/V - unnmekc anmexBatHocTH Xemoaujanusze, SPKU/V - uHIEKC afeKBaTHOCTH
xemoaujanuse, URR - nnzmekc amexBarHocT xemonujanuze, KDE-M - npoceuHa meceuHa J103a kpartkoneinyjyher
eputponoetuHa, DDE-M - mpoceuna wmeceuna mo3a ayroxaenyjyher epurpomoeruna, KDE/Hb - wunmexc
pesucrenimje kparkoaenyjyher epurponoernna, DDE/Hb - unneke pesucrenuunje ayrogenyjyher epurpomnoeTuua,
PMDG - mpoceuna MecevHa 703a i.V. TBoxba

Ha ocnoBy Kolmogorov-Smirnov-or tecra, Student-oB 7' TecT 3a Ba He3aBHCHA y30pKa
KopuuiheH je 3a MCIMTUBAKE 3HAYAJHOCTH pPa3fuKe M3Mely MCIUTHUBAaHMX rpyna 3a ciexaehe
napamerpe: xemornobun (HDb), xemarokpur (Hct), nmpoceuna 3anpemuna eputpouura (MCV),
cpeama KoHIeHTpanyja xemorinobuna y epurpouuty (MCHC), konnienTpanmja reoxha y cepymy
(Fez+), VKYIHH KarmanuteT Be3uBama rBoxkha (TIBC), ciobogam kamanureT Be3mBama raoxkha
(UIBC), 3acuheme tpanchepuna reoxhem (TSAT), konmeHtpanuja Mmokpahue kucenune (UA),
ykynaux nporeuna (TP) u andymuna (Alb) y cepymy, Op3una pasrpaame nporenna (NPCR),
KOHIIEHTpallMja acraprar amuHoTpancdepaza y cepymy (AST), KOHIEHTpaluja ajaHUH
amuHoTpaHcdepase y cepymy (ALT), xonuentpammja xammmjyma (Ca'), docgara (PO4Y),
maruesujyma (Mg”™") u Buramuna D y cepyMy, mapameTpu ajeKkBaTHOCTH xemommjammse (Kt/V
unpeke, SPKt/V wuuaekc, URR wuHzmekc), mnpoceyHa MeceyHa Jo03a Kparkozenyjyher
eputponoetrHa (KDE-M), npoceuna meceuna no3a ayrojenyjyher eputponoeruna (DDE-M),
UHJIEKC pe3ucTeHnuje kpatkoxaenyjyher eputpomnoernHa (KDE/HD), unaekc pesucteHimje

ayronenyjyher eputponoernna (DDE/HD), Tabena 27.
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Tabena 27. Ytuuaj xunepdocharemMuje Ha JieUeHe aHeMHUje KOJ OOJECHHKAa KOjU ce Jieue
PEIOBHOM XEMOIUjaIn30M U Xxemoaujadunrpanujom (Student T Tecr)

Konnenrpanuja gocdara y cepymy
ARSI [POZT> 1.70 mmol/l | [PO,] = 0.80-1.70 mmol/l Slaefjao
HUCIIUTUBAKA pasnuke (P)
Xsr = SD Xsr = SD
Hb (g/l) 101.15 + 11.37 102.60 + 10.81 t=-0.415, p = 0.679
Hct (%) 30.60 + 3.20 30.75 + 3.23 t=-0.229, p = 0.820
MCV (fl) 93.63 + 4.52 95.24 + 4.24 t=-1.861, p = 0.065
MCHC (g/l) 330.51 + 5.90 332.26 + 6.14 t=-1.441, p =0.152
Fe 2 (umol/l) 10.03 + 3.45 10.35 + 3.37 t=-0.469, p = 0.640
TIBC (zmol/l) 34.63 + 4.67 34.05 + 6.98 t = 0.450, p = 0.654
UIBC (umol/l) 24.44 + 4,65 23.74+7.24 t=0.539, p = 0.591
TSAT (%) 29.17 +10.08 31.48 + 11.33 t=-1.056, p = 0.293
F (ng/ml) 809.72 + 330.81 782.68 + 365.91 t =0.381, p =0.704
UA (umol/l) 388.57 + 75.42 366.68 + 69.06 t=1.547, p = 0.125
TP (g/1) 60.94 + 4.98 61.70 + 4.94 t=-0.762, p =0.448
Alb (g/l) 36.71+3.30 36.34 +3.61 t=0.526, p = 0.600
nPCR (g/kg/nan) 1.71+0.64 1.68 +0.61 t =0.250, p = 0.803
AST (1U/) 15.21 + 4.44 16.96 + 5.98 t=-1582,p=0.116
ALT (1U/) 14.13+4.83 15.73+ 7.84 t=-1.139, p = 0.257
Ca”" (mmol/l) 2.22 +0.20 2.24+0.17 t =-0.620, p = 0.536
PO, (mmol/l) 1.94+0.14 1.30 +0.25 t=14.279, p = 0.0001
Ca’" x PO,> (mmol°/I*) 4.30 + 0.39 2.92 +0.65 t=11.826, p = 0.0001
Mg~* (mmol/l) 1.20 +0.23 1.18+0.26 t=0.518, p = 0.591
Vitamin D (ng/ml) 16.11 +9.00 15.82 + 10.00 t=0.149, p = 0.882
Kt/V umzexc 1.02 +0.32 1.00 +0.25 t=0.299, p = 0.765
SpKt/V unzexc 0.96 +0.22 1.03+0.26 t=-1.283, p = 0.202
URR (%) 61.62 +8.76 62.03 + 8.87 t=-0.231, p = 0.817
KDE-M (1U) 18866.67 + 6311.74 | 18395.35+10376.58 | t=0.165, p=0.870
DDE-M (ug) 139.71 + 82.45 109.80 + 71.68 t=1.321, p=0.194
KDE/Hb (1U/g) 193.36 + 65.87 193.86 + 123.38 t=-0.015, p = 0.988
DDE/Hb (ug/g) 1.45+0.98 1.10+0.74 t=1.321, p=0.576

Cxpahenune: Hb - xemorno6un, Hct - xemarokpur, MCV - npoceuna 3anpemuna epurponura, MCHC - cpeama
KOHIICHTpAIIM]ja XEMOTIOOHHA y epuTpomuty, Le - 6poj meykommra, Fe’* - rBoxhe, TIBC - ykymHH Kamarurer
BesuBama reoxia, UIBC - cmobomnun kamarnureT BesuBama rBokha, TSAT - 3acuheme Tpanchepuna reoxhem, F -
deputun, UA - mokpalina kucenuna, TP - ykymau npotennn, Alb - anbymun, NPCR - Gp3una pasrpaame npoTenHa,
Ca” - xamumjym, PO, - docdar, Ca’* x PO,> - mpomssox conyGumurera, Mg?* - maruesujym, KtV - nmmexc
amexkBaTHOCTH xemonujanuse, SPKUV - wuupmekc anmexBarHocTH xemonujanuze, URR - WHIEKC agekBaTHOCTH
xemoaujanuse, DDE-M - mpoceuna Meceuna no3a gyrogenyjyher eputponoeruna, KDE/HD - unnexc pesucrenuuje
kpatkozenyjyher epurponoerura, DDE/HD - nnaekc pesucrenuuje ayroaenyjyher epurpomnoeTnsa

3a yTBphuBame CTaTUCTHYKE 3HAYajHOCTU pa3ivke u3Mel)y HCOUTHBAHUX TIpymna 3a
NpoCceYHy Konn4yuHy xemorioouHa y eputpouury (MCH), 6poj neykomnura (Le), C-peaktiBHM

nporend (CRP), ramarmyramun tpanchepasy (GGT), ankanny ¢ocdaraszy (ALP), maTakTHH
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napatxopmoH (iPTH) u mpoceuny meceuny mo3y 1.V. rBokha (PMDG) kopumrhen je Mann-
Withney-U-tect, Ta6ena 28.

Tabena 28. Yrtuuaj xunepdocdaremuje Ha JeUeHE aHEMHUje KOJ OOJECHHKA KOjU ce Jiede
peIOBHOM xemoadjanmuzoM W xemoaujaduiarpamujom (Mann-Whitney U tect): | -

xurnepdocdaremuja, |l - HOpModocharemuja

I[apamerpu CTaTUCTUYKHU TapaMeTpu 3HaYajHOCT
MCIATHBARLA [\ o 1 | Med-11 | Min- | Min-Il | Max-l | Max-ll | IQR-I | IQR-1 | PA3HKEP
Z =-2.065

MCH (pg) | 3095 | 3180 | 27.60 | 2800 | 3420 | 6510 | 258 | 188 | {77 0a
9 Z=-1.475

Le (x10%) | 698 | 660 | 300 | 310 | 1450 | 4680 | 250 | 230 |\ T
Z=-0.787

CRP (mg/l) | 585 | 503 | 030 | 040 | 4660 | 17060 | 1200 | 860 | ‘7"
Z=-0.536

GGT (IU/l) | 1950 | 1800 | 800 | 900 | 7100 | 37150 | 1030 | 1980 | ‘77000
Z=-0.241

ALP (IUMl) | 7300 | 7475 | 4550 | 2800 | 259.00 | 140400 | 3450 | 4550 | 7700
. Z=-3.462
IPTH (pg/ml) | 216.00 | 117.00 | 2250 | 100 | 193300 | 186600 | 49400 | 21490 | =" "0
Z=-2.346

PMDG (mg) | 22500 | 15000 | 5000 | 5000 | 800.00 | 800.00 | 25000 | 11300 | 7oy o

MCH - mpocedna koiuunMHA XeMOIJIoOMHA y eputpouuty, F - xoHueHrpanuja depuruna y cepymy, CRP - C-
peaktuBHH TpotenH, ALT - amanmn amuHOTpaHcdepaza, GGT - ramarmyramumn Tpancdepasa, ALP - amkamHa
¢docdaraza, iIPTH - unraktau naparxopmon, KDE-M - nmpoceuna meceuHa 103a KpaTKoOAeTyjynux epuTporoeTuHa,

PMDG - mpoceuna meceuyna jgo3a reokha, Med - memujana, Min - muaumym, Max - makcumym, IQR -
HUHTEPKBAPTAIHU PaHT

bonecHunin koju ce jede pPEJOBHOM XEMOAMjallu30oM M XeMonaujaduiaTpanujom ca
xuneppocdaremujom (PO,> > 1.70 mmol/l) umajy Bucoko craTucTnuky 3Hauajuo (p < 0.01)
Behy: koHueHTpauujy dochara y cepymy (PO,Y), npoussox conyGmmrera (Ca’* x PO,Y) u
KOHIICHTPAIlMjy WHTAKTHOT IapaTXOpMOHAa Yy CEepyMy, Y OJHOCY Ha OOJECHHUKE ca IHJHEHOM
KoHIeHTparmjoM (ocara y cepymy (PO,> = 0.80-1.70 mmol/l), TaGema 27 u TaGema 28.
bonecuunu ca xunepdocdaremMujoM uMajy cratucTudku 3HadajHo (P < 0.05) mamy: npoceuny
KoNMMunHy Xemoriobuna y epurporury (MCH) u craructuuku 3Hadajuo (p < 0.05) Behy:
npoceuyHy wmeceuny na03y I.V. tBoxkha (PMDG), y oaHocy Ha OoJieCHHKE ca I[MJBHOM

KoHIeHTparmjoM docdara y cepymy (PO, = 0.80-1.70 mmol/l), TaGena 27 u Tabena 28.
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Y mwby NOpoIeHE YTHUIaja BpPCTE AMjak3e Ha JICUCHE aHEeMHje HCIUTUBAHH CY:
KOHIIEHTpalujy xemorioouna y kpsu (Hb), xemarokpur (Hct), konnenrpanuja reoxha y cepymy
(Fe®™), ykynunu xamanuter BesuBama reoxha (TIBC), co60IHN KanaluTeT BesnBamba rBoxha
(UIBC), 3acuhemwe tpanchepuna reoxhem (TSAT), konueHrpanuja deputuna y cepymy (F),
KOHIICHTpallhja Kajlujyma (Ca2+) W MarHe3wjyma (Mgz+) y cepyMy, KOHIICGHTpaIlija BUTaMHUHA
D, untaktHOr mnaparxopmona (IPTH), mapamerpu HYTPUTHBHOI cTaTyca [KOHIIEHTpalluja
ykynuux nportenHa (TP) u anbymuna (Alb) y cepymy, KoHieHTpanuja MokpahHe KucenuHe y
cepymy (UA), 6p3una pasrpamme npotenHa (NPCR)], mapamMeTpu aeKBaTHOCTH XEMOJIM]jAIN3E
(Kt/V unnexc, spKt/V ungeke, URR uHIEKC), Ka0 U MpoceyHa MeceyHa 103a KpaTkojenyjyher
(KDE-M) u nyroaenyjyher eputponoeruna (DDE-M), unnekc pesucrenuuje kparkozaeryjyher
(KDE/Hb) u nyrogenyjyher epurponoeruna (DDE/HD), u npoceuna meceuna mo3a i.v. reoxha
(PMDG). V¥ 3aBucHOCTH 011 BpCTe AMjanu3e OOJECHHIIM Cy MOAesbeHH y aBe rpyie. [IpBy rpymy
Cy YMHWIM OOJECHULIM KOju ce Jiede peaoBHOM xemonujanuzom (HD), mok cy apyry rpymy
YUHWIM OOJICCHUIIM KOju ce Jiede pemoBHOM xemonujaduntpamujom (HDF). Ilpoceune

BPEIHOCTH MCIIUTUBAHUX ITapamMeTapa mpuka3ane cy y tabemu 29a/296.
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Tabena 29a.

Hpocequ BPCAHOCTH NUCIIMTUBAHUX ITapaMeETapa: XCMO,Z[I/IjaJIPISa HacIipaM

xeMoaujaduITpaIyje
Mapaverpn ' Bpcra nujanusze . ‘
Xemoaujanuza (HD) Xemoaujadunrparmja (HDF)
HUCIIUTUBaAKA
Xsr + SD Xsr + SD

Hb (g/l) 100.93 + 11.06 106.88 + 7.32
Hct (%) 30.46 + 3.22 31.63+2.93
MCV (fl) 94.91 + 4.23 94.25 + 4.87
MCH (pg) 31.89+3.84 31.25+1.79
MCHC (g/l) 331.78 + 6.13 331.57 +6.11
Le (x 10°/1) 7.09 +1.87 6.43 +1.96
Fe 2" (umol/l) 10.44 + 3.45 9.64 +3.14
TIBC (zmol/l) 33.91 +6.12 35.25+7.11
UIBC (umol/l) 23.46 + 6.26 25.55 +7.38
TSAT (%) 31.58+11.24 29.16 + 8.62
F (ng/ml) 834.87 + 363.94 635.48 + 274.53
CRP (mg/l) 12.33 + 21.97 5.01 +4.08
UA (zmol/l) 373.63 + 73.26 372.00 + 66.29
TP (g/l) 61.47 + 5.20 61.48 + 4.09
Alb (g/l) 36.54 + 3.76 36.16 + 2.56
nPCR (g/kg/nan) 1.61 +0.65 1.95+0.45
AST (1U/) 16.45 + 5.97 16.39 + 4.29
ALT (1U/1) 14.87 + 6.36 16.50 + 9.13
GGT (1U/) 35.29 +54.25 25.59 +17.48
Ca*" (mmol/l) 2.23+0.18 2.28 £0.19
PO, (mmol/l) 1.49 + 0.38 1.50 + 0.35
Ca’* x PO,> (mmol*/I%) 3.30 +0.86 3.44 +0.90
Mg=* (mmol/l) 1.17 +£0.25 1.25 £ 0.24
ALP (1U) 106.32 + 149.44 107.14 + 113.36
Vitamin D (ng/ml) 16.32 + 10.47 16.68 + 4.44
iIPTH (pg/ml) 253.98 + 341.10 333.71 + 415.35
Kt/V unnekce 0.95+0.24 1.20+0.30
spKt/V unuexc 0.97 £0.26 1.13+0.19
URR (%) 60.18 + 8.84 67.58 +5.89

78




Tabena 296. Ilpocedune BpeTHOCTH MCIHTUBAHHX [apaMeTapa: XeMOJHWjan3a HacIpam
xeMoaujaduITpaIyje

a . Bpcra nujanuze ‘ .
PaMeTpH Xemoaujanusza (HD) Xemoaujadunrparuja (HDF)
UCTIMTUBAbA
Xsr+S8D Xsr £ SD

KDE-M (IU) 18883.72 + 9.971.89 18133.33 + 7614.52
DDE-M (wq) 115.44 + 73.40 149.38 + 89.38
KDE/Hb (1U/g) 201.03 +118.94 174.38 + 74.35
DDE/Hb (1g/9) 1.15+0.83 1.28 + 0.97
PMDG (mg) 241.41 +181.39 162.50 + 162.93

Ckpahenunie 17a/6: Hb - xemormo6un, Hct - xematokput, MCV - mpoceuna 3ampemuna epurponuta, MCH -
MpoceyHa KOIM4YKHa XeMoriobuna y epurpouuty, MCHC - cpenta KOHIICHTpaIldja XeMOTJIO0OHHA y epUTPOIHTY, Le
- 6poj neykouura, Fe’* - reoxde, TIBC - ykynuu kamanurer BesuBama roxha, UIBC - co6oHM Kamamurer
BesuBama reoxha, TSAT - 3acuhieme Tpancdepuna reoxhem, F - ¢pepurun, CRP - C-peaktuBuu mpoteun, UA -
Mokpalina kucenuna, TP - ykynau npotensu, Alb - anGymun, NPCR - 6p3una pasrpanse npotenna, AST - acmaprar
amunotpanchepasa, ALT - ananus amurHoTpancdepasa, GGT - ramarayramui tparcdepasa, Ca>* - kamuujym, PO~
- pocar, Ca®* x PO,* - npomssox comy6mmmutera, Mg®* - marnesujym, ALP - ankamma docdaraza, D - Buramus D,
iPTH - unraktHu naparxopmoH, Kt/V - unnmekc amexBatHocTH Xemoaujanusze, SPKU/V - uHIEKC afeKBaTHOCTH
xemonujammse, URR - mHnekc amekBatHOocTH Xemonujanmse, KDE-M - mpoceuna mecedna mo3a kpatkoneryjyher
eputponoetuHa, DDE-M - mpoceuna wmeceuna mo3a ayroxenyjyher epurpomoeruna, KDE/Hb - wunpmexc
pesuctenpje kpatkoaenyjyher epurponoeruna, DDE/Hb - unnexc pesucrenuuje myroaenyjyher epurponoerusa,
PMDG - mpoceuna mMeceuna j103a i.V. rBoxha

Ha ocnoBy Kolmogorov-Smirnov-or tecra, Student-oB 7 TecT 3a JBa He3aBHUCHa y30pKa
KOpHUIINEH je 32 UCIIUTUBAE 3HAYaJHOCTH pa3iinke u3Mel)y HCIUTHBAHUX Tpyna (XeMoIujanu3a:
xemoaujaduntpaimja) 3a cieaehe mapamerpe: xemornooun (Hb), xemarokpur (Hct), mpoceuna
3anpemuna eputpormra (MCV), cpeama koHleHTpanuja xemorioouna y epurporuty (MCHC),
0poj neykonuta (Le), koHIEHTpanHja rBOXha y cepymy (Fe2+), YKYITHU KaraluTeT Be3WBamba
reoxkha (TIBC), cmobomam kamamurer BesmBama rBoxkha (UIBC), 3acmheme Tpanchepuna
rBoxhem (TSAT), konnenrpaumja mokpahne kucenune (UA), ykymHux mnporensHa (TP) wu
anoymuna (Alb) y cepymy, OpsuHa pasrpaame nporenHa (NPCR), koHueHTpamuja acmapraT
amuHoTpaHcdepasa y cepymy (AST), koHuentparmja xanuujyma (Ca?'), docdara (PO,Y) u
ButamuHa D y cepymy, mapamerpu anekBaTHocTH xemonujanuse (Kt/V unnekc, SpKt/V unnekc,
URR wuHzaekc), mpoceyHa mecedyHa jao3a ayronenyjyher eputpomnoernna (DDE-M), unapekc
pesucrenuuje  kparkoxmenyjyher — epurponoermHa (KDE/Hb), wuHzmekc  pesucteHumje
nyrogenyjyher epurponoerurna (DDE/Hb), Ta6ema 30. 3a yrBphuBame CTaTHCTHYKE
3HA4YajHOCTH pa3liike u3Mel)y MCIUTHBAHWX TpyNa 3a MPOCEYHY KOJIUYMHY XEMOTJIOOMHA Y

eputporury (MCH), deputun (F), C-peaktuBau nporeur (CRP), ananuH amuHOTpaHcdepasy
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(ALT), ramarnyramuia tpancdepasy (GGT), ankanny docdarasy (ALP), HHTaKTHH apaTXOPMOH

(iPTH) u mpoceuny meceuny mo3y i.v. reoxha (PMDG) xopumihen je Mann-Withney-U-tecr,

Tabema 31.

Tabena 30. YTumaj BpcTe Aujanu3e HA JICUCHE aHEMUje KOJ| OOJIECHUKA KOjU CE€ JIeYe PEIIOBHOM
mujamu3om (Student T Tecr)

Bpcra nujanmse

[TapameTpu X : - : 3HavajHOCT
ACHIHTHBARA eMOHjaIn3a Xemonujadunrpanuja pasmke (1)
Xsr £ SD Xsr + SD
Hb (g/l) 100.93 + 11.06 106.88 + 7.32 t=-2.667, p = 0.009
Hct (%) 29.46 +3.22 32.63 + 2.93 t=-2.607, p = 0.040
MCV (fl) 94.91 + 4.23 94.25 + 4.87 t = 0.696, p = 0.488
MCHC (g/1) 331.78 £+ 6.13 331.57 +6.11 t=10.160, p = 0.873
Le (x 10°/1) 7.00 + 1.87 6.42+ 1.96 t=1.639, p=0.104
Fe % (umol/l) 10.44 +3.45 9.64 + 3.14 t=1.093, p = 0.277
TIBC (zmol/l) 33.91 +6.18 35.25 +7.11 t=-0.974, p = 0.277
UIBC (umol/l) 23.46 + 6.26 25.55 + 7.38 t=-1.484, p = 0.140
TSAT (%) 31.58 + 11.24 29.16 + 8.62 t=1.049, p = 0.296
UA (umol/l) 373.63 + 73.26 372.00 + 66.29 t=10.105, p = 0.916
TP (9/1) 61.47 +5.20 61.48 + 4.09 t=-0.014, p =0.989
Alb (9/1) 36.54 + 3.76 36.16 + 2.56 t=0.479, p = 0.620
nPCR (g/kg/nan) 1.61 4 0.65 1.95 + 0.46 t=-2.605, p = 0.010
AST (1U71) 16.45 + 5.97 16.39 + 4.29 t=0.048, p = 0.962
Ca”" (mmol/l) 2.23+0.18 2.28+0.19 t=-1.370, p=0.173
PO,” (mmol/l) 1.49 + 0.38 150+ 0.35 t=-0.187, p = 0.852
Ca’"xP0,> (mmol°/I°) 3.30 + 0.86 3.44 +0.90 t=-0.723, p=0.471
Mg”" (mmol/l) 117 + 0.25 1.25+0.24 t=-1.569, p = 0.119
Vitamin D (ng/ml) 16.32 + 10.47 16.68 + 4.44 t=-0.174, p = 0.862
Kt/V unpekc 0.95 +0.24 1.20 £0.30 t=-4.381, p = 0.0001
SPKU/V unjexc 0.97 +0.26 1.13+0.19 t=-2.862, p = 0.0050
URR (%) 60.18 + 8.84 67.58 + 5.89 t=-4.152, p = 0.0001
KDE-M (1U) 18.883.72 + 9971.89 | 18133.33+7614.52 | t=0.265, p=0.792
DDE-M (uq) 115.44 + 73.40 149.38 + 89.38 t=-1.130, p = 0.265
KDE/Hb (1U/g) 201.03 + 118.94 174.38 + 74.35 t=0.812, p = 0.420
DDE/Hb (1g/g) 1.15+0.83 1.28 + 0.97 t=-0.419, p = 0.678

Cxkpahennue: Hb - xemorno6un, Hct - xematokpur, MCV - mpoceuna 3anpemuna eputpouura, MCHC - cpenma

KOHIICHTpAIlMja XeMOTIJI00uHa y epurpounty, Le - 6poj neykomura,

Fe2+ _

reoxhe, TIBC - ykynHu kamanurer

BesuBama reoxha, UIBC - cioboanu kananurer Be3uBama reoxha, TSAT - 3acuheme Tpancdepuna reoxhem, UA -

MokpaliHa kucenuHa, TP - ykynHu nporteunHu, Alb

- anGymun, NPCR - 6psuna pasrpame mpotemna, Ca’* -

KaJIIH]j yM, PO, - docdar, ca** x PO,* - npousBoj coiayounurera, Kt/V - HHIEKC aJeKBATHOCTH XEMOJIH]jaNIn3e,

SpKt/V - unpekc amexBaTHOCTH Xemoaujanuse, URR - uHmekc agekBaTHOCTH Xemozaujanuse, KDE-M

- TpoceyHa
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MecedHa J103a KpaTkoaenyjyher epurpornoeruta, DDE-M - mpoceuyna meceuna no3a ayroaenyjyher epurpomnoeTrHa,
KDE/Hb - urnekc kpatromenyjyher epurpornoernra, DDE/Hb - unnexc myromenyjyher epurpornoerita

Taobena 31. YTuuaj BpcTe qujaanse Ha JeUeHhe aHEeMHje K01 O0JECHUKA KOjU CE Jieue PEeIOBHOM
mujaiuzom (Mann-Whitney U tect): | - xemoaujanusa, |l - xemoaujapunrpanmja

TapameTpu CTaTUCTHYKHU apaMeTpH 3nauajHOCT
MCIUTUBASA | | T Med-1l | Min-l | Min-Il | Max-I | Max-ll | IQR-I | IQR-1 | Pa3tKe-P
Z=-0.760

MCH (pg) | 3170 | 3115 | 27.90 | 27.60 | 65.10 | 3515 | 213 | 2.56 o 04T
Z=-1970

F (ng/ml) | 836.00 | 716.50 | 102.00 | 1950 | 2325.00 | 1062.00 | 402.80 | 310.80 o 0,049
Z=-1973

CRP (mg/l) | 558 | 428 | 030 | 040 | 17160 | 1410 | 990 | 6.20 o 0,048
Z=-0714

ALT (IU/1) | 13.00 | 1350 | 6.00 | 9.00 | 3450 | 5300 | 750 | 850 b 0475
Z=-0.732

GGT (IU/l) | 1850 | 18.00 | 800 | 10.00 | 371.50 | 71.00 | 1540 | 2530 o= 0.464
Z=-0.174

ALP (IU/l) | 7350 | 7350 | 2800 | 3450 | 140400 | 630.00 | 3760 | 5900 | ©
) Z=-0.037
IPTH (pg/mi) | 155.00 | 12950 | 770 | 100 | 186600 | 164300 | 221.30 | 50600 | 7 "o
Z=-2.095

PMDG (mg) | 200.00 | 10000 | 5000 | 50.00 | 80000 | 800.00 | 25000 | 10000 | 7 " o0

MCH - mpocedna xonmuunHa XeMorioOWHa y eputpounty, F - xoHmeHrpammja depuruna y cepymy, CRP - C-
peaktuBHn TpotenH, ALT - amanmn amuHOTpaHcdepaza, GGT - ramarmyramumn Tpancdepasza, ALP - amkamHa
¢docdaraza, iIPTH - unraktau naparxopmon, KDE-M - npoceuna meceuHa J103a KpaTKojenyjyhnx epurpornoeruna,

PMDG - mpoceuna meceuyna jgo3a reokha, Med - memujana, Min - muaumym, Max - makcumym, IQR -
WHTEPKBAPTAIHU PaHT

BonecHunu xoju ce Jieue peJOBHOM XEMOIMjau30M MMajy BUCOKO CTaTHCTUYKHU 3HAYajHO
(p < 0.01) mamy: KkoHueHTpauujy xemoriaoomnHa y kpBu (HD), BpemHocT mnapamerapa
anexkBatHoctd xemonujanuse (Kt/V wnamexc SpKt/V wunmexkc, URR wuHIEKC), CTAaTHCTHYKH
3Ha4ajHO (P < 0.05) mamy BpeaHocT xemarokputa (Hct) u 6p3uny pasrpaame nporenna (NPCR),
Kao M cTatucThuku 3HauajHo (P < 0.05) Behy: koHueHtpauujy deputnna y cepymy (F), C-
peaktuBHor nporenHa (CRP) u mpoceuny meceuny no3y i.v. reoxha (PMDG), y omHocy Ha
OoJiecCHUKE KOjH ce Jieue pemoBHOM xemoxaujaduntparujom, Tadema 30 u Tabena 31. Uszmebhy
0oJIecHUKA KOjH Ce Jieue XeMOANjaIH30M U XeMoAnjaduiITpalrjoM, HeMa CTaTUCTUYKY 3Ha4yajHe

pasnuke (P > 0.05) y octanuMm nmapameTpruma UCITUTHBAKbA.
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VY 1nuspy TMpOIEHE YTHIAja aJleKBATHOCTH JIMjalIn3e HA JICUCHE aHEMHUje MCIUTHBAHU CY:
KOHIIEeHTpamja xemoroouna y kpsu (Hb), xematoxput (HCt), konnenrpanuja reoxha y cepymy
(Fe*"), yKymHH KamanuteT TpaHchepuna nma Bexe rBoxhe (TIBC), cmobomnu kamamnmer
tpanchepuna mga Bexe rBokhe (UIBC), 3acuhewme Ttpanchepuna rtBoxhem (TSAT),
KOHIIeHTpanuja (eputuna y cepymy (F), KoHIeHTpanmja Kaiiujyma (Ca2+) U MarHesujyma
(Mgz+) y cepyMmy, KOHICHTpanuja Butamuaa D, nmuatakTHOr maparxopmona (iPTH), mapamerpu
HYTPUTUBHOT cTaTyca [KOHIeHTpauuja ykynHux mnporeunHa (TP) u anbymunua (Alb) y cepymy,
KOHIIeHTpanuja Mokpahine kucenune y cepymy (UA), Op3una pasrpaame nporenta (NPCR)], kao
U mpoceuHa MeceuHa no3a kparkozenyjyher (KDE-M) u nyrogenyjyher epurponoeruna (DDE-
M), unzmexc pesucrenimje kpatkomenyjyher (KDE/Hb) u nayrogemyjyher eputpomnoernHa
(DDE/Hb), 1 mpoceuna meceuna norpomma 1.V. rBoxha (PMDG). V 3aBucHoCTH 0] BpCTE
nujanu3e OOJECHUIM Cy IMOJCJbeHHU y JIBe rpyrme. [IpBy rpyny Cy YMHHIN OOJECHUIM KOJH Ce
Jieye peOBHOM Jaujanu3oM koj kojux je Kt/V unaek mamu ox 1.20, a ipyry rpymny 00JIeCHHIHN ca
ungexkcom Kt/V > 1.20. TIpoceune BpeIHOCTH UCIIUTUBAHKUX MTapaMeTapa MpUKa3aHu Cy y Tabeinu

32a/326.
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Tabena 32a. Hpocequ BPCAHOCTH MCIIMTUBAHUX ITapaMETapa: HCaACKBaTHa HacCclpaM aJJ€KBAaTHC

Tvjanuse
Mapawerpi AJIEKBaTHOCT JTWjajin3e
HeanexBarna (Kt/V < 1.20) Aneksatna (Kt/V > 1.20)
HUCIINTHUBAaKBA
Xsr +SD Xsr+SD

Hb (g/l) 100.73+8.42 102.03 + 11.45
Hct (%) 30.41 £ 2.59 30.77 £3.34
MCV (fl) 95.05 + 4.43 93.44 + 3.93
MCH (pg) 31.91 +£3.77 31.00 +£1.38
MCHC (g/l) 331.69 + 6.61 331.93 +£2.98
Le (x 10°/1) 7.01+1.95 6.57 + 1.66
Fe %" (umol/l) 10.31 + 3.36 10.01 + 3.56
TIBC (umol/l) 34.21+6.16 34.30 £7.33
UIBC (zmol/l) 23.90 + 6.37 24.18 + 7.51
TSAT (%) 30.96 + 10.65 30.01 £12.61
F (ng/ml) 800.60 + 371.86 747.11 + 267.02
CRP (mg/l) 11.80 + 21.15 6.18 +5.81
UA (umoll/l) 377.44 £ 73.70 354.77 £ 58.12
TP (g/1) 60.97 + 5.02 63.68 + 3.98
Alb (g/) 36.20 + 3.67 37.55+2.47
nPCR (g/kg/man) 1.64 +0.64 1.94 +£0.45
AST (1U/l) 15.93 + 4.67 18.71 £ 8.40
ALT (1U/l) 15.41 + 7.37 14.55 +5.81
GGT (1U/l) 34.36 +£52.34 2559 +17.48
ca’* (mmol/l) 2.23+0.18 2.27+0.20
PO, (mmol/l) 1.53 +0.37 1.34 +0.34
Ca*" x PO, (mmol?/I%) 3.40 +0.85 3.06 +0.88
Mg“* (mmol/l) 1.16 + 0.25 1.28 + 0.24
ALP (1U/1) 112.61 + 155.15 79.34 + 33.91
Vitamin D (ng/ml) 16.29 +10.42 14.18 + 4.99
IPTH (pg/ml) 288.55 + 399.18 234.82 + 290.20
Kt/V nngexc 0.91+0.16 1.43+£0.28
SpKt/V unaexc 0.94 +£0.20 1.33+£0.22
URR (%) 59.09 +6.90 74.47 £ 4.07
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Tabena 326. Ilpoceune BpeTHOCTH MCIHTUBAHHUX [apaMeTapa: XeMOJHWjan3a HacIpam
xeMoaujaduITpaIyje

Tepnciin AJIEKBATHOCT JTHjaJIA3€
HCITHBALA Kt/V < 1.20 Kt/V>1.20
Xsr £ SD Xsr +£SD

KDE-M (IU) 19021.74 + 9424.53 16583.33 £ 9671.50
DDE-M (1Q) 124.73 + 73.65 123.75+104.99
KDE/Hb (1U/g) 200.31 +111.47 168.53 + 109.24
DDE/Hb (1g/g) 1.20+0.83 1.34+1.21
PMDG (mg) 234.78 + 185.37 166.67 + 141.00

Ckpahenure 20a/236: Hb - xemorno6un, Hct - xemarokpur, MCV - mpoceuna 3anmpemuna eputpoiura, MCH -
MpoceyYHa KOIMYKHA XeMorioouna y epurpouuty, MCHC - cpenta KOHIICHTpaIlja XeMOTJIO0OHHA y epUTPOIHTY, Le
- 6poj neykouura, Fe’* - reoxde, TIBC - ykynuu kamanurer BesuBama roxha, UIBC - cIo6oaHM Kamamurer
BesuBama reoxkha, TSAT - 3acuhieme Tpancdepuna reoxhem, F - ¢pepurun, CRP - C-peaktuBuu mpoteun, UA -
Mokpahua kucenuna, TP - ykynuu npoteutu, Alb - andymun, NPCR - 6p3una pasrpaame nporenna, AST - aciaprar
amuHoTpanchepasa, ALT - amanun amuroTpanchepasa, GGT - ramarmyrammt Tparcdepasa, Ca®* - kamumjym, PO~
- pocar, Ca”* x PO,* - npomssox comybmmmrera, Mg®* - marnesujym, ALP - ankamma docdaraza, D - Buramus D,
iPTH - unraktau naparxopmoH, Kt/V - unnmekc anmexBaTHOCTH Xemoaujanuze, SPKU/V - uHIEKC ajeKBaTHOCTH
xemonnjanmmse, URR - mHnekc agekBatHOocTH Xemonujanmmse, KDE-M - mpoceuna meceuna mo3a kpatkonenryjyher
eputponoetuHa, DDE-M - mpoceuna wmeceuna mo3a ayroxenyjyher epurpomoeruna, KDE/Hb - wunmexc
pesucTeHiuje KpaTkoaenyjyher eputponoeruna, DDE/Hb - unnekc pesucrenimje pyrogenyjyher epurponoeruna,
PMDG - mpoceuna MecevHa 703a i.V. rBoxba

Ha ocnoBy Kolmogorov-Smirnov-or tecra, Student-oB 7 Tect 3a JBa He3aBUCHa y30pKa
KOpHUIINEH je 3a UCIUTUBAE 3HAYAJHOCTH pa3iinke u3Mel)y UCIMTHBAHUX Tpyna (HeaJaeKkBaTHA
IMjannu3a;ajekBaTHa aujannsa) 3a cienehe mapamerpe: xemornobun (Hb), xematoxpur (Hct),
npoceyHa 3anpemuHa epurpouuta (MCV), cpenmpa KOHIEHTpalKja XeMOrJIo0uHa y epUTPOLIUTY
(MCHC), 6poj neykouuta (Le), konnentpammja reoxha y cepymy (Fe?™), ykymHn kamarmrer
BesuBamba TBOxha (TIBC), cmobomam xkamamuter Be3uBama TBokha (UIBC), 3acuheme
tpancepruna rBoxkhem (TSAT), konmentpamuja deputuHa y cepymy (F), koHIEHTparuja
mokpahue kucenmune (UA), ykymaux nporeuHa (TP) u andymmna (Alb) y cepymy, Op3una
pasrpagme nporenHa (NPCR), xoHIeHTpamyja acmapraT aMHHOTpaHcdepase y cepymy (AST),
KOHIICHTpaIlja KaJlujyma (Ca2+), docdara (PO43') u ButamuHa D y cepymy, mapamerpu
anexBatHoctu xemonaujanmuse (Kt/V ungekc, spKt/V unmexc, URR mHzaekc), nmpoceuHa MecedHa
noza ayroxenyjyher eputponoetuHa (DDE-M), wunaekc pesucreHinuje Kparkojenyjyher
epurponoetrHa (KDE/HD), manexc pesucrenumje myronenyjyher epurponoernna (DDE/Hb),
Tabena 33. 3a yrBphuBame CTaTUCTUYKE 3HAYAJHOCTH Pa3IMKe M3Mel)y UCMUTHUBAHUX Tpyla 3a
npoceyny KonuuuHy xemoriobwna y eputpormry (MCH), C-peakruBuu mnpotenn (CRP),

ananuH amuHoTpaHcdepasy (ALT), ramarmyramun tpancdepasy (GGT), ankanny docdarazy
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(ALP),

uHTakTHH maparxopmon (iPTH),

MPOCEUHY MECeuHy J03y KpaTkozenyjyher

eputponoerrna (KDE-M) u npoceuny meceuny o3y i.v. reokha (PMDG) kopurithen je Mann-

Withney-U-tecr, TaGena 34.

Taobena 33. YTuuaj aieKBaTHOCTH JIWjaju3€ Ha JICUCHE aHEMH]je KOJ OOJIECHUKA KOJH CE Jieue
penoBHOM nujanu3zoM (Student T tecr)

AJIEKBATHOCT JIUjaJIN3€

Igiﬁ“;igda KtV < 1.20 KUV > 1.20 3:;;; ‘;"(‘;T)
Xsr + SD Xsr +£SD
Hb (g/1) 100.73 + 8.42 102.03 + 11.45 t=0.501, p = 0.617
Hct (%) 30.41 + 2.59 30.77 £ 3.34 t=0.474, p = 0.636
MCYV (fl) 95.05 + 4.43 93.44 + 3.93 t=1.575,p=0.118
MCHC (g/l) 331.69 + 6.61 331.93 +2.98 t=-0.168, p = 0.867
Le (x 10°/1) 7.01+1.95 6.57 + 1.66 t=0.982, p = 0.328
Fe ** (umol/l) 10.31 + 3.36 10.01 + 3.56 t=0.375, p=0.708
TIBC (zmol/l) 34.21+6.16 34.30 + 7.33 t=-0.057, p = 0.954
UIBC (umol/l) 23.90 + 6.37 24.18 + 7.51 t=-0.183, p = 0.855
TSAT (%) 30.96 + 10.65 30.01 + 12.61 t=0.363, p=0.718
F(ng/ml) 800.60 + 371.86 747.11 + 267.02 t=0.638, p = 0.525
UA (umol/l) 377.44 + 73.70 354.77 + 58.12 t=1.347,p=0.180
TP (g9/1) 60.97 + 5.02 63.68 + 3.98 t=-2.365, p =0.020
Alb (9/1) 36.20 + 3.67 37.55 + 2.47 t=-1.632, p=0.105
NPCR (g/kg/nan) 1.64 + 0.64 1.94 +0.45 t=-2.123, p = 0.036
AST (1U/) 15.93 + 4.67 18.71 + 8.40 t=-2.130, p=0.035
Ca”" (mmol/l) 2.23+0.18 2.27+0.20 t=-0.969, p = 0.334
PO, (mmol/l) 153 +0.37 134+ 0.34 t=2.147,p=0.034
Ca’"xP0,> (mmol°/F°) 3.40 + 0.85 3.06 + 0.88 t=1.660, p = 0.100
Mg”" (mmol/l) 1.16 + 0.25 1.28 + 0.24 t=-2.063, p = 0.041
Vitamin D (ng/ml) 16.29 + 10.42 14.18 + 4.99 t=0.925, p = 0.357
Kt/V unnexce 0.91+0.16 1.43+0.28 t=-11.78, p = 0.0001
SPKU/V unjexc 0.94 +0.20 1.33+0.22 t=-8.381, p = 0.0001
URR (%) 59.09 + 6.90 74.47 + 4.07 t=-10.05, p = 0.0001
DDE-M (uq) 124.73 + 73.65 123.75 + 104.99 t=0.024, p = 0.980
KDE/Hb (1U/g) 200.31 + 111.47 168.53 + 109.24 t=0.883, p=0.381
DDE/Hb (ug/g) 1.20 + 0.83 134+1.21 t=-0.306, p = 0.761

Cxpahenune: Hb - xemorno6un, Hct - xemarokpur, MCV - npoceuna 3anpemuna eputporura, MCHC - cpeama
KOHIICHTpAIIM]ja XEMOTIOONHA y epuTpomuty, Le - 6poj meykommura, Fe’* - rBoxhe, TIBC - ykymHH Kamarurer
BesuBama rBokha, UIBC - cmoboauu kamanureT Be3uBamba reoxklha, TSAT - 3aculieme Tpanchepuna reoxhem, UA -
MokpaliHa kucenuHa, TP - ykynHu nportensu, Alb
KaJIIHj yM, PO, - ¢docdpar, Ca®* x PO,* - npousBoj coiyounutera, Kt/V - nHIEKC aeKBaTHOCTH XEMOJIHjan3e,

SpKt/V - unpekc amexBatHOocTH Xemoaujanuze, URR - unmekc agexkBatHOocTH Xemojaujanuse, KDE-M

- anGymun, NPCR - 6psuHa pasrpame mpotemna, Ca’® -

- IIpocevyHa

MecedHa J103a Kparkojenyjyher epurponoeruna, DDE-M - nmpoceuna Meceuna no3a nyrozenyjyher epurponoerrsa,
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KDE/Hb - unznekc pesucrenimje kparkoaenyjyher epurponioeruna, DDE/HD - unnekc pesucrenimje ayromenyjyher
ePUTPOIIOETHHA

Taobena 34. YTunaj aieKBaTHOCTH JWjaju3€ Ha JICUCHE aHEMH]je KOJ OOJIECHUKA KOJH Ce Jieue

penoBHoM amjanu3om (Mann-Whitney U tect): | - HeamekBaTHa mujanusa, |l — amexkBarHa
Tvjann3a
[apamerpu CTaTUCTHYKHU TapaMeTpu 3HayajHOCT
HCTMTHBAIEA [0t | Med-1l | Min-l | Min-Il | Max-l | Max-ll | IQR-I | IQR-1 | PA3HKeP
Z=-1472
MCH (pg) 31.78 31.18 27.90 | 27.60 65.10 33.35 2.11 1.93 0=0.141
CRP (mg/l) 5.15 4.13 0.30 0.50 171.60 19.80 9.70 9.80 Zp:—-(_fjlfgg
Z=-0.299
ALT (1U/) 13.25 13.25 6.00 7.50 53.00 32.50 7.10 8.40 0= 0.765
Z=-1.018
GGT (1u/) 18.75 16.25 8.00 10.00 | 371.50 95.50 16.30 16.90 0= 0.309
Z=-0.963
ALP (1U/l) 74.50 66.00 28.00 | 35.00 | 1404.00 | 161.00 39.80 49.90 0= 0.335
. Z=-1.302
IPTH (pg/ml) | 157.00 78.55 6.10 1.00 | 1933.00 | 875.00 | 228.80 | 366.70 0=0.193
KDE-M (|U) 21000.00 | 16000.00 | 4000.00 | 4000.00 | 48000.00 | 36000.00 | 12000.00 | 17750.00 Zp:—_(;)477163
Z=-1.525
PMDG (mg) | 200.00 | 100.00 | 50.00 | 50.00 | 800.00 | 600.00 | 225.00 | 150.00 0=0.127
MCH - mpoceuna xommumHa xemorinobwHa y epurpouuty, CRP - C-peaktuBHu mpotemH, ALT - amaHuH
amuHoTpaHcepasa, GGT - ramarmyrammn tpaHcdepaza, ALP - ankamna docdarasa, iPTH - wunraktan

mapatxopmoH, KDE-M - mpoceuna mecedna mo3a kparkogenyjyher epurpomoeruna, PMDG - mpoceuna meceuna
no3a i.v. reoxBa, Med - meaujana, Min - Murumym, Max - makcumym, IQR - HHTepKBapTaIHU paHT

BosecHuny koju ce jgeue peoBHOM aJeKBaTHOM XE€MOUjalIn30M U XeMOArjaduiITpainjom
MMajy BUCOKO cTaTUCTHUKM 3HadajHo (p < 0.01) Behe BpenHocTH mapameTrapa aJeKBaTHOCTH
mrjanuse (Kt/V ungekc, Kt/Vsp unnexe, URR unmekc), cratructnuku 3HadajHo (p < 0.05) Behy
KOHIIGHTPALM]y YKYITHUX MpPOTEHHA y CepyMy, Op3uHY pasrpajimHe MPOTeHHa, KOHIIEHTPALH]y
MarHe3ujyma y cepymMy M KOHIIEHTpalujy acnapraT amuHoTpaHchepase, Tabena 33 u Tabena 34.
N3mehy OonecHuKka KOju ce Jiedue PEelOBHOM aJeKBATHOM M HEaJeKBaTHOM JHjaju30M, HEMa
CTaTUCTMYKHU 3Ha4ajHe paziuke (P > 0.05) y ocranuMm mapameTrpuMa HCOUTHBama. bonecHunu
KOjH C€ Jieue PEelOBHOM Jujasin3oM, koa kojux je Kt/V > 1.20 umajy Behy cpeamy BpeaHocT
xemornobuna (Hb) u mamy cpeamy BpenHoct konueHrpauuje ¢eputuna (F) y cepymy u C-
peaktuBHor nporenHa (CRP), anu Ta pasznuka HUje CTAaTUCTUYKM 3HAYajHA, y OJHOCY Ha

oonecuuke ca Kt/V nnnexcom Mmamum ox 1.20, Tabena 33 u Tabena 34.
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Y mwby npenusHUje TpOIeHe YTHIaja aJeKBAaTHOCTU [Wjaji3e Ha JIeYeHmhe aHeMHuje,

OojecHULIM Cy MOJAEJbeHH Yy Tpu Trpyme. [IpBy rpyny cy uumHWIM OOJIECHUIM KOjU ce€ Jeue

penoBHOM Jujanu3oM ko kojux je Kt/V unamex mamu on 1.0, apyry rpymy OOJeCHHIM ca

unnexcom Kt/V = 1.0-1.20, a tpehy rpyny Gonechuiu ca Kt/V unnexcom > 1.20. Ipoceune

BpPEIHOCTH MCIIUTUBAHUX MapaMeTapa IpuKa3aHu cy y tadbenu 35a/356.

Tabena 35a. Ilpoceune BpeAHOCTH UCIIMTUBAHUX ITapaMeTapa: HeaJeKBaTHa HAcIIpaM a/IeKBaTHE

Tjanuse
Mapaerpn AnekBatHocT aujanuse - Kt/V
L Kt/V < 1.00 Kt/V = 1.00-1.20 Kt/V >1.20
Xsr = SD Xsr = SD Xsr = SD

Hb (g/I) 100.73 + 8.42 101.19 +11.98 103.75 + 10.25
Hct (%) 30.41 + 2.59 30.51 + 3.49 31.30 + 2.98
MCV (fl) 94.75 + 4.47 95.67 + 4.35 93.44 + 3.93
MCH (pg) 31.00 + 1.38 31.69 + 1.67 32.01 + 4.46
MCHC (g/1) 331.27 + 4.67 331.89 + 7.39 331.93 + 2.98
Le (x 10%/1) 6.90 + 1.94 7.24+1.98 6.57 + 1.66
Fe ** (umol/l) 10.37 + 3.45 10.17 +3.21 10.01 + 3.56
TIBC (zmol/l) 34.10 + 6.35 34.44 + 5.85 34.30 + 7.33
UIBC (zmol/l) 23.67 £ 6.70 24.38 £ 5.70 24.18 + 7.51
TSAT (%) 31.39+11.51 30.06 + 8.68 30.01 + 12.61
F (ng/ml) 823.59 + 357.57 789.45 + 380.77 747.11 + 267.02
CRP (mg/l) 15.25 + 25.20 5.93 + 3.57 5.73+5.03
UA (zmol/Il) 385.99 + 70.70 359.67 + 77.69 354.77 + 58.12
TP (g/1) 60.64 + 4.92 61.66 + 5.24 63.68 + 3.98
Alb (g/l) 35.91 +4.13 36.81 + 2.40 37.55 + 2.47
nPCR (g/kg/nan) 1.45 +0.61 1.98 + 0.56 1.94 + 0.45
AST (1U/l) 15.54 + 4.97 16.73+3.94 18.71 + 8.40
ALT (1U/) 15.40 + 7.87 15.42 + 6.32 14.55 + 5.81
GGT (1U/l) 39.01 + 61.81 24.78 + 20.51 27.07 + 23.32
Ca*" (mmol/l) 2.19+0.17 2.31+0.16 2.27£0.19
PO, (mmol/l) 1.47 +0.37 1.65 + 0.36 1.34+0.34
Ca*" x PO,> (mmol?/I?) 3.21+0.82 3.78 +0.80 3.06 + 0.88
Mg®* (mmol/l) 1.10+0.23 1.30 +0.27 1.28 +0.24
ALP (1U/1) 122.78 + 175.11 91.64 + 101.76 79.34 +33.91
Vitamin D (ng/ml) 16.61 + 11.61 15.65 + 7.52 14.18 + 4.99
iPTH (pg/ml) 325.56 + 430.71 212.23 +317.32 234.82 + 290.20
Kt/V uezexc 0.83+0.12 1.09 + 0.06 1.43+0.28
spKt/V urzexc 0.85+0.17 1.11+0.12 1.33+0.22
URR (%) 55.67 + 5.74 66.13 + 1.95 74.47 + 4.07
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Tabena 356. Ilpoceune
aJleKBaTHE JIUjaln3e

BpCAHOCTH HUCIHUTHBAHUX IIapaMeETapa:

HCAaJICKBATHA HacCIpamM

Mapaverpi AnexBaTHOCT aujanuse - Kt/V
emHTHBAR Kt/V < 1.00 Kt/V = 1.00-1.20 Kt/V>1.20
Xsr = SD Xsr+SD Xsr+SD

KDE-M (IU) 19733.33 £10540.34 | 17687.50 +6983.02 | 16583.33 £ 9671.50
DDE-M (1Q) 122.59 + 77.02 119.55+ 73.33 123.75+104.99
KDE/Hb (1U/g) 212.42 +127.57 177.60 + 70.50 168.53 + 109.24
DDE/Hb (1g/g) 1.24+0.83 1.22+0.84 1.34+1.21
PMDG (mg) 221.00 + 181.00 271.05+ 196.72 166.67 + 141.00

Ckpahenune 23a/236: Hb - xemorno6un, Hct - xemarokpur, MCV - mpoceuna 3anmpemuna eputpoiura, MCH -
MpoceYHa KOJIM4YHHA XeMoriobuna y epurpouuty, MCHC - cpenta KOHIICHTpaIlja XeMOTJIO0OHHA y epUTPOIHTY, Le
- 6poj neykouura, Fe’* - reoxde, TIBC - ykynuu kamanurer BesuBama roxha, UIBC - co6oaHM Kamamurer
BesuBama reoxha, TSAT - 3acuhieme Tpancdepuna reoxhem, F - ¢pepurun, CRP - C-peaktuBnu mpoteun, UA -
Mokpalina kucenuna, TP - ykynau npotensn, Alb - anGymun, NPCR - 6p3una pasrpanse npotenna, AST - acmaprar
amuHoTpanchepasa, ALT - amanun amuroTpanchepasa, GGT - ramarmyrammt Tpancdepasa, Ca®* - kamumjym, PO,
- pocar, Ca®* x PO,* - npomssox comy6mmmntera, Mg®* - marnesujym, ALP - ankamma docgaraza, D - Buramun D,
iPTH - unraktHn naparxopmoH, Kt/V - unmekc amexBatHocTH Xemoaujanuze, SPKU/V - uHIEKC afeKBaTHOCTH
xemonujanmmse, URR - mHnekc agekBatHocTH XeMonujanmmse, KDE-M - mpoceuna mecedna mo3a kpatkoneryjyher
eputponoetuHa, DDE-M - mpoceuna wmeceuna mo3a ayroxenyjyher epurpomoeruna, KDE/Hb - wunpmexc
pesuctenyje Kpatkoaenyjyher epurponoeruna, DDE/Hb - unnexc pesucrenuuje mnyrogenyjyher epurponoerusa,
PMDG - mpoceuna Mece4Ha 703a i.V. rBoxba

Ha ocnoBy Kolmogorov-Smirnov-or tecra, jenHodakTopcka mapameTapcka aHaimsa -
ANOVA 3a Tpu He3aBHCHA y30pKa KopuIllheHa je 3a HCIIUTHUBAbE 3HAYajHOCTH pas3iivke u3Mely
ucnutuBanux rpyma (Kt/V < 1.00, Kt/V = 1.00-1.20, Kt/V > 1.20) 3a caenche mapamerpe:
xemoriooun (Hb), xematokput (Hct), mpoceuna 3ampemuna eputpouuta (MCV), cpenma
KoHIleHTpanuja xemornoouna y eputporuty (MCHC), 6poj neykorura (Le), koHIEHTparwja
reoxha y cepymy (Fez+), YKYITHU KamanuteT Be3uBama reoxkha (TIBC), cmobomuu kamamurer
BesuBama reoxha (UIBC), 3acuheme Tpancdepuna reoxhem (TSAT), koHeHTpanuja heputuHa
y cepymy (F), xoHuenTpanuja mokpahue kucenune (UA), ykynuux nporeuna (TP) u anGymuna

(Alb) 'y cepymy, (nPCR),
amuHOTpaHcdepasa y cepymy (AST), koHuentparmja xanuujyma (Ca?'), docdara (PO,Y) u

Op3WHa pasrpafme MPOTEHHA KOHIICHTpaIja acrapraT
ButamuHa D y cepymy, mapamerpu anexBaTHocTu xemonujanuse (Kt/V unnexc, SpKt/V unnekc,
URR wunzekc), npoceyHa MeceuHa jao3a kpatkoaenyjyher eputponoeruna (KDE-M), mpoceuna
MeceuHa fo03a ayroaenyjyher epurponoernna (DDE-M), unnexc pesucrteniyje kparkoaenyjyher
eputponioetrHa (KDE/HD), unnekc pesucrenuuje ayromenyjyher epurpomnoernna (DDE/HbD),

Tabemna 36.
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Tabena 36. YTtuuaj afeKkBaTHOCTH JHjalli3€ Ha JICUCHE aHEMHje KOJI OOJICCHHMKA KOjU Ce Jiede

penoroM aujanmuzoM (ANOVA): Kt/V < 1.00, Kt/V = 1.00-1.20, Kt/V > 1.20

AnekBatHOCT Xemoaujanuse - Kt/V unaexc

[TapameTpu 3Ha4ajHOCT
HCITHTHBASA Kt/V < 1.00 Kt/V = 1.00-1.20 Kt/V>1.20 pazmuke (p)
Xsr £ SD Xsr £ SD Xsr £ SD
Hb (g/1) 100.73 £ 8.42 101.19 +11.98 103.75 + 10.25 F=0.713, p = 0.492
Hct (%) 30.41+2.59 30.51 +3.49 31.30+2.98 F=0.763, p = 0.468
MCV (fl) 94.75 + 4.47 95.67 +4.35 93.44 +3.93 F=1717,p=0.184
MCHC (g/l) 331.27 + 4.67 331.89 +7.39 331.93 + 2.98 F=0.127,p=0.881
Le (x 10°/1) 6.90 + 1.94 7.24+1.98 6.57 + 1.66 F=0.813,p=0.446
Fe?* (zmolll) 10.37 +3.45 10.17+3.21 10.01 + 3.56 F=0.108, p=0.897
TIBC (umol/l) 34.10+6.35 34.44 +5.85 34.30+7.33 F =0.032, p = 0.969
UIBC (zmol/l) 23.67 £ 6.70 24.38 +5.70 24.18 +7.51 F =0.140, p = 0.869
TSAT (%) 31.39+ 11,51 30.06 + 8.68 30.01 +12.61 F=0.221, p=0.802
F (ng/ml) 823.59 + 357.57 789.45 + 380.77 747.11 + 267.02 F=0.301, p=0.741
UA (zmoll/l) 385.99 + 70.70 359.67 + 77.69 354.77 + 58.12 F=2.421,p=0.093
TP (g/l) 60.64 + 4.92 61.66 + 5.24 63.68 + 3.98 F =3.264, p = 0.042
Alb (g/l) 35.91+4.13 36.81 + 2.40 37.55 +2.47 F=2.064,p=0.132
nPCR (g/kg/mamn) 1.45+0.61 1.98 +0.56 1.94 + 0.45 F=11.011, p = 0.0001
AST (1U/l) 15.54 + 4.97 16.73 + 3.94 18.71 + 8.40 F=2774,p=0.066
Ca’* (mmol/l) 2.19+0.17 2.31+0.16 2.27+0.19 F =5.233, p=0.007
PO,> (mmol/l) 1.47 +0.37 1.65 + 0.36 1.34+0.34 F =5.055, p = 0.007
CaxPO,(mmol“/I?) 3.21+0.82 3.78£0.80 3.06+0.88 F = 6.470, p = 0.002
Mg®* (mmol/l) 1.10+0.23 1.30 +0.27 1.28 +0.24 F =10.744, p = 0.0001
Vitamin D (ng/ml) 16.61 + 11.61 15.65 + 7.52 14.18 + 4.99 F=0.529, p=0.590
Kt/V urnexc 0.83 +0.12 1.09 +0.06 1.43 +0.28 F = 138.774, p=0.0001
spKt/V unpekc 0.85+0.17 1.11+0.12 1.33+0.22 F =74.781, p = 0.0001
URR (%) 55.67 + 5.74 66.13 + 1.95 74.47 + 4.07 F = 148.133, p=0.0001
DDE-M (IU) 122.59 + 77.02 119.55 + 73.33 123.75 + 104.99 F =0.007, p=0.993
KDE/Hb (1U/g) 212.42 +127.57 177.60 + 70.50 168.53 + 109.24 F=0.903, p=0411
DDE/Hb (1g/g) 1.24 +0.83 1.22 +0.84 1.34+1.21 F=0.029, p=0971

Ckpahenune 23a/236: Hb - xemorno6un, Hct - xemaroxpur, MCV - npoceuna 3anpemuna eputporura, MCHC -

cpenma KOHICHTpaIja XeMOTJIo0MHa Yy epuTporuTy, Le - Opoj neykomnura,

KamaureT BesuBama reoxha, UIBC - cnobomnu kamamurer BesuBama reoxha, TSAT - sacuhieme Tpanchepuna

Fe’* - reoxhe, TIBC - ykymuu

reoxkhem, F - depurun, UA - mokpahna kucenuna, TP - ykymHu nporeunu, Alb - anbymun, nPCR - 6p3una
pasrpamme nportenna, AST - acmaprar ammmotpanchepasa, Ca’* - xammmjym, PO,> - docpar, Ca’" x PO, -
nponsBox conybuurera, Mg®" - maruesujym, D - Butamun D, Kt/V - ummexc agexsatHocTn xemoujamuse, SpKYV
- uHAeKc agekBatHocTH xemoamjanmse, URR - manekc agekBatHOoCcTH Xemoaujanuse, DDE-M - mpocedna mecevHa
no3a ayroaenyjyher epurponoeruna, KDE/HD - nnneke pesucrenuuje kpatkoaenyjyher epurponoernsa, DDE/HbD -
MHJEKC pe3ucTeHuuje nyroaenyjyher epurponoeruna, PMDG - npocedyna meceuna 103a i.v. rBoxha

3a UCIUTHBAKE CTATUCTHUYKE 3HAYAJHOCTH pasiuke u3Mmel)y mojennHux rpymna OoJeCHHKa

koputihen je Bonferroni rect, Tabema 37a/370.
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Tabena 37a. YTuuaj aicKBaTHOCTH JMjaJIM3€ HA JICUCHE aHEeMH]je KOJ OOJIECHHKA KOjH Ce Jieue
penoHOoM nujanmuzoMm (Bonferroni tecr): Kt/V < 1.00, Kt/V = 1.00-1.20, Kt/V > 1.20

T I'PYIIE Bonferroni 3Ha4YajHOCT

| J MD (I-J) ()

| T -1.012 1.000

1T -3.038 0.037

TP | | 1.012 1.000

(g/l) I -2.026 0.404

" | 3.038 0.037

T 2.026 0.404

| T -0.115 0.008

I -0.079 0.205

ca®* | | 0.115 0.008

(mmol/I) I 0.036 1.000

" | 0.079 0.205

T -0.036 1.000

| T -0.180 0.068

1T 0.128 0.462

PO, | [ 0.180 0.068

(mmol/l) 1T 0.307 0.008

" | -0.128 0.462

T -0.307 0.008

| T -0.563 0.006

I 0.152 1.000

Ca®* x 50243' ’ | 0.563 0.006

(mmol?/1%) I 0.716 0.007

i | -0.152 1.000

T -0.716 0.007

| T -0.203 0.0001

i -0.186 0.0040

Mg* ’ | 0.203 0.0001

(mmol/l) i 0.017 1.000

" | 0.186 0.040

T -0.017 1.000

MD - Mean Difference, TP - ykymuu nportemnn, Ca’' - xammmjym, PO;> - ¢pochar, Ca’ xPO,” - mpoussox
conyGumutera, Mg®" - maruesujym

bonechunm koju ce sede anekBatHoM mujanm3oMm (Kt/V > 1.20) mmajy craTHCTHYKH
3HauajHO (P < 0.05) Behy KOHLEHTpaluMjy YKYNHUX NpPOTEMHA M MarHesujyma y cepymy, y
OJTHOCY Ha OOJIECHHMKE KOJI KOjUX je MHIEKC ajeKBaTHOCTH aujanuse mamu ox 1.0 (Kt/V < 1.00),
Tabena 37a. Bucoko cratuctuuku 3Ha4ajHo (P < 0.01) Mmamy koHueHTpaiujy dhocdara y cepymy

umajy OosecHulM ca agekBatHoM xemoaujanm3oMm (Kt/V > 1.20), y onHocy Ha OOJIECHUKE KOJ
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kojux je Kt/V = 1.00-1.20, Tabema 37a. BomecHumm KOju ce Jiede PEIOBHOM aJ€KBATHOM
IWjaIM30M WMajy BUCOKO craTucThuku 3HaydajHo (P < 0.01) Behe Bpemnoctm mapamerapa

aJICKBaTHOCTH JTHjaJI3€ y OJHOCY Ha OOJIECCHHKE KOJ KOjuX AWjann3a HHUje aJeKkBaTHa, Tabena

370.

Tabena 376. YTuuaj aicKBaTHOCTH JHMjaJIM3€ HA JICUCHE aHEeMHje KOJ| OOJIECHUKA KOjU Ce Jiede
penoHOoM nujanmuzoMm (Bonferroni tecr): Kt/V < 1.00, Kt/V = 1.00-1.20, Kt/V > 1.20

. I'PYIIE Bonferroni 3HavajHOCT
apamerap | J MD (1-J) ()
| I -0.260 0.0001
I -0.604 0.0001
| 0.260 0.0001
Kt/V mrgexc I 1L -0.344 0.0001
” | 0.604 0.0001
I 0.344 0.0001
I I -0.256 0.0001
i -0.479 0.0001
| 0.256 0.0001
spKt/V unnexc ] T -0.223 0.0001
- | 0.479 0.0001
T 0.223 0.0001
| T -10.460 0.0001
1l -18.795 0.0001
| 10.460 0.0001
URR miexc I 10 -8.335 0.0001
” | 18.795 0.0001
I 8.335 0.0001

MD - Mean Difference, Kt/V - ungekc agekBatHocTu xemoaujanuse, SPKt/V - nHIEKC aJleKBATHOCTH XEMO/IH]jalun3e,
URR - uHIeKC aIeKBaATHOCTH XEMO/I1] 3¢

3a yTBphuBame CTaTUCTHYKE 3HAYAjHOCTH pas3iuKke u3Mely HCIHUTHBaHUX TIpyna 3a
npocevHy KonumuuHy xemornoOuHa y epurporury (MCH), C-peaktuBuu mnporenn (CRP),
aannH amuHOTpaHchepasy (ALT), ramarmyramun tpancdepasy (GGT), amkamny docdarasy
(ALP), wnTakTHH mapatxopmoH (iPTH) um mpoceuny meceuny no3y 1.V. rBoxha (PMDG)

kopuinhen je Kruskal-Wallis-os tect, Tabena 38.
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Taobena 38.

VYTHIaj aJeKBaTHOCTH JIMjaJIn3e Ha JeUemhe aHeMHUje KO OOJIeCHHKA KOjH ce Jieue
penoroM aujanmuszom (Kruskal-Wallis-os tecr): Kt/V < 1.00, Kt/V = 1.00-1.20, Kt/V > 1.20

[Tapamerpu ucnuTuBama
Crar. MCH CRP ALT GGT ALP iPTH KDE-M PMDG
(pg) (mg/l) (1um (1um (1un (pg/ml) (1Y) (mg)

Med | 31.70 6.80 13.25 20.00 81.25 179.00 21000.00 150.00
Med Il 32.05 5.92 13.25 24.78 69.50 132.50 21000.00 200.00
Med III 31.00 5.73 13.25 16.25 66.00 78.55 16000.00 100.00
Min | 27.90 0.40 6.00 8.00 34.50 6.10 4000.00 50.00
Min |1 28.00 0.30 6.50 10.50 28.00 14.50 4000.00 50.00
Min 11 27.60 0.50 7.50 10.00 35.00 1.00 4000.00 50.00
Max | 65.10 171.60 53.00 371.50 1404.00 1933.00 48000.00 800.00
Max 1l 35.15 14.40 34.00 125.00 630.00 1643.00 24000.00 800.00
Max 11 33.35 15.50 32.50 95.50 161.00 875.00 36000.00 600.00
IQR I 2.23 14.00 7.60 20.60 58.90 266.50 12000.00 200.00
IQR II 2.15 4.60 7.40 12.10 27.50 172.10 11500.00 300.00
IQR 11 1.93 8.90 8.40 16.90 49.90 366.70 17750.00 150.00
SHax. 2=-1472 | 2=-1384 | Z=-0299 | Z=-1.018 | Z=-0963 | Z=-1.302 | Z=-0.713 | Z=-1.525
P“J;“Ke p=0141 | p=0166 | p=0765 | p=0309 | p=0335 | p=0.193 | p=0476 | p=0.127
MCH - npoceuna konudyuHa Xemorjobuna y epurpouury, CRP - C-peaktuBHu mnporewH, ALT - amanuH
amuHoTpaHcdepasza, GGT - ramarmyrammn tpaHcdepaza, ALP - ankamna ¢ocdarasa, iPTH - wunraktHn

mapatxopmoH, KDE-M - mpoceuna mecedna mo3a kparkogenyjyher epurpornoeruna, PMDG - mpoceuna meceuna
no3a i.v. reoxha, Med - meaujana, Min - Murumym, Max - makcumym, IQR - HHTepKBapTaIHU paHT

N3mehy rpyna GonecHuka HeMa cTaTHCTUYKU 3HaudajHe (P > 0.05) pazmuke y ocTanium
UCIUTHUBAaHUM NapameTpuMa, Tabena 37a u Tabena 38.

Y uwby nporeHe yrumaja Omokaropa KoHBeprasze anrumorensuHa 1 (ACEI) w/wmm
Onokatopa penentopa 3a anruoreHsuH |l (ARBS) Ha Jedyewme aHeMHje HMCIOUTHUBAHHU CY:
KOHIIEHTpalujy xemorinoouna y kpeu (Hb), xemarokpur (Hct), koHuenTpanuja reoxha y cepymy
(Fe2+), VKYITHH KarmanuTteT BesuBama rBoxkha (TIBC), ciiobogHu kamanuTeT Be3wBama rBokha
(UIBC), 3acuheme tpanchepuna reoxhem (TSAT), kounenrpanuja dpeputuna y cepymy (F),
KOHIICHTpallKja Kallujyma (Ca’™), docpara (PO,>) u marmesmjyma (Mg?") y cepymy,
KOHIIeHTpanuja BuTamuHa D, wmHTakTHOr maparxopmona (iPTH), mapamerpu HyTpuTHBHOT
cratyca [KoHLeHTpauuja ykynmHux nporewHa (TP), anoymuua (Alb) m moxpahne xucenuue y

cepymy (UA), Op3una pasrpanme nporenHa (NPCR)], mapameTpu aieKBaTHOCTH XEMOAM]jAIN3e
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(Kt/V ungexc, spKt/V unaexc, URR uHIEKC), Ka0 W IMpOCeYHa MeCEYHa J03a Kparkojaeiyjyher
(KDE-M) u nyrozenyjyher epurponoeruna (DDE-M), unaekc pesucreHimje Kpatkoaenyjyher
(KDE/Hb) u nyrogenyjyher epurponoeruna (DDE/HD), u npoceuna meceuna mo3a i.v. reoxha
(PMDG). V 3aBucHoctu oj Tora jna iu y tepanuju umajy ACEI/ARB, GosecHunm koju ce siede
PEIOBHOM JIMjalTU30M Cy TOJEJbeHH y JBe Tpyme. [IpBy rpymy cy YuHMIN OOJECHUIM KOjH
pPEeIOBHO y3uMajy Giokatope koHBeprase anrnorensuna 1 (ACEi) w/umu 610karope perenropa
3a anruorensut Il (ARB), mok cy npyry rpyny YuHHIM OOJICCHUIIM KOjH y TEpAIUjuU HEMajy
ACEi w/umu ARB. TlpoceuyHe BpeIHOCTH HCIMTHUBAHHX IapaMeTapa MpHKasaHe Cy y Tabenu

39a/390.

Tabena 39a. TlpoceyHe BpPEAHOCTH HCIUTHBAHUX IMapaMeTapa y 3aBHCHOCTH O]l MPHMEHE
onokaropa kouBeptaze anruorensuna 1 (ACEIQ) w/unu GiiokaTopa perentopa 3a aHrHOTCH3UH 2

(ARB)

ACEi/ARB
Igiﬁ“:;f;‘a ACEI/ARB - 1A ACE/ARB - HE
Xsr +SD Xsr +£SD

Hb (g/l) 101.22 + 10.40 103.40 + 11.77
Hct (%) 30.46 + 3.11 31.31 £ 3.30
MCV (fl) 94.70 + 4.37 94.74 + 4.32
MCH (pg) 31.94 +4.12 32.11+5.48
MCHC (g/1) 332.38 +5.72 330.76 + 6.82
Le (x 10°/1) 6.87 + 1.89 7.08 +1.94
Fe 2" (umol/l) 10.15 + 3.57 10.63 + 3.03
TIBC (zmol/l) 33.61+5.12 35.70 + 8.07
UIBC (umol/l) 23.45 + 5.66 25.02 +7.95
TSAT (%) 30.69 + 11.36 31.22 +10.31
F (ng/ml) 829.71 + 318.90 711.39 + 405.36
CRP (mg/l) 9.54 + 13.86 13.88 + 27.26
UA (zmol/l) 371.10 + 68.42 377.02 + 81.20
TP (g/l) 61.37 + 4.80 61.58 +5.11
Alb (g/l) 36.42 + 3.31 36.60 + 3.92
nPCR (g/kg/nan) 1.71 + 0.66 1.61+0.55
AST (1U/l) 16.22 + 4.83 17.29 + 6,77
ALT (1U/1) 14.96 + 7.38 15.91 + 6.43
GGT (1U/l) 33.06 + 55.84 33.30 + 30.30
Ca’* (mmol/l) 2.24 +0.17 2.25+0.21
PO,* (mmol/l) 1.52 + 0.37 1.46 + 0.36
ca’* x PO,> (mmol“/I?) 3.38+0.83 3.29 +0.89
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Mg®* (mmol/l) 1.18+0.23 1.17 £ 0.28
ALP (1U/) 107.69 + 162.46 104.25 + 91.98
Vitamin D (ng/ml) 16.18 + 10.62 15.28 + 7.65
iIPTH (pg/ml) 266.10 + 366.78 298.19 +411.89
Kt/V unnexc 1.03+0.30 0.97 £0.22
spKt/V unmexc 1.03+£0.26 0.97 £0.23
URR (%) 62.39 £ 9.28 61.05+ 7.84

Taoena 396. IlpoceuHe BPEAHOCTH MCIUTHUBAHMUX TapaMeTapa: XeMoOJujajau3a Hacrpam
xemoaujaduTpanuje

Mapaverpu _ ACEI/ARB _
CMTHBALA ACEI/ARB - 1A ACEI/ARB - HE
Xsr +SD Xsr +£SD

KDE-M (IU) 19900.00 £ 9784.34 15.263 + 8305.57
DDE-M (1Q) 121.07 £ 85.11 118.08 + 57.75
KDE/Hb (1U/g) 208.99 + 117.61 157.03 + 89.30
DDE/Hb (1g/9) 1.18+0.94 1.17 +£0.95
PMDG (mg) 234.55 + 185.31 223.21 + 183.32

Ckpahenunie 27a/6: Hb - xemormo6un, Hct - xematoxput, MCV - mpoceuna 3ampemuna epurpouuta, MCH -
MpoceyYHa KOIMYKHA XeMoriobuHa y epurpouuty, MCHC - cpenta KOHIICHTpaIlja XeMOTJIO0OHHA y epUTPOIHTY, Le
- O6poj neykonmra, Fe?* - reoxle, TIBC - ykynuu kananurer Be3uBama reoxha, UIBC - cnobGoann kananurer
BesmBama rBoxha, TSAT - 3acuheme Tpanchepuna rBoxhem, F - ¢pepurun, CRP - C-peaktuBHu nporens, UA -
Mokpahua kucenuna, TP - ykynuu npoteutu, Alb - andymun, NPCR - 6p3una pasrpajime nporenna, AST - aciaprar
amuHoTpanchepasa, ALT - anannn amuroTpanchepasa, GGT - ramarmyrammt Tpancdepasa, Ca?* - kamumjym, PO~
- pocar, Ca”* x PO,* - npomssox comy6mmmrera, Mg®" - marnesujym, ALP - ankansa docdaraza, D - Buramus D,
iPTH - unraktan naparxopmoH, Kt/V - unnmekc amexBatHOoCTH Xemoaujanuse, SPKU/V - uHIEKC ajeKBaTHOCTH
xemoaujanuse, URR - nnzmekc amexBarHocTn xemonujanuze, KDE-M - npoceuna meceuHa J103a kpartkoneinyjyher
eputponioetuHa, DDE-M - mpoceuna wmeceuna mo3a ayroxenyjyher epurpomoeruna, KDE/Hb - wunpmexc
pesucrenije kparkoenyjyher epurponoernna, DDE/Hb - unnekc pesucrenuuje ayrogenyjyher epurpomnoeTrua,
PMDG - mpoceuna MecevHa 703a i.V. TBoxba

Ha ocuoBy Kolmogorov-Smirnov-or tecra, Student-oB 7' TecT 3a JBa HE3aBHUCHA y30pKa
KopuIlheH je 3a UCIUTHBAKE 3HAYAJHOCTH pasiuke u3Mel)y ucnutuBanux rpyna (ACEI/ARB -
JIA: ACEI/ARB - HE) 3a cnenche mapamerpe: xemornooun (Hb), xematokput (HCt), mpoceuna
3anpemuHa epurporuta (MCV), cpenma koHueHTpanuja xemorinoduna y epurporury (MCHC),
Opoj neykouuta (Le), koHueHTpanuja reoxha y cepymy (Fe*h, YKYITHH KalaluTeT BE3UBAma
reoxkha (TIBC), cmobomam kamamurer BesmBama rBoxha (UIBC), 3acmheme Tpanchepuna
rBoxhem (TSAT), konneHTpanmja Gepurnna y cepymy (F), KoHIeHTpanuja MokpahHe KUCETHHE
(UA), yxynmaux mporeuna (TP) m anOymuna (Alb) y cepymy, Op3uHa pasrpaame mnpoTenHa

(nPCR), xoHueHtpanmja acnaprat amuHOTpaHcdepaze y cepymy (AST), KkoHLeHTpauuja
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KaJIlHAj yMa (Ca2+), docdara (PO43') u ButamuHa D y cepymy, mapameTrpu ajeKBaTHOCTH

xemonujammze (Kt/V wunmexc, SpKt/V wungexkc, URR wuHmekc), mpoceyHa MecedHa J03a

KpaTkozenyjyher epurpormoeTuHa, HpOCceYHAa MecedHa Jo03a Iyrogenyjyher epurponoeTuHa

(DDE-M) u unnekc pesuctenimje kparkoaenyjyher (KDE/HD) u nyropenyjyher epurpomnoernna

(DDE/Hb), Tabena 40. 3a yrBphuBame CTaTHCTHYKE 3HAYAJHOCTH pa3jivKe u3Mel)y HCIIUTHBAHUX

rpyna 3a IpoCeYHy KonuuuHy xemoriobuna y epurpouuty (MCH), C-peakTuBHH IpOTEHH

(CRP), amanun amuuotpanchepasy (ALT), ramarmyramun tpanchepasy (GGT), ankamHy

¢docoarazy (ALP), unraktHu naparxopmon (IPTH) m mpoceuny mecedny o3y i.V. reoxha

(PMDG) kopuriihen je Mann-Withney-U-tect, Tabena 41.

Tabena 40. YTuiaj agekBaTHOCTH JUjan3e Ha JeUeHhe aHEeMHje KOJ| OOJECHHKA KOjU ce Jieue
penoBHOM nujanuzoM (Student T tecr)

ITapameTpu : ACEVARB : 3HayajHOCT
e vmarea ACEIi/ARB - IA ACEi/ARB - HE etk (0)
Xsr £ SD Xsr + SD
Hb (g/l) 101.22 + 10.40 103.40 + 11.77 t=-1.034, p = 0.303
Hect (%) 30.46 + 3.11 31.31+3.30 t=-1.411, p=0.161
MCV (fl) 94.70 + 4.37 94.74 + 4.32 t=-0.039, p = 0.969
MCHC (g/1) 332.38+5.72 330.76 + 6.82 t=1.385, p = 0.169
Le (x 10°/1) 6.87 + 1.89 7.08+1.94 t=1.385,p=0.169
Fe 2 (umol/l) 10.15 + 3.57 10.63 + 3.03 t=-0.731, p = 0.466
TIBC (umol/l) 33.61+5.12 35.70 + 8.07 t=-1.734, p = 0.085
UIBC (umol/l) 23.45 + 5.66 25.02 + 7.95 t=-1.258, p=0.211
TSAT (%) 30.69 + 11.36 31.22 +10.31 t=-0.251, p=0.718
F(ng/ml) 829.71 + 318.90 711.39 + 405.36 t=1.759, p = 0.081
UA (zmol/l) 371.10 + 68.42 377.02 + 81.20 t=-0.424, p = 0.672
TP (g/l) 61.37 + 4.80 61.58 + 5.11 t = -0.225, p =0.882
Alb (g/1) 36.42 +3.31 36.60 + 3.92 t=-0.264, p = 0.792
nPCR (g/kg/nan) 1.71 4 0.66 1.61 +0.55 t=0.833, p = 0.407
AST (1UN) 16.22 + 4.83 17.29 + 6.77 t=-0.906, p = 0.368
Ca*" (mmol/l) 2.24+0.17 2.25+0.21 t=-0.271, p = 0.787
PO,* (mmol/l) 152 +0.37 1.46 + 0.36 t=0.759, p = 0.449
Ca’"xP0,> (mmol*/F) 3.38 +0.83 3.29 +0.89 t=0.546, p = 0.586
Mg”" (mmol/l) 1.18+0.23 1.17+0.28 t=0.243, p = 0.809
Vitamin D (ng/ml) 16.18 £ 10.62 15.28 +7.65 t=0.485, p =0.629
Kt/V nazexc 1.03 +0.30 0.97 £ 0.22 t=1.059, p = 0.292
SpKt/V nniexc 1.03+0.26 0.97 £ 0.23 t=1.307, p = 0.063
URR (%) 62.39 + 9.28 61.05 + 7.84 t=0.793, p = 0.429
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KDE-M (IU) 19900.00 + 9784.34 | 15263.16 + 8305.57 t=1.781, p=0.080
DDE-M (ug) 121.07 + 85.11 118.08 + 57.75 t=0.115, p = 0.909
KDE/Hb (1U/g) 208.99 + 117.61 157.03 + 89.30 t=1.704, p = 0.094
DDE/Hb (ug/kg) 1.18 £ 0.94 1.22 + 0.67 t=-0.120, p = 0.905

Cxkpahenune: Hb - xemorno6un, Hct - xematokpur, MCV - mpoceuna 3anpemuna eputpouuta, MCHC - cpeama
KOHIIGHTPAIIHja XeMOrIo6KHa y epurpouuty, Le - 6poj meykomura, Fe’" - reoxhe, TIBC - ykymHu kamamurer
BesuBama rBoxkha, UIBC - cnobomuu kamanureT Be3uBama reoxklha, TSAT - 3aculieme Tpanchepuna reoxhem, UA -
Mokpahna kucenmnua, TP - ykymau nportenum, Alb - an6ymmm, nPCR - Gpsuma pasrpamme mportenmHa, Ca’' -
xammjym, PO, - gocdar, Ca’* x PO,> - npomssox comybmmutera, Kt/V - HHIEKC aieKBaTHOCTH XEMOIMjaln3e,
SpKt/V - mamekc amexBatHoCcTH Xemomujanuse, URR - wHmeke amexBarHocTH Xemomujanuse, KDE-M - mpoceuna
MecedHa J103a KpaTkoaenyjyher epurpornoeruta, DDE-M - mpoceuyna meceuna no3a ayroaenyjyher epurpomnoeTrHa,
KDE/Hb - unznekc pesucrenimje kparkoaenyjyher epurponioeruna, DDE/HD - unnexc pesucrenimje ayromenyjyher
€pUTPONOETHHA

Tabena 41. YTunaj aaekBaTHOCTU JUjaIn3e Ha JeUeHE aHEeMHje KOJ| OOJECHHKA KOjU ce Jieue
penoHoM nujanuzom (Mann-Whitney U tect): | - ACEI/ARB-JIA, 1l - ACEi/AR- HE

[TapameTrpu Craructuyky mapamerpu 3HavajHOCT
WCTATHBARA i) | Med-1l | Min-l | Min-ll | Max-l | Max-ll | IQR-I | IQR-i | PA3HKEP
Z=-0.072
MCH (pg) 31.60 | 31.85 | 27.60 | 27.90 | 6510 | 65.10 1.80 2.85 0= 0.943
Z=-1.191
CRP (mg/l) 9.54 6.18 030 | 090 | 89.20 | 171.60 | 9.40 9.30 0= 0.234
ALT (1U/1) 1250 | 1475 | 750 | 650 | 53.00 | 34.50 6.60 8.50 Zp Z'()lffg
Z=-1.59
GGT(lU/l) | 1800 | 2350 | 800 | 9.00 | 37150 | 161.00 | 11.00 | 23.90 0= 0111
Z=-1.755
ALP (1U/l) 69.00 | 84.00 | 28.00 | 37.50 | 1404.00 | 630.00 | 3550 | 43.50 0= 0079
IPTH (pg/ml) | 153.00 | 15450 | 1.00 | 1.00 | 1866.00 | 1933.00 | 292.60 | 236.10 Zp Z}?'é‘fg
PMDG (mg) | 150.00 | 175.00 | 50.00 | 50.00 | 800.00 | 800.00 | 250 150 Zp Zé)'g%l

Ckpahenunie: MCH - mpoceuna konununHa xemornoduna y epurporurty, CRP - C-peaktuBHu nporeuH, ALT -
amaHuH amuHOTpaHcdepaza, GGT - ramarmyramun tpancdepasza, ALP - ankanna docdarasza, iPTH - unTakTHH
naparxopmoH, DDE/Hb - unnekc pesucrenuuje nyronenyjyher epurponoeruna, PMDG - mpoceuHa MecedHa j103a
i.v. rBoxba, Med - menujana, Min - muauMym, Max - makcumyM, IQR - HHTepKBapTaIHH paHT

N3mehy rpyma OonecHuka HeMa cTatucTUdku 3Havajue (P > 0.05) pazmmke y
HCIUTHBAHUM TapamMeTpuMa. bolleCHHUIIM KOjU ce Jieue PeoOBHOM aujanu3oM u y3umajy ACEi/
ARB umajy npoceuny Behy meceuny no3y kparkojaenyjyher eputponoernna (KDE-M) u Behy
BPEIHOCT HWHJIEKCA PE3UCTEHIINj€ KpaTKoJenyjyher epuTpoOmoeTHHa, ajid Ta pas3liuka HHUje
craructruky 3HadajHa (P = 0.080; p = 0.094). bnokaTopu koHBeprasze anruorensuHa 1 (ACEi)
u/umn Onokatopu perienropa 3a anruotensuH Il (ARB) craTtMcTUYkM 3HAYajHO HE YTHUYY Ha
JIeUeHe aHEMHje KOJI OOJIECHHUKA KOJH C€ Jieue PEeJOBHOM JHjalIi30M.
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6. ITMCKYCHJA
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Anemuja je npucytHa koa 90% OosecHHKa ca 3aBpIIHUM CTaljyMOM XPOHUYHE OOJIECTH
OyOpera Koju 3al0Uuiby JICUCHE PEOBHOM XeMOAMjain30M. theHe riiaBHe KIIMHUYKE TOCTIEANLIE
Cy: TpPOTPECHMBHO OMNaJame pe3uayalHe peHalHe (QYHKIHje, Pa3BOj KapAuOBACKyJapHHUX
KOMILUTMKaI#ja, nopemehaj KOrHUTUBHUX (DYHKIIMja U CMAamEeH KBAJIUTET )KUBOTA OOJIECHUKA KOJU
ce Jieuye pPENOBHOM XeMoawjamu3oM u xemonujaduntpanujom [73, 74]. be3 o03upa Ha
oarorapajyhe nedyeme aHeMmHje, KOje YKJbydyje HHTPABEHCKYy TIpUMeHy TBoxkha U
EPUTPOINOCTHHA, aHEMH]a j& JOII YBEK 4ecTa KOMIUIMKAIMja Yy IMOMYyJIaliju OOJICCHUKA KOjH Ce
Jmede pedoBHOM nujanm3oM. llpeBanenma aHemwuje, naepuHHCaHE Kao KOHIICHTpAIlHja
XeMorjaoouHa y cepymy Mama ox 100 g/l, xon ucnutuBaHuX OOJECHUKA jeé BUCOKA M M3HOCH
50.00%. V naj3HauajHuje (paxkTope pU3MKa KOjU YyTHUYy Ha JeueHmhe aHeMHje KoJ OOJecCHHKa Ha
XeMOJWjanu3u W XeMoaujauiuTpaluju Ccrhajaajy: HeJocTaTak TIBOXkha, HEIOBOJbHA J03a
epUTPONOeTHHA, HH(IaMaIlHja, CeKYHIapHA XUleprnapaTHpeonIi3aM, HeJocTaTak Butamuna D,
noBehaHa KOHIIGHTpalWja TIMapaTxopMoOHa Yy CEepyMy, MAaJHYTpHUIMja W HeaJaeKBaTHa
xemoaujanusa [73-75]. [Ipounduamaropun mutokunu (IL-6) cTuMmynumnry cuHTE3y XemuanHa,
KOJU CMamyje paclolokKHBOCT TBoxkha 3a KacHy eputpomnoesy [73-75]. VYiora
MUKpOUH(]IIaMaIlHje y MaToreHe3n peHaiHe aHeMU]je U PE3UCTEHIIM]€ Ha JIE]JCTBO €pUTPOTIOCTUHA
MmoBe3aHa je ca HemoctarkoM BuTamuHa D [73-75]. YV marodusmonomkuMm ycioBuMma, y
nH(pIamMalnuju, UMyHCKe henuje y KOCTHO] CpKH (MOHOUMTH, 7-IMM(OIUTH) TMOjayaHO Jiyde
Mpo3anabeHcKe MejaTope (MHTepIIeyKUH-6, pakTop TyMOpCKe HEKpO3e-a, HHTEp(EpOH rama),
KOJU HEraTUBHO YTHUY Ha JudepeHuupame 1 nponndepannjy henmja npekypcopa epurporoese
(pana ¢aza eputpornoese, paza Koja He 3aBUCH O]1 JIejCTBa epuTpornoeTruHa) [75]. ¥V kacHoj dhazu
epUTpPOINOe3e, EPUTPONOETHH j€ OCHOBHH CTHMYJyC 3a npoiudepanujy hemuja epuTpoLUTHE
no3e. JlogatHo, MOpea epUTPOIIOETHHA 3a €pUTPOIOe3y O] 3Hayaja je U JIOBOJbHA KOJMYMHA
reoxha (pacrosiokuBocT reoxkha 3a npoiiec epurponoese) [75]. Pesynratu oBor HCIUTHBa®bA Cy
MOKa3aiu Ja OOJICCHHIIM KOjU C€ Jiede PEAOBHOM JIHjalIu30M Ca aHEMH]joM (KOHIICHTpaIluja
xemornobuna y kpsu - Hb < 100 g/l) umajy crarucTHyky 3HayajHO Mamy: KOHIEHTPALU)y
rBokha y cepyMmy, YKYIHOI KaraluTeTa Be3HBama TI'BOXNa, KOHILIEHTpauujy ajiOymMuHa u
YKYIHOT KallllijymMa y cepyMy, Kao M CTaTUCTHUKH 3Ha4ajHO Behy: KOHIEHTpanujy GepuTuHa y
cepyMy, MPOCEYHY MECEYHY 03y Ayrojenyjyher epuTporoeTrHa, HHIEKC pPE3HCTEHIIU]e
KpaTkoJenyjyher epuTponoeTHHa, WHAEKC PEe3UCTeHLHje Iyroenyjyher epuTpomnoeTHH H

KoHIeHTpanujy C-peakTMBHOT TPOTEMHA Y CEpyMy, y OJHOCY Ha OOJECHHUKE ca IHJBHOM

98



KOHIIEHTpanujoM xemorimobuna y cepymy (Hb = 100-120 g¢/l). OBakBu pesyinrata Cy y
CarJIaCHOCTH ca pe3yiTaTUMa APYTHX ayTopa KOjH Cy MOKa3aJu Jla cy HexocTarak rBokha u
MUKpouH(IIamanyja 3HauajHu GaKTOPH 32 Pa3BOj PE3UCTEHIIM]E Ha JICJCTBO €pUTPOTIOETUHA [ 13-
75].

PesynraTi KIMHUYKHX WCIHUTUBAKa, CHPOBEACHUX TIOCIEAHBUX TOAMHA, YKazyjy J1a
HejocTaTak BuTamMuHa D mma 3HavajHy yJiory y pa3Bojy aHEMHje KOJ OOJIECHUKA KOjU Ce Jiede
penoBHOM aujanu3oM. Hemocrarak Butamuua D ce medunuire kao konmentpaimja 25(0H)D <
20 ng/ml, mpu yemy ce Texkak HemocTaTak ButamuHa D nedunuime kao konuentpamumja 25(0H)D
< 10 ng/ml [73-76]. Uucydunmjeniuja Butamuna D ce nedunuine kao konuentpamuja 25(0H)D
on 20-30 ng/ml. Hopmanna koHIeHTpalMja BUTaMHHa D mMocTOju ako je KOHIEHTpaiuja
25(0OH)D > 30 ng/ml. IupHa kounentpamnuja 25(0OH)D y cepymy OoJsiecHHKA KOjU Cce Jieue
PEIOBHOM XEMOIHjaIl30M U XeMoaujaduiarpanujom Tpeda aa usHocu > 30 ng/ml (30-80 ng/ml),
a koureHtparmja Beha ox 80 ng/ml moxke ma ucmosbu TOKCUYHO fAejcTBO [73-76]. IpeBanenia
TEIIKOT HeJocTaTKa BUTaMuHa D xoj ncnutuBanux OosecHuka nsnocu 24.17% (29 OosecHuka).
Henocrarak Buramuna D wuma 91 Gonecuuk (75.83%), ucybunmjenuujy Butamuna D 19
oonecHuka (15.83%), a HopmanHy KoHUEHTpalujy ButamuHa D y cepymy umano je camo 10
oonecuunka (8.33%). Pesynraru OBOr HCHHTHBaKma Cy y CKIagy ca 0 cajla YYHHCHUM
UCIUTHBakUMa KoOja Cy TIOKa3aja Ja je CMameHa KOHIeHTpanuja BuTammHa D y cepymy
npucytHa koJ 80% OGoJecHHKa KOjU ce Jieue peJoBHOM Aujanu3oM [73-76]. Y dakTope pusuka
KOJU CMamY]y KOHIEHTpalujy ButamMmuHa D kox GonecHuka Koju ce jeude AWjaau3oM Craaajy:
CMameHa CHHTe3a BUTamMuHa D y KOXH, cMameHa peamncopniyja ButamuHa D y enurennum
henujama npokcuManHux TyOyna OyOpera, cMameHa (U3UYKa aKTMBHOCT, Juja0eTec MEIHUTYC,
CMameH yYHOC XpaHe Oorate ButamuHOM D [73-76]. 'maBHe KIMHHWYKE TOCICIUIIE HEJOCTATKa
ButamuHa D kon GosecHuka ca XpoHHYHUM OojiecTuMa OyOpera, ykibyuyjyhu u 601ecHUKe KOjU
ce Jieue PEeNOBHOM [HjalIM30M CY: CEKyHIApHU XHIIEPIIapaTHPEOUIN3aM, CMameHa T'yCTHHA
KOIITAaHOT TKWBa, XHUMEPTpodHja JieBe KOMOpe, aTepOCKIepo3a, BacKyllapHe Kannupukaiuje,
KpyTOCT aprepuja, nopemehaj GpyHKIMje KOrHUIIM]e, TPOTPECUBHU T'YOUTAaK pe3uIyalHe peHalIHe
¢bynkuuje, moehana croma cmptHOCTH [73-76].

BonecHunu ca koHueHTpanujom ButamuHa D y cepymy mamom ox 10 ng/ml umajy Bucoko
crtaTucTUiku 3HadajHo (P < 0.001) mamy KOHIICHTpAIHM]y XEMOTJIO0WHA y KPBU y OJHOCY Ha

Oonecuuke Kox Kojux je koumentparuja 25(OH)D = 10-20 ng/ml u > 20 ng/ml. Usmehy
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UCTIMTHBAHUX Tpyna OOJEeCHUKA HE MOCTOjU CTATHCTHYKU 3Ha4YajHa PasjivKa y MPOCEYHOj J03U
Kpatkonenyjyher u ayroxenyjyher epurponoeTrHa, HHACKCA PE3UCTEHIIM]E KpaTKoaemyjyher u
nyrojenyjyher epuTponoeTnHa, mMTo yka3yje na OOJIECHHUIM ca TEHIKUM Je(QHIIMTOM BUTAMHHA
D 3axteBajy Behy no3y epurpomoeTMHa 3a Jeuewme aHemuje. OBakBH pe3yiaTatd Ccy y
CarJIaCHOCTH Ca Pe3yJTaTuMa HCIHTHBAma JPYTHUX ayTopa, KOju Cy IOKa3zanu aa OOJICCHUIH
KOjU Ce Jieue PEeIOBHOM HMjaJH30M ca cMameHoM KoHueHTparujom 25(0OH)D y cepymy mmajy
CTaTUCTHYKU 3HAYAjHO Mamy KOHLIEHTPAIM]y XEMOIJIOOWHA Y KPBHM M 3aXTEBajy CTATUCTHYKU
3HauyajHO Behy 03y epuTponoeTrHa, y 0JHOCY Ha 00JIECHUKE KOjU UMAjy IUJbHY KOHIICHTPAIIH]y
25(0OH)D y cepymy [73-76]. UcnutuBama 1mokasyjy, Aa OOJCCHUIUM KOjH CE JIeYe TUjaIn30M M
uMajy Henmoctatak ButamuHa D, nedenu eprokamudeposiom (ERGO) y BpeMeHckoM neproay
Jy’KEeM O] IIeCT MECCIM 3aXTeBajy Mamy 103y epurpornoeruna [Ergocalciferol caps. 1.25 mg
(50.000 1U), Buramun D2] [77-79]. BonecHuim koI KOjuX je KOHICHTpalMja BUTamuHa D y
cepymy on 10-30 ng/ml tpeba ma mpumajy ERGO y mosu om 50.000 IU, vetupu myra y
YEeTBOPOMECEYHOM BPEMEHCKOM Iepuofy (jeIHOM Mece4Ho), JOK OoJecHHUIM ca
KOHIIeHTpauujoM BuTamuHa D y cepymy mamwom ox 10 ng/ml tpeba na mpumajy 50.000 1U
HEJIeJbHO y TOKY MpBoOT Mecena (4 mo3e), a 3atum na Hactase ca 50.000 U jeqnom mecedHo y
TOKY TpU Mecela, Tako jaa ykynmHa fgo3a u3Hocu 350.000 |U y toky werupu mecena. Ilpema
npenopykama KDIGO, ko 6osecHuKka Koju ce Jiede peJlOBHOM XEMOIUjalIn30M, UHIMKOBaHA je
npuMeHa BuTamuHa D (eprokanuudepor) cBe 10K ce KOHIeHTpaluja ButamMmuHa D He nmoBeha Ha
HuBo > 30 ng/ml [77-79]. Buramun D Onokupa cTBapame MpouH(IaAMaTOPHUX HUTOKHUHA KOjH
onokupajy nudepenuujanujy u npoiudepanujy hemuja mpekypcopa €pUTPOIUMTHE JI03€ Yy
KOCTHO] cpxu. Takohe, Butamun D Onokupa crBapame xenmuanHa y henvjama jeTpe u Ha Taj
HaunH ToBehaBa pacmoloKUBOCT TBOkHa 3a cuHTE3y xemoriobwHa [77-79]. Jom jeman
MeXaHu3aM KOjuM BHMTaMMH D MOBOJbHO yTHUYE Ha JieUee aHEMHUje EPUTPOIOETHHOM je
ONoKHMpame CeKpelrje mnapaTXopMoHa. ['0TOBO CBH OOJECHHMLM KOjU C€ Jieue PEeIOBHOM
XEMOJIMjallM30M HMajy KoHuHeHTpauujy ButamumHa D < 30 ng/ml u 3axreBajy mnpumeny
eprokamudepona [77-79]. IIpema npenopykama NKF-DOQI, xoHmenTpanujy ButamuHa D y
cepyMy Tpeba MEepUTH KoJl OOJEeCHHKa ca OJMAKIUM CTaJujyMOM XpOHHUYHE Oosnectu OyOpera
(ctamujym 4 u 5), a jeATHOM TOTUIIIEHE U KO/ OOJIECHUKA KOJU C€ JIeUe PEOBHOM XEMOIH]alTu30M
u xemonujadunrpauujom [77-79]. Ilopexn moBosbHOT 1ejcTBa cymiieMeHTanuje BuTtamuHa D,

pe3yNTaTH 10 cajla YUMIEHUX UCIUTUBAMKA MOKa3yjy Ja je ynorpeda mapukalluTosia MoBe3aHa
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ca HWKMM BpEIHOCTHMA MHJIEKCA pe3UCTeHIM]je Ha iejcTBo eputponoeruna [80]. [Tapentepannu
001K mapukanuToa npumaio je 14 6onecnuka (11.67%), a mpoceyna MmeceyHa J103a U3HOCHIIA
je 30.00 £ 15.20 Q.

[lep3ucrenTHa MUKpoHH(]IaMalKja HUCKOT CTEICHA je 3HayajHa KOMIIOHEHTa XPOHUYHE
6onectu OyOpera. [IpeBanennuja MukponrQamanuje, nepunrucane kao konentpamnuja CRP y
cepymy > 5 mg/l, mpucytHa je xox 35-65% OosecHuka. [IpeBaneHiia MukporHpIamanuje Ko
UCHUTHBAaHUX OonecHuka wu3HOCH 50%. Mukpoundiamanuja wuMma 3HAYajHy YJIOTY ¥y
naTo(U3HUOJIOTHJH OIIITEr M KapJHOBAaCKyJapHOT MOPTAIUTETa, AJIM je OJATOBOPHA W 3a pa3Boj
MaJHYTpHIIHje, PE3UCTCHIIMje Ha JejcTBO epuTponoernHa u aHemuje [81-83]. Hajznauajauju
(dakTopu KOju yTUUYY Ha pa3Boj MUKpouH(pIamaluje y XpoHuuHoj Oonectu OyOpera, ykibyuyjyhu
1 OOJIECHUKE KOjH Ce JIeue PEIOBHOM JMjaIH30M Cy: MoBehaHO CTBapame M CMambemhe pas3rpaame
NpouH(IaMaTOPHUX  LUTOKMHA (CMambeH  KIUPEHC INpOUH(IAMAaTOPHUX  LIMTOKKHA),
OKCHJIATHMBHU CTPEC, META0OJMYKA alu]103a, HEIOCTaTaK BUTaMUHA D, XpOHWYHE PEKypeHTHE
WHQEKIMje TOBE3aHe ca BAaCKyJIapHUM NPUCTYIIOM 32 XEMOAMjau3y (IEHTPaTHH BEHCKH
KaTeTeTPH 3a XEMOJHjaITN3y, apTepruo-BeHCKa (UCTYJa 32 XeMOaujann3y, HH(EKIHje Ha MECTy
MyHKIMj€ BacKyJapHOI MpHUCTyna), HH(peKnuje ycHe nymbe (MepuoJoHTaIHa OOJIECT).
XpoHHYHA NepruoIoHTanHa Oonect (MH(pIaMalyja) je moBe3aHa ca nmopehaHoM KOHIIEHTpalujoM
MeaujaTopa UHQIIamMaluje y cepymy KoJ OOJECHHKA KOjU C€ Jiede PEOBHOM XEMOJHUjaIn30M.
MukpouHdamanuja je y AUPEKTHO] KOpenaluju ca jJaudHOM TIoMepyscke duirpaiuje y
XpOHUYHO] Oosiectn OyOpera, a BpXyHall JOCTHXKE KOJ OOJIECHMKA KOjU C€ Jieue PEJOBHOM
XeMOJUjanu30M (MHUKPOOHOJNOMIKA KBAJIUTET BOJE 32 XEMOJAMjalTN3y, OMOMHKOMIATHOMIHOCT
BaHTEJIECHE IHUPKYIIANHje, OKYJITHA HH(EKIHMja BaCKYyJapHOT TPUCTYIA 3a XxeMoaujanu3sy) [81-
83]. I'maBHe KIMHHWYKE TOCIEIUIIe MUKpOHH(pIaManuje cy: aHeMHja, pe3UCTEeHIIja Ha JIejCTBO
epUTPONOETHHA, MAJHYTpHUIMja, MopeMeha] MHHepala W KOLITAaHOT TKHBa, paHa yOp3aHa
aTepockiepo3a, KapauoBackynapau mopemehaju [81-83]. Pesymrarm 1m0 cama ydumeHHX
UCIHUTHBaKka I0Ka3zyjy Jda OoJleCHMIIM KOjU ce€ Jiede pEJOBHOM XEMOJHWjallu30M ca
koHrenrpanujom CRP-a y cepymy jemnakom mim Behom on 20 mg/l, 3axTeBajy CTaTHCTHYKH
3Ha4YajHO Behy 0T3 epuTponoeTHHA y 0JTHOCY Ha O0JIECHUKE KOJT KOjuX je KoHreHTpamnuja CRP-a
y cepymy Mama o 20 mg/l [81-83]. BonecHuim koju ce neue peOBHOM XEMOAUjAIN30M HMajy
CTATUCTUYKM 3HA4YajHO BehM WHIEKC PE3UCTEHIMje Ha JejcTBO epuTpomoernHa - ERI (enr.

Erythropoetin Resistance Index - ERI) [81-83]. Buramun D nma 3HauajHy yjiory y peryiamndju
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UMYHCKOI cucteMa. 30or HemoctaTka BuUTamuHa D mosehaHo je crTBapame mpo3anabeHCKUX
Menujaropa. OBH MemmjaTopu ce CTBapajy M 300r OMOMHKOMIATHOMIIHOCTH BaHTEIIECHE
UpKyJanyje (CHHTETCKa MeMOpaHa 3a XeMO/IUjaTnu3y, CHHTETCKE apTEepHUjCKe U BEHCKE JTUHH]E,
MUKpPOOHOJIOIIKK KBAaJUTET BOJEC 3a XeMOAWjalu3y M xemoauwjaduurpanujy). Pesynraru
KJIMHUYKHAX MCIUTHBaba IMO0Ka3yjy Jla mpuMeHa BuTamuHa D u xemonujanmsa ca memOpaHama
KOje caJip>ke BUTaMUH E cMamyjy OKCHAATUBHU cTpec W MukpouHpramanujy [81-83]. IIpema
npernopykama NKF-DOQI (eunrn. National Kidney Foundation Kidney Disease Outcomes
Quality Initiative - NKF-DOQI) konuenrpanujy CRP-a y cepymy ko 0ojieCHHKA KOjU C€ Jiede
PEIOBHOM XEMOAMjaM30M Tpeba MEpHUTH jeIHOM Yy TpH Mecena (KOA BHUCOKO-PH3MYHHUX
0oJecHHKa M jeTHOM Mece4HO). PemoBHO Mepeme MOXKe OTKPUTH OOJECHHKE KOjU HMajy
noBehaH pHU3MK OJ PE3UCTEHIIMjE Ha JIEjCTBO EPUTPOIIOETHHA W pa3BoOja KapAHOBACKYJIAPHOT
norahaja [84].

Koxg Oomecnuka koju ©Oomyjy oa XxpoHuuHe Oonectu OyOpera, CeKyHIapHU
XHUIIEPIIapaTUPEONIn3aM HMMa BHUIIECTpyKa OHOJIOMIKA [€jCTBa, YKJbydyjyhm u yTumaj Ha
anemujy. Y Moryhe matou3noomKe MEeXaHH3Me CHaaajy: IUPEeKTHO Oiokupajyhe nejcTBO
napaTxopMoHa Ha henmje mpekypcope eputTpornoesde (paHa (asa epuTporoese), cMmamyje
CTBapame epuTpornoeTrHa y ¢puodpobdbiactuma nHTEpcTHIMjyMa OyOpera, ckpahyje >KUBOTHH BEK
epuTponrTa. Y WHANPEKTHA J€jCTBA IapaTXOPMOHA CIIaJ1ajy HEraTUBHO JIejCTBO HA HETYJIaPHOCT
KOCTHE Cp>KH (mapaTxopMoH nojactuue Gpudpo3y/oxuibaBame KocTHe cpxku) [84]. bonecHunu ca
xunepdochaTeMrjoM UMajy CTATUCTHUUKH 3HAYajHO Mamby IMPOCEUYHY KOJWYMHY XEMOIJIOOWHA y
CPUTPOLIUTY M CTaTHCTHYKH 3HAYajHO Behy mpoceuHy MeceuHy o3y i.V. rBoxha, y ogHOCY Ha
OoJlecHUKE ca IIMJBHOM KOHIEHTpauujoM (ocdara y cepyMmy, IITO je y CKIaay ca pe3yaraTuMa
UCTpa)KMBamwa APYTUX ayTopa KOju Cy MoKa3aiH Jia cy Koj 00JIeCHUKA ca XpPOHUYHUM OosiecThMa
OyOpera, xunepdocdaremuja u mnoBehaHa KoHIEHTparja ankaimHe ¢docdaraze y cepymy
noBe3aHe ca aHemujoM [84]. Pesynratm 1o cajma yuyMEHGHHX HCIUTHBama Cy MOKa3ald Ja
KOHIIEHTpallja mapaTxopmMona y cepymy Beha ox 500 ng/ml 6iokupa pacrt, nponudepanujy u
nudepeHnujanyjy hemuja mpexkypcopa epUTPOIMTHE J03e y KOCTHO] cpxu [84]. Usmehy
KOHIIGHTpAallMj€ MHTAKTHOT MapaTXOpPMOHAa M KOHIEHTpauuje (eputuHa y cepymy OOJecHUKa
KOjH ce Jieue peIOBHOM XeMOAMjaJI30M HHUje JOKa3aHa CTATUCTHUYKU 3HaYajHa MOBE3aHOCT, IITO
noTBphyje Aa Kox OBUX OOJNeCHMKAa aHEMHja HHje TOCIequlla HemocTtaTtka TBoxkha, Beh

nocjenuIa 0XK1JbaBarkba KOCTHE CPKH Y3POKOBAHOT JIejcTBOM maparxopMmoHa [84, 85]. Iloehana
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KOHIIEHTpallMja MapaTXoOpMOHAa Yy CEepyMy yTHYe Ha OCMOTCKY (pParmiHOCT €pUTPOLUTA, Tj.
cMamyje OYEKHMBaHy AYXKUHY J>KUBOTHOI BeKa EpPUTPOLMTAa KOJA OOJIeCHHKAa KOjU ce Jeue
PEIOBHOM XEMOIM]jaTu30M (XeMOJIM3a EpUTPOIINTA Y3POKOBaHa IapaTxopMoHoMm) [84, 85].
[IpeBaneHna ceKyHAapHOT XUIEPIAPATUPEOUIU3Ma KOl UCTIUTUBAHUX OOJIECHUKA U3HOCH
14.17%. I'oToBO CBU OOJIECHUIIM CYy JIUCHH Be3adeM (ocdaTa Koju caapKu KaaujyM (ipocedHa
MeCeYHa JI03a Kaimujym kapOoHarta u3Hocwia je 8.70 £ 6.65 ) m akTUBHHM MeTabOIUTOM
ButamuHa D (mpoceyna Mmeceuna jgo3a kanuutpuosia m3Hocuiaa je 1.08 + 3.11 Q). Usmehy
WCIHUTHBAaHUX Tpyrna OOJIECHUKA HE MOCTOjH CTAaTUCTHYKW 3HA4YajHa pa3jiivKa y KOHLEHTPAIHjH
XEeMOIJIOOMHA, MTPOCEYHO] MECEYHO] 103U KpaTkojaenyjyher u ayroaenyjyher eputrpornoeTHa u
MHJIEKCY pe3UCTeHIje KpaTkoaenyjyhe u nyrogenyjyher epurponoeruna. OBakBU pe3yiaTaTH Cy
y CKJIagy ca pe3ylTaTuMa JpYyTuX ayTopa KOju Cy IOKa3alid Jla CTaTUCTHYKMA 3HadajHa
MOBE3aHOCT M3Mel)y WHTaKTHOT MapaTXxOopMOHAa M XEMOTJIOOMHA IIOCTOjH CaMO Yy TpyNH
00JIeCHUKA KOJI KOjUX je KOHIICHTpAI[Mja HHTAKTHOT MapaTxpMoHa y cepymy Beha o 1500 pg/ml
[86]. Bomecuunu ca xoureHTtpanmjom IPTH y cepymy Behom ox 500 pg/ml mmajy Bucoko
CTaTUCTUYKU 3Ha4yajHO Behy KoHIeHTpanujy ¢ocdata u ankaiHe (ocdaraze y cepymy u
MPOM3BO/I COTYOMIINTETA Y OJIHOCY Ha OosiecHHKe ca KoHieHTpanujoM iIPTH y cepymy Mamom o1
150 pg/ml. OBakBu pe3yaTaTu Cy y CKIaay ca ca pe3yjaTaThMa 0 caja YIMmhEeHUX HCITUTHBAMbA,
KOjU Cy TOKa3aiay Ja OOJIECHUIM ca CEeKYHIApHUM XHUIeprapaTHpEeOoHIu3MOM uMajy nosehan
MIPOU3BO/T COTYOMITUTETA M PU3HK OJ1 Pa3BOja BAaCKyJapHUX W BaJBYJIAapHHUX Kammudukamnmja [87-
90]. UcnuTtuBaHW OOJECHUIM HHUCY JICYEHH KaIIMMUMETHIMMa (HAjHOBHjOM TEHEpaIljoM
JIeKOBa 3a JIeUeHEe CEeKyHJApHOT XHIIePIapaTHpPeouan3Ma), a MapeHTepalHu OOJHK
napukanurona npumaio je 14 Gomecnuka (11.67%), a mpocedHa MecedyHa J03a U3HOCHIA je
30.00 + 15.20 ug. Pesynraru 10 caja yYumHEHUX UCITUTHBAKA Cy MOKA3AIH J1a TTAPUKAIITUTON U
[UHAKAJIIET JONpHUHOCE 00Jb0] KOHTPOJHM aHeMHje KOJA OOJEeCHHKa KOjU Ce Jeue peOBHOM
xemoaujaau3oM. Koa OomecHuka koju cy nedenu ruHakaaierom (Cinacalcet) y BpemeHckom
MEpUoNy Ol JIEBET MECENH, [O0JIa3h N0 CTATUCTHYKMA 3HAYajHOT IOopacTa KOHIIEHTpAIH]je
XeMOrJI00MHa y KpBH 0e3 MmpoMeHa jao3e epuTporoeruHa. [locnenma ncnuTHBama yKasyjy na
[MHAKaIIeT o0e30ehyje onTuManHy KOHTPOIY aHEMHje, CMamyje PE3UCTCHIM]Y Ha JejCTBO
epUTpoIoeTHHA (MHAUPEKTHO MPEKO MapaTXOPMOHA) U CMamyje 103y AapOenoerrHa [91].
Pesucrennuja Ha 1€jCTBO €pUTPONOETHHA CE€ YECTO jaBJjba KOJA OOJECHUKA KOJU Ce Jeye

penoBHOM xemozaujanu3oM [92]. Jlepunuine ce ka0 KOHIEHTpalKja XeMOIJIOOWHA Y KPBU Mamba
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on 110 g/l, posle 4-6 meceru eyema HeACIHHOM 1030M eputponoeTraa sehom ox 500 1U/kg [>
30.000 IU/menespHO 3a Kpatkonenyjyhe eputpomoetuHe u > 1.5 ug/kg 3a nmyromenyjyhe
eputporoetrre (mapOemouwernn)] [92]. VYapyxkena je ca dYemhoM XOCIHTAIU3AIH]jOM,
nosehanumM Opojem TpaHcys3Hja eria3MaTUCAHUX EPUTPOLIUTA U ca TOBehaHUM MOPTAIUTETOM
[92, 93]. 'maBHM y3pOK PE3UCTCHIM]E€ HA JICJCTBO SPUTPOIOSTHHA j€ HEJ0CTAaTaK I'BOXkha, a y
ocrasie (akTope cnanajy: uHbIamanuja, WHPEKIMja, MATHYTPHUIMja, OKCHUIATUBHU CTpEC,
CeKYHJAapHH XHIIepPIIapaTUPEONIn3aM, HeJoCTaTak BUTamMMHa D, HealekBaTHa XEMOMjaju3a,
Hemocratak ButamuHa Bl2, Butammna C u ¢domne kucenuHe, Hemoctatak L-kapHuTHHA,
OJ0KaTOpu KOHBEPTa3e aHTMOTeH3MHA 1, 6JIOKaTOpW penenTopa 3a aHrHOTeH3HMH 2, aHTHTENa Ha
eputponoeTud [92, 93]. OkcuaaruBHU cTpec nmoBehaBa GparmyiHOCT epUTPOLIUTA 300T JIUITHUTHE
NepoKcuIanyje mbUXoBe MeMOpaHe, a Kao mocjieauia Hucxoane perynamnuje ¢axropa HIF-la
(enrsn. Hypoxic-Inducible Factor-1a - HIF-1a) cmamena je eHmoreHa CHHTE3a €pUTPOIOCTHHA
[92]. Hopmanna koHieHtpamuja (osiHe kucenune y cepymy usnocu 1.5-17 ng/ml. Tedunut
(doJTHE KHCEIMHE TTOCTOjH, aKO je KOHIIEHTpalrja (oTHe KUCeInHe Y cepyMy OOJIECHHUKA KOjU ce
aede pemoBHOM xemonaujanuszom < 1.5 ng/ml. Hopmanna koHIileHTpaija BuTamuHa Bl2 y
cepyMy OOJICCHHMKA KOjH Ce Jieue peloBHOM xemoujann3oM uznocu 160-970 pg/ml, a nedurur
MOCTOjH aKO je KOHIeHTpauuja BuTammHa Bl2 y cepymy mama ox 120 pg/ml [93, 94].
BonecHunin koju ce Jiede pPEIOBHOM XeMoAujaim3oM umajy nedunutr ButamuHa C 300r
CMamEHOT JIMjTeTCKOr yHoca (cBexxe Bohe u moBphe mopex ButamuHa C caipXu U 3HAYajHY
KOJIMYMHY KaJljyMa) M HETOBOT YKJIamama y TOKY CEaHCe XeMOHjajn3e (Mana MOJIEKYJICKa
maca - MW = 176.1 Da, y maioM mpormeHTy ce Be3yje 3a mporenHe miasme - PB = 25%,
xuzpocoayounan ButamuH) [95, 96]. Y Toky ceance xemonujanuse ykioHu ce ox 100-300 mg
ButamuHa C (koHieHTpanuja ButamuHa C mocie ceance xemoaujanuse cmamu ce 3a 30-50%)
[95, 96]. Hopmanna xonnentpamnuja Buramuaa C y cepymy uznocu 30-60 umol/l, a GonecHum
KOjU ce Jiede pPEJIOBHOM XEMOJIHMjaIM30M 4YeCTO HMajy TekKakK HemocTarak BuTamuHa C
(konuenTpanuja Butamuna C y cepymy < 10 gmol/l) u 3axTeBajy cyncTuTyujy OBOI BUTAMHHA.
Pesynratm 1m0 cama yuMmBeHHMX WCIUATHBama IOKa3yjy Ja opaiHa jgo3a BuTammHa C KoOJ
OoJilecHUKA KOjU Cce Jeue peJOBHOM XxeMoaujaiu3oM Tpeba aa uzHocu 100-200 mg/nawn, a ako ce
npuMmemyje 1.V. noza tpeba ma msHocu 300-500 mg, 3 X HemesbHO, TOCIIE CBake CeaHce

XeMo/IMjan3e, y3 0AroBapajyhu MOHUTOPUHT 3a paHO OTKPUBambE CUCTEMCKe okcainose [95, 96].
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CucrteMcka okcano3a ce MaHUQECTyje TaOKEHhEM KpHCTalla OKcallaTa y PETHHH, KOXH,
3r000BMMa W HWHTEpCTHIHjyMy Muokapaa [95, 96]. WurpaBencka mnpumena ButamuHa C
CMamyje KOHIEHTpalujy (epuTHHA M MPOo3ana/beHCKUX MEIujaTopa y CepyMy, U CMamyje
PE3UCTEHIN]Y HA JIEJCTBO €PUTPONOCTHHA OOJIECHUKA KOJH CE Jieue PEIOBHOM XEMOJIU]aTH30M
[95, 96]. ITpoceuna mecevna 103a (HoTHE KUCETMHE KO/ MCIIUTUBAHUX OOJIECHHUKA KOJU CE Jieue
penoBHOM JuWjanu3oM u3Hocwia je 153.75 + 23.52 mg, Burammua Bl2 45.48 + 5.88 ug
(mpoceuan meceunu 6poj ammyia Beviplex-a 11.37 + 1.47), a cBu uCIMTHBAaHU OOJICCHHIIU CY I.V.
npuMaiy jeany ammyiny ButamuHa C HenesbHo (1 X HemesbHO, S00 mg/HenespHO). Hopmanna
KOHIIeHTpauuja (oiHe kucennHe u BuTammHa Bl2 y cepymy cmpedaBajy pas3Boj aHeMHuje H
XUIMEPXOMOIIMCTEMHEMHUje KOJA OOJieCHMKa KOjU ce Jeuye peaoBHOM aujanuzom [97].
CymiemenTanyja Butamuaa B12 je ynpykeHa ca cMamemeM MPOCEYHE J103€ SPUTPOIIOCTHHA,
noTpeOHE 3a OJIp)KaBambe IIUbHE KOHIICHTPAIU)je XeMOTJIO0MHA y KPBH OOJIECHUKA KOJH CE JIeUe
penoBHOM amjanmu3oM [97]. BonecHWIM KoOju ce Jiede PEAOBHOM AHMjaIM30M YEeCTO HMajy
CMambeHYy KOHIICHTpAIUjy ciio0oHOT L-KapHUTHHA Y cepyMy, a TO 3a MOCIICAMIY MOXKE Jla HMa
cnabocT ckeneTHUX wmwumuha, rpueBe MummMha y TOKY CEHace XEMOJIHjaliu3e, CMambCHe
€jeKIInoHe (paKIlHje IeBe KOMOpe Cplia U PE3UCTEHIIN]Y Ha JejcTBo eputponoeTuHa [98-100]. L-
KapHUTHUH CE€ KOPUCTH C€ 3a JieUehe W TMPEBEHIM]y aHEMH]e PE3UCTEHTHE Ha JIeJCTBO
epUTPONOeTHHA (aHEMHja KOja 3axTeBa BEJIMKE J03€ EPUTPOINOETHHA), CIIA00CTH MOMPEUHO-
npyracte MycKylarype, Koj 0oJiecHHKa ca rpueBUMa MuInha U XUIOTEH3UjOM y TOKY CeaHce
xemomujamze [98-100]. Kinmuuyka wucnTHBama IO0Ka3yjy Ja NpuUMeHa L-KapHHTHHA KOJ
OoJecHMKa KOjU ce Jiede pEAOBHOM XEMOJWjaJM30M CTAaTHUCTHMYKU 3HadyajHO moBehaBa
KOHIIEHTPAIIM]y XeMOTJIOOMHA Yy KPBU U CTATUCTUYKHU 3HAUAJHO CMamyje A03y €pUTPONOETHUHA Y
oJIHOCYy Ha OoJieCHUMKe KOju HUCY puManu L-kapautun [98-100].

Y mocnenmoj AeneHuju 3HadajHo ce moehao Opoj OosecHuka Koju ce jede online
xemonujaunrpamjom - OL-HDF  (emrn.  OnLine Hemodiafiltration - OL-HDF).
Xemoaujaduntpaiuja obe30ehyje onTuMaaHy KOHTpody aHemuje. OHa 0oJbe yKIIamka ypeMHjcKe
TOKCHHE CpE/Ilbeé MOJIEKYJICKE Mace KOju OJIOKUPajy epUTPOIOe3y Y KOCTHO] CPXKH Yy OJHOCY Ha
cTaHgapHy xemoaujanusy. Takohe, cMamyje nH(amanujy u mosehaBa pacnoyioKUBOCT TBOXKha
3a mporec eputporoe3e (mompaBiba ,,QYHKIIMOHATHU HEAOCTaTak TBOXNHa) W cMamyje

NECTPYKIH]y NpBeHUX KpBHUX henuja y mupkymanuju [101]. Pesynratu oBor uctpakuBama cy
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MOKa3aIM Jia OOJECHHUITM KOjU C€ Jieue XeMOJAUjapuITPAIMjOM HWMajy CTAaTHCTHYKH 3HA4YajHO
Behly: KOHIEHTpalHMjy XeMOrjioOMHa Yy KpBH, BPEIHOCT XEMAaTOKpPHUTAa W Tapamerapa
aJIeKBaTHOCTH JMjajIN3€, Ka0 U CTATUCTUYKH 3Ha4ajHO Mamwy KoHueHTpanujy CRP-a u ¢pepuruna
y CEpyMy, y OJJHOCY Ha OOJIECHHUKE KOjU C€ Jiede PEIOBHOM Xemoaujann3oM. OBakBH pe3yaTaTH
Cy y CKIIQJIy ca pe3yJTaTuMa JI0 calla yYHmbCHUX HCTPAXKUBAKka, y KOjUMa je Takohe oka3aHo jia
OOJIECHUIIM KOjH C€ Jieue XeMOoaAujadUITPAIMjOM MMajy CTaTHCTHYKH 3HAa4ajHO Behy KonMMuuHy
XEMOTJIO0MHA y KpBU W Belly BPEIHOCT XEMAaTOKpPHTa y OJHOCY Ha OOJIECHHKE KOjH ce Jeye
KoHBeHIIMOHATHOM xemoaujanu3om [101, 102]. M3mehy ucnutuBaHux rpyrna UCIMTaAaHUKA HHjE
OWJI0 CTAaTUCTUYKH 3HAaYajHE pa3MKe Yy IMPOCEYHO] MECEYHOj JO03U KpaTkojemyjyher u
nyrojenyjyher epurpomoeTHHa, MHAEKCY pPE3UCTEHIMje KpaTkoaenyjyher u npyroaenyjyher
EpUTPOIIOETHHA, IITO YKa3yje JAa OOJICCHUIIM KOjH CE JIeUe PEIOBHOM XEMOJIH]jaIH30M 3aXTEBajy
Belly 7103y epUTpOIoeTHHA 332 OCTBApUBAE IIMJBHE BPEIHOCTH XEMOTJIOOMHA M Ha MOryhHOCT
MOCTOjama PEe3UCTEHIIN]e Ha JISjCTBO epuTponoeTnHa. Beha koHnenTpaiyja xeMornoOrnHa y KpBH
U XEMaTOKpHTa MOXKe OWTH TMOocleauia OOJber YKIamamba YPEMHJCKUX TOKCHHA CpPEIhe
MOJIEKYJICKE Mace y TOKY ceaHce xeMmoaujauitpanuje, ykibydyjyhu u 0j1okatope epurpornoese
Kao IITO Cy XeNIUAUH (25-Xenuuant, MeaujaTopu nHguiaManuje). PeayntaTti KIMHUYKE CTyuje
REDERT moka3syjy naa online xemomujadguirpanuja CTaTUCTHYKH 3HAYajHO CMambyje
nH(IaManujy, OKCHJIATUBHH CTPEC, KOHIEHTPALH]Y [o-MUKPOTIOOYyIHHA W XENIUAUHA Y
cepyMy, Kao M PE3UCTEHIM]Y Ha JI€JCTBO EPUTPOIIOETHHA y OJHOCY Ha OOJECHUKE KOJH CY
neuenu ,,low-flux oukapoonatHom xemoamjammsom [101, 102]. Usmely koHmentpamuje 25-
XeMUUANHA U KOHLEHTpanuje GpepuTHHa y cepyMy MOCTOJU CTATMCTUYKM 3HAdajHa MO3UTHBHA
Kopenanuja. CMameme KOHIEHTpalyje 25-XenuIuHa y cepyMmy 3a MOCIeInIly UMa CMambeHhe
pPE3UCTEHIMje Ha JCjCTBO EPUTPONOSTHHA ¥ ONTHUMAHy KOHTpONy aHemwuje. PesynraTu
kuanuke cryamje CONTRAST (enrn. CONvective TRAnsport Study) mokasyjy ma online
xemoaujadmwiITpanja ca YITPAYMCTUM pPACTBOPOM 3a JHjaju3y cMamyje HHpIamanujy y
nopehermy ca KOHBEHIIMOHATHOM/CTaHIAPIHOM XEMOJWjaIM30M M Ja HeMa YTHIaja Ha
KOHIIeHTpanujy andoymuna y cepymy [101, 102]. bBomechumm koju ce Jsede online
XeMoAjauITpallijoM y BPEMEHCKOM IEpPHOAY OA TPU A0 IIECT MECEUU MMajy CTaTHUCTHYKH
3HauajHO Mamy KoHmeHTparujy CRP-a m waTepneykmna 6 (IL-6) y cepyMmy y OJHOCY Ha
OoJIeCHHKE KOjU Ce Jieue CTaHIapAHOM OukapOoHaTHOM ,,low-flux xemomujamuzom [99, 100].

Xemoaujadunrpaiuja 06e30ehyje u 6opy KoHTpOay xunepdocharemuje (docdar ce 3HaA4YaJHO
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yKJIala y TOKY ceaHce xemoaujaduntpamuje). Xunepdocharemuja je pakrop pusuka 3a pa3Boj
aHeMHuje KoJa OOJICCHMKA KOjU c€ Jiede MeTojaMa 3a 3aMmeHy (yHkmuje OyOpera. IloBehana
KOHIIeHTpamrja (hocdaTa y cepymy cMamyje CUHTE3y KAIIUTPHOIA, allCOPIIIN]Y KaIIHjyMa U3
TaCTPOMHTECTUHAIIHOT TPaKTa, MoBehaBa KOHIIGHTpAIHM]y MAapaTXOPMOHA y CEpyMy M Ha Taj
HAuYMH WHAMPEKTHO JonpuHOCH pa3Bojy anemuje [101, 102]. M3mely umcnuruBanux rpyna
OoJiecHUKa HUje yTBpheHa CTaTUCTUUYKM 3Ha4YajHaA pasiiiKka y KOHIeHTpauju ¢pocdara y cepymy.
WcnutrBanu OoJIeCHHUIM Cy yriaaBHOM JjiedeHu ,,high-flux® crammapanom xemoaujanusoMm, a 10
caja y4yHMIbCHa HCTpaXHBama Cy mopenwia online xemoaujadunrpanujy W CTaHIApIAHY
oukapbonatny ,,|ow-flux“ xemoaujanusy [101, 102]. McniutuBaHu GOJECHUITU KOJHU CYy CE JICUUITH
online xemomujapunTpanujoM y BPEMEHCKOM IIEPUOJY JAYKEM OJ TpU Mecela HUMajy
cTaTHCTUYKHU 3HauyajHO Behu Kt/V nHaekc, mro yka3syje 1a ce OBUM KOHBEKTHUBHUM MOJIAJTUTETOM
nujanu3e 00Jbe YKIIamajy YPEMHjCKH TOKCUHHM Majie M CPEIEE MOJICKYJICKE Mace y OJHOCY Ha
oukapoonatny ,low-flux“ xemommjamusy [101-103]. BosecHunm Koju ce Jiede pPEAOBHOM
xemoaujanu3oM ca ,high-flux“ wmemOpanama wumajy craOwiHy UH/BHY KOHIECHTPALHU)y
XEMOTJIO0MHA Y KPBH, y OJHOCY Ha OOJIECHMKE KOjH Ce Jiede XeMoaujaiu3om ca ,,low-flux®
MemOpanama [104]. Pesyntaru xnunnuke cryauje ESHOL cy mokazanu na OojecHULIM KOjH ce
nede online xemoaujadunTpanujom, ca BOJIyMEHOM KOHBeKIHje BehuMm o 23 nutapa 1o cecuju
MMajy CTaTUCTUYKHU 3HauajHO Behy CTOMy MpeXHBJbaBamka y OJHOCY Ha OOJIECHUKE KOJH ce Jeue
cTanaapaHoM xemoaujamusom [105-109].

Jujanuza ca moaucya(pOHCKOM MeMOpaHOM Koja caJpXKd BHUTaMUH £ CTaTUCTHYKU
3Ha4ajHO CMamyje PE3UCTEHIM]y Ha JEJCTBO epUTpoIoeTuHa U o00e36ehyje 00sby KOHTpOILY
aHeMuje Koj 00JIeCHHKA KOJH CE JIeUe PEIOBHOM JIMjaJIU30M, Y OJTHOCY Ha CTaHJAPAHY JIH]jalIu3y
[110-113]. IMommcyndoHcke MeMOpaHe Koje caipke BUTaMUH E HMMajy aHTHOKCHJATHBHO
JIJCTBO, CMamy]y JUIMUIHY TEPOKCHAAN]Y W OJOKHpajy CTBapame CI000JHUX paauKaia
KHCEOHUKa (CMamyjy OKCHJIATUBHU cTpec). [lopen aHTHOKCHIATHUBHOT J€jCTBa, OBE MeMOpaHe
CMamYyjy KOHIIGHTpallKjy Meaujatopa uHQIamanuje (aHTUUH(IaMaTOPHO JI€jJCTBO), a CBE TO 32
MocJeuIly MMa CIIpeuaBame pa3Boja KapIMOBACKYJIapHUX OO0JIECTH, Mamy PE3UCTEHIHjy Ha
JIEJCTBO €PUTPOIIOETHHA U 00Jby KOHTPOIY aHEMHje KOJ OOJIeCHHKA KOjU C€ Jiede PEIOBHOM
xemoaujamu3om [110-113]. Pesynratu crpoBeleHMX KHHUYKUX CTyAHMja TOKa3yjy, Ja IIecT
Mecelld HaKOH JIeUeHha TUjau30M ca MOoJIycol(OHCKUM MeMOpaHaMma Koje calp)ke BUTaMHH E

JI0J1a3M /10 CTAaTUCTHYKU 3HAa4YajHOT noBehama KOHIIEHTpaIMje XeMOrJIOOWHA y KPBH, CMambemha
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MHJIEKCAa PE3UCTEHIIMjE€ Ha JIeJCTBO EPUTPOIOETHHA, CMamema KOHIEeHTpauuje C-peakTUBHOT
IIPOTEUHA, MHTEpJIeYyKnHa-1 U uHTepieykuHa 6 y cepyMy, KoHleHTpauuje OXLDL nunonporenna
y CcepyMy, Yy OIHOCY Ha OOJeCHHKE KOjU Cy ce€ JICUWIM pPEAOBHOM [IHjalIu30M, Ca
nonucyiahoHCKUM MeMOpaHaMa Koje He caapyke ButamuH £ [110-113].

Penun-anrnorensud cucreM - RAS (emri. Renin-Angiotensin-System - RAS) wuma
IIPUMapHY yJIOTy y XOMEOCTa3u KapAHOBACKYJIApHOI CUCTEMA U apTEpUjCKOT KPBHOI IPUTHUCKA.
Mebhyrtum, oBaj cuctem nMa 3HauajHy yJaory u y xemaronoesu [114-117]. bnokaropu KoHBepTase
aHruoreHsuHa 1 u OGnokaTopa peLenTopa 3a aHruoTeHsuH |l cy nexkoBu mpBe JMHUjE 3a JeUene
XUMEepPTEeH3Mje KOJ HCIUTUBAHUX OOJIECHUKA KOJU ce Jieue peaoBHOM aujanuszoM (65%
UCIUTUBAHUX OOJIECHMKA KOPUCTU OJIOKATOpE PEHUH-aHTMOTEH3UH CHCTEMa). Y HEeXeJbeHa
nejcTBa mpumMeHe Osokaropa RAS-a crmajga m anemuja. TauaH MexaHHW3aM pa3Boja aHEMHjE H
PE3UCTEHIMje Ha JEJCTBO EpUTPONOETHHA 3a JIeUeHhe aHeMHje Koj OoJieCHHKa KOjU C enede
PEIOBHOM AMjajM30M HHUje y MOTIyHOCTH jacaH [114-117]. ¥ moreHnujamHe MEXaHU3ME YTHLIAja
OJ0KaToOpa KOHBEpPT3ae aHMMOTeH3MHA | W/niaM GoKaTopa pelenTopa 3a aHrMOTeH3HH 2 Ccrajajy:
CMameHO cTBapame anruoreHsuHa |l (amrmoremsun |l crumymume mnponudepanujy u
mudepennjannjy henmuja mpekypcopa EpUTPOLMTHE JI03€ y KCTHO] CpXKH, alld Takohe,
CTUMYJIUILIE U CEKPELHjy €HJOTeHOI epUTPONOeTHHA), MoBehaHa KOHILEHTpalMja TeTpanenTuaa
acetyl-seryl-aspartyl-lysyl-proline - AcCSDKP, 3a koju je noka3ano aa 0nokupa nposiudepanujy u
mudepennrjannjy hemmja npekypcopa eputpouutHe io3ze y S1 ¢asu henujekor muknyca [114-
117]. Pe3ynTaTu OBOT UCTpakMBama Cy Yy CKJIaJy ca pe3yjiTaruMma JIPyrux ayTropa, Koju Takohe
HUCY TOKa3alu Ja OJIOKaTOpH KOHBEpTa3e aHTMOTEeH3MHA | u/wim OJIOKaTOpH pelentopa 3a
AQHTUOTEH3WH 2 y MPETOpyYeHIM J103aMa 3a JIeUeHe apTePHjCKOT KPBHOT MPUTHUCKA CTATUCTHYKA
3HA4YajHO YTUYY Ha JIeYeHhEe aHeMHuje KoJ OOJeCHHKA KOjU ce Hajla3HEe Ha XPOHUYHOM Iporpamy
xemoaujanuze [114, 115]. Mehytum, uma ucTpakupama y KojuMma je yrBpheHo na Oiokartopu
KOHBEpTa3e aHruoTeH3nHa | w/mnm Onokaropu peunentopa 3a aHruoreH3uH Il crar3ucTuuku
3Ha4ajHO YTHUy Ha TOTrOoplIame aHeMHje Koj OOJIECHHKA KOjU C€ Jieue PEeAOBHOM JIHjaM30M
[116, 117]. BomecHUIM ca MHISKCOM PE3UCTEHITH]e Ha JIejcTBO epuTporoeTrHa - EHRI > 16.49 y
craTucTHUKK 3HaudajHo Behem Opojy y3umajy ACEI/ARB, y onmHocy Ha OonecHuke 0e3
pesucreniyje Ha jaejctBo eputponoetnHa (EHRI > 16.49) [117]. Ho6po KoHTpoimcaHe
paHIOMU3HMpaHe KIMHUYKE CTyAMje Tpebda MpeunsHuje 1a JeUHUITY MEeCTO U yaory Ojokaropa

KOHBEpTa3e aHrMoTeH3WHa | w/uiam OJoKaTopa pelentopa 3a aHTHOTCH3WH 2 y Pa3BOjy U
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MOTOpIIaky aHeMHUje y MOMyNaIuju OOJIECHUKA KOjU KOPUCTE MpOoleaypy xemoaujanmuze [114-

117].

109



7. 3AKJbYUILIU PAJIA
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W3 oBe jeTHOTOIUIITELE CTYIMj€ UCTIMTHBAA JICUCHa aHEMH]e KO/ O0JIECHHKA KOJH CE€ JieUe
PEIOBHOM JIMjaIu30M IPOUCTHYY cielehn 3aKkibydliu.

[IpeBanennuja anemuje (Hb < 100 g/l) kox 6onecHuka Koju ce Jiede peJOBHOM JIHjaTH30M,
npenaparumMa Kparkozenyjyher u myrogenyjyher epurponoeTrHa M mpemnapatima 1.V. rBoxkha
nuzHocu 50%.

BbosecHunu koju ce jgeye peOBHOM JHMjaM30M Ca aHEMUJOM HMMAajy BHCOKO CTaTHMCTUYKH
3HAa4ajHO Mamy KOHIIEHTpalWjy aJIOyMUHA Yy cepyMy, y OJHOCY Ha OOJIECHHKE ca LIMJBHOM
KOHIIEHTPALIMjOM XEMOIJI00MHA Y KPBH.

BonecHunm koju ce jede peaOBHOM IHjau30M Ca aHEMHJOM MMajy BHCOKO CTaTUCTUYKH
3HAa4ajHO Mamby KOHLEHTpAIHjy KajljymMa y CepyMy, y OJHOCY Ha OOJEeCHUKE ca IHMJbHOM
KOHIICHTPALIjOM XEMOTJIO0MHA Y KPBH.

BonecHunn koju ce Jiede peIOBHOM JIHMjaTU30M Ca aHEMHJjOM MIMa]y CTAaTUCTHYKH 3HAYAjHO
Mawkby KOHIIEHTpalWjy Mar"e3ujyma y cepyMmy, Y OJHOCY Ha OOJIECHUKE ca LHJbHOM
KOHIIEHTPALIMjOM XEMOTIJI00MHA Y KPBH.

BbosecHunu Koju ce jgeue peOBHOM JHjau30M Ca aHEMUJOM HMMAajy BHCOKO CTATHMCTHUYKH
3Ha4yajHO Behy koHIeHTpanujy C-peakTUBHOI MPOTEUHA y CEpyMy, Y OAHOCY Ha OOJIECHHKE ca
LIUJBHOM KOHLIEHTPAIM]jOM XeMOIJI00MHa Y KPBH.

[IpeBanenna arcomytHOr nedunmTa reokha KO MCIUTHBAHUX OOJECHUKA KOJU CE Jiede
penoBHOM nujanu3oM u3HocH 4.17%, a npeBasieHnia GyHKIIMOHATHOT JneduiuTa reokha takohe
4.17%.

BonecHunu xoju ce nede peIOBHOM IUjaJIu30M Ca aHEMHJOM UMajy CTaTUCTUYKH 3HAYajHO
Mamy KOHIIEHTpalLujy rBokha y cepyMy M yKYITHU KalalUTeT Be3uBama I'BoXkha, y 0JHOCY Ha
OoJlecCHUKE ca IIUJbHOM KOHLIEHTPAIM]jOM XeMOIJIOOMHA Y KPBH.

BonecHuny koju ce jeye peOBHOM JIMjaJIN30M Ca aHEMH)JOM MMajy CTaTUCTUYKHU 3HA4ajHO
Behy KOHILIEHTpalyjy GepuTHHA y CepyMy, Y OJTHOCY Ha OOJIECHUKE ca IMJbHOM KOHIIEHTPALIU]jOM
XEMOTJIOOMHA Y KPBH.

BonecHunu koju ce neue peTOBHOM JMjaIM30M Ca aHEMHJOM MMajy BUCOKO CTaTHUCTUYKHU
3Ha4ajHO Behy mpoceuHy MeceuHy 103y ayrojenyjyher eputpomnoeTuna, y oIHOCY Ha OOJIECHUKE
ca IMJbHOM KOHIIEHTPAI[jOM XEMOIJIOOMHA Yy KPBH.

BonecHunu koju ce jgeye peOBHOM JHjaU30M Ca aHEMHUJOM HMAajy BHCOKO CTATHMCTHUYKH
3Ha4yajHO Behu MHJEKC pe3nuCTeHLIr]je Ayroienyjyher epuTponoeTiHa, y oJJHOCY Ha O0JIeCHUKE ca
[IUJPHOM KOHLIEHTPAIM]jOM XEMOTTIO0MHA Y KPBH.

BonecHunu koju ce jgede peoBHOM JMjaIM30M Ca aHEMUJOM MMajy CTauCTHUYKH 3HA4ajHO
Behu HHJEKC pe3UCTeHLHje KpaTkojenyjyher epurpornoeTuHa, y OJHOCY Ha OOJECHHKE ca
LMJbHOM KOHLIEHTPAILIM]OM XEMOTJI00MHA Y KPBHU.

[IpeBanenurja MukpouHQIaMaluje KoJ OOJECHUKAa KOJU c€ Jieue PEeJOBHOM JHjaTH30M
nuzHocu 50%.

bonecHunn koju ce jiede peAOBHOM JAMJalIU30M ca MHUKpOMH(pIaMalljoM UMajy BHCOKO
CTaTUCTMYKU 3HAYajHO Mamy KOHLEHTpAIM]y XeMOrJoOMHa y KpBH M Mamy BpEIHOCT
XEMaTOKpUTa, y 0OJIHOCY Ha OosiecHUKe 0e3 MUKpOUH(IIaMalmje.
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BonecHunn koju ce jiede pelOBHOM JHjaIM30M Ca MUKPOWH(]IIaMaIMjoM MMajy BHCOKO
CTaTHCTHYKU 3HAYajHO Mamby KOHILIEHTPALHUjy TBOKha y cepyMy, Mamy caTypalujy TpaHchepruHa
rBokheM W CTaTUCTHYKM 3Ha4ajHO Behy KoHIeHTpaiujy (eputrHa y cepyMy y OJTHOCY Ha
Oonecanke 0Oe3 MukpomHdamanuje. MukpouHpramanuja je (akTop puU3MKa 3a PasBoj
(YHKIIMOHATTHOT HEeIOCTaTKa rBoxkha ko1 O0JIECHUKA KOjH c€ JIeue PEIOBHOM JIHjaJI30M.

BonecHnnn koju ce nede perNOBHOM JHjaIM30M Ca MHUKPOMH(IAMAIHMjOM 3aXTEBajy
CTaTUCTHYKM 3Ha4YajHO Behy MpoceuHy MeceuHy 03y Kparkoaenyjyher um myroxmemyjyher
E€PUTPOIOETHHA, Y OJTHOCY Ha 00JIeCHHKE Oe3 MUKpOUH(IIamanwje.

BonecHunin koju ce Jiede PENOBHOM JWjAIM30M ca MHKpOHWH(IAMAIdjoM HMajy
CTaTHCTHYKU 3Ha4ajHO BehW WHIEKC pe3nCTEeHIMje KpaTKoAenyjyher W BHCOKO CTaTUCTHYKH
3HAYajHO MHAEKC Pe3UCTeHIHje ayroaenyjyher epurponoernna. Mukpoutdiamaiyja je dhaxkrop
pH3HUKa 32 pa3BOj PE3UCTEHIIMjE HA AEjCTBO EPUTPONIOCTHHA.

BonecHunm koju ce jede peloOBHOM JWjaIM30M Ca MUKPOWH(IAMAIMjOM MMajy BHCOKO
CTaTUCTHYKM 3HauyajHo Behy KoHueHTpamujy ankanHe ¢ocdaraze y cepymy, y OAHOCY Ha
OosecHuke 0e3 MUKpOUH(IIaMaIuje.

[MpeBanenna Hepocratka Butamuaa D (Butamun D < 20 ng/ml) kox GonecHuka koju ce
Jiede peloBHOM Jujanu3oM u3Hocu 75.83% .

[IpeBanenna Temkor HexpocTatka BuTamMuHa D ko OoslecHWKa KoOju ce Jiede pEeTOBHOM
aujanu3oM uzHocu 24.17%.

[IpeBasieHnia Temkor o6JiMKa CEKyHJIApHOI XMUIIepHapaTUpeouan3Ma Koj O00JecHUKa KOju
ce Jieue peloBHOM Jujanu3oM uzHocu 14.17%.

BonecHunm koju ce jede pelOBHOM JMjaIM30M ca TEIIKUM AeduuuToM BUTamMuHa D y
CepyMy HMMajy BHUCOKO CTaTHCTUYKHM 3HAYajHO HUXKY KOHIIEHTpAllMjy XEMOIJIOOWHA y KpBU U
CTaTUCTMYKU 3HAYajHO HUXKM XEMaTOKPHUT, y OJHOCY Ha OOJIECHMKE ca KOHLIEHTPAIljoM
ButamuHa D y cepymy on 10-20 ng/ml u xouuentpamujom Behom ox 20 ng/ml. Texak neduur
ButamuHa D je daxTtop pusuka 3a pa3Boj aHeMuje Koj OOJIECHHKAa KOjU C€ Jiede PEJOBHOM
nujanu3oM. bonecHunm ca TtemkuMm jgeduiutom ButamuHa D 3axteBajy Behy o3y
Kpatkonenyjyher u ayrozenmyjyher epuTporoeTHHA 3a TMOCTU3amke IUJbHE BPEIHOCTH
XEeMOIJIOOMHA y 0JJHOCY Ha OoJIeCHUKE ca KOHIeHTpauujoM ButamMuHa D y cepymy Behom on 10
ng/ml.

BonecHunu koju ce jeye AMjaIn30M ca TEIIKUM JepHuIuToM BUTaMuHa D y cepymy umajy
BHUCOKO CTaTHCTHYKM 3HauyajHO Behy KoHIEHTpauujy C-peakTUBHOI NpOTEWHA Yy CepyMmy, y
OJJHOCY Ha OOJIeCHHKe ca KOHIeHTpauujomM BuTamumHa D y cepymy oxm 10-20 ng/ml u
kourenrpanujom Behom ox 20 ng/ml. Texxak medurur Buramuna D je ¢akrop pusuka 3a pasBoj
MUKpOHH(IIaMaIyje Ko 00JeCHUKA KOJH C€ JIeue PeJOBHOM JH]jalIi30M.

Bonecanmm ca temkum pedunutom ButamMuHa D y cepyMy MMajy BHCOKO CTaTHCTHYKH
3Ha4YajHO Mamy KOHIIEHTPAIIN]y YKYITHUX MPOTEHHA U aIOYMHHA y CEpyMY, U YKYITHH KaraluTeT
Be3MBama IBoXkha y 0JHOCY Ha OOJIECHHKE ca KOHIeHTpanrjoM ButamuHa D y cepymy ox 10-20
ng/ml u xonuenTparjom Behom ox 20 ng/ml.
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bonecHunu ca temkum nedunuToM BUTaMHHA D y cepymy MMajy CTaTUCTHYKH 3HAYajHO
MamM HHAEKC ajekBaTHOCTH xemomujanuse - KtV wmamekc m URR wmHzmekc y omHocy Ha
OoslecHHKE ca KOHIEHTpanujoM ButamuHa D y cepymy ox 10-20 ng/ml u kouieHTpamnujom
Behom o 20 ng/ml.

BonecHnnm koju ce nede peloBHOM AMjaau3oM ca xurepdochaTeMujoM MMajy BHUCOKO
CTATHCTHYKM 3HaYajHo Behm mpomssox comybmmurera (Ca” x PO,%) u KoOHUEHTpaImjy
MHTAKTHOT IapaTXOpMOHa y CEepyMy, Y OJHOCY Ha OOJIECHHKE ca IUJbHOM KOHIICHTPALUjOM
docdara y cepymy.

bonecnunin ca xumepdocdareMrjoM HMajy CTAaTHUCTHYKH 3HA4YajHO Mamy IPOCEUHY
KOJIMYMHY XeMOTJIOOWHA y €pUTPOLMTY M CTATUCTHYKH 3HA4ajHO Behy IMPOCEYHY MECEUYHY 03y
i.v. rBoxha, y oHOCY Ha OOJIECHUKE ca IMJBHOM KOHIIEHTpamujoM docdara y cepymy.

BosecHunu xoju ce Jieue peJOBHOM XEMOIHMjaTu30M MMajy BUCOKO CTATHCTUYKHU 3HAYAjHO
Mamby KOHIICHTPALM]y XeMOTJIO0MHA Y KPBH, BPETHOCT ITapamMeTapa afeKBaTHOCTH XEMO/IH]jaTH3e
(Kt/V unpgexc SpKt/V wunmekc, URR wuHAEKC), CTaTUCTUYKM 3HAYAjHO Makby BPEIHOCT
xematokputa (HCt), kao u craructiuku 3Ha4ajHO Behy: KOHIEHTpauujy pepuruna y cepymy, C-
PEaKTHBHOI NPOTEHHA U MPOCEYHY MeceuHy 103y i.V. TBoxkha, y oHOCY Ha OOJIECHUKE KOjU Ce
Jiede peloBHOM XeMOIujauaTpalyjom.

brokaTopu koHBepTaze aHrHOTEH3WHA | W/WiM OJIOKAaTOpH penentopa 3a aHruoreHsuH |l
HEMajy CTaTHCTUYKM 3HAYajHOT yTHIlaja HA pPa3BOj aHEMHUje KoJ OOJIeCHMKAa KOjU ce Jieye
PEIOBHOM JIHjaJTA30M.
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9.1. CkpaheHuue

AAMI - Association for the Advancement of Medical Instrumentation
ACEI - GiokaTopu KOHBEpTa3e aHTMOTeH3MHA |

ACcSDKEP - N-acetyl-seryl-aspartyl-lysyl-proline Terpanentua
AlDb - anbymun

ALP - ankanmna gocdaraza

APTT - akTUBUpaHO MApIHjaTHO TPOMOOIIIIACTHHCKO BpeMe
ARB - 6iokaropu perieritopa 3a aHruoTeH3uH 11

CaSR - penentopu OCeTJbUBH Ha KaJIUjyM

CIS - cyncranuumje koje moJICTU4y CTBapame IUTOKMHA
CKD - xponuuna 6oinect 6yopera

CONTRAST - CONvective TRAnsport Study

CREATE - Cardiovascular Risk reduction by Early Anaemia Treatment with Epoetin beta
CRP - C - peakTuBHU IPOTEHH

CVK - neHTpayiHA BEeHCKH KaTeTep 3a XeMO/IH]jalTu3y

DDE - nyropenyjyhu eputponoeTux

EBPG - European Best Practice Guidelines

EHRI - unnexkcom pesucteHIyje Ha J1ejCTBO €pUTPONOETHHA
EMA - European Medicine Agency

EPO - epurponoerun

ERGO - eprokammudepoin

F - xoH1IeHTpanyja peputuHa y cepymy

Hb - xemoriooun

Hct - xemarokpur

HD - xemonujanusa

HDF - xemoaujadunrpanuja

HIF-1a - Hypoxic-Inducible Factor-1«

HIT - Heparin Induced Thrombocythopenia

IHD - Intermitent Hemodialysis

IFN-y - uatepdepon rama

IL-6 - uaTEepIeYKHH 6

IPTH - MHTaKTHU MapaTXOpMOH

JGF - jaunna riomepyiicke puntpanuje

KDE - kpatkozaenyjyhu epuTponoeTux

KDIGO - Kidney Disease Improving Global Outcomes

LAL - Limulus-Amebocyte-Lysate Tect

LIC - Liver Iron Concentrations

LMWH - Low Weight Molecular Heparin

124



LPS - nunononucaxapun

NKF-DOQI - National Kidney Foundation Dialysis Outcome and Qvality Initiative
nPCR - Normalized Protein Catabolic Rate
OL-HDF - OnLine Hemodiafiltration

PRCA - Pure Red-Cell Aplasia

r'HUEPO - pekoMOMHAHTHU XyMaHU €PUTPOIIOCTUH
SAE - Serious Adverse Events

TAC - Time Average Concentration

TIBC - ykynHu KananuTeT Be3UBamba rBoxkha
TMP - TpancCMeMOpaHCKU TPUTHCAK

TNF-a - hakTop TymMOpCKe HEKpO3e

TSAT - 3acuheme TpancdepuHa reoxhem

UIBC - cnobomHM KananuTeT Be3uBama rBokha
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9.2. dakmopu 3a KOH8ep3ujy

Tapamerap KOHpeHuHOHanHe CDaKTop' Jenunue Sl
JeIMHULE KOHBEp3Hje cucrema
I'myko3a 70-110 mg/dl 0.05551 3.9-6.1 mmol/l
Kpeatunun 0.6-1.4 mg/dI 88.4 59-120 umol/I
Ypea 8.0-18.0 mg/dl 0.357 3.0-6.5 mmol/I
Kammmjym 8.8-10.3 mg/dI 0.2495 2.2-2.58 mmol/I
docpar 2.5-5.0 mg/dl 0.3229 0.80-1.70 mmol/Il
IPTH 9.4-64.2 pg/ml 0.106 1.0-6.8 pmol/I

iPTH - uHTaKTHH TAPaTXOPMOH
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BUOI'PA®UIA

Hp Henum Xamsaruh pohen je y Tyruny 1987. rogune, rae je ca OAJIUYHUM yCIEXOM
3aBpIIMO OCHOBHY W Cpeamy WKony. MenunuHcku (akynter YHuBepsurera y KparyjeBimy
ynucao je 2005. rongune, a nummomupao 2011. rogune. Ox 2012. rogune pagu y Cinyxou 3a
xemoanjamdy y Jlomy 3npaBiba TyTuH, rae TpeHyTHO o6aBiba (pyHKIM]y HavenHuka Ciyxoe.
On 2016. romune pamu u kao mpodecop y Cpeamo] MEOUIIMHCKO] ImKoiM y TyTuHy, Ha
MpeIMETy aHaTOMH]ja ca (PU3HOJIOTH]OM.

komncke 2013/2014. rogune ynucao je AKaaeMCKe AOKTOpCKe cTyauje Ha Dakynrtery
MEIUIMHCKUX HayKa YHuBep3uteta y Kparyjesily, Ha uzbopaom nonpydjy ExcniepumenTanna u
KIIMHUYKAa WHTEpPHAa MenuluHa, Moayn Hedponoruja. debdpyapa 2017. roguHe MOJIOKHUO je
YCMEHHU JOKTOPCKM HCHIUT. TeMa JOKTOpPCKE aucepTaiyje moja HazuBoM ,llpomena yruiaja
MUKpOMH(IIaMaIfje W CEeKyHJApHOT XWIIePIapaTUpPEouu3Ma Ha Jieuemhe aHeMHje KOJ
0oJecHHKa Ha XpPOHUYHOM IporpaMy xemoaujanuse®, npuxsahena je nenemopa 2017. rogune Ha
dakynTeTy MEAMIIMHCKUX Hayka YHuBep3utera y Kparyjesiy.

Unan je Jlekapcke komope Cpbuje JIKC, Ynpyxkewa Hepposnora Cpbuje VHC,
EBporickor yapyxemwa Hedponora EPA-E/[TA.
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IHHPHUJIOT

8.1. KIbYUYHA JOKYMEHTALNJCKA HHO®OPMATUKA

YHUBEP3UTET Y KPAT'YJEBLIY
PAKYJITET MEJUIIMHCKUX HAYKA Y KPAI'YJEBIY

Pennu Opoj - Pb:

Unentunduxkaumnonu opoj — UBP:

Tun noxymentaumje - TI: Monorpadcka mydnukanmja

Tun 3anuca - T3: Tekcryanna mramria

Bpcra paaa - BP: [loktopcka auceptanuja

AyTtop - AY: Henum Xamzaruh

MenTop/xkomentop - MH: [Ip cuiu. men. Jlejan [lerpouh, Banpeaau nmpodecop

HacaoB pagma - HP: [Ilpomena yrumaja MukpowH(IaManuje W CEKyHIapHOT
XHUIIEpIapaTUpeoniu3Ma Ha JieUeHhe aHeMuje KoJ OOJeCHHKa Ha XPOHMYHOM Iporpamy
XEMOUjaTn3e

Jesuk nydamkauumje - JII: Cprcku (hupunuia)

Jesuk nzBoaa - JU: Cpricku / Enrnecku

3emsba nyoaukoBama - 3I1: PenryGnuka Cpouja

Yaxe reorpagceko noapyyje - YI'TL: Illymanuja

Toguna - I'O: 2019

H3pnasau - U3: AyTopcku penpuHT

Mecto u aapeca - MC: Cserozapa Mapkosuha 69, 34000 Kparyjesau, Pemy6nuka Cpouja
®usuum onmc paga - ®O: 9 nornasmwa, 126 crpana, 41 tabena, mema 4, 117 pedepeniu
Hayuna o0aact - YIK: Meauunna

Hayuna qucuuniuna - /IU: Uarepna MeauuuHa

IIpeamerna oapeanuna/k/byude peun — I1O: Anemuja, MUKpouH(]Iamalnuja, CEKyHIApHH
XHIIEepIapaTupeonin3aM, XpoHuuHa OyopexHa 6osect

Yyga ce — HY: Y 6ubmmorenu PakynreTa MEIUIIMHCKUX HayKa YHuBep3uTera y Kparyjesity

Basxna nanomena - BH: Hema
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H3Boa - UJI:

AHemHja je yecta KOMIUTMKaIMja KoJl O0JIecHrKa Ha XxeMoaujanu3u. Ha neueme anemuje
yTU4y: HeoCTaTak reoxkha, HeJOBOJbHA J103a €PUTPOIIOETHHA, MUKPOUH(IIaMaliyja, HeJ0CTaTaK
ButamuHa D, moBehana konuentpanuja iPTH u HeanekBaTHa xeMoaujanusa. Y ocrajie y3poke
aHeMuje KoJ OBUX OoJIeCHHKA CMajajy: ryOuTaK KpBH (OKYJITHO FaCTPOMHTECTUHAIIHO KPBapeme
300T ypeMHUjCKOT TaCTPUTHUCA, CTBAPAhE KPBHUX YIpYIIAKa Y BaHTEIECHO] LUPKYIALUjH, YeCcTa
y30pKOBama KpBH 3a J1a00paTOpHjCKe aHAIIU3E.

Pax je umao 3a muib 1@ YTBPIM MPEBAICHIY IMJbHE KOHIIEHTpALMje XeMOIJOO0MHA Y
KpBU 0OJIECHUKA KOJU C€ Jieue PelOBHOM XEMOM]aIU30M, YTBPAUTH MPEBAJICHILY ,,allCOIYTHOT,,
u ,yHxnuoHanHor” Hemoctatka TBokha Kox OoleCHMKAa KOjU Cc€ Jiede PEJOBHOM
xemoaujanu3oM. Pan je mmao 3a nMib Ja yTBpAM IIPEBAJEHIy MUKpOMH(IaMalyje, Kao U Jaa
WCTHTA FHEH YTHUIA] HAa KOHIEHTPAlMjy XEMOTJOOMHAa y KpBH, craryc TrBoxkha, Butammu D,
aJIeKBaTHOCT XEMOJAMjaJM3€ M 03y €pUTPONOETHHA KOJ OoJIeCHHKA KOjU C€ Jieue PelOBHOM
xemoaujanu3oM. Jla yTBpIM MpeBajeHIly HeaocTaTKa BHUTaMMHA D, kKao W Ja McnuTa HeroB
yTUIla] HAa KOHIEHTpAalHjy XeMoraoOWHa y KpBHU, cTaryc TrBoxha, MukpouHdiaManujy,
MAJIHYTPHILIU]y, aJAEKBAaTHOCT XEMOJIMjaIN3€ U J03y €PUTPOIOCTHHA.

UcnutuBame je ykipyuwno 120 OGomecHuka kxoju ce nede y KinmHUYKOM UEHTpY Y
KparyjeBiy. Ha ocHoBy napamerpa nnpnamaruje CRP GonmecHUIM cy moje/beHu y JABE rpylie:
CRP < 5.0 mg/l, CRP > 5.0 mg/l. 3a craructuuky ananusy kopumhenu cy: Kommoropos
CwmupHoB Tect, Crynent-oB T tect, Mann-Whitney ¥V Tect. Ha ocoBy Bpeanoctu Butamuna D
OOJIeCHHIIM CYy TOJAEJbeHH Yy Tpu rpymne: ([25(0H)D] < 10 ng/ml, ([25(0OH)D] og 10-20 ng/ml,
([25(0OH)D] > 20 ng/ml.

IIpeBanenna MukpouH(pIamanuje Kojx OolecHMKAa KOjU Cce€ Jiede PEeIJOBHOM
xemoaujanuzoM usHocu 50%. Bonecuunu ca mukpounpnaamanujom (CRP > 5.0 mg/l) umajy
BUCOKO cTatucTtuuu 3HauajHo (p < 0.01) mamy: KOHIIEHTpalMjy XeMOIJIoOOMHa Yy KpBH,
XEMaTOKpPUT, MPOCEYHY KOJIMYMHY U Cpelliby KOHILIEHTpPAIlMjy XEeMOIJOOMHAa y EepUTPOLHUTY,
KOHIIEHTpalnjy TBokha y cepyMy U craTUCTHUKM 3HadajHo (p < 0.05) mame 3acuheme
TpaHceprHa reoxheM. OBu O0JIeCHULIM UMajy U BUCOKO CTaTUCTUUYKU 3Ha4yajHO (p < 0.01) Behy
MIOCEYHY MECEYHy J103y Ayrojenyjyher epurponoeTuHa, MHAEKC pe3ucTeHlMje Ayroaenyjyher
€pUTPOIIOETHH, Kao U CTauCTUYKU 3HauajHo (p < 0.05) Behy koHLIeHTpanujy pepuTHHA Y CEpyMy
U MHJAEKC pEe3UCTEHIMje KpaTkozaenyjyher epurpomnoeTHHa, y OJHOCY Ha OoyiecHuUKe 0e3
mukpouHduamanuje (CRP < 5.0 mg/l). IlpeBanenuna cmamene ([25(0OH)D] y cepymy KoA
OoJieCHWKa KOJH C€ Jieue PEJOBHOM XeMoAujanu3oM m3Hocu 75.83%, a mpeBajeHIla TEmKOor
HeznocTatka BuTamuHa D 24.17%. bonecuunu ca temkum aedunutom ButamuHa Dy cepymy
([25(0OH)D] < 10 ng/ml uMajy CTaTUCTUYKH 3HAYaJHO Mamy KOHIIEHTPAIU]y XEeMOTJIOOnHA Y
KpPBH, XeMaTOKPUTA, KOHIICHTPAIIM]y YKYITHUX MPOTEHHA U AJIOyMUHA Y CEpyMy.

Jatym npuxBatama Teme o crpane HHB - JII1: 27.12.2017. rogune
HMatym ondpane - 10:
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Abstract - AB:

Anemia is a common complication on hemodialysispatients. Treatment of anemia is
affected by iron deficiency, insufficient dose of erythropoietin, microinflamation, vitamin D
deficiency, increased iPTH concentration and inadequate hemodialysis. Other common cause of
anemia among these patients is a blood loss due to occult gastrointestinal hemorrhage related to
uremic gastritis, extracorpuscular thrombosis, frequent blood sampling.

The aim was to determine the prevalence of target concentracion of hemoglobin in the
blood of patients who are tarted with regular hemodialysis, determine prevalence of ,,absolute
and ,,functional® iron deficiency in patients who are treted with regular hemodialysis. The
aim was to determine the prevalence of microinflammation and to examine its effect on
hemoglobin concentration in blood, iron status, vitamin D, hemodialysis adequacy, and
erythropoietin dose in patients treated with regular hemodialysis. The aim of the study was to
find out the prevalence of vitamin D deficiency and to reveal its impact on hemoglobin
concentration, iron status, microinflamation, malnutrition, dialysis adequacy and erythropoietin
dose.

Study involved 120 patients who are treated at the Clinical Center in Kragujevac.
Based on CRP concentration, Patients were divided into two groups: CRP <5.0 mg /1, CRP > 5.0
mg / |. The statistical analysis used: Kolmogorov Smirnov test, Student's T test, Mann-Whitney U
test. Based on the value of vitamin D, patients were divided into three groups: ([25(0H)D] < 10
ng/ml, ([25(OH)D] 10-20 ng/ml, ([25(OH)D] > 20 ng/ml.

The prevalence of microinflammation in patients treated with regular hemodialysis is
50%. Patients with microinflammation (CRP > 5.0 mg/ I) have a high statistically significant (p
< 0.01) lower hemoglobin concentration in blood, hematocrit, average amount and mean
hemoglobin concentration in the erythrocyte, iron concentration in the serum, and a statistically
significant (p < 0.05) lower saturation of transferrin with iron. These patients also have a high
statistically significant (p < 0.01) higher average monthly dose of long-acting erythropoietin, a
long-acting erythropoietin resistance index, and a statistically significant (p < 0.05) higher ferritin
concentration in the serum and a short-acting erythropoietin resistance index compared to non-
microinflammatory patients (CRP < 5.0 mg /). Hemodialysis patients with severe vitamin D
deficiency have lower hemoglobin, lower dialysis adequacy, significant microinflamation,
malnutrition, bone metabolism disorders and need higher dose of erythropoietin than patients
whose vitamin D is higher tnan ([25(0H)D] < 10 ng/ml .Vitamin D is important risk factor for
development of anemia in hemodialysis patients and important factor that can affect treatment
of anemia in these patients.

Accepted by the Scientic Board on - ASB: 27.12.2018.
Defended on - DE:
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Oépazay 1

H3JABA AYTOPA O OPUTHHAJTHOCTH JJOKTOPCKE /JHCEPTAIIHJE

Ja, Hegum Xam3saruh , H3jaBJbyjeM Ja JOKTOpPCKa

JIMCepTallija noj HacJoBOM:

MpoueHa yTuuaja MUKpouHnamauumje u cekyHaapHor
XvnepnapaTupeonanama Ha nevere aHemuje kog bonecHuka Ha
XPOHUYHOM NporpamMy xemoaujanuae

Koja je onbpamena Ha PakynTeTy MegULMHCKUX Hayka

Vuugepautera y KparyjeBuy npeacrasiba opuzunanio aymopcko 0eno HacTajo Kao pesynrar

CONCmMeeHo2 ucmpaxcusaixkoe pac)a.

Osom H3jasom makolhe nomephyjem:

e J1a caM jeduxu aymop HaBeJIeHe JIOKTOPCKE JHCEPTALH]E,

e Ja y HaBeAEHOj JOKTOPCKO] AUCEPTALM|H HUCAM UIEPUILO/IA NO6PEdy AYTOPCKOT HUTH
JIpyTor NpaBa HHTENEKTYalTHE CBOjUHE APYTHX JIMLA,

e J1a yMHOXKEHH NIPHMEPAK JOKTOPCKE JMCepTalHje y ITaMIaHOj U eNeKTPOHCKOj HopMH
y uMjeM ce NpHIOry Hanasu oBa M3jaBa cajipx# JOKTOPCKY AUCEPTALUjy HCTOBETHY
on6pameHoj IOKTOPCKOj IMCEPTALIH]H.

V Kparyjesuy , 10.12.2018. ronumne,

A 1/ //Ou%-gf) :}
%

TNOTNHC ayTop
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Oépaszay 2

H3JABA AYTOPA O HCKOPHIIRABAILY IOKTOPCKE JHCEPTAI[HJE

Ja, Hegum Xamsaruh .

JA03BOJbaBaM
|:l HE N03BOJbABAM

VYuusepsurerckoj 6ubnuoreun y Kparyjesuy na HauuHu aBa Tpajia yMHOXEHA TpUMeEpKa y

enex’rponcxoj CbOpMH JAOKTOpPCKE JIHCCpTaLIHjC moa HaCJIOBOM:

MpoueHa yTuuaja MukpouHdnamauumje u cekyHgapHor
xunepnapaTtupeonanamMa Ha nevyewe aHemuje ko bonecHuka Ha
XPOHWYHOM Nporpamy XemMoaujanuae

Koja je onbpamena Ha PaKynTeTy MeaMUUHCKUX Hayka

VYuusepsutera y Kparyjesuy, ¥ TO y UEJIMHH, Ka0O W 1a 110 jelaH MpHMepaK Tako YMHOXEHE

JOKTOpCKE JHUCepTaluje Y4YHHH TpPajHO JOCTYNHMM JaBHOCTH TIyT€M JHUIHTAIHOL
penosuTopjyma YHHBep3uTeTa y KparyjeBily M LEHTPaJHOr PElo3UTOpUjyMa HaIIe)KHOT
MHHHCTapCTBA, TaKO Ja NPUIaAHULK jABHOCTH MOTY HAYHHHTH TPajHe YMHOXEHE TpuMepKe

y €JIEKTPOHCKOj (hOPMH HaBCJICHC JOKTOPCKE AMCEPTALMjC IIyTEM npeysumarsa.

OsomM M3jaBom Takohe

JI03BOJbABAM
D He JI03BOJbaBaMm'

! Ykonuko ayTop nzaGepe na He 103B0IH NpPHNaJHHLIHMA jABHOCTH J1a TAKO JIOCTYIHY JOKTOPCKY AHCEPTaLMjy
KOpHCTE NoJ ycnosuma yTpherum jeanom on Creative Commons NTMUEHLH, TO HE HCKJbYUYj€ NPABO NPHIIAIHHKA
JaBHOCTH J1a HaBEAEHY IOKTOPCKY JINCEPTALMjy KOPUCTE y CKJTany ca oapeatama 3aKoHa 0 ayTOPCKOM M CPOJHUM
npaBHMa.
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npunaaniuiMa jaauocm J1a TaKO 0CTYMHY JIOKTOPCKY IIHCCpTallij KOPHCTE Mo yC/I0BHMA

yrephennm jeanom on caeachux Creative Commons MHUCHUH:

1) AyropcTso
2) AyTOpCTBO - JCIHTH MOJ HCTHM YCJIOBHMA
3) Ayropcrso - Ge3 npepana
4) AyTopcTBO - HCKOMCPLHjATHO
@Ayropc‘n;o - HCKOMEPLUHjQJIHO - ICTHTH TIOJ HCTHM YCJIOBHMA

6) AyTopcTBO - HeKOMepLHjaHo - 6e3 npepana’

v Kparyjesuy , 10.12.2018. roauue,

}U #Ouﬂ}gy )\L R

noTnmc ayropd

2 Monumo aytope Koju cy M3abpany 1a 103BojE NPHNAAHMUMMA jaBHOCTH A3 TAKO JIOCTYIHY JOKTOPCKY
JIMCEpTalNjy KOPHCTE 104 ycioBiMa yTephennm jeanom oft Creative Commons THUCHUM J1a 330KPYAKC Jeaity 01
nonyhennx nuuenun. Jetaman caapxaj HaBeACHHX THLEHIH 0CTYNaH je Ha: http://creativecommons.org.rs/
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PanoBu Koju cy OWJIHM YCJI0B 32 MPHjaBy 3aBpIlIeHe TOKTOPCKe AUCepPTALHje
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ACUTE KIDNEY DAMAGE: DEFINITION, CLASSIFICATION AND OPTIMAL TIME
OF HEMODIALYSIS

Hamzagi¢ N, Nikolié¢ T, Popovska Jovi¢i¢ B, Canovi¢ P, Jaéovi¢ S, Petrovi¢ D.. Acute kidney
damage: definition, classification and optimal time of hemodialysis. Ser J Exp Clin Res 2017;
DOI: 10.1515/sjecr-2017-0050. (M51)

ABSTRACT

Acute damage to the kidney is a serious complication in patients in intensive care units. Causes of
acute kidney damage in these patients may be prerenal, renal and postrenal. The most common
cause of the development of acute kidney damage in intensive care units is sepsis. For the
definition and classification of acute kidney damage in clinical practice, RIFLE, AKIN and
KDIGO classification are used. There is a complex cross-link between the acute kidney damage
and other organs. Acute damage to the kidneys by complex pathophysiological mechanisms
causes acute damage and function disorders of the heart (acute heart failure, acute coronary
syndrome, cardiac arrhythmias), brain (whole-body cramps, ischemic stroke, coma), lung (acute
damage to the lung, acute respiratory distress syndrome) and liver (hypoxic hepatitis, acute
hepatic insufficiency). Significant role in diagnosing of the acute kidney damage have the new
biomarkers, color Doppler ultrasound diagnosis and Kkidney biopsy. Prevention of the
development of acute kidney damage in intensive care units includes adequate hemodynamic
status of the patient and shutting down the nephrotoxic drugs and agents (radiocontrast agents).
Complications of acute kidney damage (hyperkalemia, metabolic acidosis, hypervolemia, and
azotemia) are treated by the medicaments, intravenous solutions, and therapy for renal function
replacement. In absolute indications for acute hemodialysis fall resistant hyperkalemia, severe
metabolic acidosis, resistant hypervolemia and complications of high azotemia. In the absence of
an absolute indication, dialysis is indicated for patients in intensive care units at the stage three of
AKIN/KDIGO classification, and in some patients with stage 2. The intermittent hemodialysis is
applied for haemodynamically stable patients with severe hyperkalemia and hypervolemia. In
patients who are hemodynamically unstable, in which there is insufficiency of liver or brain
damage have, and indicated are continuous modalities of treatment for renal replacement.

Key words: acute kidney injury,definition, classification, renal replacement therapy,
hemodialysis, continuous dialysis
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INTRODUCTION

Acute Kidney Injuries - AKI is a common and serious complication in critical patients in
intensive care units (incidence of acute kidney damage is 25%) [1, 2]. There are numerous causes
of acute kidney damage in these patients: sepsis, abdominal surgery, liver failure, severe
weakness of the heart. Organ function disorders, triggered by acute renal damage, play a key role
in surviving of critical patients requiring renal replacement therapy. The mortality rate of
hemodynamically unstable patients in intensive care units, with shock and insufficiency of
multiple organ systems (including acute kidney damage requiring hemodialysis) is high and is
60-80% [1, 2].

Definition and classification of acute kidney damage

For the diagnosis and assessment of the severity of acute kidney damage, three
classifications are used: RIFLE 2004, (Risk, Injury, Failure, Loss, End-stage - RIFLE), AKIN
2007, (AKI Network - AKIN), KDIGO 2012 (Kidney Disease Improving Global Outcomes -
KDIGO) [2]. According to the recommendations of RIFLE and AKIN, acute renal impairment is
defined as an increase of creatinine concentration in serum by > 26.5 umol/l (> 0.3 mg/dl) over
48 hours, compared to basal creatinine concentration and/or diuresis of less than 0.5 ml/kg/h for
at least 6h [2]. Based on the KDIGO classification, acute kidney damage is defined as an increase
of creatinine concentration in serum by > 0.3 mg/dL (> 26.5 pumol/l) for 48 hours or as an
increase of creatinine concentration by > 1.5 times compared to basal creatinine concentration in
the serum for the previous seven days and/or as a diuresis less than 0.5 ml/kg/h for at least 6h,
Table 1 [2]. Significant constraints of these three classifications are the definition and assessment
of the severity of acute renal damage based on the creatinine concentration in serum (loss of
muscle mass, increased concentration of substances affecting analytical measurement of
creatinine concentration in serum, impaired renal function, impaired liver function), defining
basal creatinine concentration in serum (creatinine concentration in serum just before the episode
of acute kidney damage) and decision-making on the initiation of treatment by renal replacement
therapy (RIFLE-F, AKIN-3, KDIGO-3). The optimal time for starting a therapy to replace the
kidney function in clinical practice is still not clearly and precisely defined (in the absence of
absolute indications for hemodialysis) [2]. In patients with liver cirrhosis, acute kidney damage is
defined based on the ICA-AKI criteria, Table 2 [3-5]. Acute kidney damage in patients with liver
cirrhosis is defined as an increase in creatinine concentration in serum by > 26.5 umol/l (> 0.3
mg/dl) versus basal, over a period of time < 48 hours, or as an increase in creatinine
concentration in serum by > 50% relative to basal value [3-5]. The baseline creatinine
concentration in serum is precisely defined: creatinine concentration in serum within seven days
prior to hospitalization or creatinine concentration in serum over a three month period prior to
hospitalization (if there are more measurements of creatinine concentration in the serum, the one
nearest to hospitalization is taken), or the creatinine concentration in serum at the time of
admission to hospital treatment (if there is no creatinine concentration over a period of three
months prior to hospitalization) [3-5]. Type 1 hepatorenal syndrome, as a specific form of acute
kidney damage, is defined on the basis of HRS-AKI criteria (Hepatorenal Syndrome-Acute
Kidney Injury - HRS-AKI), Table 3 [3-5]. In patients with liver cirrhosis, creatinine levels in
serum overestimates the volume of glomerular filtration due to: loss of muscle mass (reduced
creation of creatinine from creatin in muscles), increased creatinine clearance in the proximal
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kidney tubule, liver damage, increased serum bilirubin concentration (impact on analytical
measurement of concentration of creatinine in serum). All of these factors have as result
complicated and delayed diagnosis of acute kidney damage. Pregnancy related acute kidney
damage - PR-AKI is defined as creatinine concentration in serum greater than 71 pmol/l in
pregnant women in the absence of clinical data for chronic kidney disease (normal creatinine
concentration in serum in the third trimester of pregnancy is 62-71 umol/l) [6, 7]. The definition
and classification of acute renal disease associated with pregnancy is not entirely clear and
precisely defined, due to open issues such as: low basal creatinine concentration in serum due to
increased glomerular filtration in pregnancy by approximately 50% (adaptive changes in
pregnancy), and defining an optimal method for measuring glomerular filtration volume [6, 7].

The influence of acute kidney damage on the function of other organs

Studies show that there is a complex correlation between acute kidney damage and other
organs/systems of organs, including the heart, brain, lung, and liver. Knowledge of the
pathophysiological mechanisms of the cross-linked association between acute kidney damage and
other organs represents a new potential strategy for the treatment of critical patients in intensive
care units [8].

Acute damage to the kidneys and heart

Acute kidney damage can cause acute damage and cardiac dysfunction (acute reno- cardiac
syndrome or cardio-renal syndrome, type 3) [9, 10]. Acute damage and heart function disorders
include acute heart failure, acute coronary syndrome, cardiogenic shock and cardiac arrhythmias
[9, 10]. Mechanisms of the effects of acute kidney damage on acute damage and heart function
disorders are divided into two groups: direct and indirect. Direct mechanisms are the result of
microinflammatory effects on cardiomyocytes [9, 10]. After acute kidney damage caused by
ischemia-reperfusion of the kidneys, there is a reinforced response of systemic and local immune
systems that has as result accumulation of neutrophils in the myocardium interstitium
(neutrophils amplify the release of free oxygen radicals, proteases and myeloproteases that
directly damage the myocardium), increased expression of proinflamatory mediators (interleukin-
6 - IL-6, tumor necrosis factor - TNFa) and cardiomyocyte apoptosis [9, 10]. Among indirect
mechanisms of the effects of acute kidney damage on the development of acute damage and heart
function disorders there are: oliguria and increase in volume of extracellular fluid (volume
overload, hypervolemia, hypertension, ascites, intra-abdominal hypertension), electrolyte balance
disorder (hyperkalaemia, hyperphosphataemia, hypocalcemia) and development of disorders of
cardiac rhythm, acid-base balance disorder (metabolic acidosis) and negative inotropic effect
(reduced contractility of the left ventricle) [9, 10]. For the detection of acute damage and disorder
of cardiac function it is used the measurement of the concentration of natriuretic peptides
(BNP/NT-proBNP) and the troponins (cTnl/cTnT) in serum, and ultrasound of the heart
(echocardiography) [9, 10]. Excess liquid in patients (Fluid Overload - FO) is defined as the
difference between total uptake and the loss of liquid, divided by the body mass (excess fluid
exists if the FO > 10%) [11-13]. For evaluation of the early detection of excess fluid it is used the
ultrasound of the lung (estimated fluid in the extravascular lung section - estimation lung
congestion), and the inferior vena cava (indirect assessment of central venous pressure) [11-13].
With ultrasound examination of the lungs the vertical hyperecogenics lines are visualised
(comet's lungs), and lung congestion is absent if the sum of the comet lungs is less than 5. A mild

141



degree of congestion of the lungs is present if the sum of the ultrasonic comet lungs = 5-15,
moderate degree if the sum = 15-30, and on the difficult level of lung congestion, the sum of
ultrasound comet lungs is greater than 30 [11-13]. Through ultrasound examination of the inferior
vena cava it is measured: diameter of the inferior vena cava - VCId, the index of the inferior vena
cava - VCIi (the ratio of the diameter of the inferior vena cava and the patients body surface area
- VCId/TP mm/m?) and the index of the inferior vena cava colapsibility - VClci [VClci =
(VClexp - VClinsp)/VClexp) x 100%]. Euvolemia exists if VClci = 50-75%, and values of index
of collapsibility — VClci < 50% indicate hypervolemia [12, 13]. Removal of excess liquid is
achieved using the Henle's loop diuretics and extracorporealultrafiltration techniques. In patients
with known resistance to the effect of the Henle's loop diuretic, their continuous intravenous
infusion is applied. If there is no response (increase in diuresis) extracorporeal ultrafiltration is
administered: Slow Continuous Ultrafiltration - SCUF and isolated/Sequential Ultrafiltration -
SUF [9, 10]. Slow continuous ultrafiltration is applied continuously (8h), with a small flow of
blood - Qb = 50-100 ml/min and the rate of ultrafiltration - Quf = 100-300 ml/h. With
isolated/sequential ultrafiltration the flow of the blood is - Qb = 200-300 ml/min, and the rate of
ultrafiltration - Quf = 500-1000 ml/h (since there is a risk of development of hemodynamic
complications) [9, 10].

Acute damage to the kidneys and brain

Acute kidney damage can cause acute brain damage [14-16]. Acute brain damage is caused
by direct and indirect mechanisms. Direct mechanisms include the accumulation of uremic toxins
and microinflammatory conditions, and the most significant indirect mechanisms are the disorder
of fluid and electrolyte balance (hypervolemia, hyponatraemia, hypernatraemia), acid-base
balance disorder (metabolic acidosis), lack of thiamine, and the effect of kidney function
replacement therapy - DABI (Dialysis-Associated Brain Injury - DABI) (a rapid decrease in the
urea concentration in the serum, intradialis hypotension) [14-16]. Quickly reducing the
concentration of urea in serum may cause dialysis disequilibriumsyndrome which at the basis has
the brain edema - DDS (Dialysis Disequilibrium Syndrome - DDS). In order to prevent the
development of thedisequilibrium syndrome, duration of first hemodialisis should be limited to
2.0-2.5h, the blood flow should be limited to 200 ml/min, and model the sodium concentration in
the solution for hemodialysis, depending on the sodium concentration in the serum of the patient
(the concentration of sodium in the solution for hemodialysis should not be greater than 10
mmol/l of the sodium concentration in the serum of patient), using a low-flux membrane of low
efficiency (coefficient of mass transfer - CoA < 300-600), and the target URR (Urea Reduction
Ration - URR) index should be 0.40 (short-term low-efficiency hemodialysis) [14-16]. In patients
with a high risk of developing the disequilibrium syndrome (traumatic brain injury, intracerebral
hemorrhage), it should be considered the intravenous administration of mannitol during
hemodialysis treatment (1.0 g/kg — increases the serum osmolarity by 8.5-10 mOsm/kgH,0) and
continuous dialysis modality [14-16]. Intradialys hypotension causes the ischemia-reperfusion of
subcortical white matter of the brain, leukoaraiosis (neuronal loss, demyelination, gliosis),
development of stunning of the brain, all of which as result has cognitive dysfunction (significant
memory loss) [17, 18].

Acute damage to the kidneys and lungs

Respiratory complications are common in patients with acute kidney damage (cardiogenic
pulmonary edema, non-cardiac pulmonary edema/acute respiratory distress syndrome, respiratory
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failure, which requires mechanical ventilation) [19, 20]. Cardiogenic lung edema in patients with
acute renal impairment is due to hypervolemia and metabolic acidosis, and is successfully treated
with diuretics of Henle's loop and extracorporeal ultrafiltration. Non-cardiac pulmonary
edema/acute respiratory distress syndrome in patients with acute kidney damage is due to
increased systemic and local response of the immune system, neutrophil infiltration of lung
parenchyma and apoptosis of endothelial and epithelial cells of the lung [19, 20]. An important
role in the development of non-arterial edema of the lungs in patients with acute kidney damage
has an syndrome of increased permeability of capillars for proteins - CLS (Capillary Leak
Syndrome - CLS) [21]. Diagnosis of noncardial pulmonary edema (acute respiratory distress
syndrome) is placed on the basis of four criteria: rapid onset, bilateral infiltrates on chest
radiography, the normal function of the heart (the filling pressure of the capillars of the lung -
PCWP (Pulmonary Capillary Wegde Pressure - PCWP) is less than 18 mmHg and the ratio of the
partial pressure of oxygen in the arterial blood and the oxygen fraction in the inhaled air -
PaO2/FiO2 < 200 (Acute Respiratory Distress Syndrome - ARDS), respectively < 300 (Acute
Lung Injury - ALI) [22, 23]. Patients with acute kidney and lung damage require mechanical
ventilation. Positive pressure ventilation - PPV, with its hemodynamic and nonhemodynamic
mechanisms can exacerbate acute kidney damage (kidney hypoperfusion) [22, 23]. In these
patients it is recommended the Lung Protective Ventilation Strategy - LPVS with a small
breathing/respiratory volume (a volume of 6 ml/kg of ideal body weight), where the plateau
pressure at the end of the inhalation should be less than 30 cmH,O using the lowest positive
pressure at the end of the exale (PEEP = 5-10 cmH,0) to achieve satisfactory oxygenation (PaO,
= 55-80 mmHg or SaHbO, = 88-90%) [22, 23]. In severe forms of acute respiratory distress
syndrome (severe hypoxemia: PaO, / FiO, > 80 mmHg, uncompensated hypercapnia: pH < 7.20);
the therapy is indicated for extracorporeal removal of carbon dioxide - CO, - ECCO;R [24, 25].

Acute damage to the kidneys and liver

In a prerenal type of acute kidney damage, a reduced effective arterial volume can
causeHypoxemic Hepatitis — HH [26, 27]. Hypoxic hepatitis is characterized by a sudden,
substantial and a transient increase of aminotransferases in the serum, as a result of reduced flow
and utilization of oxygen by the hepatocytes of the liver [26, 27]. The most important
predisposing clinical conditions for the development of hypoxic hepatitis are: heart failure (liver
congestion), septic shock, pre-renal type of acute kidney damage and respiratory insufficiency.
The incidence of hypoxic hepatitis in intensive care units is 2.5-10%, and pathophysiology is
multifactorial and includes: blood stasis in the hepatic veins, reduced blood flow through the
liver, the whole body hypoxia, decreased supply of oxygen to the hepatocytes, reduced utilization
of oxygen by hepatocytes, ischemia - liver reperfusion, increased central venous pressure and
increased intra-abdominal pressure [26, 27]. The main clinical manifestations of hypoxic hepatitis
are: pain under the right chest arch, hepatomegaly, increased aminotransferase concentrations in
the serum and the most significant complications are: spontaneous hypoglycemia, respiratory
failure due to hepatopulmonary syndrome and hepatic insufficiency (increased ammonia
concentration in serum) [26, 27]. Diagnosis of HH is set on the basis of three criteria: a
significant increase of aminotransferase in the serum (> 20 times compared to the upper normal
limit), the presence of one of the predisposing clinical conditions (acute cardiac, circulatory and
respiratory insufficiency), the absence of other possible causes of necrosis of liver cells (toxic
effect of medicines, viral hepatitis, acute Budd-Chiari syndrome, HELLP syndrome, acute fat
liver in pregnancy, autoimmune hepatitis) [26, 27]. A liver biopsy is not required for the
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diagnosis of HH, and the main histopathological feature is the Centrilobular Cell Liver Necrosis -
CLNC]J26, 27]. Rapid diagnosis and timely treatment of the underlying disease are of paramount
importance. Optimization of circulation, maintaining adequate mean arterial blood pressure, and
preservation of the microcirculation and oxygenation of tissue is achieved by application of
inotropes, vasodilators and diuretics. In patients with acute liver failure, consideration should be
given to the benefit of the modality of the albumin dialysis: the Molecular Adsorbent
Recirculating System - MARS system[26, 27].

Diagnosis of acute kidney damage

The diagnosis of acute kidney damage is set based on anamnesis, physical examination,
review of the urine sediment (erythrocytes altered in shape and erythrocyte cylinders indicate
glomerular disease, leukocyte acute bacterial inflammation of the kidneys, brown granular
cylinders acute tubular necrosis of the kidneys). Fractional sodium excretion - FENa'< 1.0% and
FEurea < 35% with normal urine sediment suggest a prerenal (functional) type of acute kidney
damage [28]. Some patients require tests for the evaluation of the immune system: antibodies to
the antigens of the cytoplasm of neutrophils (renal vasculitis), antibodies directed against the
basement membrane of the glomeruli (fast progressing glomerulonephritis), and antinuclear
antibodies (systemic lupus erythematosus) [28]. In order to diagnose aHUS/TTP it should be
determined the number of platelets, the concentration of haptoglobin and lactate dehydrogenase
in the serum, the Coombs test, the activity of metalloproteinase enzyme ADAMTS13 and titer of
antibodies on factor H of the complement system [29-30]. In the last decade for the diagnosis of
acute kidney damage, new biomarkers are used: cystatin C (marker of glomerular filtration),
microalbuminuria (marker of integrity of the glomerulus), lipocaline associated with gelatinosis
of neutrophils - NGAL (marker of damage of the tubule), kidney damage protein - KIM-1
(marker of tubular damage), a protein that binds fatty acids of the liver - L-FABP (marker of
tubular damage), interleukin 18 (an inflammatory marker of kidney), a protein that binds to
insulin-like growth factor - IGFBP-7 (marker of the stress of tubules) [31-33]. The concentration
of new biomarkers in the urine increases 24h-48h before the increase in creatinine concentration
in serum. In critical patients in Intensive Care Units, the concentration of NGAL in urine greater
than 150 ng/ml may indicate the development of acute kidney damage in the phase before the
increase of the creatinine concentration in the serum - Non-Creatinine Increase-Acute Kidney
Injury - NCI-AKI) [32]. For the diagnosis of acute kidney damage and the assessment of renal
perfusion, color Doppler ultrasonography of the kidney is used [34]. Color Doppler
ultrasonography and measurement of the resistance index from the blood flow curve through the
segmental and interlobular arteries allows the evaluation of kidney perfusion and the distinction
of the prerenal type of acute kidney damage from acute tubal necrosis. In patients with prerenal
type of acute kidney damage resistance index - Rl is < 0.75, and value of resistance index - RI >
0.75 indicate a transition from prerenalto renal type of acute kidney damage (extending of renal
hypoperfusion results in the development of acute tubular necrosis) [34]. Patients with acute
damage to the kidney, who have clinical suspicion of acute glomerulonephritis or renal vasculitis,
require a kidney biopsy [35].

Treatment of acute kidney damage

Prevention of acute kidney damage in intensive care units includes adequate
haemodynamic status of the patient (central vein pressure - CVP = 8-12 mmHg, diuresis > 0.5
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ml/kg/h, mean arterial blood pressure - SAP > 65 mmHg) and exclusion of nephrotoxic drugs and
agents (radiocontrast agents) [36]. Complications of acute kidney damage (hyperkalemia,
metabolic acidosis, hypervolemia, and azotemia) are treated with medicaments (Resonium A,
10% calcium chloride/calcium gluconate, and Henle’s loop diuretics), infusion solutions (8.4%
NaHCOs3, 10% or 50% glucose + quick acting insulin) and kidney replacement therapy [36].

Optimal starting time for kidney replacement therapy

Patients with acute renal impairment in intensive care units require enhanced cooperation
between doctors and medical technicians of various specialties: anesthesiologist intensivist,
nephrologist and medical technicians of general and nephrological intensive care units [37]. For
treatment of acute kidney damage in critical patients in intensive care units, various modalities of
kidney replacement therapy - Renal Replacement Therapy - RRT are used: acute peritoneal
dialysis, acute intermittent hemodialysis, and continuous dialysis modalities (continuous venous
vein hemodiafiltration - CVVHDF) [38-48]. Intermittent hemodialysis provides rapid clearance
of the substance/electrolyte and a high degree of ultrafiltration. It is a modality of therapy for the
first-line kidney replacement function in haemodynamically stable patients for the treatment of
life-threatening hyperkalaemia and life-threatening hypervolemia (malignant chamber disorder of
the heart rhythm, acute edema of the lungs in acute renal damage) and poisoning caused by
overdosage of most medicines[41-48]. Continued dialysis modalities are indicated in
haemodynamically unstable patients with acute kidney damage caused by cardiogenic or septic
shock, as well as in patients with acute kidney damage associated with brain or liver damage
(increased intracranial pressure) [41-48]. The time to initiate kidney replacement therapy is
completely clear when there are complications associated with acute kidney damage that are life-
threatening for patient: resistant hyperkalaemia, severe metabolic acidosis, edema of the lungs,
complications of high azotemia (uremic encephalopathy, uremic pericarditis) [49-52]. However,
in the absence of absolute criteria, the optimal time to initiate dialysis is not clearly defined (there
IS no consensus) [49-52]. Patients with acute renal impairment of stage 3 of the AKIN/KDIGO
classification require treatment with kidney replacement methods. For stage 2 of the
AKIN/KDIGO classification, randomized clinical studies are required to precisely define the
criteria for initiating treatment with renal replacement methods [49-52]. The arguments for early
initiation of RRT are: better control of state of volemia (avoiding the accumulation of water,
especially in patients where there is resistance to the use of diuretics), better control of the
electrolyte and acid-base status, the clearance of toxins of small and medium-molecular weight
(modulation of the immune system, and clearance of mediators of inflammation), avoiding severe
complications associated with acute kidney damage (heart rhythm disorder due to hyperkalaemia)
[49-52].The arguments for the late initiation of RRT are: exposure of patients to complications
associated with the placement of the central venous catheter, exposure of patients to
complications associated with RRT [intradyalisis hypotension (a iatrogenic episode of
haemodynamic instability in patients may aggravate acute kidney damage and slow down/delay
kidney function recovery), cardiac rhythm disorder, antibiotic clearance], complications
associated with anticoagulant therapy (hemorrhage due to systemic anticoagulation caused by the
use of unfractionated heparin), risk of increased clearance of medicaments (suboptimal
therapeutic concentration in serum), high costs of treatment (especially in patients with slow
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kidney function recovery) [49-52]. Based on the results of the clinical trials done so far, three sets
of indications for the initiation of treatment with kidney replacement methods have been
identified. The first group consists of the traditional indication (hyperkalemia - K* > 6.5 mmol/I,
the concentration of urea in the serum of > 84 mg/dl, pH of arterial blood < 7.15, bicarbonate
concentration in the serum < 10 mmol/l, acute pulmonary edema, acute uremic encephalopathy or
acute uremic pericarditis) [49-52]. The second group of indications constitutes a severe form of
acute kidney damage (stage 3 AKIN/KDIGO) in the absence of traditional indications, and the
third group indicates an acute kidney damage of the stage 2 AKIN/KDIGO in extreme situations
(severe sepsis, rapid deterioration of acute kidney damage) [49-52]. Two randomized clinical
studies, ELAIN (Early vs. Late Initiation of Renal Replacement Therapy in Critically Il Patients
with Acute Kidney Injury - ELAIN) and Acute Kidney Initiation in Kidney Injury - AKIKI
showed a different impact of early onset of dialysis on the survival rate of patients with acute
kidney damage in intensive care units [49-52]. ELAIN study demonstrated improved survival in
patients with the early initiation of dialysis (stage 2 AKIN/KDIGO), while the results of clinical
studies AKIKO have not confirmed that (there was not shown the improved survival of patients
who have early started the treatment of a dialysis supportive therapy, improved survival of the
patients was found in patients who started late dialysis treatment supportive therapy - stage 3
AKIN/KADIGO) [49-52]. Randomized clinical studies of the VA/NIH ATN (Veterans
Affairs/National Institute of Health Acute Renal Failure Trial Network)and the RENAL
(Randomized Evaluation of Normal versus Augmented Level) have shown that patients treated
with continuous dialysis modes have no statistically significantly higher survival rates in relation
to patients with acute kidney damage who are treated with intermittent hemodialysis. With
increasing dose of renal replacement therapy - RRT, the survival rates of patients with acute
kidney damage are not significantly increased [49-52]. According to the recommendations of
KDIGO, the dose of individual treatment of intermittent hemodialysis, expressed through the
kinetic model of urea, should be - Kt/V > 1.20-1.4, and the dose of the continuous dialysis
modality, expressed over the effluent rate, should be 20-25 ml/kg/h. In patients with severe sepsis
and acute kidney damage, the dose of continuous modality of the dialysis - CVVHDF, expressed
over the effluent rate, should be 35 mi/kg/h [49-52].

CONCLUSION

Acute kidney damage is an independent risk factor for an adverse outcome for patients in
intensive care units. Patients in intensive care units, because of the complexity and severity of
acute kidney damage syndrome (multiple organ systems insufficiency), require team approach,
technical knowledge, well-trained staff, enhanced collaboration between intensivist
anesthesiologists and nephrologist, and precisely defined treatment protocols that should include
therapeutic support for more organ systems. Early detection of patients who have a high risk of
developing acute kidney damage, timely application of appropriate prevention and treatment, and
adequate monitoring of patients can significantly prevent the development of acute kidney
damage and reduce the mortality rate of these patients.
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Table 1. Classification of acute kidney damage: RIFLE, AKIN, KDIGO

RIFLE Creatinine Criterion Diuresis Criterion
>26.4 umol/l or > 150-200% as compared to
Risk (1) > 0.5 ml/kg/h for > 6h
basal value
> 200-299% as compared to
Injury (2) > 0.5 ml/kg/h for > 12h
basal value
> 300% as compared to basal value
. ) > 0.3 ml/kg/h for > 24h
Failure (3 ;
ilure (3) or > 354 umol/l withT> 44 umol/I or or anuria for 12h
treatment with dialysis support therapy
Persistent acute kidney damage - a complete loss of kidney function over a
Loss(4) .
period of more than 4 weeks
Final stage of kidney disease over a period of time
ESRD (5)
longer than three months
AKIN Creatinine Criterion Diuresis Criterion
>26.4 umol/l or> 150-200% as compared to
AKIN 1 > 0.5 ml/kg/h for > 6h
basal value
> 200-299% as compared to
AKIN 2 > 0.5 ml/kg/h for > 12h
basal value
> 300% as compared to
AKIN 3 basal value > 0.3 mlkg/h for > 24h
or > 354 pmol/Il withT> 44 pmol/l or or anuria for 12h
treatment with dialysis support therapy
KDIGO Creatinine Criterion Diuresis Criterion
KDIGO 1 1.5-1.9 timescompared to < 0.5 ml/kg/h for 6-12h
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basal value

KDIGO 2

2.0-2.9 times compared to

basal value

< 0.5 ml/kg/h for > 12h

KDIGO 3

3.0 times compared to

basal value or serum creatinine concentrations at
a value greater than 4.0 mg/dl or starting RRT

< 0.3 ml/kg/h for > 24h

or anuria for > 12h

RIFLE - Risk, Injury, Failure, Loss, End-stage, AKIN - Acute Kidney Injury Network, KDIGO - Kidney Disease
Improving Global Outcomes, ESRD - End-stage Renal Disease
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Table 2. New diagnostic criteria for acute kidney damage in patients with cirrhosis of the
/achieved by consensus by ICA/

liver

Basal concentration
ofcreatinine in the serum

Stable concentration of creatinine in the serum < 3 months

If the previous concentration of creatinine in the serum is not
available, take as a baseline the concentration of creatinine in
the serum at the reception

Definition of AKI

Tconcentration of creatinine in the serum > 26.5 pumol/l
(> 0.3 mg/dl) < 48h or an increase of 50% in the ratio

to the basal value

Stage 1: T SCr >26.5 umol/l (> 0.3 mg/dl)

or™ SCr > 1.5-2.0 times compared to basal value

Stages of AKI

Stage 2: T SCr > 2.0-3.0 times compared to basal value

Stage 2: T SCr > 3.0 times compared to basal valueor SCr >
352 umol/l (4.0 mg/dl) with

acuteT > 26.5 umol/l (> 0.3 mg/dl) or initiation of kidney
replacement therapy

Progression of AKI

Progression of AKI to a higher stage or need for treatment
with kidney replacement methods

Regression of AKI

Regression of AKI in lower stage

Absent: no AKI regression

Response to treatment

Partial: regression of AKI: 4 SCr to a value of > 26.5 pmol/I

(> 0.3 mg/dl) above the baseline

Complete: AKI regression:J SCr to a value of < 26.5 pmol/I
(< 0.3 mg/dl) above the baseline

ICA - International Club of Ascites,
Modified by reference [2].

AKI - Acute Kidney Injury, SCr - serum creatinine concentration
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Table 3. Diagnostic criteria for type 1 hepatorenal syndrome (HRS-AKI) in patients with liver
cirrhosis

HRS-AKI criteria

e Diagnosis of liver and ascites cirrhosis

e Diagnosis of AKI according to ICA-AKI criteria

e Absence of a response after two consecutive days of discontinuation of the diuretic
or plasma volume expansion with albumin: 1.0 g/kg/day

e Absence of shock

e Absence of nephrotoxic medicines/agents (NSAID, aminoglycosides, iodine
contrast agents)

e Absence of macroscopic signs of kidney structure damage:
B Absence of proteinuria (> 500 mg/24h)
B Absence of microhematuria (> 50 RBC/HPF)

B Normal finding on the ultrasound examination of the kidney
HRS-AKI- Hepatorenal Syndrome-Acute Kidney Injury, ICA - International Club of Ascites, ICA-AKI -
International Club of Ascites-Acute Kidney Injury, NSAID - Non-Steroidal Anti-Inflammatory Drugs, RBC - Red
Blood Cells, HPF - High Power Field
Modified by reference [2].
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SUMMARY

Background: Anemia is a common complication on patients on regular hemodialysis.
Treatment of anemia is affected by iron deficiency, insufficient dose of erythropoietin,
microinflamation, vitamin D deficiency, increased iPTH concentration and inadequate
hemodialysis. The aim of the study was to find out the prevalence of vitamin D deficiency
and to reveal its impact on hemoglobin concentration, iron status, microinflamation,
malnutrition, dialysis adequacy and erythropoietin dose on patients on regular hemodialysis.
Methods: Cross section study was conducted and study population consisted of 120
hemodialysis patients. Patients were divided into three groups depending on vitamin D
concentration. Following parameters were measured: hemoglobin, hematocrit, red blood cell
indices, transferrin saturation, serum concentration of iron and ferritin, TIBC, UIBC, serum
concentration of calcium, inorganic phosphate, alkaline phosphatase, vitamin D and intact
parathyroid hormone - iPTH. Parameters of hemodialysis adequacy were also considered.
Results: Prevalence of vitamin D deficiency on patients on regular hemodialysis was
75.83%, while prevalence of severe vitamin D deficiency was 24.7%. Patients with severe
vitamin D deficiency [25(OH)D < 10 ng/mL] had lower blood concentration of hemoglobin,
lower hematocrit, lower serum concentration of total proteins and albumin, and dialysis
indices were also lower compared to the other two groups of patients, while concentration of
C reactive protein was significantly higher in the group of patients with severe vitamin D
deficiency than in the rest of examined population. Conclusion: Vitamin D is important risk
factor for development of anemia in the patients on regular hemodialysis and important
factor that can affect treatment of anemia in these patients.

Key words: hemodialysis, secondary hyperparathyroidism, anemia, vitamin D
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KRATAK SADRZAJ

Uvod: Anemija je Cesta komplikacija kod bolesnika na hemodijalizi. Na leCenje anemije
uticu: nedostatak gvozda, nedovoljna doza eritropoetina, mikroinflamacija, nedostatak
vitamina D, povecana koncentracija iPTH i neadekvatna hemodijaliza. Rad je imao za cilj da
utvrdi prevalencu nedostatka vitamina D, kao i da ispita njegov uticaj na koncentraciju
hemoglobina u krvi, status gvozda, mikroinflamaciju, malnutriciju, adekvatnost hemodijalize
i dozu eritropoetina kod bolesnika koji se le¢e redovnom hemodijalizom.

Metod: U studiju preseka ukljuceno je 120 bolesnika na hemodijalizi. Bolesnici su podeljeni
u tri grupe u zavisnosti od koncentracije vitamina D. Odredivani su slede¢i parametri:
hemoglobin, hematokrit, eritrocitni indeksi, saturacija transferina, serumsko gvozde I feritin,
TIBC, UIBC, serumske koncentracije kalcijuma, neorganskog fosfata,, alkaline fosfataze,
vitamina D [ intaktnog parathormona. Parametri adekvatnosti dijalize su takode razmatrani.
Rezultati: Prevalenca deficit vitamina D u serumu kod bolesnika koji se le¢e redovnom
hemodijalizom iznosi 75.83%, a prevalenca teSkog nedostatka vitamina D  24.17%.
Bolesnici sa teskim deficitom vitamina D u serumu ([25(OH)D] < 10 ng/ml) imaju znacajno
manju koncentraciju hemoglobina u krvi, nizi hematokrit, nizu koncentraciju ukupnih
proteina i albumina u serumu i vrednosti parametara adekvatnosti dijalize. Koncentracija C-
reaktivnog proteina u serumu je statisticki znac¢ajno veca kod bolesnika sa teskim deficitom
vitamina D u serumu, u odnosu na ostale ispitane bolesnike.

Zakljucéak: Vitamin D je znaCajan faktor rizika za razvoj i1 le€enje anemije kod bolesnika
koji se le¢e redovnom hemodijalizom.

Kljuéne reci: hemodijaliza, sekundarni hiperparatireoidizam, anemija, vitamin D
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INTRODUCTION

Chronic kidney disease - CKD is progressive disease and loss of renal function is followed
by wvarious complications the most important of which are anemia, secondary
hyperparathyroidism and cardiovascular diseases (1, 2).

Ninety percent of patients starting with hemodialysis are diagnosed with anemia
caused by lack of endogen erythropoietin which stimulates erythropoiesis in the bone
marrow (3). Other causes of anemia is hemorrhage (gastrointestinal hemorrhage due to
uremic gastritis, menstrual bleeding), extra corpuscular thrombosis, frequent laboratory
blood sampling (3). Screening for anemia should be performed when GFR is less than 60
mL/min/1.73m? . Measured parameters include hemoglobin concentration , red blood cell
indices (mean corpuscular volume - MCV, mean corpuscular hemoglobin - MCH, mean
corpuscular hemoglobin concentration - MCHC), serum iron and ferritin concentration, total
iron binding capacity - TIBC, unsaturated iron binding capacity - UIBC, and serum
concentration of C reactive protein - CRP (1-3). Anemia is independent risk factor for CKD
progression and cardiovascular complications. It is hypoxia and oxidative stress caused by
anemia that stimulate synthesis of extracellular matrix by fibroblastic cells as well as
synthesis of thetissue inhibitor of metalloproteinase 1 - TIMP-1 leading to tissue fibrosis (4,
5). Tubulointersticial fibrosis, progressive loss of intersticial capillaries, insertion of
extracellular matrix between peritubular capillaries and the tubules lead to ischemic damage
of tubular cells, loss of nephrons and progressive decrease of glomerular filtration rate (4,
5). Inadequate tissue oxigenation due to anemia has the consequences like activation of
haemodynamic and non-haemodynamic mechanisms of adaptation. Non-haemodynamic
adaptation implies increase in both endogene production of erythropoietin and 2,3-
bisphosphoglycerate concentration in red blood cells. These mechanisms of adaptatation are
triggered by decrease of hemoglobin concentration less than 100g/L and their activation lead
to left ventricle volume overload (6, 7). Left ventricle overload is followed by development
of its eccentric hyperthrophy (thickening of the wall of lelt ventricle with dilatation) (6,7).
Remodeling of left ventricle may have variety of consequences onthepatients undergoing
regular hemodialysis - heart rhythm disorders, ischemic heart disease, heart failure and
sudden cardiac death (8-10).

In patients undergoing regular hemodialysis treatment of anemia with erythropoietin
should be set when concentration of hemoglobin is less than 100 g¢g/L while target
hemoglobin concentration shoul be within range 100-120 g/L (11). Prior to treatment with
erythropoietin optimum iron status in patient's organism should be ensured (transferrin
saturation of 20-40%, serum ferritin concentration of 100-500ng/mL (12-15). After applying
erythropoietin in 10-20% of patients, the target hemoglobin concentration in the blood of
patients treated with regular hemodialysis is not achieved. The risk factors that influence the
treatment of anemia in the patients who are treated with regular hemodialysis include: iron
deficiency, insufficient dose of erythropoietin, microinflammation, malnutrition, the lack of
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vitamin D, secondary hyperparathyroidism, inadequate hemodialysis, and the existence of
antibodies on erythropoietin [16-21].

Secondary hyperparathyroidism is a common and significant complication in patients
treated with regular hemodialysis. The lack of vitamin D, the reduced production of the
active metabolite of vitamin D[1.25(OH)D], hypocalcaemia and hyperphosphatemia are the
main causes of the development of secondary hyperparathyroidism in these patients [22].

The risk factors that reduce the production of vitamin D in patients with chronic kidney
disease, including patients treated with regular hemodialysis, include: reduced vitamin D
synthesis in the skin (insufficient exposure to sunlight), reduced filtration and re-absorption
of vitamin D in epithelial cells of proximal tubuls of kidney, reduced intake of vitamin D-
rich foods, reduced absorption of vitamin D from the gastrointestinal tract [22].

The main clinical consequences of vitamin D deficiency are: development of
secondary hyperparathyroidism, reduced bone density and increased risk of fractures,
reduced iron availability for hemoglobin synthesis in erythrocytes (“functional” iron
deficiency), reduced response to erythropoietin (persistent anemia with hemoglobin
concentration in blood of less than 100 g/l), atherosclerosis, hypertrophy of the left heart
ventricle, vascular calcification, increased stiffness of arteries, cognitive impairment,
progressive loss of renal function and increased mortality rate [22]. The potential
mechanisms of the impact of vitamin D deficiency on the development of anemia include
increased production of proinflammatory mediators in the cells of the immune system
(interleukin-1, interleukin-6, interferon-y, tumor necrosis factor - TNFa. Proinflammatory
mediators block the proliferation and differentiation of erythrocyte precursor cells in the
bone marrow, and interleukin 6 stimulates the formation of hepcidin in liver, which has been
proved to cause a "functional” iron deficiency [22, 23]. Due to the hindered release of iron
from macrophages of reticulo-endothelial system, there is a reduced availability/accessibility
of iron for the synthesis of hemoglobin in erythrocyte (“functional™ iron deficiency) [22, 23].
Talking about secondary hyperparathyroidism, the increased parathormone concentration
affects the development of anemia in patients treated with regular hemodialysis. The direct
effects of parathormone on the development of anemia include: blocking the formation of
endogenous erythropoietin, blocking the proliferation and differentiation of erythrocyte
precursor cells in the bone marrow (Erythroid Progenitors - EP) and the shortened
erythrocyte life span. Indirect effects of the parathormones have been mainly based on the
inducing revival of the bone marrow (the loss of erythrocyte precursor cells) [22, 23].

THE GOAL OF THE STUDY
The work was aimed to determine the prevalence of anemia, disorders of the metabolism of

minerals, vitamin D and parathormones, as well as to examine the effect of vitamin D
deficiency, the enhanced secretion of parathormones on the concentration of hemoglobin in
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blood, the status of iron, microinflammation, malnutrition, the adequacy of hemodialysis and
erythropoietin dose in patients on regular hemodialysis.

PATIENTS AND METHODS

This study was conducted on patients of Center for nephrology and dialysis, Clinic for
Urology, Nephrology and Dialysis of Clinical Center Kragujevac, Kragujevac, Serbia. The
study was in compliance with the principles of the Declaration of Helsinki and was approved
by Ethics Comitee of the Clinical Center Kragujevac. All patients involved in the study
signed the informed consent prior to enrollment. All examined patients were treated using
bicarbonate hemodialysis 12 hours per week for longer than three months on hemodialysis
maschines type Fresenius 4008S, 5008S, type Gambro AKA200US and type Gambro Artis.
Ultrapure dialysis fluid and high-flux as well as low-flux polysulfone dialysis membrane
were used. Patients with active proved infections were not included in the study.

In order to evaluate impact of secondary hyperparathyroidism in menagment of anemia
in patients on regular hemodialysis the following parameters were measured:hemoglobin,
hematocrit, red blood cell indices, transferrin saturation, serum concentration of iron and
ferritin, TIBC, UIBC, serum concentration of calcium, inorganic phosphate, alkaline
phosphatase - ALP, vitamin D and intact parathyroid hormone - iPTH. Parameters of
hemodialysis adequacy were also considered.

Serum samples from patients were collected prior to hemodialysis and prior to heparin
administration. Any laboratory parameter was assigned with the value that is the average of
two measuring in two succesive months.

Total hemoglobin is measured using colorimetric method. The target hemoglobin level
in patients on dialysis is 100-120 g/L.

The normalized protein catabolic rate (nPCR) that reflects daily dietary protein intake
in dialysis patients is calculated using formula of National Cooperative Dialysis Study:
nPCR = (PCR x 0.58)/Vvd. Formula for calculating PCR is PCR = 9.35G + 0.29Vd, where G
— urea production rate, VVd - volume of body fluid (Vd = 0.58 x BW). Urea production rate is
calculated by formula G = [(C1-C2)/Id] x Vd, where C1 is serum urea concentration prior to
dialysis (mmol/L), C2 - serum urea concentration after dialysis (mmol/L), Id - time (hours)
between two successive dialysis. Normal range for nPCR is 1.1 + 0.3g/kg/day.

Serum concentration of iron, ferritin, total iron binding capacity, calcium and
inorganic phosphorus were measured using Beckman Coulter AU680 analyzer.

Serum iron was determined by photometric method using TPTZ [2,4,6-Tri-(2-pyridyl)-
5-triazine] as the chromogen. Serum iron reference range is 6.6 - 26.0 pmol/L.

TIBC is done indirectly by the Unsaturated Iron Binding Capacity (UIBC) method.
TIBC reference range is 48 - 56 pmol/L.

Transferrin saturation - TSAT is calculated using formula TSAT=(Fe/TIBC)*100%.
Reference range for TSAT in the patients underwent regular hemodialysis is 20-40%.
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UIBC is measured using spectrophotometric method. Reference range for UIBC is 28 -
54 umol/L.

Ferritin method is turbidimetric. Ferritin reference range in the patients underwent
regular hemodialysis is 100 - 500 pg/mL.

The CRP concentration in the serum was determined by the turbidimetric method and
was calculated as the average value of two measurements over two consecutive months. The
normal CRP concentration in the serum is < 5 mg/L. Microinflammation is defined as the
concentration of CRP in the serum higher than 5 mg/L.

The calcium concentration in the serum was determined by a photometric test. Normal
calcium concentration in the serum is 2.20 - 2.65 mmol/L. The calcium concentration in the
serum was calculated as the average value of two measurements over two consecutive
months.

The phosphate concentration in the serum was determined by a photometric test. The
normal phosphate concentration in the serum is 0.80 - 1.60 mmol/L. The phosphate
concentration in the serum was calculated as the average value of two measurements over
two consecutive months.

The concentration of vitamin D in the serum was determined by the method of
electrochemiluminescence, on the Cobas e 411. Normal concentration of vitamin D in the
serum is 20 - 40 ng/mL. In patients undergoing regular hemodialysis, 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
immunoradiometric method (IRMA), on the gamma counter WALLAC WIZARD 1470.
Normal concentration of intact parathormone in the serum is 11.8 - 64.5 pg/mL. In patients
with hemodialysis the upper normal limit is 500 pg/mL.

The adequacy of hemodialysis was assessed on the basis of the single-pool Kt/Vsp index
calculated according to the Daugridas second-generation formula:

Kt/Vsp = -In(C,/C; - 0.008 x T) + (4 - 3.5 x C,/C1) x UF/W,
with: C1 - the value of urea before dialysis, C2 - the value of urea after dialysis (mmol/L), T
- duration of hemodialysis (h), UF - interdialysis yield (I), W - body weight after
hemodialysis (kg). According to K/DOQI guidelines, hemodialysis is adequate if Kt/\Vsp >
1.2.

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

The blood flow through the vascular access - Qavf was determined by Color Doppler
ultrasound, on the apparatus Logic P5, using the probe of 7.5MHz, wherein the blood flow is
calculated from the formula: Qavf = r>74 x Vmean x 60 (ml/min), r - the radius of the
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vascular access, a Vmean - mean blood flow velocity through a vascular access. The blood
flow was calculated as the average of three measurements, 2 - 4 cm in the vein of vascular
access, proximal to the place of anastomosis. Blood flow through a vascular acces that
provides adequate hemodialysis is 500-1000 mi/min.

Depending on the concentration of vitamin D [25(OH)D] in the serum[] the patients
were divided into two groups. The first group involved the patients on regular hemodialysis
with the concentration of vitamin D [25(OH)D] < 10 ng/mL, and the second group the
patients with the concentration [25(OH)D] > 10 ng/mL. Depending on the concentration of
parathormone in the serum, the patients were divided into two groups. The first group
consisted of the patients who had the concentration of parathormone in the serum - iPTH <
500 pg/mL, whereas the second group of the patients had the concentration iPTH > 500
pg/mL.

The statistical analysis of acquired data was possible using the Kolmogorov -
Smirnov test, the single-factor parametric analysis of variance - ANOVA and Kruskal-
Wallis test. The threshold of significance was the probability of 0.05 and 0.01.

RESULTS

The cross-sectional study was conducted at the The Clinic for Urology, Nephrology and
Dialysis of KC Kragujevac, including patients treated with regular hemodialysis in a period
of time longer than three months. We examined 120 patients (75 men and 45 women),
average age being 63.15 £ 10.39 years, the average length of treatment with hemodialysis
6.18 + 5.95 years and the average index of adequacy of hemodialysis Kt/Vsp 1.01 + 12.27.
General patient data is shown in Table 1. Patients were treated with short-acting and long-
acting erythropoietin with a parenteral iron composition, and their average monthly doses are
shown in Table 2.

Standard laboratory tests included parameters for anemia, the status of iron assessment,
microinflamation, the nutritional status and the status of metabolism of minerals and bone
tissue as well as parameters for assessing the adeguacy of hemodialysis. The average values
of the examined parameters of the laboratory tests are shown in Table 3.

The prevalence of anemia (hemoglobin concentration in blood is less than 100 g/l) of
the examined patients on regular hemodialysis was 44.17% (53 patients). The average
concentration of hemoglobin in blood - Hb was 101.79 + 10.90 g/l, and hematocrit - Hct
30.71 £ 3.19%. Erythropoietins with short and long effects were used to treat the anemia of
examined patients. The average monthly single dose of erythropoietins with short effects was
18517.24 + 9361.04 TU[J and of the erythropoietins with long effects was 121.07 = 75.98 g,
in Table 2.

The prevalence of absolute iron deficiency in the examined patients treated with
regular hemodialysis was 4.17% (5 patients), and the prevalence of functional iron
deficiency was also 4.17% (5 patients). 110 patients (91.66%) had the normal status of iron
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in the body. 20 patients with normal concentration of iron in the serum and normal saturation
of transferin of iron, the serum ferritin concentration was > 1000 pug/L. The average
concentration of iron in the serum Fe®* was 10.25 + 3:37 mol/L, total iron-binding capacity -
TIBC 34.23 + 6.33 mol/l, a free iron-binding capacity - UIBC 23.95 + 6.53 pumol/L and
ferritin - F 790.79 + 353.10 pg/L. Average saturation of transferin with iron - TSAT was
30.78 £ 10.94%. The examined patients were given parenteral iron. The average monthly
single dose of parenteral iron was 155.83 = 180.76 mg.

Nutritional status of patients was assessed by measuring the total protein concentration
- TP, albumin - Alb and uric acid - Al in serum, as well as by calculating the body mass
index - BMI and the degree of protein decomposition - nPCR. Average values of the
parameters examined in laboratory tests are shown in Table 3. Average body mass index -
BMI of examined patients was 24.68 + 4.57 kg/m?, and the average rate of decomposing
protein - nPCR was 1.69 + 0.62 g/kg/day, Table 3.

In order to assess the impact of secondary hyperparathyroidism on the hemoglobin
concentration in the blood of patients, the concentrations of calcium, phosphate, alkaline
phosphatase, vitamin D and an intact parathyroid hormone in the serum were examined. The
average values of the parameters examined are shown in Table 3. The average concentration
of vitamin D was 15. + 9.64 ng/mL, and intact parathormone - iPTH 278.70 £ 379.44 pg/ml.
The prevalence of vitamin D deficiency (vitamin D < 20 ng/mL) of examined patients on
regular hemodialysis was 75.83% (91 patients), and the prevalence of severe vitamin D
deficiency (vitamin D < 10 ng/mL) was 24.17% (29 patients). The concentration of vitamin
D in the serum of 10-20 ng/ml is present in 62 patients (51.67%), 20-30 ng/mL in 19 patients
(15.83%), and the normal concentration of vitamin D (vitamin D = 30-80 ng/mL) is noted in
10 (8.33%) examined patients who are treated with regular hemodialysis. The prevalence of
secondary hyperparathyroidism (iPTH > 500 pg/mL) in examined patients on regular
hemodialysis was 14.17% (17 patients). The biggest number of patients examined
(58/48.33%) had an intact parathormone concentration in the serum iPTH < 150 pg/mL, and
45 patients (37.50%) had the serum intact parathormone concentration of 150-500 pg/mL.
Almost all the patients 110 (91.60%) were treated with the same calcium-containing
phosphate binding agent, 54 patients (45.00%) were treated with active vitamin D
metabolites and 1 patient (0.83%) was treated with vitamin D. The parenteral form of
paricalcitole was given to 14 patients (11.67%), and the average monthly dose was 30.00 +
15.20 pg.

In order to assess the impact of severe vitamin D deficiency on: hemoglobin
concentration, C-reactive protein, parameters of nutritive status, hemodialysis adequacy,
erythropoietin dosage and iron deficiency, the patients were divided into three groups. The
first group consisted of patients with the vitamin D concentration in the serum of less than 10
ng/mL, the second group with a vitamin D concentration in the serum of 10-20 ng/mL, and
the third group included the patients with the concentration in the serum of more than 20
ng/mL.
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On the basis of the Kolmogorov-Smirnov test, the single-factor parametric analysis of
variance - ANOVA was used to test the significance of the difference between the examined
groups for the following parameters: hemoglobin, hematocrit, total proteins, albumin, the
rate of decomposing proteins, uric acid, iron, TIBC, UIBC, TSAT, ferritin, calcium,
magnesium, phosphate, product of solubility, short-acting ESA/Hb index, long-term
ESA/Hb index, average monthly dose of short-term ESA, average monthly dose of long-term
ESA, as well as the parameters of hemodialysis adequacy: Kt/V, spKt/V and URR index. To
determine the statistical significance of the difference between the examined groups for C-
reactive protein, alkaline phosphatase, intact parathormone and average monthly dose of i.v.
iron the Kruskal-Wallis test was used (Table 4 and Table 5). The highly statistically
significant (p <0.01) difference between the examined groups was determined for:
hemoglobin (F = 7.431, p = 0.001), total proteins (F = 6.273, p = 0.003), albumin (F =
18.493, p = 0.0001), TIBC (F = 5.389, p = 0.006), Kt/V index (F = 4.848, p = 0.009),
whereas the statistically significant difference (p <0.05) was determined for: hematocrit (F =
4.728, p =0.011) and URR index (F = 4.770, p = 0.010), (Table 4 and Table 5).

The patients with the vitamin D concentration in the serum of less than 10 ng/ml have
a highly statistically significant (p < 0.01) lower concentration of hemoglobin in blood and
statistically significant lower hematocrit (p < 0.05) compared to patients with the vitamin D
concentration in the serum of 10- 20 ng/mL and the concentration higher than 20 ng/mL,
Table 5. There is no statistically significant difference between the group of patients with the
vitamin D concentration in the serum of 10-20 ng/mL and higher than 20 ng/mL (p > 0.05) in
the concentration of hemoglobin in blood and the hematocrit (p > 0.05) (Table 4). There is
no statistically significant difference in the average monthly dose of short-acting and long-
acting erythropoietin among the examined groups of patients (Table 5)

The patients with severe vitamin D deficiency in the serum (< 10 ng/mL) have a highly
statistically significant (p < 0.01) higher concentration of C-reactive protein in the serum,
compared to the group of patients with a vitamin D concentration in the serum of 10-20 ng /
ml and the concentration higher than 20 ng/mL, Table 4. There is no statistically significant
difference in concentration of C-reactive protein in the serum between the group of patients
with a vitamin D concentration in the serum of 10-20 ng/mL and higher than 20 ng/mL (p>
0.05), (Table 4).

The patients with severe vitamin D deficiency in the serum (< 10 ng/mL) have a highly
statistically significant (p < 0.01) lower concentration of total proteins and albumins in the
serum, and total iron binding capacity compared to patients with a vitamin D concentration
in the serum of 10 -20 ng/mL and the concentration higher than 20 ng/mL. There is no
statistically significant difference between the second and third group of patients in the
concentration of total proteins and albumins in the serum, and the total iron binding capacity
(Table 4).

Patients with severe vitamin D deficiency (< 10 ng/mL) have statisticaly significant
(p<0.005) lower index of hemodialysis adequacy - Kt/V as well as Urea Reduction Ratio
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(URR) in compare to the groups of patients that have serum vitamin D either 10-20 ng/mL or
higher than 20 ng/mL (Table 5). These two groups have no difference statistically significant
difference in the parameters of hemodialysis adequacy (Table 5).

In order to assess impact of secondary hyperparathyroidism on blood hemoglobin
concentration patients were divided into three groups. The first group consisted of patients
which have serum iPTH concentration lower than 150 pg/mL, the second group was made
of the patients whose IPTH concentration is in rangel50-500 pg/mL, while third group
constitute of patietnts with iPTH values higher than 500 pg/mL. On the basis of the
Kolmogorov-Smirnov test, the single-factor parametric analysis of variance - ANOVA was
used to test the significance of the difference between the examined groups for the following
parameters: hemoglobin, hematocrit, total proteins, aloumin, protein decomposition rate, uric
acid, iron, TIBC, UIBC, TSAT, ferritin, calcium, magnesium, phosphate, solubility product,
short-acting ESA/Hb index, long-acting ESA/Hb index, average monthly dose of short-
acting ESA, average monthly dose of long-acting ESA, C-reactive protein, alkaline
phosphatase, as well as for the parameters of adequacy of Hemodialysis: Kt/V, spKt/V and
URR index, Table 6 and Table 7. To determine the statistical significance of the difference
between the examined groups for the average monthly dose of i.v. iron the Kruskal-Wallis
test was used, Table 7. There was no statistically significant difference between hemoglobin,
hematocrit, C-reactive protein, total proteins, albumin, degradation rate of proteins,
parameters of hemodialysis adequacy, nor in the average monthly dose of short-acting and
long-acting erythropoietin and an average monthly dose of parenteral iron. Patients with the
concentration of iIPTH > 500 pg/mL have a large statistically significantly higher
concentration of alkaline phosphatase in the serum, a higher phosphate concentration in the
serum, and a solubility product compared to patients with the concentration of iPTH in the
serum of less than 150 ng/mL.

DISCUSSION

Among the patients with end-stage kidney disease who begun regular hemodialysis 90%
suffer from anemia. Main clinical consequences of chronic kidney disease are: progressive
loss of residual renal function, cardiovascular complications, cognitive impairment and
reduced quality of life in patients with undergoing regular hemodialysis (24).

Regardless of the appropriate treatment of anemia, which includes parenteral
administration of iron and erythropoietin, anemia is still a common complication in the
population of patients treated with regular hemodialysis. Anemia, defined as blood
hemoglobin concentration lower than 100 g/L, has high prevalence (44.17%) in examined
patients with CKD. The most important risk factor that affect the treatment of anemia in
patients on dialysis include: iron deficiency, insufficient dose of erythropoietin,
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inflammation, infection, secondary hyperparathyroidism, increased serum parathormone
concentrations, lack of vitamin D in serum, malnutrition and inadequate hemodialysis (24).

Results of recent clinical studies show that vitamin D deficiency play an important role
in the development of anemia in patients treated with regular hemodialysis. Vitamin D
deficiency is defined as serum vitamin D concentration, 25(0OH)D < 20 ng/mL, while severe
vitamin D deficiency is defined as serum vitamin D concentration, 25(OH)D < 10 ng/mL
(24). Vitamin D insufficiency is defined as serum vitamin D concentration within range 20-
30ng/mL. Normal vitamin D serum concentration is 25(OH)D > 30 ng/mL. Target serum
concentration of 25(OH)D in patients treated with regular hemodialysis is higher than
30ng/mL (30-80ng/mL), while its concentration higher than 80ng/mL can lead to toxic
effects (24). Prevalence of severe vitamin D deficiency in our study group is 24.17%.
Vitamin D deficiency is present in 75.83% patients, vitamin D insufficiency in 15.83% (19
patients), while normal serum concentration of vitamin D have 8.33% patients. These results
are similar with those demonstrated by former studies that showed vitamin D deficiency in
patients treated with regular hemodialysis of about 80% (24).

Our results point to a difference inblood hemoglobin concentration between groups of
patients with different vitamin D concentration; patients with 25(OH)Dconcentration lower
than 10ng/mL have lower blood hemoglobin concentration than either group with serum
25(0OH)D of 10-20 ng/mL or group with serum 25(OH)D higher than 20 ng/mL. These two
groups of patients have no difference regarding average dose of short-term and long-term
erythropoietin indicating that patients with severe vitamin D deficiency require higher dose
of erythropoietin for the treatment of anemia. Other authors’ researches also demonstrate that
vitamin D deficient patients treated with regular hemodialysis have significantly lower
blood hemoglobin concentration than patients without vitamin D deficiency and require a
significantly higher dose of erythropoietin than patients having a target concentration of 25
(OH)D in the serum (24-26). Prevalence of secondary hyperparathyroidism our study group
is 14.17% and examined groups do not differ in hemoglobin concentration as well as in
average monthly dose of short-term and long-term erythropoietin. Patients with high levels
of serum iPTH have higher concentration of inorganic phosphate and ALP in serum, and also
higher solubility product (Ca?* x PO,*). Former studies had similar findings - patients with
secondary hyperparathyroidism have higher solubility product and increased risk of vascular
and valvular calcifications (27-30).

CONCLUSION

Prevalence of vitamin D deficiency in patients treated with regular hemodialysis is high -
75.83% out of all. Severe vitamin D deficiency is present in 24.17%, while normal vitamin D
concentration have 8.33% of patients. Patients with severe vitamin D deficiency have
significantly lower blood hemoglobin concentration, lower indices of hemodialysis
adequacy, present microinflamation, malnutrition and bone metabolism disorders compared
to the patients with serum 25(OH)D higher than 10ng/mL. Vitamin D is a significant risk
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factor for the development and treatment of anemia in patients treated with regular
hemodialysis.
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Table 1. The caracteristics of study subjects
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Statistical

Caracteristics parameters
X(mean) = SD
Number (N) 120
Gender (m/f, %) (62.2%??5% )
Age (years.) 63.15 +10.43
Duration of treatment with hemodialysis (years) 6.18 +5.98
Body mass index - BMI (kg/m?) 24.68 + 4.59
Systolic blood pressure - SBP (mmHg) 121.83 £ 14.61
Diastolic blood pressure - DBP (mmHQ) 72.82 +£10.33
Mean blood pressure - MBP (mmHQ) 89.16 + 10.80
Lean body mass - LBM (kg) 71.46 + 15.55
Ultrafiltration- UF (L) 2475.00 +992.30
Residual diuresis - RD (mL/24h) 594.17 + 710.08
Blood flow through the vascular access - Qavf (mL/min) 841.33 +433.48
Index of adequacy of hemodialysis - Kt/V 1.01 +0.27
Single-pool adequacy of hemodialysis index - spKt/V 1,02+ 0.25
The degree of reducing urea - URR (%) 61.91 +8.80
Glomerulonephritis chronica 12 (10.00%)
> Nephropathia hypertensiva 39 (32.50%)
g % Nephropathia diabetica 16 (13.33%)
g = Nephropathia obstructiva 8 (6.67%)
+ Nephropathia endemica 1 (0.83%)
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Nephropathia chronica 18 (15.00%)
Pyelonephritis chronica 3 (2.50%)
Renes polycystici 21 (17.50%)
Nepbhritis tubulointerstitialis 2 (1.67%)
Comorbidities
Hypertension 69 (57.50%)
Hypotension 3 (2.50%)
Diabetes mellitus 18 (15.00%)
Cardiovascular disease 30 (25.00%)

Table 2. Doses of erythropoietin and intravenous iron: average monthly dose and ESA/Hb

index
Statistical

Caracteristics of treatment of anemia parameters

X(mean) £ SD

Average monthly dose of short-term erythropoietin (1U) 1%272272i
Average monthly dose of long-term erythropoietin (ug) 121.07 +76.90
ESA/Hb index - short-term erythropoietin (1U/g) 191.39 £ 110.43

ESA/Hbindeks - long-term erythropoietin (ug/g) 1.24 +0.83
Average monthly dose of intravenous iron saccharose (mg) 155.83 + 181.52

ESA - Erythropoiesis-Stimulating Agents, Hb - Hemoglobin (g/l)
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Table3. Laboratory parameters results

Statistical
Laboratory parameters parameters
X(mean) £ SD
Red blood cells count - Er (x 10*/L) 3.25+0.37
Hemoglobin - Hb (g/L) 101.79 £ 10.94
Hematocrit - Hct (%) 30.71+3.21
Mean corpuscular volume - MCV (fL) 94.76 + 4.37
Mean corpuscular hemoglobin content - MCH (pg) 31.74 £ 3.47
Mean corpuscular hemoglobin concentration- MCHC (g/L) 331.73+£6.10
Leucocyte count - Le (x 10°/L) 6.94 +1.90
Thrombocyte count - Tr (x 10°/L) 192.74 + 53.44
Total protein -TP (g/L) 61.47 +4.95
Albumin - Alb(g/L) 36.45 + 3.51
Protein catabolic rate - nPCR (g/kg/dan) 1.69 + 0.62
Uric acid - UA (umol/L) 373.25+71.42
Iron - Fe?* (umol/L) 10.25 + 3.38
Total iron binding capacity - TIBC (umol/L) 34.23 +6.36
Unsaturated iron binding capacity - UIBC (umol/L) 23.95 + 6.56
Transferrin saturation - TSAT (%) 30.78 +10.98
Ferritin - F (ug/L) 790.79 + 354.58
C reactive protein - CRP (mg/L) 11.02 +19.63
Calcium - Ca®* (mmol/L) 2.24+0.18
Magnesium - Mg** (mmol/L) 1.18 £ 0.25
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Inorganic phosphate - PO,> (mmol/L) 1.49 +0.37
Solubility product - Ca** x PO,> (mmol“/L?) 3.34 +0.87
Alkaline phosphatase - ALP (mg/L) 106.51 + 141.39
Vitamin D - 25(OH)D (ng/mL) 15.91 +9.68
Parathyroid hormone - PTH (pg/mL) 278.70 + 381.03

TSAT = (Fe”/TIBC) x 100 (%)

Table 4. The influence of vitamin D deficiency on the concentration of hemoglobin, C-reactive
protein, parameters of nutritive status and metabolism of minerals and bone tissue

Serum concentration of 25(OH)D (ng/mL)
Signific
25(0OH)D < 25(0OH)D=10 25(0OH)D > ance
Parameters
10 -20 20 (
value)
X(mean) +SD X(mean) +SD X(mean) +SD
F=7.43
1
Hb (g/L)? 95.31+9.42 103.77 £ 11.08 104.02 £ 9.75 0=0.00
1
F=4.72
8
Hct (%)b 29.16 +2.88 31.20+3.28 31.19+ 294
p=0.01
1
H=7.2
66
CRP (mg/L)° 18.42 +32.22 8.24+9.96 9.55+17.53
p=0.02
6
F=6.23
TP (g/L)" 58.76 + 6.18 62.28 +4.18 62.45+4.18
p=0.003
e F=18.4
Alb (g/L) 33.47+4.18 3716+ 241 3791+3.11 93
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p=0.00
01

nPCR
(9/kg/dan)

1.52+0.51

1.70 £ 0.64

1.85 £ 0.66

F=2.11

p=0.12

AU (umol/L)

345.21 £ 64.73

383.33£69.92

379.74 £ 75.88

F=3.07

p=0.05

Fe?*
(umol/L)

9.00 £2.72

10.64 £ 3.44

10.68 + 3.66

F=2.68

p=0.07

TIBC
(umol/L)f

30.98 £7.40

35.12+5.96

35.55+5.02

F=5.38

p=0.00

uUIBC
(umol/L)

22.09 £7.55

24.44 £6.29

24,78 £5.82

F=1.58

p=0.20

TSAT (%)

30.64 £ 1141

30.83 £ 10.55

30.84 £ 11.82

F=0.00

p=0.94

F (ng/mL)

775.40 +
405.24

789.82 +
380.04

808.26 +
234.34

F=0.06

p=0.94

ca®*
(mmol/L)

218+0.21

2.27+£0.15

2.24+0.21

F=2.10

p=0.12
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F=0.89

Mg2+ 8
1.14+0.28 1.19+0.24 1.23+0.22
(mmol/L) p=0.41

F=0.50

PO,* 1
| 1.43+0.40 1.50+0.37 1.53+0.35
(mmol/L) p=0.60

F=1.35

Ca**'xPOs* 3
g 3.11+0.89 3.40 +0.84 3.44 +0.89

H=0.0
133.53 + 80
ALP (IU/L) + 98.42 + 82.32 96.79 + 78.28
251.15 0=0.96

H=1.3

iPTH 278.10 + 29051 + 254.06 + 82
(pg/mL) 466.71 362.75 334.04 020,50

1

Abbreviations: Hb - hemoglobin, Hct - hematocrit, CRP - C-reactive protein, TP - totalproteins, Alb - albumin,
nPCR - protein catabolism rate, AU - acidumuricum, Fe®" - iron, TIBC - total iron binding capacity, UIBC -
unsaturated iron binding capacity, TSAT - transferrin saturation, F - ferritin, Ca?* - calcium, Mg?* - magnesium,
PO, - phosphate, Ca** x PO, - solubility product, ALP - alkaline phosphatase, iPTH - intact parathormone
Statistical anaIySiS: 3. p|,||:0.001, p|’|||:0.001, p||'|||:l.000; b p|,||20'0131 p|’|||:0.043, p||v|||:1.000;c' p|y||:0.026,
Pi,u>0.05, py,u> 0.05;: ‘- pi1=0.004, p;;;=0.011, py;,=1.000, ° - p;;}=0.0001, p;;;=0.0001, py;;;=1.000; f.
p|'||:0.010, p|'|||:0.016, p||y|||:1.000
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Table 5. The influence of vitamin D [25(OH)D] deficiency on parameters of hemodialysis adequacy,
dose of erythropoietin and iron

Test
parameters

The concentration of vitamin D in the serum (ng/ml)

25(0H)D < 10

25(0OH)D=10
-20

25(0H)D >
20

X(mean) i S D

X(mean) i S D

X(mean) i S D

Signific
ance

(P
value)

Kt/V index?

091+£0.21

1.08 £0.31

0.96 £0.21

F=4.84
8

p=0.00
9

SpKt/V index

0.96 £ 0.26

1.04 £ 0.26

0.99 £0.22

F=1.17
3

p=0.31
3

URR index
(%)°

58.37 £8.30

64.09 £ 8.94

60.78 £ 7.83

F=4.77
0

P=0.01
0

ESA/HDb
index - KDE

215.56+131.27

202.00 +
113.29

178.07+65.28

F=0.53
8

p=0.58
7

ESA/HDb
index - DDE

1.34+0.54

1.31+1,04

1.13+0.72

F=0.22
4

p=0.80
1

Monthly dose
- KDE

19631.58+1046
2.69

18333.33+961
9.69

17636.36+662
2.28

F=0.18
1

p=0.83
5

Monthly dose

129.44452.35

125.24+92.09

115.77+65.66

F=0.09
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- DDE 5

p=0.91

H=1.4
129.84+ 182.76 02

+
PMDG (mg) 184.48 + 223.25 142,09 1206.27

p=0.49

Abbreviations: KDE - average monthly dose of short-acting erythropoietin, DDE - average monthly dose of

long-term erythropoietin, PMDG - average monthly dose of intravenous iron, ESA - Erythropoiesis-
Stimulating Agents, Hb - hemoglobin
Statistical anaIySiS: a. p|,||:0.014, p|'|||:l.000, p||'|||:O.134; b p|,||:0'011’ p|,|||:O.852, p||,|||:O.263

Table 6. The influence of intact parathormone (iPTH) on the concentration of
hemoglobin, C-reactive protein, parameters of nutritional status, metabolism of minerals and
bone tissue, hemodialysis adequacy, erythropoietin and iron dosage

Parathormon - iPTH (pg/mL)
iPTH=150- fanifi
Test iPTH < 150 ! S0 >0 iPTH >500 | Sianificance
parameters (p value)
X(mean) t
X +SD X +SD
(mean) S (mean) S SD
F=0.006
101.53
Hb (g/L) 101.85 + 10.09 1%%031 o

' - p=0.994
F=0.028

Hct (%) 30.66 + 2.95 30.70 £ 3.83 30.87 £2.03
p=0.972
F=1.061

CRP (mg/L) 1161 + 24.50 8.29 + 8.50 ffj’f

' p=0.349
F=1.977

TP (g/L) 62.24 +5.12 60.33 £5.03 61.85+3.35
p=0.143
Alb (g/L) 36.51+ 3.65 36.42 + 3.67 36.32 + 2.46 F=0.052
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p=0.950

nPCR 1.74+0.54 1.61+£0.73 1.76 £0.53 o
(9/kg/dan) R R R p=0.523
F=1.699
388.47 368.71
AU (umol/L) 362.78 + 76.74 15074 26.48 10187
F=2.657
Fe?* (umol/L) 9.91 + 2.59 11.10 + 4.09 9.17+3.25
p=0.074
34.30 + 7.47 34.47 +£4.93 33.32 £5.68
(nmol/L) p=0.815
2446 +6.78 23.28 £6.25 24.00 £ 6.66
(umol/L) p=0.668
F=1.625
TSAT (%) 29.73+8.23 33.03 2841+
13.13 12.10 p=0.201
F=0.241
806.22 £ 826.35 +
F (ng/mL) 768.40+339.46
398.23 273.33 p=0.786
ca?t F=3.621
a 2.27+0.17 2.18+£0.17 2.26+£0.21
(mmol/L) P=0.030
Mg 2+ F=0.241
1.23+0.28 1.14+0.21 1.16+0.22
(mmol/L) 0=0.786
3 F=7.649
PO,
b 1.37+0.34 1.56 +0.38 1.72+0.30
(mmol/L) p=0.001
Ca*" x PO~ F=6.014
20 o 3.12+0.84 3.39+£0.82 3.91+£0.80
d 93.46 + 267.91 + F=16.795
ALP (1U/L) 69.34 + 26.64 20.86 290,43
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p=0.0001

25(0OH)D
(ng/mL)

15.09+8.24

17.26 =
11.26

15.12 +£9.46

F=0.696

p=0.500

Abbreviations: KDE - average monthly dose of short-term erythropoietin, DDE - average monthly dose of

long-term erythropoietin, PMDG - average monthly dose of intravenous iron ,
Stimulating Agents, Hb - hemoglobin

ESA - Erythropoiesis-

Statistical anaIySiS: & . p|'||:0.028, p|'|||:1.000, p||,|||:0.393; b p|,||:0'027’ p|,|||:0'002' p||y|||:0.337; ¢ -
p|'||:0.324, p|'|||:0.003, p||,|||:0.09\?>;d - p|,||:1.000, p|,|||:0.0001, p||,|||:0.0001

Table 7.

adequacy, erythropoietin and iron dosage

The influence of intact parathormone (iPTH) on parameters of hemodialysis

Parathormone - iPTH (pg/mL)

Test 'PlTSF(; ) iPTH=150-500 iPTH > 500 Significance
parameters (p value)
X +
(rgeE)n) X(mean) +SD X(mean) +SD
KtV 1.05 + F=1.712
ind 0.23 0.95+0.25 1.04 £0.42
inaex - p=0.185
F=2.031
Kt/V
>P ) v 1(')0;3; 0.97+0.23 0.96 + 0.29
index - p=0.136
URR 63.82 + F=2.909
index (%) 7 636 59.73+8.90 61.13+10.89
o : p=0.058
ESA/Hb =
. 187.42 + F=1.686
index - 113.49 228.38 +£112.39 145.88+74.75
KDE ' p=0.195
ESA/Hb =
: 199+ F=0.103
index - 0.87 1.20+0.81 1.36+0,99
DDE ' p=0.903
Monthly 1808125 F=1.350
dose - 21000.00+9708.24 14500.00+6989.79
+ 9609.25 -0.268
KDE p=0.
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Monthl _
y 124714 F=0.070
dose - 2695 118.61 + 74.85 130.63 + 88.90
DDE ' p=0.932
PMDG 137.07 + H=1.659
176.67 + 196.24 164.71 + 135.51
(mg) 180.29 p=0.436

Abbreviations: KDE - average monthly dose of short-term erythropoietin, DDE - average monthly dose of
intravenous iron, ESA - Erythropoiesis-

long-term erythropoietin, PMDG - average monthly dose of
Stimulating Agents, Hb - hemoglobin
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ABSTRACT

INTRODUCTION. Anemia is a common complication in patients with hemodialysis. The
treatment of anemia is affected by: iron deficiency, insufficient dose of erythropoietin,
microinflammation, lack of vitamin D, increased iPTH concentration and inadequate
hemodialysis. AIM. The aim was to determine the prevalence of microinflammation and to
examine its effect on hemoglobin concentration in blood, iron status, vitamin D, hemodialysis
adequacy, and erythropoietin dose in patients treated with regular hemodialysis. METHOD. The
examination included 120 patients. Patients were divided into two groups: CRP <5.0 mg /1, CRP
> 5.0 mg / I. The statistical analysis used: Kolmogorov Smirnov test, Student's T test, Mann-
Whitney U test. RESULTS. The prevalence of microinflammation in patients treated with
regular hemodialysis is 50%. Patients with microinflammation (CRP > 5.0 mg / I) have a high
statistically significant (p < 0.01) lower hemoglobin concentration in blood, hematocrit, average
amount and mean hemoglobin concentration in the erythrocyte, iron concentration in the serum,
and a statistically significant (p < 0.05) lower saturation of transferrin with iron. These patients
also have a high statistically significant (p < 0.01) higher average monthly dose of long-acting
erythropoietin, a long-acting erythropoietin resistance index, and a statistically significant (p <
0.05) higher ferritin concentration in the serum and a short-acting erythropoietin resistance index
compared to non-microinflammatory patients (CRP < 5.0 mg / 1). CONCLUSION. Patients with
microinflammation have anemia, functional iron deficiency and resistance to the effect of short-
acting and long-acting erythropoietin. Microinflammation is a significant risk factor for the

development and inadequate treatment of anemia in patients treated with regular hemodialysis.

Key words: hemodialysis, microinflammatory, erythropoietin, anemia
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UTICAJ MIKROINFLAMACIJE NA LECENJE ANEMIJE KOD BOLESNIKA NA
HRONICNOM PROGRAMU HEMODIJALIZE
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, Vesna Ignjatovié“ 1 Dejan Petrovi¢®®

!Centar za hemodijalizu, Zdravstveni centar Tutin, Tutin
2Sluzba za laboratorijsku dijagnostiku, KC Kragujevac, Kragujevac
3Fakultet medicinskih nauka, Univerzitet u Kragujevcu, Kragujevac
“Centar za nuklearnu medicinu, KC Kragujevac, Kragujevac
>Klinika za urologiju, nefrologiju i dijalizu, KC Kragujevac, Kragujevac, Srbija

KRATAK SADRZAJ

UVOD. Anemija je Cesta komplikacija kod bolesnika na hemodijalizi. Na leCenje anemije
utiCu: nedostatak gvozda, nedovoljna doza eritropoetina, mikroinflamacija, nedostatak
vitamina D, poveéana koncentracija iPTH i neadekvatna hemodijaliza. CILJ. Rad je imao za
cilj da utvrdi prevalencu mikroinflamacije, kao i da ispita njen uticaj na koncentraciju
hemoglobina u krvi, status gvozda, vitamin D, adekvatnost hemodijalize i dozu eritropoetina
kod bolesnika koji se lece redovnom hemodijalizom. METOD. Ispitivanje je ukljucilo 120
bolesnika. Bolesnici su podeljeni u dve grupe: CRP < 5.0 mg/l, CRP > 5.0 mg/l. Za statisti¢ku
analizu koris¢eni su: Kolmogorov Smirnov test, Student-ov T test, Mann-Whitney U test.
REZULTATI. Prevalenca mikroinflamacije kod bolesnika koji se leCe redovnom
hemodijalizom iznosi 50%. Bolesnici sa mikroinflamacijom (CRP > 5.0 mg/l) imaju visoko
statisti¢i znacajno (P < 0.01) manju: koncentraciju hemoglobina u krvi, hematokrit, prose¢nu
koli¢inu 1 srednju koncentraciju hemoglobina u eritrocitu, koncentraciju gvozda u serumu 1
statistiCki znacajno (p < 0.05) manje zasic¢enje transferina gvozdem. Ovi bolesnici imaju 1
visoko statisticki znacajno (p < 0.01) vecu proseCnu mese¢nu dozu dugodelujuceg
eritropoetina, indeks rezistencije dugodelujuceg eritropoetin, kao i sttaisticki znacajno (p <
0.05) vecu koncentraciju feritina u serumu i indeks rezistencije kratkodelujuceg eritropoetina,
u odnosu na bolesnike bez mikroinflamacije (CRP < 5.0 mg/l). ZAKLJUCAK. Bolesnici sa
mikroinflamacijom imaju anemiju, funkcionalni nedostatak gvozda i rezistenciju na dejstvo
kratkodeluju¢eg 1 dugodelujuceg eritropoetina. Mikroinflamacija je znacajan faktor rizika za
razvoj 1 neadekvatno le¢enje anemije kod bolesnika koji se le¢e redovnom hemodijalizom.

Kljuc¢ne reci: hemodijaliza, mikroinflamacija, eritropoetin, anemija
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INTRODUCTION

Ninety percent of patients starting with hemodialysis are diagnosed with anemia. It is
caused by lack of endogene erythropoietin which stimulates proliferation and differentiation of
erythroid precursors in the bone marrow [1, 2]. Other common cause of anemia among these
patients is a blood loss due to occult gastrointestinal hemorrhage related to uremic gastritis,
extracorpuscular thrombosis, frequent blood sampling [1, 2]. In order to diagnose anemia on time
in hemodialysis patients it is necessary to check hemoglobin concentration, hematocrit, red blood
cell indices (MCV, MCH, MCHC), serum iron (Fe’") and ferritin (FER) concentration,
transferrin saturation (TSAT) and serum concentration of C reactive protein - CRP [1, 2].

Anemia is independent risk factor for cardiovascular diseases in hemodialysis patients.
When hemoglobin concentration is lower than 100 g/L hemodynamic mechanisms of adaptation
are activated. Left ventricle is overloaded with volume which leads to development of excentric
left ventricle hypertrophy and ischemic heart disease [3-7]. Other clinical consequences of
anemia are: deterioration of renal residual function, cognitive disorders, reduced working ability
as well as reduced quality of life of hemodialysis patients [8, 9].

Treatment of anemia with erythropoietin is recommended when hemoglobin level is lower
than 100 g/L, while target Hb concentration is within range 100-120 g/L [10]. Optimum iron
status (TSAT= 20-40%, FER= 100-500 ng/mL) should be achieved prior to treatment with
erythropoietin [11-14]. Target Hb concentration is not achieved among about 10-20% of patients
[15, 16]. Risk factors that affect treatment of anemia in hemodialysis patients are: iron
deficiency, insufficient dose of EPO, microinflamation, malnutrition, vitamin D deficiency,
secondary hyperparathyroidism, inadequate hemodialysis, and the existence of antibodies on
EPO [15-18].

Microinflamation is present in 35-65% hemodialysis patients. Main factors causing
microinflamation in hemodialysis patients are: biocompatibility of dialysis membrane,
microbiological quality of water and dialysis solution, latent infection of hemodialysis vascular
access, reduced clearance of proinflamatory mediators (loss of renalresidual function, low-flux of
dialysis membrane), severe vitamin D deficiency (serum vitamin D level lower than 10ng/mL)
[17-19]. Proinflamatory mediators (interleukin-1, interleukin-6, tumor necrosis factor-a) block

proliferation and differentiation of red blood cells precursors in bone marrow, while interleukin-6
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stimulates hepcidin synthesis in liver that is responsible for functional iron deficiency [17-19].
Due to impaired iron releasing from macrophages of reticuloendothelial system, iron availability
for hemoglobin synthesis is reduced (,,functional iron deficiency) [17-19].

Bicarbonate hemodialysis using polysulphidebiocompatibile membrane and ultrapure water
and hemodialysis solution contribute to decreasing in serum level of CRP and IL-6 [20-23]. After
twelve months’treatment with ultrapure hemodialysis solution serum CRP and IL-6 levels
decrease significantly compared to those obtained from patients treated with standard
hemodialysis solution [20-23]. Ultrapure hemodialysis solution reduces microinflamation, delays
residual renal function reduction, improvepatient's nutrition status, increases response to
erythropoietin treatment and reduces cardiovascular morbidity and mortality at end-stage chronic
renal disease treated with hemodialysis [20-23]. By individualization and optimization of dialysis
treatment, as well as usage of high-flux dialysators with polysulphonide membrane and ultrapure

hemodialysis solution decreased serum CRP level is achieved [20-23].

AIM OF THE STUDY

Our aim was to determine prevalence of microinflamation and its influence on the

treatment of anemia in patients treated with regular hemodialysis.

PATIENTS AND METHODS

This study involved 120 patients of Center for nephrology and dialysis, Clinic for
Urology, Nephrology and Dialysis of Clinical Center Kragujevac, Kragujevac, Serbia. The study
was in compliance with the principles of the Declaration of Helsinki and was approved by The
Ethics Comitee of Clinical Center Kragujevac. All patients signed informed consent prior to
enrollment. All participants were treated with regular bicarbonate hemodialysis, 12 hours per
week for period longer than three months on hemodialysis maschines type Fresenius 4008S,
5008S and type Gambro AKA200US and Gambro Artis. Ultrapure dialysis fluid and high-flux as
well as low-flux polysulfone dialysis membrane were used. Patients with active proved infections

were not included in the study.

184



In order to evaluate impact of microinflamation in management of anemia in hemodialysis
patients the following parameters were measured: hemoglobin - Hb, hematocrit -Hct, FER, TIBC,
unsaturated iron binding capacity - UIBC, transferrin saturation — TSAT, serum calcium - Ca*",
inorganic phosphate -PO4%, alkaline phosphatase - ALP, vitamin D and intact parathytoid
hormone - iPTH. Parameters of hemodialysis adequacy were also considered.

Blood sampling for laboratory examination was performed prior to starting with
hemodialysis and prior to heparin administration. Every laboratory parameter was assigned with
the value that was the average of two measuring in two succesive months.

Total hemoglobin was measured using colorimetric method. The target hemoglobin level in

patients on dialysis was 100-120g/L.
The normalized protein catabolic rate (nPCR) was calculated using formula of National
Cooperative Dialysis Study: nPCR=(PCRx0.58)/Vd. Formula for calculating PCR s
PCR=9.35G+0.29Vd, where G — urea production rate, Vd- volume of body fluid (Vd=0.58 x
BW). Urea production rate was calculated by formula G=[(C1-C2)/Id] x Vd, where C1 is serum
urea concentration prior to dialysis (mmol/L), C2 - serum urea concentration after dialysis
(mmol/L), Id - time (hours) between two successive dialysis. Normal range for nPCR is
1.1+0.3g/kg/day.

Serum concentration of iron, ferritin, total iron binding capacity, calcium, inorganic
phosphorus and CRP were measured using Beckman Coulter AU680 analyzer.

Serum iron was determined by photometric method using TPTZ [2,4,6-Tri-(2-pyridyl)-5-triazine]
as the chromogen. Serum iron reference range is 6.6-26.0pumol/L.

TIBC was done indirectly by the Unsaturated Iron Binding Capacity (UIBC) method. TIBC
reference range is 48 - 56umol/L.Transferrin saturation - TSAT was calculated using formula
TSAT=(Fe/TIBC)*100%. Reference range for TSAT in hemodialysis patients is 20-40%.UIBC
was measured using spectrophotometric method. Reference range for UIBC is 28-54 umol/L.
Method for ferritin wasturbidimetric. Ferritin reference range in the patients underwent regular
hemodialysis is 100 - 300 pg/mL.

CRP level in the serum was determined by the turbidimetric method. Normal CRP level in
the serum is < 5 mg/L. Microinflammation is defined as level of CRP in serum higher than 5

mg/L. Calcium concentration in serum was determined by a photometric test. Normal calcium
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level in serum is 2.20 - 2.65 mmol/L. Phosphate level in serum was determined by a photometric
test. The normal phosphate level in the serum is 0.80 - 1.60 mmol/L.

Level of vitamin D in the serum was determined by the method of
electrochemiluminescence, on the Cobas e 411 analyser. Normal level of vitamin D in the serum
is 20 - 40 ng/mL. In hemodialysis patients, normal vitamin D level is > 30 ng/mL (30 - 80
ng/mL). A severe deficit is defined as the level of vitamin D < 10 ng/mL, vitamin D deficiency
exists if level is 10 - 20 ng/mL, and the insufficiency is defined as the level of vitamin D in the
serum of 20-30 ng/mL.

The adequacy of hemodialysis was assessed on the basis of the single-pool Kt/Vsp index
calculated according to the Daugridas second-generation formula:

Kt/Vsp = -In(C,/C1 - 0.008 x T) + (4 - 3.5 x C,/C;) X UF/W,

with:C1 - the value of urea before dialysis, C2 - the value of urea after dialysis (mmol/L), T
- duration of hemodialysis (h), UF - interdialysis yield (I), W - body weight after hemodialysis
(kg). According to K/DOQI guidelines, hemodialysis is adequate if Kt/Vsp > 1.2.

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

Vascular access blood flow - Qavf was determined by Color-Doppler ultrasound by Logic
P5 machine 7.5MHz, where blood flow were estimated by equation: Qavf = r’p/4 x Vmean x 60
(mL/min), r - radis of vascular access, Vmean - mean flow rate through vascular access. Blood
flow is estimated as average value of three measurements, 2-4 cm on vain that serves as vascular
access, proximally of theanasthomosis site. Blood flow rate that provides adequacy of
hemodialysis is 500-1000 mL/min.

Depending on serum CRP level, patients were divided into two groups. The first group was
composed of patients whose CRP > 5.0 mg/L (microinflamation), while second group was
composed of patients whose CRP < 5 mg/L (without microinflamation).

The statistical analysis was performed using the Kolmogorov - Smirnov test, Student's t-test

and Mann-Whitney U test. The threshold of significance was the probability of 0.05 and 0.01.
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RESULTS

At the Clinic of Urology, Nephrology and Dialysis of CC Kragujevac a cross-section study
was conducted, including patients treated with regular hemodialysis over a period of more than
three months. 120 patients (75 men, 45 women) were examined, mean age 63.15 + 10.39, average
length of treatment with hemodialysis 6.18 + 5.95 years and average index of hemodialysis
adequacy Kt/ Vsp 1.01 + 0.27. General data on patients are shown in Table 1.

The treatment of anemia in examined patients included short-acting and long-acting
erythropoietins, iron (i.v.), folic acid (p.o.), vitamins of B complex (i.v.) were used. The average
monthly dose of short-acting erythropoietin was 18517.24 + 9361.04 IU, long-acting
erythropoietin 121.07 £ 75.98 pg, intravenous iron 155.83 £ 180.76 mg, folic acid 153.75 + 23.52
mg, the average monthly number of Beviplex ampoules was 11.37 + 1.47 (vitamin B12 45.48 +
5.88 ng).

The prevalence of microinflammation (CRP concentration in the serum > 5.0 mg/L) in the
patients undergoing regular hemodialysis was 50% (60 patients), and the mean monthly
concentration of CRP in the serum was 11.02 + 19.63 mg/L. In order to evaluate the effects of
microinflammation on the treatment of anemia in patients treated with regular hemodialysis the
following parameters were examined: the hemoglobin concentration in blood (Hb), hematocrit
(Hct), the concentration of iron in the serum (Fe®"), total capacity of iron binding (TIBC), free
capacity of iron binding (UIBC), saturation of transferin with iron (TSAT), concentration of
feritine in serum(F), the concentration of vitamin D in intact parathormone (iPTH) in the serum,
the parametrinutritive status of the concentration of total proteins (TP), albumin (Alb) and uric
acid in the serum (UA), the rate of decomposing proteins (NPCR) , the parameters of
hemodialysis adequacy (Kt/V index, spKt/V index, URR index), as well as the average monthly
dose of short-actting (KDE-M) and long-acting erythropoietin (DDE-M), the index of resistance
of short-actting (KDE/Hb) and long-acting erythropoietin (DDE/Hb) and the average monthly
dose of i.v. iron (PMDG). Depending on the concentration of C-reactive protein in the serum, the
patients were divided into two groups.

The first group consisted of patients with the concentration of reactive protein in the serum
equal or lower than 5 mg/L (lack of microinflammation), whereas the other group consisted of

patients with the concentration C-reactive protein in the serum larger than 5 mg/L
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(microinflammation). The average values of the observed parameters, depending on the
concentration of the C-reactive protein in the serum, are shown in Table 2.

Based on the Kolmogorov-Smirnov test, the Student's T test for two independent samples
was used to examine the significance of the difference between the tested groups for the
following parameters: hemoglobin (Hb), hematocrit (Hct), average erythrocyte volume (MCV),
mean concentration of hemoglobin in erythrocyte (MCHC), number of leukocytes (Le), iron
concentration in the serum (Fe? *) total iron binding capacity (TIBC), free iron binding capacity
(UIBC), saturation of transferin with iron (TSAT), concentration of ferritin in the serum (F ),
concentration of uric acid in the serum (UA), concentration of total proteins in the serum (TP),
concentration of albumin in the serum (Alb), protein decomposition rate (nPCR), concentration
of aspartate aminotransferase in the serum (AST), concentration of calcium in the serum (Ca®"),
concentration of phosphate in the serum (PO.*), concentration of magnesium in the serum
(Mg?"), concentration of vitamin D in the serum, parameters of the adequacy of hemodialysis
(Kt/V, spKt/V, URR), average dose of long-acting erythropoietin (DDE/M), index of resistance
of short-acting erythropoietin (KDE/Hb), index of resistance of long-acting erythropoietin
(DDE/HDb), Table 2. To determine the statistical significance of the difference between the
examined groups for: the average amount of hemoglobin in the erythrocyte (MCH), concentration
of C-reactive protein in the serum (CRP), concentration of alanine aminotransferase in the serum
(ALT), concentration of gamagglutamyl transferase in the serum (GGT), concentration of
alkaline phosphatase in the serum (ALP), concentration of intact parathormon in the serum
(iPTH), average monthly dose of short-acting erythropoietin (KDE-M) and average monthly dose
of i.v. iron (PMDG) Mann-Withney-U-test was used, Table 3.

Patients treated with regular hemodialysis with microinflammation (CRP > 5 mg/L) have a
high statistically significant (p < 0.01) lower concentration of hemoglobin in blood (Hb),
hematocrit (Hct), average amount of hemoglobin in erythrocyte (MCH), mean hemoglobin
concentration in erythrocyte (MCHC), concentration of iron in the serum (Fe®"), and a high
statistically significant (p < 0.01) larger concentration of C-reactive protein in the serum (CRP),
concentration of alkaline phosphatase in the serum (ALP), average monthly dose of long-acting
erythropoietin (DDE-M), index of resistance of long-acting erythropoietin (DDE/Hb) compared
to the patients with target C-reactive protein concentration equal to or lower than 5 mg/L (CRP <

5 mg/L), Table 2 and Table 3. Patients with microinflammation have statistically significant (p <
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0.05) lower saturation of transferin with iron (TSAT) and statistically significant (p < 0.05)
higher serum concentration of magnesium in the serum, concentration of ferritin in the serum (F)
and the index of resistance of a short-acting erythropoietin (KDE/Hb) compared to non-

microinflammatory patients (CRP < 5 mg/L), Table 2 and Table 3.

DISCUSSION

Anemia is present in 90% of patients with a terminal stage of chronic kidney disease who
begin their treatment with regular hemodialysis. Its main clinical consequences are: progressive
decline in residual kidney function, development of cardiovascular complications, cognitive
function disorders and reduced quality of life of patients treated with regular hemodialysis [24-
26].

Regardless of the appropriate treatment of anemia, which involves parenteral application of
iron and erythropoietin, anemia is still a common complication in the population of patients
treated with regular hemodialysis. The prevalence of anemia, defined as a hemoglobin
concentration in the serum lower than 100 g/l, is high in 50% of the patients examined. The most
significant risk factors that affect the treatment of anemia in patients with hemodialysis are: iron
deficiency, insufficient dose of erythropoietin, inflammation, secondary hyperparathyroidism,
lack of vitamin D, increased concentration of parathormone in the serum, malnutrition and
inadequate hemodialysis [27-30].

The results of clinical examinations suggest that microinflamation plays a significant role in
the development of anemia and resistance to erythropoietin activity in patients treated with
regular hemodialysis. Microinflammation is defined as the concentration of C-reactive protein in
the serum > 5 mg/L. It is present in 35-65% of patients, and the prevalence of microinflamation
in examined patients is high and it amounts to 50%. The most important factors which influence
the development of microinflammation in chronic kidney disease, including patients treated with
regular hemodialysis, are: increased formation and reduced decomposition of proinflammatory
cytokines, oxidative stress, metabolic acidosis, lack of vitamin D, chronic recurrent infections
associated with vascular approach for hemodialysis, mouth infections (periodontal disease),

microbiological quality of water for hemodialysis. The main clinical effects of
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microinflammation are: anemia, resistance to erythropoietin, malnutrition, increasing of
atherosclerosis, and cardiovascular disorders of [31-33].

Patients with concentrations of CRP in the serum larger than 5.0 mg/L have a statistically
significant lower concentrations of hemoglobin in blood, concentration of iron in the serum,
saturation of transferin with iron, and statistically significant higher concentration of ferritin in
the serum compared to patients with the concentration of CRP < 5.0 mg/L. These results are in
accordance with the results of conducted so far, showing that microinflammation is a risk factor
for the development of a functional iron deficiency [34, 35]. Microinflamation stimulates the
formation of hepcidin in the liver, which has been shown to inhibit the release of iron from the
depot in the body, which can explain the lower concentration of iron in the serum and saturation
of transferin with iron, i.e. the increased concentration of ferritin in the serum of examined
patients. There is no statistically significant difference in the average monthly i.v. dose of iron
between the examined groups of patients. Patients with microinflammation (CRP > 5.0 mg/L)
have a significantly higher index of resistance of short-acting and long-acting erythropoietin and
require a higher average monthly dose of long-acting erythropoietin. These results are in
accordance with the results of the studies conducted so far, which showed that
microinflammation is a risk factor for the development of resistance to the effect of
erythropoietin and that patients with microinflammation require a higher dose of erythropoietin
[34, 35]. Patients treated with regular hemodialysis by microinflamation require a higher dose of
erythropoietin in order to optimally control anemia (achieving and maintaining the target value of
hemoglobin of 100-120 g/L) [34, 35]. There is no statistically significant difference between the
examined groups of patients in the other examined parameters. Patients with microinflammation
have a lower average value of  hemodialysis adequacy index compared to non-
microinflammatory patients, but this difference is not statistically significant. This suggests that
adequate hemodialysis is a possible factor that reduces microinflammation and corrects the
response to the effect of erythropoietin. These results are in accordance with the results of other
authors who have shown that adequate hemodialysis reduces the resistance to erythropoietin and

provides optimal control of the anemia of [36-38].
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CONCLUSION

The prevalence of microinflamation in patients treated with regular hemodialysis is high and
amounts to 50%. Patients with microinflammation have anemia, functional iron deficiency,
resistance to the action of short-acting and long-acting erythropoietin, and require a higher dose
of erythropoietin for optimal treatment of anemia, compared to non-microinflammatory patients.
Microinflammation is a significant risk factor for the development and inadequate treatment of

anemia in patients treated with regular hemodialysis.
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Table 1. General patient data

GENERAL DATA

Statistical parameters

Xsr+ SD

Number (N)

120

Pol (m / f,%)

70/45 (62.5/37.5%)

Age (yr.) 63.15 + 10.43
Length of Treatment with Hemodialysis (yr.) 6.18 £ 5.98
Body Mass Index - BMI 24.68 + 4.59

Systolic Arterial Blood Pressure - STA (mmHQ)

121.83 + 14.61

Diastolic Arterial Blood Pressure - DTA (mmHg) 72.82 +£10.33
Medium Arterial Blood Pressure - SAP (mmHg) 89.16 + 10.80
Dry Body Mass of the Patient - W (kg) 71.46 £ 15.55
Ultrafiltration - UF (L) 2475.00 + 992.30
Residual Diuresis - RD (ml / 24h) 594.17 + 710.08
Blood Flow through a Vascular Approach - Qavf (mL/min) 841.33 +433.48
Hemodialysis Adequacy Index - Kt/ V 1.01+0.27
Single-pool Index of Hemodialysis Adequacy - spKt/V 103+ 0.25
Urea Reduction - URR (%) 61.91 + 8.80

Glomerulonephritis Chronica

12 (10.00%)

Nephropathia Hypertensiva

39 (32.50%)

Nephropathia Diabetica

Disease

16 (13.33%)

Nephropathia Obstructiva

Primary Kidney

8 (6.67%)

Nephropathia Endemica

1 (0.83%)
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Nephropathia Chronica

18 (15.00%)

Pyelonephritis Chronica

3 (2.50%)

Renes Polycystici

21 (17.50%)

Nephritis Tubulointerstitialis

2 (1.67%)

Comorbidities

Hypertension

69 (57.50%)

Hypotension

3 (2.50%)

Diabetes Mellitus

18 (15.00%)

Cardiovascular Disease

30 (25.00%)

Tabela 2. The effect of microinflammation on the treatment of anemia in patients treated with

regular hemodialysis (Student T test)

C-reactive protein
Significance
Test parameters CRP <5 mg/l CRP > 5 mg/I
differences (p)
Xsr+SD Xsr+SD
Hb (g/L) 105.99 + 9.94 97.58 + 10.33 t=-4.543, p = 0.0001
Hct (%) 31.77 + 2.89 29.64 + 3.17 t=-3.841, p = 0.0001
MCV (fL) 95.40 + 4.08 94.11 +4.59 t=1.625, p=0.107
MCHC (g/L) 333.73+5.59 329.74 £5.97 t=-3.733, p = 0.0001
Le (x 10°/L) 6.48 + 1.50 7.37+2.15 t=2.625, p = 0.010
Fe?* (umol/L) 11.27 + 3.50 9.24 +2.96 t=-3.437, p=0.001
TIBC (umol/L) 34.77 +£5.41 33.68 +7.19 t=-0.933, p =0.353
UIBC (umol/L) 23.46 £ 6.13 24.44 £ 6.98 t=0.820,p=0.414
TSAT (%) 33.28 +11.46 28.28 + 9.96 t=-2.555, p=0.012
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F (ng/mL) 709.08 +261.60 | 858.92+371.30 | t=2.707, p=0.048
UA (umol/L) 381.36 +77.57 | 365.14+64.33 | t=-1.246,p=0.215
TP (g/L) 60.89 + 4.38 62.05 + 5.43 t=1.286, p =0.201
Alb (g/L) 37.01+3.04 35.89 + 3.87 t=-1.759, p = 0.081
nPCR (g/kg/day) 1.71+0.68 1.67 £0.55 t=-0.369, p = 0.713
AST (IU/L) 16.16 + 4.36 16.72 + 6.65 t=0.544, p = 0.588
Ca** (mmol/L) 2.25+0.18 2.23+0.18 t=-0.482, p = 0.630
PO,* (mmol/L) 1.48 +0.40 1.51+0.35 t=0.407, p = 0.685
Ca’* x PO,

(mmol/L?) 3.31+0.89 3.36 £ 0.85 t=0.362, p=0.718
Mg** (mmol/L) 1.14 +0.25 1.23+0.24 t=-2.077, p = 0.040
Vitamin D (ng/mL) 16.90 + 9.20 14.74+10.04 | t=-1.229,p=0.222
Kt/V index 1.03 +0.28 0.98 +0.27 t=-0.996, p = 0.321
spKt/V index 1.02 +0.24 1.00 £ 0.26 t=-0.402, p = 0.688
URR (%) 62.79 + 8.01 61.02 +9.51 t=-1.105, p = 0.272
DDE-M (ug) 79.09 +51.33 169.00 + 51.33 t=4.653, p = 0.0001
KDE/Hb (1U/g) 157.79 + 79.65 222.94+12451 | t=2.310, p=0.025
DDE/Hb (ug/g) 0.73+0.55 1.77+0.83 t=4.927, p = 0.0001

Abbreviations: Hb - hemoglobin, Hct - hematocrit, MCV - average erythrocyte volume, MCHC - mean concentration
of hemoglobin in erythrocyte, Le - number of leukocytes, Fe?* - iron, TIBC - total iron binding capacity, UIBC -
free iron binding capacity, TSAT - saturation of transferin on iron , F - ferritin, UA - uric acid, TP - total proteins,
Alb - albumin, nPCR - decomposition of protein rate, Ca*" - calcium, PO,> phosphate, Ca** x PO,> solubility
product, Mg*" - magnesium, Kt/V - hemodialysis adequacy index, spKt/V - hemodialysis adequacy index, URR -
hemodialysis adequacy index, DDE-M - average monthly dose of long-acting erythropoietin, KDE/Hb - index of
short-acting erythropoietin, DDE/Hb - index of long-acting erythropoietin
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Table 3. The effect of microinflammation on the treatment of anemia in patients treated with regular

hemodialysis (Mann-Whitney U test): | without microinflamation, 1l -
microinflamation present
Examined Statistical parameters Significance
parametre
s Med-1 | Med-11 | Min-I | Min-Il | Max-l | Max-1l | IQR-I | IQR-1I | (®value)
Z=-2.648
MCH (pg) | 30.90 | 31.98 | 27.60 | 27.90 | 65.10 35.15 211 | 1.89
p = 0.008
CRP Z =-9.448
1210 | 273 | 510 | 030 | 171.60 5.0 1250 | 2.50
(mg/L) b = 0.0001
ALT Z=-0071
1325 | 1325 | 650 | 6.00 53.00 34.00 680 | 7.50
(IU/L) p=0.943
GGT Z =-1.869
2125 | 17.25 | 9.00 | 800 | 372.00 | 161.00 | 20.00 | 12.00
(IU/L) 0= 0062
ALP Z=-3582
87.25 | 6850 | 4500 | 28.00 | 1404.00 | 255.00 | 70.00 | 29.00
(IU/L) b = 0.0001
: Z=-1579
'PTT("Q’ M | 15300 | 14800 | 100 | 100 | 193300 | 1504.00 | 301.00 | 200.00
) p=0.117
KDE-M Z=-1579
N 22000 | 16000 | 4000 | 4000 | 48000 | 32000 | 9750 | 16250
(V) p=0.114
PMDG 7 =-1.405
200.00 | 150.00 | 50.00 | 50.00 | 800.00 | 600.00 | 300.00 | 175.00
(mg) p =0.160

MCH - mean hemoglobin content in red blood cell, CRP - C-reactiveprotein, ALT - alanin amino transpherase, GGT
- gama glutamil transpherase, ALP - alkaline phosphatase, iPTH - intact parathormone, KDE-M — average monthly

dose of short-acting erythropoietin, PMDG - average monthly dose of i.v. iron, Med - mediana, Min - minimum,
Max - maximum, IQR - interquartalrank
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